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PREFACE

The International Eurasian Congress of Agriculture and Natural Sciences is a series of
congresses that bring together all partners of agriculture, food and related natural sciences. The
congress was held in Bishkek, the capital of Kyrgyzstan in 2017, and in Baku, the capital of
Azerbaijan in 2018. The third is on 17 to 20 October 2019, hosted by Turkey, was held in Antalya,
one of the city in the foreground with agricultural potential. Our congress, which we were planning
to hold in Odessa, Ukraine this year, was held on online 30-31 October 2020 due to the pandemic
that affected the whole world. With the participation of valuable scientists from different countries a
total of 110 oral presentations were presented in our online congress. Besides, 47 poster
presentations were also presented at our congress. Today, sustainable agriculture and food supply
have become the most important component of the independence of countries. Although the name
of our congress is Eurasia, the main purpose of our congress is to bring together scientists who are
actively working with agriculture, food and natural science. In addition to this, valuable scientists
from different countries participated in our congress and shared their valuable work with the
participants. The scientists participated in our congress from Turkey, Kyrgyzstan, Ukraine,
Kazakhstan, India, Iran, Italy, Chile, Australia, Russia, United Kingdom and Latvia. In the
presentations, different problems, approaches and solutions in different areas of agriculture were
discussed. From this point of view, the problems, opportunities and the similarities in the areas
studied and required to be studied have attracted attention. Thus, the main mission of the congress,
scientists with scientists in those countries to bring together in Turkey, there has been a successful
convention process in developing the culture of common sense and cooperation. Although such
scientific congresses are widely held, the success achieved in our previous congresses, where strong
collaborations have been formed within the framework of the basic mission of our congress, has
emerged in this congress as well. In other words, it was aimed to contribute to the development of
culture of cooperation between countries and to introduce scientific wealth of our country to other
scientists and to form the basis of scientific unity.

In this context, we would like to thanks Prof. Dr. Cumhur COKMUS the Rector of Konya
Food and Agriculture University, Prof Dr Metin AKSOY the Rector of Selguk University, Prof Dr
Mykhailo BROSHKOQOV the Rector of Odesa State Agrarian University, and Prof Dr Alpaslan
CEYLAN the Rector of Kyrgyz Turkish Manas University for their contribution to our congress as
honorary president.

Sincerely yours.

Prof. Dr. Onder TURKMEN
On Behalf of the Organizing Committee
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Abstract

Conservation agriculture is one of the most popular practices to mitigate climate stress on
crops; it is a technigue that combines organic matter addition with minimal soil disturbance. The
present study investigated the effects of compost application combined with minimum tillage
followed by traditional fertilization in the groundwater, where dissolved organic carbon (DOC) and
dissolved organic nitrogen (DON) were monitored for three years (2016-2019) via several
campaigns. The study area is located in the Po valley lowland (Ferrara Province, Italy). Here two
field sites, named Gualdo and Bando, characterized by contrasting soil types and depositional
environments, were selected as representative of the most common environments of the Po valley
lowland. The two field sites were instrumented with multi-level samplers (MLS) for groundwater
samples collection and hydrogeological measurements (Fig.1, lower panel). At the Gualdo
experimental site, the piezometers were installed at -2, -3, -4 m below ground level (b.g.l.). At the
Bando experimental site, the piezometers were installed at -1, -2, -3 m b.g.l.. For each experimental
field three treatments were carried out: a control with traditional tillage and no compost application,
a treatment with traditional tillage and compost application and a treatment with minimum tillage
and compost application. The trends of DOC and Norg in the groundwater , both in Gualdo and
Bando field, highlighted that there are no significant variations between the control and the two
treatments. Therefore, the application of compost does not yet had an impact on the groundwater,
but only on the unsaturated zone.

Keywords: dissolved organic carbon, compost, minimum tillage, organic nitrogen, groundwater
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INTRODUCTION

The environment within which agricultural crops and agro-nomic practices developed over the
past 10,000 years is rapidly changing due to human-induced climate change, that has and will have
a negative impact on agricultural soil fertility due to changes in rainfalls and temperatures (IPCC,
2014). The climatic changes of recent years represent a great stress for many of the most important
crops in the world (Teixeira et al. 2013). Global warming has a highly negative impact on
agricultural production, and more generally on food production (Schmidhuber and Tubiello, 2007).

Conservation agriculture is one of the most popular practices to mitigate climate stress on
crops. It is a technique that combines organic matter addition with minimal soil disturbance (Eze et
al., 2020). Minimum tillage improves the availability of nutrients for plants, the conservation of
organic carbon in the soil, the water retention capacity and it decrease nutrients leaching (Khan et
al., 2017).

Compost application involves adding nutrients and organic matter to the soil, improving its
fertility and structure (Diacono and Montemurro, 2011). Compost is derived from the
biodegradation of organic waste especially of the agri-food type in line with the postulates of the
circular economy (Hargreaves et al., 2008). Excessive compost application can, however, lead to
an increase of dissolved organic carbon and (DOC) organic nitrogen (DON) in groundwater
(Esteller et al. 2009), on the other hand, the addition of organic matter by compost could decrease
N leaching towards groundwater by increasing the soil denitrification capacity (Colombani et al.,
2020).

The present study investigated the effects of compost application combined with minimum
tillage followed by traditional fertilization in the groundwater, where DOC and inorganic carbon
(DIC), DON and dissolved total nitrogen (DTN) were monitored for three years (2016-2019) via
several campaigns in two contrasting soils.

The study area is located in Gualdo and Bando (Figure 1) in the Po valley lowland (Ferrara
province, Italy), where intensive cultivation and excessive use of fertilizers is widespread (Lasagna
et al., 2016). The two soils chosen for this study are the most representative of the area. The soilin
Gualdo is a Hypocalcic Haplic Calcisol and this site is characterized by fluvial plain depositional
environments (Colombani et al. 2020); while the soil in Bando is a Calcaric Gleyic Cambisol and
it is characterized by coastal lagoon marsh depositional environments (Colombani et al. 2019).

In a recent study carried out with stable isotopes by Colombani et al. (2019) has been found
that the Gualdo site is affected by a plume produced by old upstream manure fertilizations; while
the Bando site is affected by DON plume coming from geogenic sources due to the presence of peat
lenses in the lower part of Bando’s profile (Figure 2).



Figure 1. The two site’s location and the geological map of the Area. Bando site (GPS coordinates 44° 47'41” N and 11° 42' 20”
E) is located in the south-eastern part of the Ferrara province; and Gualdo site (GPS coordinates 44° 39* 31.657” N, 11° 52’

14.4019”" E) is located in the central-eastern part of the Ferrara province.
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Figure 2. Geological profile of Bando site (on the left) and Gualdo site (on the right). White-blue arrows represent the flow paths,
and the blue rectangles show the average water table ranges. Modified by Colombani et al. 2019.

