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MARKETING STRUCTURES OF CARROT PRODUCTION
AND CHALLENGES AND RECOMMENDATIONS:
THE CASE OF KONYA PROVINCE, TURKEY

Musa Acar®’, Mevlut Gul?

! Aksaray University, Eskil Vocational School, Aksaray, Turkey
?Isparta University of Applied Sciences, Faculty of Agriculture, Department of Agricultural Economics, 32260, Isparta, Turkey

ABSTRACT

The main objective of the study was to deter-
mine the structure of marketing, problems in mar-
keting and to suggest solutions to the problems of
carrot marketing. Primary data used in the research
were gathered through personal interviews with the
help of well-designed questionnaires from 73 carrot
producer farms, 30 marketing channels’ actors
(broker/merchants) and 10 cold storage firms in
Konya, Turkey. The surveyed samples were select-
ed randomly. The data covered 2011 production
season. Carrot marketing cost was calculated to be
US$0.40 per kg; distributed as 69.39% of raw mate-
rials, 11.7% broker commission, 8.89% transport
costs, 7.04% packing, 3.39% labour and 0.22%
other cost. For the carrot production, high input
costs, difficulties in finding new markets, climatic
conditions and delays or even failure in payment for
product, were identified as the main problems.
Regarding exports, to eliminate the complications
at custom offices will ensure the sustainability of
existing markets; and it should help to create new
markets. National or international funds to support
organizations and institutions involved could be
provided for improvement of the sectors.

KEYWORDS:
Carrot, Marketing channels, Konya, Turkey

INTRODUCTION

People have given an increasing importance
for the health and healthy foods. Vegetables play a
major role in healthy diets. Besides the vegetable
production, its marketing has been a vital issue in
order to provide the required amount of vegetables
for the increasing population.

Turkey produces 26 million ton of vegetables
annually, it is the fourth largest vegetable producer
after China, India and USA and 20% of this produc-
tion in Turkey takes place under green-houses [1].

Turkey is diverse in vegetable production. The
carrot is a key ingredient in Turkish meals because
it is healthy and delicious. Turkey carrot production
constitutes 1.6% of world production. Konya prov-
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ince accounts for an important share in the produc-
tion and export of carrot. There are not many stud-
ies on the marketing structure of carrot in the re-
gion. However, marketing depends on and in other
cases, help to define the carrot production chain.

The consumer markets are the markets where
the producers sell their own products. On the other
hand, wholesale food markets are markets where
the products obtained by the gatherers were sold to
the processing facilities and other retailers. The
market which provides the consumer access to
products bought from wholesalers or other middle-
men is retail market. There are generally merchants,
affairs, processing firms and retailers between the
producer and the last consumer in fruit and vegeta-
ble marketing in Turkey and merchant and commis-
sioners are highly effective in the pricing [2].

Fertd and Szabd [3] aimed to examine the
choice among various supply channels in the fruit
and vegetable business in Hungary. Their analysis
was based on a survey within fruit and vegetable
producers in Csongrad County exploring their
choice of marketing channels. They used a multi-
nomial logit model to reveal the determinants influ-
encing the choice among various supply channels.
In their findings, producers that sold their product
to a wholesale market were strongly and negatively
affected by the farmer’s age, information costs, and
negatively by the bargaining power and monitoring
costs [3].

On the other hand, Sakurai et al. [4] investi-
gated the fruit and vegetable marketing channel by
considering the "commissioner-producer" relation-
ships in Khon Kaen. They stated that, there was a
multi-stage fruit and vegetable marketing channel
in which the farmer sells his products directly to the
commissioner in North East Thailand. They detect-
ed an important difference between the producer
prices and the retail prices in their studies [4].

Adhikari [5] compared the yield and econom-
ics of organic and inorganic carrot production and
its profit in Chitwan district of Nepal. He found that
inorganic production system got higher cost and
higher revenue, but organic production system had
higher benefit cost ratio. Ahmad et al., [6] also
determined the factors causing yield variation in
carrot cultivation and its profitability in two dis-
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tricts of the Punjab province by Cobb Douglas type
production function. They found great potential
exists in improving the carrot yield per acre by
farmers’ access to certified seed, better land prepa-
ration, recommended dose of seed and fertilizer and
availability of credit [6].

The main objective of this study was to deter-
mine the marketing structure of the local enterprises
and the role of the middlemen involved in carrot
production in Konya, Turkey; as well as to detect
some marketing problems in order to bring out
some solutions.

MATERIALS AND METHODS

Konya province, which provides the 69% of
carrot production in Turkey, was selected as the
research region. The data of the study was acquired
from the farms involved in carrot production and
actors (commissioner, merchant, cold storage house
enterprises) involved in the marketing channel in
Konya. The information acquired from these share-
holders constitutes the primary data of the study.
The acquired data represents the 2011 production
season.

The population was applied the layered sam-
pling Neyman method and the number of the carrot
producer farms was determined as 73. In the inter-
views with the middlemen, it was found that there
were above 300 middlemen in the region; thus, 30
middlemen/merchants were taken as a 10% repre-
sentative figure of the total to be interviewed. Addi-
tionally, 10 cold storage house managers were sur-
veyed in the region.

The data gathering techniques used in the
studies of agricultural economy is generally survey,
monitoring and focus group interviews. The most
common used one is the survey method. The data
used in this study was obtained through surveys
conducted with the farms, middlemen and cold
storage house owners involved in the carrot produc-
tion. The main data gathering tools, which were
used in the survey method, change, as well. Data
gathering tools are personal meeting, through phone
and mails. Considering the detailed survey used in
this study, face to face meeting method was used.

The questionnaires which were well designed
accordingly to the structure of marketing and prob-
lems were applied. The farms involved in carrot
production were divided into carrot cultivated fields
groups (I. group 0-2.49 ha, II. group 2.50-4.99 ha,
III. group 5.00-9.99 ha, IV. group 10.0+ ha) and the
data was interpreted by creating crosstabs with the
variables.
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RESULTS AND DISCUSSION

Findings Obtained from the Carrot Pro-
ducers. The average farm size was 12.62 ha in the
surveyed carrot producers. 8.61% of the average
farm size of the surveyed farms was the cereal
cultivation fields, 10.58% was industrial plant cul-
tivated fields, 69.67% was vegetable fields and
11.14% was fallow fields. 26.13-61.90% of the
total production fields were allocated to the carrot
production in the farm size classes of the surveyed
carrot producers. This ratio was 50.71% in the av-
erage of farms. The results indicated that the sur-
veyed farms were mostly focused on the carrot
production.

When the carrot producers were asked about
the reason why they chose carrot, 56.16% of the
farms stated because of its high profitability,
31.51% because of no other mainstay, 12.33%
because carrot was the regional main crop.

The methods to determine the carrot harvest
time of the surveyed farms were searched. 19.67%
of the carrot producers stated that they decided the
harvest time of the carrot according to its colour,
32.79% according to its ripeness, 13.11% according
to its hardness, 20.77% according to the market
conditions and 13.66% according to the climate
conditions.

In the surveyed farms, it was found out that,
the total yield loss 82.19% occurred during the
harvest or transportation. The scale of the yield loss
was between 5-10% in many farms, but it reached
up to 20% in some farms.

The categorization of the products was an im-
portant marketing activity. Categorization was
dividing the different products with their similar
ones in terms of height, size, shape, colour, etc.
Categorization enables the consumers to select the
products according to their tastes and income lev-
els. It makes purchase and sale of the products
easier. It prevents the purchase of undesired prod-
ucts. It facilitates assigning prices to the products
[7].

There were three classes of carrots according
to Turkish Standard Institute 1193 and farms take
this categorization into consideration. These are;
extra, first class, second class. The carrots were
sold according to the market conditions and those
carrots which do not meet the demand of the market
were preferred by the fruit juice enterprises. As the
producer obtains more money, he attempts to pro-
duce extra class product. Considering the average
of the farms, extra class has the highest ratio with
73.80%. 1st class products follow with 17.33% and
the 2nd class products with 8.86% (Table 1).

The 71.23% of the farms stated that they di-
vided the carrots into classes according to hardness,
36.99% according to colour and 32.88% according
to the size. Producers sale first, second and third
quality products and this situation provides
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TABLE 1
Categorization of the Carrot Production in the Farms

Farm groups (ha) Extra-Class I. Class II. Class Total
The average of farms (kg)
1 83628 18798 11441 113867
11 255853 52653 21654 330160
111 428055 106534 42036 576625
v 1050643 249430 142683 1442667
Average 393209 92356 47213 532778
The share in the total production (%)
I 73.44 16.51 10.05 100.00
11 77.49 15.95 6.56 100.00
1 74.23 18.48 7.29 100.00
v 72.83 17.28 9.89 100.00
Average 73.80 17.33 8.86 100.00

marketing diversity for the producer and causes
disadvantage for the producer in terms of the prices
in some cases.

When the farms were asked where was the
categorization process take place, 94.52% stated in
the facilities. The reasons of this situation were the
facts that facilities have the tools to process, wash,
sort and categorize, they enable the consumers to
select personally and it was obligatory to make the
categorization in the facilities.

When the farms were asked where they learnt
the required information for categorization from,
79.45% stated the demand of the buyers. 15.07%
stated the demands of the exporter company, 4.11%
stated the producers of the region and 1.37% stated
the required informing of technical staff.

Ok [8] stated that 65.06% of the producers in-
volved in categorization learned the required infor-
mation from the buyer and company staff as the
buyer and company preferred the categorized prod-
ucts, 20.48% learned from the other regional pro-
ducers, 14.46% learned from the technical staff.

Packaging was the process of covering the
product in order to protect from external factors, to
keep the product clean, to make loading, unloading
and storage easier, to increase the demand and to
enable the consumer select personally [9].

Considering the package types used for the
sale of product by the farms; 45.54% uses wooden
cases and 41.58% uses plastic bags. 11.88% of the
surveyed farms market the carrot in bulk.

The surveyed farms involved in the carrot
production stated that 72.60% of the payment was
made on credit, 1.37% was paid in cash and 26.03%
was partial in cash and partial on credit.

The 50.51% of the surveyed farms stated that
they got the information about the carrot market on
their own. The facts that the research field was the
region providing the carrot potential in Turkey and
the farms were experienced in carrot farming af-
fected this answer.

The 21.21% of the farms stated that they got
the information from other farms, 11.11% stated
that they got the information from the exporter
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company. Approximately 15% stated that they got
the information from the chamber of agriculture
and cooperative.

When the marketing activities of the farms
were investigated, it was found out that 26.03%
worked with a commissioner. As the carrot culti-
vated areas increase in the surveyed farms, the
possibility to work with commissioner increases.

Agricultural marketing was a department in-
vestigating and regulating the journey of the agri-
cultural products from the producer or the fields to
the last stage of the consumption or to the meals of
the consumers [10]. The main purpose of the mar-
keting was the satisfaction of the consumer and
building confidence at the consumers in the long
run. Today's marketing understanding and concept
aim to serve the interests of the consumer by get-
ting away from the sales understanding [11].

The products produced either in the agricul-
ture business or production business follows differ-
ent ways to the last consumer. The ways and places
that the products pass through after the production
were called "distribution channels" [11]. The distri-
bution channels of the products changes from prod-
uct to product. The distribution channels used in the
fruit and vegetable marketing in Turkey were given
below [11].

The Distribution Channels of the Fruit and

Vegetable in Turkey.

e  Producer — Agriculture Cooperative — Retailer -
Consumer .

e Producer — Wholesaler — Commissioner —

Retailer — Consumer. Producer — Commission-
er — Wholesaler — Retailer — Consumer

e  Producer — Middleman — Commissioner (at the
production place) — Wholesaler — Commission-
er (at the consumption place) — Retailer — Con-
sumer.

The fruit and vegetables were marketed in
wholesale affairs in Turkey. Daily prices of fruit
and vegetables were determined at the affairs ac-
cording to the supply and demand. Affairs were the
places where fruits and vegetables were constantly
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marketed and built at the producer and consumer
centres. A large part of the produced fruits and
vegetables were marketed outside the wholesaler
food markets in spite of the obligatory legal respon-
sibilities [12]. Kaptangil [13] states that 85% of the
sales was made outside the wholesale food markets
and it was very common that commissioners buy
and sell on their own. Similar findings were found
in the studies of Giines et al. [14] and Erkal and
Safak [15] and Giil [16].

Wholesale food markets law which was put in-
to force in 1960 could not respond to today's eco-
nomic conditions and changing market conditions.
Therefore, 552 numbered Vegetable and Fruit
Trade Regulation and Wholesale Food Markets
Statutory Decree was put into force on 27 June
1995. After this decree and notification and legal
regulations which were put into force in 2000, 5957
numbered "Law on the Trade of Vegetable and
Fruits and Other Goods which have enough De-
mand and Supply" Food Markets law passed into
law on 11.03.2010. A regulation about the Vegeta-
ble and Fruit Trade and Wholesale Food Markets
was put into force on 7.08.2012. In this context, no
product can be sold before entering to the Food
markets. The audits were planned to be made easier
and more effective. Therefore, it was aimed with
law and regulations to achieve the trade of vegeta-
ble and fruit under free competition conditions
which were of good quality and comply with the
standards and food security, to have a modern
structure of wholesale food markets, to keep ob-
serve and announce the information of traded vege-
table and fruits inside food markets on electronic
media, to keep the record of members of the profes-
sion and those concerned, to create a data base for
them, to provide the common information sharing
and communication among wholesale food markets,
to protect the rights and interests of the producers
and consumers and to regulate the activities of the
members of the profession [17].

As a result of the meetings in region, some in-
adequacies were detected related to the entrance to
the food markets and registry of the carrot.

As the producers were not organized while the
commissioner and merchants were organized under
associations and cooperatives, the producers were
not very effective at the prices [18].

The amount of money that the producer gets
from the money paid by the consumer was different
and low for the fruit and vegetables. For example,
Giines et al. [14] stated in their study that 14.47%-
64.76% of the consumer payment returned to the
producer.

According to the findings of this study,
22.33%-35.19% of consumer payment returned to
the carrot producers.

Dastagiri et al. [19] found that the producer
share in consumer payment varied from 46% to
74% in Andhra Pradesh, 26% to 60% in West Ben-
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gal, 33% to 60% in Rajasthan, 85% to 88% in Ma-
nipur 91% to 95% in Tamil Nadu and 100% in
Punjab in India. Al [20] calculated this share for
carrot 44% in Sri Lanka.

In investigated region, the first two distribu-
tion channels choices of the farms involved in the
carrot production for marketing their products;
(32.88% of the farms) Producer => Sender Mer-
chant => Commissioner of the Consumption Centre
=>Retailer => Consumer distribution channel and
(30.14% of the farms) Producer => Commissioner
of the Production Centre => Retailer => Consumer
distribution channel. Other distribution channels
stated by the farms; 16.44% of the farms, Producer
=>Commissioner of the Production Centre
=>Commissioner of the Consumption Centre =>
Retailer = Consumer distribution channel, 9.59% of
the farms, Producer => Consumer distribution
channel, 5.48% of the farms Producer => Direct
Export distribution channel, 4.11% of the farms,
Producer => Cooperative => Commissioner of the
Consumption Centre => Retailer => Consumer
distribution channel, 1.37% of the farms, Producer
=> Commissioner of the Production Centre =>
Exporter Firm => Consumer distribution channel
(Table 2).

Dastagiri et al. [19] found that the most com-
mon marketing channel for majority of the crops is
that Producer-Wholesaler-Retailer-Consumer in
India. They found that producer to consumer chan-
nel was the highest marketing efficiency. Marketing
channels differ from country to country. For in-
stance, marketing channel of USA starts from the
producers through retailers to shippers up to gro-
cery. Retailers’ concentration is at the increasing
rate [21]. In general, the world trend of fresh prod-
ucts corroborate the following trends; the large
multinational companies becoming increasingly
involved; increased attention of food safety; over-
production of fruit and vegetables; electronic fresh
produce markets are increasing; large production in
terms of packing is shifting towards mass individu-
ation to cater for specific needs of consumers [22];
[23].

The middlemen used by the farms involved in
the carrot production for marketing the products
were given at Table 3. Accordingly, 67.12% of the
surveyed farms give the products to the middleman,
20.55% to the regional commissioners, 12.33% to
the regional producer traders. The provinces to
which carrots were sent by the farms were deter-
mined according to the customer demands. The
surveyed farms stated that carrots were transported
to all the cities of Turkey. But they stated that Kon-
ya, [stanbul, Bursa, Kayseri, [zmir, Ankara, Adana,
Mersin, Antalya, Erzurum provinces were im-
portant trade cities.

The problems at the carrot production were
evaluated in the 5 point likert scale. The producers
stated the important problems as the high prices of
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TABLE 2
Marketing Channels of the Carrot Producers
Farm groups 1 2 3 4 5 6 7 Total
N
1 3 7 4 0 11 0 2 27
I 2 5 2 0 4 0 2 15
1T 0 5 3 1 6 1 0 16
v 2 5 3 2 3 0 0 15
Total 7 22 12 3 24 1 4 73
Percentage (%)
1 11.11 25.93 14.81 0.00 40.74 0.00 7.41 100.00
II 13.33 3333 13.33 0.00 26.67 0.00 13.33 100.00
1T 0.00 31.25 18.75 6.25 37.50 6.25 0.00 100.00
v 13.33 33.33 20.00 13.33 20.00 0.00 0.00 100.00
Total 9.59 30.14 16.44 4.11 32.88 1.37 5.48 100.00
(1). Producer/Farmer => Consumer
(2). Producer/Farmer => Production Centre Broker => Retailer => Consumer
(3). Producer/Farmer =>Production Centre Broker =>Consumer Centre Broker => Retailer = Consumer
(4). Producer/Farmer => Cooperative => Consumer Centre Broker => Retailer => Consumer
(5). Producer/Farmer => Middleman => Consumer Centre Broker =>Retailer => Consumer
(6). Producer/Farmer => Production Centre Broker => Exporter Firm => Consumer
(7). Producer/Farmer => Exporter Firm
TABLE 3
Buyer of Carrot Production in Investigated Farms
Farm P.roduc.er trader in Middleman Commissioners in investigat- Total
groups investigated area ed area
N % N % N % N %
I 5 18.52 20 74.07 2 7.41 27 100.00
II 0 0.00 9 60.00 6 40.00 15 100.00
111 0 0.00 12 75.00 4 25.00 16 100.00
v 4 26.67 8 53.33 3 20.00 15 100.00
Total 9 12.33 49 67.12 15 20.55 73 100.00

inputs in the carrot production, low prices of the
product, insufficient market and buyer.

In the farm groups, I. farm group complained
the most about the high prices of inputs and low
price of the product. In the II. farm group, supply of
water and irrigation, supply of high quality seed,
fertilizer, pesticide, procurement of equipment, high
prices of inputs, low prices of the product, insuffi-
cient market and buyer were listed as the important
problems. In the III. farm group, fight against the
illness and pests, high prices of inputs, low prices
of the product, insufficient market and buyer were
listed as the important problems. In the IV. farm
group, fight against the illness and pests, high pric-
es of inputs, fertilizer and fertilization, low prices of
the product, insufficient market and buyer, lack of
organization and cooperation among producers
were listed as the important problems (Table 4).

Findings Obtained from the Middlemen.
When the legal status of the firms of the 30 sur-
veyed carrot middlemen in the research region were
examined, it was found out that 20 enterprises were
individual-family firm, 8 enterprises were individu-
al partnership and the other 2 enterprises were lim-
ited companies.

It was found out that 12 of those employed at
the managing positions in the surveyed contractor
enterprises were graduates of the primary school,
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10 were graduates of secondary school, 4 graduated
from high school and 4 had their bachelor degree.

When the fields activity of the surveyed con-
tractor enterprises was investigated, it was found
out that 11 enterprises were operating as carrot
producer-exporter-domestic marketer, 9 enterprises
were operating as carrot producer-exporter, 9 enter-
prises were operating as carrot producer-domestic
marketer.

The carrots produced in the region were sent
to all provinces of Turkey. The enterprises surveyed
face to face stated that the carrots produced in the
region were exported mainly to Romania, Bulgaria,
Italy, Serbia, Georgia, Kazakhstan, Moldova, Ger-
many, Jordan, Iraq and Saudi Arabia. The amount
of exported carrots from the region was stated to be
approximately 30 thousand tons. 23 (76.67%) of the
surveyed middlemen buy the carrots directly from
the producer. 23.33% buy the carrots through the
middlemen.

17 (56.70%) of the surveyed commissioner-
merchant-firms have the infrastructure facility for
carrot processing. 13 (43.30%) of the surveyed
commissioner-merchant-firms do not have the in-
frastructure facility for carrot processing. The en-
terprises which own the infrastructure facilities
avoided from giving information about the capacity
of the facilities.
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TABLE 4
The Problems of Carrot Production in Farmers’ Level

Problems 1 11 111 1V Average
The prices of inputs are high 4.07 4.40 4.25 4.20 4.21
Product prices are low 4.26 4.13 3.88 4.47 4.19
Insufficient market/trader 3.85 4.07 4.38 4.27 4.10
Supply of equipment 3.70 4.13 3.75 4.27 3.92
Supply of water and irrigation 3.85 4.33 3.56 3.87 3.89
The lack of cooperation between farmers 3.78 3.80 3.75 4.27 3.88
Supply of high quality seeds, fertilizer, pesticide 3.70 4.27 3.94 3.67 3.86
Disease and pest 341 3.67 4.19 4.33 3.82
Auditing of input vendors 3.74 3.73 3.44 4.20 3.77
Cultivation 3.22 3.80 4.00 4.40 3.75
Appropriate credit 3.89 3.40 3.19 3.67 3.59
Machinery 3.78 3.27 3.38 3.40 3.51
Fertilization 3.15 3.27 3.56 4.00 3.44

No problem at all No problem Less important | Important Very important
SCALE 1 ) 3 4 5

27 (90%) of the contractor enterprises made
research about the carrots that they market. It was
found out that 10% (3 enterprises) did not make
market research.

The distribution channels for the marketing of
the carrot were also examined. When the carrot
marketing distribution channels of the contrac-
tor/merchant were examined; 30% of the middle-
men uses the following channel, Producer => (THE
SURVEYED FIRM) => Commissioner of the Pro-
duction Centre => Retailer => Consumer, another
30% uses this channel, Producer => (THE SUR-
VEYED FIRM) => Commissioner of the Consump-
tion Centre => Retailer => Consumer. 26.7% of the
middlemen use the following channel, Producer =>
(THE SURVEYED FIRM) => Commissioner of the
Production Centre => Commissioner of the Con-
sumption Centre => Retailer => Consumer. The
other two distribution channels were; (Producer =>
(THE SURVEYED FIRM) => Consumer) channel
used by the 6.7% of the middlemen and (Producer
=> (THE SURVEYED COMPANY) => Sender
Merchant => Commissioner of the Consumption
Centre => Retailer => Consumer) channel used by
the 6.7%.

Carrot marketing cost was found US$0.40
through the data obtained from the 30 surveyed
middlemen. The carrot prices changes between
US$0.24 and US$0.90 in some wholesale affairs in
the researched period. The merchants who have
cold storage house were advantageous in the price
fluctuations.

The 69.39% of the cost items emerging at the
contractor level were raw material, 11.07% was
commission, 8.89% was transportation and 7.04%
was cost of package (Figure 1).

When the problems encountered in the carrot
sales were examined in the survey with the mid-
dlemen, 21 middlemen (70%) referred to the com-
petition problem. They proposed such a solution
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like the establishment of the institutional structures
which provides a common price policy. The prob-
lems with the procurement of the product, package,
transportation, problems arising from the legislation
of the importing country and problems from the
export legislation follows the competition problems
respectively.

Concerning the findings obtained from inter-
mediaries; the weak sides of the carrot production
were gathered under three titles. 50% of the enter-
prises stated about the weak sides that being no
incentives for the carrot production by the state,
33.3% stated the climate conditions (frost, hail).
16.7% stated that the current market was not
enough for the products and therefore there oc-
curred problems in the carrot marketing.

In the meeting with the carrot middlemen at
the region, 43.3% stated about the strong sides in
the carrot production that carrot was an important
product as it both contributed to the agricultural
value added and created value added in the pro-
cessing and service business. 23.3% referred the
increased quality and the fact that as the carrot
needs plenty of irrigation, the region will not have a
problem compared to the other regions thanks to the
new irrigation projects. The employed labour force
was also considered important as it created em-
ployment.

The surveyed carrot merchants showed the
good tonnage of the carrot as an opportunity when
the opportunities were examined. The decreases of
carrot production in other regions due to various
reasons, the expected increase in the demand of
carrot thanks to the advertisement and promotion,
execution of becoming a cooperative professionally
can be considered as the opportunities of the carrot
production.

The first threat (56.7%) referred by the sur-
veyed middlemen was diseases and the second
threat (50%) was frost and cold weather. Lack of
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FIGURE 1
Carrot Expense Items Components at the Middlemen Level

competition and becoming a cooperative, consumer
resistance, lack of marketing and bad checks were
referred respectively.

Findings Obtained from the Cold Storage
Houses. When the way that the temperature was
determined for the products in the cold storage
houses was examined, it was found that the enter-
prises adjusted the temperature according to the
need of the product and it was an important factor
to be experienced in the cold storage enterprise
which was one of the methods to store carrot.

When the way of determining prices was ex-
amined, it was found that producers or some mer-
chants built the cold storage houses on their own
and used them in marketing channel of private
enterprises. It was stated that the prices of renting
the cold storage house to another producer or mer-
chant changed between US$20.96 and US$23.95
per day. It was emphasized that the main determin-
ing factor of the cost was the amount of electricity
used.

Carrot storage in the enterprises starts in the
August and continues until the February. Carrot
storage was highly made in September, October,
November and December. October and November
were the busiest months. The reasons behind this
situation were high supply and low demand of car-
rot during these months.

The weak sides of carrot production according
to the cold storage house enterprises were absence
of a standard marketing understanding and state
incentives. However, the strong sides were a better
income compared to other products and producing a
lot more compared to the other regions in Turkey.
The opportunity in the carrot production was that,
the market can be dominated in case of a good
tonnage and high quality. The threats in the carrot
production were the competition between the pro-
ducer and merchants, problems arising from the
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climate, high costs, problems with the receipt of the
marketed goods and no redemption of the debt,
arbitrary cuts in the amount to be paid, not paying
for the perished goods during transportation and
default of payment. The reason behind this situation
was that enterprises worked on the basis of credit
account according to the mutual trust and reference.

CONCLUSIONS

Konya province (Turkey) has an important
vegetable potential because of its convenient cli-
mate conditions and soil structure, developing pro-
duction technologies, intense labour force, experi-
enced carrot producers. However, there was no
producer union associated specifically with the
carrot farming in the region. But, the precise as-
sessment of the production potential of the region
are limited depend on the uncertainties in input
prices, the inadequacy of the budget allocated to
research and development activities in marketing
matters, the weak structure of producer organiza-
tions.

Farmers need to be informed and guided from
time to time on specific issues. For this reason,
education and counselling services should be in-
creased.

Compared with the world market, high cost
(seed, diesel, land lease, customs costs, etc.), com-
petition, lack of promotion, and lack of branding
can be expressed as important problems in national
markets.

Activities to be carried out at the point of co-
operativeness, institutionalization and promotion
can be a step towards branding.

Carrot production is an important activity in
terms of ensuring the livelihood of the people of the
region. Sustainability of production depends on the
good income of the producers, in order to achieve
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this, the import and export of carrots should be
continued and increased. It is imperative that the
production is carried out in accordance with certain
standards in order for the exports to continue and
the products to be marketed well in the domestic
market.

In the agricultural product marketing chain, in-
termediaries receive a large share of profit from the
product. Packaging and cold storage facilities re-
quiring large capital investment cannot be installed
by producers due to economic and structural rea-
sons. Measures to facilitate the use of grant - pro-
ject support in these areas may be important for
carrot producers.

Today, the conflicts in the Middle East coun-
tries affects exports negatively to these markets.
The problems that may arise in the export to these
countries should be forecasted, precautions should
be taken and alternative market searches should be
expedited.
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ABSTRACT

This study was carried out to determine the
removal of COD from aqueous solution using layer
crystallization method. In this study, the influence
of several parameters, such as adding as not-
aqueous phase liquid, 3M Novec 7300 (FN), freez-
ing temperature, initial COD concentration, and the
stirring speed upon removal ratio of COD were
carried out. Results showed that the removal ratios
of COD in the ice with FN adding were higher than
that of no FN adding. When the freezing tempera-
tures of the solution were decreased from —5 to —
25 °C, the removal ratios of COD in the ice were
decreased. The values of removal ratios of COD for
the wastewater concentrations of 250 mg/L, 500
mg/L and 1000 mg/L with FN adding ratio of 10%
were 93.36%, 91.52% and 89.91%, respectively.
The driven force of concentration poor, water mol-
ecules in liquid was diffused to the interface of
solid and liquid, while the pollutants near the inter-
face of solid and liquid was diffused to liquid.

KEYWORDS:
Freeze—concentration,
Wastewater

FN, Separation efficiency,

INTRODUCTION

Freezing is an ancient method. The earliest
record of freezing method for desalination was
appeared in the mid-seventeenth century [1].
However, this method has not been widely
promoted because of the technical problems. In
1945, Vacino and Visintin wrote a paper, which
meant that freezing technology entered a phase of
laboratory research and extension process [2]. In
1955, a variety of refrigeration processes have
emerged, the scope of application of refrigeration
has also been greatly expanded [3]. Since then, the
freezing method was mainly wused for the
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concentration of beer and orange juice, frozen wine
concentration and seawater desalination [3-5].

According to the different sources of frozen,
freezing concentration could be divided into natural
freezing and artificial freezing [6]. And the natural
freezing method is divided into suspended freezing
method and progressive freezing method [6].
Researchers found that there were many advantages
about freeze-concentration throughout the long-
term research. First of all, the energy required for
freezing and concentrating mainly came from the
cold energy in nature [7]. Cold energy was a green
energy and it would not produce pollution.
Therefore, compared with other methods of
concentration, the energy of freezing concentration
would be greatly reduced. Freeze concentration
only needs 420 kJ/kg of energy to fully freeze water
of 293K, it is six times lower than that fully
vaporized water in the same temperature [8].
Moreover, the corrosion of the material during
freeze concentration is very light, equivalent to one-
thousandth of the distillation. So it is possible to use
inexpensive structural materials such as mild steel,
plastic and aluminum alloy. Afterwards, the
elimination of corrosion products are greatly
reduced, freezing concentration needn’t to add any
chemicals. Because of these advantages above, the
use of application of freeze-concentration has been
further expanded to the food, pharmaceutical,
chemical and other fields. In recent years, freeze-
concentration technology has also played a role in
wastewater treatment. Freezing-concentration was
used to treat the wastewater in paper mills,
chemical plants, pharmaceutical factories in
Canada, the United Kingdom, Japan and Singapore
[9]. Wakisaka et al. replaced the wastewater with
dextrose and imitated the actual wastewater
treatment [10]. Freezing-concentration can also be
combined with other processes, Ma et al. used the
frozen and reverse osmosis technology for urea
wastewater research [11].

However, because of the washing of ice
crystals and separation was difficult, freeze-
concentration technology was difficult to enter the
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industrialization. Cold energy has not yet been
introduced as a new energy source according to the
Global New Energy Development Report in 2016.
While many of the continents were in the cold zone,
which has the advantages of developing cold
energy sources. At present, the development of new
energy is valued by all countries in the world. Cold
energy is a clean energy source after wind energy
and light energy. Therefore, the use of freeze-
concentration has a high research wvalue in
wastewater treatment and other fields.

MATERIALS AND METHODS

Materials. Novec 7300 (3M Novec 7300,
FN) is a colorless clarified, slightly odorous liquid
substance as not-aqueous phase liquid was used in
this work. The nonvolatile component is less than
2.0pmm and is specifically used to replace Freon
and other " Ozone layer destructive "substances.
Environmentally friendly solvents that do not affect
the environment. Features of FN: colorless, taste-
less, non-toxic, non-burning, ODP value is zero;
low surface tension, low viscosity, low latent heat
of evaporation. Effective substance content :100
(%). Chemical formula of FN is C¢F130H3, and it is
liquid phase at room temperature, with ether bond,
excellent thermal stability and chemical stability
(recyclable), and a fluorine liquid which has mod-
erate solubility. The physical properties of FN are
as follows: boiling point: 98 °C; freezing point: -
38 °C; absolute viscosity: 0.0012 Pa seconds.

TABLE 1
Composition of artificial wastewater

Sample Concentration (g/L)
(D)+Glucose 10
Sodium Hydrogen L-

Glutamate Monohydrate 10
Ammonium Sulfate 10
Sodium Chloride 0.2
Calcium Chloride,

Anhydrous 0.1
Magnesium Sulfate,

Anhydrous 0.06
Dipotassium

Hydrogenphosphate 1.3
Potassium

Dihydrogenphosphate 0.3
Sodium Hydrogen

Carbonate 13

The artificial wastewater were prepared by
COD:T-N:T-P=30:10:1. The target concentration of
COD,: was set at 1000 mg/L and the composition of
artificial wastewater are shown in Table 1. The
artificial wastewater was diluted 250 mg/L and 500
mg/L, respectively using deionized and distilled
water. The freeze—concentrating technique was
used to preconcentrate the artificial wastewater.
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The artificial wastewater solution was stored at 4 +
0.5°C.

Experimental apparatus and procedure. A
equipment of freezing concentration that incluing
stirrer HTY8S25N-1(Japan Servo Co., Ltd.),
stationary vessels (acrylic resin, diameter 120 mm,
depth 180 mm), a pump, and a tank is shown in
Figure 1. The artificial wastewater solution was
supplied into the stationary vessels by a pump from
the tank. The artificial wastewater solution (1 L) in
the stationary vessels was frozen with the different
stirring speed that was located in a low temperature
laboratory. The temperature of the low temperature
laboratory was set at =5 °C, —15 °C and -25 °C,
respectively. When most of the artificial wastewater
solution from the surrounding of stationary vessels
was frozen, the ice was separated with concentrated
solution of the artificial wastewater solution. The
concentration of wastewater in the sample solutions
and the melted ice layer formed in the sample
solutions were measured using a COD meter (HC—
407, Central Kagaku Corp., Japan). The parameters
in Eq. (1), which were determined from freezing
experiment, The removal ratio (R) was calculated
by dividing the concentration of COD in the
solution and in the ice by the initial concentration
of COD in the solution.

€0 =€ 100% (1)
0
Here, R is the COD removal ratio (%); Co, the
initial COD concentration in the solution (mg/L); C,
the COD concentration in the ice (mg/L). Three
replicate runs were carried out for each
experimental treatment.

R =

RESULTS

Effect of adding FN. Five hundred milliliter
mixtures of wastewater (500 mg/L) and FN (adding
ratio: 0-20%) was frozen at the freezing tempera-
ture of —15 °C with the stirring speed of 200 rpm in
the 1L beaker in a refrigerator. The removal ratios
of COD in the ice is shown in Figure 2. The values
of removal ratios of COD of FN adding ratio of 0,
10% and 20% were 84.43%, 91.52% and 92.01%,
respectively. It has found that the removal ratios of
COD in the ice with FN adding were higher than
that of no FN adding. However, that of with FN
adding ratio of 10% and 20% were not significantly
affected. So the FN adding ratio of 10% was select-
ed in other run. The addition of FN in the ice mix-
ture results in the increase of liquid ratio in the ice-
liquid mixture, it will reduce the shearing force of
the ice-crystal-bonded concentrate and the residual
concentrate between ice crystals.

Effect of the freezing temperature. Five
hundred milliliter mixtures of wastewater (500
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mg/L) and FN (adding ratio: 10%) was frozen at —
5°C, =15 °C, and 25 °C with the stirring speed of
200 rpm in the 1L beaker in a refrigerator. After
freezing most of the wastewater solution, the ice
samples were melted and the concentration of COD
in the ice samples were measured. Figure 3 shows
that the removal ratios of COD in the ice with dif-
ferent freezing temperatures (from —5 to —25 °C) at
COD concentration of 500 mg/L. It shows that the
removal ratios of COD in the ice were decreased
with the freezing temperatures decreased. The val-
ues of removal ratios for COD in the ice for the
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freezing temperatures of —5°C, —15°C and —-25°C
were 94.15%, 91.52% and 87.19%, respectively.
Under the rapid freezing conditions (such as —
25 °C), there appears ice crystals with tree branches
and needle-like crystals at the solid-liquid interface
[12]. Much more ice crystals were obtained by
caging pollutant molecules, lead to decrease the
removal ratio of COD, because the speed of freez-
ing for water molecule was faster than that of ex-
ceed for pollutant from wastewater solution[13]
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FIGURE 1
Schematic of freezing concentration equipment
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Removal ratios of COD in the ice with different adding ratio of FN at the
COD concentration of 500 mg/L
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Effect of the COD concentration. Five hun-
dred milliliter mixtures of wastewater (250 mg/L,
500 mg/L and 1000 mg/L) and FN (adding ratio:
10%) was frozen with the stirring speed of 200 rpm
at the freezing temperature of —15 °C. The removal
ratios of COD in the ice is shown in Figure 4. The
values of removal ratios of COD for the wastewater
concentrations of 250 mg/L, 500 mg/L and 1000
mg/L were 93.36%, 91.52% and 89.91%, respec-
tively. The results (see Figure 4) show that the
removal ratios of COD in the ice were significantly
varied among the different concentrations (250
mg/L, 500 mg/L and 1000 mg/L) of the wastewater
solution.

Effect of the stirring speed. Five hundred
milliliter mixtures of wastewater (500 mg/L) and
FN (adding ratio: 10%) was frozen at the freezing
temperature of —15 °C with the stirring speed of
100 rpm, 200 rpm, and 300 rpm. The removal ratios
of COD in the ice is shown in Figure 5. The values
of removal ratios of COD for the wastewater con-
centrations of 100 rpm, 200 rpm, and 300 rpm were
89.39%, 91.52% and 91.86%, respectively. It has
found that the removal ratios of COD in the ice
were not significantly affected for the different
stirring speed. So the stirring speed of 200 rpm was
selected in other run.

DISCUSSION

The system in the aquatic solution begin gen-
erate ice crystals when the temperature of the solu-
tion decreases to a freezing point [14]. Then part of
the pollutants of the solution was precipitated rapid-
ly, it increase the formation possibility for critical
dimensions of ice nuclear, prompted water out-of-
phase nuclear and accelerate the formation of ice
[15]. So water molecules of the solution was crys-
tallized slowly and it take shape the clean ice layer
[12]. The growth rate of crystal was relevant to
water molecules added to the rate that water mole-
cules go up to crystals nucleus and state of the in-
terface of solid and liquid, the nucleation near the
interface can be attached to the nucleation surface
only through the interface warp [16]. Nearby the
interface of solid and liquid, water molecules was
crystallized under the hydrogen bonding interaction,
adhere to the ice surface, and pollutants will be
squeezed from ice to the solution, the concentration
of water molecules near the interface of solid and
liquid are much less that in the whole liquid, the
concentration of the pollutants near the interface of
solid and liquid is much more than that entire liquid
[17]. The driven force of concentration poor, water
molecules in liquid was diffused to the interface of
solid and liquid, while the pollutants near the inter-
face of solid and liquid was diffused to liquid [18].
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CONCLUSIONS

The removal of COD from the artificial
wastewater solution using layer crystallization
method was to investigate the influence of several
parameters, such as adding FN, freezing tempera-
ture, initial concentration of COD, and the stirring
speed for the removal ratio of COD. The removal
ratios of COD in the ice with FN adding were high-
er than that of without FN. When the freezing tem-
peratures of the solution were decreased from —5 to
—25 °C, the removal ratios of COD in the ice were
decreased. The removal ratios of COD in the ice
were significantly affected by the different concen-
trations of the COD solution, and the values of
removal ratios of COD for the wastewater concen-
trations of 250 mg/L, 500 mg/L and 1000 mg/L
were 93.36%, 91.52% and 89.91%, respectively. It
has found that the removal ratios of COD in the ice
were not significantly affected for the different
stirring speed. The driven force of concentration
was poor, water molecules in liquid was diffused to
the interface of solid and liquid, while the pollu-
tants molecule near the interface of the solid and
liquid was diffused to liquid. In general, the remov-
al ratios of COD in the ice was increased by adding
FN into the mixture of ice and wastewater solution
comparing with that of without FN. This study
introduced a method with improved simpleness,
lower costs and higher removal ratio.

REFERENCES

[1] Lu, Z., Xu, L.C. (1994) The current status and
prospect of freezing desalination technology,
Technol. Water Treat. 20 (3), 140-145.

Sanin, F., Vesilind, P., Martel, C., (1994)
Pathogen reduction capabilities of
freezing/thawing sludge conditioning. Water
Res. 28, 2393-2398.

Muller M., Sekoulov I. (1992) Waste water
reuse by freeze concentration with falling film
reactor, Water Sci, Technol. 26, 7-8.
Rubenstein, S.H., Orbach, H.G., Shuber, N.,
King E., Zackler J. (1971) Freeze concentration
of viral agents from large volumes of water, J. -
Am. Water Works Assoc. 63, 301-302.

Holt, S. (1999) The role of freeze concentration
in waste water disposal, Filtration. 36, 34-35.
Zhang, Y., Zhang, C.J., Zhou, Q. (2013)
Research and application of freezing process in
wastewater treatment, Technol. Water Treat. 7
(39), 6-10.

Wang, L.P. (2017) Boron removal and its
concentration in aqueous solution through
progressive freeze concentration, Environ.
Technol. 38, 2224-2232.

(2]

(3]
(6]

FEB



Volume 29 — No. 05/2020 pages 3338-3343

[8] Attia, A.A.A. (2010) New proposed system for

freeze water desalination using auto reversed

R-22  vapor compression heat pump,

Desalination. 254, 179-184.

Yu, T., Ma, J. (2005) Study on influence

factors of ice crystal purity during freeze

concentration process, J. Harbin University

Commerce (Natural Sciences Edition). 21 (5),

572-578.

[10] Wakisaka, M., Shirai, Y., Sakashita, S. (2001)
Ice crystallization in a pilot-scale freeze
wastewater treatment system, Chem. Eng.
Process. 40, 201-208.

[11]Yu, T., Ma, J., Zhang, L.Q., Zhang, J.L. (2006)
Urine treatment by the combined freeze-
concentration and reverse osmosis in space
station, J. Harbin Institute of Technology. 38
(4), 567-570.

[12]Lorain, O., Thiebaud, P., Badorc, E., Aurelle,
Y. (2001) Potential of freezing in wastewater
treatment: soluble pollutant applications, Water
Res. 35, 541-547.

[13]Jiang, Y., Fei, X., Wang, X., Du, G. (2011)
Study on the treatment of the refractory organic
waste water by freezing separation, Environ.
Sci. Manag. 4, 72-75.

[14]Kobayashi, A., Shirai, Y., Nakanishi, K. (1996)
A method for making large agglomerated ice
crystals for freeze concentration, J.Food Eng.
27, 1-15.

[15]Gao, W., Smith, D.W., Sego, D.C. (2004)
Release of contaminants from melting spray ice
of industrial wastewater, Cold Reg. Sci.
Technol. 18, 35-51.

[16]Halde, R. (1980) Concentration of impurities
by progressive freezing, Water Res. 14, 575-
580.

[17]Gao, W., Smith, D.W., Habib, M. (2008)
Petroleum  refinery  secondary  effluent
polishing using freezing processes—toxicity and
organic contaminant removal, Water Environ.
Res. 80, 517-523.

[18]Gao, W., Smith, D.W., Li, Y. (2006) Natural
freezing as a wastewater treatment method: E.
coli inactivation capacity. Water Res. 40,
2321-2326.

(9]

3343

Fresenius Environmental Bulletin

FEB

Received: 04.12.2017
Accepted: 04.03.2020
CORRESPONDING AUTHOR
Yingjie Dai

Laboratory of Environmental Remediation,
College of Resources and Environment,
Northeast Agricultural University,

No0.600 Changjiang Road,

Xiangfang District, Harbin 150030,China

e-mail: dai5188@hotmail.com



Volume 29 — No. 05/2020 pages 3344-3353

Fresenius Environmental Bulletin
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ABSTRACT

Type I diabetes is known as insulin-dependent
diabetes mellitus, and the most important factor
playing role in its formation is the genetic predispo-
sition. Physalis peruviana L. (Goldenberry) is a
plant, which has strong antioxidant properties, from
Solanaceae family and, because of its fructose con-
tent, plays regulatory role in blood glucose level of
diabetics. In this study, it has been investigated the
effects of goldenberry on the malondialdehyde
(MDA), reduced glutathione (GSH), total protein,
vitamins A, D, E, and K, and cholesterol levels
which are the indicators of antioxidant defense and
the oxidative damages in serum, muscle, kidney,
liver and brain tissues of the rats, on which type I
diabetes was induced by STZ.

According to the obtained results, among the
rats with STZ-induced type I diabetes, it was ob-
served that the level of glutathione (GSH) increased
and the level of malondialdehyde (MDA) decreased
in all of the tissues of rats given goldenberry extract,
while significant decreases were determined in the
levels of vitamins K-1, K-2, D-2 and D-3 in all of
tissues (except serum), and there were also decreases
in the levels of a-tocopherol and cholesterol in tis-
sues of muscle, liver and kidney.

In this study, it was shown that the goldenberry
decreased the destructive effects of type-I diabetes
by decreasing the serum glucose and lipid peroxida-
tion and increasing the level of glutathione. It is be-
lieved that the obtained results would be used in fol-
low-up of diabetic patients and in early diagnosis of
the disease in future.

KEYWORDS:
Goldenberry (Physalis peruviana L.), lipid peroxidation
(LPO), MDA, GSH, vitamin
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INTRODUCTION

As in entire world, diabetes is a disease that is
widely seen in Turkey as well. Despite the fact that
the incidence of type 2 diabetes has been increased
significantly because of the increasing obesity and
sedentary lifestyle, and the dietary habits in both de-
veloped and developing countries, type-1 diabetes
has been found to be rarer. Even though the diabetes’
effects on lipid peroxidation and fatty acids were
comprehensively investigated, the studies on the
subjects such as antioxidant enzymes, lipid phase
transition, lipid mechanism and dynamics, protein
structure, lipid-protein ratio, and relationship be-
tween lipid peroxidation and membrane dynamics
are very limited.

Physalis peruviana is a very strong antioxidant
herb from Solanaceae family, and it plays regulatory
role in blood glucose levels of diabetics under favor
of its fructose content. It is colloquially known as
cape gooseberry or groundcherries. Some of the
goldenberry species in Turkey are P. alkekengi, P.
philadelphica, P. angulate, and P. pubescens.

The studies carried out on P. peruviana fruits
are revealed the high level of beta carotene (0.32%
PO) content, anti-carcinogenic effects of which have
been proven in epidemiological studies, in the peels.
Goldenberry also contains fatty acids, phytosterol,
carotene, and fat-soluble vitamins [1].

Some researchers are emphasized the positive
relationship between the increasing in consumption
of goldenberry and decreasing in hyperglycemia be-
cause of its fibrous structure [2-4]. In this study, we
aimed to investigate the protective and positive ef-
fects of P. peruviana fruits on possible effects of ox-
idative stress increasing in tissues along type-I dia-
betes.

MATERIALS AND METHODS

Preparation of Plant Extracts in Solution
Form. Goldenberry fruits (50g) were oven-dried,
and then separately powdered in blender. Following
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the decomposition in 3/2 hexane isopropanol alcohol
mixture, they were left in rotary evaporator for evap-
oration. The preparations were mixed with DMSO
solution, and became ready for injection after filter-
ing using filter paper.

Extraction and Analysis Of ADEK and Phy-
tosterols of Fruit Extract. P. peruviana (Golden-
berry) fruit samples were weighed and homogenized
with n-hexane/isopropyl at 3/2 (v/v) ratio [5] and af-
ter the hydrolysis with 5% KOH at 85°C, extraction
of phytosterols were performed with n-hexane [6].
The amounts of ADEK vitamins and phytosterols
were analysed at 202 nm and 326 nm using a UV
detector on a HPLC device [6-8].

Animal Experiment. The experimental study
were provided by the Experimental Research Center
at Firat University School of Medicine (FUDAM)
with no: FF.11.40 ethics committee permits
(30.06.2011). In this study 27 wistar albino male rats
were used (200-250 g. bw). Rats were divided into
three groups. These groups and the concentrations of
substance given to them were as follows:

Study Groups:

1. Control Group (Group C) (n=7): The rats in
this group were not administered a STZ injection,
and they were fed with standard feed and water.

2. Diabetes Group (Group D) (n=10): The rats
in this group were administered 65 mg/kg STZ injec-
tion (in citrate buffer, p 4.5) intraperitoneally for es-
tablishing the type-I diabetes groups. They were fed
with standard feed and water throughout the study
period.

3. Diabetes Group+Goldenberry (Group D+G)
(n=10): One week after inducing type-I diabetes by
STZ injection, the goldenberry extract injection was
performed twice a week (1 ml/kg) intraperitoneally.
Throughout the study period, the rats were fed with
standard feed and water added with 2g extracts (in
powder form).

The procedure was executed for 2 months.

The rats in all of the groups were weighed
weekly throughout the study period, and their blood
glucose levels and changes in their weights were rec-
orded. The blood glucose levels were measured us-
ing a glucometer. At the end of the experiments, the
rats in all of the groups were decapitated. The tissue
samples were taken from blood, liver, brain, kidney,
and muscles, and MDA, GSH, total protein, and vit-
amin analyses were performed.

Sampling. After the end of the experiment,
procedures were performed according to the follow-
ing rules and tissues were taken. According to the
ethics committee report, the animals were given an-
esthesia and sacrificed by withdrawing blood from
the heart, then they were decapitated. Promptly after
decapitation, blood, liver, kidney, brain and striat
muscle tissues were taken. These tissue samples
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were promptly rinsed with 0.9% serum physiologic,
so that, the samples were cleaned from the blood and
were stored at -86°C until biochemical analyses. The
blood taken from experimental animals were placed
into tubes containig EDTA. And immediately centri-
fuged at 5000 rpm for 5 min, and the supernatant seg-
ments were taken into different tubes and kept at -
86°C until the analyses.

Determination of GSH and Total Protein
Levels. To quantify the glutathione and total protein
levels in the tissues, 1g tissue sample taken from the
animals were homogenized in 5 mL Tris (Tris
base+Tris HCI+EDTA (pH:7.4) buffer, then sepa-
rated from tissue pellet after the centrifugation at
9072 rcf for 20 min at +4°C. After centrifugation, the
supernatant were divided into three aliquots, one of
which was used for GSH analysis. For this purpose,
the proteins in the supernatant were precipitated by
adding 1 ml of 10% trichloroacetic acid reactive.
This mixture was centrifuged at 2268 rcf for 5 min,
so that the pellet was precipitated and the supernatant
was removed into another tube. The supernatant was
added in 1 mL DTNB,2 mL of 0.3 M NaxHPOj so-
Iution and 1mL citrate, the color changed to yellow
was read at 412 nm against blank [9]. The aliquot of
supernatant remaining from the glutathione analysis
was used for total protein analysis. For this purpose,
the supernatant was separated and subjected to
Lowry method [10]. The same method was applied
for serum samples.

Measuring the Lipid Peroxidation Levels in
Tissues (TBARS- MDA). By taking 1ml of tissue
homogenate resting from the GSH and total protein
measurements, the samples were added in with
0.5ml of 8.1% SDS, 0.5ml 0.8% TBA, 1ml 10%
TCA, 1ml 20% acetic acid, and 50ul 4% BHT. And
then this mixture was vortexed. Then the preparation
was kept in boiling water bath at 85°C for 1 hour.
After removing them, they were added with 3ml pyr-
idine, and then centrifuged. 2ml sample was taken
from supernatant part, and the measurements were
made at 532 nm in spectrophotometer. The results
were separately recorded. The same procedure was
executed for the serum samples [11].

Analysis of ADEK Vitamins and Cholesterol
Levels in Tissues by HPLC Device. Remaining tis-
sue sample underneath of the supernatant phase were
homogenized with 10 mL n-hexane/ isopropyl at 3/2
(v/v) ratio [5] and centrifuged in +4°C at the 2800
rcf. To analysis of unsaponifiable lipophilic mole-
cules, 5 mL of supernatant was put into 25-mL test
tubes with caps, then the tubes were added 5% KOH
solution. After vortexing, the tubes were kept at
85°C for 15 minutes. The tubes were removed and
cooled to room temperature; then, the tubes were
added 5 mL of distilled water and stirred. The unsa-
ponifiable lipophilic molecules were extracted with
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2x5 mL of hexane. The hexane phase was evapo-
rated by nitrogen stream; then it was dissolved in 1
mL of acetonitrile/methanol (60%+40%, v/v) mix-
ture, put into auto-sampler vials and analyzed [6-8].
The analysis was done on Shimadzu HPLC device.
Calculations were done using Class VP 6.27 program
(Shimadzu, Kyota Japan). 326nm of detection wave-
length was used for vitamin-A, 202nm for vitamin E,
and 265 nm for vitamin D and vitamin K [12, 7].

Statistical Analysis. SPSS 15.0 program was
used for statistical analysis. Comparison between the
control group and experimental groups was done
with the analysis of variance (ANOVA) and LSD
tests. The results were given as mean+SEM. For de-
termining the differences between the groups,
p>0.05, p<0.05, p<0.01, and p<0.001 values were
used (d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05 and
a: There are no statistical differences between the
groups, b: there is a partial difference between the
groups, c: there is a significant difference between
the groups, d: the difference between groups is much
more pronounced. First P values: Comparison of
D+G and D groups with group C, The second P val-
ues: Comparison of D+G with group D). Statistical
interpretations were made according to control and
diabetes groups.

RESULTS

The Contents of Vitamins and Sterols in
Goldenberry. Table 1 shows the vitamins and ster-
ols levels in the goldenberry. The level of a-tocoph-
erol (Vitamin E), which is known to act as chain-
breaking antioxidant by preventing the propagation
of free radical reactions, was found to be the highest.

Body Weight Changing in Type I Diabetes.
Table 2 shows body weights level of rats all the
groups. Throughout the study, in weight measure-
ments made in 1% (after STZ), 4" and 8" weeks, a
regular increase was observed in control group (C),
while a decrease was determined in diabetes group
(D) (p<0.01). Values similar to those of the control
group were obtained in Diabetes + Goldenberry
group (D+G), while a increase was determined in
weight on the contrary D group (Table 2).

Fasting Glucose Levels in Type I Diabetes.
Table 3 shows fasting glucose levels of the rats in all
the groups. The fasting glucose levels were meas-
ured in 1%, 4" and 8" weeks were within the normal
limits in group C, while increases in groups D and
D+G. Furthermore, in the end of 8" week, the blood
glucose level was found to be slightly lower then 4%
week in group D+G (Table 3).

Muscle Tissue Values in Type I Diabetes. Ta-
ble 4 shows MDA, GSH, and total protein values in
muscle tissue. D and D+G groups compared to C
group, also the D and D+G groups were compared
with each other. When compared to control group,
MDA level was observed to be significantly higher
in group D (p<0.001). When comparing groups D
and D+@, the level of MDA was seen to be slightly
lower in group D+G (p<0.05). While the levels of
GSH and protein were significantly lower in group
D in proportion to the levels in group C (p<0.001,
p<0.01, respectively), the level of GSH were ob-
served to significantly increase in group D+G when
compared to group D (p<0.01) (Table 4).

TABLE 1
The Contents of Vitamins and Sterols in 1g Of Goldenberry
Vitamin K1 a-Toc 5-Toc D3 Cholesterol ~ Retinol Ergosterol  Stigmasterol  Psitosterol
nglg 6,35 125,55 1,05 0,95 51,00 0,2 463 59,15 32,05
TABLE 2
Body Weight Levels in All Groups (g)
Fasting
Weight C D D+G
After STZ Injection 212,20+5,36 213,15+5,78 201,75+8,28
4™ week 221,00+4,52 204,31+8,30 210,70+14,42
8th week 226,60+4,60 202,36+7,18 236,36+7,18
TABLE 3
Fasting Glucose Levels of The Rats in All Groups (mg/dL)
Blood
Glucose c D D+G
After STZ Injection 90,40+9,50 316,15+117,72 263,08+44,16
4™ week 111,40+3,94 466,31+£35,04 334,50+39,18
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TABLE 4
MDA, GSH, and Total Protein Values in The Muscle Tissue of The Rats In All Groups
Groups MDA (nmol/g) GSH (ng/g) Total Protein (ng/g)
C 18,16+0,49 155,69+0,17 8,18+0,12
D 23,05+1,554 140,77+2,601 7,79+0,11¢
D+G 19,92+0,95% 152,942, 12%¢ 8,460,265

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05

TABLE 5
Vitamin (ng/g) and Cholesterol Levels (umol/g) in the Muscle Tissue of the Rats in All Groups
Vitamins C D D+G
K-1 0,33+0,06 1,1840,134 0,48+0,18°
a-Tocopherol 2,73+0,28 4,36+1,22¢ 3,17+0,3444d
8- Tocopherol 0,500,10 2,67+0,14¢ 2,158,054
D-3 0,40+0,12 0,830,194 0,23+0,13¢4
Cholesterol (umol/g) 0,63+0,50 6,98+0,084 1,1240,03¢4
Retinol 1,62+0,37 1,77+0,15° 0,63+0,16%¢

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05

TABLE 6
MDA, GSH, and total protein levels of the liver tissue of the rats in all groups
Groups MDA (nmol/g) GSH (ng/g) Total Protein (ng/g)
C 32,24+0,95 780,98+22,61 16,03+0,19
D 40,94+0,28¢ 364,76+14,19¢ 13,1040,614
D+G 31,71+0,41%¢ 469,54+30,72¢0 18,54+0,81b4d

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05

TABLE 7
Vitamin (ng/g) and Cholesterol Values (nmol/g) in the Liver Tissue of the Rats in All Groups
Vitamins C D D+G
K-1 2,38+0,08 7,77+0,51¢ 1,83+0,11b4
K-2 2,38+0,21 5,45+0,30¢ 2,70+0,17°
a- Tocopherol 17,88+2.34 26,7242,044 19,1540,8924
D-2 0,75+0,19 0,58+0,08° 0,45+0,05"
Cholesterol (umol/g) 1,76+0,05 2,9840,15¢ 1,63+0,02b¢
Retinol 641,22+35,14 1214,01+69,44¢ 747,66+41,44 b¢
d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05
Table 5 shows the vitamin and cholesterol lev- while it significantly decreased in group D+G in pro-
els in the muscle tissue. D and D+G groups com- portion to group D (p<0.01). When compared to
pared to C group, also the D and D+G groups were group C, the level of GSH significantly decreased in
compared with each other. When compared to group group D (p<0.001), while the same parameter par-
C, the group D was found to have significantly tially increased in group D+G in proportion to group
higher levels of K-1, D-3 and cholesterol (p<0.001), D (p<0.05). On the other hand, the level of total pro-
a-tocopherol and d-tocopherol (p<0.01), while the tein, significantly increased in group D+G when
levels of a-tocopherol and §-tocopherol significantly compared to group D (p<0.001) (Table 6).
increased (p<0.001) and D-3 and retinol levels sig- Table 7 shows the vitamin and cholesterol lev-
nificantly decreased in group D+G (p<0.01).When els in the liver tissue. D and D+G groups compared
compared to group D, the levels of a-tocopherol and to C group, also the D and D+G groups were com-
cholesterol significantly increased (p<0.001) and pared with each other. When compared to group C,
the levels of D-3 and retinol significantly decreased the levels of K-1, K-2, a-tocopherol, cholesterol and
in group D+G (p<0.001, p<0.01, respectively) (Ta- retinol significantly increased in group D (p<0.001),
ble 5). while the levels of K-1, a-tocopherol (p<0.001), cho-
lesterol and retinol (p<0.01) decreased in group D+G
Liver Tissue Values in Type I Diabetes. Ta- in proportion to group D (Table 7).
ble 6 shows MDA, GSH, and total protein levels in
the liver tissue. D and D+G groups compared to C Kidney Tissue Values in Type I Diabetes. Ta-
group, also the D and D+G groups were compared ble 8 shows MDA, GSH, and total protein levels in
with each other. When compared to group C, MDA kidney tissue. D and D+G groups compared to C
level significantly increased in group D (p<0.01), group, also the D and D+G groups were compared

with each other. When compared to group C, MDA
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level was found significantly increased in group D
(p<0.01), while it significantly decreased in group
D+G in proportion to group D (p<0.001). When
compared to group C, the level of GSH significantly
decreased in group D and group D+G (p<0.001,
p<0.01, respectively), while the same parameter sig-
nificantly increased in group D+G when compared
to group D (p<0.01). On the other hand, the level of
total protein, significantly decreased in group D+G
when compared to group D (p<0.001) (Table 8).

Table 9 shows the vitamins and cholesterol lev-
els in the kidney tissue. D and D+G groups compared
to C group, also the D and D+G groups were com-
pared with each other. When compared to group C,
the levels of a-tocopherol, D3, cholesterol, retinol
(p<0.001), K-1 and D-2 (p<0.01) significantly in-
creased in group D. On the other hand, K-2 level sig-
nificantly decreased in group D (p<0.01). In group
D+G, significant decreases were observed in levels
of K-1, K-2 (p<0.001), cholesterol, and retinol
(p<0.01). When compared to group D, the levels of
K-1, a-tocopherol, D-3, retinol (p<0.001), K-2, and
cholesterol (p<0.01) decreased in group D+G (Table
9).

Brain Tissue Values in Type I Diabetes. Ta-
ble 10 shows MDA, GSH, and total protein levels in
the brain tissue. D and D+G groups compared to C
group, also the D and D+G groups were compared
with each other. When compared to group C, the
level of MDA significantly increased in group D
(p<0.001), while its level significantly decreased be-
tween the groups D and D+G (p<0.01). When com-

pared to group C, the level of GSH significantly de-
creased in group D (p<0.001), while it increased in
group D+G in proportion to group D (p<0.01). The
level of total protein significantly increased in group
D when compared to group C (p<0.001), while it de-
creased in group D+G in proportion to group D
(p<0.001) (Table 10).

Table 11 shows the vitamins and cholesterol
levels in the brain tissue. D and D+G groups com-
pared to C group, also the D and D+G groups were
compared with each other. When compared to group
C, the levels of K-1, K-2, D-3, retinol (p<0.001) and
d-tocopherol and cholesterol (p<0.01) significantly
increased while the level of a-tocopherol signifi-
cantly decreased in group D (p<0.001). In Group
D+G, significant increase was observed in level of
K-2 (p<0.01), while decreases were seen in levels of
a-tocopherol and D-3 (p<0.01). When compared to
group D, the levels of K-1, d-tocopherol, retinol
(P<0.001) and K-2 (P<0.01) significantly decreased
while significantly increased a-tocopherol level
(P<0.01) in group D+G (Table 11).

Serum Values in Type I Diabetes. Table 12
shows MDA and total protein levels in the serum. D
and D+G groups compared to C group, also the D
and D+G groups were compared with each other.
When compared to group C, the level of total protein
was showed a small difference in groups D and D+G
(p<0.05), while the level of MDA significantly in-
creased in group D (p<0.001), and MDA level was
found significantly decreased in group D+G in pro-
portion to group D (p<0.01) (Table 12).

TABLE 8
MDA, GSH, and Total Protein Levels of The Kidney Tissue of The Rats in All Groups
Groups MDA (nmol/g) GSH (ug/g) Total Protein (ug/g)
C 40,64%0,11 480,36+8,02 18,09+0,65
D 54,78+0,64¢ 221,90+18,79¢ 20,32+0,92°
D+G 39,46+0,87%4 293,83420,91¢¢ 15,7440,82¢4

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05

TABLE 9
Vitamins (ug/g) and Cholesterol Values (umol/g) in the Kidney Tissue of The Rats in All Groups
Vitamins C D D+G
K-1 1,55+0,15 2,06+0,12¢ 0,91+0,09%4
K-2 13,88+0,99 5,94+0,32¢ 3,51+0,09%¢
a- Tocopherol 23,87+1,38 95,883,861 20,6240,2304
D-2 0,19+0,06 0,22+0,04¢ 0,18+0,04?
D-3 0,14+0,03 0,28+0,024 0,13+0,02%4
Cholesterol (pmol/g) 3,70+0,38 4,29+0,114 3,33+0,12¢¢
Retinol 3,11+0,46 6,8120,204 2,260,154
d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05
TABLE 10
MDA, GSH, and Total Protein Levels of The Brain Tissue of The Rats in All Groups
Groups MDA (nmol/g) GSH (ng/g) Total Protein (ng/g)
C 11,83+0,37 261,49+0,49 4,68+0,33
D 16,24+0,364 235,08+0,564 6,39+0,174
D+G 11,81+0,56%¢ 254,94+0,72b¢ 4,870,164

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05
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TABLE 11
Vitamins (ug/g) and Cholesterol Values (umol/g) in the Brain Tissue of The Rats in All Groups
Vitamins C D D+G
K-1 2,354+0,32 8,660,574 2,830,604
K-2 2,60+0,21 18,330,88¢ 10,170,18¢¢
a-Tocopherol 107,31+0,12 59,82+1,79¢ 72,5942,98¢°
8-Tocopherol 0,20+0,10 0,35+0,05° 0,180,154
D-3 0,26+0,07 1,630,204 0,16+0,04¢
Cholesterol(umol/g) 7,04+0,62 6,25+0,08¢ 6,62+0,23b
Retinol 0,15+0,02 0,740,124 0,200,024

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05

TABLE 12
MDA and Total Protein Levels of the Serum of the Rats in All Groups

Groups MDA (nmol/mL) Total Protein (pg/mL)
C 4,43£0,19 4,26+0,07
D 7,70+0,144 4,19+0,15°
D+G 5,37+0,5224 4,40+0,07°

d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05

TABLE 13
Vitamins (ug/g) and Cholesterol Values (umol/g) in the Serum of The Rats in All Groups

Vitamins C D D+G

K-1 0,33+0,06 0,15+0,024 0,19+0,08°¢

K-2 0,43+0,13 0,76+0,10¢ 0,87+0,174

a-Tocopherol 11,50+0,19 12,76+0,27° 13,09+0,33¢

D-2 0,14+0,07 0,18+0,03% 0,13+0,03?

D-3 0,21+0,03 0,18+0,07? 0,54+0,10%d

Cholesterol 491,27+£27,14 365,4949,23P 342,26+13,84¢
Retinol 0,28+0,04 0,47+0,14¢ 0,22+0,04°

d: p<0.001; ¢: p<0.01; b: p<0.05; a: p>0.05

Table 13 shows the vitamins and cholesterol
levels in the serum. D and D+G groups compared to
C group, also the D and D+G groups were compared
with each other. When compared to group C, the
level of K-1 found significantly decreased in group
D and D+G (p<0.001, p<0.01, respectively), while
the level of K-2 and retinol significantly increased
(p<0.01) in group D. On the other hand, in group
D+G, the levels of K-2 and D-3 were observed to
significantly increased (p<0.001). When compared
to group D, the level of D-3 was found significantly
increased in group D+G (p<0.01) (Table 13).

DISCUSSION

Diabetes mellitus, which affects the lives of
millions of people throughout the world, has led peo-
ple to die or have low quality of live for many years
because the insulin started to be used in 1900s.The
herbal treatment methods gain importance in litera-
ture as the alternative studies on diabetes and its
complications [13, 14].

Horn et al. [13], investigated the effects of
aqueous extract of P. peruviana and shown that this
extract decreased the levels of TBARS (MDA) and
GSH and had effect on antioxidant system of organ-
ism. The results of the study show that it is an in-
crease of the thiobarbituric acid reactive substances
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(TBARS-MDA) after the exposure to the 2,4-dichlo-
rophenoxyacetic (2,4-D). On the other hand, after the
treatment of the samples there was a decrease of the
lipid peroxidation levels on the groups that were ex-
posed to the extract on the concentrations of 1 and
10g/L. The results show that the P. Peruviana owns
an effect on the antioxidant system of the organism,
it was able to fix damages in lipids specially on the
concentrations of 1 and 10 g/L. The results of our
study are similar to MDA results of this study [13].
Hassan and Ghoneim [14], to investigate the
potential antidiabetic, hypolipidemic, and antioxi-
dant effects of P. pubescens L., to the diabetic rats
were given 1ml of P. pubescens extract once a day
for 21 days. In diabetic rats, the levels of blood glu-
cose, serum insulin and pancreatic insulin, troponin,
effect on tumor, necrosis factor (TNF), interleukin6
(IL-6), vascular endothelial, growth factor (VEGF),
serotonin, dopamine, and malondialdehyde (MDA)
were measured. The study on the effects of pancreas
beta cells on anti-free radicals is the study, where P.
pubescens showed its effects for the first time [14].
Diabetes mellitus is a metabolic disease that is
related with the oxidative stress. In another study, the
hypoglycemic and antioxidant effects of P. peruvi-
ana fruit’s extract on Wistar rats, which were made
diabetic using STZ, were examined. It was con-
cluded that P. peruviana had positive effects on dia-
betes. They observed that the blood glucose levels
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were reduced further than 30 %, and the lipid perox-
idation and protein oxidation levels were reduced af-
ter the extract administered. The results of our study
are similar to this study [15].

The structural proteins have important effects
on the body weight, and the weight losses were ob-
served in diabetes due to the deteriorations seen in
structural proteins. In studies on this subject, it was
determined that, at the end of 4-6 week of experi-
ments with rats made diabetic by giving STZ, de-
creases were observed in body weights [16,17].
Many studies were carried out on the subject that
STZ plays role in deformation of Langerhans islets
of pancreas and pathogenesis of diabetes [18]. In
parallelly with those studies, it was determined in
our study that the groups, which were exposed to
rapid losses of weight under the effect of STZ,
started to re-gain weight under favor of injected
goldenberry extract.

In a study of herbal products, it was reported
that the passage of monosaccharides into blood was
prevented since the enzymes playing role in carbo-
hydrate digestion such as a-amylase and o-gluco-
sidase were blocked by certain active molecules, and
thus the postprandial glucose levels decreased. In 3
and 6™ weeks following the injection of STZ, in-
creases in glucose concentration in brain cortex and
hipotalamus and decreases in glycolytic enzyme ac-
tivities were observed in rats [19]. In a similar study
on goldenberry, it was reported that it controlled the
level of glucose by absorbing the carbohydrates un-
der favor or its fibrous structure [20]. In our study,
similar to that study, it was found that the level of
blood glucose increased in diabetic groups, but it
normalized again under favor of goldenberry extract
injection.

MDA is a determinant of membrane lipid pe-
roxidation originating from the interaction with re-
active oxygen species with the cell membrane [21].
In many studies, the presence of relationship be-
tween lipid peroxidation and diabetic complications
were put forth [22-24]. Furthermore, it was also re-
ported that the chronic hyperglycemia contributed to
the increase in level of free radicals as a result of af-
fection antioxidant defense system in diabetic rats. It
was reported that, even if there is a low level of met-
abolic decomposition in diabetic adults, the level of
lipid peroxidation increased as a result of the oxida-
tive stress [25, 26]. For this reason, the lipid peroxi-
dation should be taken under control. In a study re-
lated with goldenberry, the malondialdehyde (MDA)
levels of diabetic persons were examined and posi-
tive outcomes were observed following the treatment
[14]. In our results, similar to the mentioned studies,
MDA level was found to significantly increased in
diabetic groups when compared to control group,
while the post-treatment MDA level of group D+G
was found to be similar to the level in control group
but lower than the level in group D.
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GSH is known to be an important intracellular
antioxidant. In a previous study, it was reported that,
when compared to control group the level of GSH
decreased in rats made diabetic using STZ, while it
increased following the use of vitamin E [27]. Basar-
aner [28] reported that the use of vitamins C and E
and selenium in diabetic rats decreased the GSH
level, which has decreased in diabetics. In our study,
low level of GSH in all of the groups made diabetic
by using STZ might have occurred as a result of de-
crease in level of NADPG originating from the de-
crease in activity of pentose phosphate path, because
NADPH is used in synthesis of GSH. But, after the
treatment using antioxidant goldenberry, the level of
GSH increased and closed to the level in control
group. Our findings are in corroboration with those
of similar studies.

Proteins are an important target of oxidative
damage. In previous studies, the level of carbonyl
was seen to increase in both of type-I and type-2 di-
abetes [29, 30]. In present study, the level of protein
was seen to be high in kidney and brain tissues and
low in other tissues. After the treatment, group D+G
was found to have similar level of protein with con-
trol group. Vitamin E is known to act as chain-break-
ing antioxidant by preventing the propagation of free
radical reactions [31]. In previous studies, golden-
berry was reported to contain vitamins B, C, and E
[1,32]. In our study, the level of vitamin E was found
to be high in muscle, liver, and kidney tissues in
group D. The level of vitamin E was found to de-
crease in group D+G as a result of treatment. These
findings are in corroboration with the literature.

It was reported that, as a result of stimulating
the beta cells in pancreas via glucose, vitamin D was
activated but vitamin D was found to not influence
the basal insulin secretion. The increase in level of
vitamin D was reported to be related with increase in
blood pressure, excessive thirst, deterioration in re-
nal functions, and loss of protein via the urine [33].
Almost all of these symptoms are clinic events re-
lated with the diabetes. In present study, when com-
pared to control group, D-2 levels were observed to
increase in serum, muscle, and kidney tissues.

Vitamin K is necessary to establish the balance
in activation of blood coagulation and anticoagula-
tion factors (carboxylation). But, the intake of vita-
min K can be ensured only through a healthy diet.
Goldenberry was reported to contain high level of K-
1. Also, a-tocopherol, 8- tocopherol, ergosterol, stig-
masterol and Psitosterol contents were determined
[1]. In our study, these contents were observed at
certain levels in goldenberry extract, and the level of
K-1 in serum of group D and the level of K-2 in kid-
ney tissues of group D were observed to decrease.

Zanardo et al. [34], reported that the cholesterol
levels increased in various tissues of diabetic rats and
this increase was contributed by the increase in cho-
lesterogenesis. In our study, the cholesterol levels
were found to be high in muscle, liver, and kidney
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tissues in diabetes groups. Moreover, the level of
cholesterol in group D+G was found to be similar to
the value of control group and lower than group D.
This change might be attributed to the lack of insulin,
since insulin hormone is an important regulator of
cholesterol biosynthesis. The decrease in insulin
among the diabetic patients affects other metabolic
mechanisms and thus it deteriorates the cholesterol
level.

It was determined that, in rats that were exper-
imentally made diabetic, the level of vitamin A (Ret-
inol) increased in liver tissue but decreased in
plasma. It was shown that the irregularities in retinol
metabolism were treated via insulin treatment. In
previous studies, it was revealed that the levels of
retinol-carrier proteins in tissues and blood circula-
tion of diabetic subjects were affected. It was found
in our study that the retinol concentration in plasmas
of rats, which were made diabetic by using STZ, in-
creased in proportion to the rats in control group. The
deterioration of the system conveying vitamin A
from the liver, where it is stored, to other parts of
body and the insufficient intake of vitamin A were
shown to cause deterioration of vitamin A metabo-
lism in diabetes [35, 36]. The serum retinol concen-
tration of patients having type-I diabetes was found
to be similar to the concentrations of rats, which
were made diabetic by using STZ, but, in type 2 di-
abetes that is insulin-independent, no change was
found in plasma retinol levels [33]. In our study, the
level of retinol was observed to be high in serum,
muscle, liver, and kidney tissues in diabetes groups
in corroboration with the literature.

CONCLUSION

In our study, the potential effects of diabetes on
various tissues and the protective and therapeutic ef-
fects of goldenberry on those tissues were investi-
gated. It can be stated that goldenberry increases the
level of glutathione and decreases the levels of blood
glucose and lipid peroxidation. But, at the molecular
level, it was seen to be ineffective on especially the
enzyme activities. In conclusion, it was determined
that these plants can be used in follow-up and heal-
ing periods of diabetic patients.
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ENZYMATIC BIOMARKER RESPONSES OF FRESHWATER
PLANARIANS EXPOSED TO ENDOCRINE DISRUPTING
COMPOUNDS

Mei-Hui Li*

Environmental Toxicology Laboratory, Department of Geography, National Taiwan University, Taipei, 106, Taiwan

ABSTRACT

Endocrine disrupting compounds (EDCs) are
commonly detected in aquatic environments and can
endanger aquatic life. The responses of enzymatic
biomarkers in asexual freshwater planarians (lactate
dehydrogenase, glutathione S-transferase, glucose-
6-phosphate dehydrogenase, and isocitric dehydro-
genase) were evaluated after 7-day exposure to en-
docrine disruptors (bisphenol A [BPA], diethylstil-
bestrol [DES], 17a-cthinylestradiol [EE2], and 17-
estradiol [E2]). These biomarkers are ubiquitous en-
zymes and play crucial physiological roles in living
organisms. In this study, EDCs influenced the non-
specific enzyme activities of asexual planarians.
However, the effects of EDCs on enzymatic bi-
omarkers did not correspond with the order of their
estrogenic potencies. Furthermore, exposure to
EDCs for 7 days mostly slightly or significantly re-
duced the enzyme activities of planarians compared
with those of their respective controls. Alterations in
enzyme activities can affect the energy metabolism
and health status of organisms. The environmental
levels of E2, EE2, and DES can range from lower
than their detectable limits to tens of ng L™!, and BPA
levels in river water can be several pg L. These
findings suggest that some aquatic animals might be
affected by the current levels of BPA in hotspot pol-
lution scenarios.

KEYWORDS:
Freshwater invertebrate, aquatic toxicity, non-specific bi-
omarker, endocrine disrupter, Dugesia japonica

INTRODUCTION

Many pharmaceuticals and personal care prod-
ucts containing various endocrine disrupting com-
pounds (EDCs) are used in daily life and continually
discharged into domestic wastewater systems and
surface water bodies. EDCs are commonly detected
in aquatic environments and can endanger aquatic
ecosystems [1]. Vitellogenin and zona radiata have
been suggested as useful specific biomarkers of ex-
posure to EDCs, not only in fish but also in aquatic
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invertebrates [2-5]. However, studies have reported
conflicting results [6-8]. Compared with aquatic ver-
tebrates, biomarker responses to EDCs and their ef-
fects on aquatic invertebrates remain relatively un-
clear. Therefore, investigating the effects of EDCs in
aquatic vertebrates and invertebrates could facilitate
the accurate assessment of the ecological risk of
these compounds in aquatic ecosystems.

Biomarkers, signaling physiological responses
of individual organisms to pollutants, can be consid-
ered early indicators of environmental pollution. In
the past three decades, enzymatic biomarkers have
been commonly used for environmental monitoring
to demonstrate stress in aquatic fauna following ex-
posure to pollutants [9]. In the present study, the re-
sponses of four enzymatic biomarkers in freshwater
planarian were measured after exposure to different
EDCs. The selected biomarkers lactate dehydrogen-
ase (LDH), glutathione S-transferase (GST), glu-
cose-6-phosphate dehydrogenase (G6PD), and iso-
citric dehydrogenase (IDH) are metabolic enzymes
with crucial physiological functions in organisms
and are frequently used as nonspecific biomarkers of
aquatic pollution.

LDH is a key enzyme in anaerobic metabolism
and is typically considered an indicator of cell injury
and tissue damage in humans and animals [10]. IDH
is a major enzyme in the tricarboxylic acid cycle cen-
tral to aerobic metabolism, and G6PD is the first en-
zyme in the pentose phosphate pathway [11]. IDH
and G6PH are established estrogen-sensitive en-
zymes in mammals [12, 13]. A main physiological
function of both IDH and G6PD is to produce nico-
tinamide adenine dinucleotide phosphate (NADPH),
which is essential for reductive biosynthesis and pro-
tecting cells from oxidative stress [11]. GST is a
phase II biotransformation enzyme that catalyzes the
conjugation of electrophilic compounds [14]. More-
over, IDH, G6PD, and GST play major roles in pro-
tecting cells from oxidative stress [11, 14].

Freshwater invertebrates, a biologically diverse
group of animals, face serious challenges in freshwa-
ter biodiversity conservation because of freshwater
scarcity, climate change, and water pollution [15,
16]. Few studies have investigated the effects of
EDCs on freshwater invertebrates except for some
annelids, molluscs, and arthropods [17]. The present
study investigated the effects of 7-day exposure to
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bisphenol A (BPA), diethylstilbestrol (DES), 17a-
ethinylestradiol (EE2), and 17B-estradiol (E2) on en-
zymatic biomarkers in asexual freshwater planarians
(Dugesia japonica [D. japonical).

MATERIALS AND METHODS

Chemicals. All test chemicals were obtained
from Sigma—Aldrich (St. Louis, MO, USA), except
BPA (Fluka, Sigma—Aldrich). The chemical purity
of the test compounds was >99%. Test media were
reconstituted with water purified using a Barnstead
Nanopure Diamond system (Dubuque, 1A, USA) by
adding 2.5 mM CaCl,, 0.4 mM MgSOy4, 0.8 mM Na-
HCOs3, and 77 uM KCI. The test stock solution was
prepared by dissolving E2, EE2, and DES in dime-
thyl sulfoxide (DMSO), and DMSO solvent controls
were used in the tests for the three chemicals. The
BPA test stock solution was directly prepared in test
media. All biochemical agents for enzyme assays
were purchased from Sigma—Aldrich.

Experimental Animals and Conditions.
Freshwater planarians, D. japonica, were obtained
from Taikong Corporation (New Taipei City, Tai-
wan). The planarians were fed raw chicken liver
once a week and maintained asexually in dechlorin-
ated tap water at room temperature (25 £+ 3°C). The
animals were not fed for at least 4 days before the
experiments.

Treatments for Metabolic Enzyme Measure-
ments. The effects of three concentrations (10, 50,
and 250 pg L) of each chemical on the enzyme ac-
tivities of planarians were examined. In all cases,
two independent experiments were conducted for
each chemical and each treatment group was repli-
cated four times in each experiment. For each con-
centration, six animals were maintained in 50 mL of
test solution at 25 + 1 °C with a 12-h dark—light cycle
for 7 days. To restore the nominal concentration in
the test solution, the test medium was replaced at 48
and 96 h after initial exposure. The test animals were
not fed during the entire experimental period, and no
animals died during the study.

Metabolic Enzyme Measurements. At the
end of each experiment, the planarians were gently
rinsed with distilled water at least three times. Six
animals were homogenized with 150 pL of 0.3 M
sucrose in 0.1 M Tris buffer with 1 mM ethylenedi-
aminetetraacetic acid (pH 7.4). The homogenate was
centrifuged at 12,000 g at 4 °C for 20 min and the
supernatant was immediately used to determine the
enzyme activities.

The GST activity was determined according to
the method described by Habig et al. [18]. Ten mi-
croliters of the supernatant was transferred to each
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well in a 96-well ultraviolet (UV) microplate con-
taining 1 mM 1-chloro-2,4-dinitrobenzene (CDNB)
in 0.1 M potassium phosphate buffer (pH 6.5). The
plate was incubated for 5 min at room temperature.
Furthermore, 10 uL of 150 mM reduced glutathione
(GSH) was added to each well in a total volume of
300 pL per well to initiate the reaction. The GST ac-
tivity was then measured by following the formation
of the GSH-CDNB conjugate at 340 nm for 2 min in
a FLUOstar Omega microplate reader.

The G6PD activity was determined using the
method described by Noltmann et al. [19]. Twenty
microliters of the planarian supernatant was trans-
ferred to each well in a 96-well UV microplate con-
taining 5 mM GO6P in 0.05 M Tris-HCI buffer with
0.003 M MgCl, (pH 7.4). The plate was incubated
for 5 min at room temperature. Furthermore, 10 pL
of 10 mM NADP" was added to each well in a total
volume of 200 pL per well to initiate the reaction.
The GO6PD activity was subsequently measured by
following the formation of NADPH at 340 nm for 5
min in the FLUOstar Omega microplate reader.

The IDH activity was measured as described by
Ernt and Bergmeyer [20]. Ten microliters of the pla-
narian supernatant was transferred to each well in a
96-well UV microplate containing 5 mM isocitric
acid in 0.05 M Tris-HCI buffer with 0.003 M MgCl,
(pH 7.4). The plate was incubated for 5 min at room
temperature. Moreover, 10 uL of 10 mM NADP*
was added to each well in a total volume of 200 pL.
per well to initiate the reaction. The IDH activity was
subsequently measured by following the formation
of NADPH at 340 nm for 5 min in the FLUOstar
Omega microplate reader.

The LDH activity was assayed based on the
method described by Vassault [21]. Ten microliters
of the planarian supernatant was transferred to each
well in a 96-well UV microplate containing 3.33 mM
NADH in 0.05 M Tris-HCI buffer (pH 7.4). The
plate was incubated for 5 min at room temperature.
Furthermore, 10 pL of 30 mM sodium pyruvate was
added to each well in a total volume of 300 uL per
well to start the reaction. The LDH activity was then
measured by following the rate of oxidation of re-
duced nicotinamide adenine dinucleotide (NADH)
to NAD" at 340 nm for 2 min in the FLUOstar
Omega microplate reader.

All enzyme activities were measured in dupli-
cate. One unit of metabolic enzyme activity is the
amount of enzyme that produces 1 pmol of
NADPH/min/mg protein at an extinction coefficient
of 6220 M 'cm!. The specific activity of GST was
expressed as pmol GSH-CDNB conjugate
formed/min/mg protein at an extinction coefficient
0f 9.6 mM cm™!. Protein estimation was performed
in triplicate by using the Bradford method [22].

Data Analysis. All statistical analyses were
performed using Minitab (Version 17). For each test
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chemical, the enzyme activity data were first exam-
ined for normality by using the Kolmogorov—
Smirnoff test, and all data were matched with a nor-
mal distribution. Furthermore, the homogeneity of
variances was determined using Bartlett’s test. Be-
cause most data met the assumptions of the homoge-
neity of variance, all statistical analyses were per-
formed using parametric tests. Two independent ex-
periments were performed at different time points
for each chemical in this study. Therefore, an analy-
sis of covariance (ANCOVA) was performed by
treating the experiment as a categorical factor with
two levels and the exposure concentration as a con-
tinuous variable to determine whether both experi-
mental data could be combined for further statistical
analyses. The ANCOVA revealed that except BPA,
all chemicals have significant experiment effect on
the activities of all enzymes. Thereafter, the results
from two independent experiments were analyzed
separately using analysis of variances (ANOVAs).
In the case of a significant result, Dunnett’s multiple
comparison was applied to determine which treat-
ment group was significantly different from the con-
trols.

RESULTS

Enzyme Activities after 7-day Exposure to
BPA. The effects of BPA on the enzyme activities of
planarians are shown in Figure 1. In experiment one,
the GST activity was significantly lower in the 250
pug L' treatment group compared with the control
group. However, the activities of all other enzymes
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did not significantly differ between the control and
treatment groups. In experiment two, the LDH activ-
ity was significantly lower in the 10 and 250 pg L™
treatment groups compared with the control group.
Moreover, the IDH activity was markedly lower in
the 250 pug L' treatment group.

Enzyme Activities after 7-day Exposure to
DES. The effects of DES on the enzyme activities of
planarians are shown in Figure 2. In experiment one,
only the IDH activity was significantly lower in the
250 pg L' DES treatment group compared with the
control group. However, the activities of all other en-
zymes were not significantly different between the
control and treatment groups. In experiment two, the
LDH activity was significantly lower in the 10 and
250 pg L' treatment groups compared with the con-
trol group.

Enzyme Activity after 7-day Exposure to E2.
The effects of E2 on the enzyme activities of planar-
ians are shown in Figure 3. In experiment one, the
LDH activity was significantly lower in the 10 and
250 ug L' treatment groups compared with the con-
trol group. Moreover, the GST activity was signifi-
cantly lower in the 250 pg L™ treatment group com-
pared with the control groups. In experiment two, the
LDH activity was significantly lower in the 10 pg
L' treatment group compared with the control
group. However, the activities of other enzymes
showed no significant differences between the con-
trol and treatment groups.
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FIGURE 1
Enzyme activities of isocitric dehydrogenase (IDH), glucose-6-phosphate dehydrogenase (G6PD),
glutathione S-transferase (GST) lactate dehydrogenase (LDH) in planarians in two independent
experiments after 7-day exposure to bisphenol A (BPA).
Bars represent mean + standard deviation (n = 4). Asterisks denote significant differences from the controls; *, p < 0.05.
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FIGURE 2
Enzyme activities of isocitric dehydrogenase (IDH), glucose-6-phosphate dehydrogenase (G6PD),
glutathione S-transferase (GST) lactate dehydrogenase (LDH) in planarians in two independent
experiments after 7-day exposure to diethylstilbestrol (DES).
Bars represent mean + standard deviation (n = 4). Asterisks denote significant differences from the controls; *, p < 0.05.
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FIGURE 3
Enzyme activities of isocitric dehydrogenase (IDH), glucose-6-phosphate dehydrogenase (G6PD),
glutathione S-transferase (GST) lactate dehydrogenase (LDH) in planarians in two independent
experiments after 7-day exposure to 17p-estradiol (E2).
Bars represent mean + standard deviation (n = 4). Asterisks denote significant differences from the controls; *, p < 0.05.

Enzyme activities after 7-day exposure to
EE2. The effects of EE2 on the enzyme activities of
planarians are shown in Figure 4. In experiment one,
the GOPD activity was significantly higher in the 50
pg L7! treatment group and significantly lower in the
10 pg L™! treatment group compared with the control
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group. The IDH activity was significantly lower in
the control and treatment groups. Moreover, GST
and LDH activities were markedly decreased in the
250 ug L! treatment groups compared with the con-
trol group. In experiment two, only the LDH activity
was significantly lower in the 250 pg L! treatment
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FIGURE 4
Enzyme activities of isocitric dehydrogenase (IDH), glucose-6-phosphate dehydrogenase (G6PD),
glutathione S-transferase (GST) lactate dehydrogenase (LDH) in planarians in two independent
experiments after 7-day exposure to 17a-ethnylestradiol (EE2).
Bars represent mean + standard deviation (n = 4). Asterisks denote significant differences from the controls; *, p < 0.05.

group compared with the control group. However,
the activities of all other enzymes did not signifi-
cantly differ between the control and treatment
groups.

DISCUSSION

The activities of all four enzymes in this study
are commonly considered environmental biomarkers
that are responsive to a large number of environmen-
tal contaminants in field and laboratory studies [23-
26]. Environmental pollutants have been reported to
induce and inhibit the activities of these biomarkers
[27, 28]. Enzymatic biomarker responses can follow
an expected dose-response trend or nonmonotonic
dose-response pattern. Moreover, the enzyme re-
sponses to environmental pollutants typically show
an inverted U-shaped trend, with an initial increase
due to the activation of enzyme synthesis followed
by a decrease in enzyme activities due to enhancing
the catabolic rate or inhibiting the action of toxic
chemicals on the enzyme molecules [29].

In the present study, statistical analysis did not
yield consistently significant results in either exper-
iment for each EDC. This may be partially because
of large variations among individuals in the treat-
ment groups or interassay variations under both ex-
perimental conditions. However, the activities of the
four enzymes measured from two independent ex-
periments did show similar concentration-response
trends among the test chemicals. The responses of
the enzymatic biomarkers in EDC-treated planarians
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were slightly or significantly lower than those of
their respective controls after 7-day exposure.

Both LDH and G6PD have been suggested as
indicators of environmental stress in invertebrates
[30-33]. In the present study, the LDH activity
showed significant decreases in planarians exposed
to all four EDCs for 7 days. Notably, the G6PD ac-
tivity was only affected by EE2 in one experiment,
with a significant decrease after 10 pg L' treatment
and a marked increase after 50 pug L' treatment.
However, no significant changes were induced by
the remaining EDCs. The results of LDH and G6PD
activities in planarians exposed to EDCs are in con-
cordance with those of previous studies, where im-
mature fish exhibited an inhibition of LDH and no
change in G6PD after E2 exposure. Both immature
Epinephelus akaara [34] and Chrysophrys major
[35] treated with E2 showed significant decreases in
LDH but no changes in G6PD. By contrast, these
studies have revealed marked increases in IDH in
both fish. However, in the present study, no increase
was observed in the IDH activity of planarians ex-
posed to EDCs. By contrast, the IDH activity showed
significant decreases after treatment with 250 pg L™
BPA, DES, or EE2 exposure.

GSTs are a family of enzymes that play crucial
roles in xenobiotic biotransformation [36]. The in-
duction of GST was suggested as a biomarker of
xenoestrogen exposure in Nereis succinea (Poly-
chaeta) [37]. However, no consistent results are
available on GST activity in aquatic animals after
EDC exposure. For example, the GST activity in-
creased after 24-h exposure to 0.01, 1, and 10 pg
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BPA L™! and after 24-h exposure to 0.1, 10, and 100
pug E2 L' [28]. An injection of 500 ug kg' E2
yielded no changes in the hepatic GST activity of
carps (Cyprinus carpio) compared with that of con-
trols [38]. Conversely, freshwater male fish
(Rhamdia quelen) injected with a single dose of 0.1,
1, and 10 mg kg™! E2 exhibited lower GST activity
at a similar magnitude in all exposed groups com-
pared with male and female controls after 11 days of
injection [39]. The GST activity was significantly
decreased in the polychaete (Perinereis aibuhitensis)
after chronic exposure (205 days) to 0.1, 1, 10, 100,
and 1000 pg E2 L' [40]. In the present study, the
GST activity showed significant decreases after
treatment with 250 pg L' BPA, E2, or EE2 expo-
sure.

Enzymatic biomarkers have been considered
sensitive indicators of environmental pollutants [9,
29], and the present findings are in accordance with
this observation. For example, the 96-h nominal
LCso values of DES, EE2, E2, and BPA to this spe-
cies of planarians were found to be 0.5-6.0 mg L
[41]. The 7-day no-observed-effect levels of planar-
ian head regeneration were 50 ug L' for BPA and
DES and 1 mg L™! for EE2 and E2 [42]. In the pre-
sent study, the activities of LDH showed significant
changes after exposure to 250 ug L™! all four EDCs
compared with their respective controls. In addition,
the activities of LDH showed significant changes af-
ter exposure to 10 pg L™ BPA, DES or E2 compared
with their respective controls. The environmental
levels of E2, EE2, and DES can range from lower
than the detectable limits to tens of ng L' [43]. Con-
versely, the level of BPA in river water can be sev-
eral ug L' [44]. These findings suggest that some
aquatic animals might be adversely affected by the
current levels of BPA in some hotspot pollution sce-
narios.

This study found that EDCs influenced the non-
specific enzyme activities of asexual planarians.
However, the effects of EDCs on enzymatic bi-
omarkers did not correspond with the order of their
estrogenic potencies. Testosterone was detected in
sexually reproductive individuals in the freshwater
planarian Bdellocephala brunnea [45]. Estradiol or
testosterone has not been detected in the freshwater
planarian D. japonica and no estrogen-related recep-
tor genes have been found in the Planarian EST da-
tabase for this organism. The findings suggest that
the enzymatic responses to EDCs were caused by
general toxicity rather than the estrogen-mediated
mechanisms of these chemicals in the present study.

All four enzymatic biomarkers are ubiquitous
enzymes present in bacteria, fungi, plants, and ani-
mals [46, 47] and play crucial physiological roles in
living organisms. Alterations in these enzyme activ-
ities can affect the energy metabolism and growth of
organisms. Both NADPH-generating enzymes, IDH
and G6PH, were inhibited by EE2, and the low sup-
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ply of NADPH in organisms can reduce the effi-
ciency of NADPH-related metabolic processes and
nonenzymatic defense systems. In summary, reduc-
tion of these enzyme activities after exposure to
EDCs potentially reduces an organism’s ability to
defend itself against oxidative stress.

ACKNOWLEDGEMENTS

This study was supported by the Ministry of
Science and Technology (Taiwan) under grant NSC
100-2313-B-002-009-MY3 and MOST-103-2313-
B-002-028-MY3. The author would like to thank
Ms. Chun-Yuan Huang for her assistance on planar-
ian enzyme assays.

REFERENCES

[1] Brausch, J.M., Rand, G.M. (2011) A review of
personal care products in the aquatic environ-
ment: environmental concentrations and tox-
icity. Chemosphere. 82, 1518-1532.

Arukwe, A., Knudsen, F.R., Gokseyr, A. (1997)
Fish zona radiata (eggshell) protein: a sensitive
biomarker for environmental estrogens. Envi-
ronmental Health Perspectives. 105, 418-422.
Segner, H., Caroll, K., Fenske, M., Janssen,
C.R., Maack, G., Pascoe, D., Schafers, C., Van-
denbergh, G.F., Wenzel, A. (2003) Identifica-
tion of endocrine-disrupting effects in aquatic
vertebrates and invertebrates: report from the
European IDEA project. Ecotoxicology and En-
vironmental Safety. 54, 302-314.

Matozzo, V., Gagné, F., Marin, M.G., Ricciardi,
F., Blaise, C. (2008) Vitellogenin as a biomarker
of exposure to estrogenic compounds in aquatic
invertebrates: a review. Environment Interna-
tional. 34, 531-545.

Dang, Z. (2016) Interpretation of fish biomarker
data for identification, classification, risk as-
sessment and testing of endocrine disrupting
chemicals. Environment International. 92, 422-
441.

Riffeser, M., Hock, B. (2002) Vitellogenin lev-
els in mussel hemolymph—a suitable biomarker
for the exposure to estrogens?. Comparative Bi-
ochemistry and Physiology Part C: Toxicology
and Pharmacology. 132, 75-84.

Puinean, A.M., Labadie, P., Hill, E.M., Osada,
M., Kishida, M., Nakao, R., Novillo, A.,
Callard, I.P., Rotchell, J.M. (2006) Laboratory
exposure to 17p-estradiol fails to induce vitello-
genin and estrogen receptor gene expression in
the marine invertebrate Mytilus edulis. Aquatic
Toxicology. 79, 376-383.

Short, S., Yang, G., Kille, P., Ford, A.F. (2014)
Vitellogenin is not an appropriate biomarker of
feminisation in a Crustacean. Aquatic Toxicol-
ogy. 153, 89-97.

(2]

(3]

(4]

(3]

(8]

FEB




Volume 29 — No. 05/2020 pages 3354-3361

Fresenius Environmental Bulletin

[9] Roméo, M., Giambérini, L. (2013) History of
biomarkers. In: Ecological Biomarkers: Indica-
tors of Ecotoxicological Effects. CRC Press
Boca Raton, USA, 15-44.

[10]Almeida, J.R., Oliveira, C., Gravato, C., Guil-
hermino, L. (2010) Linking behavioural altera-
tions with biomarkers responses in the European
seabass Dicentrarchus labrax L. exposed to the
organophosphate pesticide fenitrothion. Ecotox-
icology. 19, 1369-1381.

[11]Lee, S.M., Koh, H.J., Park, D.C., Song, B.J.,
Huh, T.L., Park, J.W. (2002) Cytosolic NADP+-
dependent isocitrate dehydrogenase status mod-
ulates oxidative damage to cells. Free Radical
Biology and Medicine. 32, 1185-1196.

[12]Lerner, L.J., Hilf, R., Turkheimer, A.R., Michel,
L., Engel, J. (1966) Effects of hormone antago-
nists on morphological and biochemical
changes induced by hormonal steroids in the im-
mature rat uterus. Endocrinology. 78, 111-124.

[13]Max, S.R., Knudsen, J.F. (1980) Effect of sex
hormones on glucose-6-phosphate dehydrogen-
ase in rat levator ani muscle. Molecular and Cel-
lular Endocrinology. 17, 111-118.

[14]Board, P.G., Menon, D. (2013) Glutathione
transferases, regulators of cellular metabolism
and physiology. Biochimica et Biophysica Acta
(BBA)-General Subjects. 1830, 3267-3288.

[15]Strayer, D.L. (2006) Challenges for freshwater
invertebrate conservation. Journal of the North
American Benthological Society. 25, 271-287.

[16]Collen, B., Whitton, F., Dyer, E.E., Baillie, J.E.,
Cumberlidge, N., Darwall, W.R., Pollock, C.,
Richman, N.I., Soulsby, A.M., Béhm, M.
(2014) Global patterns of freshwater species di-
versity, threat and endemism. Global Ecology
and Biogeography. 23, 40-51.

[17]Oetken, M., Bachmann, J., Schulte-Oehlmann,
U., Oehlmann, J. (2004) Evidence for endocrine
disruption in invertebrates. International Re-
view of Cytology. 236, 1-44.

[18]Habig, W.H., Pabst, M.J., Jakoby, W.B. (1974)
Glutathione S-transferase. The first enzymatic
step in mercapturic acid formation. Journal of
Biology Chemistry. 249, 7130-7139.

[19]Noltmann, E.A., Gubler, C.J., Kuby. S.A.
(1961) Glucose-6-phosphate dehydrogenase.
Journal of Biological Chemistry. 236, 1225-
1230.

[20]Emt, E., Bergmeyer, H.U. (1974) Isocitrate de-
hydrogenase - UV assay. In: Bergmeyer, H.U.
(ed.) Methods of Enzymatic Analysis. Vol. 2,
624-627.

[21] Vassault, A. (1983) Lactate dehydrogenase. In:
Bergmeyer, H.U. (ed.) Methods in Enzymatic
Analysis. Academic Press, London, U.K. 118—
126.

3360

[22]Bradford, M.M. (1976) A rapid and sensitive
method for the quantitation of microgram quan-
tities of protein utilizing the principle of protein-
dye binding. Analytical Biochemistry. 72, 248-
254.

[23]Oliva, M., Perales, J.A., Gravato, C., Guilher-
mino, L., Galindo-Riafio, M.D. (2012) Bi-
omarkers responses in muscle of Senegal sole
(Solea senegalensis) from a heavy metals and
PAHs polluted estuary. Marine Pollution Bulle-
tin. 64, 2097-2108.

[24]Rodrigues, A.P., Santos, L.H., Oliva-Teles,
M.T., Delerue-Matos, C., Guimaraes, L. (2014)
Joint effects of salinity and the antidepressant
sertraline on the estuarine decapod Carcinus
maenas. Aquatic Toxicology. 156, 169-178.

[25]Alves, L.M., Nunes, M., Marchand, P., Le Bi-
zec, B., Mendes, S., Correia, J.P., Lemos, M.F.,
Novais, S.C. (2016) Blue sharks (Prionace
glauca) as bioindicators of pollution and health
in the Atlantic Ocean: Contamination levels and
biochemical stress responses. Science of the To-
tal Environment. 563, 282-292.

[26]Caron, A., Pannetier, P., Rosabal, M.,
Budzinski, H., Lauzent, M., Labadie, P., Nasri,
B., Pierron, F., Baudrimont, M., Couture, P.
(2016) Organic and inorganic contamination
impacts on metabolic capacities in American
and European yellow eels. Canadian Journal of
Fisheries and Aquatic Sciences. 73, 1557-1566.

[27]Correia, A.D., Gongalves, R., Scholze, M., Fer-
reira, M., Henriques, M.A.R. (2007). Biochem-
ical and behavioral responses in gilthead sea-
bream (Sparus aurata) to phenanthrene. Journal
of Experimental Marine Biology and Ecology.
347, 109-122.

[28]Lee, S.B., Choi, J. (2007) Effects of bisphenol
A and ethynyl estradiol exposure on enzyme ac-
tivities, growth and development in the fourth
instar larvae of Chironomus riparius (Diptera,
Chironomidae). Ecotoxicology and Environ-
mental Safety. 68, 84-90.

[29] Viarengo, A., Lowe, D., Bolognesi, C., Fabbri,
E., Koehler, A. (2007) The use of biomarkers in
biomonitoring: a 2-tier approach assessing the
level of pollutant-induced stress syndrome in
sentinel organisms. Comparative Biochemistry
and Physiology Part C: Toxicology and Pharma-
cology. 146, 281-300.

[30]Augenfeld, J.M. (1966) Lactic dehydrogenase
activities in invertebrates in relation to environ-
ment and mode of gas exchange. Comparative
Biochemistry and Physiology. 18, 983-985.

[311Wu, R.S., Lam, P.K. (1997) Glucose-6-phos-
phate dehydrogenase and lactate dehydrogenase
in the green-lipped mussel (Perna viridis): Pos-
sible biomarkers for hypoxia in the marine envi-
ronment. Water Research. 31, 2797-2801.

FEB




Volume 29 — No. 05/2020 pages 3354-3361

Fresenius Environmental Bulletin

[32]Diamantino, T.C., Almeida, E., Soares, A.M.,
Guilhermino, L. (2001) Lactate dehydrogenase
activity as an effect criterion in toxicity tests
with Daphnia magna straus. Chemosphere. 45,
553-560.

[33]Nathan, S.S., Kalaivani, K., Murugan. K. (2006)
Effect of biopesticides on the lactate dehydro-
genase (LDH) of the rice leaffolder, Cnaphalo-
crocis medinalis (Guenée) (Insecta: Lepidop-
tera: Pyralidae). Ecotoxicology and Environ-
mental Safety. 65, 102-107.

[34]Ng, T.B., Woo, N.Y., Tam, P.P., Au, CY.
(1984) Changes in metabolism and hepatic ul-
trastructure induced by estradiol and testos-
terone in immature female Epinephelus akaara
(Teleostei, Serranidae). Cell and Tissue Re-
search. 236, 651-659.

[35]Woo, N.Y.S., Chung, A.S.B., Ng, T.B. (1993)
Influence of oral administration of estradiol-17f3
and testosterone on growth, digestion, food con-
version and metabolism in the underyearling red
sea bream, Chrysophrys major. Fish Physiology
and Biochemistry. 10, 377-387.

[36]Rushmore, T.H., Pickett, C.B. (1993) Glutathi-
one S-transferases, structure, regulation thera-
peutic implications. Journal of Biological
Chemistry. 268, 11475-11475.

[37]Ayoola, J. A., Garcia-Alonso, J., Hardege, J.D.
(2011) Glutathione-S-transferase in Nereis suc-
cinea (Polychaeta) and its induction by xeno-es-
trogen. Environmental Toxicology. 26, 559-
565.

[38]Sol, M., Porte, C., Barcel, D. (2000) Vitello-
genin induction and other biochemical re-
sponses in carp, Cyprinus carpio, after experi-
mental injection with 17-ethynylestradiol. Ar-
chives of Environmental Contamination and
Toxicology. 4, 494-500.

[39]Costa, D.M., Neto, F.F., Costa, M.D.M., Mo-
rais, R.N., Garcia, J.R.E., Esquivel, B.M., Ri-
beiro, C.O. (2010) Vitellogenesis and other
physiological responses induced by 17-B-estra-
diol in males of freshwater fish Rhamdia quelen.
Comparative Biochemistry and Physiology Part
C: Toxicology and Pharmacology. 151, 248-
257.

[40]Lv, L., Dong, X., Lv, F., Yu, Y., Zhao, W., Liu,
F. (2016) Antioxidant enzymes responses of
polychaete Perinereis aibuhitensis following
chronic exposure to 17B-estradiol. Italian Jour-
nal of Animal Science. 15, 552-557.

[41]1Li, M.-H. (2013) Acute toxicity of industrial en-
docrine-disrupting chemicals, natural and syn-
thetic sex hormones to the freshwater planari-
ans, Dugesia japonica. Toxicological and Envi-
ronmental Chemistry. 95, 984-991.

[42]Li, M.-H. (2014) Effects of bisphenol A, two
synthetic and a natural estrogens on head regen-
eration of the freshwater planarians, Dugesia ja-
ponica. Toxicological and Environmental
Chemistry. 96, 1174-1184.

[43]Rocha, M.J., Cruzeiro, C., Reis, M., Pardal,
M.A., Rocha, E. (2014) Spatial and seasonal dis-
tribution of 17 endocrine disruptor compounds
in an urban estuary (Mondego River, Portugal):
evaluation of the estrogenic load of the area. En-
vironmental Monitoring and Assessment.
186(6), 3337-3350.

[44]Huang, G.Y., Liu, Y.S., Chen, X.W., Liang,
Y.Q., Liu, S.S., Yang, Y.Y., Hu, L.X., Shi, W.J.,
Tian, F., Zhao, J.L., Chen, J. (2016) Feminiza-
tion and masculinization of western mosqui-
tofish (Gambusia affinis) observed in rivers im-
pacted by municipal wastewaters. Scientific Re-
ports. 6, 20884.

[45]Fukushima, M., Funabiki, I., Hashizume, T.,
Osada, K., Yoshida, W., Ishida, S. (2008) De-
tection and changes in levels of testosterone dur-
ing spermatogenesis in the freshwater planarian
Bdellocephala brunnea. Zoological Science. 25,
760-765.

[46]Doolittle, R.F., Feng, D.F., Tsang, S., Cho, G.,
Little, E. (1996) Determining divergence times
of the major kingdoms of living organisms with
a protein clock. Science. 271, 470-476.

[47]Sheehan, D., Meade, G., Foley, V.M. (2001)
Structure, function and evolution of glutathione
transferases: implications for classification of
non-mammalian members of an ancient enzyme
superfamily. Biochemical Journal. 360, 1-16.

01.02.2018
19.02.2020

Received:
Accepted:

CORRESPONDING AUTHOR

Mei-Hui Li

Environmental Toxicology Lab,
Dep. of Geography

National Taiwan University,
Taipei 106 — Taiwan

e-mail: meihuili@ntu.edu.tw

FEB




Volume 29 — No. 05/2020 pages 3362-3369

Fresenius Environmental Bulletin

PLANARIAN MOBILITY ASSAY AS A SIMPLE
ALTERNATIVE FOR RAPID SCREENING AQUATIC ACUTE
TOXICITY OF PERSONAL CARE PRODUCTS

Mei-Hui Li*

Environmental Toxicology Lab, Department of Geography, National Taiwan University, Taipei, Taiwan

ABSTRACT

The effects of 25 chemicals used in personal
care products, including benzophenone-type UV
filters, paraben preservatives, and surfactants, on
freshwater planarian locomotion were examined
using an automated video tracking system during
the second 5-min period exposure. The slope of the
linear regression for second 5-min ECso and 24-h
median lethal concentration (LCso) was 0.9904. The
second 5-min ECso values of planarian mobility
were similar to their corresponding 24-h LCso
values. The results suggest that changes in mobility
velocity in planarians can serve as a rapid acute
aquatic toxicity indicator. Moreover, planarian
mobility assay can be a useful tool in preliminary
evaluation of water samples and in deciding the
timely precautionary measures required to prevent
episodic water pollution, even in the absence of
acute aquatic toxicity information. Based on the
result of this study, planarian mobility assay
provides great advantages to promote 3Rs principle
in toxicology study, by replacing vertebrates to
invertebrates, reducing numbers of experimental
animals used, and refining animals by greatly
increased survival and recovery.

KEYWORDS:
Episodic pollution, real-time warming, UV filter, paraben
preservatives, surfactant, 3Rs principle

INTRODUCTION

During major urban stormwater runoff events
and accident spills, rapid evaluation of the potential
toxicity of water in situ or of that collected in the
field is necessary to determine the optimal
immediate course of action. Episodic pollution
discharges can be acutely toxic to aquatic
organisms or exert sublethal toxic effects on aquatic
invertebrates and fishes [1]. Several in sifu water
quality sensors that can determine common
physical and chemical characteristics of water in a
timely manner have been recently developed [2].
However, rapid determination of toxicological
characteristics of water samples to provide an early
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warning remains a challenge to environmental
toxicologists and ecotoxicologists [3]. In particular,
standardized toxicity tests are labor and time
intensive. The experimental time required for
measuring acute aquatic toxicity to aquatic animals
is at least 1-4 d. To effectively prevent the
hazardous effects of water pollution, providing near
real-time information regarding water toxicity is
crucial for environmental decision makers.

Animal behaviors are usually considered rapid
and sensitive responses to environmental pollution
[4-8]. In particular, locomotion is an essential
function in animals and represents the general
physical status of most organisms. Compared with
other animal behaviors, motor activities and
patterns in various aquatic invertebrates are
considered sensitive indicators of different
environmental pollutants. Locomotory function in
animals is an indicator of their health, fecundity and
survival [9]. In ecotoxicological tests, changes in
the locomotory function in animals is often used as
an indicator of sublethal toxicity [10-12].

Freshwater planarians have been used as
animal models for behavioral studies on the effects
of pharmacological drugs or toxicants [13-17]. The
median effective concentration (ECso) of planarian
mobility during the second 5-min exposure period
was reported to be in the same range of the 24-h
median lethal concentration (LCso) of planarians
exposed to various surfactants [18]. Further
investigation of planarian mobility responses as
alternative acute toxicity responses after exposure
to environmental pollutants for a short period
should be conducted. In addition, compared with
other commonly used aquatic animal models for
behavioral studies, such as daphnia or zebrafish,
maintaining freshwater planarians is easier and
cheaper.

A substantially high number of chemicals in
such personal care products as sun screens,
preservatives, disinfectants, and surfactants are
commonly found in urban discharge or surface
waters worldwide [19]. Acute toxicities of several
chemicals in personal care products, including
benzophenone-type UV filters, paraben pre-
servatives, and surfactants, were determined in
freshwater planarians [20, 21]. In this study, the
effects of similar chemicals on freshwater planarian
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mobility were examined. In addition, whether
planarian mobility responses after a very short
period exposure can be reliably used in screening
for the acute toxicity of chemicals (i.e.; reported 24-
h LCs) in personal care products were evaluated
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from Fluka (Sigma-Aldrich, Steinheim, Germany).
Sodium dodecylbenzene sulfonate (80%) was
purchased from Sigma-Aldrich (St Louis, MO,
USA). All other test chemicals were also purchased
from Sigma-Aldrich (St Louis, MO, USA) and their

and discussed. purities were > 99%. All test stock solutions were
prepared in reconstituted water [22]. The 25 test

chemicals and the nominal test concentration ranges

MATERIALS AND METHODS for each compound are listed in Table 1. Test media
were reconstituted using purified water produced by
Chemicals. 4-Nonylphenol  (94%) was the NANO pure Diamond system (Barnstead,

Dubuque, USA) by adding 2.5 mmol L' CaCl,, 0.4
mmol L'MgSOs, 0.8 mmol L' NaHCOs, and 77
pmol L' KCI. Test media had a hardness of 136.5 +
2.0 mg L' as CaCOs, a conductivity of 0.73 + 0.6
uS cm!, and a pH of 7.8 £ 0.1.

purchased from Riedel-de Haén (St Louis, MO,
USA) and 2,3,4-trihydroxybenzophenone (2,3,4-
THBP, >98%) was purchased from Alfa Aesar
(Ward Hill, MA, USA). Perfluorooctane sulfonate
(>98%) and sulisobenzone (98.9%) were obtained

TABLE 1
Test chemicals and their concentration ranges used in planarian mobility assay

Chemicals CAS No. Test concentration (mg/L)
benzophenone-type UV filters
benzophenone 119-61-9 0,2.5,5,10,25
2,4-dihydroxybenzophenone 131-56-6 0,1,2.5,10,20
2,2'.4,4'-tetrahydroxybenzophenone 131-55-5 0, 5,10, 20, 40
oxybenzone 131-57-7 0,0.5,1,5,10
sulisobenzone 4065-45-6 0, 50, 100, 200, 400
2,2'-dihydroxy-4,4'-dimethoxybenzophenone 131-54-4 0,5,12.5,25,50
5-chloro-2-hydroxybenzophenone 85-19-8 0,1,2.5,5,10
dioxybenzone 131-53-3 0,1,2.5,5,10
mexenone 1641-17-4 0,1,2.5,5,10
4,4'-dihydroxybenzophenone 611-99-4 0, 5,10, 25, 50
2-hydroxybenzophenone 117-99-7 0,1,2.5,5,10
3-hydroxybenzophenone 13020-57-0 0, 5,10, 25, 50
4-hydroxybenzophenone 1137-42-4 0,2.5,5,10,25
2,3,4-trihydroxybenzophenone 1143-72-2 0,2.5,5,10,25
paraben preservatives
butylparaben 94-26-8 0,1, 10, 25, 50
ethylparaben 120-47-8 0, 50, 100, 200, 400
methylparaben 99-76-3 0,6.25,12.5, 25, 50
propylparaben 94-13-3 0,1,5,10,25
surfactants
benzethonium chloride 121-54-0 0,2.5,5,10,20
cetyltrimethylammonium bromide 57-09-0 0,1,2.5,5,10
dodecylbenzene sulfonate 25155-30-0 0,1,2.5,5,10
lauryl sulfate 151-21-3 0,0.25,0.5,1,2.5
4-nonylphenol 104-40-5 0,0.5,1,25,5
octylphenol ethoxylate 9002-93-1 0, 5,10, 20, 40
perfluorooctane sulfonate 2795-39-3 0, 25, 50, 100, 200
[amc)
e I o

FIGURE 1
Automated video tracking device and measurement setup
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Test organisms. Freshwater planarian,
Dugesia japonica was collected from the Nanshi
stream located in Wulai, Taiwan. The animals were
maintained asexually in dechlorinated tap water at
ambient room temperature (28 =+ 3°C). The
planarians fed raw chicken liver once a week
followed by immediate transfer to new culture
water. The animals were not fed for at least 4 d
prior to the mobility assays.

Mobility assay. The effects of different
chemicals in personal care products on freshwater
planarian mobility were determined as previously
described in Li’s study [18]. Figure 1 depicts the
observation device and measurement setup. Two
independent mobility assays for each test chemical
were performed on different days. On the basis of
previous acute toxicity results [20, 21], 4 different
concentrations for the test chemical and a control
were analyzed in triplicate in each mobility assay.
After 5 min of exposure, mobility was recorded and
quantified for the next 5-min period in the same
exposure solution using a FiexCam video camera
(NTSC, version 3; Videolabs Inc, Minneapolis,
USA) and a video tracking recording system (Singa
Technology Corporation, Taipei, Taiwan) at 28 + 1
°C.

Fresenius Environmental Bulletin

Data analysis. The ECsg of planarian mobility
as 50% of the control velocity in the second 5-min
exposure period was computed through a nonlinear
regressions (lognormal model) by using the Excel
macro REGTOX software (version EV7.0.4) [23].
Linear regression, t test, and correlation analysis
between acute toxicity (24-h LCsp) and mobility
(second S5-min ECsp) were determined using
Minitab (Version 17).

RESULTS AND DISCUSSION

Exposure to test chemicals for a short period
produced a concentration-dependent reduction in
freshwater planarian locomotor velocities. The
traced trajectories of planarian movements ranged
from spatially complex patterns at low con-
centrations to almost completely immobile at high
concentrations, as recorded for the second 5-min
exposure period after the first 5-min exposure to
paraben preservatives (Figure 2), surfactants
(Figure 3) and benzophenone-type UV filters (data
not shown). These concentration-dependent
changes in movement patterns are consistent with
those in our previous study, where we observed
movement patterns ranging from total mobility to
immobility in planarians exposed to natural and
synthetic surfactants [18].

0 mglL 50 mg/L 100 mpiL 200 mg/L 400 mg/L

méthyliparaben m ‘Q' &3\
1.!\‘ -

0 mg/L 10 mgiL 25mglL S0 mg/L 100 mg/L
Ww @ ‘

0mglL 1 mglL SmglL 10mglL 25 mgiL

(=

wrm @ hh )

OmglL 1 mglL 10 mglL 25 mglL S0 mglL
m— | vl| -

FIGURE 2

Locomotion movement patterns of planarians after the first 5-min exposure to paraben preservatives and
their subsequent locomotion monitoring for the second 5 min in the same test solution.
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chloride e \
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0 mgiL 1 mglL 2.5 mg/L 5 mgiL 10 mgiL
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lammonium ?. N
bromide ‘ 1

0 mgiL 1mg/L 2.5mglL 5 mgfL 10 mg/L
dodecylbenzene
s (T 9 |
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lauryl sulfate @ ég q
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FIGURE 3
Locomotion movement patterns of planarians after the first 5-min exposure to surfactants and their
subsequent locomotion monitoring for the second 5 min in the same test solution.

The published 24-h LCsy [20, 21] and the
second 5-min ECsy of planarian mobility estimated
through the lognormal model are shown in Table 2.
A comparison of the 24-h LCso and the
corresponding second 5-min ECs by using the t test
revealed that LCso did not differ significantly from
the corresponding ECso. The Pearson correlation
coefficients between 24-h LCso and second 5-min
ECso values were 0.911 (P < 0.001), suggesting that
the second 5-min ECso of planarian mobility is a
useful indicator of LCso toxicity in planarians
exposed to the test chemicals.

Three linear regression models were used to
analyze the relationship between 24-h LCso and
second 5-min ECsp, and all linear, quadratic, and
cubic regression models exhibited a strong positive
association between 24-h LCsp and second 5-min
ECso (P < 0.0001; Figure 4). Among the 3 linear
regression models, the cubic regression yielded the
strongest coefficient of determination (r?): > was
0.946 for second 5-min ECso. In addition, the slope
of the linear regression model for second 5-min
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ECso and 24-h LCso was 0.9904 (Figure 4). These
results show that the second 5-min ECs values of
planarian mobility are similarto their corre-
sponding 24-h LCs values.