MATERIALS AND METHODS

Experimental design

The experimental design involved three different treatments: A, C and M. Treatment A
includes classical tillage only, this treatment was used as a control. Treatment C includes the
application of compost coupled with classic tillage. The M treatment, on the other hand, includes
the application of compost coupled with minimum tillage. Each treatment was followed by

traditional fertilization with ammonium nitrate and urea and each site underwent rotational
3



cultivation of winter wheat and maize.

Groundwater collection and analysis

The two field sites were instrumented with multi-level samplers (MLS) for groundwater
samples collection, respectively at 2 and 3 meters below ground level (m b.g.l.) for bando site and
3and 4 m b.g.l. for Gualdo site. Groundwater sampling was done on a monthly basis for three years.
The samples were taken from each piezometer using a bailer, after low flow purging for at least 3
well's volumes. Then samples were poured into 0.5 L HDPE flasks, which were stored inside a
portable fridge and successively frozen until analysed. DIC and DOC were analysed with an
elemental analyser Shimadzu TOC-V-CSM. DTN was analysed with a Technicon Autoanalyzer 1.
DON was obtained indirectly using the following equation:

DON = DTN — DIN

Where DIN is the dissolved inorganic nitrogen. DIN was, also, obtained indirectly using the
following equation:

DIN = NH4*+ NO3™ + 02~
Where ammonium (NH4"), nitrate (NO3") and nitrite (NOz") were analysed with a double beam
Jasco V-550 UV/VIS spectrophotometer.

RESULTS AND DISCUSSION

Gualdo site

Figure 3 schematizes and summarizes the results obtained during the three years of
monitoring in the Gualdo site for the DOC at 3 and 4 m b.g.l. At 3 m b.g.l. C treatment shows higher
value of DOC than the control (A treatment), while there are not large differences between the M
treatment and the control one. At 4 m b.g.l. there are not very important differences between the
three treatments. DOC values are higher at 4 m b.g.l. than 3 m b.g.l. due to the old upgradient
manure fertilizations. DIC values (Figure 4) show not important differences between the three
treatments both at 3 and 4 m b.g.l. Figure 5 shows the results obtained for the organic nitrogen in
Gualdo Site at 3 and 4 m b.g.l. There are no large differences between the three treatments both at
3and 4 m b.g.l. In the last part of the monitoring period at 4 m.b.g.l. a climbing trend is present due
to the upgradient manure plume that is passing through the plots. This is evident from the fact that
the highest concentrations are found in the lower monitoring well, indicating that the DON is not
coming from the vadose zone and thus from the monitored plots. DTN concentrations (Figure 6)
show not significant differences between the treatments and the trends are very similar to those of
DON.
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Figure 3. Gualdo site DOC values during a three years monitoring time at 3 m b.g.1. (left panel) and 4 m b.g.l. (right panel). The
blue line shows C treatment trend and black line shows M treatment trend, while red line shows the control plot A.
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Bando site

Figure 7 schematizes and summarizes the results obtained during the three years of
monitoring in the Bando site for the DOC at 2 and 3 m b.g.l. At 2 m b.g.l. the C treatment shows
higher value of DOC than the control one (A treatment), while there are no appreciable differences
between the M treatment and the control plot. At 3 m b.g.l. there are no important differences
between the three treatments. DOC values are higher at 3 m b.g.l. than 4 m b.g.l. due to the upward
groundwater flow induced by the “Polder” like environment that promotes exfiltration, thus
enhancing the transport of DOC from geogenic source like peat lenses. DIC values (Figure 8) show
not important differences between the three treatments both at 2 and 3 m b.g.l. Figure 9 shows the
results obtained for the DON in Bando Site at 2 and 3 m b.g.l. There are no important differences
between the three treatments both at 2 and 3 m b.g.l. In the last part of the monitoring period at 3

m.b.g.l. there is a rising trend due to the DON generated by seasonal oxidation of peat lenses
driven by water table oscillation. DTN concentrations (Figure 10) show not significant differences
between the treatments and the trends are very similar to those of DON.
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Figure 7. Bando site DOC values during a three years monitoring time at 2 m b.g.l. (left panel) and 3 m b.qg.l. (right panel). The blue
line shows C treatment trend and black line shows M treatment trend, while red line shows the control plot A.
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Figure 9. Bando site Norg values during a three years monitoring time at 2 m b.g.l. (left panel) and 3 m b.g.1. (right panel). The blue
line shows C treatment trend and black line shows M treatment trend, while red line shows the control plot A.
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Figure 10. Bando site Norg values during a three years monitoring time at 2 m b.g.l. (left panel) and 3 m b.g.l. (right panel). The blue
line shows C treatment trend and black line shows M treatment trend, while red line shows the control plot A.

CONCLUSIONS

This study evaluated the effects of compost application combined with minimum tillage
followed by traditional fertilization in the groundwater, where DOC, DIC, DON and DTN were
monitored for three years via several campaigns in two contrasting soils. Compost was applied
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only once in 2016 (start of monitoring) then during the whole monitoring period conventional
fertilization with synthetic fertilizers was carried out.

The trends of DIC, DON and DTN in groundwater highlights that there are no significant

variations between the control and the two treatments both in Gualdo and Bando fields.
In both the sites, the classical tillage combined with compost application showed DOC values
higher than the control for the upper piezometer, therefore classic tillage may have favoured the
leaching of organic carbon derived from the application of compost. Minimum tillage, on the other
hand, did not show any differences with the control for the DOC, therefore this practice tends to
slow down the leaching of organic carbon despite the application of compost. DON leaching was
minimal with negligible impact on shallow groundwater quality. Therefore, the application of
compost did not have a major impact on groundwater during the monitored period.

Nevertheless, N and C compounds leaching was superimposed on pre-existing
contaminations from anthropogenic sources in Gualdo and geogenic sources in Bando
(Colombani et al. 2019).

The experimental design proved to be highly efficient and cost effective, especially since the
use of multi-level samplers allowed to sample and discretize the aquifer at different levels
without creating mixing of different waters resulting from different pollution sources. Therefore,
to study the impact of agricultural practices on shallow groundwater bodies, monitoring
groundwater quality parameters via multi-level samplers is essential to have a real picture of the
system and avoid biased results induced by the overlap of different sources.
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Abstract

In this study carried out under greenhouse conditions in summer period, a mixture of field soil, soil and farm
manure (1:1 v:v) was used as growth medium. 0 (control), %2.5, %5 and %10 vermicompost were added to
each soil. In the study using one liter pots, the amount of vermicompost was adjusted according to weight. A
total of 8*9*2 = 144 seeds were used. In this study, the effects of watermelon (Citrillus lanatus L.) on
seedling growth were investigated. The parameters measured in plants were measured plant height, stem and
leaf fresh and dry weights and leaf area. According to the results obtained in the study, plant growth was
observed in the highest soil and farm manure mixture and 5% vermicompost application, while the lowest
plant seedling growth was observed in unmixed field soil. In both soil mix, after 10% vermicompost
application, plant seedling growth decreased. As a result, it is seen that vermicompost application increases
plant growth but has a negative effect on plant growth after a certain place. For this, the mixture should be
prepared for each plant species and according to the content of the vermicompost used.