Compared with traditional aquatic toxicity
tests, the planarian mobility assays are relatively
quicker in screening the chemicals of interest. The
time required to complete a computerized video
tracking measurement of planarian movements for
5 concentrations in triplicate was 2-2.5 h for each
test chemical. Automated video tracking systems
and techniques have been widely used by various
investigators in planarians [17, 24-25] and other
aquatic animal models [26-29] to study the effects
of different chemicals; furthermore, these systems
provide several advantages, including consistency,
reliability, productivity, and standardized de-
termination of locomotion. By wusing those
commercial available video tracking systems, the
planarian mobility assay can be completed within in
1 hr by simultaneous tracing 6 animals in 6-well
microplate.
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TABLE 2
Published 24-h LCso of planarians exposed to different chemicals of personal care products and second 5-
min locomotion ECso (mg/L) for Dugesia japonica after 5-min exposure to test chemicals and their
subsequent locomotion monitoring for next S min in the same test solution in this study.

Chemicals

Reported 24-h LCs

The second 5-min locomotion ECs

(mg/L) (mg/L)
benzophenone-type UV filters
benzophenone 15.8* 6.3
2,4-dihydroxybenzophenone 4.5° 6.3
2,2'4,4'-tetrahydroxybenzophenone 8.32 28.7
oxybenzone 2.2° 2.4
sulisobenzone 158.0* 115.9
2,2'-dihydroxy-4,4'-dimethoxybenzophenone 35.0° 31.8
5-chloro-2-hydroxybenzophenone 3.5% 4.1
dioxybenzone 5.32 3.1
mexenone 1.5% 23
4,4'-dihydroxybenzophenone 17.02 21.9
2-hydroxybenzophenone 4.92 5.2
3-hydroxybenzophenone 15.8% 9.0
4-hydroxybenzophenone 15.8% 9.5
2,3,4-trihydroxybenzophenone 34.6* 53.2
paraben preservatives
butylparaben 8.7% 4.4
ethylparaben 39.0* 84.3
methylparaben 97.0* 96.7
propylparaben 14.7% 7.4
surfactants
benzethonium chloride 7.6° 8.7
cetyltrimethylammonium bromide 3.2b 1.2
dodecylbenzene sulfonate 6.8° 4.6
lauryl sulfate 0.4° 0.6
4-nonylphenol 1.0° 1.9
octylphenol ethoxylate 11.8° 26.8
perfluorooctane sulfonate 53.0° 57.8

21]
°[18]

In general, most standard acute toxicity tests
will require at least 150 animals (6 concentrations
with 5 replicates; 5 animals for each replicate) and
2-4 days performing acute toxicity test. Planarian
mobility assay used in this study only require
a minimum of 30 planarians (a total of 6 animals
for each concentration and at least 5 concentrations
conducted) for each chemical toxicity testing.
Furthermore, most exposed planarians will be
replaced to clean culture media after 10-minute
experiment and survive and recover health after
mobility tracking studies. Based on the result of this
study, planarian mobility assay provides great
advantages to promote 3R principles in toxicology
study, by replacing vertebrates to invertebrates,
reducing numbers of experimental animals used,
and refining animals by greatly increased survival
and recovery.
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Behavioral observations can be cumbersome,
and standardizing behavioral endpoints for different
animal species and quantifying and interpreting the
behavioral results are difficult. Compared with
other behavioral responses and patterns, locomotion
is easy to record and quantify for most animals
under toxicological experiments. Planarian mobility
ECso obtained in this study support the conclusions
of other investigators that motor activities and
patterns in various aquatic invertebrates are
sensitive indicators of environmental pollutants
[30-34]. In addition, the significant association
between the second 5-min ECso and their
corresponding 24-h LCso can be used in deciding
the timely precautionary measures required to
prevent episodic water pollution, even in the
absence of acute aquatic toxicity information.
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FIGURE 4
24-h LCso of planarians exposed to 25 chemicals in personal care products as a function of the second 5-
min ECso (lognormal model) of planarian mobility for 3 linear regressions: (a) linear, (b) quadratic, and
(¢) cubic regression. Solid lines show the linear regression lines, and dashed lines show the 95% confidence
interval for the mean regression line.

CONCLUSIONS LCso. Before the application of planarian mobility
assays in preliminary evaluation of water samples,
additional studies should be conducted to link the
acute toxicity of various environmental pollutants
in freshwater planarians with other potential effects
on other aquatic species.

While discussing alternative acute toxicity
testing models, it is crucial to consider that multiple
sublethal endpoints for different species should be
determined for effectively assessing the ecological
risk for aquatic ecosystems. In this study, I
examined the effects of 25 chemicals found in

personal care products on freshwater planarian ACKNOWLEDGEMENTS

locomotion during the second 5-min exposure

period. The second 5-min ECs values of planarian The author thanks Ms. Yen-Ling Lin and Mr.
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ABSTRACT

Determination of radon concentration in drink-
ing water is very important to assessment whether it
poses a health risk in terms of public health or not.
For this purpose, radon (***Rn) concentration of forty
nine drinking water samples collected from Kilis
province were determined by using CR-39 passive
nuclear track detectors with closed-can technique in
this study. The radon concentrations for drinking wa-
ter samples were found between 0.69 and 6.93 Bq L
!'with average of 1.86 Bq L'!. All obtained values for
radon concentrations were below 11.1 Bq L' that
recommended as maximum contaminant level
(MCL) by the United States Environmental Protec-
tion Agency (USEPA). In addition, effective dose
and population weighted fatal cancer risk due to
222Rn in drinking waters were estimated. Average ef-
fective dose values were calculated to be 4.75 uSv y
1,4.69 uSvy', 0.57 pSv y! and 0.56 pSv y! for in-
gestion, inhalation, stomach and lungs, respectively.
All obtained effective dose values were well below
the reference level that suggested as 0.1 mSv y™! by
Word Health Organization (WHO). Population
weighted fatal cancer risk varied from 2.62E-06 to
2.54E-04 and average value was found to be 3.07E-
05 for Kilis province. In addition, per caput risk was
estimated 1.99E-08 due to radon in drinking water
samples. Investigated water samples for Kilis prov-
ince were well below the permissible limits and have
no risk to public health.

KEYWORDS:
Radon, Drinking water, Annual effective dose, Cancer
risk, Nuclear track detectors, Closed-can technique, Kilis

INTRODUCTION

Human beings have been constantly exposed to
cosmic and terrestrial ionizing radiation since the
world has existed. Cosmic rays come from outer
space and from the sun's surface. Terrestrial radionu-
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clides are present in the earth's crust, building mate-
rials, air, water and foods, and even within the hu-
man body. External and internal exposure doses
from these natural radiation sources are approxi-
mately 2.4 mSv. External exposures are due to cos-
mic rays and terrestrial gamma radiation. Internal ex-
posures occur by inhalation and ingestion of radio-
nuclides into the body and are mainly from inhaled
radon (1.2 mSv) [1].

Radon is a colorless, tasteless, odorless and al-
pha emitting radioactive noble gas with high water
solubility, which is found in soil, rock and ground-
water. Radon (*2Rn), thoron (**°Rn) and actinon
(3'°Rn) are the three natural isotopes of radon, with a
half-life of 3.824 day, 55 second and 3.96 second,
respectively. The most important of the radon iso-
topes is 22Rn, which is the most abundant in nature.
It is decay product of 2?°Ra and belongs to 23U decay
chain [2, 3]. Radon that emanates from soil substan-
tially accumulates in dwellings and causes to radia-
tion exposure of humans through inhalation. In addi-
tion, radon in water leads to exposures due to inges-
tion of drinking water and inhalation of radon that
released from drinking water to air when water is
used. Contribution of radon dissolved in water to ex-
posure dose depends on radon concentration of water
used for showering, laundry etc., and sometimes it
can be important. In UNSCEAR 1993 publication, it
has been reported that the concentrations of radon in
well water, groundwater and surface water are gen-
erally being at the highest, intermediate and lowest,
respectively [1, 2].

Exposure of humans to high ???Rn concentra-
tions and its decay products for a long time through
inhalation can lead to health problem such as occur-
rence lung cancer. In addition, a very high radon
level in drinking water can also pose a significant
risk for stomach cancer. In addition to that the radon
(**?Rn) dissolved in the water is transferred to the
bloodstream via molecular diffusion and can radio-
logical affect other organs [4-6]. Because of its po-
tential health hazard, the monitoring of radon (***Rn)
concentration in the water is a necessary and im-
portant in terms of public health. Many studies have
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been conducted worldwide to estimate radon con-
centration in water and its health effect for human
beings [7-12]. However, such a study has not been
carried out so far for the Kilis province of Turkey.
The aim of this study is to determine radon concen-
tration of tap waters that is generally used drinking
purpose in Kilis province and estimate radiation dose
that people are exposed through ingestion and inha-
lation due to radon in water. This study is significant
for the public health because the radon concentra-
tions and health risk assessment of drinking water
samples in Kilis province are performed and re-
ported for the first time.

MATERIALS AND METHODS

Study Area. The province of Kilis, which is in
the southeastern part of the Turkey and border with
Syria, is located between latitude 36° 38" -37°32" N
and longitude 36° 50" - 37° 56" E. The surface area
of Kilis province is 1,521 km? and is divided into

four administrative regions (Figure 1). Its population
is 130,825 and eighty percent of the population lives
in the city center. The province of Kilis is under the
influence of Mediterranean climate with an annual
temperature of 16.8 °C. Average temperature is
above 25 °C for summer season whilst varied from
3.59C to0 6.5 °C for winter season. Kilis province has
both surface and underground water resources alt-
hough it is one of the low precipitation areas in Tur-
key. Municipal waters of Kilis province have being
supplied by Seve Dam Lake, which covers 2.38 km?,
in the region. However, main water resources for Ki-
lis province are originating from underground. Un-
derground waters are often used in most of the
houses in Kilis due to surface waters inadequacy
[13].

Sample Collection and Preparation. Investi-
gated drinking water samples were collected from
the houses in the Kilis province. The water faucets
were opened for about 4-5 minutes before sampling

M Surveved area

Musabeyl

Kilis (Centrum)

FIGURE 1
Map of the Turkey Showing to Kilis Province.
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and then drinking water samples were taken in 1 liter
polyethylene cylindrical containers of radius 5 cm,
length 12.7 em. Their caps of cylindrical containers
were tightly sealed to prevent radon escaping. Col-
lected samples were carefully transferred to the la-
boratory without allowing the water samples to be
shaken as much as possible. Water samples were
completely covered with aluminum foil to prevent of
external influences such as sunlight. The samples
were then stored 1 month in the laboratory for radi-
oactive equilibrium. At the end of the waiting period,
the covers of the cylindrical containers were opened
carefully and the square-shaped CR-39 passive nu-
clear track detectors in dimension of 1 cm? were ver-
tically placed under the cover. Afterwards, the co-
vers were serially closed. The detectors were ex-
posed to the alpha particles emitted from the water
samples, for 30 days. CR-39 detectors were then
carefully collected and wrapped in aluminum foil.
CR-39 detectors were labeled and sent to Bitlis Eren
University Nuclear Physics Research Laboratory for
analysis [14-16].

Chemical Etching of CR-39 Radon Detec-
tors. Cr-39 Radon detectors were analyzed by using
RADOSYS radon analyzer at nuclear physics re-
search laboratory in Bitlis Eren University. The RA-
DOSYS device is shown in Figure 2. Chemical etch-
ing process was performed using 25% NaOH solu-
tion at 90 °C for 4.5 hours. Etched detectors were
washed with 4 liters of purified water and dried for
12 hours outside the RADOSYS device. Finally, al-
pha particle tracks formed on each CR-39 detector
due to radon were counted automatically with an op-
tical microscope [14-16]. The tracks formed on CR-
39 film due to alpha particle are shown in Figure 3.

FIGURE 2
RADOSYS device.

Calculation of 22’Rn Activity Concentration
in Water Samples Using by Closed-Can Tech-
nique. Radon concentrations of water samples were
determined using by CR-39 passive nuclear track de-
tectors with closed-can technique. Chemical etching
process was performed to CR-39 detectors which ex-
posed alpha radiation in the closed-can. Then, track
density (track cm™) on the each detector was counted

3372

using by optical microscope. Configuration of
closed-can used in experiment is shown in Figure 4
[14].

222Rn activity concentration in air and water in
the closed-can were calculated using Equation (1)
and Equation (2), respectively [14, 15].
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FIGURE 3
The tracks formed on CR-39 film due to alpha
particle.
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FIGURE 4
Configuration of closed-can.

Where, A, is radon activity concentration in air
above the surface of water sample, Co is radon activ-
ity concentration of calibration chamber, Ty is expo-
sure time to calibration, po is surface density of
tracks on calibrated detectors, p is the measured sur-
face density of tracks on the detectors which exposed
to alpha particle in the closed-can, and T is exposure
time (720 h) of the sample.
Awater = L (2)
Where, Ayater is radon activity concentration in
the water sample, A is radioactive decay constant of
222Rn, h is the distance from the water in the sample
vessel to the detector, T is exposure time of sample,
L is the depth of the water sample.

Effective Dose Estimation in Water Samples.
Internal radiation exposure due to radon in the waters
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arises from not only consumption of waters by hu-
mans but also radon transfer from water into the air
in the house. Estimating exposure radiation dose due
to ingestion and inhalation of radon in the water is
very important for the assessment of possible health
risks. For this reason, both the ingestion and inhala-
tion situations must be considered to calculate the to-
tal dose estimate. Ingestion dose largely depends on
the amount of water consumption that can vary con-
siderably because of physical activities and climate.
However the greatest contribution to the inhalation
dose is due to the amount of radon transferred to the
domestic environment because of the use of the wa-
ter in the bath and kitchen. In this study, both inges-
tion dose and inhalation dose for radon in the water
samples were estimated.

Annual effective dose due to consumption of
drinking water by humans was calculated using
Equation (3) [1, 17].

Ding = Aw X Vw X Fing (3)

Where, Diyg is annual effective dose rate (mSv
vy, Ay is radionuclide activity concentration in wa-
ter sample (Bq L"), V,, is the water consumption rate
(730 L y"), Fing is dose conversion factor for inges-
tion (3.5 x 10 mSv Bq).

Annual effective dose due to radon transfer
from water into the air was calculated using Equation

@ [1,17].

Diph = Aw X TEF X F X Fjp, X T 4
Where, Din is annual effective dose rate (mSv y™'),
A, is the radionuclide activity concentration of water
sample (Bq L), TF is transfer factor which is related
to increment of airborne radon concentration per unit
radon concentration in water and its value is 104, F
is radon equilibrium factor between radon and its de-
cay products (0.4), Fin is the effective dose coeffi-
cient for inhalation (9 x 10°® mSvh"'Bq'm?®) and T is
the exposure time (0.8 x 24h x 365 = 7000 h y!).

“Mn Concertration [Bg L)

Cancer Risk Estimation due to Inhaled Ra-
don. Mean population risk, PR, is calculated by us-
ing Equation (5) according to United States Environ-
mental Protection Agency (USEPA) report [6, 18]:

PR = (UD) X (RF) X (Cean) X (N) (5)
Where, PR is population risk of fatal cancer per year
due to inhalation of radon in water, UD is unit dose
(pCi inhaled per year per pCi L of radon in water),
RF is risk factor that described as lifetime cancer risk
per person per pCi inhaled per year and its value is
1.1x107'2, Cnean is population-weighted mean radon
concentration (pCi L") in water, N is the number of
people in the population.

Unit dose that given in Equation (5) depends on
three factors and is given in Equation (6) [6, 18]:

UD = (TF) X (BR) X (OF) x (365dy™1) (6)
Where, TF is transfer factor that represents increase
in airborne radon concentration per unit radon con-
centration in water and its value is 10, BR is breath-
ing rate (13000 L d™"), OF is occupancy factor (frac-
tion of time spent in indoors) and taken as 80%.

Chean given in Equation (5) is calculated by us-
ing Equation (7):

Cmean = G A R)/EPR) 7
Where, Aj is the radon concentration in water (pCi L-
1) and P; is the number of people in population using
water supply.

RESULTS AND DISCUSSION

In this study, radon concentration in the number
of 49 drinking water samples from Kilis province of
Turkey were determined by using closed-can tech-
nique. In addition, fatal cancer risk and effective
doses due to radon in drinking water were estimated.
Radon concentrations of drinking waters and esti-
mated effective dose values (for ingestion, inhala-
tion, stomach and lung) were comparatively given in
Figure 5 and Table 1. The lowest and highest radon.
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FIGURE 5
Radon concentrations in drinking water samples for Kilis province.
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TABLE 1
Radon concentrations of drinking waters and estimated effective dose values for Kilis province.
Sample No  Neighborhood Population ~ **Rn Ingestion Inhalation Stomach Lung Dose
(N) (BqL™ Dose Dose Dose (uSvy™h
(uSvy™) (uSvy™) (uSvy™)

1 Mehmet Sanh 4463 1.44 3.68 3.63 0.44 0.44

2 Boliik 475 0.95 2.44 241 0.29 0.29

3 Tekye 234 1.18 3.02 2.98 0.36 0.36

4 Sehitler 432 0.76 1.94 1.92 0.23 0.23

5 [slambey 333 0.88 2.26 2.23 0.27 0.27

6 Aslan 220 1.79 4.58 4.52 0.55 0.54

7 Vaiz 398 1.75 4.46 4.40 0.54 0.53

8 Yeni 409 1.55 3.97 391 0.48 0.47

9 Caylak 299 4.99 12.74 12.57 1.53 1.51

10 Yedi Aralik 862 1.06 2.71 2.67 0.33 0.32

11 Abdioymagi 325 6.55 16.74 16.51 2.01 1.98

12 Tirikl 235 5.62 14.35 14.16 1.72 1.70

13 Miislimanbey 756 5.14 13.14 12.96 1.58 1.56

14 Demirciler 911 0.99 2.52 2.49 0.30 0.30

15 Hakverdi 392 1.21 3.09 3.04 0.37 0.37

16 Helvacioglu 2296 0.88 2.24 221 0.27 0.27

17 Bilalhabesi 1794 0.85 2.17 2.14 0.26 0.26

18 Okgular 540 0.69 1.76 1.74 0.21 0.21

19 Mehmet Cavus 1282 1.14 2.92 2.88 0.35 0.35

20 M. Rifat Bilge 921 6.93 17.71 17.46 2.13 2.10

21 Atattirk 4454 1.36 3.47 342 0.42 0.41

22 TOKI 4463 1.19 3.04 3.00 0.37 0.36

23 Cengel 1246 1.85 4.73 4.66 0.57 0.56

24 [smet Pasa 3784 1.58 4.03 3.98 0.48 0.48

25 Hirriyet 1029 0.83 2.11 2.08 0.25 0.25

26 Ekrem Cetin 12800 2.17 5.54 5.47 0.67 0.66

27 Baris 1217 0.94 2.39 2.36 0.29 0.28

28 Altintiziim 484 0.91 2.32 2.29 0.28 0.28

29 [zzettin Tyigiin 950 0.90 231 2.28 0.28 0.27

30 Nedim Okmen 1569 2.26 5.77 5.70 0.69 0.68

31 Sthahmet 398 0.77 1.98 1.95 0.24 0.23

32 Dogan Guires Pasa 2347 1.53 3.90 3.85 0.47 0.46

33 A [ Karaoglanoglu 4807 2.02 5.16 5.09 0,62 0.61

34 MR Kazancioglu 6384 1.41 3.60 3.55 043 043

35 Kazim Karabekir 5048 2.49 6.36 6.27 0.76 0.75

36 Kartalbey 932 1.71 436 430 0.52 0.52

37 Mullahamit 404 4.99 12.74 12.57 1.53 1.51

38 Sehit Sakip 939 0.97 2.49 2.46 0.30 0.30

39 Namik Kemal 1005 1.91 4.88 4.81 0.59 0.58

40 Cumhuriyet 206 1.97 5.03 4.96 0.60 0.60

41 inonii/Elbeyli 704 1.10 2.80 2.77 0.34 0.33

42 Hiirriyet/Elbeyli 590 1.50 3.83 378 0.46 0.45

43 Akyiiz/Elbeyli 294 137 3.50 345 0.42 0.41

44 Sehitler/Elbeyli 299 1.01 2.59 2.55 0.31 0.31

45 Cumhuriyet/Mus. 994 1.33 3.40 335 0.41 0.40

46 Pmar/Musabeyli 288 0.96 2.46 242 0.30 0.29

47 AkyiizZMusabeyli 132 1.73 443 437 0.53 0.52

48 Sehit Ali/Polateli 193 113 2.89 2.85 0.35 0.34

49 Atatiirk/Polateli 233 0.88 2.26 2.23 0.27 0.27
concentrations were found to be 0.69 Bq L' and 6.93 neighborhood and 17.71, 17.46, 2.13 and 2.10 uSv
Bq L in Okgular and Muallim Rifat Bilge neighbor- y! for Muallim Rifat Bilge neighborhood, respec-
hoods, respectively. The values of ingestion dose, in- tively. Maximum contaminant level (MCL) of radon
halation dose, stomach dose and lung dose were cal- in public drinking water has recommended as 11.1

culated 1.76, 1.74, 0.21 and 0.21 uSv y'! for Okcular
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TABLE 2
Statistical Results for Radon Concentrations of Drinking Water Samples from Kilis Province.

Statistics 222Rn Ingestion Dose  Inhalation Dose ~ Stomach Lung Dose
(BqL™M (uSvy™h (uSvy™ Dose (LSvy™
Mean 1.8595 4.7512 4.6859 0.5708 0.5633
Std. Error of Mean 0.21957 0.56094 0.55332 0.06736 0.06644
Median 1.3572 3.4700 3.4201 0.4200 0.4100
Std. Deviation 1.53701 3.92657 3.87325 0.47155 0.46508
Variance 2.362 15418 15.002 0.222 0.216
Skewness 2.185 2.186 2.185 2.187 2.187
Std. Error of Skewness 0.340 0.340 0.340 0.340 0.340
Kurtosis 3.870 3.873 3.870 3.884 3.875
Std. Error of Kurtosis 0.668 0.668 0.668 0.668 0.668
Range 6.24 15.95 15.73 1.92 1.89
Minimum 0.69 1.76 1.74 0.21 0.21
Maximum 6.93 17.71 17.46 2.13 2.10

Bq L' (300 pCi L) by the United States Environ-
mental Protection Agency (USEPA) [19-21]. World
Health Organization (WHO) has proposed that a ref-
erence level for annual effective dose received from
drinking water consumption is 0.1 mSv. Besides,
The World Health Organization has indicated that if
the annual effective dose received from drinking wa-
ter is less than 0.1 mSv, the water is suitable for
drinking purpose but if it is high, corrective
measures are necessary to reduce the received dose
[22, 23]. UNSCEAR has reported that average radon
concentration in water is 10 Bq L' [1]. Average val-
ues of inhalation and ingestion dose due to radon in
water were also calculated to be 0.025 mSv and
0.002 mSyv (for 60 L y! water consumption) in UN-
SCEAR 2000 report, respectively [1]. In addition,
the World Health Organization has proposed that ac-
tion level of radon concentration in drinking waters
for public water resources to be 100 Bq L! and stated
that necessary precautions should be taken to reduce
the radon concentration if the radon activity in drink-
ing water exceeds 100 Bq L' [22, 23]. All values that
were reported for Kilis province due to radon in
drinking water are well below the permissible limits
recommended by USEPA, WHO, and UNSCEAR. It
can be summarized from the obtained data that all
water samples that investigated in this study are suit-
able for drinking purpose and not pose threat to pub-
lic health

Statistical results for obtained data from this
study were analyzed using statistical packed pro-
gram (SPSS version 20) and given in Table 2. Radon
concentration in drinking waters varied between
0.69 and 6.93 Bq L' with an average value of 1.86
Bq L. Ingestion and inhalation dose values ranged
from 1.76 to 17.71 uSv y! and 1.74 to 17.46 uSvy
!'with an average value of 4.75 uSv y! and 4.69 uSv
y1, respectively. Radiation exposure to the lungs and
stomach due to radon in drinking water is calculated
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by multiplying the inhalation and ingestion dose by
the tissue weighting factor for the lungs and stom-
ach, respectively.

The tissue weighting factor is reported as 0.12
for both lungs and stomach in ICRP Publication 103
[24]. As seen in Table 2, stomach and lung tissue
doses varied from 0.21 to 2.13 uSv y! and 0.21 to
2.10 pSv y!, respectively. Average value for stom-
ach and lung dose are 0.57 uSv y'and 0.56 pSv y!,
respectively. Median, Skewness and Kurtosis values
were found to be 1.36,2.19 and 3.87 Bq L™! for radon
concentration of water samples; 3.47, 2.19 and 3.87
uSv y! for ingestion dose; 3.42, 2.19 and 3.87 uSv
y'! for inhalation dose; 0.42, 2.19 and 3.88 uSv y’!
for stomach dose; and 0.41, 2.19 and 3.88 uSvy! for
lung dose, respectively.
Population risk of fatal cancer (PR) per year due to
the inhaled radon for each neighborhood in Kilis
province was estimated by using Equation (5) and
given in Table 3. Unit dose (UD) was found to be
380 according to Equation (6). Population-weighted
average radon concentration (Cpmean) Was calculated
to be 47.52 pCi L' by using Equation (7). Per caput
risk within the exposed population due to radon in
drinking water samples was estimated to be 1,99E-
08 by using N=1 and UD=380 values in Equation
(5). This value is low compared with the mean indi-
vidual risk of 6.2E-07 reported by USEPA [6]. It
summarizes that the individual fatal cancer risk
faced by a person in the Kilis province due to radon
in drinking water is lower than the average. It can
be seen from the Table 3 that population-weighted
fatal cancer risk varied from 2.62E-06 to 2.54E-04
with an average value of 3.07E-05. In addition, as
seen in Table 3, the lowest and highest fatal cancer
risk values were observed in Akyiiz (2.62E-06) and
Ekrem Cetin (2.54E-04) neighborhoods, respec-
tively. However, in Okgular and Muallim Rifat
Bilge neighborhoods where the lowest and highest
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TABLE 3
Population Weighted Cancer Risk Due to Inhaled Radon in Drinking Water Samples for Neighborhoods
in Kilis Province

Sample No Neighborhood Population (N)  **Rn (Bq L") 2Rn (pCiL")  Cancer risk (PR)
1 Mehmet Sanli 4463 1.44 38.97 8.87E-05
2 Boliik 475 0.95 25.80 9.44E-06
3 Tekye 234 1.18 31.95 4.65E-06
4 Sehitler 432 0.76 20.54 8.58E-06
5 Islambey 333 0.88 23.87 6.62E-06
6 Aslan 220 1.79 48.45 4.37E-06
7 Vaiz 398 1.75 47.21 7.91E-06
8 Yeni 409 1.55 41.96 8.12E-06
9 Caylak 299 4.99 134.80 5.94E-06
10 Yedi Aralik 862 1.06 28.62 1.71E-05
11 Abdioymagi 325 6.55 177.10 6.46E-06
12 Tiriklt 235 5.62 151.82 4.67E-06
13 Miisliimanbey 756 5.14 139.01 1.50E-05
14 Demirciler 911 0.99 26.68 1.81E-05
15 Hakverdi 392 1.21 32.64 7.79E-06
16 Helvacioglu 2296 0.88 23.70 4.56E-05
17 Bilalhabesi 1794 0.85 22.99 3.56E-05
18 Okgular 540 0.69 18.61 1.07E-05
19 Mehmet Cavus 1282 1.14 30.89 2.55E-05
20 Muallim Rifat Bilge 921 6.93 187.28 1.83E-05
21 Atatiirk 4454 1.36 36.68 8.85E-05
22 TOKI 4463 1.19 32.13 8.87E-05
23 Cengel 1246 1.85 50.02 2.48E-05
24 Ismet Pasa 3784 1.58 42.66 7.52E-05
25 Hiirriyet 1029 0.83 22.30 2.04E-05
26 Ekrem Cetin 12800 2.17 58.63 2.54E-04
27 Baris 1217 0.94 25.28 2.42E-05
28 Altiniiziim 484 0.91 24.58 9.61E-06
29 Izzettin Iyigiin Pasa 950 0.90 24.40 1.89E-05
30 Nedim Okmen 1569 2.26 61.08 3.12E-05
31 Sthahmet 398 0.77 20.89 7.91E-06
32 Dogan Giires Pasa 2347 1.53 41.25 4.66E-05
33 Albay Tbrahim Karaoglanoglu 4807 2.02 54.59 9.55E-05
34 Mehmet Rifat Kazancioglu 6384 1.41 38.09 1.27E-04
35 Kazim Karabekir 5048 2.49 67.22 1.00E-04
36 Kartalbey 932 1.71 46.16 1.85E-05
37 Mullahamit 404 4.99 134.80 8.03E-06
38 Sehit Sakip 939 0.97 26.32 1.87E-05
39 Namik Kemal 1005 1.91 51.61 2.00E-05
40 Cumhuriyet 206 1.97 53.18 4.09E-06
41 In6nii/Elbeyli 704 1.10 29.66 1.40E-05
42 Hiirriyet/Elbeyli 590 1.50 40.54 1.17E-05
43 Akyiiz/Elbeyli 294 1.37 37.03 5.84E-06
44 Sehitler/Elbeyli 299 1.01 27.38 5.94E-06
45 Cumbhuriyet/Musabeyli 994 1.33 35.98 1.97E-05
46 Pinar/Musabeyli 288 0.96 25.97 5.72E-06
47 Akyiiz/Musabeyli 132 1.73 46.86 2.62E-06
48 Sehit Ali/Polateli 193 1.13 30.54 3.83E-06
49 Atatiirk/Polateli 233 0.88 23.87 4.63E-06
Population-weighted average cancer risk 3.07E-05
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TABLE 4
Reported Radon Concentrations in Drinking Waters from Different Countries of the World and Other
Parts of Turkey.

Region Radon concentrations in drinking water (Bq L") References

Range Average
Northern Rajasthan, India 0.50-22 442 [25]
Shimoga district, Kartanaka, India 3.10-38.5 13.60 [4]
Hasan district, Karnata, India 0.85-60.74 26.50 [5]
West Bengal, India 1.9-9.0 5.0 [26]
Karak district, Pakistan 1.1-25.1 9.4 [3]
Southern Greater Polan Region, Poland 0.43-10.52 2.67 [27]
Ramsar region, Iran 11.42-83.36 25.34 [28]
Eskisehir, Turkey 16230 e [17]

(wet season)

37-251 e

(dry season)
Osmaniye, Turkey 0.16-0.99 0.44 [29]
Kastamonu, Turkey 0.50-19.21 5.78 [30]

(spring water in summer)

0.39-12.73 5.04

(spring water in spring)

0.31-13.14 3.24

(Tap water in summer)

0.36-9.29 2.73

(tap water in spring)
Bursa, Turkey 1.46-53.64 - [31]

(for well water)

0.91-12.58

(for tap water)
Kiitahya, Turkey 0.1-48.6 [32]
Kilis, Turkey 0.69-6.93 1.86 This study

radon concentrations were observed, the fatal cancer CONCLUSIONS

risks were estimated 1.07E-05 and 1.83E-05 due to
the fact that low population, respectively.

Reported radon concentrations in drinking wa-
ters for different countries of the world and other
parts of the Turkey have been compared with ob-
tained results for Kilis province and are shown in Ta-
ble 4 [3-5, 17, 25-32]. Radon concentration of drink-
ing water samples in this study lies in the range from
0.69 to 6.93 Bq L!. Average value of radon concen-
tration (1.86 Bq L") obtained for Kilis province is
lower than average values reported for other regions
(except Osmaniye, Turkey) in Table 4. It can be seen
from the Table 4 that the range of radon concentra-
tion in the drinking water samples in this study is
largely consistent with other regions that has an av-
erage radon concentration of less than 10 Bq L' sug-
gested by UNSCEAR. It can be concluded that the
results obtained from this study are compatible with
the literature.
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In this study, Radon concentrations of drinking
water samples in Kilis province were determined us-
ing by CR-39 passive nuclear track detectors with
closed-can technique. In addition, population-
weighted fatal cancer risk and effective dose estima-
tion were also performed. Average radon concentra-
tion of drinking water samples were calculated as
1.86 Bq L'!. The highest and lowest radon concen-
tration were observed in Muallim Rifat Bilge (6.93
Bq L") and Okgular (0.69 Bq L") neighborhoods,
respectively. Radon concentrations of all water sam-
ples were below the maximum contaminant level
(MCL) that recommended as 11.1 Bq L' by USEPA.
Average effective dose values were estimated to be
4.75 uSvy!, 4.69 uSvy!, 0.57 uSvy!and 0.56 uSv
y'! for ingestion, inhalation, stomach and lungs, re-
spectively. All effective dose values obtained from
this study were well below the reference level of 0.1
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mSv y'! that suggested by WHO. In addition, per ca-
put risk within the exposed population for Kilis prov-
ince due to radon in drinking water samples was es-
timated to be 1.99E-08. This value is lower than
mean individual risk of 6.2E-07 reported by USEPA.
Besides that, population-weighted average fatal can-
cer risk was found to be 3.07E-05 for Kilis province.
The lowest and highest fatal cancer risk were ob-
served in Akytiz/Musabeyli (2.62E-06) and Ekrem
Cetin (2.54E-04) neighborhoods, respectively. Fi-
nally, it can be concluded that drinking water sam-
ples in Kilis province are well below the permissible
limits and has no risk to public health.
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ABSTRACT

Field trials were conducted to study the effec-
tiveness of tillage, nutrients and weed management
on the yield related variables of sugar beet at two
locations (Mardan and D.I. Khan) of Pakistan dur-
ing 2015 and repeated in 2016. Data of first year
reveals that tillage and nutrient sources have no
effect on weed related variables at both locations.
However, during the second year tillage sources
had no effect while nutrient sources had significant
effect on the weed density and fresh biomass at
both locations. Weed management differently af-
fected weed density and fresh biomass that ulti-
mately increased sugar beet related variables. In
both the years, broadleaf weeds were dominant in
the experimental fields. Highest sugar beet yield
was found in year 1 at Mardan (67.87 tons ha™') in
Dual gold treated plots. While highest sugar quanti-
ty was produced during year 2 at Mardan (11.44
tons ha™') in two time hand weeded plots. By com-
paring the data of both locations, it was concluded
that performance of sugar beet was better at Mardan
as compared to D.I Khan. This difference may be
due to soil and climatic conditions. Net income has
shown that Dual gold proved profitable than the rest
of the treatments. Intercropping increased the in-
come and decreased weed density but it can also
increase the extra cost. It was concluded that weeds
are major threat to sugar beet and being a root crop
it can be severely affected due to infestation of
weeds and thus can greatly decrease the sugar beet
yield. Application of Dual gold effectively controls
weeds and as a result ultimate increase occurs in the
sugar beet yield and net income.

KEYWORDS:
Fresh biomass, FYM, NPK, sugar beet yield, weed densi-
ty, dual gold

INTRODUCTION

Sugar beet (Beta vulgaris L.) is a member of
the family Chenopodiaceae and is considered sec-
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ond important crop in terms of global sugar produc-
tion [1]. Around forty percent of world sugar on
annual basis is met by sugar beet [2]. In Pakistan
sugar beet is grown successfully in several regions.
The sugar beet is a temperate region crop but some
of its varieties are also grown in subtropical areas.
Proper attention has been given to agronomic prac-
tices for achieving higher yield and stable growth of
sugar beet which is rich in sucrose. The yield of this
crop is determined by the nutrient management and
production technology [3]. The kinetic energy of
sun is converted to organic matter energy in sugar
beet crop. Therefore production technology is very
important for the yield of sugar beet [4]. In Khyber
Pakhtunkhwa region of Pakistan both the sugar beet
as well as sugarcane are cultivated. Later is com-
mercially grown on more than 100 thousand hec-
tares as compared to sugar beet cultivated on 7000
hectares annually in Pakistan. Several sugar indus-
tries are well operational with cutting facilities and
in this way sugarcane and sugar beet are successful-
ly grown [5]. Due to suitability of climatic condi-
tions in the Sindh region of Pakistan sugar beet is
grown in various provinces. The climate of this
region is like the Nile delta valley in Egypt which is
a popular area for growing sugar beet since decades
[6].

The concept of intercropping results in more
number of plants per unit area that can ultimately
affect the underground yield of sugar beet. The in-
tercropping increases the net income, depending on
the location and species grown. In view of this
many scientists recommend to grow sugar beet as a
companion crop. Usmanikhail et al. [7] have re-
ported that growing wheat either with sunflower or
sugar beet is a popular and profitable cropping sys-
tem. In sugar beet cultivation, weed management
plays a vital role. This root crop is negatively influ-
enced by the presence of weeds for example, if
weed management is not performed well, there are
chances of crop yield losses up to 100% due to crop
weed competition [8]. However, the herbicidal dose
is critical for weed control in this crop. For com-
plete weed execution, the rate of individual herbi-
cide needs to be increased to get desirable outcomes
in terms of weed management [9]. Suitable tillage
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operations at proper time result in desirable soil
properties that favour the growth of this crop. On
the other hand, unnecessary and improper tillage
lead to several undesirable effects [10].

In Pakistan, conventional tillage (already in
practice) are the popular tillage operations that are
used for growing sugar beet. The sugar beet as a
root crop is directly affected by the fertilizer appli-
cations as well as soil structure and texture. There-
fore these two factors are important for getting bet-
ter yield. Previously it was claimed that soil natural
carbon content and the biomass of microbes was
increased by farmyard manure (FYM) and is
thought to be eco-friendly approach to enhance soil
structure and richness. No undesirable effect was
found on the environment although it increased
yield and growth of many crops [11]. Due to heavy
infestation of weeds and imbalanced fertilizers that
are applied to sugar beet and improper use of till-
age, present experiments were designed to decipher
the combination of all these for better weed man-
agement and higher yield of sugar beet in Khyber
Pakhtunkhwa region of Pakistan.

MATERIALS AND METHODS

Sugar beet is commercially grown in two
provinces of Khyber Pakhtunkhwa (Mardan and
D.I. Khan) in Pakistan. The field experiments were
conducted in the above two provinces in October
2015/2016 and repeated in 2016/2017. The latitude
of Mardan is 34.2001° N and longitude is 72.0508°
E with an elevation of 315 m. The latitude and lon-
gitude of D.I. Khan are 31.8424° N, 70.8952° E
with an elevation of 165 m. Fields, previously in-
fested with weeds were selected for experiments in
the two provinces. The experimental field was di-
vided into two main plots. Deep tillage and conven-
tional tillage were given to main plots. While two
nutrients sources nitrogen, phosphorus and potassi-
um (NPK) and farm yard manure (FYM) were al-
lotted to sub plots. NPK is a commercial fertilizer
containing nitrogen, phosphorus and potassium at
the ratio of 20:10:10. NPK was applied at the rate
of 120 kg ha!. Well rotten and decomposed FYM
was applied at the rate of 7.5 tons ha™'. There were
eight treatments, assigned to sub-sub plots. Seeds of
sugar beet (California) were sown as a single row
on the ridges, 45 cm apart. While the plant to plant
distance was kept 6-7 inches. A pre-emergence
(Pendimethalin) was applied to the soil at proper
moisture level at the rate of 0.66 kg active ingredi-
ents ha'l. While S-metolachlor was sprayed at the
rate of 0.8 kg active ingredients ha' at pre-
emergence. Cauliflower seedlings were transplant-
ed as intercrop in the selected treatments, and pea
seeds were sown in the respective treatments. Both
sugar beet and pea were transplanted on the same
day. The herbicides were applied soon after sowing
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the seeds. Variety of sugar beet, cauliflower, pea,
dose of fertilizers and herbicides were the same at
both the locations. Sowing at Mardan was done
carlier than D.I Khan because sowing of sugar beet
starts earlier at Mardan due to difference in temper-
ature. Experimental field was irrigated as per re-
quirement.

Weeds related variables. A quadrate of 50 x
50 cm size was randomly thrown in each treatment
and the weeds inside the quadrate were counted.
Average of the quadrates was calculated and the
data was converted to the density m2. Weed density
m? was recorded for comparing the treatments with
the control.

Fresh and dry weed biomass (kg ha'): The
above mentioned quadrats were randomly placed in
all experimental units and then weeds inside the
quadrate were collected from each treatment and
finally biomass was recorded by using digital bal-
ance to record fresh biomass. The samples collected
were dried in an oven and dry weight was recorded.
Average of fresh and dry biomass was calculated
and recorded in kg ha™’.

Weed identification: All the major weeds con-
sidered as potential threat to sugar beet were care-
fully identified and recorded.

Sugar beet related variables. The root yield
of the sugar beet (kg ha™!) was recorded in each plot
separately during harvesting and average was calcu-
lated to get root yield per hectare.

Sugar yield (ton/ha) was determined by using
the following formula:

Sugar vyield (tons/ha) = Pol % beet yield
(tons/ha) / 100

Statistical analysis. The data recorded for dif-
ferent variables of sugar beet and weeds was con-
verted to the units mentioned in the tables. The data
recorded for each location was statistically analyzed
separately by using the software (Statistics, version
8). LSD was applied where treatments were signifi-
cant at p value of 0.05.

RESULTS AND DISCUSSION

Weed density m2. In all weed management
plans weed density is considered as an important
factor because higher weed density causes more
yield losses, depending on the weed species infest-
ing the crop. The objective of all weed management
is to reduce the density of weeds which will ulti-
mately increase the yield of the crop. Our results
showed that weed density m™ was not affected by
the tillage. In the first year, deep tillage and con-
ventional tillage produced numerically similar val-
ues of 35.50, 38.33 weeds m? at Mardan; 28.92 m?
and 33.17 weeds m™ at D.I Khan. During the sec-
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ond year, the values in deep tillage and convention-
al tillage showed that the weed density at Mardan
was 26.95, 33.02 m? and at D.I Khan 32.52, 37.83
m?, these were statistically similar (Table 1); alt-
hough there is a reduction in weed density in deep
tillage as compared to conventional tillage. In an
analogous study, Ali et al. [12] state that deep till-
age system reduces the weed density as compared
to conventional tillage system. Data further depict-
ed that like tillage, the nutrients also insignificantly
affected the weed density. It was observed that dur-
ing the first year in Mardan weed density was 36.92
m? and in the second year it was 31.12 m? and
28.85 m™ at farmyard manure and NPK treated
plots. In D.I Khan during the first year weed densi-
ty was 30.33 as observed in FYM and 31.75 m? at
places where NPK was used. In the second year,
numerical values recorded were 38.64 m? and
31.70 m? under FYM and NPK respectively. Our
data reveals that the nutrients have significant effect
on weed density during the second year.

The weed management treatments have signif-
icant effects on the weed density m? as shown in
Table 1. The highest density of weeds was recorded
in weedy check plot. At both the locations the high-
est weed densities of 57.33 m? and 54.17 m? were
recorded during the first year. In the second year
50.50 m? and 53.08 m? densities were recorded in
weedy check plots. Similarly, minimum weed den-
sity in the first year (22.50 m?) and (18.67 m?) was
found in Dual gold treated plot. Unlike first year,
during the second year lowest weed density was
found in two hand weeded plots (15.25 m?) at
Mardan. At D.I Khan the lowest weed density was
recorded in Dual gold plots (20.25 m™) which was
statistically close to the treatment where 2 hand
weeding was done (25.67 weeds m). Similarly in
weed control studies Khan et al. [13] have stated
that weed density and fresh weed biomass signifi-
cantly decreases by hand weeding. The herbicide
application like hand weeding also effectively con-
trols weed density and biomass [14]. Intercropping
of cauliflower and pea produced weed density of
37.50 m? and 38.17 m? during the first year and
32.08 m? and 36.33 m? in second year at Mardan.
While at D.I Khan during the first year weed densi-
ty recorded was 32.33 m?, (31.67 m?) and in sec-
ond year (37 m?), (41.91 m?) at both locations.
These values were statistically lower than control
and higher than weed density in herbicide and hand
weeded treated plots. These results depict that herb-
icide application is more effective in controlling
weeds as compared to intercropping. While inter-
cropping of cauliflower and pea did not control
weeds to an acceptable limit.

Fresh weed biomass (kg ha'). Our data
shows that fresh weed biomass was not affected by
the tillage during the first year. This feature in deep
tillage at Mardan (360.33 kg ha!) was statistically
similar to mean value recorded in conventional till-
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age (324.33 kg ha™!). While in D.I Khan the mean
value recorded for deep tillage was (361.39 kg ha'!)
and for conventional tillage (356.67 kg ha™!). How-
ever, during the second year tillage had significant
effect on fresh weed biomass at Mardan as is clear
from the data recorded in deep tillage (317.41 kg)
and in conventional tillage (357.92 kg™!). The non-
significant effects on weed fresh biomass at D.I
Khan reveals that values recorded are 318.44 kg
ha'! and 341.48 kg ha'! in deep tillage and conven-
tional tillage respectively. Similar results have been
reported by Ali et al. [15] who concluded that deep
tillage disturbs weed seed bank buried deep in the
soil or exposes seeds to the sun. Most of these did
not germinate, therefore in deep tillage fresh bio-
mass was less than conventional tillage. Data fur-
ther reveals that nutrients FYM and NPK applied
during the first year also did not affect fresh weed
biomass. The mean values recorded at Mardan and
D.I Khan for FYM are 327 kg ha!' and 385 kg ha'';
while the same parameter for NPK are 357.67 kg
ha! and 333.06 kg ha''. It could be inferred from
these results that during the first year both the nu-
trient sources (FYM, NPK) equally supported the
weeds and their growth which ultimately produced
similar biomass. In the second year nutrients had
significant effect on fresh weed biomass at both
locations. The mean values of fresh weed biomass
recorded at Mardan in farm yard manure and NPK
treated plots were 358.24 kg! and 317.10  kg'';
while at D.I Khan these were 346.33 kg ha™! and
313.58 kg ha’'. Farm yard manure supports weeds
as a nutrient source reported by Bajwa et al. [16].
The efficacy of weed control methods was dif-
ferent, depending on the nature of the treatment
(Table 1). Our data depicted that weed control
treatments significantly affected the fresh weed
biomass during both years (Table 1). The mean
values of Mardan and D.I Khan Field data in the
first year indicated a highest weed biomass (498.67
kg ha') and (568.89 kg ha™'), recorded in the con-
trol plot (weedy check). During the second year
maximum weed density was recorded at Mardan
549.11 kg ha'! followed by D.I Khan 544.33 kg ha'!
in control treatments. Our findings are similar to
Yaseen et al. [17] who reported that weed check
gave the highest values for fresh weed biomass. In
first year the lowest fresh weed biomass (229 kg
ha'!, 291.11 kg ha'') was observed in the Dual gold
treated plots at Mardan and D.I Khan. During the
second year minimum fresh weed biomass was rec-
orded at Mardan (236.92 kg ha') in two hand
weeded treated plots; whereas at D.I Khan 200.50
kg ha™! values were recorded in Dual gold applica-
tion plot. Some claim that S-metolachlor is effective
for weed management in sugar beet. Chikoye et al.
[14] who stated that biomass and density of weeds
was lowered by herbicide application. Khan et al.
[13] report that like herbicides, the weed density
and fresh biomass also successfully decrease by
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hand weeding. Overall our results show that weed
management lowers the fresh weed biomass as
compared to control (weedy check). Mean data of
the intercropping plots reveals that in both years
there is decrease in the fresh weed biomass but it is
not significant.

Weed identification. In both seasons the
weeds present in the fields belonging to different
species and families (Tables 2 and 3) were ob-
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served, most of these were broadleaf forms. In both
experimental fields perennial as well as annual
weeds were recorded. The weeds found in sugar
beet field are highly competitive with this crop.
Thus weed management in sugar beet crop is an
important part of sugar beet crop production. It can
be concluded that to avoid losses in sugar beet crop
all types of weeds should be controlled. As the sug-
ar beet fields are free of weeds which ultimately
give us good return.

TABLE 1
Effect of tillage, nutrients and weed control on weed density and fresh weed biomass

Factors/Treatment Weed density m™ Fresh biomass of weeds (kg ha™)
First Year Second Year First Year Second Year
Location Mardan  D.J Khan Mardan D.I Khan Mardan D.I Khan Mardan D.I Khan
Tillage
Deep 355 28.92 26.95 32.52 360.33 361.39 317.41b 318.44
Conventional 38.33 33.17 33.02 37.83 324.33 356.67 357.92a 341.48
LSDy 05 NS NS NS NS NS NS 19.73 NS
Nutrients
FYM 36.92 30.33 31.12a 38.64a 327 385.00a 358.24a 346.33a
NPK 36.92 31.75 28.85b 31.70b 357.67 333.06b 317.10b 313.58b
LSDy 05 NS NS 1.77 6.83 NS 15.2 31.87 26.77
Weed control
Sugar beet (control) 57.33a 54.17a 50.50a 53.08a 498.67a 568.89a 549.11a 544.33a
Sugar beet + 1 hand weeding 55.50a 45.67b 42.91b 45.75b 484.00a 481.11b 464.22b 484.58b
Sugar beet + 2 hand wedding 25.67cd 24.83¢ 15.25g 23.75g 273.33¢ 268.89f 236.92f 205.17f
Sugar beet + Pendimethalin 29.00cd 21.33de 23.41e 31.41e 274.67¢ 295.56e 272.72¢ 286.58d
Sugar beet + Cauliflower 37.50b 32.33¢ 32.08d 37.00d 345.33b 353.33d 332.31d 321.25¢
Sugar Beet + Pendimethalin + g 670 196740 2175 2825F  272.00c  241.11g  24578f  244.83c
S-metolachlor
Sugar beet + Pea 38.17b 31.67¢ 36.33¢ 41.91c 361.33b 372.22¢ 358.83¢ 352.42¢
Sugar beet + S-metolachlor 22.50d 18.67¢ 17.67f 20.25h 229.33d 291.11e 241.44f 200.50f
LSDg s 6.537 5.626 2.32 2.46 18.104 91.021 21.12 32.99

Values with dissimilar lower-case letters are significantly different at p<0.05.

TABLE 2
Major weeds identified in the sugar beet field during the first year

Botanical name Common name Family Life Cycle
Chenopodium album Lamb's Quarters Amaranthaceae Annual
Cirsium arvense Creeping Thistle Asteraceae Perennial
Convolvulus arvensis Field bind weed Convolvulaceae Perennial
Coronopus didymus Swinecress Brassicaceae Annual
Cynodon dactylon Bermuda grass Poaceae Perennial
Euphorbia helioscopia Sun spurge Euphorbiaceae Annual
Fumaria indica Indian Fumitory Fumariaceae Annual
Medicago polymorpha Burclover Fabaceae Annual
Phalaris minor Canary grass Poaceae Annual

TABLE 3
Major weeds identified in the sugar beet fields during the second year

Botanical name

Common name

Anagallis arvensis
Chenopodium album

Scarlet Pimpernel
Lamb's Quarters

Cirsium arvense Creeping Thistle
Convolvulus arvensis Field bind weed
Coronopus didymus Swinecress
Cynodon dactylon Bermuda grass
Euphorbia helioscopia Sun spurge

Fumaria indica
Melilotus indica

Indian Fumitory
Sweet clover

Family Life cycle
Primulaceae Annual
Amaranthaceae Annual
Asteraceae Perennial
Convolvulaceae Perennial
Brassicaceae Annual
Poaceae Perennial
Euphorbiaceae Annual
Fumariaceae Annual
Fabaceae Annual
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TABLE 4
Effect of tillage, nutrients and weed control on sugar beet root yield and sugar yield

FEB

Factors/ Sugar beet yield (ton ha™') Sugar yield (ton ha™)
Treatment First Year Second Year First Year Second Year
Location Mardan D.I Khan Mardan D.I Khan Mardan D.I Khan Mardan D.I Khan
Tillage
Deep tillage 49.95 47.70 54.06a 50.66 7.25 5.69 8.00a 7.50
Conventional 48.34 49.05 48.00b 45.87 7.08 6.28 6.87b 6.62
LSDg.05 NS NS 4.84 NS NS NS 0.75 NS
Nutrients
FYM 48.29 45.51 48.25b 44.68b 7.04 547 6.92a 6.41b
NPK 50.01 51.24 53.81a 51.85a 7.29 6.50 7.93b 7.71a
LSDg.05 NS NS 3.77 3.86 NS NS 0.64 0.68
Weed control

Sugar beet (control) 29.54e 31.52d 35.83e 31.66f 4.12d 2.93e 4.64¢g 4.26e
Sugar beet + 1 hand weeding 47.66cd 45.93¢ 46.41c 45.00c 7.23¢ 5.30cd 6.42¢ 6.32¢
Sugar beet + 2 hand weedings ~ 63.08ab 57.97a 65.66a 59.75a 8.95ab 8.28ab 10.56a 9.17a
Sugar beet + Pendimethalin 56.00bc 48.52bc 57.08b 53.00b 8.16bc 5.84c 8.15d 7.70b
Sugar beet + Cauliflower 38.08de 42.86¢ 40.58d 41.33d 5.50d 4.63cd 5.49f 5.86¢
Sugar Beet + Pendimethalin* 537110 565505 5933 55916 7.85be 7.40b 8.87¢ 8.22b
S-metolachlor

Sugar beet + pea 37.25¢ 40.50c 39.16d 37.41e 5.24d 4.27de 5.16f 5.26d
Sugar beet + S-metolachlor 67.87a 63.16a 64.16a 62.08a 10.26a 9.22a 10.09b 9.68a
LSDy 05 50.201 40.337 2.42 3.30 0.8054 0.7043 0.41 0.55

Values with dissimilar lower-case letters are significantly different at p<0.05.

Sugar beet yield (ton ha™'). Root yield is the
economic yield and thus is a major concern of the
sugar beet growers, higher yield of beet roots gives
higher net return to them. The numerical data (Ta-
ble 4) shows that in the first year deep tillage and
conventional tillage both produce statistically simi-
lar yield of sugar beet roots both in Mardan as well
as D.I Khan, the values are 49.95 tons ha’!, 48.34
tons ha! and 47.70 tons ha"!, 49.05 tons ha™' respec-
tively. During the first year root production in deep
tillage and conventional tillage shows that the soil
of the experimental fields was favourable for the
growth of sugar beet. During the second year, the
tillage had significant effect on root yield at Mardan
location as per data recorded- 54.06 tons ha'! for
deep tillage, but only 48.00 tons ha' for conven-
tional tillage. These results comply with those of
Schneider et al. [18]. According to these authors the
yield of sugar beet increases in deep tillage, it loos-
ens the soil and decreases the penetration re-
sistance. At D.I Khan tillage has nonsignificant
effect on sugar beet yield as compared to the values
recorded in deep tillage (50.66 tons ha™'), in con-
ventional tillage it was 45.86 tons ha''. These find-
ings are similar with those of Koch et al. [19].
These workers report that tillage has nonsignificant
effect on sugar beet yield.

Like tillage, the nutrient sources (FYM and
NPK) also do not affect the sugar beet yield in the
first year (Table 4). The values recorded are; 48.29
and 50.01 tons ha! in FYM and NPK at Mardan,
while in D.I Khan the mean values recorded in
FYM are 45.51 tons ha' and in NPK 51.24 tons
ha! respectively. During the second year nutrient
sources FYM and NPK also have a nonsignificant
effect on sugar beet yield (48.25 tons ha™') and
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(53.81 ton ha') at Mardan, whereas at D.I Khan
nutrient sources have significant effect on root yield
(44.68 tons ha') and (51.85 tons ha') in FYM and
NPK respectively. Our results show that the combi-
nation of NPK are effective in making the soil suit-
able for the growth of sugar beet, as such the farm-
ers should use any of these available fertilizers for
sugar beet production. An analysis of data shows
that different treatments have significant effect on
sugar beet yield in both years (Table 4). Higher
values of sugar beet root yield in the first year was
recorded at both locations in Dual gold treated
plots, 67.87 tons ha! at Mardan and 63.16 tons ha™!
at D.I Khan. In the second year maximum root
yield is recorded in two hand weeded plots (65.66
ton ha'') at Mardan and at D.I Khan, same maxi-
mum root yield was recorded for dual gold applica-
tion plots 62.08 tons ha’!. Similarly during both
years minimum root yield of 29.5452 tons ha’l,
31.52 tons ha! and 35.83 ton ha’!, 31.66 tons ha’!
was observed in control plots at Mardan and D.I
Khan. Root yield is one of the vital characters of
sugar beet, which is responsible for determining the
total sugar yield per hectare. In an analogous study
Bezhin et al. [9] have reported that control of weeds
is significantly higher than sugar beet yield. The
weed management is an important part for produc-
tion of sugar beet. In a similar study Vasel et al.
[20] state that it is important to control competitive
weed species for better sugar beet yield. It was
mentioned that in the experimental filed competi-
tive weed species found significantly decrease the
sugar beet yield, in view of this in sugar beet weed
management is suggested. It was observed that in-
tercropping can suppress the weeds to a minimum
level but on the other hand, the beet root yield is
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also decreased, therefore farmers may be interested
in intercropping but, the industries might be unhap-
py with intercropping due to decrease in the total
production of beet in the area.

Sugar yield (ton ha™). Getting higher yield of
sugar is the major concern of all industries. The
climatic condition and environmental factors like
different type of varieties, sowing time and cultural
practices can affect the sugar content. Like all other
studied variables, sugar yield is insignificantly af-
fected by tillage. The mean values presented in Ta-
ble 4 show that during the first year sugar yield at
Mardan location is 7.25 tons ha! in deep tillage and
7.08 tons ha! in conventional tillage, at D.I Khan
mean values in deep tillage is 5.69 tons ha! and in
conventional tillage 6.28 tons ha™l. In the second
year the statistical analysis of the data shows that
effect of tillage on sugar yield was significant,
mean values recorded at Mardan under deep tillage
are 8.00 ton ha!' and under conventional tillage 6.87
ton ha'!. At D.I Khan sugar yield was nonsignifi-
cant, mean value of 7.50 tons ha™! was recorded in
deep tillage and 6.62 tons ha™! in conventional till-
age. Similar results were observed by Niari et al.
[24] who concluded that, application of different
tillage methods does not affect sugar beet yield and
sugar yield. Our results also show that most of the
sugar yield was not affected by tillage systems. The
nutrient sources in the first year also did not affect
sugar yield in sugar beet. The values presented for
this variable are statistically similar at both loca-
tions, whereas in the second year nutrient sources
did affect the sugar yield at both the locations. At
Mardan the values recorded for FYM and NPK are
6.92 ton ha! and 7.93 ton ha!, at D.I Khan values
are 6.41 tons ha! and 7.71 tons ha'!' respectively. In
another study Amin et al. [21] concluded that sugar
beet yield is higher with the application of nitrogen
fertilizer. It can be concluded that plants can easily
uptake nitrogen from NPK as a result rapid cell
division and cell elongation occurred which leads to
increased root yield and also sugar yield.

The weed control methods significantly affect
the sugar yield during both years. In the first year
highest sugar yield is observed in dual gold applica-
tion plots. The values recorded in this treatment are
10.26 tons ha™! and 9.22 tons ha' at Mardan and D.I
Khan respectively. In the second year at Mardan the
values show that maximum sugar yield for two
hand weeded treated plots was 10.56 ton ha’!, but at
D.I Khan the highest sugar yield was observed in
dual gold application plots 9.68 tons ha’'. Sugar
yield obtained during the first year from control
plots at Mardan (4.12 tons ha') and at D.I Khan
(2.93 tons ha™'). Similarly during second year the
values recorded for control plots at Mardan are 4.64
ton ha'! and for D.I Khan it was 4.26 tons ha™'.
These values are the least among all other treat-
ments. Intercropping is not an effective method to
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control weeds, if monetary return is not considered.
But intercropping of cauliflower and pea does not
control the weeds up to that limit in which it did not
cause the economic losses. According to Deveikyte
et al. [22] sugar beet yield and sugar yield is higher
when we control broad leaf weeds effectively in the
field. The infestation of weeds in a field of sugar
beet crop can greatly decrease sugar yield and root
yield. Similarly, Cioni and Maines [23] suggest that
weed control and nutrients are integral culture prac-
tices and these should be used for growing sugar
beet. They suggest that culture practices should be
done in sugar beet for controlling weeds which can
ultimately lead to an increased root yield and sugar
yield.