Keywords: Farm manure, Seedling development, Vermicompost, Watermelon

Introduction

Watermelon is a short duration vegetable crop belonging to Cucurbitaceae family, and is a
high value crop in Turkey and in many countries in the world. Watermelon seedlings are produced
in the greenhouse in the mixture of commercial hydroponic bed plant growing medium before the
nature is transported out of the greenhouse. It is very sensitive to the factors that cause the growth
of the medium in the early stages of growth, where high substrates are present in the foundation
organic seedling foundation. Peat moss is used as a hydroponic potting substrate in horticulture due
to its desirable physical properties and high nutrient exchange capacity (Raviv et al., 1986). In
recent years, however, environmental and ecological concerns have been increasing against peat
use, because the harvest is destroying the extinct swamp ecosystems worldwide. Other organic
materials such as fertilizer compost, vermicompost, rice, ash, tea wastes, cotton bolls, coconut
powder etc. (Agbo and Omaliko, 2006; Ercisli et al., 2005; Sahin et al., 2004)

Vermicomposts have been described by several authors as humus-like materials
and their degree of humification has been investigated fairly thoroughly. The humifying
capacity of earthworms, in the production of vermicomposts, was reported by Businelli et
al. (1983) after Lumbricus rubellus processed a range of mixtures: cow and rabbit dungs,
cattle and horse dungs, cow and sheep dungs and municipal waste compost.
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Orlov and Biryukova (1996) reported that the total organic matter concentration of
vermicomposites contains 17-36% humic acid and 13-30% fulvic acid. Senesi et al. (1992)
compared the quality of the humic acids found in vermicomposites by using the spectroscopic
analysis procedures in natural soils.

Among their superior chemical attributes, Edwards and Burrows (1988) reported
that vermicomposts, especially those from animal waste sources, usually contained more
mineral elements than commercial plant growth media, and many of these elements were
changed to forms more that could be readily taken up by the plants, such as nitrates,
exchangeable phosphorus, and soluble potassium, calcium, and magnesium.

Werner and Cuevas (1996) reported that most vermicomposts contained adequate amounts
of macronutrients and trace elements of various kinds but were dependent on the sources of the
earthworm feedstock.

Vermicomposts have many outstanding biological properties. They are rich in
bacteria, actinomycetes, fungi (Edwards, 1983; Tomati et al., 1987; Werner and Cuevas,
1996) and cellulose-degrading bacteria (Werner and Cuevas, 1996). In addition, Tomati
et al. (1983) reported that earthworm castings, obtained after sludge digestion, were rich
in microorganisms, especially bacteria. Nair et al (1997) compared the microorganisms
associated with vermicomposts with those in traditional composts.

The objective of this research was to evaluate the effect of different vermicompost
combinations on the seedling growth and to determine the most effective formula for organic
seedling production of watermelon.

Materials and Methods

An experiment was conducted un a greenhouse conditions at the Faculty of Agriculture,
Erciyes University, Kayseri- Turkey. For the vegetation period, the average day/night temperatures
was 25/30 °C, the relative humidity was 60-80% . Crimson Tide watermelon variety was use as a
plant material.

Experimental design. The experiment was carried out as a pot experiment in greenhouse
environment. Regular field soil (RFS) and mixture of soil and composted farm manure (S&M) (1:1
v:v) was used as growth medium. O (control), 2.5, 5 and 10 % vermicompost were added to each
type of soil. The amounts of vermicompost in the experiment where one liter pots were used were
adjusted based on the weight. The experimenatl design was complete rondomized plot and each
teratment replicated 9 times with 2 seedlings. In total, 8 * 9 * 2 = 144 seeds were used. After the
seeds were planted in the pots, they were irrigated until water drains from the bottom of the pot.
After the emergence, the pots were manually irrigated twice a week. The plants were harvested 40
days after seeding and the results were evaluated.
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Soil sample and analysis

Table 1. Some physical, chemical and biological properties of soil used in the experiment

Properties Value
Sand (%) 62.60
Silt (%) 27.10
Clay (%) 10,30
pH 7.50
EC 0,27
Organic Matter (%) 0.60
Lime (%) 1,10
Suitable Phosphorus (kg P205/da) 6.40
Total N (%) 0.052
Interchangeable K (cmol / kg) 1,10
Exchangeable Na (cmol / kg) 0.19
Interchangeable Ca (cmol / kg) 9.30
Interchangeable Mg (cmol / kg) 0,76
KDK (cmol / kg) 11.10
B (ppm) 0.68
Fe (ppm) 1.10
Mn (ppm) 2.14
Zn (ppm) 0.81
Cu (ppm) 1.21

Growth measurements. At the end of the experiment plants were harvested by separating
them into shoot and leaves. Main stem length (cm) was measured by using a ruler. For the fresh
weight determination plant organs were fractioned into the leaf, stem and leaves and then weighed.
The total leaf area for each treatment was determined by LI 3100 C Model Leaf Area Measuring
Device in cm2.The stem and leaf samples were placed in paper bags and allowed to dry until they
reached constant weight at 70 °C for 48 h. Then dried stem and leaf samples were removed from the
oven and weighed to determine their dry weight.

Statistical analysis. Analysis of variance (ANOVA) was performed using the SAS program
(SAS Institute, Cary NC, USA). If ANOVA determined that the effects of the treatments were
significant (P < 0.05 for F -test), then the treatment means were separated by Duncan’s Multiple
Range Test.

Results and Discussion

The plant hieght was significanly affected by both soil type and vermicompost application.
Farm manure and soil mixture (29.06) produced longer plants than field soil (14.13). While the
longest plant was recorded in S&M amanded with 5 % vermikompost with 35 cm, the shotest plant
were harvested from RS control treatments. The mean height of the plants increased significantly
by increasing vermicompost amount in both soil types up to 5%, but 10% vermicompost application
caused significant reductions in plant height (Figure 1).

The leaf area is also significantly influenced by both vermicompost application and soil
type. Similar to the height of the plant, S&M produced larger leaf area than RS. The largest leaf
area wasmeasured in S&M with 5% vermikompost with 155.3 cm?/plant and the lowest leaf area
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was recorded in RS control treatments with 47.1 cm?/plant. (Figurel). These result are agreement
with many previous studies before about effect of vermicompost on vegetable seedling growth.
Atiyeh et al. (2000, 2001) reported that a wide range of vegetables germinated better in mixed
substrates with vermicompost than in commercial growth media (. The increased plant hight, stem
diameter and leaf number per plant by vermicompost application of 1/3 and % to soil were
determined in tomato by Gutierrez-Miceli et al. (2007). Paul and Metzger (2005) also reported that
20% vermicompost additions to Metro-Mix36 (commercial substrate) caused a significant increase
in plant height, leaf area and root dry weight compared to control.. Leaf area, number of strawberry
suckers, number of flowers, shoot weight, and commercial fruit yields of strawberries all increased
significantly in response to supplemented vermicompost applications compared to those from
strawberries that produced by only inorganic fertilizers. (Arancon et al. 2004). Black pepper
cuttings raised in vermicomposts were significantly taller and had more leaves than those grown in
commercial potting mixtures. Plant heights, numbers of branches, and the longest taproots were on
cloves grown in the vermicompost mixtures (Vadiraj et al. 1998).