CONCLUSIONS

In the light of our studies it can be concluded
that mostly tillage has nonsignificant effect on sug-
ar beet, however in deep tillage the yield of sugar
beet increases because it loosens the soil and de-
creases penetration resistance. Better growth of
sugar beet is found at the plots where NPK is ap-
plied as compared to FYM. Herbicide (Dual gold)
application proves effective for weed control that
consequently leads to better root yield. While hand
weeding seems to be laborious and difficult for
growers having large area under sugar beet, in in-
tercropping cauliflower and pea in sugar beet can
be popularized in the areas where farmers have
small land holdings. However, more research is
needed for exploring the best possible combinations
of the factors. The soil structure and texture are at
two different locations. While the efficacy of Dual
gold was similar at both these locations, our find-
ings show that this application works effectively in
different types of soils. The data related to net in-
come reveals that application of herbicide is eco-
nomical as compared to other weed management
practices. Therefore application of these herbicides
and balanced dose of fertilizers are recommended
for proper weed management and higher net in-
come in sugar beet.
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ABSTRACT

Food-spoilage pathogens threaten human
health. Moreover, these pathogens are resistant to
antibiotics. Scientists are in search of a new path
against these pathogens. In this study, biological ac-
tivities of plant known as the “ada sogan1” in Turkey
was studied and made a contribution to the literature.
There are less studies on biological activities of Ur-
ginea maritima collected from Mugla province. The
aim of this study is to determine the antimicrobial,
antioxidant and antimutagenic activities of U. mari-
tima. Urginea maritima from Mugla province were
collected for antimicrobial, antioxidant and antimu-
tagenic studies. The antimicrobial activities have
been analyzed with the disc diffusion method. A to-
tal of eight microorganisms were used in the study,
seven of them were bacteria and the other was yeast.
Non-enzymatic antioxidant activity tests have been
done with the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) method. For the antimutagenic activity stud-
ies an Ames Test was used. The antimicrobial activ-
ity of plant was found effective against food patho-
gens. The radical scavenging activity of plant was
determined as 80 %. In addition, the antimutagenic
activities of U. maritima were found to be 58.2% for
Salmonella Typhimurium TA98 and 32.9% for Sal-
monella Typhimurium TA100. These values are
high and important. As a result, it can be told that
Urginea maritima has antimicrobial, antioxidant and
antimutagenic capacities. This plant is thought to be
a good candidate for new agent searches.

KEYWORDS:
Antimicrobial activity, Antimutagenic activity, Antioxi-
dant activity, Food pathogen, Urginea

INTRODUCTION

Increasing antibiotic resistance among human
pathogenic bacteria and fungi is becoming a serious
challenge and a cause for global concern. Emergence
of multidrug-resistant pathogenic strains of bacteria
and fungi has caused a high rate of morbidity and
mortality among patients. Therefore, there is a need
to explore new sources for discovering novel classes
of active secondary metabolites that have biological
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activities against multidrug-resistant bacteria and
fungi.

Therefore, this study is intending to explore the
potential antimicrobial, antioxidant and antimuta-
genic activities of the selected medicinal plant Ur-
ginea maritima (L.) Baker. The plant U. maritima is
classified as a herb of the Liliaceae family and it is
indigenous to the Mediterranean region including
Turkey [1]. Urginea maritima is known as “ada
sogan1” in Koycegiz province in Turkey. Urginea
maritima is a perennial bulbous geophyte (a herba-
ceous plant with an underground storage organ) [2],
native to the Mediterranean basin and well-adapted
to its type of climate [3]. It generally occurs in the
slopes of hills, the sandy grounds near the Mediter-
ranean Sea and in certain regions of Northern Africa
[4], Middle East and Europe. From the phytochemi-
cal point of view, it has been reported that the major
constituents of U. maritima bulbs are glycosides [5],
anthocyanins [6], flavonoids [7], fatty acids, poly-
saccharides [8] and calcium oxalate [9]. The cardiac
glycosides (scillaren and scillarenin) are used in Eu-
rope as a cardiotonic diuretic for the treatment of car-
diac marasmus and edema [10]. It was expected that
this plant inhibited Na+/K+ adenosine triphospha-
tase [11]. Furthermore, Bayazit and Konar [12]
showed that Squill bulb scillioside can reduce the
musculoskeletal pains. This plant is traditionally
used for treatment of asthma, cancer and cardiac fail-
ure [13]. U. maritima showed a strong cytotoxic ef-
fect against human cervical cell lines [14].

It has been well-known as a medicinal herb for
a long time. This plant is known to exert diuretic,
cardiotonic properties, treat edema and has been
used as a cough syrup [15]. On the other hand, the
medicinal and poisonous activities of this plant are
indicators for the presence of active phytochemicals.
Analyzes of U. maritima lead to the identification of
many active compounds, such as cardiac steroids,
anthocyanins, flavonoids, polysaccharides, and cal-
cium oxalate [16]. It was reported that the bulb and
leaf extracts of U. maritima have some potential an-
tifungal activity [17, 18]. However, the antibacterial,
antioxidant and antimutagenic activities of this plant
are still largely unexplored.

Reactive Oxygen Species (ROS) are highly re-
active and potentially damaging transient chemical
species, created in all cells through various physio-
logical and biochemical processes, as undesirable
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metabolic by-products of normal aerobic metabo-
lism [19, 20, 21]. Most ROS, such as superoxide rad-
ical (O"), hydroxyl radical (OH"), peroxyl radical
(ROO"), and nitric oxide radical (NO"), attack bio-
logical molecules, such as proteins, lipids, DNA and
RNA leading to cell or tissue damage and injury as-
sociated with many diseases, from malignancy to
cardiovascular disease and dementia [22]. Antioxi-
dant compounds must be present in biological sys-
tems in sufficient concentrations to prevent an accu-
mulation of pro-oxidant molecules, a state known as
oxidative stress [23]. Currently used synthetic anti-
oxidants have been suspected to cause or promote
negative health effects [24]; hence stronger re-
strictions have been placed on their application.
Therefore, there is a trend to substitute synthetic an-
tioxidants with naturally occurring antioxidants. Re-
cent studies have reported that natural antioxidants
[25, 26], obtained from medicinal plants, are protect-
ing against toxic and harmful effects of free radicals
[27], and have a wide range of antimicrobial [28, 29,
30], antimutagenic [31], and antiallergic [32], anti-
oxidant [33, 34], radical scavenging activity [35],
and anticarcenogenic effects [36].

In this study, a screening of U. maritima extracts was
conducted with seven test bacteria and one fungus
(Candida albicans), in order to determine the anti-
microbial and antimutagenicity activities of the ex-
tracts. Moreover, there is relatively little knowledge
and information available concerning the antimicro-
bial, antioxidant and antimutagenic potential of the
plant in general, and in Mugla plants in particular.
The objective of this research was to study extracts
of U. maritima. The evaluation of antioxidant, anti-
mutagenic activities and antibacterial effects of the
extracts was also carried out.

MATERIALS AND METHODS

Plant Material. Urginea maritima bulb and
seeds were picked up from different locations of
Koycegiz, Mugla region, Turkey in 2016. Taxonom-
ical identification of the plant was performed by Dr.
Neslihan Balpinar (voucher number: 1600) from
Burdur Mehmet Akif Ersoy University, Turkey and
a specimen was stored in the herbarium. The identity
of these specimen was applied by the Flora of Tur-
key [37]. The bulbs and seeds were cleaned thor-
oughly two to three times with flowing and sterile
distilled water. These materials were dried by air.
The plant parts pulverized in a disruptive mill. All of
samples were stocked at room temperature. Then the
plant parts were stocked at 4 °C until needed for as-
say.

Plant Extraction. The dried materials (26 g of
bulb or seed) were extracted with organic solvent
(250 ml of methanol, water) with the Soxhlet appa-
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ratus. These materials were evaporated. Then mate-
rials were stored in mat bottles. These vials were
stored and refrigerated until use (200 mg/mL).

Microorganisms and Cultivation. In this
work, Urginea maritima extracts were singly tested
against food pathogens such as Bacillus subtilis
RSKK?245, Staphylococcus aureus RSKK2392, Sal-
monella Typhimurium RSKK19, Enterococcus fae-
calis ATCC8093, Escherichia coli ATCC11229,
Listeria monocytogenes ATCC7644, Yersinia enter-
ocolitica NCTCI11174 and Candida albicans
RSKKO02029. The bacteria were grown for 24 hours,
at 37 °C in Mueller- Hinton Broth (Merck). C. albi-
cans was grown for 24 - 48 hours, at 30 °C in
Sabouraud Dextrose Broth (Merck). These patho-
gens were provided from different culture collec-
tions. These strains of bacteria and C. albicans were
obtained from ATCC (American Type Culture Col-
lection, USA), RSKK (Refik Saydam National Type
Culture Collection, Turkey) or NCTC (National Col-
lection of Type Cultures).

Antimicrobial Activity Assay. In this study,
Kirby-Bauer assay was applied for antibacterial ac-
tivities. The bacteria were preserved on MHA plates
at 37 °C [38]. Bacterial cultures adjusted to 0.5
McFarland. Incubations of bacteria were at 37 °C for
24 hours. The assessment of antibacterial activity
was based on measurement of the diameter of the in-
hibition zones around the discs after 24 hours. We
have used methanol and chloramphenicol (30 pg)
and nystatin (100 pg) as control in our study. All
tests were performed in triplicate and the mean val-
ues were given.

Minimum Inhibitory Concentration Assay
(MIC). The MICs of plant extracts were measured
by broth dilution assay. The MIC values were given
as the lowest concentration of plant extracts. The
broth dilution assay was done according to CLSI
standards [39, 40]. We have used final concentra-
tions of the extract in our work. These concentrations
were from 6500 pg/ml to 406.25 pug/ml (6500; 3250;
1625, 812.5, and 406.25 ng/ml).

Determination of Non-Enzymatic Antioxi-
dant Activity. The non-enzymatic antioxidant activ-
ity was analyzed using DPPH free radical. The stable
DPPH was used for determination of free radical-
scavenging activities of the extracts. The extract (0.1
mL) was added to methanol DPPH mixture (0.1
mM). This solution was incubated for 30 minutes
and afterwards the absorbance of the solution was
measured spectrophotometrically. Methanol was
blank. The methanol with DPPH solution was used
as a control variable [41]. Additionally, trolox was
used as a reference. The free radical scavenging ca-
pacity expressed in percentage (%), was calculated
from formula.
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Antimutagenic Activity Assay. Antimuta-
genic activities of extracts were done by the Sal/mo-
nella-microsome assay. In this study, Salmonella
Typhimurium tester strains were used for antimuta-
genic activity tests. These bacteria were provided
from previous studies by Dr. B. N. Ames [42]. In our
study, two tester strains were utilized to test the an-
timutagenicity of Urginea maritima extract. These
bacteria are Salmonella Typhimurium TA98 and
TA100. The calculation percentage of antimutagenic
activity was done according to [43]. Sodium azide
was used as a positive control and methanol as a neg-
ative control. Concurrently, a positive control (with
mutagen, but no extract was added) and a negative
control (no mutagen was added) were also set. The
test sample was dissolved in methanol, but the muta-
gen was dissolved in distilled water. In cytotoxicity
experiments, concentrations of the plant extracts
were studied as 50000, 25000, 12500 ve 6250
pg/plate. At the end of this study, non-toxic concen-
trations of the test sample used for investigating were
12500 and 25000 pg /plate. These concentrations
were categorized as non-toxic because they showed
a well-developed lawn, almost similar size of colo-
nies and no statistical difference in the number of
spontaneous revertants in test and control plates.

RESULTS AND DISCUSSION

The antimicrobial activities of water and meth-
anol extracts of Urginea maritima were evaluated in

vitro against eight microorganisms test species,
which are known to cause some diseases in foods.
Results of antimicrobial activities of used plant ex-
tracts against the test bacteria are shown in Table 1.
Besides, the inhibition zone diameters of the refer-
ence antibiotics and the test microorganisms are
shown in Table 1. The results of antibacterial activi-
ties were recorded as zone of inhibition in mm, for
all the materials used as follows. Results show that
all of the extracts have antimicrobial activity. The
highest antimicrobial activity was found for the wa-
ter extract of bulb, in which the inhibition zone was
8 mm. In addition, the aqueous and methanolic ex-
tracts of this plant did not determine any anticandidal
effects against used yeast. Chloramphenicol and nys-
tatin antibiotics were used as a positive control.
Chloramphenicol very strongly inhibited the bacte-
rial growths (Table 1).

Table 2. shows MICs of Urginea maritima ex-
tracts, obtained by the broth dilution method. Three
bacteria showed the lowest sensitivity to extracts of
Urginea maritima (3250 pg/ml).

The non-enzymatic antioxidant activities of
plant extracts were evaluated by the DPHH radical
scavenging capacity. Table 3 shows the percent of
DPPH radical scavenging capacity with trolox as ref-
erence. The aqueous extract showed 80% inhibition
at 150 mg/ml concentration. Trolox equivalent value
was 2.1 mM/g DW (Table 3).

TABLE 1
Antimicrobial Activities of Urginea maritima Extracts against Food Pathogens (200 mg/ml)

Inhibition zon diameters (mm)

Microorganisms Bulb/ Bulb/ Seed/ Seed/ C N
methanol aqueous  methanol  aqueous

Bacillus subtilis RSKK245 - 5 - - 12 nt
Staphylococcus aureus RSKK2392 4 6 4 4 15 nt
Listeria monocytogenes ATCCT7644 5 8 6 4 22  nt
Enterococcus faecalis ATCC8093 4 - - - 22 nt
Escherichia coli ATCC 1122 - - 4 4 21 nt
Yersinia enterocolitica NCTC 11174 - 4 - - 20 nt
Salmonella Typhimurium RSKK19 - - 3 4 22 nt
Candida albicans RSKK 02029 - - - - nt 7

C: Chloramphenicol, N: Nystatin, AE: Aqueous Extract, ME: Methanol Extract, nt: not tested, (-): No inhibition

TABLE 2
Minimum Inhibitory Concentrations of Urginea maritima Extracts

Bacteria AE (ng/ml) ME (pg/ml)
Bacillus subtilis RSKK245 (bulb) 3250 nt
Staphylococcus aureus RSKK2392 (bulb) 3250 3250
Listeria monocytogenes ATCC7644 (bulb) 3250 3250
Yersinia enterocolitica NCTC 11174 (bulb) 3250 3250

AE: Aqueous Extract, ME: Methanol Extract

FEB



Volume 29 — No. 05/2020 pages 3388-3395

Fresenius Environmental Bulletin

TABLE 3
DPPH Radical Scavenging Activity of Urginea maritima Extracts (150 mg/ml)

Extracts
EE ME AE
Plant part Scavenging .o Scavenging .o Scavenging TE
activity (%) activity (%) activity (%)
U. maritima (bulb) - - 18.85 0.66 21.8 0.7
U. maritima (seed)  21.07 1.21 1.81 0.3 80.3 2.14

TE: Troloks equivalent (mM/g DW) EE: Ethanol Extract ME: Methanol Extract, AE: Aqueous Extract, DW: Dry weight

The antimutagenic activities of the extracts
were evaluated by the “against sodium azide by
Ames test” in absence of rat microsomal liver en-
zyme (-S9). Table 4 and Table 5 show the percent of
inhibition. The extract of Urginea maritima (25000
pg/plate) was found to have its strongest antimuta-
genic activity for Salmonella Typhimurium TA98.
This inhibition value is 58%. Urginea maritima ex-
tract (12500 ng/plate) showed the highest positive
inhibitory effect (46%) for Salmonella Typhimurium
TA98. The extracts of Urginea maritima (at both
doses) were found to have its moderate positive in-
hibitory effect for Salmonella Typhimurium TA100
(Table 4 and Table 5).

Medicinal and aromatic plants have proved to
be abundant sources of biologically active com-
pounds, many of which have been used as com-
pounds to develop new pharmaceuticals [44]. Micro-
bial resistance to conventional antibiotics has be-
come a major healthcare problem [45]. There are
considerable alternative sources of natural antimi-
crobials derived from medicinal plants with different
mode of actions. Medicinal plants are rich in second-

ary metabolites [46, 47]. Many clinically useful an-
tibiotics are derived from plants [48]. Therefore,
there is an urgent need to discover new antimicrobial
agents from unexplored plants which may produce
secondary metabolites that can control serious bac-
terial and fungal infections. Urginea maritima bulbs
and seeds were selected based on their relevant eth-
nomedical use. In this study, extracts of the plant
were tested against eight microorganisms.

Results of antimicrobial activity tests show that
the extracts of the plants inhibited the growths of mi-
croorganisms and the highest inhibition zone is 8
mm. The aqueous extract of this plant had shown the
highest antibacterial activity against Listeria mono-
cytogenes (Table 1). Obeidat and Sharab [1] reported
that the different extracts of Urginea maritima were
inhibited by Staphylococcus aureus, Escherichia
coli and Candida albicans. These values are high
(respectively 28, 25 and 15 mm). In this study, plant
extracts were not inhibited by the growth of Candida
albicans (Table 1). On the other hand, researchers
had reported that the bulbs extract of U. maritima has
some potential antifungal activity [18], and the

TABLE 4
Antimutagenic Activity of Urginea maritima Extract (25000 pg/plate)

Salmonella Typhimurium TA98

Salmonella Typhimurium TA100

Test substances

Revertant % Inhibition Revertant % Inhibition
Control 48 121
Negative control 47 123
Pozitive control 91 152
Urginea maritima 38 58.2 102 329
TABLE 5

Antimutagenic Activity of Urginea maritima Extract (12500 ng/plate)

Salmonella Typhimurium TA98

Salmonella Typhimurium TA100

Test substances

Revertant % Inhibition Revertant % Inhibition
Control 48 121
Negative control 47 123
Pozitive control 91 152
Urginea maritima 49 46.2 112 26.3
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leaves extract exhibited moderate to low antifungal
activity [17]. Ivancheva et al., [49] attributed these
activities to the presence of secoiridoid glucosides,
phenylethanoids and flavonoids, contained in the ex-
tract. The presence of compounds, such as tannins,
flavonoids, proanthocyanidins and phenols in Ur-
ginea maritima extract, may give credibility to its lo-
cal use for the management of oxidant related pains.
Tannins have been found to have antiviral, antibac-
terial, anti-parasitic effects, anti-inflammatory, an-
tiulcer and antioxidant property for possible thera-
peutic applications [50, 51]. Flavonoids, the major
group of phenolic compounds, are reported for their
antimicrobial, antiviral and spasmolytic activity.

The DPPH’ system is a stable radical generat-
ing procedure. It can be used to assay a large number
of samples in a short period of time and is sensitive
enough to detect active compounds, even at low con-
centrations. In the DPPH" assay, hydrogen—donating
ability is an index of the primary chain-breaking an-
tioxidant. These antioxidants donate hydrogen to
free radicals which are then converted to non-radical
species and thus inhibit the propagation phase of li-
pid peroxidation [52, 53]. Consequently, the extracts
that showed strong or remarkable activity against
DPPH" free radical scavenging could have sub-
stances, rich in available hydroxyl groups such as
flavonoids.

Table 3 shows the percent of DPPH radical
scavenging capacity with trolox as reference. The
aqueous extract showed 80% inhibition. Jamous et
al. [54] reported that antioxidant activity index of
this plant was at 0.02. In another study, Mammadov
et al. [55] reported that the antioxidant activity of U.
maritima tuber methanol extract was 66.9%. Raj et
al., [56] reported that Urginea has flavonoids, it has
been confirmed that pharmacological effect of flavo-
noids is correlating with their antioxidant activities
[57, 58, 59]. The result of this study is better than the
results obtained from literature. The difference be-
tween the results, shown in this study and reports in
the literature, could be explained by the difference in
the procedure of the assays used. There are many in-
vestigations of antioxidant activity of medicinal
plant extracts [60, 61, 62, 63, 64, 65]. However, it is
difficult to compare the results of these studies un-
less they are based on the same assay and extraction
procedures. A number of factors affect the antioxi-
dant activities in plants. Factors, such as the phase
the plant is in (such as blooming, seeding etc.), the
extraction technique, the polarity of the solvents, the
dryness or freshness of the plant material affect the
plant’s activity.

In this study, the extract of Urginea maritima
(25000 pg/plate) was found to have its strongest an-
timutagenic activity for Salmonella Typhimurium
TA98. This inhibition value is 58% (Table 4). In de-
termining the antimutagenic potential of a sample, a
value smaller than 25% inhibition of the mutagen ac-
tivity indicates a weak or non-antimutagenic effect,
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a moderate effect when the value is between 25 and
40% and a strong antimutagenicity when the value is
greater than 40% [66]. Bayrak et al. [67] reported
that the flower extract of Lavandula stoechas (12500
pg/plate) was found to have its highest antimuta-
genic activity for Salmonella Typhimurium TA98
and its inhibition value is 42 %. Different resources
have reported that Urginea maritima (squill) showed
antioxidant and free radical scavenging activities
[55], and strong cytotoxic effect against cultured
melanoma cell line [68].

CONCLUSION

In conclusion, all of the extracts of Urginea
maritima tested in the study, was determined to have
potential antibacterial activities against food patho-
gens. Our findings show that Urginea maritima has
antibacterial activity. We believe that it could be
very beneficial in the field of new antibacterial
agents of plant origin. Furthermore, aqueous extracts
of the plant have a high importance for antioxidant
activities. The results obtained in this study show
that the extract obtained with various solvents from
the U. maritima plant is a convenient, natural source
of antioxidants and that it can be used in medicine.
Additionally, this plant showed antimutagenic prop-
erties, which is of high importance. The study sug-
gests that Urginea maritima, owing to its antimuta-
genic property, can be beneficial for prevention of
cancer. Further research is required to determine the
best antioxidant, antimutagenic and antibacterial
agents. So, further investigations of total extracts and
their active compounds in vivo studies, toxicological
and clinical studies are needed to confirm these ac-
tivities and the safety of them.

ACKNOWLEDGEMENTS

The diagnosis of this plant was done by Dr.
Neslihan Balpinar (Burdur Mehmet Akif Ersoy Uni-
versity, Turkey). The author thanks her.

This study was presented as an oral presenta-
tion at the International Conference on Science and
Technology (ICONST-2018) hold from September 5
to 9, 2018, in Prizren, Kosovo. It was published as
an abstract paper in proceedings and abstracts book
of the ICONST-2018.

REFERENCES

[1] Obeidat, M., Sharab, A. (2018) Antimicrobial
and Anticancer Activities of Extracts from Ur-
ginea maritima Fruits. African Journal of Tradi-
tional, Complementary and Alternative Medi-
cines. 15(1), 74-84.

FEB



Volume 29 — No. 05/2020 pages 3388-3395

Fresenius Environmental Bulletin

[2] Bruneton, J. (1996) Poisonous Plants - Plants
Dangerous to Humans and Animals. Tec & Doc
Lavoisier, Paris. (In French)

Kopp, B., Krenn, L., Draxler, M., Hoyer, A.,

Terkola, R, Vallaster, P., and Robien, W. (1996)

Bufadienolides from Urginea maritima from

Egypt. Phytochemistry. 42, 513-522.

Bellakhdar, J. (1997) Traditional Pharmacopeia

of Morocco. Ibis Press. Paris. (In French).

Krenn, L., Jelovina, M., and Kopp, B. (2000)

New Bufadienolides from Urginea maritima

sensu strictu. Fitoterapia. 71, 126-129.

Vega, F.A., Jalon, G.I., Fernandez, M., and Ren-

edo, J. (1972) Anthocyanins of red squill, Ur-

ginea maritima. Phytochemistry. 11(9), 2657-

2896.

Fernandez, M., Vega, F.A., Arrupe, T., and Ren-

edo, J. (1972) Monocotyledonae Liliaceae Fla-

vonoids of Squill, Urginea maritima. Phyto-

chemistry. 11, 1534.

Spies, T., Praznik, W., Hofinger, A., Altmann,

F., Nitsch, E., and Wutka, R. (1992) The Struc-

ture of the Fructan Sinistrin from Urginea mar-

itima. Carbohydrate Research. 235, 221- 230.

Cogne, A.L., Marston, A., Mavi, S., and

Hostettmann, K. (2001) Study of Two Plants

Used in Traditional Medicine in Zimbabwe for

Skin Problems and Rheumatism: Dioscora syl-

vatica and Urginea altissima. Journal of Eth-

nopharmacology. 75, 51-53.

[10]Mitsuhashi, H., Tanaka, O., Nozoe, S., and Na-
gai, M. (1994) Chemistry of Organic Natural
Products. Nankoudou Press. Tokyo, Japan.

[11]Schonfeld, W., Weiland, J., Lindig, C., Masnyk,
M., Kabat, M.M., Kurek, A., Wicha, J., and
Repke, K.R. (1985) The Lead Structure in Car-
diac Glycosides Is 5B, 14B- androstane-3f3 14-
diol. Naunyn Schmiedeberg’s Archives of Phar-
macology. 329(4), 414-426.

[12]Bayazit, V. and Konar, V. (2010) Analgesic Ef-
fects of Scilliroside, Proscillaridin-A and Taxi-
folin from Squill Bulb (Urginea maritima) on
Pains. Digest Journal of Nanomaterials and Bi-
ostructures. 5(2), 457-465.

[13]1Duke, J.A., Bogenshutz-Godwin, M.J., duCel-
lier, J., and Duke, P.A. K. (2002) Handbook of
Medicinal Herbs. Second edition, CRC Press,
Boca Raton, USA. 896 pages (in: 693-694).

[14]Merghoub, N., Benbacer, L., Amzazi, S., Mor-
jani, H., El-Mzibri, M. (2009) Cytotoxic Effect
of Some Moroccan Medicinal Plant Extracts on
Human Cervical Cell Lines. Journal of Medici-
nal Plants Research. 3(12), 1045-1050.

(3]

[7]

3393

[15]Bozcuk, H., Ozdogan, M., Aykurt, O,
Topcuoglu, F., Ozturk, H., Ekinci, D., Ka-
radeniz, A., Mutlu, A., and Burgucu, D. (2011)
Urginea maritima (L.) Baker (Liliaceae) Extract
Induces More Cytotoxicity than Standard
Chemotherapeutics in the A549 Non-Small Cell
Lung Cancer (NSCLC) Cell Line. Turkish Jour-
nal of Medical Sciences. 41, 101-108.

[16]Al-Tardeh, S., Sawidis, T., Diannelidis, B.E.,
and Delivopoulos, S. (2006) Anatomical Studies
on the Adventitious Roots of the Geophytes Ur-
ginea maritima (L.) Baker. Journal of Biologi-
cal Research. 5, 61-70.

[17]Abou-Jawdah, Y., Wardan, R., Sobh, H. and
Salameh, A. (2004) Antifungal Activities of Ex-
tracts from Selected Lebanese Wild Plants
against Plant Pathogenic Fungi. Phytopatholo-
gia Mediterranea. 43, 377-386.

[18]Khan, I.A. and Abourashed, E.A. (2010)
Leung's Encyclopedia of Common Natural In-
gredients Used in Food, Drugs, and Cosmetics.
John Wiley and Sons. New Jersey, USA.

[19]Smith, M.A., Richey, Harris, P.L., Sayre, L.M.,
Beckman, J.S., Perry, G. (1997) Widespread
peroxynitrite-mediated Damage in Alzheimer’s
Disease. The Journal of Neuroscience. 17(8),
2653-2657.

[20]Rice-Evans, C. and Miller, N.J. (1994) Total
Antioxidant Status in Plasma and Body Fluids.
Methods in Enzymology. 234, 279-93.

[21]Rice-Evans, C. (2000) Measurement of Total
Antioxidant Activity as a Marker of Antioxidant
Staus in vivo: Precedures and Limitations. Free
Radical Research. 33, 59-66.

[22]Hashim, M.S., Lincy, S., Remya, V., Teena, M.
and Anila, L. (2005) Effect of Polyphenolic
Compounds from Coriandrum sativum on
H,0,-Induced Oxidative Stress in Human Lym-
phocytes. Food Chemistry. 92(4), 653-660.

[23]Buettner, G.R. and Schafer, F.Q. (2000) Free
Radicals, Oxidants, and Antioxidants. Teratol-
ogy. 62(4), 234.

[24] Amarowicz, R., Pegg, R.B., Rahhimi-Moghad-
dam, P., Barl, B. and Weil, J.A. (2004) Free
Radical Scavenging Capacity and Antioxidant
Activity of Selected Plant Species from Cana-
dian Prairies. Food Chemistry. 84, 551-562.

[25]Balpinar, N., Okmen, G., Vurkun, M. (2019)
Antibacterial and Antioxidant Activities of Vi-
tex agnus-castus L. against Mastitis Pathogens.
Fresen. Environ. Bull. 28(12A), 9731-9737.

[26]Gidik, B., Akar, Z., Can, Z., Sefali, A., Erturk,
0. (2019) Determination of Antioxidant, Anti-
microbial Activities, Phenolic Compounds of
Wild Rosa L. Species Bayburt, Turkey. Fresen.
Environ. Bull. 28(12A), 9973-9982.

[27]Lobo, V., Patil, A., Phatak, A. and Chandra,
N. (2010) Free Radicals, Antioxidants and
Functional Foods: Impact on Human Health.
Pharmacognosy Reviews. 4(8), 118-126.

FEB



Volume 29 — No. 05/2020 pages 3388-3395

Fresenius Environmental Bulletin

[28]Celik, A., Mercan, N., Arslan, I., Davran, H.
(2008) Chemical Composition and Antimicro-
bial Activities of Essential Oils from Nepeta
cadmea. Chemistry Natural Compounds. 44,
119.

[29]Celik, A., Herken, EN., Arslan, 1., Ozel, M.Z.,
Mercan, N. (2010) Screening of the Constitu-
ents, Antimicrobial and Antioxidant Activity of
Endemic Origanum hypericifolium O. Schwartz
and P.H. Davis. Natural Product Research. 24,
1568.

[30]Sevindik, E., Aydn, S., Apaydin, E., Okan, K.,
Efe, F. (2019) Antibacterial and Antifungal Ac-
tivities of Essential Oils from Laurus nobilis L.
Flowers and Leaves Grown in the West Anatolia
Area. Fresen. Environ. Bull. 28(9), 6555-6559.

[31]ikken, Y., Morales, P., Martinez, A., Marin,
M.L., Haza, A.l., Cambero, M.I. (1999) Anti-
mutagenic Effect of Fruit and Vegetable Etha-
nolic Extract against Nitrosamines Evaluated by
the Ames Test. Journal of Agricultural and Food
Chemistry. 47(8), 3257-3264.

[32]Noguchi, Y., Fukuda, K., Matsushima, A.,
Haishi, D., Hiroto, M., Kodera, Y., Nishimura,
H., Inada, Y. (1999) Inhibition of Df-protease
Associated with Allergic Diseases by Polyphe-
nol. Journal of Agricultural and Food Chemis-
try. 47(8), 2969-2972.

[33]Makasci, A., Mammadov, R., Dusen, O., Isik,
H. (2010) Antimicrobial and Antioxidant Activ-
ities of Medicinal Plant Species Ornithogalum
alpigenum Stapf. from Turkey. Journal of Me-
dicinal Plants Research. 4(16), 1637-1642.

[34]Mammadov, R., Diisen, O., Uysal, D., Kése, E.
(2009) Antioxidant and Antimicrobial Activi-
ties of Extracts from Tubers and Leaves of Col-
chicum balansae Planchon. Journal of Medici-
nal Plants Research. 3(10), 767-770.

[35] Arslan, 1., Celik, A. (2010) Free Radical Scav-
enging Activities and Essential Oil Analysis of
Salvia cedronella Boiss. and Salvia fruticosa
Miller. Journal of Essential Oil Bearing Plants.
13, 545.

[36]Przemystaw, S.H., Zbigniew, J., Zastosowanie,
R.R. (2003) Liliaceae Farmakoterapi: Applica-
tion of Plants from Liliaceae family in Pharma-
cotherapy. Farm Polska. 59, 785.

[37]Davis, P.H. (1965-1988) Flora of Turkey and
East Aegean Islands. University Press. Edin-
burgh, Scotland.

[38]Bauer, A.W., Kirby, W.M., Sherris, J.C. and
Turck, M. (1966) Antibiotic Susceptibility Test-
ing by a Standardized Single Disk Method.
American Journal of Clinical Pathology. 45(4),
493.

[39]C.L.S.I. (2003) Clinical and Laboratory
Standarts Institute: Methods for Dilution Anti-
microbial Susceptibility Test for Bacteria that
Grow Aecrobically- 6th Edition. Approved
Standard M7-A. Wayne, Philadelphia, USA.

3394

[40]C.L.S.I. (2006) Clinical and Laboratory
Standarts Institute: Performance Standards for
Antimicrobial Susceptibility Testing -16th Edi-
tion. Informational Supplement, M100-S16.
Wayne, Philadelphia, USA.

[41]Brand-Williams, W., Cuvelier, M.E. and Berset,
C.L.W.T. (1995) Use of a Free Radical Method
to Evaluate Antioxidant Activity. LWT-Food
Science and Technology. 28(1), 25-30.

[42]Maron, D.M. and Ames, B.N. (1983) Revised
Methods for the Salmonella Mutagenicity Test.
Mutation Research. 113(3-4), 173-215.

[43]10ng, T.M., Whong, W.Z., Stewart, J. and
Brockman, H.E. (1986) Chlorophyllin: a Potent
Antimutagen against Environmental and Die-
tary Complex Mixtures. Mutation Research.
173(2), 111-115.

[44]Gao, X., Xu, Y.X., Divine, G., Janakiraman, N.,
Chapman, R.A., Gautam, S.C. (2002) Disparate
in vitro and in vivo Antileukemic Effects of
Resveratrol, a Natural Polyphenolic Compound
Found in Grapes. Journal of Nutrition. 132,
2076-2081.

[45]Alanis, A.J. (2005) Resistance to Antibiotics:
Are We in the Post-Antibiotic Era? Archives of
Medical Research. 36, 697-705.

[46] Tiwari, S. and Singh, A. (2004) Toxic and Sub-
Lethal Effects of Oleadrin on Biochemical Pa-
rameters of Freshwater Air Breathing Murrel,
Chant punctatus (Bloch.). Indian Journal of Ex-
perimental Biology. 42, 413-418.

[47]Lewis, K. and Ausubel, F.M. (2006) Prospects
of Plant Derived Antibacterials. Nature Biotech-
nology. 24, 1504-1507.

[48]Gilani, A.H. and Atta-ur, R. (2005) Trends in
Ethnopharmacology. Journal of Ethnopharma-
cology. 100, 43-49.

[49]Ivancheva, S., Nikolova, M. and Tsvetkova, R.
(2006) Pharmacological Activities and Biologi-
cally Active Compounds of Bulgarian Medici-
nal Plants. Imperato, F. (Ed.) Research Sign-
post. Fort, P.O.

[50] Akiyama, H., Fujii, K., Yamasaki, O., Oono, T.
and Iwatsuki, K. (2001) Antibacterial Action of
Several Tannins against Staphylococcus aureus.
Journal of Antimicrobial Chemotherapy. 48(4),
487-491.

[51]Ly, L., Liu, S.W., Jiang, S.B. and Wu, S.G.
(2004) Tannin Inhibits HIV-1 Entry by Target-
ing gp4l. Acta Pharmacologica Sinica. 25(2),
213-218.

[52]Koleva, 1., Van Beek, T., Linssen, J., Groot, A.
and Evstatieva, L. (2002) Screening of Plant Ex-
tracts for Antioxidant Activity: A Comparative
Study on Three Testing Methods. Phytochemi-
cal Analysis. 13, 8-17.

FEB



Volume 29 — No. 05/2020 pages 3388-3395

Fresenius Environmental Bulletin

[53]Apati, P., Szentmihalyi, K., Kristo, S.T., Papp,
L., Vinkler, P., Szoke, E. and Kery, A. (2003)
Herbal Remedies of Solidago-Correlation of
Phytochemical Characteristics and Antioxi-da-
tive Properties. Journal of Pharmaceutical Bio-
medical Analysis Drug Analysis. 32(4-5), 1045-
1053.

[54]Jamous, R.M., Ebu Zaitoun, S.Y., Husein, A.L,
Qasem, I. and Ali-Shtayeh M.S. (2015) Screen-
ing for Biological Activities of Medicinal Plants
Used in Traditional Arabic Palestinian Herbal
Medicine. European Journal of Medicinal
Plants. 9(1), 1-13.

[55]Mammadov, R., Makasci-Afacan, A., Uysal-
Demir, D., Gork, C. (2010) Determination of
Antioxidant Activities of Different Urginea
maritima (L.) Baker Plant Extracts. Iranian
Journal of Chemistry and Chemical Engineer-
ing. 29(3), 47-53.

[56]Raj, M.S., Shiva Kameshwari, M.N., Tharasar-
aswathi, K.J. and Shubharani, R. (2017) Quali-
tative and Quantitative Analysis of Phytochem-
icals in Two Different Species of Urginea. In-
ternational Journal of Pharmaceutical and Life
Sciences. 8(2), 5433-5438.

[57]1Boumerfeg, S., Baghiani, A., Messaoudi, D.,
Khennouf, S. and Arrar, L. (2009) Antioxidant
Properties and Xanthine Oxidase Inhibitory Ef-
fects of Tamus communis L. Root Extracts. Phy-
totherapy Research. 23, 283-288.

[58] Adithya E.S., Lakshmi, M.S. and Hephzibah, P.
(2013) In vitro antioxidant, anti-lipid peroxida-
tion activities and HPLC analysis of methanol
extracts from bark and stem of Mahonia
leschenaultia takeda. Asian Journal of Plant Sci-
ence and Research. 3(2), 116-126.

[59]Ibraheem, Z.0O., Satar, M., Abdullah, N.A.,
Rathore, H., Tan, Y.C., Uldin, F., Basri, R., Ab-
dullah, M.H. and Edward, J.E. (2014) Antioxi-
dant and Cardio Protective Effect of Palm Oil
Leaves Extract (Standardized Ethanolic Frac-
tion) in Rats” Model of Saturated Fats Induced
Metabolic Disorders. Pakistan Journal of Phar-
maceutical Sciences. 27(1), 1-9.

[60] Chanwitheesuk, A., Teerawutgulrag, A. and Ra-
kariyatham, N. (2005) Screening of Antioxidant
Activity and Antioxidant Compounds of Some
Edible Plants of Thailand. Food Chemistry.
92(3), 491-497.

[61]Ivanova, D., Gerova, D., Chervenkov, T. and
Yankova, T. (2005) Polyphenols and Antioxi-
dant Capacity of Bulgarian Medicinal Plants.
Journal of Ethnopharmacology. 96, 145-150.

[62] Tepe, B., Sokmen, M., Akpulat, H.A. and Sok-
men, A. (2005a) In vitro Antioxidant Activities
of the Methanol Extracts of Five A/lium Species
from Turkey. Food Chemistry. 92(1), 89-92.

[63] Tepe, B., Sokmen, M., Akpulat, H.A., Daferera,
D., Polissiou, M. and Sokmen, A. (2005b) Anti-
oxidative Activity of Essential Oils of Thymus
sipyleus subsp. sipyleus var. sipyleus and Thy-
mus sipyleus subsp. sipyleus var. rosulans. Jour-
nal of Food Engineering. 66, 447-454.

[64]Katalinic, V., Milos, M., Kulisic, T. and Jukic,
M. (2006) Screening of 70 Medicinal Plant Ex-
tracts for Antioxidant Capacity and Total Phe-
nols. Food Chemistry. 94(4), 550-557.

[65] Tepe, B., Akpulat, H.A., Sokmen, M., Daferera,
D., Yumrutas, O., Aydin, E., Polissiou, M. and
Sokmen, A. (2006) Screening of the Antioxida-
tive and Antimicrobial Properties of The Essen-
tial Oils of Pimpinella anisetum and Pimpinella
Sflabellifolia from Turkey. Food Chemistry.
97(4), 719-724.

[66]Negi, P.S., Jayaprakasha, G.K. and Jena, B.S.
(2003) Antioxidant and Antimutagenic Activi-
ties of Pomegranate Peel Extracts. Food Chem-
istry. 80(3), 393-397.

[67]Bayrak, D., Okmen, G., Arslan, A. (2017) The
Biological Activities of Lavandula stoechas L.
against Food Pathogens. International Journal
of Secondary Metabolite. 4(3), 270-279.

[68]Sathiyamoorthy, P., Lugasi-Evgi, H., Schle-
singer, P., Kedar, 1., Gopas, J., Pollack, Y.,
Golan-Goldhirsh A. (1999) Screening for Cyto-
toxic and Antimalarial Activities in Desert
Plants of the Negev and Bedouin Market Plant
Products. Pharmaceutical Biology. 37(3), 188-
195.

12.11.2018
04.03.2020

Received:
Accepted:

CORRESPONDING AUTHOR

Gulten Okmen

Department of Biology

Faculty of Science

Mugla Sitki Kocman University
Mugla 48000 — Turkey

e-mail: gultenokmen@gmail.com

FEB



Volume 29 — No. 05/2020 pages 3396-3408

Fresenius Environmental Bulletin

DETERMINATION OF ACC DEAMINASE,
NITROGENASE AND ANTAGONISTIC ACTIVITIES OF
GRAM NEGATIVE BACTERIA ISOLATED FROM WHEAT
FIELDS AND THEIR SALT TOLERANCE
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ABSTRACT

1-aminocyclopropane-1-carboxylate  (ACC)
deaminase activity is an important marker for bac-
teria to support plant growth by lowering ethylene
levels in plants. The enzyme has been found in
limited numbers of bacteria and plays an important
role in supporting plant growth and development
under environmental stress conditions, by reducing
stress induced ethylene production in plants. The
aim of this study is to investigate strains with ACC
deaminase, nitrogenase and antagonistic activities.

In the present study, bacteria isolated from
rhizosphere soils and wheat seedlings from Canak-
kale were screened for ACC deaminase activity,
and eight isolates were determined to be ACC de-
aminase positive. The results of traditional methods
showed that eight bacteria were identified as Pseu-
domonas, Enterobacter and Serratia strains. ACC
deaminase activity was determined by measuring
the production of a-ketobutyrate. Nitrogenase activ-
ity was analyzed by Acetylene Reduction Assay
(ARA).

According to the results, there are some dif-
ferences in ACC deaminase activities among all
strains isolated from wheat fields. ACC deaminase
activity was analyzed on eight bacteria. The highest
ACC deaminase activity was found on Pseudomo-
nas sp. CKB55 (2833 nmol o-ketobutyrate.mg™.h-
1. The highest nitrogenase activity was determined
on Pseudomonas sp. CKB10 (808 nmol ethylene/
mg.h). In antagonistic activity studies, Pseudomo-
nas sp. CKB52 has shown an maximum inhibition
zone against Erwinia caratovora ECC100, and the
zone was 11 mm. Most of the isolates have shown
tolerance to 1000 mM NaCl concentration.

It can be said that ACC deaminase- contaning
bacteria could be an environment-friendly and
promising potential strategy to promote plant
growth, alleviate biotic and abiotic stresses and
provide sustainable agriculture, especially for eth-
ylene-sensitive plants production. As a conclusion,
Gram negative bacteria, isolated from wheat fields,
have high ACC deaminase, nitrogenase and antag-
onistic activities. Additionally, these bacteria have a
high salt tolerance.
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INTRODUCTION

Today's world population is increasing, and
new researches are still going on, in order to obtain
higher yields from the unit area in order to ensure
the feeding of this population. The purpose of agri-
cultural production is to produce efficient, quality
and reliable products. Many commercially pro-
duced chemicals are used to increase plant yield
and to combat plant diseases. Microorganisms gain
resistance against these chemicals and the chemi-
cals cause environmental pollution, therefore nega-
tively affect the plant, animal and human health [1].
Therefore, there is a need for agricultural practices,
which do not disrupt the ecological balance of the
environment [2].

In our country, which has a rich variety of ag-
ricultural products, due to its geographical features
and climatic characteristics, the predominant agri-
cultural crops are composed of cereals. Wheat,
which is 40% in the field of field crops and is the
most cultivated grain, has 225 million hectares of
cultivation area in the world, 685 million tons of
production and 3038 kg / ha of average yield [3].
There are biotic and non-biotic factors that cause
significant losses in wheat yield. Non-biotic stress
factors cause an avergage loss of yield of more than
50% of the plant, and the primary cause of loss of
agricultural crops in the world [4].

One of the effects of these factors is the accu-
mulation of ions, such as Na* and CI in the soil,
resulting in salt stress, which negatively affects the
growth of the plant. Often salt stress is stimulating
the production of ethylene, known to be a stress
hormone [5,6]. In recent studies, it has been sug-
gested that normal growth may occur under salt
stress in plants, vaccinated with plant growth pro-
moting rhizobacteria (PGPR) which contain ACC
deaminase. Ethylene is an important growth hor-
mone that is produced in most plants, expressed as
mediators of different reactions and developmental
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processes in plants [7, 8]. Ethylene can have both
limiting and stimulating effects [7].

PGPRs in the rhizosphere region that stimulate
the growth of the plant, because of the presence of
ACC deaminase activity and the wide range of
domains, such as the application of the chemical is
more accurate [9, 10, 11, 12, 13]. These features
make the selection of PGPR that exhibit ACC de-
aminase activity more reliable than other alterna-
tives. ACC deaminase catalyzes the conversion of
ACC to a-ketobutyrate and ammonia, by control-
ling the production of ethylene in the plant [14].
ACC deaminase has been identified in many mi-
crobial species, such as Gram-negative bacteria [15,
16], Gram-positive bacteria [17, 18], endophytic
bacteria [19, 20], Rhizobium [21, 22, 23] and fungi
[24, 25]. The researchers first studied ACC deami-
nase on Pseudomonas spp. and, in particular, these
studies are based on the aim of reducing the nega-
tive effects of stress, by promoting plant growth
under stress conditions [26, 27, 28, 29]. Several
studies have shown that rhizobacteria exhibiting
ACC deaminase activity have an antagonistic effect
against microbial pathogens. In these studies, it is a
widely used strategy to treat plant seeds and roots
with bacteria that stimulate plant growth with ACC
deaminase activity and can be used as biocontrols.
For example, the damage caused by Pythium ulti-
mum in cucumber and Erwinia carotovora in pota-
toes was prevented by the use of biocontrol agents
with ACC deaminase activity [15]. Similarly,
Yuquan et al. [30] reported that, ACC deaminase
activity strains showed strong antagonistic effect
against the Fusarium oxysporum pathogen [31, 32,
33, 34].

Nitrogen cannot be used directly by biological
systems and therefore it is involved in soil and plant
systems by biological and chemical fixation [35].
Some microorganisms convert the atmospheric
nitrogen (N2z), which cannot be used by plants by
biological nitrogen fixation, into the form of NH4
which can be used with the help of nitrogenase
enzyme [36, 37]. The conversion of free nitrogen in
the air to ammonia by microorganisms is referred to
as nitrogen fixation. Nitrogen, the enzyme that
catalyses nitrogen fixation, was first obtained in
1966 by purification from the Azotobacter vine-
landii by Bulen and Le-Comte [38]. Clostridium,
Alcaligenes, Pseudomonas, Rhizobium, Azospiril-
lum, Serratia, Agrobacterium, Xanthomonas, Bacil-
lus, Enterobacter, Klebsiellla, Sinorhizobium, Aci-
netobacter, Mesorhizobium, Bradyrhizobium, Azo-
rhizobium, Phosphobacteria, Glucanacetobacter,
Burkholderia species are among the bacteria with
high biofertilizer potential [39, 40, 41, 42, 43, 44,
45, 46, 47, 48].

Recent studies show that microbiological fac-
tors are the sources that meet the nutrients, needed
by the plant as biological fertilizers and plant stimu-
lants. The production of these microorganisms and
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their metabolites in industrial terms and their use in
agriculture is regarded as an environmentally
friendly approach in terms of the sustainability of
the ecosystem [2]. Therefore, the aim of this study
was to determine ACC deaminase, nitrogenase and
antagonistic activities of Gram negative bacteria,
isolated from wheat fields and to investigate salt
tolerances.

MATERIALS AND METHODS

Organisms. The bacteria with ACC deami-
nase activity were isolated from the samples of
wheat seedlings and rhizosphere soil (about 15 cm
depth) from Canakkale / Biga Koruoba Village. The
organisms used in the antagonistic activity studies
were five microorganisms. These bacteria were
Pseudomonas tomato Pt52-a, Agrobacterium vitis,
Rathayibacter tritici DSMZ7486, Rathayibacter
iranicus DSMZ7484, Erwinia caratovora subsp.
caratavora ECC100. All species were obtained
from Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ) (Germany) and Plant
Protection Central Research Institute (Ankara). The
bacteria used in antagonistic activity studies were
cultured in Nutrient Broth (NB) (Merck) medium at
37 °C for 24 hours [49]. In this study, Pseudomonas
putida DSMZ291, which is also used as a positive
control, was obtained from the Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ)
Culture Collection (Germany). This bacterium was
cultured for 24 hours at 37 °C in King B medium.

Sterilization of Plant Surface. All root and
leaf samples of the wheat plant were kept in 95%
ethyl alcohol for two minutes and kept in 1% sodi-
um hypochlorite (NaOCl) for one minute. It was
then rinsed six times with sterile distilled water and
prepared for the work [50].

Isolation and Identification of Organisms.
After the roots of the wheat seedlings were shaken,
1 g of soil was taken from the soil and the appropri-
ate dilutions were made. Then 100 pl from dilutions
was taken to Nutrient Agar (NA) and the inocula-
tions were made by spread plate method and the
plates were incubated at 37 °C for 24 hours. Ran-
dom selections were made from different colonies
that developed at the end of the incubation period
and after a series of passages, were inoculated into
Nutrient agar (NA) medium and stored in refrigera-
tor conditions. Furthermore, the wheat roots and
leaves which were subjected to surface sterilization
were crushed with the help of mortar and shaken
into sterile water. The obtained solution was inocu-
lated into the NA medium and used for isolation.
All cultures were examined according to cell mor-
phology and Gram staining characteristics and
Gram-negative bacteria were used for the study.
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Biochemical tests (Oxidase test, motility test, Glu-
cose fermentation test, H,S production, lactose
fermentation, gelatinase activity, etc.) have been
applied on these cultures and identification of these
bacteria on the basis of morphological and bio-
chemical assays was performed by Assoc. Prof. Dr.
Gulten Okmen [51].

Qualitative Determination of ACC Deami-
nase Activities of Bacterial Cultures. Gram-
negative bacteria, selected for use in the study, were
inoculated into the Dwork-Foster medium (DF) and
improved in this medium, containing ACC as a
single nitrogen source [52, 53, 54]. Cultures were
incubated for 24 hours at 37 °C in media containing
ACC and, at the end of the incubation period,
grown cultures were considered ACC positive.

Optimization of Cultures with ACC Deam-
inase Activity. Different temperature, pH, shaking
speed and time studies were conducted to determine
the environmental conditions essential for the best
growth of eight bacteria, with ACC deaminase
activity.

Effect of Temperature on the Growth of
Cultures. All cultures were inoculated into NB
media to determine the effect of temperature on
bacterial growth. In this study, 25 ml serum bottles
that contain 10 ml NB medium have been used. 100
pl of active cultures were inoculated into these
flasks at different temperature values (28, 37 and
45° C), followed by incubation for 18 hours (Niive
ENS500, Binder USA, Stuart Scientifica UK). At the
end of the incubation period, growth was recorded
as dry weight (mg/ml). All trials were conducted
independently and three parallel.

Effect of pH on the Growth of Cultures. 100
pl active cultures were inoculated into serum flasks,
containing 10 ml NB at different pH values (6, 7
and 8). Cultures were allowed to incubate at their
optimum temperature for 18 hours. At the end of
the incubation period, bacterial growth was deter-
mined as dry weight (mg/ml). The pH of the media
was adjusted with the aid of pH meter (Thermo,
USA) using 1IN NaOH and 1IN HCI. All trials were
conducted independently and three of them parallel.

Effect of Agitation Speed on the Growth of
Cultures. All of the isolates were inoculated into
NB media at optimal temperature and pH values to
determine the effects of shaking speed on the
growth of cultures. 100 pl of active cultures were
inoculated to the media prepared to be 10 ml of NB
in 25 ml serum flasks at different agitation speeds
(100, 200 and 300 rpm), and were incubated for 18
hours. At the end of the incubation period, bacterial
growth was determined as dry weight (mg/ml). All
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trials were performed independently and simultane-
ously.

Effect of Incubation Period on the Growth
of Cultures. All cultures were inoculated into NB
media at optimal temperature, pH and agitation
speed in order to determine the best growth time of
bacteria. 100 pl of active cultures were inoculated
to the NB medium, which had been prepared as 10
ml NB in 25 ml serum bottles at different time
intervals (from one to five days). At the end of the
incubation period, the time-dependent growth of the
cultures was followed and dry weights (mg/ml)
were recorded. All experiments were carried out
independently and simultaneously.

Quantitative Determination of ACC Deam-
inase Activity. 100 pl of active cultures with ACC
deaminase activity were inoculated into NB media
(10 ml), and the cultures were centrifuged after 24
hours of incubation, under optimum conditions. The
pellet was washed two times with physiological
saline, then suspended into JNFB (7.5 ml) medium
containing 5 mM  l-aminocyclopropane-1-
carboxylate (ACC), and the next steps were per-
formed according to [55]. The amount of alpha-
ketobutyrate was recorded by measuring the ab-
sorbance values at 540 nm. Alpha-ketobutyrate
concentrations were calculated from the standard
curve. Enzyme activity was expressed in nmol
alpha-ketobutyrate/dry weight x hours. Pseudomo-
nas putida DSMZ291, known to have ACC deami-
nase activity, was included in the trial as a positive
control.

Effect of Salt Stress on the Growth of Cul-
tures. In this study, to determine the salt tolerance
of cultures, all cultures were exposed to different
NaCl concentrations (10, 25, 50, 100, 200, 300,
400, 800 and 1000 mM). 100 pl of active cultures
were inoculated into the 10 ml of NB medium, with
different NaCl concentrations. Cultures were incu-
bated under optimal growth conditions. At the end
of the incubation period, the growth of all cultures
was determined as dry weight (mg/ml). The exper-
iments were carried out in three parallel ways. In
addition, the experiments were performed with
positive control organism, Pseudomonas putida
DSMZ291. At the end of this study, cultures with a
high salt tolerance have been included in the next
experiments.

Determination of Antagonistic Activity as in
Vitro. The antagonistic activities of cultures were
determined against yield spoilage pathogens, such
as Pseudomonas tomato Pt52- a (30 °C), Agrobac-
terium vitis (30 °C), Rathayibacter tritici
DSMZ7486 (30 °C), Rathayibacter iranicus
DSMZ7484 (30 °C), Erwinia caratovora subsp.
carotavora ECC100 (30 “C). The strains used in the
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study were obtained from cultural collections of
DSMZ and Central Research Institute of Plant Pro-
tection. Cultures used in antagonistic activity stud-
ies were activated in NB (Merck) medium at 37 °C
for 18 hours and their density was adjusted to 0.5
McFarland. The inoculum ratio of the cultures was
set to 100 pl. The active cultures (100 pl) with ACC
deaminase activity were inoculated to plates con-
taining Mueller Hinton Agar (MHA). The cultures
have been inoculated toward the center from the
edge of plate, then the plates were allowed to dif-
fuse for 10 minutes. At the end of this period, the
yield spoilage pathogen cultures were inoculated
against bacteria with ACC deaminase activity with
a 90-degree angle. All of the plates were incubated
at 30 "C for 24 hours, and microbial interaction was
examined. The antagonistic activity was recorded
as an inhibition zone (mm) [56].

Determination of Dry Weight. All cultures
developed at the medium for 37 °C for 24 hours
were harvested in logarithmic phase. The harvested
pellet was filtered through Whatman GF/C filters,
with a diameter of 0.45 pum and dried for 24 hours
at 50 °C [57].

Determination of Nitrogenase Activity. Ni-
trogenase activities have been measured to deter-
mine the biofertilizer potentials of cultures, known
to have ACC deaminase activity. The amount of
ethylene was calculated by applying acetylene re-
duction technique to all cultures [58]. Cultures were
developed under optimal environmental conditions,
afterwards the vials were closed with plastic plugs
and covered with parafilm. 1 ml of acetylene gas
was injected into the medium and the cultures were
incubated again under the experimental conditions
and afterwards 10 pl gas samples were injected to
the gas chromatography and its data was read. The
results were calculated as nmol ethylene/dry weight
x hour (nmol ethylene/mg.h). The gas chromatog-
raphy (Agilent J6W GC) used during the analyzes
was set to following values: DB-1 column and
flame ionized detector (FID), the column tempera-
ture to 100 °C, the temperature of the injection
room to 100 °C and the detector temperature to 120
°C. The pure ethylene gas (99.9%) was used as the
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RESULTS

Soil samples from wheat fields were used for
the isolation of bacteria with ACC deaminase activ-
ity. Cultures grown in suitable media were exam-
ined, and colonies, which were developed in differ-
ent morphological structure and color, were puri-
fied by passaging under aseptic conditions. The
number of isolates obtained was 61 and 24 of them
were Gram-negative and 37 were Gram-positive
bacteria. The studies were carried out on Gram-
negative bacteria. To determine qualitatively the
ACC deaminase activity of the 24 Gram-negative
bacteria isolated from wheat fields, a salt medium
containing ACC (DF) was used as the only nitrogen
source. The ACC deaminase activities of all cul-
tures were determined by inoculation to this medi-
um. The bacteria which showed growth at the end
of the incubation period, was evaluated as ACC
deaminase positive (Figure 1).

FIGURE 1
Qualitative ACC Deaminase Activities of Gram
Negative Bacteria

Considering the results obtained in this study,
qualitative ACC deaminase activities of 24 Gram-
negative bacteria were investigated and only eight
bacteria were found to be ACC positive (Table 1).
Biochemical tests were applied to the cultures, in
order to identify the eight Gram-negative and bacil
bacteria which were determined to be positive for
ACC deaminase activity. These tests were applied
to the cultures, which include a motility test,
IMVIC test, oxidase test, nitrate reduction test,
glucose fermentation, fluorescent diffused blue
pigment, H>S production, lactose fermentation,
gelatinase activity and urease activity. These cul-
tures were identified after the tests (data not

standard and the flow rate of the helium gas was shown).
adjusted to 1.4 ml / min.
TABLE 1
Qualitative Results of ACC Deaminase Activities at Gram Negative Bacteria

Isolates CKB2 CKB5 CKBS8 CKB9 CKB10 CKB11 CKBl6 CKBI3
ACC deaminase activity - - - + + - - -
Isolates CKB17 CKB18 CKB22 CKB25 CKB32 CKB33 CKB37 CKB44
ACC deaminase activity + - _ _ - + - _
Isolates CKB45 CKB46 CKB49 CKB50 CKB52 CKB55 CKB56 CKB58
ACC deaminase activity - + - - + + - +
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FIGURE 2
Effect of Temperature on the Growth of Cultures with ACC Deaminase Activity

The effects of different environmental factors
were investigated, in order to determine the best
growth conditions for the eight Gram-negative
bacteria with ACC deaminase activity. These are
different temperature, pH, agitation speed and time
(Figures 2, 3, 4, and 5). The effects of different
temperature values (28, 37 and 45 "C) on the growth
of eight Gram-negative isolates were investigated.
Considering the data obtained at the end of the
study, only one isolate was optimally produced at
28 °C, and this bacterium is Pseudomonas sp.
CKB9. Isolates showing optimum improvement at
37 °C were in total six, which are Pseudomonas sp.
CKB10, Enterobacter sp. CKB17, Serratia sp.
CKB33, Pseudomonas sp. CKB52, Pseudomonas
sp. CKBS55 and Pseudomonas sp. CKB58. At 45 °C,
only Pseudomonas aeruginosa CKB46 could be
developed optimally. According to this study, the
optimum temperature for 75% of the isolates, was
determined as 37 "C (Figure 2).

The effects of different pH values (pH 6, 7, 8) on
the growth of isolates were investigated. Consider-
ing the data obtained from this study, the number of
bacteria showing optimum growth in the applica-
tion of pH 6 is one, and this bacterium is Pseudo-
monas sp. CKB52. In the application of pH 7, three
bacteria showed optimum growth. These are Serra-

tia sp. CKB33, Pseudomonas aeruginosa CKB46
and Pseudomonas sp. CKB58. When the values,
obtained as a result of pH 8 application were taken
into consideration, it was determined that four bac-
teria showed optimum growth. These are Pseudo-
monas sp. CKB9, Pseudomonas sp. CKB10, Enter-
obacter sp. CKB17 and Pseudomonas sp. CKBS55.
When different pH values were examined, the op-
timum pH for 50% of the isolates was determined
as 8 (Figure 3).