_ F-Test E-Test
Plant height (cm) Application*** Leaf area (cm?) Application: ***

LSD:1,02 LSD: 2,9

180
160
140
120
100

Figurel. Influence of vermicompost application on plant height (cm) and leaf area (cm?plant) of
watermelon plants grown into two different soil types. RS(S): Regular soil control, S&M
(M): Soil and farm manure mixture. Each soil type was substituted with 2.5, 5 and 10 %
vermicompost.

Addition of vermicompost and soil type significantly affected plant stem fresh and dry
weight.  While S&M produced higher stem fresh and dry weight than RS, the addition of
vermicompost significantly increased stem dry and fresh weight in all treatments except for R&S
with 10 % vermicompost treatments. The highest stem fresh weight was obtain from S&M with %5
vermicompost mixture with 9,54 g/plant, and the lowest plant stem fresh weight was recorded in
RS control with (2.28g/plant. With regard to plant stem dry weight, the lowest value was obtained
from RS control with 0.17g/plant and the highest stem dry weight was recorded in S&M with %5
vermicompost mixture treatments with 0,47g/plant (Figure 2). Similar to the current study, the
positive effects of vermicompost on vegetative and generative development in several vegetable
species were reported in previous studies. Edwards and Burrows (1988) reported that
vermicomposts increased vegetable seedling emergence compared with those in control commercial
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plant growth media, using a wide range of test plants such as pea, lettuce, wheat, cabbage, tomato
and radish.

E-Test
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Figure2. Influence of vermicompost application on stem fresh (g/plant) and dry weight (g/plant) of
watermelon plants grown into two different soil types. RS(S): Regular soil control, S&M(M): Soil
and farm manure mixture. Each soil type was substituted with 2.5, 5 and 10 % vermicompost.

The leaf fresh and dry weight was significantly affected by soil types and vermikompost rate
added to growth medium. As in previous parameters given above, S&M produced higher leaf fresh
and dry weight than that RS produced. S&M substituted with 5% vermikompost produced the
highest leaf fresh weight with 8,82 g/plant and tha lowest leaf fresh weight was recorded in RS
control treatment with 2.51 g /plant. In the same trend, the highest leaf dry weight obtained from
%5 vermikompost added soil and farm manure mixture (0,69g) and lowest leaf dry weight was
determined in RS control tratmnet with 0.29 g/plant. The reduction due to high doses was observed
in only S&M with substituted with 10% vermicompost. The application of vermicompost resulted
in a two-fold increase in the frsh weight of the leaf under the field soil conditions, but only a 40%
increase in the use of soil and farm manure mixture (Figure3). In accordance with current reseach,
Vadiraj et al (1998) reported enhanced growth and dry matter yield of cardamom (Electtaria
cardamomum) seedlings in vermicomposted forest litter compared with that in other growth media
tested. Increased yield in onion (Allium cepa) by vermicomposts produced from coir dust
application was reported by Thanunathan (1997). Atiyeh (2000) demonstrated that vermicompost
produced from pig manure substituted into Metro-Mix 360, at a range of concentrations increased
vegetable and ornamental seedling growth, even at low concentrations, when all the nutrients
needed by the crops were available. However, the larger percentages of vermicomposts substituted
into the soilless commercial growth medium (MM360) did not always improve plant growth
possibly because of salt content or other factors. They demonstrated further, that as little as 5% of
vermicompost substituted into MM360 was enough to produce conciderable growth responses of
tested crops.
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Figure3. Influence of vermicompost application on plant leaf fresh weight (g/plant) and leaf dry
weight (g/plant) of watermelon plants grown into two different soil types. RS(S): Regular soil
control, S&M(M): Soil and farm manure mixture. Each soil type was substituted with 2.5, 5 and 10
% vermicompost.

Conclusions

As a result, it is seen that vermicompost application increases plant growth but has a
negative effect on plant growth after a certain place. For this, the mixture should be prepared for
each plant species and according to the content of the vermicompost used.
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ABSTRACT

The experiment was conducted between April and August 2020 in TETA seed company
(Kahramanmaras). Two watermelon scion genotypes (Gabriel F1 and W135) and 5 different
rootstock C. moschata x C. maxima hybrids genotypes (R172, R173,R174, Nun9075 and TZ-148)
Non-grafted plants were used as control in experiment. However non-grafted plants died due to
soil-borne diseases and measurements of these plants could not be made. Harvest was determined
by a dead tendril at the point where the fruit attached to the vine, along with a yellow ground spot.
Nine fruits from each replicate were randomly chosen to determine the yield per plant number of
fruit per plant, soluble solids content (Brix), fruit length, fruit diameter and thickness of rind.
According to the results, R172/W135, R174/W135, R172/Gabriel F1 grafting combinations had a
positive effect on yield and quality compared to other grafting combinations. As in our land, the use
of grafted plants may be preferred in areas where nun-grafted watermelon production is limited due
to soil-borne diseases. In addition, use of rootstocks (use of grafting plant) is also economically
feasible to the producer and can be considered as an alternative way in production to increase the
net revenue.

Keywords: Grafting, Rootstock, Scion, Yield, Watermelon

INTRODUCTION

Watermelon (Citrullus lanatus) is a member of the cucurbit family (Cucubitaceae) and is a
high commercial value crop in Turkey and in many countries in the World. China is the world
leader in watermelon production with 60.6 % of the total production in 2018. Other leading
countries are Iran (3.9%), Turkey (3.8 %) and Brazil (2.1%) (FAO 2018). To meet the growing
consumption demand worldwide, monocultures become the major cropping system for watermelon
production recently. However, watermelon subjected to consecutive monoculture is susceptible to
biotic (virus, bacteria, fungus, pests etc.) and abiotic stress (salinity, drought, alkalinity, low and
high temperatures, deficiency or excess of nutrients, heavy metals, air pollution, radiation and etc)
(Rivero et all., 2001; Uygur and Yetisir 2006; Li et all., 2017; Rouphael et all., 2008; Hamurcu et
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all., 2020; Kaya et all., 2003; Colla et all., 2010; Mo et all., 2016; Njoroge et all., 2008; Huang et
all., 2016).