Considering the studies on the effect of differ-
ent agitation speeds on growth, eight Gram-
negative bacteria, with ACC deaminase activity
were found to be affected differently. According to
this study, the growth of all strains was inhibited at
300 rpm. The highest growth of 200 rpm belongs to
Pseudomonas aeruginosa CKB46 (2.16 mg/ml).
The best growing cultures at 100 rpm were Pseu-
domonas sp. CKB9 (0.41 mg/ml) and Serratia sp.
CKB33 (0.56 mg/ml). Six of the cultures showed a
high growth of 200 rpm applications. Among these,
the highest growth belongs to Pseudomonas aeru-
ginosa CKB46 with 2.16 mg/ml. Other cultures that
showed the best growth of 200 rpm, were Pseudo-
monas sp. CKB10, Enterobacter sp. CKB17, Pseu-
domonas sp. CKB52, Pseudomonas sp. CKB55 ve
Pseudomonas sp. CKB58 (Figure 4).
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Effect of pH on the Growth of Cultures with ACC Deaminase Activity
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FIGURE 4
Effect of Agitation on the Growth of Cultures with ACC Deaminase Activity

In this study, eight Gram-negative bacteria,
isolated from wheat fields and known to have ACC
deaminase activity, were allowed to incubate under
their optimal conditions (temperature, pH, rpm).
The active cultures (100 ul) were inoculated to the
prepared media under optimum conditions, and
incubated at different time intervals (1, 2, 3, 4, 5
days). At the end of the incubation period, cultures
were recorded as dry weight (mg/ml). Considering
the data obtained from the study, 63% of the cul-
tures showed optimum growth at the end of the first
day, and 12% of the cultures showed the optimum
growth at the end of the 4th day. At the end of the
first day, the best growth showing cultures were
Pseudomonas sp. CKBI10, Enterobacter sp.
CKB17, Pseudomonas aeruginosa CKB46, Pseu-
domonas sp. CKB52 ve Pseudomonas sp. CKB58.
Subsequent studies were continued at the optimum
growth times and conditions of their cultures (Fig-
ure 5).

The active cultures with ACC deaminase ac-
tivity were inoculated into the NB medium, and
these cultures were incubated under their optimal
conditions for 24 hours. Then cultures were har-
vested, and pellets were put into the INFB medium,
that contain 1-aminocyclopropane-1-carboxylate
(ACC), and the amount of alpha-ketobutyrate was
calculated. The amount of ACC deaminase activity
was recorded as nmol o-ketobutyrate.mg'.h’. In
this study, Pseudomonas putida DSMZ291 known
to have ACC deaminase activity, was used as a
positive control. Considering the data obtained
from this study, the highest ACC deaminase activi-
ty was determined from Pseudomonas sp. CKBS5
(2833 nmol o-ketobutyrate.mg'.h'). The activity
obtained from this culture is higher than P. putida
DSMZ291 (1975 nmol a-ketobutyrate.mg™'.h™),
which is a positive control. Only 25% of the cul-
tures had high ACC deaminase activity, while 75%
of the cultures had less than the control value (Fig-
ure 6).
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FIGURE 5
Effect of Incubation Period on the Growth of Cultures with ACC Deaminase Activity
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FIGURE 6
Quantitative ACC Deaminase Activities of Cultures

Considering the effects of salt concentrations
on the growth of Gram-negative cultures which had
ACC deaminase activity, 75% of the isolates were
tolerant up to 1000 mM NaCl concentration. The
highest amount of biomass was obtained from
Pseudomonas aeruginosa CKB46 at 400 mM NaCl
trial (7.4 mg/ml). It was found out that one culture
has evolved up to 800 mM, which is Serratia sp.
CKB33 (Figure 7). The growth of Pseudomonas sp.
CKB9 was influenced as suppression at 400 mM
salt concentration, although it was initially stimu-
lated from low salt concentrations. On the other
hand, growth of Pseudomonas sp. CKB10 was
stimulated in all salt concentrations, and it was
grown at 1000 mM salt concentration. Although the
growth of Enterobacter sp. CKB17 was stimulated
up to the 400 mM salt concentration, its growth was
severely suppressed at 800 mM salt. The growth of
Serratia sp. CKB33 was partially stimulated from
the beginning, and this growth was continued up to
300 mM salt concentration, but was severely sup-
pressed at 400 mM. Pseudomonas aeruginosa
CKB46 is a culture with high adaptation to salt
concentrations. The growth up to 400 mM salt
concentration had increased in this culture, and the
highest biomass was obtained from this bacterium
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at 400 mM salt concentration (7.4 mg/ml). Also, the
culture was increased with high biomass at 800 mM
(6.8 mg/ml), but it was suppressed at 1000 mM (4.5
mg/ml). Another tolerant culture is Pseudomonas
sp. CKB52. The bacterium was partially stimulated
up to 800 mM salt concentration, but it was sup-
pressed at 1000 mM salt. Other cultures that can
develop at 1000 mM salt concentrations are Pseu-
domonas sp. CKBS55 and Pseudomonas sp. CKB58
(Figure 7).

As a result of the analyzes on the effect of salt
concentrations on growth of the eight Gram-
negative bacteria, five cultures for further studies
have been selected. These cultures have a high salt
tolerance. These cultures were incubated at their
optimum conditions, then nitrogenase enzyme ac-
tivity assays were carried out to investigate the
biofertilizer potentials. At the end of study, the
highest nitrogenase activity was obtained from
Pseudomonas sp. CKB10 (808 nmol/mg.h). Fur-
thermore, other cultures with high nitrogenase ac-
tivity were Pseudomonas sp. CKB52 and Pseudo-
monas sp. CKB55. The lowest nitrogenase enzyme
activity belongs to Pseudomonas aeruginosa
CKB46 (Figure 8).
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FIGURE 7
Effect of Salt Stress on the Growth of Cultures with ACC Deaminase Activity
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Five Gram-negative bacteria with high salt
tolerance were investigated against five yield-
spoilage pathogens for antagonistic activity. In this
study, Pseudomonas sp. CKB52 had the highest
antagonistic activity against Erwinia caratovora
subsp. caratovora ECC100 (11 mm). The other
high antagonistic activity belongs to Pseudomonas
sp. This inhibition zone against Agrobacterium vitis
was 10 mm. Only Pseudomonas sp. CKB58 isolate
showed low activity against Pseudomonas tomato
Pt52-a (3 mm). Pseudomonas tomato Pt52-a, which
breaks the yield, has shown resistance to most cul-
tures. The antagonistic activities of cultures against
Rathayibacter tritici DSMZ7486 were found to be

low. The highest antagonistic activity against
Rathayibacter iranicus DSMZ7484 was found in
Pseudomonas sp. CKB52 as 9 mm (Table 2). In
another antibacterial activity study, standard antibi-
otics were used against yield pathogens. In this
study, two antibiotics were used as a positive con-
trol, being penicillin and gentamicin. The inhibition
zone of penicillin was determined against Rathayi-
bacter tritici DSMZ7486 and Rathayibacter irani-
cus DSMZ7484, respectively as 28, 26 mm. As a
result of the studies using the gentamicin antibiotic,
the highest inhibition zone was found against Er-
winia caratovora subsp. caratovora ECC100. This
inhibition zone was 21 mm (Table 3).

TABLE 2
Antagonistic Activities of Bacterial Cultures with ACC Deaminase Activity
Against Yield-Spoilage Pathogens

Inhibiton zone diameters (mm)

Bacteria R. tritici R. iranicus A. vitis E. caratovora P. tomato
DSMZ7486 DSMZ7484 ECC100 Pt52-a
Pseudomonas sp. 4 - 10 5 -
CKBI10
Pseudomonas 4 - 3 4 -
aeruginosa
CKB46
Pseudomonas sp. 5 9 8 11 -
CKBS52
Pseudomonas sp. 2 2 - - -
CKB55
Pseudomonas sp. 3 - - - 3
CKBS8
TABLE 3
Antibiotic resistance profiles of yield spoilage pathogens
Inhibiton zone diameters (mm)
Pathogens P GE
R. tritici DSMZ7486 28 nt
R. iranicus DSMZ7484 26 nt
A. vitis nt 21
E. caratovora ECC100 nt 19
P. tomato Pt52-a nt 19
P: Penicillin (10pg); GE: Gentamicin (10 pg); nt: not tested
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DISCUSSIONS

The growth of plants and agricultural demands
are severely affected from non-biotic stress. The
regulation of ethylene levels in plants by bacterially
produced ACC deaminase, is an important feature
that can affect the physiology of the host plant. In
soils with drought stress, drought-tolerant ACC
deaminase-producing microorganisms can reduce
stress on plants by reducing ethylene production,
thus facilitating growth and development of plants
[59]. Wang et al., [60] reported that soil microbial
community structure varies under different tillage
managements, especially in the 0-10 cm layer.

As a result of our studies, Pseudomonas aeru-
ginosa CKB46 has showed an optimum growth at
45 °C (Figure 2), pH 7 (Figure 3), 200 rpm (Figure
4). Sivaprakasam et al. [61] reported that Pseudo-
monas aeruginosa has shown optimum growth at
pH 7.5 and 160 rpm. In another study, it was re-
ported that Pseudomonas aeruginosa UD-5 isolates
showed optimum growth at 40 °C [62]. These re-
sults are similar with our work.

The highest ACC deaminase activity was de-
termined from Pseudomonas sp. CKBS55 (2833
nmol a-ketobutyrate.mg'.h"), and this value is
higher than the value of Pseudomonas putida (Fig-
ure 6). Li et al. [63] have reported that Pseudomo-
nas species have ACC deaminase activity. Ghyse-
linck et al. [64] stated that the ACC deaminase
activity of Pseudomonas sp. R43582 was 310 nmol
a-ketobutyrate.mg.h"!. In another study, ACC
deaminase activity for Pseudomonas strains were
given differently [55]. A similar study was con-
ducted by Grichko and Glick [65]. In their study, P.
putida ATCC17399 have ACC deaminase activity,
and the value was 3.8 pmol.mg™! protein.h™!. In
another research, the ACC deaminase activity of
Bacillus subtilis HYT-12-1 was reported as 112
nmol a-ketobutyrate.mg™'.h"! [66]. The results ob-
tained from our study were found to be higher than
the data obtained from the literature, and the studies
in the literature support our results.

As a result of our studies, Pseudomonas aeru-
ginosa CKB46 was found to be tolerant to high salt
concentrations (Figure 7). Different researchers
reported that Pseudomonas aeruginosa was tolerant
to high salt concentrations, too [61, 62]. These
studies support our results.

As a result of nitrogenase activity studies, the
highest nitrogenase activity was found at Pseudo-
monas sp. CKB10 (808 nmol/mg.h) (Figure 8). Han
et al. [67] reported that the nitrogenase activity of
Pseudomonas stutzeri was at 1400 nmol eth-
ylene/mg protein/h. Borowiak et al. [68] reported
that soil bacteria have various enzyme activities.
Our findings are similar to these results.

The analysis of the antagonistic activities of
cultures, isolated from wheat fields, that have ACC
deaminase activity showed the following results.
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The highest antagonistic activity of Pseudomonas
sp. CKB52 was found against Erwinia caratovora
ECC 100 (11 mm) (Table 2). Weller [69] reported
that fluorescent Pseudomonas strains were among
the most effective root bacteria against soil patho-
gens. Algeblawi and Adam’s study [70] reported
that all of the bacteria (Pseudomonas fluorescens,
Bacillus thuringiensis, Bacillus subtilis) showed
antagonistic activity against Erwinia caratovora. In
many studies, researchers reported that different
bacteria shown antagonistic activity against various
crop pathogens [71, 72].

CONCLUSIONS

Pseudomonas species are known to be micro-
organisms capable of metabolizing natural and
synthetic organic compounds. These bacteria show
a very wide spread at the plants and animals. They
are valuable for plant growth because they have a
lot of ecological diversity, have simple nutrient
requirements and are capable of metabolizing a
wide range of organic compounds. Therefore, it is
thought that Pseudomonas will play an important
role in the growth of plants in stressed soils.

As a result, Pseudomonas aeruginosa CKB46
had the highest tolerance to all NaCl concentrations
and also showed other biological activities. We
suggest that this bacterium can be used for sustain-
ability in agriculture in all saline areas up to 1000
mM NaCl concentration. We believe that this bac-
terium contributes to sustainable agriculture be-
cause of its potential to reduce stress of the plant,
its biofertilizer potential and its antagonistic activity
against product pathogens. In future studies, it is
necessary to analyze the growth of these bacteria,
isolated from wheat fields under conditions of vari-
ous organic pollutants, also to investigate the ge-
nome structures of isolates, with high activity and
consequently, after the determination of gene ex-
pression of tolerant genera, studies are needed to
transfer the gene of the plants.
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ABSTRACT

In this research, it was aimed to create a model
on monitoring and evaluation of irrigation schemes
in large areas where several plant species and
cultivars were grown in an irrigation season. In the
study, the flow gauging stations (FGSs) were
installed on drainage and irrigation canals to
measure incoming and outgoing flows to evaluate
irrigation management practices in a large-scale
irrigation scheme. The amount of irrigation waters
diverted to the area was measured with the F#GSs on
the irrigation canals, concurrently with the
measurements of outgoing drainage waters, i.e.
irrigation return flows (/RFs). In this regard, water
depths at the canal cross-sections were firstly
recorded at ten-minute intervals, then measured
water depths (4) were converted to flow rates (Q)
by utilizing stage-discharge rating curves (Q=f(h))
developed exclusively at each FGS. Assessing /IRF
hydrographs by time revealed that irrigation was
mostly done during daytime in the catchment
although the irrigation scheme was planned and
designed for continuous irrigation. Inappropriate
irrigation management technique caused to waste
recklessly precious fresh water source to the
drainage. Excessive and unconscious water use in
the irrigation scheme may be prevented by taking
basic measures such as obeying planning principles
of the irrigation scheme and being aware of the fact
that water should be saved for the sake of other
water demanding sectors.

KEYWORDS:
Crop water use, Irrigation, Drainage, Irrigation district.

INTRODUCTION

As aresult of climate change, temperatures are
increasing and water resources are decreasing in the
world [1]. Efficient use of water resources is one of
the most important problems to be solved [2]. The
important factor limiting the plant growth is lack of
water beneficial to the crop [3]. Moreover, the

distribution of water resources on the earth is not
well balanced both spatially and temporally. For
example, while some places are in sufficient
condition in terms of water resources, in some other
places the demand for water is at the highest level.
As all sectors need water to some extent, there is
also a significant increase in the need for water in
agriculture. On the other hand, agriculture is the
sector which uses almost 74% of water withdrawals
in Turkey [4]. Especially in arid and semi-arid
regions where water resources are scarce, the most
efficient use of irrigation water has become a very
important issue. Problems such as demand for good
quality  water, climate change, drought,
contamination of underground and surface water
resources, the high cost of irrigation services, low
efficiency in irrigation management and household
purposes negatively affect the sustainability of
irrigated agriculture [5]. Despite the fact that the
water resources of the world have not changed
much from year to year, it has been requested from
the agricultural sector to reduce remarkable water
amounts used for irrigation purposes in the near
future.

Today, perhaps one of the most important
research areas of humanity has been the sustainable
use of freshwater resources. Improvements in
irrigation management as well as development of
soil and water resources help authorities to increase
agricultural production to the desired levels. In
Turkey, agriculture is the sector that demands
majority of fresh water resources [6, 7, 8].
However, it is an important issue to highlight that
irrigation efficiencies have not been increased to
the desired levels since the introduction of
irrigation in Turkey. In dry periods, i.e., in
irrigation season, if the water table rises to the plant
root zone and reaches at the critical levels (<0.90
m), it can be concluded that the groundwater is fed
by irrigation and consequently, the rate of irrigation
is low and irrigation management is also
problematic [9, 10]. In order to refrain from water
logging and salinity problems related to the poor
water management, more efficient use of water in
the agricultural sector should be achieved for the
sake of meeting water demands of other sectors [11,

3409

FEB




Volume 29 — No. 05/2020 pages 3409-3414

12]. Under no circumstances, this is necessary for
sustainable water management so as to meet
additional water demand of other sectors. On the
other hand, it has been experienced lately that
farmers in the Lower Seyhan Plain (ASO) have
incontrovertibly faced irrigation water shortages
due to the increasing demand for irrigation water.
The ASO, one of the largest irrigation area in
Turkey, has been partially irrigated since the
construction of the Seyhan Dam in 1956 [6]. As a
result of irrigation applications in the region,
problems related to irrigation, drainage, salinity and
alkalinity have begun to come to exist in irrigated
areas [6]. This research was aimed at investigating
irrigation performance in a large-scale irrigation
catchment located in the Lower Seyhan Plain.

MATERIALS AND METHODS

The research was conducted on the command
area of Akarsu Irrigation Association, located in the
south of Adana province, Turkey. Within the Lower
Seyhan Plain (4S0), Akarsu Irrigation Association
(AID) has a potentially significant agricultural land
of 9495 ha. In the research area, irrigation has been
practiced for more than 60 years. Irrigation
management was transferred to A/D in 1994 by the
State Hydraulic Works (DSI) which is a state
agency and uniquely responsible for the
development of soil and water resources of Turkey.
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In the research area, the Mediterranean
climate is dominant. Summers are hot and dry;
winters are moderately warm and rainy. Long-term
(about 60 years) mean temperature was recorded as
18.8 °C in the region. August is the hottest month
with 28.1 °C. However, the coldest month is
January by 9.9 °C. All of the precipitation nearly
falls during the winter months in the form of rain.
The average annual precipitation is 649.5 mm, and
the distribution of precipitation during the year is
not homogeneous. Notably, relative humidity is
usually high (>80%) in summer months, but low in
wet season (<50).

A field survey was performed to determine
subsurface lateral flows from the Ceyhan river,
located on the east of study area, and vice versa. In
this regard, 8 piezometer batteries (Pi’s in Figure 1)
were installed along the east borderline of the study
area. Flow rate monitoring stations (FGSs) were
installed on irrigation and drainage channels to
measure incoming and outgoing waters in the study
area (Figure 1). The incoming irrigation waters
were measured at L3, L6, L7 and L9 points. L9 is a
pumping station to divert irrigation water from
Ceyhan River to the 4/D in the peak irrigation
season. L2 and L4 are drainage flow gauging statins
for conducting water balance work. In addition,
irrigation water measurement was done through
FGS in LS5 to quantify the amount of water leaving
the AID area.
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FIGURE 1
Water Sampling Locations in the Study Area
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The basic equation for water balance calculations
[13], based on the model illustrated in Figure 2, is
given as;
P+(,-1,)+(D,-D,)-(0,,—0,)-ETc=%10nAh £ AS
where P is rainfall (mm), (Zir-Iouy) the net irrigation
water (mm) diverted into the area, (Qou-Qin) net
drainage water outflow (mm), (Ds-Ds,) net
subsurface lateral flow (seepage in mm), E7c crop
water use (mm), A4h “areal mean change” in
groundwater table depth (m) in tree meters soil
depth, n average porosity (%) of the soils in the
study area. Additionally, A4S (mm) stands for the
“areal mean change” in soil water storage in the
rooting depth of 0.9 m. In this study, for the sake of
simplicity, it was assumed that there was no deep
percolation and capillary rise in the study area.

In order to carry out the mass balance studies
for the water elements in Figure 2, it was necessary
to measure or estimate the main inputs and outputs
in the study area. In terms of water balance, the
primary inputs were considered as precipitation (P),
irrigation inflows (/iy), drainage inflows (Qin)
originated from outside areas, likely lateral seepage
(Dy) along Ceyhan River flood levee; and outputs
were crop evapotranspiration (ET7.), irrigation
outflows (/) discharging from YS2 main irrigation
canal, drainage outflows, i.e., IRFs (Q.u) at the
outlet of the study area (L4), and possible lateral

in
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seepage (Ds,) through Ceyhan River flood levee.
All the inputs and outputs for water balance model
were depicted in Figure 2.

Precipitation data and other climatic variables
were obtained from automatic weather station -
installed almost in the center of the study area- next
to L8 in Figure 1. Irrigation and drainage in- and
out-flows were measured regularly using electronic
limnigraphs installed on the inputs and outputs of
drainage and irrigation canals -L3, L6, L7 and L9
are on irrigation inputs, L5 on irrigation output; L2
and L/] on drainage inputs and L4 on drainage
output- as seen in Figure 1. Limnigraphs were set
up such that flow rates were recorded on hourly
base by averaging 6 readings with ten minutes
intervals in an hour.

Likely subsurface lateral flows (seepage) in-
and out-flows along right-hand bank of Ceyhan
River were assessed once a week, at each
cluster/batteries of piezometers which were
installed at eight critical points along Ceyhan River
flood levee (Figure 1 and Figure 2). In situ
horizontal hydraulic conductivities of the soil
profile along Ceyhan River were determined by
auger-hole technique, following the principles
given in QOosterbaan and Nijland [14]. Then, the
subsurface seepage along the Ceyhan River was
estimated through using Darcy’s law [15].

P(mm) ET, (mm)

FIGURE 2
Model Used for Mass Balance Study in the Study Area.

RESULTS AND DISCUSSION

In the study area, the largest acre-age of plant
was winter wheat [16]. Corn was the dominant
irrigated field crop in summer, planted either as a
first crop or as a second crop following winter

wheat. The areal coverage of citrus orchards
(around 20% in the study years) follows the first
crop corn. Assessing cropping pattern data led us to
conclude that there was a gradual increase in citrus-
planted areas.
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During the study period which the survey was
conducted (1 October 2006- 30 September 2007),
the limnigraph devices were set up in such a way
that average water depths at the canal cross-sections
should be recorded at ten-minute intervals at each
FGS. Assessing limnigraph data showed that total
amount of irrigation water diverted into the study
area was around 1014 mm, while a total of 676 mm
precipitation was recorded throughout the year. The
district’s irrigation efficiency (/E) was only 47.7%
in the irrigation season (IS) (Table 1). It implies
that the irrigation water diverted for the study area
was recklessly wasted as drainage outflows during
the irrigation season. This was due to the fact that
farmers did not irrigate at night. However,
irrigation canals should have been operated based
on the continuous flow conditions. Ignoring this
rule resulted in wasting considerable amount of
irrigation water. Inevitably, drainage coefficient
(DF) was as high as 46.7% [16]. Although DF is
high, it remained constant during irrigation season
(1S) and non-irrigation season (NIS).

In the Lower Seyhan Irrigation area, water
user associations as well as the farmers imitates
each other. Given those realities in the region,
growers generally irrigate their fields during
daytime and therefore irrigation water in the system
is simply lost as drainage outflow during the night.
Because district /E is low and DF is high at the
catchment level, irrigation management authorities
should undertake some measures immediately [16]
in order to save fresh water for other water
demanding sectors.

The relationship between water level and
discharge at each discharge observation station
were determined exclusively. It was found that flow
rates increased parallel with the increase of water
depths at the canal cross-sections. This, as expected,
reveals that the flow process was a function of
water-level change. During the study period, the
terms of water budget model in Figure 2 were
calculated by means of observation measurements
and related formulas. Irrigation operation in the
research area is based on the “continuous flow
system” method. According to the continuous flow
method, irrigation water is always available in
secondary and tertiary irrigation canals, i.e.
canalettes. For this reason, the farmers in the study
area are supposed to irrigate their fields at all times,
ie. by day and by night. Contrary to all
expectations, the farmers on the area usually
irrigate their lands during the day. Because of the
irrigation made during the day, the waters in the
irrigation channels go down the drains during
nights. When the plant pattern of the research area
was examined by considering the past years, it was
found that cotton planted area reached to the peak
(96%) in 1964. In a study conducted by Cetin and
Ozcan [6] in the Lower Seyhan Plain (4S0)
revealed that monoculture cotton cultivation was
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carried out until 1978, and at the beginning of the
1980’s, changes in the crop pattern were triggered
by the commencement of the second crop corn,
soybean, groundnut and sesame. Monoculture
cropping pattern development affects adversely
irrigation performance in the district even if there is
nocturnal irrigation in the area. There is no doubt
that introduction of nocturnal irrigations will
increase district irrigation efficiencies and decrease
drainage fractions. In our case, diurnal irrigation
practice was not well enough to increase irrigation
management performance due to the fact that field
crops, in particular, have been irrigated by surface
irrigation methods. Therefore, almost 50% of the
water diverted to the study area has been wasted by
drainage. Isidoro et al. [18] conducted a study in
Spain. It was determined that almost 73% of the
diverted irrigation waters were squandered away by
drainage. High drainage fraction is an important
indicator for low district irrigation efficiency in
large-scale irrigation districts as such in this case
study. Likewise, the average irrigation efficiency
was found to be between 35-40% in a study
conducted by Cetin and Ozcan [6]. Cakmak and
Akuzum [19] reported that the irrigation ratios,
district irrigation efficiencies and water use
efficiencies were generally very low in the
irrigation schemes of Turkey. In parallel with the
findings of Cetin and Ozcan [6], Cakmak and
Akuzum [19] pointed out that the most important
problem that caused to reduce irrigation efficiency
was excessive water use in agriculture. In our study
conducted at the catchment level, it was found that
producers irrigated during daytime and that the
available water in the irrigation channels
disappeared through drainage at night. This
indirectly caused excessive and unconscious water
use in large irrigation schemes. A shift from surface
irrigation (furrow and border) to modern irrigation
techniques such as drip and sprinkler irrigation will
help agricultural water managers to increase
irrigation efficiencies and decrease drainage
fractions at the district level, indicating remarkable
water savings in favor of other water demanding
sectors.

TABLE 1
Irrigation System Management Parameters (%)
in the Study Area.

Irrigation management Irrigation  NIS
quality parameters Season (IS)

District’s irrigation efficien- ~ 47.7 -
cy (DIE)

1
DIE=[(ETc - Pef ) / 1]x100
Water use efficiency (WUE)  47.5 31.2
WUE=[ETc /(I + P)] x100

I
Pef is effective rainfall, which was calculated based on
the method described in Brouwer and Heibloem [17].
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CONCLUSIONS

Surface irrigation methods were common in
the catchment, and this kind of irrigation technique
under Mediterranean climate caused an adverse
effect and reduced irrigation efficiency against high
drainage fraction. Therefore, sprinkler and drip
irrigation methods -which are considered as the
water saving methods- must be promoted to replace
traditional surface methods.

Adaptation of sprinkler and drip irrigation
methods will help irrigation management to save
notably irrigation water in the district by rendering
both diurnal and nocturnal irrigation practices in the
region. This type of changes in the irrigation
methods over the district will decrease pressure on
water demand from the irrigation system, and help

to increase service quality of irrigation management.

Additionally, deficit irrigation methods should also
be considered as means of increasing crop water
use efficiency as well as district level irrigation
efficiency. In this regard, our suggestion is that, in
the short term, partial-root-zone drying (PRD)
irrigation technique is worth trying to adopt in the
region for saving irrigation water and increasing
both crop water use efficiency and district irrigation
efficiency. However, fully adaptation of irrigation
management and farmers to pressurized irrigation
system as well as modern irrigation techniques will
be a remedy for the water authorities to overcome
existing problems related to irrigation.
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(ORYZA SATIVA L.) FOR REPRODUCTIVE STAGE COLD
ENVIRONMENTAL CONDITIONS TOLERANCE IN AFRICA
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ABSTRACT

Low-temperature-induced crop loss is one of a
major threat in rice production; introduction of cold
tolerant trait from cultivars that are well adapted to
cooler climates is considered a vital strategy to
mitigate the crop loss. In this study, twenty geno-
types obtained from Trakya Agricutural Research
Institute, in Turkey were evaluated for their repro-
ductive stage cold tolerance in order to identify best
performers for African cold-prone rice growing
ecologies. The genotypes were first screened in
temperature regulated screen house at AfricaRice
research station in Tanzania, then field evaluated in
Madagascar at the elevation of 1650 meter above
sea level in rainfed lowland ecology. The genotypes
showed range of reactions for the cold stress from
highly susceptible to highly tolerant level. The
susceptible genotypes showed consistent delay in
flowering date up to 20 days, height reduction up to
40% and spikelet sterility up to 100% and conse-
quently yield loss up to 100%. Nevertheless, in the
field trial six genotypes; namely: Meric, Surek-95,
Serhat-92, Duragan, Negis and Halilbey were iden-
tified to have superior performance compared to the
local cold tolerant checks, with the yield potential
of more than 5 t/ha. These candidate genotypes can
be used to expand rice production in cold prone
areas and contribute to food security in Africa.

KEYWORDS:
Food security, low-temperature, reproductive stage, rice,
tolerance

INTRODUCTION

Rice in Africa has been transformed in a short
period from a holiday meal to a daily dish in many
countries; consequently, this has created a huge
demand for rice in the continent. Recently, through
active intervention from the national and interna-
tional organizations, there has been a sharp increase
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in rice production in Africa; nevertheless, to satisfy
the ever growing demand countries are still import-
ing about 40% of the total rice consumed from
international market [1]. To achieve food security,
Africa needs to increase productivity per unit area
as well as per unit time. Unfortunately, at field
level, it has been observed that both biotic and
abiotic stresses are major challenges for rice
productivity. Consequently, rice growth and yield
are very much affected by climate conditions, in
particular temperature and moisture status. Rice has
been cultivated in a vast tract of land at high eleva-
tion ecologies in Eastern and Southern Africa, the
productivity however is highly constrained by low
temperature stress, while another millions of hec-
tare land is lying idle for the lack of better cold
tolerant varieties to be grown [2].

Among the rice growing stages, reproductive
development is the most sensitive stage to low
temperature, resulting in high spikelet sterility and
hence massive yield loss [3,4]. Furthermore, delay
in heading and flowering dates, which could also be
affected of both the pre-tillering and pre-productive
phases cold stress, also contributes to spikelet steril-
ity and low seed setting, or immature grains. Low
temperatures affect not only heading but also pani-
cle exertion by preventing normal elongation of
internodes and panicle emergence [5]. The panicles
may emerge partially and remain partly covered by
the sheath of the flag leaf. Incomplete exertion
increases the incidence of sheath rot, and causes
considerable damage even to cold-tolerant varieties
[6]. These symptoms have been typical of highland
rice growing ecology in Africa [7]. Cold tolerant
varieties introduction and development are crucial
steps to increase rice production for cold prone
ecologies [8] as well as contributing to food securi-
ty in Africa. Consequently, the objective of this
study is to characterize of rice genotypes obtained
from Turkey for cold environmental conditions
tolerance in a representative location of African
Highlands, with the aim to identify useful geno-

types.
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MATERIAL AND METHODS

Materials. Eighteen Turkish, two Italian
(Rocca, Europa) totally twenty rice genotypes were
obtained from Trakya Agricultural Research Insti-
tute, Turkey; through the collaborative network of
Temperate Rice Research Consortium (TRRC) that
is initiated and coordinated by the International
Rice Research Institute (IRRI) in order to address
the problems faced by rice growing countries in
temperate regions and tropical highlands. These
genotypes together with checks were evaluated in
this study.

Methods. Screenhouse evaluation. The cold
tolerance screening in temperature controlled
screenhouse was carried out at Sokoine University
of Agriculture, Tanzania in 2014. The University is
located at 100 masl and in a warm climate. The
screening chamber was designed in order to mimic
the actual field condition in high elevation ecolo-
gies (>1500 masl) of the tropics and serve as a
preliminary screening facility. The high elevation
ecologies have stable cool weather throughout the
rice growing season, hence it was ecessary to con-
trol both water and air temperature for the screening
protocol. Accordingly, water temperature of 12°C
was maintained following the procedure by [9],
while air temperature of 17°C was imposed through
the application of air conditioner as described by
[10]. Data loggers (TynTag Ultra 2,TGU-4500,
UK) were used to monitor and record the water and
air temperature throughout the experiment. Seed-
lings were grown on a tray with Scmx5cm spacing
and at active tillering stage all the tillers were re-
moved leaving the main tiller. Each variety was
replicated five times, with each replication having
10 plants per entry. Then one month old seedlings
from the three replications were introduced to the
cold screening chamber leaving two of the replica-
tions to continue growing outside the chamber in
the warm environment as a control. In order to
capture all relevant reproductive developmental
stages, the test genotypes were exposed to cold
treatment for the period of 60 days. The mean air
and water temperature throughout the experiment

were 17.3£0.5 and 12.7+1.0 respectively. All the
necessary agronomic data such as: 50% flowering
date, plant height, panicle number, rate of sterility
and yield, were recorded from both the treated and
the control sets for final statistical analysis.

Field evaluation. The field trial was conduct-
ed in Antsirabe, Madagascar in cropping season of
2015. The site is located at 1650 masl in rainfed
low land ecology. Three weeks old seedlings were
transplanted in lowland rice field with RCBD and
three replications. The field management was done
according to the local recommendations for lowland
rice cultivation. The average night temperature was
15°C with the range of 12-17°C while the day tem-
perature was 25°C ranging from 22-28°C. Data on
agronomic traits of: 50% flowering date, tiller
number, plant height, panicle exertion, panicle
length and maturity date was collected for both
treated and control plants. Post-harvest data on
filled and unfilled grains was collected to determine
the rate of sterility and final yield. The R-statistical
program was used to analyze the data.

RESULTS

Screen house evaluation. Different reaction
were observed among the cold treated and control
groups for the five agronomic parameters measured
in the temperature regulated screenhouse trial (Ta-
ble 1). As compared to the non-stressed genotypes,
cold stressed genotypes showed delay in flowering
date up to one month for susceptible test genotypes.
One of the prominent phenotypic reactions to cold
stress is height reduction. Height of the cold treated
genotypes was in general reduced by an average of
15 cm (Table 1). The striking differences were
observed in the rate of sterility and yield. There was
a very high sterility in the stressed genotypes that
some entries did not produce any seeds while they
have similar fertility level with local checks in the
non-treated group, except for one entry, Demir,
which seems to have high sterility even in normal
growing conditions.

TABLE 1
Performance of cold stressed and non-stressed genotypes for different agronomic traits

Cold stressed

Non-stressed

Parameters

Mean + SE* Range Mean + SE Range
Days to Flowering 86.5+ 1.6 74-120 65.8+0.45 55-78
Sterility (%) 73.5+£3.0 27-100 11+£0.9 1-34
Yield (g) 42+0.5 0-20 17.1+£0.7 6-28
Height (cm) 745+1.9 43-116 81.5+1.6 54-120
Panicle-Length (cm) 11.4+0.3 6-18 14.8 £0.31 10-21

Results are means + standard error
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We have also compared the stress imposed
penalty on yield for the cold treated genotypes as a
result of sterility caused by the low temperature and
we noticed that yield was as low as zero for suscep-
tible genotypes, nevertheless, five of the entries
from Turkey showed higher yield and lower sterili-
ty as compared to the local checks (Figure 1). Alt-
hough the genotypes seem to have higher sterility
than the check, Kunming, they also showed higher
yield potential.

We also analyzed the correlation among the
five agronomic parameters under cold treatment.
Table 2 shows that there was a negative but highly
significant correlation between yield and rate of
sterility, -0.92, but significant and positive correla-
tion between yield and height as well as panicle
length, 0.57 and 0.79 respectively. We also noticed
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highly significant and positive correlation between
plant height and panicle length, 0.78.

Field evaluation. In the field experiment in
cold prone site at Antsirabe the test genotypes have
shown variable performance from less than 1 t/ha to
5 t/ha productivity (Figure 2). We also noticed rate
of sterility ranging 15% - 75% and an inverse rela-
tionship between yield and sterility. Six of the test
entries showed higher yield and lower sterility as
compared to the local checks (Figure 2). Yavuz has
shown a high level of tolerance with low sterility
rate comparable to the checks but with significantly
low yield potential. On the other hand variety Meric
seems to show very high tolerance to cold and the
highest yield in this trial followed by the other five
tolerant varieties.

Rate of sterility and vield data from temperature regulated screenhouse
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FIGURE 1
Data for rate of sterility and yield showing the diverse reactions of the tested genotypes exposed to low
temperature stress treatment at temperature regulated screen house

TABLE 2
Correlation coefficients among five agronomic parameters measured under cold treatment

Dgys to flow- Sterility Yield Plgnt Panicle
ering (%) height length
Days to flowering 1.00
Sterility (%) 0.78 1.00
Yield -0.76 -0.92 1.00
Plant height -0.66 -0.59 0.57 1.00
Panicle length -0.79 -0.73 0.79 0.78 1.00
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Rate of sterility and yield data from field trial
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Data for rate of sterility and yield showing the diverse reactions of the tested genotypes to
low temperature stress in a field screening

Correlation analysis among the five agronomic 0 1000 2500
parameters in the field evaluation shows a negative Edirme !
but highly significant correlation between yield and Kiziltan
percent sterility, -0.93, while there was some posi- Rocca
tive correlation between yield and height as well as AmmE;?iE;r
panicle length, 0.43 and 0.29 respectively (Table 3). Europa
Tiller number also had a positive correlation with Tunca
yield, 0.25. We also noticed highly significant and Tu‘agﬁg - |
positive correlation between plant height and pani- Surek-85
cle length, 0.86. Negis

. . . Duragan

The cluster analysis using the five agronomic Serhat-92
parameters measured from the field trial seem to Gala |
clearly classified the susceptible genotypes (> 40 % 'pf('ﬁ';l
sterility) from moderately tolerant and highly toler- Osmancik-97
ant groups (<40% sterility) at the primary node. Kirkpinar
Meric seem to be outlier with highly tolerant trait Fuﬂfa160(g:—r2?a?k§
and clustered close to other tolerant varieties, while ®-2B5(Check)

Halilbey seem to have similar performance with the Halilkey
local checks and hence cluster group with the
checks. On the other hand Yavuz is established in

separate but tolerant groups (Figure 3). FIGURE 3

Cluster analysis considering all the agronomic
parameters measured in the field trial under
cold stress condition

TABLE 3
Correlation coefficients among five agronomic parameters measured under field evaluation in cold prone
environment
Days to flower-  Sterility Yield Panicle Plant Tiller
ing (%) length height number
Days to flowering 1.00
Sterility (%) 0.15 1.00
Yield -0.17 -0.93 1.00
Panicle length 0.56 -0.29 0.29 1.00
Plant height 0.40 -0.38 0.43 0.88 1.00
Tiller number 0.22 -0.31 0.25 0.32 0.26 1.00
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DISCUSSION

The screenhouse experiment data was a good
indicator for identifying tolerant varieties and had a
high correlation with the field evaluation data; 71%
for yield and 61% for sterility. In both screenhouse
and field experiments Meric, Surek-95 and Halilbey
had higher yield than the local checks, while Negis,
Duragan and Gala were comparable to the checks.

In the trials we recorded sever cold triggered
stunting more than 40% by three of the susceptible
varieties, this is similar to the observation by differ-
ent researchers that low temperature prevents nor-
mal elongation of internodes and panicle emer-
gence, [9,11,12] meanwhile low temperature seems
also to delay the physiological growth of the plants
as noticed by the average 20 days delay to flower
by the varieties, in fact five of them were late by
more than 30 days similar observation was reported
by [13].

We also noticed a positive and significant cor-
relation between height and panicle length that also
seem to influence yield of a genotype as shown by
positive correlation between height and yield. This
result was consistent with observations made by
[14] and [15].

Screening for cold tolerance at the reproduc-
tive stage can be well characterized based on one
major parameter, spikelet fertility, due to the ob-
served highly significant but negative correlation
between sterility and yield. This finding was also
well elucidated by [10], that low temperature has
negative effect on microsporogenesis, resulting
under developed pollen grains.

The slight variations in the performance
among the genotypes in the different trials (screen-
house and field) can be explained due to the ability
or inability to regulate the temperature in the grow-
ing environment. In the screenhouse test we im-
posed both cold air and water stress to ensure no
escapes, genotypes were under severe stress, while
in the field trials where there could be a better
chance of adaptation to the stress as well as some
escapes due to the daily temperature fluctuation.
The average temperature during the field trial was
15°C although sometimes it was below 12°C.

We also noticed that there were some geno-
types with superior yielding ability in control con-
dition, in the screen house experiment, this yield
potential, however, was not translated with corre-
sponding higher yield under cold stress, while the
moderate performers in normal environment have
shown a better yielding ability under cold stress.
The result shows that there is no correlation be-
tween yielding ability at normal state and when
subjected to cold stress, a similar finding as reflect-
ed by [13].

Based on the field trial the six genotypes;
namely: Meric, Surek-95, Serhat-92, Duragan,
Negis and Halilbey were identified with a potential
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for cultivation at high elevation ecologies in East
and Southern Africa and also they can serve as
donors for the trait in a breeding program. These
varieties were indicated to have yield potential of 8-
10 t/ha in Edirne, Turkey, under irrigated lowland
condition (unpublished data), however the observed
lower yield in our location (5t/ha) in Antsirabe,
Madagascar could be attributed to the variable
growing condition as well as the huge altitudinal
and latitudinal differences. We have evaluated the
genotypes in Antsirabe under the rainfed lowland
condition and at an altitude of 1650 masl and lati-
tude of 19°52'22.83"S and 47°1'44.82"E, while in
Turkey the genotypes were developed and grown in
Edirne-at about 50 masl and latitude of 41° 40'
29.8740" N and 26° 35' 0.5316" E. The effect of
altitude and latitude on the plant growth has also
been reported by [16] and [17] for rice as well as
tea crops respectively. Nevertheless, the yield we
obtained is still acceptable in high altitude ecology
in Africa where limited high yielding varieties
exist. Further study on genetic characterization of
the candidate varieties specially for the identifica-
tion of chromosomal segment and development of
genetic markers for the trait could useful to speed
up the introgression of cold tolerant trait into popu-
lar varieties through marker assisted breeding pro-
grams. In the meantime in order to facilitate the
quick delivery of these genotypes for the farmers,
the candidate genotypes can be validated in on-farm
trials through farmers’ participatory approach while
conducting consumer preference and cooking quali-
ty test for wider acceptability and hence adoption of
the preferred varieties.

Food security has a paramount importance in
Sub Saharan Africa. However, taking into account
the huge impact agricultural activities are imposing
in the ecology, farming need to be sustainable and
environmentally sound [18]. Having improved
varieties that are climate stress resilient and high
yielding per unit area could be one of the ways to
sustainable food production and reduce the envi-
ronmental foot print. Therefore such exchange of
useful germplasm can contribute towards the sus-
tainable rice production in the developing countries
while contributing towards achieving food security.

CONCLUSIONS

In screen house evaluation, as compared to the
non-stressed genotypes, cold stressed genotypes
showed delay in flowering date up to one month for
susceptible test genotypes. One of the prominent
phenotypic reactions to cold stress is height reduc-
tion. Height of the cold treated genotypes was in
general reduced by an average of 15 cm. Yield was
as low as zero for susceptible genotypes, neverthe-
less, five of the entries from Turkey; namely
Halilbey, Gala, Osmancik-97, Meric, Surek-95
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showed higher yield and lower sterility as com-
pared to the local checks.

In field screening six of the Turkish varieties
(Halilbey, Negis, Duragan, Serhat-92, Surek-95,
Meric) showed higher yield and lower sterility as
compared to the local checks at low temperature
environmental conditions in field screening.

In both screenhouse and field experiments
Meric, Surek-95 and Halilbey had higher yield than
the local checks.

Based on the field trial the six genotypes;
namely: Meric, Surek-95, Serhat-92, Duragan,
Negis and Halilbey were identified with a potential
for cultivation at high elevation, cold environmental
conditions in East and Southern Africa and also
they can serve as donors for the trait in a breeding
program.
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EFFECTS OF BEAUVERIA BASSIANA ISOLATES ON
SITOPHILUS ORYZAE L. UNDER IN VITRO CONDITIONS

Yusuf Yanar®, Durdane Yanar, Dogan Sahin Budak

Gaziosmanpasa University, Agricultural Faculty, Plant Protection Department, Tokat, Turkey

ABSTRACT

Stored grain insect pests can reduce weight,
quality, seed viability and commercial value of
stored grains. Management of these pests mainly rely
on synthetic insecticides and fumigants. Negative ef-
fects of these pesticides have urged the researchers
to develop alternative and environmentally friendly
management strategies such as microbial control.
Microbial control strategy uses living organisms
called microbial control agents and entomopatho-
genic fungi are one of these agents. The objective of
the current study was to assess the efficacy of ento-
mopathogenic Beauveria bassiana isolates (F-52, F-
53 and F-56) against rice weevil (Sitophilus oryzae)
and the damage they cause to stored wheat grains.
Morphological analysis of the isolated fungi and
molecular identification was determined using PCR
technique. The efficacy of fungal isolates against S.
oryzae was tested by wheat grain dipping method.
Wheat grains were dipped into different conidial
concertation (1x103, 1x10°, 1x107, 1x108, 1x10° co-
nidia/ml) for 1 hour. The seeds were then dried and
transferred to glass vial containing ten adult insects.
The vials were incubated at 25+1 °C temperature and
75% relative humidity for 11 days. Thereafter, the
treated adult insects were checked for mortality after
1st, 31, 51 7t and 9™ days of incubation. Dead in-
sects were transferred to moist sterile 90 mm glass
Petri dishes to determine the mycosis rate. The cu-
mulative mortality in adults 9 days after exposure to
isolates of B. bassiana ranged between 22% and
94%, 31% and 100%, and 14% and 86% for different
concentrations of F-52, F-53, and F-56, respectively.
The highest mortality rate (100%) was obtained after
9 days incubation period with F-53 isolate at 1x10%
conidia/ml concentration. The highest mycosis rate
(95%) was obtained at the end of the 14" day with F-
52 isolate in 1x10° conidia/ml, which was followed
by F-53 (93%) and F-56 (82%) isolates. The results
indicated that these isolates caused high mortality
and exhibited higher mycosis rate. Further storage
trial should be conducted, particularly with these iso-
lates to see their in vivo performances.

KEYWORDS:
Entomopathogen, fungi, biological control, storage
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INTRODUCTION

Rice weevil (Sitophilus oryzae L.) is one of the
most destructive pests of stored grains. The weevil
can cause significant losses to stored grains, espe-
cially cereals under favorable conditions (25-35 0C
and low relative humidity). Integrated management
of S. oryzae is considered as the most effective ap-
proach for its control. The adult weevils feeding on
the endosperm cause reduction in the carbohydrate
content, while feeding of larvae on grains resulted in
the removal of the large percentage of the protein and
vitamins. The control of arthropod pests on stored
products has been primarily relied on the use of fu-
migants and residual chemical insecticides [1]. The
excessive and miss-use of synthetic chemical insec-
ticides have resulted in insecticide resistance, nega-
tive effects on non-target insects, environmental pol-
lutions, toxicity to humans and wildlife as well as in-
crease in production cost [2]. Keeping in view the
negative impacts of insecticides, alternative products
or reduced use of fumigants is needed for the control
of stored-grain pests [3, 4, 5]. The negative effects of
insecticides have forced the development of more
environmentally friendly alternative management
strategies, such as microbial control relying on living
organisms named as microbial control agents. One
of these microbial control agents are entomopatho-
genic fungi. Several studies have shown the effec-
tiveness of entomopathogenic fungi against stored
products’ pests [6, 7]. The ability of entomopatho-
genic fungi to manage stored-grains’ pests, particu-
larly, coleopterans has been confirmed in many stud-
ies in recent years [8, 9]. Beauveria bassiana (Bal-
samo) Vuillemin (Ascomycota: Hypocreales) has
gained considerable importance in the integrated
management of stored products’ insects [10]. The
objective of present study was to assess the efficacy
of different isolates of entomopathogenic B. bassi-
ana in controling rice weevil and the damage they
cause to stored wheat grains.

MATERIALS AND METHODS

Source and Rearing of the Insect. The initial
stock of Sitophilus oryzae L. adults was taken from
the culture kept in Entomology laboratory, Depart-
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ment of Plant Protection, Gaziosmanpasa Univer-
sity, Tokat, Turkey. Insects were mass produced in
an incubater at 27 °C and 75% relative humidity with
12 h photoperiod. Insects were maintained in glass
jars (1 1 capacity) with 500 g of healthy wheat grains.
The jars were covered with a muslin cloth and after
2 weeks the original adults were removed by sieving.
Once new adult weevils started to emerge, each jar
was observed daily to collect the progeny which
were kept in separate jars, according to their age

group.

Fungal Isolates. Three Turkish isolates of
Beauveria bassiana were obtained from the collec-
tion maintained at the Phytopathology Laboratory,
Gaziosmanpasa University, Tokat, Turkey. All fun-
gal isolates were cultured on Potato Dextrose Agar
(PDA) in 9 cm diameter plastic sterile Petri dishes
and incubated at 25+1 °C and 75+5% relative humid-
ity for 4 weeks for complete sporulation. After this
period, conidia were harvested by flooding the Petri
dishes with sterile distilled water containing 0.02%
(v/v) Tween 80. Conidial suspensions were filtered
through four layers of cheese clothes to remove the
debris. The suspensions were vortexed for 2 min to
break up the conidial clumps. The number of conidia
were estimated with a hemocytometer. Five different
spore concentrations of each isolates (1x10°, 1x10°,
1x107, 1x108, 1x10° conidia/ml) were prepared and
used in bioassays.

Identification of Fungal Isolates. The ento-
mopathogenic fungal isolates were morphologically
identified based on colony morphology, conidia, and
conidiogenous cell shapes obtained from mono-
sporic cultures [11] and confirmed by molecular
characterization, using amplified ITS sequences.
The genomic DNA of fungal isolates were extracted
using a DNA extraction mini-kit (Gene-jet, Thermo
Scientific, Lithuania). The fungal ITS region was
amplified using the primers ITS1 and ITS4 [12]. The
standard PCR cycling protocol used here included
the following steps: an rDNA-ITS amplification pro-
cedure consisting of pre-degeneration at 94°C for 3
min, degeneration at 94°C for 30 s, annealing at
55°C for 30 s, and extension at 72°C for 1 min; this
protocol was repeated for 35 cycles with a 72°Cex-
tension for 10 min. The following mixture was then
subjected to PCR in a reaction system (50uL): 22 uL
ddH20, 25uL 2xPower Tag PCR MasterMix 1 puL
ITS1 primer 1, 1 pL ITS4 primer 1, and 1ul DNA
template. Finally, the resulting PCR products were
subjected to electrophoresis on a 1% agarose gel us-
ing Gold view I dye (3—10uL were loaded and run at
100 volts and 220 MA). The PCR products were se-
quenced by MedSanTek on an ABI-PRISM3730 au-
tomated sequencer (Molecular Diagnostics, Istan-
bul, TURKEY). The obtained rDNA-ITS sequences
were analyzed and compared with similar sequences
through the BLAST on GenBank of NCBI and

3423

MEGA 5.0 software (IGE Biotechnology,Guang-
zhou).

Bioassays. Grain dipping method was used for
the assays. Randomly selected fifty healthy wheat
grains were dipped in spore solution of each isolates
for 1 h, dried and transferred to the glass vial con-
taining ten adult insects. Each vial was sealed using
muslin cloth and a perforated lid and incubated at
75% relative humidity, 25+1 °C for 11 days. Mor-
talities were recorded on the 1st 3rd, 5th, 7th, and 9th
days after inoculation. The dead adults collected in
the indicated periods were immediately submerged
in 95% ethanol for 1 min, washed in sterile distilled
water for 5 min, allowed to dry and then transferred
to the moist chamber for mycosis. Experiment was
repeated twice with 5 replications. Sterile distilled
water containing 0.02% (v/v) Tween 80 was used for
control treatment.

Data Analysis. The data were analyzed using
one-way ANOVA and Tukey’s post-hoc test was
used to determine the differences among concentra-
tions using SPSS statistical software [13]. The data
obtained from dose-mortality experiment were sub-
jected to Probit analysis [14] to estimate LCso values
and 95% confidence limits.

RESULTS AND DISCUSSION

Insect pathology have witnessed rapid develop-
ment in the field of insect pest management, and the
knowledge on microbial diseases of insects is pro-
gressing rapidly [3,15]. Moreover, studies during the
past decade have proved that microbial control, or
the use of microbial pest control agents, is an integral
part of applied insect control. Microbial control is of
special value when other methods have been found
inadequate, for example, when insecticidal residues
are toxic to human beings, insect parasites, and pred-
ators. Although some insect pathogens may replace
certain insecticides, parasites and predators, most of
the successful applications of pathogens in the future
will probably be made in conjunction with these and
other control agents [16, 17]. This study demon-
strated a different degree of susceptibility of Sitoph-
ilus oryzae to various entomopathogenic isolates of
Beauveria bassiana. Although all isolates tested
caused mortality in S. oryzae, fungal isolates showed
variability in virulence against the insects. All fungal
isolates used in the present study were able to infect
and cause mortality in the adults of S. oryzae at all
concentrations ranging from 1x103 to 1x10° co-
nidia/ml but no mortality was observed after 1-day
post inoculation for all isolates and concentrations
used. However, the degree of infection varied greatly
with the concentration used. Mortality caused by the
isolates was confirmed by external sporulating of
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mycelial insects cadavers and 84-96% of all dead in-
sects showed mycosis of the respective isolates. The
level of mortality increased with increasing spore
concentration of B. bassiana isolates at all observa-
tions (Table 1, 2, and 3). Starting from fifth day of
post-inoculation mortality rates of 1x10% and 1x10°
conidia/ml concetrations of F52 was significantly
higher than the other concentrations and the control.
Also mortality rates of 1x10° was significantly
higher than that of 1x10® conidia/ml concentration
(F= 104.26, p<0.0001) (Table 1). Similar results
were obtained with isolate F53 but mortality rates at
1x10® and 1x10° conidia/ml concentration were not
significantly different (F=216.38, p<0.0001) after
nine day post-inoculation. Differences between mor-
tality rates of F56 at 1x107, 108, and 10° conida/ml
concentrations were statistically significant at the
end of seven and nine day incubation period
(F=117.88 and F= 130.29, p<0.0001) (Table 3).
Other researchers have reported that treating stored
grain pests with entomopathogenic B. bassiana and
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Metarhizium anisopliae isolates can suppress the
population of them. Obtained results are in a good
agreement with their results [9,18, 19]. Shams et al.
(2011) [20] pointed out that increase in concentra-
tions of B. bassiana isolates resulted in increase in
mortality of S. granaries. Kavallieratos et al. (2014)
[21] also reported that mortality of S. oryzea in-
creased with increase in spore concentration of B.
bassiana isolates. The cumulative mortality in adults
exposed to isolates of B. bassiana ranged between 22
and 94%, 31 and 100%, and 14 and 86% for different
concentrations of F-52, F-53, and F-56, respectively
at 9 days of post incubation (Table 1, 2, and 3).

The highest mortality rate of 100% was ob-
tained at the end of 9 days incubation period with
1x10® spore concentration of F-53 isolate (Table 2).
Mortality rate caused by the isolates increased after
5 days of post-incubation. The increased mortality
percentage after 5 days might be due to the latent ef-
fect of the B. bassiana fungal conidia which takes
time to penetrate through the cuticle of the insect.

TABLE 1

Percent mortality of Sitophilus oryzae exposed to different concentrations of Beauveria bassiana isolate F-52

FEB

Treatments Mean mortality %
1%t day 3" day 5% day 7" day 9% day
Control 0.0+0.00 a* 0.0+£0.00 a 0.0+0.00 a 6.0£2.45a 6.0£2.45 a
1x10° 0.0£0.00 a 0.0£0.00 a 4.0+£2.45a 16.04£2.45 ab 22,0+£3.74 b
1x10° 0.04£0.00 a 4.0+2.33 a 5.742.33 a 26.0£2.45 be 34,04+2.45 be
1x107 0.04£0.00 a 5.7£2.40 a 6.0£2.45 a 35.3+2.25 cd 44,0+2.45 cd
1x108 0.0£0.00 a 5.842.45 a 16.0£2.45b 46.0£2.45d 56,0+2.45d
1x109 0.0+0.00 a 6.0+2.45a 54.5+2.82 ¢ 88.0+£3.74 e 94,0+4.5 ¢
“Means followed by the same letter in each column are not significantly different (P < 0.05)
TABLE 2
Percent mortality of Sitophilus oryzae exposed to different concentrations of Beauveria bassiana isolate F-53
Treatments Mean mortality %
1%t day 3" day 5% day 7% day 9% day
Control 0.0+£0.00 a* 0.0£0.00 a 0.0+£0.00 a 6.0£2.45 a 6.0£2.45 a
1x10° 0.0£0.00 a 0.0£0.00 a 8.4+2.13 b 19.1£2.37 b 31.3+3.90 b
1x10° 0.0£0.00 a 3.842.34 ab 11.8£2.05b 23.6+£2.62 b 33,6+4.32b
1x107 0.0£0.00 a 4.242.59 ab 14.242.37 be 68.9+2.88 ¢ 78,2+2.24 ¢
1x108 0.0+0.00 a 8.0£2.00 b 22.0+£2.00 ¢ 94.0+4.00 d 100,0+0.0 d
1x10° 0.0+0.00 a 10.0+£0.00 b 42.0£2.00 d 98.0+£2.00 d 100,0+0.0 d
“Means followed by the same letter in each column are not significantly different (P < 0.05)
TABLE 3
Percent mortality of Sitophilus oryzae exposed to different concentrations of Beauveria bassiana isolate F-56
Treatments Mean mortality %
1%t day 3" day 5% day 7t day 9% day
Control 0.0+0.00 a* 0.0+£0.00 a 0.0+£0.00 a 6.0£2.45 a 6.0£2.45 a
1x10° 0.0+0.00 a 2.0+£2.00 a 11.64+2.1 ab 13.6+2.60 ab 13,6£2.60 ab
1x103 0.0£0.00 a 2.0+£2.00 a 10.0+0.00 b 22.0+£2.00 b 22,0£2.00 b
1x107 0.04£0.00 a 4.0+£2.45 ab 40.0+£0.00 ¢ 52.0+£3.74 ¢ 52,0£3.74 ¢
1x108 0.0£0.00 a 6.0+£2.45 ab 47.0£3.70 ¢ 66.0+£2.45 d 72,0+£3.74 d
1x10° 2.0£2.00 a 10.0+£0.00 b 62.0+£2.00 d 80.0£3.16 ¢ 86,0£2.45 ¢

“Means followed by the same letter in each column are not significantly different (P < 0.05)
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TABLE 4
The LCso and LCoyo values (with 95% confidence limit) and probit analysis parameters for adults of S.
oryzae inoculated with conidial suspension of Beauveria bassiana isolates

Isolate No  Slope (+SE)*  LCso (95% confidence intervals)  LCoo (95% confidence intervals) P
F-52 0.282+0.02 6.6x10° (5.4x10° — 1.4x107) 6.3x107(4.8x107-9.1x107) 134.8
F-53 0.490+0.02 1.8x103 (6.9x10* - 2.9x10%) 1.3x103(1.1x10%-1.6x107) 55.0
F-56 0.338+0.02 4x10°(4.5x10° — 1.7x107) 8.6x108(5.8x107-1.7x10%) 114.0

2Slope of the concentration (+ standard error) response of S. oryzae to Beauveria bassiana isolates.
bPearson chi-square goodness-of-fit test on the probit model (a = 0.05).

TABLE 5
GenBank accession number of local entomopathogenic fungal isolates F-53,F-52 and F-56.

Accesion number Isolate Organism
SeqIDl1 MK411541 F-53 Beauveria bassiana
SeqlD2 MK411542 F-52 Beauveria bassiana
SeqlD3 MK411543 F-56 Beauveria bassiana

The current results are in line with Samodra and Ib-
rahim (2006) [22], who cleared that the application
of B. bassiana had a great impact on the adult of S.
oryzae that achieved a significantly high cumulative-
mortality percentage of 90%.The highest mycosis
rate (95%) was obtained at the end of the 14" day
with 1x10° conidia/ml concentration of F-52 isolate,
which was followed by F-53 (93%) and F-56 (82%)
isolates. The results indicated that these isolates also
exhibited higher mycosis rate.

Probit analysis showed that the concentration
for the isolate F-53 to cause 50% mortality (LCso) in
S. oryzae was 1.8x10° spore/ml, followed by isolate
F-56 with 4x10° spore/ml (Table 4). The LCy values
for isolates F-53, F-52 and F-56 were 1.3x10°, 6.3.
%107 and 8.6x108 spores/ml, respectively. Therefore,
the isolates F-53 was more virulent than the other
two isolates (Table 4). S. oryzae LC50 and LC90 val-
ues confirmed that S. oryzae was more susceptible to
the isolate F-53 than the other isolates tested. The
mortality concentration curve of the F-53 presented
the steepest slope (0.49), while the slopes of the
other isolates (0.282 and 0.338) were not as steep as
F-53 (Table 4).

Blast analysis revealed that the fungal isolates
are Beauveria bassiana. The DNA sequences ob-
tained from this study were deposited in NCBI Gen-
Bank database. For B. bassiana isolates (F-52, F-53
and F-56), accession numbers are MK411542,
MK411541 and MK411543 (Table 5).

CONCLUSIONS

In conclusion, the activities of the three tested
B. bassiana isolates on adult mortality of S. oryzae
were reported in this paper are valuable. These
activities suggest that the isolates, particularly F-53
(MK411541), have the potential to be an effective
and alternative biocontrol agent for managing S.
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oryzae after confirmation of its efficacy in storage
conditions.
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ANTIOXIDATIVE AND ANTIMICROBIAL ACTIVITIES
OF PHELLINUS IGNIARIUS AND PHELLINUS RIMOSUS

Celal Bal”

Gaziantep University, Oguzeli Vocational School, Gaziantep, Turkey

ABSTRACT

This study aims to determine the antimicrobial
activities, total antioxidant status (TAS), total oxi-
dant status (TOS) and oxidative stress index (OSI) of
the medicinal mushroom Phellinus igniarius (L.)
Quél. and P. rimosus (Berk.). Within this scope,
mushroom samples were subjected to extraction in a
Soxhlet extractor. Antimicrobial activity were tested
using the agar dilution method against Staphylococ-
cus aureus ATCC 29213, S. aureus MRSA ATCC
43300, Enterococcus faecalis ATCC 29212, Esche-
richia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Acinetobacter baumannii ATCC
19606, Candida albicans ATCC 10231, C. krusei
ATCC 34135 ATCC 13803, and C. glabrata. TAS,
TOS and OSI values were determined using Rel As-
say kits. As a result of the study, it was found that
extracts of P. igniarius and P. rimosus had antimi-
crobial effect at 50-400 (pg/mL) concentrations.
Moreover, it was found that P. igniarius had a higher
TAS value. P. rimosus also had higher TOS and OSI
values. Consequently, it is thought that P. igniarius
and P. rimosus have antioxidant and antimicrobial
potential, and these mushrooms can be used as natu-
ral sources in pharmacological research.