Vegetable grafting is most common in European and Asian countries where crop rotation is
no longer an option and available land is under intense use. Grafting is an alternative approach to
reduce crop damage resulting from soilborne pathogens and increase plant biotic and abiotic stress
tolerance, which increases crop production (Hassell et al., 2008; Soteriou et al., 2014; Bertucci et
all., 2018; Tripodi et all., 2020). Rootstocks commonly used in watermelon grafting are C.
moschata, C. maxima, C. pepo, Benincasa hispida, Lagenaria siceraria, Sicyos angulatus Citrullus
lanatus var. citroides C. moschata x C. maxima hybrids (Lee, 1994).

Grafting with cucurbits was originally initiated as a preventive measure against a soil-borne
disease, fusarium wilt Since than, it has been demonstrated that grafting of selected rootstocks is
useful for increasing cultural efficiency and crop yield it promotes crop growth and enhances
environmental adaptability, the grafting procedure has been widely (Kawaide, 1985). This is due to
the use of Cucurbita spp. rootstock that induces vegetative growth (Kawaide, 1985). In a similar
study, Yamasaki et al. (1994) determined that grafts to interspecific hybrid squash cause more
vigorous growth. Grafted plants of Reina de Corazones watermelon cultivar onto Shintosa rootstock
increased the fruit yield as compared to non-grafted plants. However, fruit set was not affected by
the rootstock (Miguel et al., 2004). The average yields of grafted plants were much higher than the
yields of the non-grafted plants. The yield increase was 44% and 84% respectively for melon and
watermelon (Besri, 2008). Reports indicated that the use of rootstock alters yield and quality
attributes of the scion fruit. The main purpose of this study was to investigate the effects of grafting
on fruit yield, characteristics and quality attributes of two watermelon plants, ‘W135°, ‘Gabriel F1°.

MATERIALS AND METHODS

Plant Material, Treatments and Experimental Design

The experiment was conducted between April and August 2020 in TETA seed company
(Kahramanmaras). Two watermelon scion genotypes (Gabriel F1 and W-135 F1) and 5 different
rootstock C. moschata x C. maxima hybrids genotypes (R 172, R 173,R 174, Nun 9075 and TZ-
148) Watermelon seeds were sown in a mixture of 2: 1 peat and perlite ratio, and one week later,
pumpkin seeds were sown. Seedlings were grafted at the beginning of May and were planted at the
end of May in open field. Grafts were performed as follows; seedlings were grafted by hand, the
tongue approach grafting method was applied (Lee, 2003). Grafting was carried out in the
glasshouse shaded and sheltered from wind to avoid wilting of the grafted plants. Grafting
combinations of scion / rootstock were shown (Table 1).

Tablo 2 Grafting combinations

Rootstock Scion
R172 Gabriel F1
R172 W135
R173 Gabriel F1
R173 W135
R174 Gabriel F1
R174 W135

Nun9075 Gabriel F1

Nun9075 W135

TZ-148 Gabriel F1
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After grafting the plants were kept at 28-30 C° and with more than 95% relative humidity
for three days of healing, and then the relative humidity was gradually lowered and light intensity
increased. Foliar spraying of grafted plants with water was effective in helping them survive when
wilting was observed. The grafted and non-grafted seedlings were transplanted at the end of May in
open field conditions. Plants were spaced at 2 m between plants and 2 m between rows, with a
density of 2500 plants/ha as indicated. Non-grafted plants were used as control in experiment.
However non-grafted plants died due to soil-borne diseases and measurements of these plants could
not be made.

The experiment was ended at end of the August. The experiments were arranged as a
randomized complete block design with three replications of nine plants for each treatment. Ripe
fruits were harvested in August, when ripe. Harvest was determined by a dead tendril at the point
where the fruit attached to the vine, along with a yellow ground spot. nine fruits from each replicate
were randomly chosen to determine the yield per plant, number of fruit per plant, soluble solids
content (Brix), fruit length, fruit diameter and thickness of rind. Statistical analysis: Analysis of
variance (ANOVA) was performed using the SAS program Mean separations were performed when
appropriate using the least significance difference at P < 0.05.

RESULTS AND DISCUSSION

In the present research the rootstock genotypes significantly influenced the increase of the
number of fruit per plant (Fig. 1). Avarega fruit number per plant of R174/W135 was significantly
higher than other grafted plants. The lowest fruit number was obtained in Nun 9075/GabrielF1
grafting combination. Pumpkin rootstock is associated with very strong growth vigor, which can
promote rapid canopy growth and the rapid growth of lateral stems, and thereby increase the
number of fruits on each plant and the total yield (Fallik et all., 2014; Kumar et all., 2019). The
obtained data agreed with those obtained by Salam et al. (2002) found that, grafting also produced
higher number of fruits per plant. Yield was increased by grafting in watermelon (Ruiz and
Romero, 1999 and Yetisir and Sari, 2003).

Figure 1. Number of fruit per plant
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The yield per plant was the highest per plant in R172/W135, Nun 9075/Gabriel F1, R172/Gabriel
F1 and TZ 145/Gabriel F1 grafting combinations, respectively. the lowest yield per plant was
measured in the Nun9075/Gabriel F1 grafting combination. Similar to our results, average fruit
weight of watermelon is strongly influenced by grafting, and it is an important component of yield
(Fig. 2) (Ramirez et al., 2009). These increases can be explained by an interaction of some or all of
the following phenomena: increased water and plant nutrient absorption (Kato and Lou, 1989),
augmented endogenous hormone production (Zijlstra et al., 1994), and enhanced scion vigor (Leoni
et al., 1990), resistance to soil pathogens (Lee, 1994 and Edelstein et al., 1999).

Figure 2. Yield per plant (kg)
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Significant difference in total yield per decare was recorded among grafting combinations.
The highest yield (3552.9 kg de! ) was obtained at R172/W135 grafting combonation while the
least value (2401.6 t de ) was obtained at Nun9075/Gabriel F1 grafting combonation(Fig. 3).
There are several reports of increased productivity by grafting watermelon. Yield increases of 3.5
(Salam et al., 2002) and two to 3.5 times have been obtained depending on the rootstock used.
These increases are the result of control of Fusarium oxysporum sp. niveum and the increase in the
number and weight of fruits, even with reduction to half the plant density of nongrafted plants
(Yilmaz et al., 2007).
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Figure 3. Total yield per decare(kg)
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The analysis of my data showed that different grafting combinations had a significant effect
on SSC(%) of watermelon juice. SSC(%) of samples (R173/Gabriel F1 to R172/Gabriel F1) ranged
from 6.70 to 8.80 (Fig. 4). Similar to our results, during the 2 years, the content of soluble solids
was unaffected by grafting or fumigation (Ramirez et al., 2009). These results were similar to those
observed by Colla et al. (2008), Miguel et al. (2004), Roberts et al. (2007), and Schultheis et al.
(2008) in watermelon and by Crino et al. (2007) in melon. In this respect, several investigators
showed similar results e.g., Salam et al. (2002), Yetisir et al. (2003) Yetisir and Sari (2003) and
Alan et al. (2007) in watermelon. Miguel et al. (2004) found no difference in SSC(%) of
watermelon fruit from scions grafted onto Cucurbita interspecific hybrid versus than in self-rooted
watermelons control.