KEYWORDS:
Antimicrobial, Antioxidant, Phellinus igniarius, Phellinus
rimosus, Oxidative stress

INTRODUCTION

The earth hosts many plant, mushroom, animal
and microorganism species that can be found in var-
ious faunas and floras that contain secondary metab-
olites and cannot be used in pharmaceutical research
[1-5]. Mushrooms exhibit a cosmopolitan distribu-
tion and have nearly 140.000 species [6,7]. It is pos-
sible to classify mushrooms as edible, non-edible
and poisonous mushrooms. The mushroom species
that will be used in this study, i.e. P. igniarius and P.
rimosus, are included in the non-edible group due to
their hard structure. However, non-edible mush-
rooms include some mushrooms that are important
from a medical aspect. Previous studies have shown
that mushrooms are rich in secondary metabolites
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and exhibit a good lipid peroxidation inhibition ac-
tivity and radical scavenging activity [8, 9]. Moreo-
ver, mushrooms spread and grow in different habi-
tats and environmental conditions since they are gen-
erally saprophytic. Therefore, they are a potent and
natural antimicrobial source due to the secondary
metabolites that they produce.

Members of the Hymenochaetaceae family go
through development and reproduction as wood de-
stroyers. A member of the Hymenochaetaceae fam-
ily, i.e. Phellinus species causes wood decay, root
decay in living trees and leads to cancerous diseases.
Phellinus species are parasitic and/or saprophytic,
which causes a white rot in which both the lignin and
cellulose are degraded. Phellinus species have crusty
fructification organs, they are rarely pale, dark
brown to black on the crust, glabrous and hairless,
radially cracked in older basidiocarps with variable
pores [10].

TAS, TOS and OSI values, as well as antimi-
crobial activities against test fungus and bacterium
strains of Phellinus igniarius (L.) Quél. and P. ri-
mosus (Berk.) mushrooms were determined in this
study.

EXPERIMENTAL

Laboratory Studies. Samples of P. igniarius
and P. rimosus used in this study were collected from
Gaziantep. Collected mushroom samples were dried
at 40 °C in the desiccator. 30 g of the pulverized ma-
terial was weighed and placed in a cartridge followed
by ethanol (EtOH) extraction in a Soxhlet apparatus
(BUCHI Extraction System Model B-811). The ex-
tracts were concentrated under pressure using a ro-
tary evaporator and kept at 4 °C until testing (BUCHI
Rotavapor Model R-144).

Determination of TAS, TOS and OSI. TAS
and TOS values of mushroom samples were deter-
mined using Rel Assay brand commercial kits (Rel
Assay Diagnostics Kits, Turkey). Trolox was used as
a calibrator in determining the TAS value and the re-
sults were expressed in mmol Trolox equiv./L. Hy-
drogen peroxide was used as a calibrator in deter-
mining the TOS value and the results were expressed
in pmol H,O; equiv./L [11,12]. The following for-
mula was used in calculating the OSI value, which
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indicates how much oxidant compounds are toler-
ated by antioxidant compounds in percentage:
TOS/(TASx10) [12].

Antimicrobial Activity Tests. Antimicrobial
activity tests of the ethanol extracts of mushrooms
were conducted using the agar dilution method rec-
ommended by the Clinical and Laboratory Standards
Institute (CLSI) and European Committee on Anti-
microbial Susceptibility Testing (EUCAST). The
minimum inhibitory concentration (MIC) of each
mushroom extract was determined against standard
bacterium and fungus strains. Staphylococcus aureus
ATCC 29213, S. aureus MRSA ATCC 43300, En-
terococcus faecalis ATCC 29212, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC
27853, Acinetobacter baumannii ATCC 19606,
Candida albicans ATCC 10231, Candida krusei
ATCC 34135 ATCC 13803, and Candida glabrata
ATCC 90030 were used as testing microorganisms.
Bacterium strains were precultured in a Mueller Hin-
ton Broth and fungus strains were precultured in a
RPMI 1640 Broth. The turbidity of the bacteria and
mushrooms was prepared in accordance with the 0.5
McFarland standard, in order to obtain a standard in-
oculum. All extracts were tested at 800, 400, 200,
100, 50, 25 and 12.5 pg/mL concentrations and all
dilutions were performed using distilled water. Sol-
vents used for the extracts were also tested for anti-
microbial activity separately. Fluconazole and Am-
photericin B were used as reference drugs for fungi,
and Amikacin, Ampicillin and Ciprofloxacin were
used as reference drugs for bacteria. The lowest di-
lution that prevents bacteria and fungi growth was
determined as the minimum inhibitory concentration
(MIC) [13-18].

RESULTS AND DISCUSSIONS

TAS, TOS and OSI Values. Oxidative stress
occurs as a result of the imbalance between endoge-
nous antioxidants and free radicals. Antioxidant sup-
plements can be taken in order to reduce the effects
of oxidative stress when endogenous antioxidants
fail to suffice. In this study, TAS (mmol/L), TOS
(umol/L) and OSI values of the mushroom P. ig-
niarius and P. rimosus were determined using Rel
Assay kits and the results are shown in Table 1.

As a result of this study, it was found that the
TAS of P. igniarius was higher than that of P. ri-
mosus. Moreover, it was observed that the TOS and
OSI values of P. rimosus were higher, compared to
the mushroom P. igniarius. There are no previous
studies concerning the TAS, TOS and OSI values of
P. igniarius and P. rimosus. In studies conducted on
different mushroom species, it was reported that the
TAS, TOS and OSI values of Cyclocybe cylindracea
were 4.325 mmol/L, 21.109 umol/L and 0.488, re-
spectively [19]. In another study, it was reported that
the TAS, TOS and OSI values of Lentinus tigrinus
were 1.748 mmol/L, 19.294 umol/L and 1.106, re-
spectively [20]. Moreover, the TAS, TOS and OSI
values of the mushroom Clavariadelphus truncatus
were reported as 2.415 mmol/L, 3.367 pumol/L and
0.140, respectively [21]. In comparison to these stud-
ies, P. igniarius was found to have a higher TAS
value compared to P. rimosus, C. cylindracea, L. ti-
grinus and C. truncatus in this current study. It was
also observed that the TAS value of P. rimosus was
lower than that of P. igniarius and C. cylindracea
and higher than that of L. tigrinus and C. truncatus.
This difference between the TAS values stems from
different antioxidant production capacities of the
mushrooms.

Moreover, previous studies reported that P. ig-
niarius and P. rimosus have antioxidant potential
[22-25]. In this current study, the antioxidant activi-
ties of mushrooms P. igniarius and P. rimosus were
studied for the first time using Rel Assay kits and it
was determined that they have antioxidant potential.

Concerning the TOS values, it was observed
that the mushroom P. igniarius had lower values
compared to the mushroom P. rimosus and C. cylin-
dracea and higher values compared to the mushroom
L. tigrinus and C. truncatus. Moreover, the mush-
room P. rimosus had higher TOS values compared
to the mushroom P. igniarius, C. cylindracea, L. ti-
grinus and C. truncatus. It is thought that this differ-
ence between the TOS values stems from the fact
that mushrooms were collected from different re-
gions and from the different oxidant compound pro-
duction capacities of the mushrooms.

Regarding the OSI value, which indicates how
much TAS values suppress TOS values in percent-
age, it was observed that the mushroom P. igniarius
had higher values compared to the mushroom C.
truncatus and lower values compared to the mush-
room P. rimosus, L. tigrinus and C. cylindracea. Fur-
thermore, it was seen that P. rimosus had lower val-
ues compared to L. tigrinus and higher values

TABLE 1
TAS, TOS and OSI Values
TAS TOS OSI
P. igniarius 5.364+0.097 20.854+0.130 0.389+0.008
P. rimosus 3.772+0.073 24.323+0.074 0.645+0.014

Values are presented as mean+S.D.; n=6 (Experiments were made as 5 parallel)
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TABLE 2
Antimicrobial Activity of Mushroom Extracts

1 2 3 4 5 6 7 8 9
P. igniarius 100 100 200 400 200 100 50 50 50
P. rimosus 100 400 200 400 100 100 50 50 50
Ampicillin 1.56 3.12 .56 312 312 - - - -
Amikacin - - - 1.56 3.12 3.12 - - -
Ciprofloksasin 1.56 3.12 1.56 1.56 3.12 3.12 - - -
Flukanazol - - - - - - 3.12 312 -
Amfoterisin B - - - - - - 3.12 312 3.12

The MIC values are presented in units of pg/mL

1: S. aureus, 2: S. aureus MRSA, 3: E. faecalis, 4: E. coli, 5: P. aeruginosa, 6: A. baumannii, 7: C. albicans, §: C. glabrata,

9: C. krusei

compared to P. igniarius, C. truncatus and C. cylin-
dracea. Consequently, although the mushrooms
used in this study had high TAS values, they also had
high OSI values due to the high amount of oxidant
compounds they produce as a result of the environ-
mental and inherent effects.

Antimicrobial Activity. Drugs with antimicro-
bial properties have caused a striking change not
only in the treatment of contagious diseases but also
in the fate of the humankind. Significant progress
has been made in antimicrobial treatment. However,
organisms resistant to antimicrobial drugs started to
emerge and infections have become and still is an
important and challenging problem in clinical prac-
tice. In addition, the selection of agents for antimi-
crobial treatment can be significantly limited when
multiple organisms resistant to antimicrobial drugs
emerge in a widespread manner. Currently, the num-
ber of new antimicrobial agents introduced to the
pharmaceutical market is low. Considering this situ-
ation, there is a very limited selection of antimicro-
bial agents with the increasing awareness of drug
safety [26,27]. In this current study conducted within
this scope, the researchers used ethanol extracts of
the mushroom P. igniarius and P. rimosus and inves-
tigated their antimicrobial effects on 9 microorgan-
isms. The findings are shown in Table 2.

It was found that P. igniarius and P. rimosus
extracts used in this study had an effect on the mi-
croorganisms at 50-400 pg/mL concentrations.
Moreover, it was determined that both mushroom
extracts were more effective against the tested fun-
gus strains. It was reported in previous antimicrobial
activity studies that P. igniarius had antimicrobial
effects on Bacillus subtilis, B. pumilus, Staphylococ-
cus aureus, Sarcina lutea, Pseudomonas aeru-
ginosa, Escherichia coli and Penicilium spp. [28,
29]. Moreover, previous studies have also reported
that P. rimosus showed antimicrobial effects on E.
coli, P. aeruginosa, S. aureus, Salmonella typhi-
murium and B. subtilis [30]. According to this cur-
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rent study, ethanol extracts of the mushroom P. ig-
niarius were effective against the test microorgan-
isms used in this study at different concentrations.
Consequently, it was found that the mushroom P. ig-
niarius and P. rimosus could be potential antimicro-
bial agents against the tested microorganisms.

CONCLUSIONS

In this study, the researchers aimed to deter-
mine the antioxidant and antimicrobial activities of
the medicinal mushroom P. igniarius and P. ri-
mosus. It was determined that the mushrooms have a
high antioxidant activity. It was also found that they
can be natural antimicrobial agents against the tested
microorganisms. In conclusion, it was found that the
mushrooms P. igniarius and P. rimosus could be
used as antioxidant and antimicrobial agents in phar-
macological designs.
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ABSTRACT

Biochar (BC) and its manganese oxidation
complex (MnBC) were synthesized by a simple
method and used as a new, low-cost adsorbent to
remove As (IIT) and Hg (II). The surface character-
istics of the adsorbents before and after adsorption
of As (III) and Hg (II) were characterized by Scan-
ning Electron Microscopy/Energy Dispersive Spec-
troscopy (SEM/EDS), X-ray Diffraction (XRD) and
Fourier Transform Infrared Spectroscopy (FTIR).
The adsorption equilibrium isotherms were investi-
gated in batch experiments to determine the adsorp-
tion capacity of the biochars for As(IIl) and Hg(II)
in a single component system. The adsorption data
were fitted to the Langmuir model. The maximum
adsorption capacity of (¢m) of MnBC was higher
than BC for As(IIl). The gm of BC and MnBC for
Hg(II) was 95.24 mg g and 67.11 mg g, respec-
tively. Loading MnOyx on the biochar surface de-
creased the adsorption capacity of BC for Hg(Il).
The gm of BC and MnBC for As(IIl) was 62.11 mg
g! and 102.04 mg g, respectively. MnBC had
higher adsorption capacity for As(IIl) than BC,
suggesting that oxygen-contaning functional
groups, zeta potentials and amount of functional
groups and surface area were important in deter-
mining As(IIT) and Hg(II) adsorption by these bio-
chars. The surface modification of biochar and
adsorption of metal ions were confirmed by EDS
data. The results show that BC and MnBC are low-
cost adsorbents that can be used to remove arsenic
and mercury from waste water.

KEYWORDS:
Adsorption, mercury, arsenic, biochar, manganese oxide

INTRODUCTION

Heavy metal pollution of groundwater has
been recognized as a global environmental threat,

mainly due to increased wastewater emissions from
mining and electroplating industries.[1]. These
wastewater contain large amounts of cadmium,
mercury, copper, arsenic, and lead. Among them,
arsenic (As) and mercury (Hg) are examples of
heavy metals, which are classified as priority pollu-
tants because of its significant impact on human life
and the environment, even at low concentra-
tions.[2].

Arsenic and mercury can be present in the wa-
ter and soil environment [3]. The toxicity of these
heavy metals to aquatic organisms and consequent-
ly to mankind has been established for many years.
Researchers have adopted a variety of methods,
including physical, chemical, and biotechnology, to
treat heavy metals in aqueous solutions. Conven-
tional methods applied to remove heavy metals
from wastewater include ion-exchange[4], mem-
brane filtration[5], electrolysis[6], coagulation[7],
flotation[8], adsorption[1,2,9-11]. Among these
methods, adsorption technology is frequently ap-
plied due to its high efficiency, low cost, easy oper-
ation, and insensitivity to toxic substances. [12-13].
In recent years, a particular emphasis has been
given to low cost adsorbents from highly available
natural sources[5].

Biochar (BC) is a pyrolytic carbon-rich mate-
rial derived from the thermal decomposition of
biomass in a closed system with little or no oxygen
[14]. Recent studies [15-18] have confirmed that
biochar has many advantages in removing pollu-
tants due to surface functional groups and higher
adsorption potential.

Xinjiang is China's major high-quality cotton
production base, cotton industry has a pivotal posi-
tion in Xinjiang, where cotton planting area has
reached 1.978 million hm? in 2014, and the output
reached 4.5 million t. However, recycling of agri-
cultural waste are becoming an issue of importance
due to lack of bio-residue management practices,
which resulting in arbitrary discard or even direct
incineration of these agricultural resources[19].
Thus, if biochar can be applied to the removal of
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As(IIT) and Hg(IT) from wastewater, these agricul-
tural wastes will provide additional benefits.

However, there are few studies on the adsorp-
tion properties of cotton stalk biochar and its modi-
fied products. The purpose of this paper is to study
the adsorption capacity of cotton stalk biochar and
its MnOy modified form on As (III) and Hg (II), to
explore the adsorption mechanism of heavy metals,
and to evaluate its application potential.

MATERIALS AND METHODS

Chemicals. Distilled deionized water (DDW)
with a resistivity of 18MQ cm (Millipore, Milford,
MA) was used for all procedures in this study.
Stock solution (1000 mg L") of metal ions was
prepared by analytical grade compounds in DDW.
All other chemicals used were of analytical grade
and all solutions were prepared using DDW. Con-
trol experiments were carried out to correct for any
adsorption metal ions on the container walls.

Preparation of biochars. Biochars (BC) pro-
duced from cotton stalks were obtained from Xin-
jinag Academy of Agricultural Sciences and were
treated by the following procedure. Briefly, the
obtained BC samples were ground and sieved to 60
meshes and 5g of the BC sample was soaked with
40 mL of KMnO; solution. The weight ratio of
KMnO4 to BC was selected as 1:10 (10%) [20].
Suspension was mixed ultrasonically for 2h and
was then oven dried at 80°C for 24h. The mixture
of BC and KMnOj4 was heated at 600°C for 0.5 h to
produce MnOy-loaded biochar (MnBC). The ob-
tained samples were rinsed thoroughly with deion-
ized water to remove impurities and dried at 80°C
for 24h. Untreated BC was also included as adsor-
bent for comparison.

The effects of initial pH on As(III) and
Hg(I) adsorption. The adsorption of As(IIl) and
Hg(IT) was studied at different pHs separately. The
pH was adjusted within the pH 2.0+0.1-10.0+0.1,
using either 0.1 M NaOH or 0.1 M HCIL. The ad-
sorption procedure is similar to the procedure used
for the batch equilibrium adsorption which is de-
scribed in the batch equilibrium adsorption section,
except that in this study only one concentration of
As(IIT) or Hg(II) was used, 10 mg/L.The concentra-
tion of the remaining As(IIT) and Hg(II) in the solu-
tion was measured after 24 h of equilibration.

Batch equilibrium adsorption. Batch exper-
iments were conducted in duplicate using polypro-
pylene centrifuge tubes (50mL) mixing 50 mg of
biochar sample with 30 ml of either As(III) and
Hg(II) solution, at concentration range of 10-100
mg L', with a pH of 3.0£0.1 and 6.0+0.1 for
As(II) and Hg(Il), respectively. The background
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electrolyte was 0.01 M NaNO; and pH of all test
solutions was adjusted using 0.01 M NaOH or HCI.
Reactors were then shake at 40 rpm for 24 h at a
temperature of 30°C. Afterward, the mixture was
centrifuged at 6000g for 10 min and the metal ion
concentrations in the supernatant were determined
via hydride generation atomic florescence spectros-
copy (HG-AFS) (AFS-810, Jitian, Beijing, China).
Prior to analysis, the sample was first acidified with
2% HNO;. All experiments were conducted in
duplicate. The amount of metal ions adsorbed was
determined by difference between initial and final
metal concentrations in the solution.

The adsorption capacity of As(IlI) and Hg(II)
were calculated from:

(Co—CoV
Q="

where g. (mg g!) is the metal ion adsorption
capacity at equilibrium, V" (L) is the volume of the
aqueous solution, W (g) is the mass of dry adsor-
bent added in the solution (g), and Cy and C. (mg
L") are the initial and equilibrium metal ion con-
centrations, respectively.

Characterization and analytical techniques.
Raw material analysis. According to the research-
es, the proximate analysis of cotton stalk indicated
that this raw material contained 44.47 % of fixed
carbon, 5.60 % of hydrogen, 0.53 % of nitrogen,
and 49.47 % of oxygen, which shows that the car-
bon content of cotton stalk is higher than the other
biomass resources [21].Cotton stalk had the follow-
ing chemical composition: cellulose 43.1%, hemi-
celluloses 26.9%, lignin 27.3%, ash 1.3%, and
ethanol-benzene extractives 5.6%[22].

XRD analysis. X-ray powder diffraction
(XRD) patterns of BC and MnBC were obtained on
an X’Pert PRO X-ray diffractometer (PANalytical,
Holland) at 40 kV/40 mA using CuKa radiation
(k=0.154 nm). XRD patterns were recorded by step
scanning from 10°C to 80°Cwith the sample spin-
ning at 2 1/s[23].

Zeta potential analysis. The zeta potential of
the BC and MnBC were determined in triplicate by
placing a 0.02 g sample in a 250-mL conical flask
and then adding 100 mL of 0.1 M NaCl solution.
The suspension pH was adjusted within the range of
2.0+£0.1-10.0+0.1, using 0.1 M NaOH or 0.1 M
HCI. The suspensions were ultrasonically dispersed
in a bath-type sonicator for 2 h at 30°C[24]. The
suspensions were kept standing at room tempera-
ture for 24 h, after which electrophoresis mobility
was measured using Malvern Zetasizer Nano ana-
lyzer. ( Malvern, UK).

Scanning electron microscopy analysis.The
surface morphology of the BC and MnBC before
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and after adsorption of As(II) and Hg(Il), was
analyzed by scanning electron microscopy (SEM)
(Zeiss Super 55VP, Germany)-energy dispersive
spectroscopy (EDS) (Bruker XFlash 5010, Germa-

ny).

FTIR analysis. Fourier transform infrared
(FTIR) spectroscopy analysis was carried out to
determine the surface functional groups of the BC
and MnBC before and after the adsorption of
As(IIT) and Hg(II), using a FTIR spectrometer (Ver-
tex 70, Bruker, Germany).

RESULTS AND DISCUSSION

X-ray diffraction analysis. In order to prove
whether MnOy was successfully loaded on MnBC,
we tested the original biochar and MnOx modified
biochar using XRD technology.The XRD patterns
of BC and MnBC samples are presented in Figure
1. The wide diffraction peak at a small angle could
be attributed to the amorphous phase of the biochar
that was apparent in all samples [25]. The XRD
patterns of all biochars are quite similar and are
characterized by the more or less elevated back-
ground between 2 theta of 16 and 26, due to the
presence of organic matter [26]. However, some
slight differences were noted in the samples. Com-
pared with Power Diffraction and Standards (PDF),
sharp peaks in the biochars indicate the presence of
inorganic components such as SiO;, CaCO; and
CaSiz. According to the study, the content of SiO;
in cotton stalk chars reaches up to 18.21% [27],
which explains high Si content in biochar samples.

Compared with BC, MnBC exhibited major
characteristic peaks of 2 Theta at 12.5, 25.2, 37.4,
46.7 and 66.3 which were attributed to the existence
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of MnOy crystal and amorphous MnOy [28-30].
Thus, it can be concluded that MnOx was success-
fully loaded on MnBC.

Zeta potential of the BC and MnBC. The
zeta potentials of BC and MnBC at different pHs
are shown in Figure 2.In the pH range of 3.0+0.1-
10.0+0.1, the zeta potentials of both biochars were
negative, while at pH of 2.0+0.1 the zeta potential
of unmodified biochar shows positive. The zeta
potential of the BC and MnBC at pH 2.0+0.1 was
534 mV and 6.4 mV, respectively, and became
negative with increasing pH. The zeta potential of
the BC after pH 2.0+0.1 became drastically more
negative with increasing pH, reaching -28.1 mV at
a pH of 5.0+0.1. However, the negative value of the
zeta potential of MnBC reached -18.4mV at pH of
4.0+0.1, and thereafter, the zeta potentials was not
significantly affected by the increasing pH.

The Zeta potential of MnBC was higher than
that of BC at all pH values. The negative values of
the zeta potential of the two biochars at all pH indi-
cate that the surfaces of the two biochars are nega-
tively charged, and the number of negative charges
increases with increasing pH. [24].

The effect of initial pH on As(III) and
Hg(II) adsorption. Solution pH plays an important
role in controlling heavy metal adsorption mecha-
nism [25,31].The adsorption of heavy metals de-
pends on the surface properties of the adsorbent and
the distribution of metal ions in the solution, which
mainly depends on the pH value of the system [32].
Figure 3 shows the effect of variation of initial
solution pH (3.0— 10.0) on the adsorption of As(III)
and Hg(Il), which revealed that the removal effi-
ciency of Hg(II) of BC and MnBC were higher than
that of As(III).

— BC
—— MnBC
E)
&
2
g
=
T T T T T T T T T T T
10 20 30 40 50 60 70 80
2 Theta deoree
FIGURE 1

XRD intensity patterns for BC and MnBC
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FIGURE 2
Zeta potential of the BC and MnBC at different pHs are displayed as the mean of triplicates
with error bars of 1 standard deviation
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FIGURE 3

The amounts of As(III) and Hg(II) adsorbed by the BC and MnBC at different pHs are displayed as the
mean of duplicates with error bars of 1 standard deviation

Adsorption of Hg (II). As can be seen from
Figure 3, the amount of Hg(Il) adsorbed increased
with increasing initial pH and maximum adsorption
occurred around pH 6.0+0.1. This is close to the
value reported by Kadirvelu et al [33] and Na-
masivayam et al [34], who used activated carbon as
a sorbent. The amount of Hg(Il) adsorbed by BC
increased with increasing pH (from 3.0+0.1 to
6.0£0.1) and then remained constant up to a pH
value of 10+0.1, while by MnBC it deceased after
pH from 6.0+0.1 to 10.0+0.1.

Adsorption of As (III). Figure 3 indicates that
with modified BC, the amount of As(IIl) adsorbed
decreases with an increase in pH from 3.0+0.1 to
7.0+0.1, and then increased up to pH of 10.0£0.1.
Maximum adsorption capacity of As(III) was ob-
served in the pH range of 3.0+0.1-4.0+0.1 for both
raw and MnOx-loaded biochars followed by a de-
crease with increase in the pH from 4.0+0.1 to
7.0+£0.1. However, our result is in contrast with
result of Gupta et al[35] who reported removal of
As(IIT) increases with an increase in pH from 4.5 to
7.5 and remains almost constant on further increase
in pH up to 10.5. But our data also have similar
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results with that of Mohan and Pittman [36], who
reported maximum As(III) adsorption onto the
biochar derived from oak bark, oak wood, pine
bark, and pine wood in the pH range 2.0 to 4.0. It
can be seen from the data that the modification of
biochar with MnOy improves the adsorption capaci-
ty of biochar to As(III).

Adsorption equilibrium analysis. The effects
of initial concentrations on the absorption of As(III)
and Hg(IT) by BC and MnBC were studied at initial
metal concentrations of 10-100 mg L. The results
are reported as the functions of the equilibrium
adsorption capacities of the As(Ill) and Hg(I) (ge)
versus the equilibrium concentration of the As(III)
and Hg(II) in the testing solutions (Ce).

In order to evaluate the adsorption capacity
and predict the adsorption mechanism, the Lang-
muir isotherm model was used to analyze the ad-
sorption equilibrium data.

The following equations represent the Lang-
muir isotherms:

C. Ce 1
_—
qe qm qu

Where g. and C, are the adsorption capacity
(mg g') and equilibrium metal ion concentrations
(mg L) respectively. gm and b represent the maxi-
mum monolayer adsorption capacity of adsorbents
(mg g') and the Langmuir adsorption constant
related to the energy of adsorption (mg L), respec-
tively. A linearized plot of C./g. against Ce gives a
gmand b.

The results of data fitting to the Langmuir iso-
therms are given in Table 1. They suggest that
Langmuir isotherms show a good fit to the experi-
mental data, as indicated by the high R? values.

The maximum adsorption capacity (gm) of BC
and MnBC for Hg(I) was 95.24 mg g and 67.11
mg g, respectively. Loading MnOx on the biochar
decreased the gm of BC for Hg(Il) to 67.11 mg g
The gm of BC and MnBC for As(IIl) was 62.11 mg
gl and 102.04 mg g, respectively. Modifying the
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biochar surface with MnOy increased its adsorption
capacity for As(Ill). However, the Langmuir affini-
ty values (b) of BC and MnBC for Hg(Il) higher
than As(III). The adsorption capacity of the both
biochar for Hg(Il) and As(IlI) higher than the val-
ues reported in the litireature for other bichars [27,
37].

The results show that cotton stalk biochar has
good adsorption performance and can be used as an
effective adsorbent to remove mercury and arsenic
from aqueous solution. In addition, after loading
MnOy, the adsorption capacity of biochar for As
(IIT) was increased.

SEM-EDS. In order to further study the sur-
face properties of biochar and verify the adsorption
of As(IIl) and Hg(Il), SEM-EDS analysis was per-
formed on the samples.The SEM images for surface
morphology of BC and MnBC before and after
adsorption of As(IIl) and Hg(I) were shown in
Figure 4 and Figure 5, respectively. The structures
of BC and MnBC are shown in Figure 4b and 5b.

As can be seen from Figures 4 and 5, due to
the different surface area and pore volume of bio-
char, the surface of biochar exhibits irregular poros-
ity, including different sizes and shapes. SEM im-
ages show that the surface of BC is composed of a
porous structure, which is smoother than MnBC
(Figure 4b and Figure 5b). The EDS is used to
determine the chemical composition of the sample
[31].As shown in Figures 5a-5c, EDS of MnBC
showed strong signals for Mn and O atoms, which
confirms the existence of manganese oxides on
KMnOj treated BC.

The EDS analysis spectrum before adsorption
of the Hg(Il) and As(IIl) (Figure 4a and Figure Sa)
showed the absence of the Hg and As while the
success of adsorption could be observed by EDS
spectrum after adsorption of Hg(Il) (Figure 4b and
Figure 5b) and As(III) (Figure 4c and Figure Sc). It
can be attributed to the Hg(Il) and As(IIl) adsorp-
tion onto the BC and MnBC surfaces.

TABLE 1
Parameters of the isotherms for Hg(Il) and As(III) adsorption onto adsorbents

Biochar Langmuir’s model

gm (mg g b R?
BC Hg(1I) 95.24 0.0692 0.9902
MnBC Hg(I) 67.11 0.0748 0.9957
BC As(IIT) 62.11 0.0087 0.9844
MnBC As(I1T) 102.04 0.0089 0.9899
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FIGURE 4
The SEM images for the BC: (a) EDS spectrum of the BC before adsorption; (b) Surface of BC before
adsorption; (c) EDS spectrum of the BC after adsorption of Hg(II); (d) Surface of BC after adsorption of
Hg(1I); (e) EDS spectrum of the BC after adsorption of As(III); (f) Surface of BC after adsorption of

FTIR spectra analysis of BC and MnBC be-
fore and after adsorption of As(IIT). The FTIR
spectra of the BC and MnBC before and after ad-
sorption of As(IIT) are shown in Figure 6 (A-B),
respectively.

The broad and weak band observed at 3435
and 3431 cm™! could be assigned to the stretching
vibration of hydroxyl functional groups in BC and
MnBC, respectively [38]. New peaks appeared after
adsorption of arsenic at 1635 cm™' in MnBC, which
can be attributed to amide C=O stretching, as ob-
served mainly in proteins [39]. The peaks at
1581cm™ in BC before and after adsorption of
metal was attributed to C=C ring or COO-group

As(I1D);
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stretching [40].The peak around 1440cm™ in both
biochars was attributed to aromatic C=C stretching.
Bands appearing around 1400 to 1425cm™ in
MnBC correspond to the C=O stretching vibration
[38]. Bands around 1140-1000cm™! were attributed
to C-O-C stretching vibrations and Si—O-Si in-
plane vibration [41].Peaks at 875 and 775cm’
representing aromatic C—H groups. It was reported
that the characteristic absorption bands of adsorbed
arsenate was 650-1050cm™!' for As-OH or As-O
stretching vibration [42]. Buciuman et al. [43] as-
signed the 510 and 580 cm™! peaks to be the charac-
teristic features of MnO,, while the peak around
650 cm™! is attributed to f-MnO: by.
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FIGURE 5
The SEM images for the MnBC: : (a) EDS spectrum of the MnBC before adsorption; (b) Surface of
MnBC before adsorption; (¢) EDS spectrum of the MnBC after adsorption of Hg(Il); (d) Surface of
MnBC after adsorption of Hg(Il); (e) EDS spectrum of the MnBC after adsorption of As(IIl); (f) Surface
of MnBC after adsorption of As(III);

FTIR spectra analysis of BC and MnBC be-
fore and after adsorption of Hg(II). The FTIR
spectra of the BC and MnBC before and after ad-
sorption of Hg(I) are shown in Figure 7. The broad
and weak band observed at 3278 c¢cm™' and 3430
cm! could be assigned to the stretching vibration
of hydroxyl functional groups [38]. The metal load-
ed adsorbents showed a shift in the absorption fre-
quencies of OH group indicating the probability of
binding of mercury to the -OH groups present in
BC and MnBC by complex formation [44]. The
strong bands at 1581 cm™!' in BC before and after
the adsorption of Hg(II) were attributed to the C=0
stretching vibration of aromatic rings, which be-
came weaker in MnBC. The peaks at 1430 cm™! in
both BC and MnBC was attributed to aromatic C=C
stretching [45]. Bands around 1110-1040 cm™' were
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attributed to C-O-C stretching vibrations in cellu-
lose and hemicelluloses [41].Peaks between 885
and 750cm™' representing aromatic C—H groups
was consistent with condensation of biochar struc-
ture [46]. The sharp adsorption bands at 520 ¢cm™
and 609 cm™! can be attributed to Mn-O stretching
vibration and bending, which indicates that the BC
was successfully treated with MnOy [47]. Noticea-
bly, modification with KMnOs increased the con-
tents of O-containing groups of BC, reflected by the
enhanced band intensities such as 1110-1040 cm .

Reig et al [48] assigned the 712 cm™! peak to
be calcium carbonate (CaCO3), an inorganic com-
pound found in biochars from different types of
feed stocks [49]. The 1030cm™ peak is correlated
with the SiO stretching and an indication of SiO,
[50].
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Analysis of possible mechanism. Absorption
of metal ions from aqueous solutions is generally
controlled by surface chemistry and the surface area
of the absorbent[51]. Studies [20,39,52] suggested
that manganese oxides and impurities from the
decomposition of KMnOy at high temperature could
heavily block the micro pores and reduce the sur-
face area and pore volume of biochar. On the other
hand, the strong oxidization of KMnOs on MnBC
may lead to the destruction of some nanopores and
deformation from  nanopores  to meso-
pores/macropores.[20], similar result was obtained
with carbon nanotubes activated by KOH etching
[53].The findings of our study indicate that the Hg
sorption capacity of BC was higher than those of
MnBC while As sorption capacity of MnBC was
much higher than BC (Table 1), this shows that
biochar has different adsorption modes for mercury
and arsenic. The adsorption of mercury by BC or
MnBC is controlled by its surface area, while the
adsorption of arsenic has little relationship with
biochar's surface area.

In addition, from zeta potential analysis, it can
be seen that at pH values of 3 to 10, both BC and
MnBC surfaces are negatively charged (Figure 2),
which is conducive to the adsorption of Hg cations
through electrostatic interactions [54]. However,
the zeta potential of MnBC (Figure 2) is higher
than that of BC at each pH, indicating that the nega-
tive charge on the surface of MnBC is less than that
of BC, which may be the reason why MnBC has a
lower adsorption capacity for Hg (II) than BC (Ta-
ble 1). Meanwhile, compared with BC, MnBC's
surface charge is more favorable for the adsorption
of As(Ill), which also explains why MnBC has a
stronger adsorption capacity for As(IIT) than Hg(II)(
Table 1).

Sorption mechanism of Hg(I) on biochars.
It was proposed that Hg(Il) can be bound to the
surface of adsorbents by complexing with function-
al groups, electrostatic interaction [55] or ion ex-
change [56]. Precipitation and reduction reactions
were other two important mechanisms for Hg(II)
sorption[54].

The predominant removal mechanisms appear
to be chemical binding of Hg to functional groups
(e.g., thiol, hydroxyl, carboxylic, chloride) on the
surface of and within the biochars [57]. Based on
the XRD,SEM and FTIR analyses, and published
studies [57-58], the following Hg removal mecha-
nisms are proposed:

2 CHHg*—>—Cl—Hg—Cl— (1)
2CI +Hg?*=HgCl, )
— OH+Hg*=—OHg+H* 3)
— COOH+Hg?*=—COOHg+H* (4)

Based on the FTIR and SEM analyses, MnBC
contains surface active sites (e.g., —OH) which can
adsorb mercury. Furthermore, the Mn—O or Mn—
OH in MnO; or MnOOH likely plays a significant
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role in the complexation between MnO, or MnOOH
and Hg(ID[59]. The type of mercury species may
also be an important role in mercury removal effi-
ciency.

Sorption mechanism of As(III) on biochars.
Véronique et al [60] reported that manganese-based
materials are very effective for the removal and
oxidation of arsenic. Yu et al [39] found the O
content increased from 5.16 to 10.90% after im-
pregnation BC with manganese oxides, which may
reflect an increased number of oxygen containing
functional groups in MnOy coated biochar, indicat-
ing its potential for oxidation performance. Adsorp-
tion isotherm and FTIR analyses indicated that the
adsorption of As(IIl) occurred on the surface of the
adsorbent, where Mn-O/As bonds and other oxy-
genated function groups were formed during the
adsorption process on BC and MnBC surface.
Based on our XRD, SEM-EDS and FTIR analyses,
As(IIT) removal was achieved through partial oxida-
tion of As(III) to As(V) by Mn oxides. Then, As(V)
and As(III) are adsorbed on the surface via interac-
tions with functional groups, diffuse into the interi-
or, and finally, achieve equilibrium in the absorbent
[61], and the strong oxidative property of KMnO4
on MnBC [20] could be attributed to higher adsorp-
tion capacity of MnBC for As(III). The possible
adsorption mechanism of As(IIl) onto the MnBC is
an oxidation coupled with adsorption behavior of
biochars, which can be briefly represented by fol-
lowing equations:

As(III)+(—=Smn-0)—As(III)~Smn-0 (5)

As(IID-Spn-0+MnO; + 2H"—As(V)+ Mn**+H,O
(6)

As(V)+As(III)~Smn-0—As(V)—-Swmn-ot+As(III)(7)

Where (—Smn-0) represents an adsorption site
on the MnOx adsorbent surface. As(III)-Swym-o rep-
resents the As(III) surface species and As(V)—Swmn-0
represents the As(V) surface species [62]. This
oxidation and sorption mechanism could explain
the As(III) adsorption by MnBC in our study.

CONCLUSION

This study investigated the adsorption capacity
of cotton stalk biochar and its modified products on
As (IIT) and Hg (II). Changes in solution initial pH
dramatically affected the adsorption processes.The
adsorption isotherm experiment showed that cotton
stalk biochar and its manganese oxide composite
had good adsorption properties and could be used
as effective adsorbents to remove mercury and
arsenic. The Langmuir model is consistent with the
adsorption process of As (III) and Hg (II). The
adsorption parameters reveal that loading MnOy can
increase the adsorption capacity of biochar to As
(IIT). The XRD test verified that MnOy was success-
fully loaded on MnBC. The adsorption mechanism
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of biochar to As(II) and Hg(II) was discussed
based on the results of SEM-EDS and FTIR analy-
sis. The results show that cotton stalk biochar is a
promising adsorbent for removing As (III) and Hg
(IT) from wastewater. Loading MnOx on the surface
of biochar effectively improves its ability to adsorb
arsenic.
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DETERMINATION OF INORGANIC
PHOSPHATE-SOLUBILIZING BACTERIA IN SEDIMENT
SAMPLES COLLECTED FROM LAKE VAN, TURKEY

Erdal Ogun®

Van Yuzuncu Yil University, Faculty of Science, Department of Molecular Biology and Genetics, Van, Turkey

ABSTRACT

In this study, it was aimed to determine the
bacteria species of inorganic phosphate-solubilizing
bacteria (IPSB) isolated from sediment samples
collected from Lake Van, Turkey. The National
Botanical Research Institute’s phosphate (NBRIP)-
bromophenol blue (BPB) growth medium was used
to screen the IPSB. An alkalotolerant isolate was
determined in the soluble tricalcium phosphate in
the NBRIP-BPB medium. This isolate, called the
S1 isolate, had a wide tolerance, ranging from pH
5.0 to 10.0. As a result of the spectrophotometric
measurements, it was determined that the S1 isolate
dissolved a maximum amount of POs> (109.6
mg/L) at pH 6.0, 30 °C, and 120 h. In addition,
phenotypic and molecular identification of the S1
isolate that dissolved in the inorganic phosphate
was performed. Within the scope of molecular
identification, the 16S ribosomal RNA region was
amplified by polymerase chain reaction using ap-
propriate universal primers. It was determined that
this isolate belonged to the Bacillus pumilus spe-
cies, based on the phylogenetic analysis of the 16S
rRNA gene, using the maximum-likelihood meth-
od.

KEYWORDS:
Bacillus pumilus S1, phosphate-solubilizing bacteria,
Lake Van

INTRODUCTION

Soda lakes are saline and alkaline ecosystems
that are thought to have existed throughout the
Earth’s geological record. They are commonly
spread throughout the world, but abundant in terres-
trial biomes, such as deserts and steppes, and in
geologically interesting areas, such as the East
African Rift Valley [1].

These lakes are extremely alkaline extreme
environments that form after subjection to elevated
evaporation rates in closed drainage basins. Due to
the scarcity of Mg?" and Ca?" in their water chem-
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istry, these lakes are enhanced with CO3%>™ and CI,
with a pH ranging from 8 to >12 [2].

Lake Van is located in Turkey’s central Ana-
tolian plateau at 38°38'N, 42°49'E. It is the world’s
fourth largest lake, covering an area of 3522 km?, at
an altitude of 1648 m, with a volume of 576 km’,
and a maximum depth of 451 m. It is also the
world’s largest soda lake, with a pH of 9.7-9.8 and
salinity of 2.17%o, which is comprised of sodium
chloride (NaCl) and sodium carbonates, with minor
sulfate, potassium, and magnesium contributions in
equal shares. The level of calcium is very low (4.6
mg/L™) [3].

Lake Van fish (4/burnus tarichi Giildenstidt,
1814) is the only vertebrate species in Lake Van to
have adapted, via osmoregulation, to its alkaline
conditions. These fish are a group of anadromic fish
that migrate for reproduction to fresh water [4]. It
has been reported that the Lake Van basin has the
potential for moderate to high-nature tourism
growth [5]. Moreover, the Van Lake basin is essen-
tial for the ornithological elements in the area. The
basin is situated on many bird species migration
paths. Thus far, 177 bird species have been recog-
nized in the basin through ornithological research
[6]. Phosphorous rocks are transported by sedimen-
tation to rivers, and then to lakes and seas, as shown
in Figure 1, showing the global phosphorus cycle
[7]. Heterotrophic microbes convert the organic P
and polyphosphate (polyP) retained in the organic
residue material to orthophosphate under anaerobic
conditions. The soluble phosphorus in the sedi-
ments enters the food chain via bacteria, phyto-
plankton, and zooplankton, and then through mac-
rophytes and macro-invertebrates, and ultimately,
in fish [8].

Microorganisms undergo a biochemical trans-
formation of various essential elements that make
up their cells, such as carbon, nitrogen, phosphorus,
and sulfur [12]. In lakes, phosphate-solubilising
bacteria cause the release of phosphorus [13].
While the number of phosphate-solubilising bacte-
ria is low in winter, it is at its highest level in au-
tumn [14].
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The literature comprises research about the
screening of phosphate-solubilising bacteria in
different lakes (Table 1). In this study, it was aimed
to determine phosphate-dissolving bacteria in sedi-
ment samples collected from Lake Van, Turkey.

MATERIALS AND METHODS

Chemicals Used in The Research. All of the
chemicals and microbiological media used in used
in this study were purchased commercially from
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FIGURE 1
Phosphorus (P) cycle in eutrophic lakes [8]

Sigma-Aldrich (St. Louis, MO, USA) at local med-
ical companies.

Collection of Sediment Samples. Samples of
the sediments were collected from the shoreline
near the Van Yiiziincii Yil University in July 2019,
as outlined in Figure 2, from 38°33'07.7" N,
43°16'56.2" E. Using an Ekman-Birge sampler, the
sediment samples were drawn at a depth of 100 m
and transported in sterile sample containers (Fig-
ures 3A and 3B).

TABLE 1

Phosphate-dissolving bacteria species isolated from different lakes

Bacteria

Source

Achromobacter sp.
Acinetobacter sp.
Aeromonas sp.
Alcaligenes sp.
Bacillus sp.
Beneckea sp.
Brevibactcrium sp.
Enterobacter sp.
Flavobacterium sp.
Microbacterium sp.
Micrococcus sp.
Pseudomonas sp.
Serratia sp.
Xanthomonas sp.
Zymomonas Sp.

Bacillus sp.,
Micrococcus sp.
Pseudomonas sp.

[15]
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Acinetobacter haemolyticus
Agrobacterium sp.
Azospirillum sp.

B. megaterium
Blastobacter aggregatus
Enterobacter aerogenes

E. asburiae
Janthinobacterium lividum
Staph. epidermidis
Staphylococcus caprae
Terrabacter tumescens

Acinetobacter sp.
Burkholderia sp.
Citrobacter freundii
Cupriavidus basilensis
Enterobacter sp.
Pantoea agglomerans
Pseudomonas sp.

B. cereus

Pseudomonas sp.
Stenotrophomonas maltophilia
Stenotrophomonas sp.
Xanthomonas sp.

Aeromonas sp.
Pseudomonas sp.
P. fluorescens

P. mandelii

Bacillus sp.

B. selenatarsenatis
Halobacillus sp.

Salicola marasensis
Sediminibacillus halophilus
Thalassobacillus sp.

Acinetobacter sp.
Agrobacterium sp.
Bacillus sp.
Brevibacillus sp.
Curtobacterium sp.
Enterobacter sp.
Microbacterium sp.
Novosphingobium sp.
Pseudomonas sp.
Stenotrophomonas sp.

Agrobacterium sp.

B. pumilus
Novosphingobium sp.
Pseudomonas koreensis
Rhodobacter sp.

Bacillus marisflavi FA7

Chromohalobacter israelensis WA3

Bacillus SWSI1728
Bacillus SWSI1734

Micromonosporaceac SWSI1719

Acinetobacter sp.
Bacillus sp.
Enterobacter sp.
Klebsiella sp.
Proteus sp.
Pseudomonas sp.
Staphylococcus sp.

(18]

(21]

(24]
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FIGURE 2
Sampling area in Lake Van

FIGURE 3A
Sediment taken with the Ekman-Birge
sampler

FIGURE 3B
Sediment sample

Isolation of Alkalophilic Bacteria from the
Sediment Samples. Serial dilutions were prepared
for the isolation of alkalophilic bacteria from the
water and sediment samples. Next, as was recom-

mended by Horikoshi and Akiba [26], a 100-pL L-
shaped spreader was used to spread these dilutions
onto the surface of the media. The contents of the
media comprised 1% glucose, 0.5% polypeptone,
0.5% yeast extract, 0.1% K;HPO4, 0.02% MgSO4
7H,0, 2% agar, and pH 10.5. A Na,COj; solution
was autoclaved separately and added to the media.
The Petri plates were then left to incubate for 48 h
at 30 °C. Following incubation, reproducible colo-
nies were evaluated as probable alkaliphilic bacteri-
al colonies. The isolates were maintained in liquid
media containing 20% glycerol at —20 °C for later
use [27].

Plate Assay Used in Screening of the Phos-
phate-Solublizing Bacteria. The National Botani-
cal Research Institute’s phosphate (NBRIP)-
bromophenol blue (BPB) growth medium was used
for screening of phosphate-soluble bacteria. Each
liter of NBRIP-BPB media comprised 10 g of glu-
cose, 2.5 g of Ca3(PO4), 5 g of MgCl,.6H20, 0.25 g
of MgS04.7H20, 0.2 g of KCI, 0.1 g of ammonium
sulfate, 0.025 g of bromophenol blue, and 15 g of
agar. The pH of the medium was adjusted to 7.0
[28]. The Petri plates were incubated at 30 °C for 4
days. The formation of a clear zone around the
biomass after incubation was considered positive
for phosphatase enzyme production.

Determination of Phosphate Release Rates
of the Isolates for Different Parameters. For the
production of phosphate-dissolving bacteria, sub-
merged culture method was used. For the cultiva-
tion of these isolates, 250-mL flasks containing 100
mL of sterile NBRIP broth medium were used.
Adolescents were inoculated with 100 pL of 24-h
culture of the phosphate-dissolving isolates. The
flasks were placed into a shaker for different time
intervals (24, 48, 72, 96, and 120 h), pH levels (5.0,
6.0, 7.0, 8.0, and 9.0) and temperatures (25, 30, 35,
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40, 45, and 50 °C), and then incubated at 150 rpm
[29].

Cultures developed under different physiolog-
ical conditions were saturated at 8000 rpm for 10
min and diluted to 1/20. Dissolved phosphorus and
phosphate analysis in the cultures was performed
via the PhosVer 3 (ascorbic acid) — (0.02-2.50
mg/L POs?) method using PhosVer 3 phosphate
Powder Pillow phosphor reagent in a HACH DR
5000 spectrophotometer (Hach Company, Love-
land, CO, USA) and the results were calculated in
mg/L [30].

Phenotypic Identification of the Phosphate-
Solubilizing Isolate. The morphological, physio-
logical, and biochemical properties of the phospha-
tase-producing isolates were based on Section B in
the Firmicutes of Bergey’s Manual of Systematic
Bacteriology, including proteobacteria phylum and
gammaproteobacteria [31].

16S Rrna Gene Sequencing and Phyloge-
netic Analysis. Genomic DNA was isolated using a
bacterial genomic DNA purification kit (DP02-150;
GeneMark Technology) and the 16S rRNA gene
was sequenced and analyzed as described previous-
ly by Chen et al. [32]. Genomic DNA was isolated
using a bacterial genomic DNA purifcation kit
(DP02-150, GeneMark). Primers 27F (5'- AGAG-
TTTGATCCTGGCTCAG-3") and 1541R (5'-AAG
GAGGTGATCCAGCC-3") were used for amplifi-
cation of the bacterial 16S rRNA genes by poly-
merase chain reaction [33, 34].

The read sequences were opened in the
CodonCode Aligner v.6.02 program, and their
chromatograms were checked visually, and the
incorrectly read head and end sections were manu-
ally removed. The 16S rRNA gene sequence of the
S1 isolate was aligned with the sequnces of 15
other organisims retrieved from GenBank (See
Figure 9 for assesion numbers) using ClustalW
implemented in MegaX [35]. Ambigiously aligned
regions were masked using Gblocks v.0.91b, allow-
ing a gap position in the final blocks [36, 37]. Phy-
logenetic analyses of the concatenated sequences
were performed using the maximum-likelihood
(ML) method implemented in IQ-TREE v.1.6.6
[38]. According to the optimal substitution models
under the rapid bootstrap algorithm (1000 repli-
cates), the best fitting substitution model for the
data set was estimated in the program ModelFinder
[39]. According to the Akaike information criterion,
model TPM3u+F+I+G4 was chosen as the most
suitable model.
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RESULTS AND DISCUSSION

Ca3(POs); is practically insoluble in water, but
soluble in dilute hydrochloric and nitric acid [40].
The transformation of phosphorus (P) is a major
factor of lake eutrophication and phosphate-
releasing bacteria play an important role in the
release process [13]. Inorganic phosphate-
solubilizing bacteria (IPSB) are an important com-
ponent of microbial populations in lake sediments
[24].

Phosphorus plays a major role in plant growth,
but due to insoluble complex formation in soil, it is
mainly unavailable for plants. Phosphate-
solubilizing bacteria dissolve phosphate, and hence
are regarded as a biofertilizer. These bacteria are
present in different habitats and screening of such
habitats could introduce potent phosphate-
solubilizing bacteria as biologic fertilizers [41].

Findings from Screening of the Phosphate-
Solubilising Bacteria Via Plaque Test. In this
study, it was determined that the S1 isolate isolated
from sediment samples obtained from Van Lake
dissolved ticalcium phosphate in NBRIP-BPB me-
dium (Figure 4).

FIGURE 4
Phosphate-solubilising S1 isolate in NBRIP-
BPB medium

PO4 Release Rates of S1 Isolate. It was de-
termined that the S1 isolate, which dissolved inor-
ganic phosphate, dissolved the maximum amount
(109.6 mg/L PO473) at pH 6.0, 30 °C, and in 120 h
(Figure 5). Phosphate release rates of this isolate at
different temperatures and time intervals at pH 6.0
are given in Table 2.

It was determined that the S1 isolate dissolved
the maximum amount of phosphate (109.6 mg/L) at
pH 6.0, while it dissolved the minimum amount (6
mg/L) at pH 9.0 (Figure 6).

It was determined that the S1 isolate dissolved
the maximum amount of phosphate (109.6 mg/L) in
120 h, while it dissolved the minimum amount
(24.9 mg/L) in 24 h (Figure 7).

It was determined that the S1 isolate dissolved
the maximum amount of phosphate (109.6 mg/L) at
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pH 10.0

Reaction of supernatants of the isolates at different pH levels with the phosphorus reagent

TABLE 2

Phosphate release rate of the S1 isolate for different parameters

Parameters POs3
(mg/L)
Different pH levels
pH 5.0 32
pH 6.0 109.6
pH 7.0 34.8
pH 8.0 16.8
pH 9.0 6.0
pH 10.0 12.8
Different time intervals
24 h 24.9
48 h 39.8
72 h 54.6
96 h 79.8
120 h 109.6
Different temperatures
25°C 87.3
30 °C 109.6
35°C 95.4
40 °C 70.3
45°C 5.6
50 °C 1.8
Phosphate release rates at different pH levels
= 130
% 100 A\
T AL
g o L N
g —
[
H _-'.--""'-—-_._____._______—————‘
£ o ’ .
pH 5.0 pHE.0 pH 7.0 pH 8.0 pH 9.0 pH 10,0
pH levels
FIGURE 6

Phosphate release rate of the S1 isolate at different pH levels
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Phosphate release rate of the S1 isolate at different time intervals
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30 °C, while it dissolved the minimum amount (1.6
mg/L) at 50 °C (Figure 8).

Phosphate-dissolving bacteria in samples from
various sources have been screened by different
researchers. These bacteria were isolated from
samples of soil, lake water, and lake sediments. In
addition, researchers have also tested the phosphate
solubility of the phosphate-dissolving bacteria.

The strain B. megaterium var. phosphaticum
was reported to be soluble in 39.03 mg of P,Os/100
mL, showing maximum activity at pH 7.0 [42]. It
was reported that the population structure of phos-
phate-dissolving bacteria in Donghu Lake in Wu-
han, China, was examined. According to the mor-
phological, physiological, and biochemical charac-
teristics of bacterial strains that were reported to
have dissolved phosphate in water and sediment
samples taken from 3 stations, the following genera
were determined: Bacillus, Micrococcus, Aer-
omonas, Achromobacter, Acinetobacter, Alcali-
genes, Brevibacterium, Beneckea, FEnterobacter,
Flavobacterium, Microbacterium, Pseudomonas,
Xanthomonas, and Zymomonas. [15]. In research
conducted on the detection of phosphate-dissolving
bacteria in East Lake in Haikou, Hainan, China, it

FIGURE 8
Phosphate release rate of the S1 isolate at different temperatures

was reported that the dominant species were among
Bacillus, Micrococcus, and Pseudomonas genus
[16]. In eastern China, the characterization of bacte-
ria that released phosphorus was reported in a small
eutrophic shallow lake. It was demonstrated that
these inorganic phosphorus-dissolving bacteria
belonged to Bacillus megaterium, Terrabacter
tumescens, and Janthinobacterium lividum species
[17]. It was also reported that the most efficient
strain among phosphate-dissolving bacteria from a
shallow eutrophic lake and a wetland, isolated from
sediment samples, released 170 mg/L™! of ortho-
phosphate [13]. According to the 16S rDNA se-
quence analysis of organic phosphorus-dissolving
bacteria isolated from the sediment of Lake Taihu,
a large shallow eutrophic lake in China, the species
belonged to Bacillus cereus, Stenotrophomonas
maltophilia, Stenotrophomonas sp., Xanthomonas
sp., and Pseudomonas sp. [18]. The Rhizobium sp.
C50 strain was reported to dissolve 107.2 mg/L™! of
phosphorus after a 12-day fermentation process.
[43]. It was demonstrated that the T-K6 isolate of
phosphate-dissolving bacteria isolated from sugar-
cane waste released P>Os at a rate of 0.74 mg/L.
[44]. Phosphorus release rates by Pseudomonas
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species isolated from various agricultural ecosys-
tems in India were reported to be between 2.11-
15.19 mg/L™"' [45]. In a study conducted on the
isolation of phosphate-dissolving bacteria from
Oxbow Lakes in West Bengal, India, it was report-
ed that the isolates had dissolved between 6.3—68.8
mg. In addition, it was assumed that these phos-
phate-dissolving strains belonged to species of the
following genera: Bacillus, Brevibacillus, Entero-
bacter, Agrobacterium, Pseudomonas, Acinetobac-
ter, Microbacterium, Curtobacterium, Stenotroph-
omonas, and Novosphingobium. [21]. In studies
conducted on bacteria that released phosphorus
isolated from Lake Wabu, a shallow lake, in China,
it was reported by researchers that a strain of B.
pumilus dissolved phosphorus at a rate of 0.20
mg/L"!, which was similar to that reported in the
current study. [22]. Offering a positive contribution
to the growth of tomato plants, a Pantoea sp. Potl
shunt was observed to have dissolved phosphate at
a rate of 966 mg/L™! [46]. It was reported that the
Pseudomonas knackmussii R10 strain, isolated from
the rhizosphere of natural wetlands, dissolved
125.88 mg/L ! of phosphorus in tricalcium phos-
phate medium. [47]. The Pseudomonas prosekii
YLYP6 strain, isolated from sewage sludge, was
reported to have dissolved 716 mg/L™! of phosphate
under optimal culture conditions [48]. Staphylococ-
cus and Enterobacter strains isolated from the Re-
nuka Lake Ecosystem in the Lesser Himalayas were
reported to have dissolved phosphorus at a rate of
7.976 £ 0.01 pg/L and 6.322 + 0.01 pg/L, respec-
tively. [25]. In a study related to the screening of
inorganic phosphate-dissolving bacteria in Eu-
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trophic Sancha Lake in the Tianfu New District of
Sichuan Province, China, it was reported that the
SWSI1725 strain of the genus Bacillus dissolved
phosphate at a rate of 103.57 mg/L. [24].

Phenotypic Characteristics of Phosphate
Solubilising Positive Isolate. It was determined
that the inorganic phosphate-dissolving S1 isolate
was included in the phenotypic properties of the
genus Bacillus. This isolate was found to have
Gram-positive rod morphology with aerobic endo-
spores. It was determined that this isolate grew
within a pH range of 5.0-10.0 and was saturated by
10% sodium chloride. It was determined to be posi-
tive in terms of Voges-Proskauer, oxidase, and
catalase tests. It was found to be negative for indole
and hydrogen sulfide. It was observed that Tween
80 did not hydrolyze esculin and starch while hy-
drolyzing casein and gelatin. It was determined that
the isolate used citrate as a carbon source and was
unable to reduce nitrate. While using cellobiose, D-
fructose, D-glucose, D-mannitol, D-mannose, L-
arabinose, and sucrose as carbon sources, D-
galactose, D-maltose, D-trehalose, D-xylose, and
lactose sugar were not observed to have been oxi-
dized. Moreover, L-asparagine used amino acids L-
ornithine and L-proline as nitrogen sources, howev-
er, L-arginine, L-cysteine, L-glutamine, L-glysine,
L-lysine, L-methionine, L-tryptophan, L-tyrosine,
and phenylalanine were found to have been unable
to decarboxylate amino acids. The morphological,
physiological, and biochemical properties of the
isolates are given in Table 3.

TABLE 3

Phenotypic properties of the inorganic phosphorus dissolving S1 isolate

Characteristic

Test
results

Gram stain
Endospore
Anaerobic growth
Motility

Catalase

Oxidase

NaCl tolerance

Temperature tolerance

pH tolerance

+ o+

+ o+

+
2.5%
-10%
5°C-
50 °C
5.0-
10.0

Acid production from carbohydrates

Cellobiose
D-fructose
D-galactose
D-glucose
D-maltose
D-mannitol
D-mannose

+ o0+ o+

+ +
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D-trehalose
D-xylose
Lactose
L-arabinose
Sucrose

Amino acid decarboxylation

L-arginine
L-asparagine
L-cysteine
L-glutamine
L-glysine
L-lysine
L-methionine
L-ornithine
L-proline
L-tryptophan
L-tyrosine
Phenylalanine

Hydrolysis
Aesculin
Casein
Gelatin
Starch
Tween 80
Urea

Citrate

H,S

Indole

Voges-Proskauer

Nitrate

The B. pumilus S1 strain was similar to the
type strain of the B..pumilus species in Bergey’s
Manual Systematic Bacteriology in terms of its
phenotypic properties [31]. However, in various
studies of the identification of B. pumilus species, it
was observed that this species had variability in
phenotypic properties [49, 50, 51, 52, 53]. A 16S
rDNA sequence analysis was performed to make a
definitive diagnosis of this sheath in the genus Ba-
cillus.