Figure 4. Soluble solids content (Brix)
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Different grafting combinations of showed a significant effect on watermelon fruit length
(Fig. 5). Fruit length was relatively more with R172/Gabriel F1 (22.54 cm) followed by
Nun9075/Gabriel F1 (21.49 cm) and lowest in Nun9075/W135 (15.70 cm). Grafting increased
fruit size, and this causes higher yields than in the control. These results agree with that of Miguel et
al. (2004), who mentioned that grafting watermelon on Shintoza rootstock increased both fruit set
and fruit size compared to the non-grafted plants. Bletsos, (2005) recorded that, grafting due to
positively affected on fruit yield and quality, fruit size in early production. In Egypt Kapiel et al.
(2005) who observed that the fruit size of watermelons grafted to rootstocks having vigorous root
systems is often significantly increased compared to fruit from intact plants.

Figure 5. Fruit length (cm).
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Different grafting combinations of showed a significant effect on watermelon fruit diameter
(Table 2). Fruit diameter was relatively more with R172/Gabriel F1 (20.15 cm) followed by
R173/Gabriel F1 (19.17 cm) and lowest in R173/W135 (12.38 cm) (Fig. 6). These results agree
with that of El-Eslamboly (2010), who mentioned that grafted watermelon on gourd rootstock
produced larger fruits as shown from fruit size, length and diameter in both seasons without any
significant effect on fruit shape.

Figure 6. Fruit diameter (cm)
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Fruit rind thickness in the grafting combinations tested in this experiment ranged from 1.11
to 1.95 mm. The highest rind thickness was measured in the Nun9075/Gabriel F1 grafting
combination, while the lowest was measured in the R174/W135 grafting combination. Fruit rind
thickness and average fruit weight were increased in all grafted plants (Fig. 7). The increase in rind
thickness and average fruit weight were higher by 15 and 18% in ‘Crimson Tide’/’Dynamo’, 8 and
22% in ‘Dumara’/’RS-841°, 22 and 21% in ‘Farao’/’Shintosa’ combination, respectively (Turhan et
al., 2012).

Figure 7. Fruit rind thickness(cm).
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CONCLUSION

According to the results, R172/W135, R174/W135 and R172/Gabriel F1 grafting
combinations had a positive effect on yield and quality compared to other grafting combinations. As
in our land, the use of grafted plants may be preferred in areas where nun-grafted watermelon
production is limited due to soil-borne diseases. In addition, use of rootstocks (use of grafting plant)
is also economically feasible to the producer and can be considered as an alternative way in
production to increase the net revenue.
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MARKETING CHANNELS OF ORGANIC AGRICULTURAL
PRODUCTS IN TURKEY
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Abstract

Organic agricultural production in Turkey, to meet the demand for organic products from Europe
began in the mid-1980s. The first exports of organic agricultural products from Izmir in 1985. The types of
organic products subject to export have continuously increased in terms of both variety and quantity over the
years. As a result of the formation of local demand since the late 1990s, in order to meet the domestic
demand, boutique shops selling only organic products were established in big cities, in some districts with a
high foreign population. Subsequently, while producers in ecological markets established in big cities started
to market their products directly to consumers, supermarkets and hypermarkets started to sell organic
products in separate sections. In addition, large amounts of organic products are processed in the food
industry. These products are exported or offered to the domestic market. In addition, exporting companies
put up for sale their own products, products that have been obtained from other companies in Turkey, their
imported agricultural and non-agricultural products (aromatic oils, personal care products, etc.) in their own
organic product stores. Today, organic products are marketed as direct sales through ecological
neighborhood markets and open-air shops, stores selling natural products (specialized stores), in separate
departments in special outlets, supermarkets and hypermarkets, and as home delivery via e-commerce. In this
study, there have been examined organic products marketing channels in Turkey and evaluation.

Keywords: Organic Products Marketing, Distribution channels, Organic product

1. INTRODUCTION

The process containing the phases that it undergoes between the producer and the consumer in which
the ownership of products shift hands, in other words, the ways and processes through which the products
flow beginning from production and in which they go through various processes such as processing, storing,
parceling, and changing hands is named as a whole marketing channels (Erturk, etc., 2015; Demiryiirek,
2016). The distribution channels are important since they enable the product to be at the right time and at the
right place. The producers that do business in agricultural sector are businesses that usually possess small
and limited marketing capability (Albayrak, 2013). The marketing channels, by becoming a part of the
activity, play a role in increasing the effectiveness and make it easy to reach the places outside the local sales
places (Eti, 2014). Marketing channels change depending upon product, organization level and competition
and trading policies of the country. Producers, brokers, middlemen, merchant brokers, transfer merchants,
private firms, institutions in the quality of government, exchange markets, wholesale markets, wholesalers,
retailers, cooperatives and production unions operate in the agricultural product markets (Albayrak, 2013).
Various marketing systems exist in in agriculture product trade in the world. Marketing of products occur
through channels that are direct or that include various brokers (Albayrak, 2009).

Direct marketing in agricultural products is to sell the products to the consumers without brokers,
middlemen and wholesalers. Direct marketing is a marketing tool that helps a society’s social and economic
development and that encourage the connections and relations between the producers and the consumers. In
direct marketing systems, the producer takes place as a seller in the market in person. In this system, the
producer market directly his or her product to the consumer with such methods as producers’ markets, street
market, organic product market, selling with own vehicle in the street, on the sides of roads/gardens/fields,
electronic trade and open wholesale product sales centers (Albayrak, 2009). In addition, in his or her garden
the producer can directly sell the products he /she produces to the industrialist, exporter or retailer as
specified in the laws (Canik ve Alparslan, 2010). There are several factors in agricultural products that make
direct marketing attractive for consumers. These are to communicate directly with the producer that grow the
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crops, desire for buying fresh and high quality good and the desire to support the local producer. In addition
to this, the consumers, while getting knowledge about crop growing methods, usage instructions and how to
evaluate it, find an opportunity to taste the product. Direct marketing in agricultural products is especially
suitable for small and middle scale farmers who do not grow crops in high quantity (Eroglu Pektas, 2019).

Direct marketing types; Producers’ markets, street markets, organic product markets, selling with
own vehicle in the street, seasonal road/garden/field side counters or farm shops, outdoor wholesale product
sales centers, organizations in which consumers collect the products themselves (you collect), society
supported agricultural initiatives, urban purchase clubs, agricultural tourism initiatives, operations in which
they catch the fisheries themselves (you catch), gift basket and sales through post, e-commerce and direct
sales to restaurants are the choices that fall into this category (Eroglu Pektas, 2019).

The distribution channel structure in which various equity houses or institutions-organizations take
place is named as ‘marketing channels through brokers’. Brokers with different qualities, contract based
agriculture, producer unions, exporter unions, cooperatives, wholesale markets, exchange markets, street
markets, organic product markets, outdoor wholesale centers (Yurdakul ve Kog, 1997; Emeksiz ve ark.,
2005) and big retailers take place in this system(Yurdakul, 2007; Albayrak, 2013; Eti, 2014).

Distribution channels are a highly important marketing tool for organic products. Because organic
agriculture crops are not much long lasting and consumers prefer to consume these products fresh. Choosing
the suitable distribution channels in transferring the organic products to the markets will effect directly to the
achievement of marketing activities about these products. The product should be delivered fast after
harvesting or should be transferred from producer to consumer with the shortest distribution channel.
Organic products are not sold together with other products. The sales of organic products that bear an
organic product tag is done either in shops that sell organic products or in a separate place in the shop or
should be provided directly from the place where production takes place. Organic agricultural products
especially such products as organic milk, yoghurt, fruit, vegetables that that go bad fast should be sent
directly to the consumer or to the retailer in a single level distribution plan. With this quality of theirs,
organic products take place among the products that can be sold directly (Vural ve Turhan, 2013;
Demirytirek, 2016).

The increase in demand which emerged with the increase of the consumer awareness about organic
products brought about the search for different distribution channels. Organic product stores are gradually
increasing in areas close to settlements of consumer groups with high education and income levels. Organic
product stores offer these products under the brand and packaging of the company for sale in charcuterie type
stores where only natural and organic products are sold in big cities. Although organic products reach their
final sales point in different ways, the marketing models of these products are also different from each other.
The most known and common of these models is the producer-wholesaler-retailer-consumer chain. Private
retail stores, super/hypermarkets (e.g.: Tesco, Migros, Carrefour, Real, Metro), local public markets, sales
transactions carried out directly in the garden of the producer represent the distribution channels in this
sector (Kurt, 2006; Eti, 2014). With the increase of information technologies, electronic commerce has also
been added to these channels.

On the other hand, sales through brokers consist of organizations that make sales of organic products

easy and provide time and place benefits to consumers. Using the experience and facilities of brokers during
the marketing of organic products will contribute to the development of organic product market. The fact that
the number of buyers and seller of organic products is not large enough causes the wholesale markets which
have an important place in the sale of traditional agricultural products to have no important function in the
sale of these products. Wholesale activities related to these products are carried out by more large
companies. Exporter wholesalers, which are densely located in the Aegean region, play an important role in
bringing these to both domestic and international markets.

In this study, there have been examined organic products marketing channels in Turkey and
evaluation.
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2. DEVELOPMENT OF ORGANIC PRODUCTS MARKETING IN TURKEY

Organic agricultural production in Turkey began in the mid-1980s to meet the demand for organic
products from Europe (Merdan, 2018). In the first years, some companies of European origin established
organic production projects in Turkey to grow the products they need with contracted farmers and to import
the obtained products to their own countries through Turkish exporters (Demiryiirek, 2011). In 1985, the first
export of organic products from Turkey was carried out from Izmir with only three item products (dried
apricots, raisins and dried figs) (Ataseven ve Giines, 2008; Demir, 2013; Cinar ve Goktas, 2019). The types
of organic products subject to exports have increased continuosly both variety and quantity over the years.

In the first years, the indispensable principles of these organic production activities such as
consultancy, inspection and certification were fulfilled entirely by foreign persons and organizations
(Demiryiirek, 2011; Aydin Eryilmaz, etc., 2015). In the early 1990s, a small number of Turkish experts were
trained in these subjects and started to represent foreign companies in Turkey.

The majority of organic products are offered to foreign market and some of these products are
consumed directly while some of them are included in the mixture of manufactured products (Hatunoglu
Durmaz, 2010). Produciton project and marketing of products in organic agriculture are carried out in 4
different ways (Hatunoglu Durmaz, 2010; Oztiirk ve Islam, 2014; Yiiceboy, 2018; Cakir, 2019):

1. The production project is carried out by a Turkish company and these products are processed,
packaged and delivered to the domestic or foreign consumer. There isn’t a third company in this
process.

2. The production project is carried out by a foreign organization from abroad. The products obtained
according to the project are produced by the contracted Turkish manufacturer company according to
the project’s plan and these products are exported by the project owner firm, processor organization
or export company.

3. The products which production project is carried out by a foreign organizations from abroad are
produced and processed in the facilities established by the foreign company as a owner or partner in
Turkey. It is exported to the project owner company by the processor or exporter company.

4. In a small number of applications, manufacturers certify their products by contacting the control and
certification firm directly and offer their products for sale in the free market directly to the
consumers.

Initially, the high prices of organic products, low income levels, lack of knowledge about organic
products among consumers, lack of marketing practices, limited varieties of fresh organic vegetables in the
market restricted the diversification and consumption of organic products in the domestic market.

Organic agricultural production, which started with a focus on the foreign market, has been brougth to
the agenda for the domestic market since 2000s with the formation of local demand (Ayla ve Altinbas,
2017). Until the 1990s, organic products were mostly sold on the farm where they were produced or in the
neighborhood markets nearby. Since the late 1990s, in order to meet the domestic demand with the formation
of local demand, specialized (boutique) stores that only sell organic products have been established in some
districts where largely foreign population is high in large cities (Gok, 2008; Ayla ve Altinbas, 2017). In these
type of stores, natural and/or homemade products are also included to expand the product range and
information about organic products is offered to the consumer as an additional service. In the ecological
markets, which established in big cities, producers began to market their products directly to the consumer
while in supermarkets and hypermarkets began to offer organic products for sale in separate sections. In
addition, a large amount of organic products are processed in the food industry. These products are exported
of offered to the domestic market. Also, exporter companies offer their own products, products obtained
from other companies in Turkey, an imported agricultural and non-agricultural products (aromatic oils,
personal care products etc.) for sale in their own organic product stores (Oztiirk ve Islam, 2014). Today,
organic products are marketed as direct sales through ecological neighborhood markets and open-air shops,
stores selling natural products (specialized stores), in separate departments in special outlets, supermarkets
and hypermarkets, and as home delivery via e-commerce. In addition, a large amount of organic products
have recently started to be used in the food industry. These products processed in the food industry are
exported or offered to the domestic market.
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In 2005, the number of stores selling organic products reached about 300, alongside supermarkets and
special corner in some outlets. In 2006, Turkey’s largest organic product store was opened in Istanbul
(Rehber, 2011).

Today, organic product are sold in special deparments in supermarkets and hypermarkets as well as in
organic product stores (specialized stores) and in producer and district markets. In addition, producers offer
their organic products for sale in production areas. However, the amount and variety offered for sale is
limited due to the high prices of organic products. There is no major cooperative organization dealing with
organic agriculture. There are a few small cooperatives only dealing with hazelnuts (Ataseven ve Giines,
2008; Rehber, 2011).