16S rDNA Sequence Analysis and Phyloge-
netic Tree. As a result of the BLAST analysis, it
was determined that the S1 isolate was 100% simi-
lar to the sequins of B. pumilus strains from the
National Biotechnology Information Center. Ac-
cording to different gap selection criteria in
Gblocks, the alignment of the combined dataset
comprised 1377 (allowed gap positions = all) posi-
tions. In the phylogenetic tree modeling created
with the ML approach, this strain was found to be
in the cluster formed by B pumilus strains. In addi-
tion, B. safensis strains were found to be located
closely with the B. pumilus cluster. As seen in the
ML phylogenetic tree, it was determined that it
forms a cluster within the genus Bacillus (Figure 9).
The 16S rDNA gene region (1.377 nt) of the B.
pumilus S1 isolate, which dissolved inorganic
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phosphate, was registered in GenBank under access
number MN988851.

CONCLUSIONS

The phosphorus cycle is undoubtedly an ex-
tremely important cycle in the food chain in aquatic
ecosystems. In this study, the presence of bacteria
that dissolved inorganic phosphate in the Lake Van
phosphorus cycle was determined. These isolates
possess the potential to be used as phosphate sol-
vent microorganisms in agricultural soils with an
acidic soil profile. Plankton, which is located at the
beginning of the food chain, cannot use phosphate
directly. Organic and inorganic phosphate must be
released into aquatic habitats in the form of phos-
phorus. However, the concentration of phosphorus
must be at a certain level in bodies of water. The
World Health Organization has recommended that
the phosphorus content in bodies of water should be
between 0.01 and 0.03 mg/L in order to prevent
health risks and algae blooms, which are derived
from toxic algae [54]. From this point of view, the
most important measure is the balanced use of
phosphate-containing fertilizers in agricultural
areas.
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Bacillug pumilus 81

Baeillus pumilus (MHS0BT22)
Bacillus pumilus (MF17T7BT2)
Bacillus pumilus (MIK3T1092)
75| Bacillus pumilus (MN181275)
Bacillus pumilus (MR_D23232)
Bacillus pumilus (AYBTE289)

Baecillus salensis (AF234854)

a7

a8 75
Bacillus safansis (NR_D41794)

Bacillus subtills (X60646)
Bacillus icheniformis (X68416)
Bacillus cereus (MR_0T4530)
Bacillus megaterium (MR_117473)
Bacillus alcalophilus (XTE436)

ag Bacillus amyloliquefaciens (X60805)
78

Faenibacilus polymyxa (D16278)

FIGURE 9
ML phylogenetic tree based on the 16S rDNA gene sequences showing relationships between the S1
strain and members of the genus Bacillus. The sequence of Paenibacillus polymyxa (D16276) was used as
an outgroup. The percentage of trees in which the associated taxa clustered together is shown next to the
branches. Bar, 0.03 substitutions per nucleotide position.
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AN EVALUATION OF PESTS LYONETIIDAE,
TORTRICIDAE AND YPONOMEUTIDAE (LEPIDOPTERA)
SPECIES ON FRUIT TREES IN
IGDIR PROVINCE OF TURKEY
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ABSTRACT

This study was carried out to determine of
Prunus spp. (stone fruit), Malus spp. and Pyrus spp.
(Pome fruit) trees moth pests species in Igdir prov-
inces during the seasons of spring, summer and
autumn of 2013 and 2016. The result of this study,
five pests species are recorded. At these; Lyonetia
clerkella (Linnaeus, 1758), Cydia pomonella (Lin-
naeus, 1758), Grapholita janthinana (Duponchel,
1843), Yponomeuta padella (Linnaeus, 1758) and
Ypsolopha persicella (Fabricius, 1787). Cydia
pomonella (Linnaeus, 1758), which is economical-
ly important and the main pest species in Igdir.
Codling moth under natural climatic conditions
gives two or three generation year in Igdir province.
Codling moth adults are active in nature for about
five months from the second week of April to the
second week of September.

KEYWORDS:
Lyonetiidae, Tortricidae, Yponomeutidae, Cydia pomo-
nella, Codling moth, Igdir

INTRODUCTION

Turkey has an important place in the produc-
tion and export of different fruits in the world
[1,2,3,4,5]. It is possible for commercial cultivation
of many fruit species except for tropical and sub-
tropical species in Igdir. The climate of Igdir is
known as “Cukurova of the East”, which enables
the cultivation of many agricultural products thanks
to its microklima property and soil structure. Ac-
cording to 2017 data, 82,163 tons of fruit produc-
tion was made in Igdir province. The production of
apple, apricot and peach are more dominant than
the other fruits [6]. In other words, in the valley of
Aras, fruit growing increases towards Igdir [7].

The codling moth [Cydia pomonella (L.) (Lep.
Tortricidae)] is an important cosmopolitan pest of
apple growing areas throughout the world
[8,9,10,11]. Apart from apple, codling moth attack
pear, walnut, and quince [12].
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Damage is done by larvae, which feed on the
fruit skin and bore deeply into the fruit. Larvae can
cause up to 100% damage in untreated orchards
[13]. Codling moth management mainly relies on
chemical control. Two to three cover sprays are
commonly used to target hatching eggs and larvae
of the first-generation codling moth [14]. In Tur-
key, growers begin to spray insecticides sprayer at
150 degree-days after the biofix in pheromone
traps. Likewise, second-generation codling moth
larvae are also treated with at least two insecticide
sprays at 800 degree-days [12].

Lyonetiidae is small moths with very narrow
wings. Ocelli and maxillary palps are usually lack-
ing. The larvae are leaf miners or live in webs be-
tween the leaves [8]. The pest is particularly de-
structive and has the potential to destroy entire
leaves and cause heavy defoliation before harvest if
not controlled [15,16].

The Yponomeutidae (Ermine Moths) are small
and usually brightly patterned moths with rather
narrow wings. The moths in the genus Yponomeuta
have front wings white dotted with black; the larvae
of Y. padella (L) feed in a common web on apple
and cherry [8].

The present research aimed to determine the
present conditions of the fruit trees in Igdir region
in terms of pest. Investigate the biology of codling
moth, which using the sexually attractive phero-
mone traps of Cydia pomonella (Linnaeus, 1758),
which is economically important and the main pest
species in this area, the first adult emergence time,
population changes and active periods in nature
have been determined.

MATERIALS AND METHODS

Surveys were conducted in the years 2013
and 2016 to determine the pest species in Igdir.
Surveys were periodically carried out (weekly be-
tween March and October). The method was used
for the determination of other species except for C.
pomonella.
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Sampling method. Samples were randomly
collected as shown in Table 1 [17]. The samples
were taken from leaves and fruits of the trees from
the four cardinal directions.

TABLE 1
The number of trees controlled in the
sampled fields
Number of total Number of control trees
trees samples
1-20 All trees
21-70 10-30
71-150 31-40
151-500 41-80
501-1000 15% of all trees

More than 1000 5% of all trees

Pheromone trap method. In this study, delta
type pheromone traps were used to monitor the
population change of C. pomonella. Besides, the
study was carried out in apple orchards that selected
common areas of apple growing Igdir (Center 1,
Center 2), Melekli and Tuzluca (Egrekdere) loca-
tions of the province during vegetation periods. The
traps were hanged in four orchards where only
apple varieties were made intensively in Igdir.
Traps were more than 250 meters away from each
other. Four pheromone traps were installed at a
height of 1,5-2 meters above the ground level with-
in the tree in April 2016. Pheromone containing
capsules was changed every 4-6 weeks according to
the manufacturer’s instructions, and the roof and
adhesive tabs were changed as needed. It was
checked every day until the first adult exit time was
determined. Then the first adult exit time was de-
termined and controlled once a week. Trapped
codling moths were being removed with forceps
and recorded in each inspection. This observation
continued from late April to late September when
no more moths were trapped. Finally, the mean of
trapped adults of codling moths were calculated for
everyday and plotted against time to determine
generation numbers, flight peaks, the first adult
emergence time, population changes and active
periods in nature have been determined.

RESULT AND DISCUSSION

In this study, Lyonetia clerkella (Linnaeus,
1758), Cydia pomonella (Linnaeus, 1758), Grapho-
lita janthinana (Duponchel, 1843), Yponomeuta
padella (Linnaeus, 1758) and Ypsolopha persicella
(Fabricius, 1787) were determined pests on Prunus
spp. (stone fruit), Malus spp. and Pyrus spp. (Pome
fruit) trees in Igdir province.

Family. Lyonetiidae. Lyonetia clerkella
(Linnaeus, 1758). During the study, it was found to
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be very low density and no damage to the leaves
was observed.

Hosts. Prunus armeniaca and Prunus avium
were detected in the study area.

Material examined. Igdir. Akyumak, K
39°58.109', D 044°03.545', 866 m, 19.VII1.2014, 4
exs., (P. armeniaca), 5 exs., (P. avium), Calpala, K
40°00.738', D 043°53.389', 896 m, 05.VIIL.2015, 12
exs., (P. armeniaca), Melekli, K 39°57.140', D
044°05.576', 859 m, 05.VII.2015, 18 exs., (P.
armeniaca), K 39°57.457', D 044°07.668', 860 m,
19.VIL.2016, 2 exs., (P. armeniaca), K 39°56.819',
D 044°06.869', 857 m, 28.VIL.2016, 4 exs., (P.
armeniaca), Oba, K 39°56.963', D 043°59.812', 870
m, 26.VIL.2016, 5 exs., (P. armeniaca), K
39°57.400', D 043°59.782', 902 m, 26.VI.2016, 11
exs., (P. armeniaca), Tuzluca, Egrekdere, K
39°69.619', D 043°38.802', 1380 m, 09.VIIL.2014, 3
exs., (P. armeniaca), K 39°59.622', D 043°39.207',
1490 m, 23.VII.2014, 5 exs., (P. armeniaca), K
40°00.599', D 043°38.637', 1216 m, 03.VIL.2015, 4
exs., (P. armeniaca), 04.VI1.2015, 2 exs., (P. arme-
niaca), 13.VIL.2015, 2 exs., (P. armeniaca), K
39°59.614', D 043°038.803', 1373 m, 19.VIIL.2015,
4 exs., (P. armeniaca), Ugkaya, K 39°95.896', D
043°326.915', 1505 m, 04.VIL.2015, 2 exs., (P.
armeniaca), 5 exs., (P. avium), (Figure 1a).

Family. Yponomeutidae. Yponomeuta
padella (Linnacus, 1758). Only adults in the
branches of apricot and peach trees in the nearby
gardens found only in Melekli were found in the
last year of the study.

Hosts. Prunus armeniaca was detected in the
study area.

Material examined. Igdir. Melekli, K
39°56.417', D 044°05.769', 856 m, 05.VII1.2015, 2
exs., (P. armeniaca), K 39°57.140', D 044°05.576/,
859 m, 05.VIIL.2015, 8 exs., (P. armeniaca), K
39°57.301', D 044°07.382', 861 m, 05.VII1.2015, 1
ex., (P. armeniaca), K 39°56.475', D 044°06.272',
850 m, 19.VIL.2016, 180 exs., (P. armeniaca), 2
exs., (P. persica), K 39°57.308', D 044°07.386/,
861 m, 19.VI.2016, 6 exs., (P. armeniaca), K
39°56.798', D 044°06.931', 862 m, 19.VIL.2016, 2
exs., (P. armeniaca), K 39°56.318', D 044°05.301',
862 m, 19.VIL.2016, 1 ex., (P. armeniaca), K
39°57.308', D 044°07.386', 861 m, 19.VII.2016, 1
ex., (P. armeniaca), K 39°56.819', D 044°06.869',
857 m, 28.VIL.2016, 23 exs., (P. armeniaca),
Egrekdere, K 39°58.490', D 043°39.236', 1479 m,
19.VIIL.2015, 1 ex., (P. armeniaca), (Figure 1b).
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FIGURE 1
Distribution in Igdir of species: a) Lyonetia clerkella; b) Yponomeuta padella; ¢) Ypsolopha persicella; d)
Grapholita janthinana.

Ypsolopha persicella (Fabricius, 1787). In the
study area, it was found that only apricots were
found in low density in Tuzluca district.

Hosts. Prunus armeniaca was detected in the
study area.

Remarks. The presence of Y. persicella in
Igdir province was the first recorded in this study.

Material examined. Igdir. Calpala, K
40°00.738', D 043°53.389', 896 m, 05.VII.2015, 12
exs., (P. armeniaca), Tuzluca, Egrekdere, K
39°58.486', D 043°39.237', 1475 m, 15.1X.2014, 1
ex., (P. armeniaca), Karabulak, K 39°59.246', D
043°42.973', 1364 m, 14.1X.2014, 1 ex., (P. arme-
niaca), Kiiciikova, K 39°56.941', D 043°40.661',
1624 m, 14.1X.2014, 2 exs., Ugkaya, K 39°95.896',
D 043°3265.915', 1505 m, 08.VIIL.2013, 5 exs., (P.
armeniaca), 09.VII.2013, 5 exs., (P. armeniaca),
10.VIIL.2013, 4 exs., (P. armeniaca), 31.VIIIL.16, 2
exs., (P. armeniaca), (Figure 1c).

Family. Tortricidae. Cydia pomonella (Lin-
naeus, 1758). Biological observations were made in
apple orchards. As a result of observations, the
Cydia pomonella larvae (Figure 2a,2b) enter from
the flower pit, especially in the elbow near the
stalk, and proceed by opening the gallery towards
the core house and larvae are nourished in the core
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house (Figure 2a). Only one larva was found in
each apple. This feature is striking. Mature larvae
overwintering in the white cocoons under the bark
of apple trees and in other protected places (Figure
2¢). As a result of observations made in the apple
orchards the average infestation (100 apple fruit) of
32% were larvae, 21% were larvae damage but
larvae were leaving fruit and 47% were healthy.
Cydia pomonella (Linnaeus, 1758), which is eco-
nomically important and the main pest species in
this area.

Sexual attractive pheromone traps are used for
monitoring the development of the population. The
study followed the biological periods of codling
moth.

The study was carried out in four apple or-
chard that located in the districts of Igdir (Center 1,
Center 2), Melekli and Tuzluca (Egrekdere) loca-
tions of the province during vegetation periods in
2016.

The population development curves of C. po-
monella according to the numbers of butterflies
captured in the pheromone traps given in Figure 3.
Figure 3a represents Melekli town. The first Figure
3a is examined, the first adult output of C. pomo-
nella on April 17 and it is seen that there are three
peaks of codling moth. These peak points are; on
May 11, on June 23 and July 5, respectively. The
last adult was seen in the trap on 02 October 2016.
Figures 3b and 3c represent Igdir province.
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FIGURE 2
Cydia pomonella (Linnaeus, 1758) in apple, a-damage b- larva c- mature larva
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FIGURE 3
Population fluctuation of Cydia pomonella a- Melekli town b,c- Igdir (Center 1, Center 2) d- Tuzluca
(Egrekdere) village
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Figures 3b and 3c represent Igdir (Center 1,
Center 2). When Figure 3b and figure 3c are exam-
ined, the first adult output of C. pomonella on April
18 and it is seen that there are three peaks of cod-
ling moth. These peak points are; on May 15, on
June 26 and Augst 7, respectively When Figure 3b
is examined, the last adult was seen in the trap on
09 October 2016. However, When Figure 3c is
examined, the last adult was seen in the trap on 03
September 2016.

Figure 3d represents Tuzluca town. The last
Figure 3d is examined, the first adult output of C.
pomonella on May 8 and it is seen that there are
two peaks of codling moth. These peak points are;
on May 29, and July 24, respectively. The last adult
was seen in the trap on 25 September 2016.

As a result of research, it was determined that
Cydia pomonella (Linnaeus, 1758), which is eco-
nomically important and the main pest species in
this area. Codling moth under natural climatic con-
ditions gives two or three generation years in Igdir
province. Codling moth adults are active in nature
for about five months from the second week of
April to the second week of September. Different
researchers said that codling moth adults are active
in nature for about five months [18,19,20]

Hosts. Malus Domestica and Prunus persica
were detected in the study area

Grapholita janthinana (Duponchel, 1843).
The larvae were seen in the period when the apples
began to mature and adults were obtained from
culture. It is similar to C. pomonella in terms of
damage and even manufacturers think that this
species is C. pomonella. In this study, the differ-
ences between the two species were revealed. G.
Jjanthinana larvae are dark brown and smaller than
C. pomonella larvae. Larvae are usually fed in the
fruit by entering the fruit from the cheek.

Hosts. Malus domestica was detected in the
study area.

Remarks. The presence of Y. persicella in
Igdir province was the first recorded in this study.

Material examined. Igdir. K 39°56.278', D
044°00.454', 873 m, 05.VII1.2015, 2 exs., (M. do-
mestica), Semsettin Uzun, K 39°56.831') D
043°58.949', 866 m, 19.VII1.2015, 5 exs., (M. do-
mestica), Agaver, K 40°01.096', D 044°00.655'",
864 m, 19.VII.2014, 1 ex., (M. domestica),
Akyumak, K 39°58.109', D 044°03.545', 866 m,
19.VII1.2014, 3 exs., (M. domestica), Alikamerli, K
39°59.528', D 044°00.768', 832 m, 19.VIL.2016, 3
exs., (M. domestica), Calpala, K 39°59.767', D
043°54.538', 890 m, 31.VII1.2014, 2 exs., (M. do-
mestica), Kadikiglak, K 40°01.414', D 044°03.749',
874 m, 19.VIIL.2014, 3 exs., (M. domestica), Ka-

3462

Fresenius Environmental Bulletin

zanci, K 40°00.120', D 044°01.710', 881 m,
19.VIIL.2014, 1 ex., (M. domestica), Melekli, K
39°57.529', D 044°05.448', 847 m, 13.VII1.2014, 2
exs., (M. domestica), 18.VII1.2014, 3 exs., (M.
domestica), K 39°56.389', D 044°05.768', 847 m,
14.VIIL.2014, 2 exs., (M. domestica), Oba, K
39°56.844', D 043°59.864', 854 m, 26.VII1.2016, 1
ex., (M. domestica), Yayci, K 39°56.805', D
043°48.953', 867 m, 23.VII1.2014, 2 exs., (M. do-
mestica), 151X.2015, 1 ex., (M. domestica),
14.1X.2014, 2 exs., (M. domestica), 27.VI11.2014, 3
exs., (M. domestica), Karakoyunlu, Ziilfikar, K
39°50.239', D 044°36.718', 843 m, 23.1X.2014, 2
exs., (M. domestica), Tuzluca, Egrekdere, K
39°58.498', D 043°39.234', 1485 m, 09.VII1.2014, 1
exs., (M. domestica), K 39°58.296', D 043°39.109',
1057 m, 07.1X.2014, 1 ex., (M. domestica), Gaziler,
K 40°06.129', D 043°28.624', 1027 m, 07.1X.2014,
5 exs., (M. domestica), (Figure 1d).

CONCLUSION

In this study, pest enemy fauna of fruit or-
chards in Igdir was studied Lyonetiidae, Tortricidae
and Yponomeutidae for the first time.

As a result, Lyonetia clerkella (Linnaeus,
1758), Cydia pomonella (Linnaeus, 1758), Grapho-
lita janthinana (Duponchel, 1843), Yponomeuta
padella (Linnacus, 1758) and Ypsolopha persicella
(Fabricius, 1787) were determined pests on fruit
trees in Igdir province. Cydia pomonella (Linnaeus,
1758), which is economically important and the
main pest species on fruit trees in Igdir.

It is important to note that Grapholita jan-
thinana and Ypsolopha persicella were recorded
for the first time in Igdir during this study.

Additionally, codling moth under natural cli-
matic conditions gives two or three generation
years in Igdir province. It is thought that this situa-
tion is caused by the differences in the climatic
characteristics of the cultivated areas. Codling moth
adults are active in nature for about five months
from the second week of April to the second week
of September.

Besides, it is known that producers in the re-
gion sprayed C. pomonella between 7-14 during the
production season. In spite of such intensive treat-
ments, the damage of C. pomonella was determined
in 53% of the fruits. These data may serve as a
useful resource for integrated pest management
(IPM) programs in a fruit orchard.
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ABSTRACT

Harmful algae blooms (HABs) contribute to
economic loss as well as the threat to human and
animal health. Among various technologies
developed, allelopathic algicides are considered a
promising technology to control excessive algal
growth. In this study, the effect on Microcystis
aeruginosa with  different concentrations of
Spathiphyllum wallisii root extract (SWRE) was
tested. Results suggested that the SWRE doses from
0.5 to 4.0 g L™! suppressed the growth of algae in a
concentration-dependent manner. After 18 days of
treatment, the highest inhibition rate was up to
99.2% and the chlorophyll-a (Chl-a) concentration
in M. aeruginosa was 2.7 ug L'! only. Inhibition of
photosynthetic activity was reflected by changing
photosynthesis efficiency (alpha) and relative
electron transport rate (rETRs) of M. aeruginosa
cells. Results also showed the activity of
antioxidant enzyme Peroxidase in M. aeruginosa
cells was inhibited by allelochemicals from SWRE.
This resulted to the reaction between highly
reactive and toxic intracellular free radicals reacting
with the macromolecules in the algae.

KEYWORDS:
Esterase  activity, Flow cytometry,  Microcystis
aeruginosa, Phyto-PAM, Spathiphyllum wallisii

INTRODUCTION

Water bloom refers to lake, pond response to
excess organic and mineral nutrients which enhance
rapid cyanobacteria growth [1]. This contributes to
serious environmental, social, and economical im-
pacts globally [2]. The negative influences of cya-
nobacterial harmful algal blooms (CHABs) affect
various aspects, including the changes in odour,
colour, taste, depleting oxygen level and suppress-
ing aquatic animal survival in water bodies [3].
Furthermore, metabolites produced by both eukary-
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otic algae and cyanobacteria are highly toxic, ex-
emplified by the secondary metabolites namely
microcystins, which is a threat to ecosystem and
human health [4]. Therefore, the control of CHABs
in fresh water bodies is an important issue in eu-
trophic water body management.

Although physical, chemical and biological
technologies are available to control and mitigate
cyanobacterial growth, most of them are difficult to
implement [5]. Hurdles include high costs, low
effectiveness and secondary pollution problem [6].
Some biological methods lack of reproducibility
and may bear biological invasion risks. Recent
researches show that allelopathy is an effective and
environmentally friendly method to control CHABsS,
which can minimise the use of chemical herbicides
and hence reducing chance of secondary pollution
[7]. Nevertheless, plants being used were mainly
aquatic  origin, including Sagittaria trifolia,
Myriophyllum verticillatum and Hydrilla verticilla-
ta [8-10]. Information for the application of allelo-
chemicals from dry plants and terrestrial plants in
aquatic environment is limited [6]. Thus exploring
the algistatic effects and the associated mechanism
of terrestrial plants on CHAB deserve further study.

Inhibition of M. aeruginosa growth involves at
least four major mechanisms, such as destruction of
algal cell structure as well as inhibiting photosyn-
thesis, respiration and enzymatic activities of algae
[6]. Cyanobacteria have been in aquatic environ-
ments for 3.5 billion years and demonstrating the
universal feature of photosynthetic process with
high nutrient utilization efficiency [11]. Physiologi-
cal and biochemical parameters such as the algal
biomass content of chlorophyll-a (Chl-a),
malondialdehyde (MDA) and antioxidative en-
zymes such as peroxidase (POD) [12] are frequent-
ly used parameters to evaluate the M. aeruginosa
physiological response to some allelopathic plants
or algal inhibition chemicals.

The current study aimed to investigate the al-
gistatic effect of the root extract from a popular
plant Spathiphyllum wallisii (SWRE) on M. aeru-
ginosa for harmful algae blooms (HABs) control-
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ling [13]. The mechanisms of SWRE on M. aeru-
ginosa were also studied.

MATERIALS AND METHODS

The Roots Extract Preparation of S. wallisii
and Culture of M. Aeruginosa. S. wallisii was
collected from Shenzhen, Guangdong Province,
China, which fresh plant roots was cut into pieces at
about 5 mm in length after soak in tap water for 24
hours and in BG-11 medium for 2 days. It was
dried at 50 °C for 2 days in oven. Fifty grams of
grinded root was mixed with 500 mL BG-11
medium and incubated for 2 days at 26+£1°C. The
mixture was then filtered through the 0.22 pm
membrane and kept at 4°C.

The M. aeruginosa FACHB-915 strain was
obtained from the freshwater algae culture of
hydrobiology (China). Algae grew for about 10
days in 250 mL conical flasks in BG-11 medium.
The 14:10 h light/dark cycle under light of 30 pmol
photons m? s at 251 °C was applied [14]. Two
mL of each algal suspension was sub-cultured to
1000 mL BG-11 medium and the initial content of
chlorophyll-a (Chl-a) was about 2.0 pg L. The
extract of roots was added to microalgae cultures at
the final concentrations of 0.5, 1.0, 2.0, 3.0,4.0 gL~
1

PAM Fluorometry Measurements. Samples
were taken and measured on day 1, 4, 7, 10, 13 and
18 after SWRE exposure. M. aeruginosa growth
was determined by measuring Chl-a content using
pulse amplitude-modulated fluorescence
phytoplankton  analyzer (Phyto-PAM, Walz,
Germany). Calibration was done with chlorophyll
dissolved in acetone. Four mL algal samples were
measured automatically and the light frequency was
set to 32 (after chlorophyll calibration). Data
acquisition and analysis was performed using
PhytoWin v2.13. The inhibitory effect of the extract
on the growth of algae was estimated by percentage
inhibition:

Percentage inhibition (%) = (1 - (C,) x 100
Where C and Cp are Chl-a content in the extract-
treated and control cultures, respectively.

The F\/F,, parameter was obtained from Phyto-
PAM which reflect the maximal photochemical
efficiency of PS II. All samples were measured
after 5 min incubation in dark. The YII were
measured firstly, then the F\/F,, and followed by
the rapid light curves (RLCs). Detailed procedures
are described previously [15].

The RLCs shows the relative -electron
transport rate (rETR) compared to the incident
photosynthetic active radiation (PAR). Each of the
Sat-Pulse length was 30 seconds and the total of
light emitted during the Sat-Pulse was 300 seconds.
The range of PAR from 16 to 1664 umol m™s™ and
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30 second exposure of each actinic light were used.
Ten pulses were applied for each curve. Detailed
procedures are described previously [15]. A
nonlinear curve fit procedure using the Platt
equation was constructed to estimate the
photosynthesis efficiency (initial slope, alpha), and
maximal relative electron transport rate (rETRmax)
of M. aeruginosa [16].

Malondialdehyde (MDA) and Peroxidase

(POD) Content Measurements. Lipid
peroxidation ~was measured in term of
malondialdehyde (MDA) concentration. MDA

content was determined as described by [17, 18].
Peroxidase (POD) activity was measured according
to [19].

Statistical Analysis. All experiments were run
in triplicate. Data were presented as mean + one
standard deviation. One-way Analysis of Variance
(ANOVA) followed by Tukey’s multiple
comparison test were used with the SPSS analytic
package 16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

Extract of S. wallisii Root on the Growth of
M. Aeruginosa. The Chl-a concentration is closely
related to the growth and photosynthetic activity of
M. aeruginosa. The effect of SWRE on the Chl-a
concentration of M. aeruginosa was shown in
Figure 1. The Chl-a concentration remained low
from day 1 to day 10 in all treatment groups, which
was only 2.5 ug L' at a root extract dose of 4.0 g L-
!, while 69.7 ug L' for the control on day 10. The
Chl-a concentrations increased slowly at high dose
of root extract treatment (3.0 g L' and 4.0 g L)
after day 10 which were 4.1 ug L' and 2.7 pg L'on
day 18, respectively. However, it was about 538.8
ug L' in the control at the end of experiment. The

growth of M. aeruginosa was substantially
inhibited within the 18-day period (P<0.01,
ANOVA).

The growth inhibition on M. aeruginosa by
different doses of SWRE was measured. Results
showed that a range of SWRE concentrations
ranging from 2.0 to 4.0 g L! effectively inhibited
the growth of M. aeruginosa. Highest dose at 4.0 g
L' could inhibit the growth up to 99% (Figure 2).

In the experiment, effectiveness of the crude
extract of S. Wallisii oot on controlling the growth
of M. aeruginosa were tested. The significant de-
creases of Chl-a concentrations following addition
of the SWRE indicated that the extract had antialgal
activity. The result was in accordance with other
plant extracts, such as crops straw [6, 20] as well as
some terrestrial plants leaf litter [21-23] which
could decrease growth of M. aeruginosa. However,
previous crops straw studies required high extract

FEB




Volume 29 — No. 05/2020 pages 3465-3472

concentrations (about 10.0 g L) [20, 24] added
might aggravate eutrophication [25] which make
application not feasible. In this study, lower con-
centration (4.0 g L") the extract of S. wallisii root
was able to produce significant suppressing effect
compared to crops straw (8.0~10.0 g L"). Never-
theless, our data also suggested that 2-day decom-
position of S. wallisii roots was also effective in
inhibiting the growth of M. aeruginosa.

SWRE on the rETRmax and Alpha of M.
aeruginosa. The photosynthesis efficiency alpha
and rETRmax were about 0.03 to 0.15 pumol elec-
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trons m2 s '/umol photons m? s and 33 to 96
umol electrons m2 s~ respectively on day 1. Both
parameters declined sharply in the presence of
extract and increased gradually over 9-day period
(Figure 3). A 64% dropped of alpha value was ob-
served at 2.0 g L' extract after 9-day treatment
(Figure 3a). The rETRmax at the level of 2.0 g L!
was 2.6 umol electrons m 2 s!, which was only
1.7% of the control sample (150.4 umol electrons
m2 s7!) on day 9 (Figure 3b). It is worth to note
both alpha and rETRmax parameters did not return
to the level of control at high dose (>2.0 g L) of
treatment condition over 9-day experiment.
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FIGURE 1
Chl-a concentrations in M. aeruginosa culture with 1, 4,7, 10, 13, and 18 days of exposure to SWRE
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Inhibition of M. aeruginosa culture growth afterl, 4, 7, 10, 13, and 18 days of exposure to SCRE
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FIGURE 3

Photosynthesis efficiency (alpha) and maximal relative electron transport rate of M. aeruginosa
exposure to root extract over 9-day period. a) the photosynthesis efficiency (alpha); b) the maximal
relative electron transport rate (rETRmax).

Photosynthetic activities of M. aeruginosa
were evaluated by alpha and rETRmax in this
study. The two photosynthetic parameters are often
used as the indexes of the photo-acclimation of
algal vegetal state which associate with growth. Our
results showed that the SCRE could decrease both
alpha and rETRmax, suggesting damage to the PS
IT reaction center. The reduction showed that both
the energy transfer and capacity of electron
transport chain had been inhibited, which aligned
with previous study [26]. The efficiency resumed
from stress after about 3 days at low doses of
treatment (0.5 and 1.0 g L), which was not
significantly difference with the control (p>0.05).
However, alpha and rETRmax remained at low
level from higher concentration (2.0, - 4.0 g L™)
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treatments on day 9 (p<0.05). Generally, the
photosynthetic parameters decreased with the
increasing dose of some allelochemicals, implying
a dose-dependent nature in impairing algae
photosynthetic system [27]. This observation
indicated that the impairment of alpha and
rETRmax was temporary and reversible at lower
concentration treatment.

SWRE on the Maximal Efficiency and
Effective Quantum Yield of M. Aeruginosa. The
inhibition of capacity of the electron transport chain
often results to the decline of photochemical
efficiency for PSII. The effect of S. wallisii root
extract on the Chl-a concentration of M. aeruginosa
was shown in Figure 3. On day 1, the F\/F,, of M.
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aeruginosa reduced to 0 at the 4.0 g L' extract indicators of the light absorbed by PSII and can be
treatment while the control was about 0.32 in the inhibited to a low degree by some kinds of
experiment. Statistical significant growth inhibition allelochemicals, such as luteolin [11]; garlic and
of M. aeruginosa growth was seen in concentration- diallyl trisulfide [27]; aquatic extract of plant leaf
dependent manner (P<0.01, ANOVA). During the litter [28]; or crops straw [24, 29]. In the current
experiment, the values of F\/F, were kept at low study, results suggested that SWRE could inhibit
level (0.08-0.2) at high doses SWRE treatment (2.0 F\/F, and YII from 1 to 9 day treatment especially
- 4.0 g L") while the control was about 0.32 to 0.51. at high dose. During the experiment, F\/F,, and YII
On day 9, the F\/F,, value was about 0.2 at the demonstrated upward trend. However, the two
highest dose of extract (4.0 g L"), while it was 0.5 parameters were also about 0.2 when exposed to
in the control (Figure 3a). Generally, changes in YII higher dose of SWRE (3.0 and 4.0 g L") on day 9
at different extract concentrations were consistent (Figure 4). Previous report showed that the F\/F),
with F\/F,, changes. However, YII increased when value of algae above about 0.5 indicate healthy
the cultures were treated at low SWRE state while below 0.3 is in regarded as poor
concentration (0.5 g L") and in control group. condition [30], which also implied the impairment
While the value of YII were 0.18 and 0.19 at the of photosynthetic system was temporary. However,
highest extract concentration on day 7 and day 9, the Chl-a concentration parameter haven’t
which was only about 40% the value under control exhibited until about day 10. So, these findings also
treatment (Figure 3b). indicated that it was comprehensive to utilize

In the present study, the variation in F\/F,, and photosynthetic parameters than Chl-a concentration
YII exhibited a pattern similar to that of alpha and to assess the growth state of M. aeruginosa.

rETRmax parameters. F,/F, and YII are key
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FIGURE 4
The maximal efficiency and effective quantum yield of M. aeruginosa in different extract treatments over
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FIGURE 5
The MDA and POD in M. aeruginosa with different concentrations of SWRE on the day 5

SWRE on the MDA and POD Histogram in
M. aeruginosa. The effect of SWRE on the MDA
and POD of M. aeruginosa was shown in Figure 3.
The content of MDA increased markedly with dose
of SWRE on day 5. The MDA values were over 10
nmoL L' at the concentration of 2.0-4.0 g L,
which was over 14 times than the control group
(0.75 nmoL L") (Figure 5). The POD values de-
creased to 6.0% and 8.8% of the control at the
treatment groups of 3.0 and 4.0 g L™! respectively
(Figure5).

Algal membrane lipid peroxidation status
reflected the oxidative stress on algal cells. MDA is
a decomposition product and has been employed as
a biomarker to estimate oxidative damage in cells
of M. aeruginosa [31]. Previous study showed that
reactive oxygen radicals could cause severe
oxidative stress and damage to cytomembrane
polyunsaturated fatty acid of M. aeruginosa
induced by rice straw aqueous extract [6]. The
activities of POD at the low initial cell density of
Scenedesmus obliquus were stimulated, and the
contents of MDA increased in Potamogeton
malaianus treatments [32]. In the present study,
SWRE stimulated MDA and POD activities at high
doses of extract. When exposed to SWRE, the
MDA and POD content in the algal cells changed
significantly in M. aeruginosa cells exposed to high
doses of SWRE (3.0 and 4.0 g LY. The
allelochemicals lowered POD activity and was the
potential cause of the increased MDA content in M.
aeruginosa which finally cause the death of algae.

CONCLUSIONS

Through the analysis of above growth and
physiological indexes, the inhibition mechanism of
S. wallisii root aqueous extract on M. aeruginosa
growth was explored. The results demonstrated that
the Chl-a concentration decreasing was directly
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related to the activity of photosynthetic activities
and antioxidant system of algal cells.
Allelochemicals secreted from S. wallisii root
aqueous extract could restrict photosynthetic and
antioxidant enzyme system activity. They reduced
both photosynthesis efficiency and relative electron
transport rate, and resulted to the decline of
photochemical efficiency of PSII. In addition,
allelochemicals from S. wallisii root affected
antioxidant system in M. aeruginosa cells, which
further weakened the system of algae. Therefore,
the research provided an alternative technology to
suppress HABs, could also decrease the use of
chemical herbicides and reduce to harm the
environment. Further studies are needed to identify
of allelochemicals in S. wallisii roots and
allelopathic ~ mechanisms on  growth and
physiological processes of algae.
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ABSTRACT

This study aims to reveal the effects of hazard-
ous waste storage sites on environment over the anal-
yses performed on soils and plants. To this end, the
hazardous waste storage site (dump site) in Corlu
town of Tekirdag province, which has the largest
area and volume in the region, was chosen as the
study area. Corlu is among the important industrial
centers of the region (Thrace). In addition, present
dump site collects the waste of surrounding districts,
especially the industrially developed districts such as
Cerkezkoy. Therefore, it may be expected that the
dump site had excessive quantities of polluted mate-
rials and thus exerted greater threats of pollution on
environment. Moreover, the preliminary surveys
carried out indicated that existence of agricultural
fields around the dumpsite led this area to be selected
as the study area. In this sense, heavy metal, macro
and micro element analyses were performed on 66
soil samples taken from 22 different points and on
14 plant samples taken from the points where agri-
cultural activities (wheat farming) were practiced.
Present findings were not able to reveal any signifi-
cant correlations between the distance from the
dump site and soil-plant heavy metal contents. How-
ever, there were significant positive correlations be-
tween the heavy metal and clay contents of the sam-
pling sites. It can be stated that sloping nature of the
research site reduced heavy metal concentrations of
seepage water through the soil profile. It was be-
lieved that Corlu stream located at the furthest posi-
tion to dump site at the end of slope served as a drain-
age canal for the sampling sites and heavy metals
leached through soil profile by precipitations drained
into Corlu stream.

KEYWORDS:
Dumpsite, Pollution, GIS, Tekirdag, Waste, Soil

INTRODUCTION

Open landfill sites (irregular storage), also
known as dumpsites, in which municipal wastes are
haphazardly stored, generate visual and odor pollu-
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tion and have various negative impacts on environ-
ment, groundwater and soils. Although majority of
the municipalities has already turned irregular dump
sites into regular waste storage sites (sanitary land-
fills), several municipalities are still dumping munic-
ipal wastes into dumpsites. According to 2016 statis-
tics, 1390 of 1397 municipalities in Turkey provide
waste services. With these services, municipalities
collect annually 31.6 million tons of waste. While
about 63% of collected waste are sent to sanitary
landfills, about 30% is still dumped into irregular
storage sites (dumpsites) [1]. In Turkey, solid wastes
have long been haphazardly dumped and stored in
various sites and they are still being dumped so. Such
dumpsites generate significant environmental pollu-
tion, especially in soil and water resources. Seepage
water is among the most significant problems in
open storage sites. They seep into soil and ground-
water and ultimately generate serious pollution in
soil and groundwater [2]. Seepage water seeps
through wastes and thus subjected to various physi-
cal, chemical and biological processes and holds
high quantities of organic and inorganic pollutants.
Seepage water moves along the slope gravitation-
ally, seeps deep into soil profile and ultimately dis-
charge into groundwater. Such a movement of seep-
age water carries various organic and inorganic pol-
lutants into surrounding agricultural fields [3].

In Thrace region (especially in Corlu) of Tur-
key, solid and liquid wastes of industrial activities
generate significant environmental problems. Con-
sidering potential seepage of wastewaters into soils
through irrigations or into drinking waters through
deep percolations, it is quite evident that these
wastes should meticulously be stored. Regular/irreg-
ular storages are the most common methods of dis-
posal for municipal wastes. In both methods, a pol-
luted wastewater is generated through seepages from
stored wastes or seepage of precipitations through
stored wastes. This uncontrolled seepage water gen-
erates significant threats on soil and water resources
[4].

In Thrace region, Corlu has the greatest indus-
trialization and population increase. Population of
Corlu is around 250.000 people and about 300 tons
waste are transported to Corlu waste storage facility.
The facility is constructed over 60 da (decares) land
area and irregular storage is practiced in this
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FIGURE 1
Image of the Research Site

facility [5]. Wastes of Corlu and industrial wastes of
neighboring Cerkezkdy town with a developed in-
dustry are dumped into this facility. Such haphazard
dumps generate serious threats of pollution on sur-
rounding agricultural fields and groundwaters.

This study was conducted to put forth potential pol-
lutant effects of Corlu dumpsite on surrounding soils
and plants grown in these soils. Soil samples were
taken from increasing distances from the dumpsite
and from increasing depths of soil profile and
changes in heavy metal contents of the soil samples
were analyzed. In addition, these changes are shown
on maps made using Geographic Information Sys-
tems (GIS). GIS methods are widely used in agricul-
ture for different purposes [6, 7, 8]. Plant samples
were also taken from the same soil sampling loca-
tions and plant heavy metal contents were deter-
mined. Finally, soil and plant heavy metal contents
were compared.

MATERIALS AND METHODS

Materials. This study was conducted in Corlu
town located in Northwestern part of Turkey
(Thrace). The town is located right at the center of
Thrace region. Surface area of the town is about 949
km? and altitude is between 150-180 m. Corlu is lo-
cated over a fill site in which sediments transported
from Yildiz Mountains and dragged from the rivers
were deposited. The study was mainly conducted in
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agricultural fields (41°11.071' N-27°48.447' E) adja-
cent to irregular waste storage facility (dumpsite) of
Corlu (Figure 1).

Corlu has a land size of 950.000 ha. of these
lands, 702.290 da are agricultural lands, 39.300 da
are pasture-meadow lands, 8.000 da are forest lands.
Fine-textured forest soils and red-brown colored
soils are dominant in Corlu. These soils are around
30-40 cm thick and are quite fertile. It was indicated
in historical documents that forest cover of Ergene
Basin has destroyed through invasions and turned
into agricultural fields. Current tree populations are
mostly generated through recent afforestation works
[9].

Corlu has a dominant terrestrial climate with
hot and dry summers and cold and precipitated win-
ters. The town has the least precipitations in Thrace.
Annual total precipitation is 545 mm. of these pre-
cipitations, 20% is received in spring, 105 in sum-
mer, 30% in autumn and 40% in winter. Since Corlu
is located between Black Sea and Mediterranean, the
town is mostly influenced by these two climate
zones. Cold air masses coming from the north, mild
and humid air flows from the South, Mediterranean
and Aegean dominate the climate pattern of the re-
gion [10].

Methods. Sampling Locations and Sam-
plings. A grid system was applied to determine sam-
pling locations. Samplings were performed through
formation of 100x200 m grids. Soil samples were
taken from 3 different depths (0-30/30-60 /60-90
cm) in April 2017 with a shovel and
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FIGURE 2
Soil and Plant Sampling Sites

semi-bucket soil auger [11]. Plant samples were also
taken from the same locations at full-mature period
of the plants in May [12]. Since plant production was
not practiced in all soil sampling sites, plant samples
were not taken these locations. While soil samples
were taken from 22 different locations, plant samples
were taken from 14 different locations. Soil and
plant sampling sites are presented in Figure 2.

Soil samples were air-dried in laboratory,
ground, sieved and made ready for analyses. Plant
samples were separated into leaves and grains and
air-dried under laboratory conditions. Plant samples
were then dried in a drying cabin at 70 °C until a con-
stant weight, they were ground in a mill and made
ready for analyses [12].

Analysis Methods. Soil reaction (pH) was
measured in 1:2.5 soil:water suspension with a glass-
electrode pH meter [13]; EC was measured again in
1:2.5 soil:water suspension with Wheatstone Bridge
conductivity device [14]; grain size distribution (tex-

ture) was analyzed with the aid of Bouyoucos hy-
drometer method [15]; soil heavy metal analyses
were performed with the aid of wet digestion method
in nitric-perchloric acid mixture [12]. Plant total
heavy metal analyses were performed through read-
ings on microwave-digested samples in an ICP-OES
device [12]. Limit values for soil heavy metals are
provided in Table 1 [16]. Inverse Distance
Weighting (IDW) method was used to estimate the
values of intermediate locations and present spatial
distribution of soil heavy metals in geographical in-
formation systems. The method primarily depends
on greater weights of closer points and lesser weights
of further points in estimation of unknown sampling
points. Spatial distribution maps were generated
with the aid of IDW method of ArcMap version 10.1
[17].

Research results were assessed through
TARIST statistical software. Distance-dependent
variations in soil heavy metal contents were deter-
mined with the aid of t-test. Correlation analyses

TABLE 1
Limit Values for Soil Heavy Metals [16]

Heavy Metals Limit Value (6<pH <7)
(Total) (mg kg'! dry matter soil)
Lead (Pb) 70

Cadmium (Cd) 1

Chrome (Cr) 60

Copper (Cu) 50

Nickel (Ni) 50

Zinc (Zn) 150

3475

FEB




Volume 29 — No. 05/2020 pages 3473-3481

Fresenius Environmental Bulletin

were performed to determine the relationships be-
tween heavy metal and clay contents and between
EC and clay [18]. For distance-dependent analysis of
soil heavy metals, research site was divided into 6
sections based on distance from the dump site (100
m, 200 m, 300 m, 400 m, 500 m, 600 m). Average of
3 points in each section was taken and used in statis-
tical analyses (for instance, sampling sites 1, 12 and
13 for 100 m section; sampling sites 6, 7 and 18 for
600 m section).

RESULTS AND DISCUSSION

EC values of the soil samples varied between
the lowest 25 uS cm™ (30-60 ¢cm of sampling site 22)
and the greatest 690 uS cm™ (60-90 cm of sampling
site 9). In general, EC values varied between 50-200
uS em’! (with an average of 126,45 pS cm™). Since
soil samples were taken in April, it can be stated that
winter and spring precipitations significantly re-
duced soil salt contents. Similar soil EC values were
also reported in a previous study conducted in Corlu
region [19]. Soil EC values exhibited differences in
close sampling sites and even at different depths of
the same sampling site. Such differences were
mainly attributed to soil texture. Some sampling sites
with high EC values (10, 11, 14, 15, 18) had high
clay contents. Also, the sampling sites with the low-
est EC values had high sand contents. Such a case
revealed that salt in sites with high clay contents was
relatively less leached. In sampling sites with high
clay contents (sampling sites 10 and 11), there were
significant positive correlations between the clay and
EC (r*: 0731) at 5% significance level.

Soil pH values varied between 4.20-7.28 with
an average value of 5.87. Soil samples were slightly
acidic based on these values. Soil pH values were <5
in 5 sampling sites (5, 6, 9, 15, 20) and >7 in 2 sam-
pling sites (9, 14).

Soil grain size distribution analysis revealed
that research site soils mostly had sandy-clay-loam
(SCL) texture and partially had clay (C) and sandy-
loam (SL) textures. Soil sand, silt and clay contents
exhibited differences in close distances and different
depths.

Soil cobalt (Co) contents varied between 3.10-
16.70 ppm with the lowest value in sampling site 22
(60-90 cm) and the greatest value in sampling site 18
(60-90 cm). Soil Co contents generally varied with
the soil textures. For instance, the sampling sites
with the greatest Co contents (11, 14, 10, 15, 16, 18
(60-90 cm)) generally had high clay contents. There
were significant positive correlations between Co
and clay in sampling sites 11 and 14 (r*: 0.731); in
sampling sites 10 and 15 (r*: 0.940) and in sampling
site 18 (r?: 0.858). The lowest Co contents were ob-
served in SL and LS-like light-textured soils. There
were significant positive correlations between the
distances of sampling sites from the dumpsite and Co
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contents of the sampling sites 1 and 3 and sampling
sites 1 and 4 at 1% significance level.

Soil lead (Pb) contents varied between 41.90
ppm (sampling site 22) and 277.10 ppm (sampling
site 16). Soil Pb contents varied with the distances
from dumpsite in some sampling sites. Such differ-
ences were found to be significant only between 100
m and 500 m sections. Distance-dependent differ-
ences were not found to be significant in the other
sampling sites. Soil Pb contents were mostly related
to soil clay contents. For instance, sampling sites
with high Pb contents (sampling sites 11, 15, 16, 18)
generally had high clay contents. There were signif-
icant positive correlations between Pb and clay con-
tents in sampling sites 10 and 15 (r*: 0.843) and in
sampling site 18 (r*: 0.932) at 1% significance level.

Soil nickel (Ni) contents varied between 9.50-
89.30 ppm with the lowest value in sampling site 22
and the greatest value in sampling site 1. Soil Ni con-
tents varied with the distance from the dumpsite.
However, there were significant positive correlations
between the distance from the dumpsite and Ni con-
tents in 200 and 500 m sections and in 300 and 500
m sections. The correlations between distance from
the dumpsite and Ni contents were not found to be
significant in the other sections. The sampling sites
with high Ni contents (sampling sites 3,4 and 11 and
especially the sampling sites 10, 15 and 18) had high
clay contents. However, there were significant posi-
tive correlations between Ni and clay contents only
of sampling site 18 at 1% significance level.

Soil chrome (Cr) contents varied between
11.70-58.50 ppm with the lowest value in sampling
site 22 (0-30 cm) and the greatest value in sampling
site 1 (0-30 cm). Despite the spatial differences, sig-
nificant distance-dependent differences were ob-
served only in Cr contents of 150 m and 250 m sec-
tions. There were significant positive correlations
between clay and Cr contents of sampling site 18.

Soil cadmium (Cd) contents varied between
0.20-1.70 ppm with the lowest value in sampling site
22 (0-30 cm) as it was in the other metals and the
greatest value in sampling site 16 (0-30 cm) as it was
in Pb and Co. Soil Cd contents varied with the dis-
tance from the dumpsite. There were significant pos-
itive correlations between the distance from the
dumpsite and Cd contents only in 150 and 250 m sec-
tions.

Soil iron (Fe) contents varied between 4028-
27671 ppm with the lowest value in sampling site 22
and the greatest value in sampling site 16 (0-30 cm).
The sampling sites 11 and 18 had the greatest Fe con-
tents. While sampling site 11 was located at the clos-
est position to dumpsite, sampling site 18 was lo-
cated at the furthest position to dumpsite. These sites
had high clay contents, thus had clay (C) soil texture.
The sampling sites 21 and 22 had the lowest clay
contents. These sites were the closest sites to
dumpsite, but they still had low Fe contents. Soil tex-
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ture of these sites were LS and SL. There were sig-
nificant correlations between the distance from the
dumpsite and Fe contents only in 150 and 250 m sec-
tions. There were significant positive correlations
between the clay and Fe contents of the sampling
sites 12, 11, 15 and 18.

Soil manganese (Mn) contents varied between
205.40-802.90 ppm with the lowest value in sam-
pling site 7 (0-30 cm) and the greatest value in sam-
pling site 15 (30-60 cm). Mn contents varied with the
sampling sites and depths. The distance from the
dumpsite had remarkable effects on such differ-
ences. There were significant positive correlations
between the distance from the dumpsite and Mn con-
tents in 100 and 500 m sections, in 200 and 400 m
sections and in 400 and 600 m sections. Clay con-
tents had direct impacts on soil Mn contents. For in-
stance, the sampling site 15 with a high clay content
had the greatest Mn content and the sampling sites 1,
2, 21 and 22 with low clay contents had the lowest
Mn contents. There were significant positive corre-
lations between the clay and Mn contents of the sam-
pling site 15 (r%: 0,895).

The greatest soil zinc (Zn) content (112.70
ppm) was observed in sampling site 1 and the lowest
Zn content (21.40 ppm) was observed in sampling
site 21. Sampling distances did not have significant
effects on soil Zn contents. There were significant
correlations between Zn and clay contents in sam-
pling sites 3, 10, 15 (r%: 0,787) and in sampling site
18 (r%: 0,866). The sampling sites 11, 15 and 18 with
high clay contents had relatively high Zn contents
and the sampling sites 1, 2, 7, 21, 22 with low clay
contents had relatively low Zn contents.

The greatest soil copper (Cu) content was ob-
served in sampling site 18 (60-90 cm) and the lowest
Cu content (2.90 ppm) was observed in sampling site
22. As it was in Zn, variations of soil Cu contents
with the distances from the dumpsite were not found
to be significant. As it was in the other metals, soil
Cu contents mostly varied with the soil texture. The
sampling sites 11, 15 and 18 with the greatest Cu
contents had high clay contents. The sampling sites
2,7, 13, 21 and 22 with low Cu contents also had
remarkably low clay contents. There were signifi-
cant positive correlations between the Cu and clay
contents in sampling site 11 (r?: 0,727), 15 (r*: 0,915)
and 18 (r*: 0,916).

According to plant heavy metal analyses, the
greatest leaf Cr content (27.80 ppm) was observed in
sampling site 7, the greatest Pb (2.90 ppm) and Ni
(2.30 ppm) contents were observed in sampling site
9 and the greatest Co content (2.019 ppm) was ob-
served in sampling site 11. The lowest leaf Cr con-
tent (3.0 ppm) was observed in sampling site 8, the
lowest Pb content (0.5 ppm) was observed in sam-
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pling site 4, the lowest Ni content (0.4 ppm) was ob-
served in sampling site 11 and the lowest Co content
(0.29 ppm) was observed in sampling site 9. For
heavy metal contents of the grains, the greatest grain
Cr content (17.6 ppm) was observed in sampling site
5, the greatest Pb content (1.8 ppm) was observed in
sampling site 8, the greatest Ni content (7.9 ppm)
was observed in sampling site 3 and the greatest Co
content (1.71 ppm) was observed in sampling site 5.

Leaf heavy metal contents (Cr, Pb, Ni, Co)
were parallel to soil heavy metal contents in some
sampling sites, but in general, there were not distinc-
tive similarities. For instance, while the sampling
sites 11 and 15 with the greatest soil heavy metal
contents had relatively high plant heavy metal con-
tents (plant sampling sites 7 and 10) and plant sam-
pling site 10 had relatively lower heavy metal con-
tents. While there were similarities in soil and plant
micro element (Zn, Fe, Mn and Cu) contents in some
sampling sites, similarities were not observed in sev-
eral other sampling sites. For instance, plant sam-
pling site 6 generally had high micro element con-
tents, but the same soil sampling site (sampling site
10) had relatively low micro element contents. On
the other hand, the soil sampling sites 1, 11 and 18
with relatively high micro element contents also had
high plant micro element contents in plant sampling
sites 1, 8 and 12.

Inverse Distance Weighting (IDW) method
was used to estimate soil and plant heavy metal
contents of non-sampled points and resultant maps
are comparatively illustrated in Figure 3 and 4.

CONCLUSION

Present findings on soil heavy metals revealed
that heavy metals generally concentrated within the
upper zone (0-30 cm) of sampling sites 1 and 16,
within 30-60 c¢m soil profile of the sampling site 3
and within the entire horizons of the sampling sites
11 and 15. The sampling sites 1 (0-30 cm), 11 and
15 with high soil heavy metal contents also had high
EC values within the entire horizons. Such a case
proved the existence of an accumulation in these
sites. Results of t-test, conducted to put forth the re-
lations of soil heavy metal contents with the distance
from the dumpsite, were not able to put forth any sig-
nificant relationships. There were significant differ-
ences between some sampling sites, but such differ-
ences were mainly attributed to high clay contents of
those sites rather than the distance from the
dumpsite. There were significant positive correla-
tions between heavy metal and clay contents of some
sampling sites. The sampling sites with high clay
contents generally had high heavy metal
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contents. For instance, the sampling sites 11, 14 and
15 with high heavy metal contents had clay (C) soil
texture and the sampling sites 6, 7, 13, 21 and 22
with a light soil textures (SL and LS) generally had
low heavy metal contents. Such a case indicated ac-
tive role of clay in heavy metal accumulation. The
present research site has a sloppy terrain. The eleva-
tion difference between the dumpsite and the furthest
sampling point is 80 m. The dump site had the high-
est altitude (450 m) within the sampling sites. The
initial slope is 20%, slope decreases towards the
mid-sections and vary between 3-5% at the end of
the sampling area. Therefore, both the quantity of
water leached through soil profile and the motion
and concentration of heavy metals varied from site
to site. Corlu stream located at the furthest position
to dumpsite at the end of slope served as a drainage
canal for the sampling sites and it was through that
heavy metals leached through soil profile by precip-
itations drained into Corlu stream. However, some
soil heavy metals still exceeded the limits specified
by Turkish Standards (Table 1). Cd contents of sam-
pling sites 1, 3, 8, 10, 11, 12, 14 15, 18 and 19; Ni
contents of sampling site 1 and Pb contents of sam-
pling sites 2, 6, 7, 21 and 22 at different depths ex-
ceeded the limit values. Cr, Zn and Cu contents did
not exceed the limit values in any sites.
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ABSTRACT

With the unbalanced development of social
economies, regional water shortage is becoming
more and more serious. Some countries alleviate
this water shortage to a certain extent by imple-
menting water rights trading. However, the sustain-
able development of the transfer of water rights can
easily be affected by carrying out excessive water
rights transaction in arid areas. Because of the un-
certainty of natural water inflow and the regional
comprehensive development level, there are certain
risks in water rights trading. In this paper, a human
water harmony index (HWHI) is introduced into the
quantitative analysis of water rights transaction
risk, which can effectively predict the possible risk
degree of a water rights transaction, contributing to
the healthy development of the water rights transac-
tion market and restoration of ecological environ-
ment. In this study, we applied the quantitative
model for risk analysis of water rights transaction to
the northwest arid region of China. The calculation
results show that the overall risk of water rights
trading is below 0.16, and that the overall water
rights trading belongs to a lower risk level, which
shows that the water rights trading market has great
potential for development.

KEYWORDS:
HWHI,water rights,transaction,risk analysis

INTRODUCTION

China is a country with a serious water short-
age. Although the total amount of freshwater re-
sources is approximately 280 billion cubic meters,
the per capita water resources in China are 2300
cubic meters, which is only one-fourth of the world
average level. It is one of the countries with the
poorest per capita water resources in the world. The
arid and semi-arid areas account for 47% of the
land area, and the lives of about 400 million people
are closely related to this area. With the impact of
human activities and the gradual deterioration of
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the environment, land desertification occurs fre-
quently in arid and semi-arid areas. Water rights
trading in arid areas presents as a means to improve
the efficiency of water use. In order to ensure the
healthy development of water rights trading market,
however, it is necessary to carry out risk analysis of
water rights trading.

Many scholars have carried out extensive re-
search on the water resources allocation and water
rights. At the present time, many mathematical
allocation models of water rights and influence
factors have been established [1-5]. A multi-agent
and multi-objective optimal allocation model was
introduced to direct the distribution of water re-
sources in the Shiyang River Basin [6]. Water right
transaction is gradually transferred from bilateral
transaction to multi-objective transaction[7]. Water
resource rights holders are faced with the uncertain-
ty of rights distribution value, and take agricultural
economy as an example[8]. The risk analysis meth-
od is used to study water safety[9-12]. The research
shows that by reducing the transaction cost of water
rights, the trade income can be improved[13]. The
influencing factors of water right price were studied
[14]. The evaluation of water rights trading activi-
ties by using network analysis method is being
researched [15].At the same time, the study of hu-
man-water harmony has been one of the major
areas of focus in water resource management re-
search. Human—water relationships have been quan-
titatively researched[16-18]. With the development
of water rights trading, transaction costs, modes,
and scales from agricultural to industrial water
rights trading were studied [19], the sustainable
development of water rights trading is being re-
searched [20], and studies of risk analysis in water
rights trading and water resources management
have been performed [21-25]. The above methods
only solve the problem of the optimal allocation of
water resources and qualitative risk analysis; they
neglect the quantitative and sustainable develop-
ment of water rights transaction risk analysis.

Risk analysis and the human water harmony
index (HWHI) are current research hotspots. Many
scholars have gained important insights into water
rights allocation and risk analysis. However, there
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are few studies on the quantification of water rights
transaction risk and its practical application at pre-
sent, especially the application of the HWHI to the
water rights transaction risk. This paper realizes the
risk prediction of a water rights transaction based
on the predicted HWHI. To this end, Firstly, we
explain the calculation method of the HWHI; sec-
ondly, we establish the risk analysis model of water
rights transaction based on the HWHI; finally, we
validate the risk analysis model of water rights
transaction with an example.

MATERIALS AND METHODS

Study Area.The Tarim River Basin is located
in the northwest arid region of China, with a total
area of 1.02 million km? and a total length of 1321
km. At present, only the Akesu River, Yarkant
River and Hotan River are connected with the main
stream of the Tarim River. The Kaidu—Kongque
river pumps water from Bosten Lake to the
irrigation area in the lower reaches of Tarim River
through a water pumping station, thus forming a
pattern of “four sources and one main stream”. The
Tarim River Basin location map is shown in Figure 1.

Formula Expression of Water Rights
Transaction Risk.In order to measure the degree of
risk, combined with the actual water rights trading
in arid areas, this paper adopts the concept of risk
degree as follows: The ratio of mathematical
expectations of square error between actual loss and
predicted loss to the mathematical expectation of
predicted loss under specific objective conditions
and in a given time. Risk degree is a dimensionless
quantity.

The risk degree of a water rights transaction is
defined as the ratio of mathematical expectations of
A to B, where A is the mean square error between
the predicted water shortage in water rights transac-
tion and the water shortage in water rights transac-
tion settled at the end of the year. B is the predic-

Tarim River basin—_
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tion of water shortage in water rights trading during
the year.

The risk degree of water rights transaction is
computed as shown in Equation (1).

\/i WY () -WS(t)" ) /12
S=

m=l

IZZJWY(t)y /12

m=1

()
where O is the risk degree of water rights
transaction in the y year. WY (¢)” is the water

shortage in the water rights transaction in the ¢
month of the y year based on the HWHI prediction.

WS(t)” is the water shortage in the water rights
transaction in the 7 month of the y year.

The Calculation Process of Water Rights
Transaction Risk.According to Equation (1), the
predictive accuracy of water shortage in water
rights trading during the year directly affects the
risk degree of water rights trading. Therefore, it is a
prerequisite to establish a risk analysis model for
water rights trading by establishing a method to
calculate the predicted water shortage during the
year.

There are many predicting methods at present.
By comparing and selecting the advantages and
disadvantages of each predicting method, a Grey—
Markov model GM-M(1,1) is formed, which utiliz-
es the advantages of the Grey model GM(1,1) [26]
and the Markov model [27], respectively. The mod-
el is applied to the HWHI value prediction to im-
prove the accuracy of prediction results.

Therefore, the key points in establishing the
risk analysis model of water rights trading are to
establish the predicting model of the HWHI value
based on the GM—-M(1,1) and to study the relation-
ship between the HWHI value and water rights
tradable quantity. The risk analysis model map for
water rights trading based on the HWHI can be
seen in Figure 2.

Narthwest Arid Region of China

FIGURE 1
Tarim River basin location map.
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Model of risk analysis of water
rights transaction based on HWHI

l

v

-

Predicting model of HWHI value based on

Analysis of the relation between HWHI

GM-M(1.1) value and tradable quantity of water nighis
FIGURE 2
Model map of risk analysis of water rights transaction based on the human water harmony index
(HWHI).

Predicting Model of HWHI Value Based on
GM-M(1,1). (1)The Mathematical Expression of
HWHI.HWHI is a function of health, development,
harmony and ecology [18]. HWHI is computed as
shown in Equation (2).

HWHI = f(H\ ), Dry, Hyqy, Er)) = Hyry @

(>
B +D(T) °f, +H2(T) * S +Eq, *f, Q)

The constraint conditions are:
0<HWHI(T) <l , 0<H1(T) <l ,

0<H,; <1,0<E; <1,

where T is the time, e.g., year; HWHIr) is the
human water harmony index value at 7, Hip) is the
health index value at 7, D is the development
index value at 7, Hxr is the harmony index value at
T, and E(r) is the ecology index value at 7. f; is the
weight value of the health index, /5, is the weight
value of the development index, f; is the weight
value of the harmony index, and fs is the weight
value of the ecology index.

0<D, <l

(2)HWHI Value Prediction Based on GM—
M(1,1).

(DGM(1,1) model formula.

Suppose the original HWHI data are as fol-
lows:

X =X, X V@), X ()]
where X (1) represents the actual value

for the n year. GM(1,1) model is established based
on the above data.
The above data are accumulated once to form

the following data.
k

XV =Y X)
i=1

The data series is as follows:

XO =[x, X)XV ()]

7" is the nearest mean series of X"

Z(l) = [Z(l) (1)5 Z(l) (2)9 ) Z(l) (Vl)]

(k=1,2,--,n)

Z“’(k)=§[X“>(k)+X“>(k—1)]

The differential equation of model GM(1,1) is
as follows:
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XP%k)y=b—azV (k), 3)

where a is the coefficient of development, b is
ash action.

The solutions of the above discrete equations
are as follows:

X ) =[x O 1) -2jec0 s 2
a a

(t=0,1,2,---,n-1)
“4)
The grey prediction model of the original data
series is obtained by restoring the data.

@’(O)(z’)=§’(1)(i)—§’(1)(i—1) (i=12,---,n)

)
(2)The GM(1,1) model accuracy test.
_ N = xO_ "
E= [e(l)a e(2)7 T e(l)] =X"=

e()=x" () —x ()

S? = %Zn:[x“” H-x7 . (6)
i=1
&G o =
S; = ;Z[e(l)—e]2
i=1

1 & 1
x=—> xe==> ).
nio n s

)

Using posterior difference C and small error
probability p to judge the accuracy level of predic-
tion,
c=3

5 ®)

where §7 is the residual variance of the pre-
dicted value (Equation (6)) and Sz2 is the residual

variance of the actual value (Equation (7)).

The formula for calculating the probability of
small error is as follows:
p=P{le(i)—e| <0.67455, | o)

The reference table for the accuracy inspection
level can be seen in Table 1.
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TABLE 1
Inspection grade standard.

Serial Number C p Level
1 C = 0.35 0.95 =p I (excellent)
2 0.35 = C =0.30 0.80 =C = 0.95 1T (good)
3 0.50 = C =0.65 0.70 =C = 0.80 III (qualified)
4 0.63 =C p =070 IV (Unqualified)

Note: C is the posterior difference. p is the small error probability.

The accuracy level of the model is Max {C
level, P level}.

(3)The mathematical model of GM—M(1,1)

Set E,E,,---,E to N states with HWHI

values, where E| is the current state and E, is the

next state adjacent.

The Markov chain representation is as fol-
lows:
Py,

n+l

:Ej

Y =E.Y E‘—]’”"Yl:El’YO:EO}:Pij

n-1 =
P, is expressed as a state transition probability

(E, transferred to E').

i (10)
where M, is the number of state transitions,

and M, represents the total number of times in

state F,.

Analysis of the Relation between HWHI
Value and Tradable Quantity of Water Rights.
(1)The Concept and Characteristics of Tradable
Quantity of Water Rights.

(DThe concept of tradable quantity of wa-
ter rights.

The tradable quantity of water rights is the dif-
ference between the allocation of a water right and
the amount of water used to satisfy one’s life, pro-
duction and ecology. The indication of the water
rights tradable quantity is shown in Figure 3.

& Mmimum waksr consEmplion reguined

® Nasimman imelable wsder quaniiey

FIGURE 3
Tradable quantity map of water rights.
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(2)Characteristics of tradable quantity of water
rights
Tradable water rights are obtained through le-
gal channels, and water rights allocation plans of
relevant departments should be adopted. There
should be a perfect trading place in the region
where water users can trade surplus water rights.
Water users must retain the amount of water rights
suitable for local development. The range of the
water rights tradable quantity is [0, maximum water
rights tradable quantity].

(2)Research on Regression Equation be-
tween HWHI Value and Tradable Quantity of
Water Rights Based on Excel. According to re-
search on the relationship between the HWHI and
the tradable quantity of water rights, there are many
factors affecting the relationship. The premise of
this study is that the revenue from the transfer of
water rights can also be used for water saving in
science and technology. The impact of the revenue
and the transfer of water rights on the value of the
HWHI is basically the same.

Because the tradable quantity of water rights is
different in different regions, the concept of a trad-
able water rights proportion is introduced in order
to more intuitively reflect the relationship between
the HWHI value and the tradable quantity of water
rights.

The proportion of tradable water rights is the
ratio of the tradable water rights to the maximum
tradable water rights.

HO =[HO 1), HO @), H ()]
SO =[SV (1,52, -, 5 ()]
where H” (n) represents the HWHI value

for the n year, and S (0)(n) represents the propor-

tion of tradable water rights for the » year.

Excel software is used to fit a polynomial equi
regression curve of H'”(n) and S (n) data,
and a calibration R? method is used to optimize the
selection. The polynomial regression curve formula
is as follows:

Y= a(nX(") + a(z)X(”’” +-+a,

X0 4q (n=1,2,3,4)

)
The range of R? is [0, 1]. When R? is close to
1, the better the linear correlation between the two
variables, and the better the fitting of the formula.

(n) (n+1)
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When R? is close to 0, the worse the linear correla-
tion between the two variables and the worse the
fitting of the formula.

The relationship between the HWHI value and
the tradable water rights can be deduced by the
relationship curve between the HWHI value and the
proportion of tradable water rights.

Risk Level Criteria for Water Rights
Transaction.According to the different risk degree
value and the actual situation in arid area, the risk
level of water right transaction is divided. The risk
levels of water rights transaction are based on dif-
ferent risk values are shown in Table 2.

As shown in Table 2, when the value of risk
degree is within the range of (0, 0.25], water right
transaction is considered to be in the lower risk
level, which indicates that the water right transac-
tion has great potential for development; when the
value of the risk degree is within the range of (0.25,
0.50], the risk of water right transaction is in the
low risk level, and the amount of the water right
transaction can be increased appropriately accord-
ing to the actual situation; when the value of risk
degree is within the range of (0.50, 0.75], the risk of
water right transaction is in the high level, and the
quantity of water rights transaction should be re-
duced appropriately; when the risk degree value is

Fresenius Environmental Bulletin

RESULTS

Risk Calculation of Water Rights
Transaction Based on HWHI. (1)Prediction of
the HWHI Value Based on GM-M(1,1).
According to HWHI and GM-M(1,1) model, the
predicted values of HWHI in the Tarim River Basin
from 2004 to 2017 are calculated in Table 3.

(2)Analysis of the Relationship between
HWHI Value and the Proportion of Transacta-
ble Water Rights.

By studying the relationship between the
HWHI value and the proportion of transactable
water rights in the Tarim River Basin, investigating
the basin institutions and local governments, and
combining it with the actual situation of the Tarim
River Basin, the relationship between the HWHI
value and the proportion of transactable water
rights is preliminarily given. After fitting with Ex-
cel regression curves in different forms, it is
showed that the polynomial curve fits well. Figure
4 shows the relation curve between the HWHI val-
ue and the proportion of transactable water rights.

The correlation formulas between the HWHI
value and the proportion of transactable water
rights are shown in Equation (12).

greater than 0.75, the water right transaction be- 0 (0< X <0.5)
longs to the higher risk level. At this time, the risk Y:{41~657 X*-141.67X°+174.58X°-90.083X+16.5  (0.5< X <1.0)
of implementing a water rights transaction is high- (12)

er, and the risk aversion measures should be con-
sidered in advance to reduce the possible losses.
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TABLE 2
Classifications of water rights transaction based on risk degree values.
Serial Number Risk Degree Value Risk Level

1 0<5<0.25 Lower risk

2 0.25<6<0.50 Low risk

3 0.50<06<0.75 High risk

4 0.75<6<1.00 Higher risk

TABLE 3
The predicted values of HWHI in Tarim river basin (2004-2017).

Year HWHI(a) HWHI(p) Residual Value Relative Error (%)
2004 0.5827 0.5631 0.0196 3.36
2005 0.5833 0.5826 0.0007 0.12
2006 0.5973 0.5935 0.0038 0.64
2007 0.5986 0.6121 —-0.0135 -2.26
2008 0.6027 0.6158 —-0.0131 =2.17
2009 0.6032 0.5899 0.0133 2.20
2010 0.6172 0.6041 0.0131 2.12
2011 0.64 0.6332 0.0068 1.06
2012 0.6503 0.6449 0.0054 0.83
2013 0.6603 0.6626 —0.0023 —-0.35
2014 0.6612 0.6598 0.0014 0.21
2015 0.6656 0.6586 0.007 1.05
2016 0.6673 0.6659 0.0014 0.21
2017 0.6685 0.6665 0.002 0.30

Note: HWHI(a) is HWHI actual value. HWHI(p) is HWH predicted value.
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According to Equation (1), the calculation
process of the water rights transaction risk degree
from 2004 to 2017 is as follows:(1)According to
the correlation formula between the HWHI value
and the proportion of transactable water rights, the
actual proportion of tradable water rights and the
predicted proportion of tradable water rights are
calculated respectively.(2) The actual demand for

Fresenius Environmental Bulletin

water rights ranges from 0% to 100% (0 to 1.0).
After investigation, the risk degree was calculated
as 40% (0.4).

The risk degrees of the Tarim River Basin
from 2004 to 2017 are calculated in Table 4. Figure
5 shows the water rights transaction risk degree
based on the HWHI prediction.

¥ =41 66Tx" = 141LATx" + |74 5B « 90 0R3x » 16,50
100 ]
=2 .
|
e
Zn
=
EL w
=
= =
£ g 40
2.
€z
& n
E i
1]
L] 4] i 4 06 [ 0
HWHI value
FIGURE 4

Relation curve between the HWHI value and the proportion of transactable water rights.

TABLE 4
Degrees of Tarim River Basin from 2004 to 2017.

Year H(a) H(p) P(a) P(p) P(d) o

2004 0.5827 0.5631 0.0597 0.0246 0.4 0.1

2005 0.5833 0.5826 0.0609 0.0595 0.4 0.01
2006 0.5973 0.5935 0.0919 0.0831 0.4 0.03
2007 0.5986 0.6121 0.0950 0.1288 0.4 0.12
2008 0.6027 0.6158 0.1049 0.1386 0.4 0.13
2009 0.6032 0.5899 0.1061 0.0750 0.4 0.1

2010 0.6172 0.6041 0.1424 0.1084 0.4 0.12
2011 0.64 0.6332 0.2075 0.1874 0.4 0.09
2012 0.6503 0.6449 0.2387 0.2222 0.4 0.09
2013 0.6603 0.6626 0.2699 0.2771 0.4 0.06
2014 0.6612 0.6598 0.2727 0.2683 0.4 0.03
2015 0.6656 0.6586 0.2866 0.2645 0.4 0.16
2016 0.6673 0.6659 0.2921 0.2876 0.4 0.04
2017 0.6685 0.6665 0.2958 0.2895 0.4 0.06

Note: HWHI(a) is HWHI actual value. HWHI(p) is the HWHI predicted value. P(a) is the proportion of actual water rights
transaction quantity. P(p) is the proportion of predicted water rights transaction quantity. P(d) is the proportion of actual

water right demand. O is the water rights transaction risk
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Risk degree of water rights transaction based on the HWHI prediction.
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DISCUSSION AND CONCLUSIONS

Accuracy Analysis of HWHI Prediction
Model.According to Equations (5)—(8), S12 and

0.33, and p = 1.00.

According to the Table 1, the model accuracy level
is T (excellent). R? = 1, which shows that HWHI
and the proportion of transactable water rights have
a good linear correlation.

S22 are calculated, C =

Trend Analysis of Water Rights
Transaction Risk.According to Table 4 and Figure
5, the risk values of water rights trading are below
0.16 between 2004 and 2017. According to Table 2,
water rights trading generally belongs to a lower
risk level.

Quantitative Scientificality of Water Rights
Transaction Risk.As the HWHI system contains
natural factors such as river inflow, HWHI also
reflects the comprehensive development level of the
region. Therefore, carrying out a risk analysis of
water rights trading based on the HWHI can
effectively predict the possible risk level of water
rights trading, thus contributing to the healthy
development of the water rights trading market.

The GM(1,1) model is mainly based on Grey
theory, which processes the original data in an
orderly way and generates a series with certain
regularity. It is mainly applicable to the prediction
problems with less data and shorter time. As a long-
term prediction, the prediction accuracy of the re-
sults is low due to the poor fitting of the series. In
order to remedy this defect, the Markov method is
introduced into the GM(1,1) model prediction,
which solves the prediction problem of long-term
data random fluctuations. The above two models
are optimized to form a Grey—Markov model GM—
M(1,1).

Through scientific HWHI predictions, water
rights transaction risks are quantified. This not only
helps to provide data support for government deci-
sion-making departments, but it also provides a
direct basis for local water users to make water
rights trading decisions.

The research on the risk of water rights trans-
action is generally embodied in qualitative research.
This paper quantifies the analysis results of water
rights transaction risk, establishes the risk analysis
model of water rights transaction based on the
HWHI, and applies the model to the Tarim River
Basin for case study. The results conform to the
current situation regarding water rights transaction.
It is suggested that the river basin should properly
develop water rights trade and promote the optimal
allocation of water resources.

There is a positive correlation between the wa-
ter rights transaction risk and the tradable quantity
of water rights. Therefore, the water rights transac-
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tion risk value can be used as the basis for the gov-
ernment to approve a water rights transaction ini-
tially, and to also further provide some theoretical
support for the optimal allocation of water re-
sources.

Many countries and regions in the world are
involved in water rights trading. Due to changing
conditions, water rights transaction risk levels are
also different. We hope that the quantitative method
for risk analysis of water rights transaction based on
HWHI prediction will contribute to the optimal
allocation of water resources and restoration of
ecological environment in other arid regions of the
world.
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ABSTRACT

The study considered on research of forest
ecosystem services value accounting only focused
on a single service content evaluation and simple
sum in past. Previous research did not consider
difference between research methods and theory of
forest ecosystem services value use and follow it.
Different content have different vector, it was nec-
essary to make comprehensive evaluation process
before direct additive, to remove repetitive accumu-
lation and synergy between various services value,
etc. Research comprehensive evaluated forest eco-
system services value calculation results in case of
Jilin Forest Industry Group, in order to make the
results more objective and reasonable, and provide
the basis for forest ecosystem management. There
has certain innovation. Research designed forest
ecosystem services value evaluation model with
factor analysis method. It used the model to evalu-
ate forest ecosystem services value of Jilin Forest
Industry Group from 2009 to 2013. The results
showed that forest ecosystem service value was
55.757 billion Yuan of Jilin Forest Industry Group
in 2013 after adjustment. The order of forest eco-
system services value was purify the atmosphere
environment (46.552 billion Yuan, accounting for
83.49% of the total service value); value of water
conservation (3.423 billion Yuan, accounting for
6.14%); value of biodiversity maintenance (2.334
billion Yuan, accounting for 4.19%); value of farm-
land/pasture protection (2.048 billion Yuan, ac-
counting for 3.67%); value of conservation of soil
(1.393 billion Yuan, accounting for 2.5%); value of
carbon release oxygen (8 million Yuan, accounting
for 0.01%). The study, which defined the forest
ecosystem service content, and established the
corresponding evaluation index system, corrected
the disadvantage of the evaluation method, laid the
basis for evaluation of forest ecosystem services.
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INTRODUCTION

The natural ecological environment and socio-
economic activities have close and complex linkag-
es. However, the value of forest system services in
daily production and life is often overlooked. In-
stead, the economy is developed at the cost of ex-
cessive consumption of forest resources, which
severely damages the forest system and ecology.
The environment continues to deteriorate, and the
basic living conditions of human beings are serious-
ly threatened, hindering the sustainable develop-
ment of society [1]. Forests are the natural ecosys-
tems with the largest area, the most complex com-
positional structure, the highest total biomass, the
most complete functions, and the strongest adapta-
bility among terrestrial ecosystems, and have a
decisive influence on the terrestrial ecosystem. The
forest system is an important source of providing
ecological services, and it is a unified link between
environment and development [2-4]. It can not only
provide various production and living materials
such as timber and under store economic by-
products, but also has water conservation and con-
servation of soil. Various direct and indirect ser-
vices, such as purifying the atmospheric environ-
ment and maintaining regional ecological balance,
are the most comprehensive gene banks and re-
source banks in nature [5—10].

In the report of the 18th CPC National Con-
gress, the first single discussion of the "ecological
civilization" construction. Closely focused on pro-
moting resource conservation, increasing natural
ecological systems and environmental protection
efforts, and strengthening the building of an ecolog-
ical civilization system, we have made a compre-
hensive deployment of ecological civilization under
the new situation. Afterwards, at the Third Plenary
Session of the 18th CPC Central Committee, the
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Central Committee of the Communist Party of
China deliberated and adopted the "Decision of the
CPC Central Committee on Several Major Issues
Concerning Comprehensively Deepening the Re-
form." It pointed out that we must accurately grasp
the core issues that restrict the development of the
current environmental protection industry in the
country and push the industry into a new phase.
Focus on accelerating the establishment of an eco-
logical civilization system. It can be seen that the
current prominent status of ecological civilization
construction in China is given as the largest ecosys-
tem on the land, the forest ecosystem.

In recent years, with the deterioration of the
global environment and the continuous develop-
ment of social economy, people have gradually
realized that forest ecosystem services have various
values. After Costanza et al. [11] evaluated the
economic value of the world's major ecosystem
services, people have more clearly recognized the
value of forest ecosystem services, and more schol-
ars have begun to engage in ecosystem service
value evaluation research. However, there are many
problems in the study of the value of forest ecosys-
tem services, such as misuse of "functions" and
"services". The largest and most common mistakes
occurred in the UN Millennium Ecosystem As-
sessment Report completed by 1,360 scholars in 95
countries. Ecosystem Assessment Chinese transla-
tion of "Ecosystems and Human Welfare: Assess-
ment Framework (Abstract), in the MA [12] trans-
lation, a total of 103 "transportation of ecosystem
services" traffic concept, translated into "ecosystem
services functions", assets Confused with the pro-
duction concept. For example, translate "support
services" into "support functions" and "regulate
services" into "adjustment functions". The Chinese
translation of MA made confusion in our country's
academia. After retrieving the paper that quoted this
translation, we found that over 90% of the articles
were misleading. Many scholars in China have
confused the value of forest ecosystems as assets,
the value of products and services they produce,
and even added the value of asset stocks when they
are conducting national, provincial, municipal, and
even forestry-level ecological value assessments.
Product and service flow value, and will publish the
wrong "green GDP" society. The translation of MA
even misled the Ministry of Forestry's Forestry
Industry Standard (LY/T1721-2008) issued by the
State Forestry Administration on April 28, 2008.
"Specifications for Assessment of Forest Ecosystem
Services in China”. The English translation should
be translated as "forest ecosystem services" but
translated as "forest ecosystem service functions.”
Judging from the forestry industry standard's inter-
pretation of the "forest ecosystem service function,"
it is more systematic to confuse "functionality" with
"service." According to this “standard” assessment
of forest ecosystem service value, inevitably assets
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and service values are not separated, and if the GDP
is calculated, the result can be imagined.

Due to the influence of previous Chinese
translations of Chinese translation of MA, most
forest ecosystem service evaluations have been
misused with “functionality” and “services”. This
has erroneously defined the content of forest eco-
system services evaluation, such as the forestry
industry standard LY/T1721-2008. The “Code for
Assessment of Service Functions of Forest Ecosys-
tem Services” [13] divides forest ecosystem services
into conservation water resources, conservation of
soil, carbon fixation and oxygen release, accumula-
tion of nutrients, purification of atmospheric envi-
ronment, protection of forests, maintenance of bio-
diversity, and forest recreation. In eight aspects, the
accumulation of nutrients and the conservation of
soil are double counting. Therefore, determining the
concept of forest ecosystem services and studying
the boundary is the premise of accurate accounting
of value, otherwise it will result in serious problems
such as content omission, duplication, or incon-
sistent calibre. The standardization of forest ecosys-
tem service classification and indicator systems is
also directly related to the comparability of evalua-
tion results. The research is based on a clear distinc-
tion between "functionality" and "services," and
clearly defines the content of forest ecosystem
services. It also considers that the services of forest
ecosystems should be evaluated separately, and that
simply summing up total values is unscientific. The
reason is that there are differences between the
research methods adopted in different forest ecosys-
tem service evaluations and the basic theories fol-
lowed, and there are different vectors between dif-
ferent service contents, and direct summation may
cause problems such as repetitive accumulation or
synergy. Therefore, the study establishes and im-
proves the forest ecosystem service evaluation
index system and measurement method, and firstly
calculates each service value one by one, and then
adopts a factor analysis method to comprehensively
evaluate the service value, so as to make the result
more objective and reasonable, and to be the forest
ecology. System management provides the basis for
innovation.

RESEARCH AREA

As a major forestry province in China and an
important timber production base in Jilin Province,
the forest coverage rate has reached 43.8% by 2013,
with 8.288 million hm? of forest land and 956.13
million m? of standing timber (Jilin Provincial De-
partment of Forestry, 2012). Jilin Forest Industry
Group Co., Ltd. (hereinafter referred to as "Jilin
Forest Industry Group") construction area is located
in the Changbaishan Forest District of Jilin Prov-
ince. It is one of the four major forestry industry
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groups in China, and it is also an extremely im-
portant timber production base and natural ecologi-
cal barrier in China. Jilin Forest Industry Group is a
diversified enterprise group based on the manage-
ment of forest resources. The forest coverage rate
of the group is 90.9%, the total operating area is
1,347,500 hm?, the forest area is 1,224,800 hm?, the
standing timber volume is 179,781,200 m?, and the
trees the unit of hectare of forest is 151.95 m*/hm?,
which ranks first among the developed forest areas
in China. Among them, the forest carbon storage
amounted to 77.8 million tons, and the forest eco-
system service value was about 65.1 billion Yuan
(Jilin Forest Industry Group 2013 Forest Resources
Analysis Report, 2013). The value of this service
accounted for the total GDP of Jilin Province in
2013 (1,298.146 billion Yuan) for 5%, the signifi-
cance of the value of forest ecosystem services is
more prominent, how to better integrate the value
of forest ecosystem services into the socio-
economic value, and has a very strong impact on
the sustainable development and management of
forests in Jilin Forest Industry Group. Important
practical significance.

MATERIALS AND METHODS

Research content. Forest ecosystem services
come from forest ecosystem functions, and differ-
ent services come from different functions [14-17].
"Feature" and "service" are the concept of stock and
traffic, respectively, and they have essential differ-
ences. At present, international consensus recogniz-
es that forest ecosystem services refer to those func-
tions that are available to humans. They can only be
evaluated if they are used by humans. Therefore,
forest ecosystem services refer to various benefits
that can be obtained directly or indirectly from the
functions of forest ecosystems. However, currently
the classification of forest ecosystem services has
not been unified. For example, the United Nations
and other five departments jointly issued Integrated
Environmental-Economic Accounting System -
Core Framework, ie SEEA-2012 divides forest
environmental services into soil and water conser-
vation, biodiversity conservation, carbon sequestra-
tion and forest recreation (United Nations et al.,
2012); World Food and Agriculture Organization
(FAO) to forest environment services are divided
into soil and water conservation, biodiversity con-
servation, carbon sequestration, forest tourism,
noise reduction, crop pollination, wind protection
and spiritual values in the “Forest Environment and
Economic Accounts Guide” (FAO Forestry De-
partment, 2004). The division of forest ecosystem
services in China is also inconsistent, such as the
division of soil erosion, water conservation, wildlife
protection, and supply of oxygen, forest recreation,
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noise reduction and forest health care [18]. The
study follows the mainstream practice of our coun-
try, and integrates the previous research results,
especially with reference to the literature on China's
Sustainable Development Strategy Research 2: Re-
recognition of Forest Functions and China's Forest
Resources and Sustainable Development. It is
mainly divided into four services: support, supply,
regulation, and culture. This is consistent with
MA's research results [12], but considering that
some of these services (MA called “support ser-
vices”) cannot be directly used by humans, and
humans benefit from the system. Are all final prod-
ucts, so "support/autotrophic services" should not
be valued as non-final products (Jean-Lucpeyron,
2005). In addition, forest ecosystem services gener-
ally include three aspects of economic, ecological,
and social assessments: Economic services refer to
the benefits of forest systems that directly serve
economic output, such as the understory economy
(collection, aquaculture, forest tourism, etc.) Eco-
service refers to purely ecological services provided
based on the functions of the forest system itself,
such as conservation of soil and conservation of
water resources. Social services refer to benefits
(material and spiritual) directly served by society,
which can eliminate fatigue and pleasure. Such as
forest recreation, forest health care and providing
employment opportunities. In summary, the forest
ecosystem services of this study are divided into
conservation water, soil conservation, purification
of atmospheric environment, farmland/pasture
protection, biodiversity maintenance, and carbon
fixation and oxygen release [19], and six types of
16 indicators are constructed. Fig. 1.

Sources of data. The data used in the research
mainly originated from the forestry management
plans of the eight forestry bureaus prepared by the
Jilin Provincial Forestry Survey and Planning Insti-
tute; it also originated from the data published in
the 2009-2013 China Forestry Statistical Yearbook
and Jilin Province Statistical Yearbook. There are
also some data sources from Jilin Province Wildlife
Conservation and Nature Reserve Management
Office, Forestry Department Finance Department,
Water Resources Department, Transportation De-
partment, Agriculture and Animal Husbandry Bu-
reau and Forest Seed Management Station, etc. The
Group conducted field investigations and obtained a
large amount of survey data and information.

Research methods. (1) Evaluation of forest
ecosystem services. According to the definition of
forest ecosystem service evaluation, combined with
the actual situation of forest resources in Jilin For-
est Industry Group, the evaluation formula for de-
termining the physical quantity and value of forest
ecosystem services is shown in Table 1.
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Evaluate quota system of forest ecosystem services

TABLE 1
Evaluation formula of physical quantity and value of forest ecosystem services

Service type Index Evaluation formula and its parameter description
Physical quantity: G, =10 AP — E — ), Gr- Forest regulation water volume, m*/a; P-

Atmospheric precipitation, mm/a; E- Forest evapotranspiration, mm/a; C- Surface runoff,

Q L.
g Adjusting mm/a; A- Forest area, hm?.
w
% water source Value: [/ r = G » X C., Uy- Forest ecosystem regulates water value every year,
o
= 3
g' Yuan/a; C¢- Forest water storage price, Yuan/m .
z Physical quantity: Formula with the forest to regulate water volume.
o] Water purifica-  vaJye: — , U,- Year of forest purification water quality, Yuan/a; K- Water
= ; WP r % P P q ¥
Q tion \
g purification cost ( Average residential water price) , Yuan/m .
, Uconservation water- FOTEst conservation water source value, Yuan/a.
Total Value U. =1U. +1U,
oy P P
Physical quantity: ¢, = ,4(X2 — Xl) , Grs- Forest year soil, t/a; X;- Forest soil erosion
modulus, t.hm2.a™'; X>- Soil erosion modulus without forest, t.hm=2.a™'; 4- Forest area, hm”.
Forest soil Value: _ Gu % C , U~ Forest year solid soil value, Yuan/a; C - The cost of digging
s
)
3 3
and transporting earth by volume, Yuan/m ; p-Forest soil bulk density, t/m .
Physical quantity (Guarantee N): Gy =G x N Gy- Reduced nitrogen loss, t/a; N-
A Soil nitrogen content, %.
g U, = G.N X Cl
& NTTTR . .
2 Value (Guarantee N) : 1, Ux- Annual nitrogen conservation value of forest,
%. Yuan/a; Rl— Fertilizer nitrogen content, %; C - Fertilizer price, Yuan/t.
= . .
2 Physical quantity (Guarantee P) G, =Gy X P, Gp- Reduced phosphorus loss, t/a; P-
% Soil phosphorus content, %.
Z Forest fertilizer G, xC,

U,

Value (Guarantee P) : R,

, Up- Forest annual phosphorus value, Yuan/a; Rz-
Fertilizer phosphorus content, %; C - Fertilizer price, Yuan/t.
Physical quantity (Guarantee K) Gy = G x K, Gk- Reduced potassium loss, t/a; K-

Soil potassium content, %.

Value (Guarantee K) : R, , Uk- Forest annual potassium value, Yuan/a; R}-
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Service type

Index

Evaluation formula and its parameter description

Potassium chloride fertilizer, %; C2— Potassium chloride fertilizer price, Yuan/t.
Physical quantity ( Guarantee Organic matter) : (¢ y = Gog X M, Gy Reduced soil
organic matter content, t/a; M- Soil organic matter content, %.

U, =G, xC
Value (Guarantee Organic matter) : M M 3
organic quality value, Yuan/a; CB—Organic price, Yuan/t.

, Um- Forest annual insurance

Forest soil fattening value: UF = U\, + [][, + []A, + Ut/ , U Stand year fat value,

Yuan/a; Ux- Stand value of nitrogen retention, Yuan/a; Up- Stand value of phosphorus,
Yuan/a; Uk- Stand value annual potassium value, Yuan/a; Uy-Stand year warranty organic
value, Yuan/a.

Total Value

U, = Uy + U, U.-Conservation soil value per year, Yuan/a; U,c-Solid soil value

per year, Yuan/a.

(Vd)a1oydsoune oy AJung

Providing
negative ions

Physical quantity:G _ 5.256 x 10" x (9, - 600) x 4 x H | Ga- The number of anions pro-
| =
L
vided in the stand year, per unit.a’; Qa- Negative ion concentration, pcs.cm™; H- Stand
height, m; L- Negative ion lifetime, minute; 4-area of forest, hm?.
Value:UA =G, x K, Ua-Annual negative ion value, Yuan/a; Kx- Negative ion produc-

tion cost, Yuan per unit.

Absorb  sulfur
dioxide

Physical quantity: 6502 = 0502 x A R 6502 - Annual forest absorption of SO,, kg/a

; 0SO,- The amount of SO, absorbed per unit area of forest, kg.hm™.a”'; 4- Forest area,
hm?.

Value: [/502 = 6‘502 x K,

SO, Governance costs, Yuan/kg.

U 0, - Annual forest absorption of SO,, Yuan/a; X 0, "

5
2

Absorption
fluoride

Physical quantity: ( = © X A, Gp- Annual amount of fluoride absorbed by forest,

kg/a; Op- The amount of fluoride absorbed per unit area of forest, kg.hm'z.a"; A- Forest
area, hm”.

Value: I/ F= G r X K 7 » Ur- Value of fluoride absorption in stand years, Yuan/a; Kg-

Fluoride treatment costs, Yuan/kg.

Absorb  nitro-
gen oxides

Physical quantity: G.W) = 0 » x A » G ypy - Annual amount of nitrogen oxides

absorbed by forests, Yuan/kg; O ,,, - Annual absorption of nitrogen oxides per unit area of
forest, kg.hm?.a™'; A--Forest area, hm*.

Value: [/ =G x K , U,y - Annual absorption of nitrogen oxides, Yuan/a;
NOy NOy ‘

N0

K ypy -NOx treatment costs, Yuan/kg.

Dust  preven-
tion

Physical quantity: G w = Wpp X A, Gpp-Dust retention value per year, Yuan/kg; Opp-

Annual dust amount per unit area, kg.hm?.a"'; 4--Forest area, hm?.

Reduce noise

Value: [/, wp = GDP x KA. P Upp-Dust retention value, Yuan/a; Kpp- Dust removal costs,
Yuan/kg.
_ } 1000 & )
Physical quantity: A]z\' = — Z DJ. X LJ. , Arn-Equivalent length of soundproof wall
0 1=1
forest to reduce noise, m; #- Number of roads, i=1, 2, ...,n; L~ Unilateral length of the i-th

highway belt, km; D;-One-way forest belt width on the i-th road, m; Do- The width of the
forest belt equivalent to the noise barrier, m.

Value: UR\ = A[,B x K e Urn-Reduce noise value per year, Yuan/a; Apz- Forest belt

equivalent to soundproof wall reduces noise equivalent length, m; Krnc- Reduce noise costs
per equivalent length per year, Yuan.m".a™".

Total Value

Uy =U,+ U_% +U, + U\o\ + Uy + Uy UPA - Purify the atmosphere value of forest,

Yuan/a.
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Service type Index Evaluation formula and its parameter description
Physical quantity: u o , Grap- Annual growth of crops in the

- ;ﬂ Crp = Z G, :}?z Q:4,
= i=1 i=1
% ?T assessment per unit, kg/a; G- Annual increase in crops of category i, kg/a; R- Average yield
%’ g Forest agricul-  increase of crops in the unit, %; Q- Crop yield per unit area of i-type crops, kg.hm?.a™; 4;-
== tural protection ~ Sown area of i-type crops, hm?.
e Value: o , Urap- Forest protection value, Yuan/a; C- Category i crop prices,
= g Upp = Z G,C,

d i1

Yuan/kg.
1 n 1 n S

%‘- Physical quantity: HA = — Z AjHj = —— z Alz PI 1og2 Pj , Ha-

g A 4 A 4 - / /
2 =1 i=1 J=1

a
5 iz Maintain Regional average diversity index; A- Total forest area in a certain area, hm?; 4;- The i-th
w< species forest type area, hm? H;- Biodiversity index for the i-th forest type; n- Number of forest
5 ?,‘ types; P;- Proportion of the j-th species of the i-th forest type.

=} .

g Value: {/ = S ar X A, Upu- Forest Year Conservation Value, Yuan/a; A--Forest

area, hm?; Spyv- Annual species loss opportunity cost per unit area, yuan.hm2.a™".

Physical quantity (vegetation) : Gm/ =1.63x R X A x B o Gerv- Annual car-
bon fixation of forest vegetation, t/a; Rc- carbon content of CO,, 0.2729; Bxp-Net productiv-
ity of forest, thm?.a™'; 4-Forest area, hm®.

Value (vegetation) : [/ s = C{* x G Upcs- Forest plant carbon sequestration value

Pcs?

Soil carbon _ per year, Yuan/a’ Cc- Carbon price, Yuan/t.

sequestration Physical quantity (soil) :G(SS = A x f; , Gcss- Annual carbon sequestration of
forest soil, t/a; Fs- Per unit area of forest soil carbon sequestration, t.hm2.a'; 4-Forest area,
hm?.
Value (soil) : U/ css = C ¢ X GCSS, Ucss- Forest Soil Carbon Sequestration Value,

Yuan/a; C o Carbon price, Yuan/t.

Physical quantity: Gyp =1.19x A% B, 00.7 # - Oxygen release in the forest, t/a;
Bnp- Net forest productivity, t.hm?.a™'; A-Forest area, hm?.

Valuc:::UO2 = C()Z X G'[)z,
0, value, Yuan/t.

Oxygen release
U 0,- Oxygen release value in forest per year, Yuan/a; C 0,"

(JOAD)osea1a1 UdSAX0 pue uonexij uoqie)

U s = U s + U css Ucs- Forest annual carbon sequestration value, Yuan/a;

Total Value U Tk = U s T U 0, U crop ~the total value of Carbon fixation and oxygen release,

Yuan/a.
Source: State Forestry Bureau, Forestry industry standards of the People's Republic of China LY/T1721-2008—— (
Specifications for Assessment of Forest Ecosystem Services in China) .

(2) Factor analysis. Factor Analysis was first In formula (1), z;-z,, is m latent factors, which
proposed by Charles Spearman in 1904. The pur- are the factors included in each original variable. e;-
pose was to investigate the correlation between en 1s m individual factors that are only contained in
variables and use a small number of factors to de- a certain original variable and only work on this
scribe the interactions between multiple indicators. original variable, and are unique factors in each
Relative variables were grouped into the same original variable. That is, the common factors and
group, and each type of variable was changed. A special factors are independent of each other. The
factor that reflects most of the information in the purpose of the factor analysis method is to find
original data with fewer factors. With the original common factors. After the results are obtained, the
data variables: xi, X2, X3, ..., Xm, the relationship common factors are named according to the actual
between variables and latent factors is expressed as: meaning. There are many methods for factor analy-

x.=b z+b.z. +bh.z. +---4+h z +e sis. For example, the principal component analysis
1 1141 T Y1242 T Y1343 Im“m T € . . .

method can be directly used to ignore special fac-

x,=b,z,+b,,z, + b2323 +eeet meZm +e, tors. The common factor number can be determined

based on the principle of maximum contribution.
Assuming that the common factor is k, the initial
................................................ factor model is as follows:

X, =byz, + bz, + byyzy +- 4 b, +e,

mZm

xm = bmlzl + bm222 +bm323 teeet bmmZm + em
(1)
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xll =a, fita,f,tafi+ o, [, te
xlz =ayhtanf,tonfi+ o, [, +e

xl3 =oyita, o fitotay f e

xlm = aml-fi + am2f‘2 + am}-f_;a +eeet amkf}c + em

2
In the formula (2), x' - x' m 1S a variable nor-
malized to the original variable whose standard
deviation is 1, and the mean value is 0; f; is the i-th
factor; & ij is the load of the common factor fj,
indicating that x; depends on the weight of f.. Since

! ’ . . . .
X |.X ,, is a variable that is normalized by the

original variable x;-x,,, the variance of each variable

’
is 1, that is, variance( X ;)=1. It is written as:

Va(x)=a,’ +a," +a ++a,’ +V(e)=1 3)
Equation (3) consists of two parts:
2 2 2 2
a, +a, +as +eta, @
The first part, formula (4) refers to the com-
monality variance caused by several common fac-
tors; the second part refers to the characteristic

variance V(e) due to special factors. If the propor-
tion of the common variance is greater than the
total variance, the common factor will also play a
greater role. The search for common variance in-
volves factor loading and common factors.

\Y% :Vc(x;)zzmlozy2
A )

common
If you take the first & factors, the common var-
iance becomes:

k
Ve (xl') = Z al.jz
j=1

(6)

RESULTS

Single evaluation of forest ecosystem ser-
vices. The results of the single evaluation of forest
ecosystem services in Jilin Forest Industry Group in
2013 are summarized in Table 2.

Fresenius Environmental Bulletin

As can be seen from Table 2, the value of for-
est ecosystem services of Jilin Forest Industry
Group in 2013 was 224.388 billion Yuan.

Comprehensive evaluation of forest ecosys-
tem services. The comprehensive evaluation of
forest ecosystem services mainly analyzes the fac-
tors of six single services, such as water conserva-
tion and conservation soil, to study the relationship
between variables and identify potential dominant
factors. The factor weights are used to give the
weights of each factor, and the comprehensive
weights are used to obtain the evaluation model.
The service evaluation index system is constructed
to include the level one and two levels. Among
them, the first-level indicators refer to the service
value; the third-level indicators refer to the factors
that affect the service value and may have multiple
collinearity with each other; and the second-level
indicators refer to the few key factors extracted
from the third-level indicators through factor analy-
sis.

Construction of indicator system. (1) Estab-
lishment of a hierarchical structure model.
SPSS13.0 software was used to perform factor
analysis on the service values of forest ecosystems.
Before extracting factors, it was checked whether
most of the correlation coefficients in the correla-
tion matrix were greater than 0.3. It was suitable for
factor analysis. The correlation matrix of the origi-
nal variables is shown in Table 3.

As can be seen from Table 3, most correlation
coefficients in the correlation matrix table are
greater than 0.3, indicating that the original data is
suitable for factor analysis. Since the analysis is
related to the matrix, the variance of the original
factors of the service is 1, and the sum of the vari-
ance of the common factors of the 6 variables is 6.
The common factor variance of the unrotated varia-
bles is shown in Table 4.

Extraction Method. Principal Component
Analysis. From Table 4, it can be seen that the
common factor variance of each variable is high,
indicating that the extracted components can de-
scribe these variables well. According to the Kai-
ser-Meyer-Olkin test, the measured value is 0.730,
which is close to 1; the Bartlet Test of Sphericity

TABLE 2
A single evaluation of forest ecosystem services of Jilin Forest Industry Group in 2013

Value ) Unit area value
Content (100 million Yuan/a) Total forest area (hm®) (10 thousand Yuan/hm?/a)

Conservation water 162.21 1241931 1.31
Conservation soil 153.09 1241931 1.23

Purify the atmosphere 1662.57 1241931 13.39

Farmland protection 91.82 1241931 0.74
Biodiversity maintenance 172.87 1241931 1.39

Carbon fixation and oxygen release 1.32 1241931 0.01

Total value 2243.88 - -
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TABLE 3
Correlation matrix of the original variables

Purify the L . Carbp n
. Conserva- Conserva- Farmland  Biodiversity  fixation and
Evaluation index - . . atmos- . .
tion water tion soil protection  maintenance  oxygen
phere
release
Conservation water 1.000 0.665 -0.070 0.140 0.420 0.294
Conservation soil 0.665 1.000 0.086 0.370 0.652 0.522
Purity the atmosphere -0.070 0.086 1.000 0.516 0.380 0.429
correlation Farmland protection 0.140 0.370 0.516 1.000 0.502 0.526
Biodiversity maintenance 0.420 0.652 0.380 0.502 1.000 0.861
Carbon fixation and oxy- 0.294 0.522 0.429 0.526 0.861 1.000
gen release
Conservation water 0.000 0.291 0.136 0.000 0.009
Conservation soil 0.000 0.249 0.001 0.000 0.000
Purify the atmosphere 0.291 0.249 0.000 0.001 0.000
Sig.(1-tailed) Farmland protection 0.136 0.001 0.000 0.000 0.000
Biodiversity maintenance 0.000 0.000 0.001 0.000 0.000
Carbon fixation and oxy- 0.009 0.000 0.000 0.000 0.000

gen release

a Determinant =0.036.

test shows that the Bartley spherical test statistic is
199.724, and the significance level is 0.000, which
is considered to exist between the correlation coef-
ficient matrix and the unit matrix. Significant dif-
ference, the original data is suitable for factor anal-
ysis.
(2) Determination of indicator weight

The weight of the secondary indicator, that is, the
key factor is determined, and the variance contribu-
tion rate of the common factor is usually used as the
weight. In fact, the common factors are sorted ac-
cording to the contribution rate of variance, and the
eigenvalues are also sorted according to this. The
common factor variance of each component is
shown in Table 5.

Extraction Method. Principal Component
Analysis. It can be seen from Table 5 that the ei-
genvalues of the first two components are greater
than 1, and the cumulative contribution rate of the
variance of the factors from top to bottom as a per-
centage of the total variance is obtained. The sum
of the eigenvalues of the first two variables ac-
counts for 76.754% of the total variance. That is,
the first two variables can account for 76.754% of
all original variables. The factor extraction results
from Table 5, that is, the sum of the squares of the

unrotated factor loads, show that the first two factor
variables can summarize most of the data, and the
variance that can be interpreted accounts for
76.754% of the total variance. Therefore, the result
is to determine the extraction of two principal com-
ponents, reducing the complexity of the original
data, but will lose 23.246% of the original data. To
illustrate whether the extraction factor is appropri-
ate, do a gravel chart as shown in Fig. 2.

It can be seen from Fig. 2 that the difference of
the eigenvalues between factor 1 and factor 2, fac-
tor 2 and factor 3 is large, while the difference
between the factor 3, 4, 5 and 6 is small, and pre-
liminary results are obtained. The factors can sum-
marize most of the information, and the inflection
point is at 3, so it is appropriate to extract two fac-
tors, which also confirms the results in Table 5. For
the determination of the weights of the secondary
indicators, the corresponding eigenvalues of the
two factors are known to be 3.216 and 1.390, and
the contribution rate of each factor is given by the
common variance formula (6), which is 0.698 and
0.302, respectively. Therefore, the forest ecosystem
service value expression is:

F=0.698xF+0.302%F, (7)

TABLE 4
Common factor variance table for each variable not rotated

Evaluation index

Initial common factor variance

Unrotated common factor vari-
ance

Conservation water 1.000
Conservation soil 1.000
Purity the atmosphere 1.000
Farmland protection 1.000
Biodiversity maintenance 1.000
Carbon fixation and oxygen release 1.000

0.895
0.847
0.947
0.781
0.889
0.875
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TABLE §
Common factor variance table of each component

Initial eigenvalue

Sum of squared extracted loads

Evaluation index Eigenval- Varla.nce. Cuml}latlIV N Eigen-  Variance contribu- Cuml}latlIV N
es contribution contribution values tion rate/% contribution
rate/% rate/% ’ rate/%
Conservation water 3.216 53.593 53.593 3.216 53.593 53.593
Conservation soil 1.390 23.161 76.754 1.390 23.161 76.754
Purify the atmosphere 0.559 9.314 86.068
Farmland protection 0.446 7.439 93.506
Biodiversity maintenance 0.269 4.482 97.989
Carbon fixation and oxygen 0121 2011 100.000
release
-
-
2
=
E:
=
-
_ﬂ"‘"--—h..,__
i : H H H
slements
FIGURE 2
Scree plot
TABLE 6
Factor loading matrix®
Principal t:
Evaluation index 1r1nc1pa Components 2
Conservation water 0.548 -0.694
Conservation soil 0.773 -0.673
Purify the atmosphere 0.499 0.705
Farmland protection 0.693 0.409
Biodiversity maintenance 0.912 -0.013
Carbon fixation and oxygen release 0.870 0.141
TABLE 7
Rotated Component Matrix(a)
Evaluation index Il’rlnc1pa1 Components -
Purify the atmosphere 0.846 -0.170
Farmland protection 0.785 0.178
Carbon fixation and oxygen release 0.730 0.494
Biodiversity maintenance 0.654 0.336
Conservation water -0.078 0.881
Conservation soil 0.237 0.874

Table 6 shows the factor load matrix, which

shows the correlation between the original variable
and each principal component, that is, which varia-
bles explain information for each factor. According
to the correlation degree of each factor, the mean-
ing of each factor can be integrated.

Extraction Method: Principal Component
Analysis.a 2 components extracted. It can be seen
from Table 6 that the first principal component has
high correlation with conservation soil, protection
of farmland/grassland, biodiversity maintenance
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TABLE 10
Comprehensive evaluation index system of forest ecosystem services

Primary Index Second Index

Third Index

Regulatory services (0.698)
Forest ecosystem

services

Conservation soil and water services (0.302

)

Purify the atmosphere (0.401)

Farmland protection (0.320)

Carbon fixation and oxygen release (0.193)
Biodiversity maintenance (0.087)
Conservation water (0.698)

Conservation soil (0.302)

TABLE 11
Value of forest ecosystem services

Evaluate content

Service value /billion Yuan

The proportion of total value of
each service value/%

Conservation water 34.23
Conservation soil 13.93
Purify the atmosphere 465.52
Farmland protection 20.48
Biodiversity maintenance 23.34
Carbon fixation and oxygen release 0.08
Total 557.57

6.14
2.50
83.49
3.67
4.19
0.01

and carbon fixation and oxygen release; the second
principal component has high correlation with con-
servation water source, conservation of soil and
purification of atmospheric environment. From the
output results, it was found that the extraction result
of the factor is ideal, but the correlation coefficient
is close, and the factor naming is difficult. There-
fore, the coefficients can be rotated to make the
coefficients differentiate to 0 and 1, and the rotated
factor load matrix is shown in Table 7.

Extraction Method: Principal Component
Analysis. Rotation Method: Varimax with Kai-
ser Normalization. a Rotation converged in 3
iterations. From Table 7, it can be seen that the
correlation between the first principal component
and the clean air environment, farmland/grassland
protection, carbon fixation and oxygen release, and
biodiversity maintenance is relatively high; the
correlation between the second principal compo-
nent and the conservation water source and conser-
vation soil is relatively high. The two factors are
named according to the original meaning of the
variable. The first factor is named as regulatory
service. The second factor is named Conservation
Soil and Water Service. The factor score matrix
after rotation is shown in Table 8.

The covariance matrix of the estimated regres-
sion factor scores between the two principal com-
ponents is shown in Table 9.

Extraction Method: Principal Component
Analysis. Rotation Method: Varimax with Kai-
ser Normalization. Component Scores. It can be
seen from Table 9 that the two principal compo-
nents after rotation are completely irrelevant be-

3500

Extraction Method. Principal Component
Analysis. Rotation Method. Varimax with Kai-
ser Normalization. Component Scores. Accord-
ing to the factor score coefficient of Table § and the
normalized value of the original variable, the score
of each factor of the observable measurement can
be calculated, and the observation measurement can
be further analyzed. The rotated factor (main com-
ponent) expression is:

FAC_1-1=-0.219xConservation water'-0.059 x
Conservation soil'+0.461xPurify the atmospher-
¢+0.359xFarmland protection' + 0.200 x Biodiver-
sity maintenance'+0.267xCarbon fixation and oxy-
gen release ®)

FAC 2-1=0.480xConservation water'+0.412 x
Conservation soil'-0.262xPurify the atmosphere'-
0.066xFarmland  protection'+0.201*xBiodiversity
maintenance'+0.112xCarbon fixation and oxygen
release %)

Using factor analysis to determine the three
indicators:

Fi=0.401xPurify the atmosphere' + 0.320 x
Farmland protection'+0.193xBiodiversity mainte-
nance'+0.087xCarbon fixation and oxygen release
(10)

F»=0.698xConservation water' + 0.302 x Con-
servation soil' (11)

cause orthogonal rotation factors are still orthogo-
nal, and the rotated component load is shown in
Fig. 3.

The main components of the two principal
components are the horizontal and vertical coordi-
nates. The concentration of each component is
shown in Fig.3, and two secondary indicators are
identified for regulating services and conservation
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of soil and water services. The three indicators are
the six aspects of the system. Table 10.

Forest ecosystem service value evaluation
model based on the comprehensive evaluation in-
dex system of Table 10.

F=0.280%Purify the atmospher-
e+0.223xFarmland protection'+0.135xBiodiversity
maintenance'+0.061xCarbon fixation and oxygen
release +0.211xConservation water' + 0.091 x Con-
servation soil' (12)

Comprehensive evaluation of forest ecosys-
tem services. Single service value was adjusted
according to forest ecosystem service value evalua-
tion model, results were showed in Table 11.

Table 11 shows that after adjustment, the for-
est ecosystem service value of the Jilin Forest In-
dustry Group in 2013 was 55.757 billion Yuan, of
which the value of the atmospheric environment
service was the largest (46.552 billion Yuan, ac-
counting for 83.49% of the total value), followed by
conservation. Water resources (3.423 billion Yuan,
6.14%); biodiversity conservation (2.334 billion
Yuan, 4.19%); farmland/grassland protection
(2.048 billion Yuan, accounting for 3.67%); con-
servation soil (1.393 billion Yuan, accounting for
2.50%) Carbon sequestration and oxygen release
(0.08 billion, accounting for 0.01%), in which the
value of soil conservation and carbon sequestration
services is low, due to lower fertilizer and carbon
sequestration prices in 2013.

CONCLUSIONS AND DISCUSSION

Conclusions. First, correct the misuse of
“functions” and “services”: forest ecosystem ser-
vices are derived from forest ecosystem functions,
“functions” are stock concepts, “services” are traf-
fic concepts, and services can be directly or indi-
rectly Various benefits derived from the function of
forest ecosystems; re-introduction of forests after
comprehensive reference to MA, "China's Sustain-
able Development Strategy Research Topic 2:
Recognition of Forest Functions" and "China's
Forest Resources and Sustainable Development”
The main contents contained in the ecosystem ser-
vices are defined: conservation of water resources,
conservation of soil, purification of atmospheric
environment, protection of farmland/grassland,
conservation of biodiversity, carbon fixation and
release of oxygen, and establishment and improve-
ment of evaluation index system and methods of
forest ecosystem service value.

Second, the first systematic assessment of the
Jilin Forest Industry Group’s forests was conducted
in conjunction with the forest management plan of
the eight forestry bureaus of Jilin Forest Industry
Group, China Forestry Statistical Yearbook, Jilin
Statistical Yearbook, and data obtained from field
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research. The ecosystem service value shows that
the forest ecosystem service value of Jilin Forest
Industry Group in 2013 was 224.388 billion Yuan,
and there was a big difference between the evalua-
tion results and actual conditions.

Thirdly, only the value of the various service
values of the forest ecosystem is evaluated sepa-
rately, and the results of simply adding up the total
value are questioned. The single evaluation result
has a large gap with the actual ratio, and a direct
sum of vectors for solving different service contents
appears. With regard to issues such as repetitive
accumulation and synergies, a comprehensive anal-
ysis of forest ecosystem service value accounting
results using factor analysis methods was conduct-
ed. The results showed that the forest ecosystem
service value of Jilin Forest Industry Group in 2013
was 55.757 billion Yuan. The result of the compre-
hensive evaluation process is not objective and
reasonable. It not only effectively understands the
status of forest resources, but also prepares natural
resource balance sheets to provide the basis for the
audit of environmental assets of officials and the
accountability for environmental protection. It can
be reversed and corrected to some extent. "GDP-
only" concept of development, guidance and
achievement.

Discussion. a) As the main body of terrestrial
ecosystems, forests not only provide wood and
forest by-products, but also provide ecosystem
services such as water conservation, conservation
of soil, purification of atmospheric environment,
and carbon fixation and oxygen release [20-22].
These services sustain human survival. The re-
quired environmental conditions and support the
global ecological balance. Asah also pointed out
that forest ecosystems are closely related to climatic
environment, conservation of soils, conservation of
water sources, and decomposition of wastes.

Ecosystem services are of great significance
[23-27]. If we continue to maintain the current
forest resources status of Jilin Forest Industry
Group, the newly added forest ecological service
value is about 55.757 billion Yuan, of which the
conservation water source value is 3.423 billion
Yuan, the biodiversity conservation value is 2.334
billion Yuan, and the conservation soil value is
1.393 billion Yuan, it can be seen that the value of
ecosystem services is large and sustainable.

b) The assessment method and indicator sys-
tem of forest ecosystem services are not uniform. In
terms of research methods and index system selec-
tion for forest ecosystem services evaluation, most
domestic scholars directly use existing research
results from abroad, lacking a framework for re-
gional forest ecosystem services evaluation in a
general sense, which makes the results of the re-
search lack of comparability and evaluation results.
There is also doubt.
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¢) There is a duplication of evaluation service
content. The understanding of forest resource value
accounting theory is not in place, and the differ-
ences between forest ecosystem services and re-
sources themselves cannot be distinguished. In-
stead, the values of all forms of resources are con-
sidered as the value of forest resources and evaluat-
ed.

d) Research on multidisciplinary ecosystem
services evaluation. Research includes not only
disciplines such as ecology and forestry but also
many disciplines such as sociology, economics, and
management. Among them, ecology and forestry
disciplines are the basis for the evaluation of eco-
system services, and economics is the main re-
search method. Therefore, in addition to closely
integrating the theoretical and methodological sys-
tems of various disciplines, the research should also
be adapted to the social, economic, and cultural
development stages of the time and actively provide
strategic support for forest ecosystem management.

e) Previous studies have shown that the indi-
rect use value of forest ecosystems is much higher
than the direct use value. For example, Lu Chunxia
et al. [28] evaluated the ecosystem services of the
Qinghai-Tibet Plateau, and the results showed the
economic value and ecosystem service value of the
forest products. The ratio is 1:70; Xu Xinwang et
al. [29-30] evaluated the value of forest ecosystem
services in Anhui Province, and the results showed
that ecological, economic and social benefits ac-
counted for 74.13%, 19.67% and 6.20% of the total
value of ecosystem services. However, the benefits
of the forest ecosystem services of the Jilin Forest
Industry Group under study have not been fully
utilized. For example, the conservation water
source value accounted for 6.14% of the total ser-
vice value; the biodiversity conservation value
accounted for 4.19%; the farmland/grassland pro-
tection value accounted for 3.67%; the value of soil
conservation only accounts for 2.50%. Except for
the low fertilizer and carbon sequestration prices in
the region in 2013, it mainly reflects the serious
degradation of forest/grassland and other ecological
resources in the region, which leads to soil erosion
and species reduction. And problems such as re-
duced quality. Therefore, we should increase natu-
ral resource protection, soil erosion control and
farmland protection, continue to implement
measures such as grazing bans and grazing bans,
vigorously cultivate plantations, establish long-term
protection mechanisms, and achieve dynamic bal-
ance between people, livestock and natural re-
sources; Constructing facilities such as intercepting
ditch in areas with serious soil erosion, actively
transforming and improving sloping farmland and
farmland shelterbelt in agricultural areas, establish-
ing a system for investigating the responsibility of
cultivated land protection, improving the compen-
sation mechanism for land acquisition, and continu-
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ing to implement orderly returning farmland to land
that is not suitable for cultivation. The quality of
cultivated land. Without destroying the existing
forest ecosystem, Jilin Forest Industry Group can
rely on the advantages of forest resources to accel-
erate the development of the tertiary industry. For
example, it can increase the development of under-
story farming and aquaculture and increase the
development of forest by-products. We will active-
ly build projects such as forest tourism resorts.
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Highlights. <Concept and content of forest
ecosystem service flow and forest ecosystem ser-
vice function stock were confusing.

* In the Hypothesis for Different kinds of eco-
system service, evaluation of ecosystem service
value exists repetitive accumulation and synergic
function issues.

*Results show that different types of ecosys-
tem services evaluation has repetitive problems.
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FUNGAL ENDOPHYTES IN TURFGRASS AREAS IN
TURKEY
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ABSTRACT

Fungal endophytes are epiphytic or systemic
microorganisms living on plant tissues during part
or all of their life cycles without causing harm to
their hosts. They have been described as mutualists
that enhance their host resistance against abiotic
stresses, diseases, insects and mammalian
herbivores by producing a broad range of fungal
metabolites. Recently, these organisms have
attracted extensive attention of the scientist due to
their potential properties in biological control of
diseases and pests. In this study, endophytic fungi
were isolated from 122 turfgrass plants belonging
to 7 different turfgrass species at 8 different
provinces in Turkey. The ITS1-5.8S-ITS2 regions
of each isolate were amplified, sequenced and
performed BLAST analyzes. 419 fungal isolates
were classified into 40 genera in accordance with
the rDNA-ITS sequences analysis. It was
determined that endophytic fungi in turfgrass areas
belong to a wide variety of species and most of
these species were from phylum Ascomycota.

KEYWORDS:
Fungi, endophytes, ITS sequence, turfgrass

INTRODUCTION

There are a large number of fungi species
living as endophytic in grasses in nature [1]. These
species can colonize grass tissues without causing
apparent harm. Fungal endophytes are being
recognized for their potential role as biological
control agents and 