There are 809 enterprises operating in organic agriculture in Turkey. Of these enterprises, 158 are only
in production, 21 in marketing only, 11 in imports only and 14 in export activities only. The number of
enterprises that carry out all production-marketing-import-export activities is 10. By carrying out all the
production-marketing-import-export activities, there are 2 enterprises each in Antalya and Sanliurfa, and one
each in Zonguldak, Antakya, Fethiye, Igdir, Didim and Bayburt (Oztiirk ve islam, 2014).

In recent years, organic products have started to be delivered to the consumer through organic product
markets established with the contributions of non-governmental organizations and municipalities. For the
first time in our country, %100 organic public market was opend in Istanbul and Antalya (Ataseven ve
Giines, 2008; Kili¢ etc., 2014; Sahin, 2019). In 22 locations throughout in the country, organic product
markets have been established. Today, 18 organic markets serve, two of which are seasonal (Akyol ve
Bayraktar Oktem, 2017; Sahin, 2019). Seasonal organic markets serve only in summer. 3 out of 22 organic
product markets have closed in the process (Table 1). These markets are organic product markets established
in Zeytinburnu and Eyiip districts of Istanbul and in Mavisehir, izmir. While the organic product markets in
Istanbul were closed due to insufficient number of consumers, the organic product market in Mavisehir was
closed due to the very high market area rent of the shopping centre in the second year (Bugday Dernegi,
2017; Sahin, 2019).

Table 1 Organic product markets in Turkey

Place of establishment Year Place of establishment Year
1 | Istanbul Sisli 2006 12 | Ankara Cayyolu 2011
2 | Bursa Niliifer 2006 13 | Konya Meram 2012
3 | Ankara Cankaya 2008 14 | Balikesir Burhaniye 2013
4 | Samsun Siirmeli Koy 2008 15 | Kayseri/Talas 2013
5 | Istanbul Kartal 2009 16 | Izmir/Balgova 2013
6 | Istanbul Beylikdiizii 2010 17 | Istanbul/Kiiciikgekmece 2014
7 | Istanbul Kadikdy 2010 18 Kayseri /Kocasinan 2014
8 | Istanbul Zeytinburnu 2010 19 [zmit 2016
9 | istanbul Bakirkdy 2010 20 | Adana 2017
10 | Izmir Bostanh 2010 21 | Izmir/Mavisehir 2017
11 | Eskisehir Tepebasi 2010 22 | istanbul/Eyiip 2018

Source: Sahin (2019)

Although it has a small share in sales areas and sales amounts in Turkey, there are also departments
where are organic products are offered for sale in supermarkets and hypermarkets. These departments
contain organic fresh fruits and vegetables, processed products and organic baby foods that are offered for
sale periodically. Examples of these supermarket chains include Tansas, Carrefour, Migros, Kipa etc.
Organic products are also offered for sale on some sites as e-trade on the intertet. On these sites, information
about organic products are given, advertised and easily supplied (Oztiirk ve Islam, 2014).

In the service sector, there are restaurants that offer menus prepared from organic products. These
restaurants serve alongside product sales either on their own or in stores established by private entrepreneurs.
These stores both provide information on how to consume organic products and allow consumers to test
organic products before purchasing (Marangoz, 2008).

3. DISTRIBUTION CHANNEL MEMBERS IN ORGANIC PRODUCTS
Distribution channel members of organic products:
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1. Farmers Association and Cooperatives
The marketing cooperatives that farmers will establish are mainly organizations that sell the products
they buy from producers not directly to the end consumer, but to the brokers such as wholesalers,
retailers, specialized stores, greengroceries. Thus, the products of the farmer producing organic products
are evaluated in the best way and reach the end consumer by going through the most appropriate
distribution channel (Marangoz, 2008; Rehber, 2011; Vural ve Turhan, 2013).

2. Wholesalers
Wholesaling refers to the activities of persons or companies that sell goods directly retailers and/or
other wholesalers or users but sell insignificant amount to end consumers. Wholesale markets which
have an important role in distribution of traditional agricultural products, don’t exist for organic
products. The reason is that there is small number buyers and sellers/producers. In the marketing and
distribution of organic products, mostly big companies carry out wholesale activities. These companies
mostly work in foreign markets and market the products they buy from the producer in the country
abroad. In our country, companies that buy organic products from producers and market them in foreign
markets are generally concentrated in the Aegean region and especially in Izmir (Marangoz, 2008;
Vural ve Turhan, 2013).

3. Chain (Supermarkets and Hypermarkets) Stores
The market closest to the consumer is the retail market. The largest group of broker is also in this
market. Butchers, grocery stores, greengroceries, supermarkets and hypermarkets are the most
important retialers. They often work with a wholesaler because they sell a small amount of products.
Some buy products form the producers to reduce the cost of the broker. Retailers have started to include
organic products among their product groups since the 1990s and the number and sales of organic
products are increasing rapidly within the general product groups. In our country, organic products are
sold in local and regional supermarkets as well as large and chain stores like Migros, Tesko-Kipa,
CarrefourSA, Real and Metro. Large food stores have an advantage because organic products must be
sold packaged and labeled (Marangoz, 2008; Vural ve Turhan, 2013).

4. Producer’s Direct Sales
Organic products by their feature are products that can be sold by direct sales method. In the direct
marketing method, the products are delivered directly (without broker) to the consumer from the
producer. Direct marketing methods such as direct distribution from the farm (farm stores), roadside
sales, sales in organic producers’ markets are often seen in our country. Apart from that direct
marketing takes place in the form of sales from the within the business, e-commerce, home delivery,
restaurants etc. Some farmers sell their products without processing them while other prefer to sell them
partly by processing (Marangoz, 2008; Eroglu Pektas, 2019; Vural ve Turhan, 2013).

5. Ecological (Organic) Markets
Open markets selling organic products are usually public markets where organic products are sold and
where producers and consumers can come face-to-face. In our country, especially in big cities, %100
ecological public markets are a good example for this. Fresh products sold without packaging are
collected from the garden of the producer the day before the market opens and are sold in bulk to save
consumers from the cost of packaging. These products accepted into market with invoices, dispatch
notes, producer’s certificate or producer receipt. Moreover, the products are weighed both in and out of
the market. In this way, both the submitted amounts are checked and the amounts sold by the producer
that week are reported to the relevant certification body. The certificate of each product sold is
displayed on the counters and consumers are ensured to know where the product is produce and the
certification body (Marangoz, 2008; Akgiin, 2011; Vural ve Turhan, 2013).

6. Organic Product Stores (Specialized Stores)
In the charcuterie type stores where only natural and organic products are sold in big cities, the
company can offer these products for sale with its own brand and packaging. There are also various
stores selling only organic products in large housing residential areas. In our country, there are stores
where only organic products are sold in big cities such as Istanbul, Ankara, Bursa and Izmir. The
number of these stores are increasing day by day. Since consumers who buy and consume organic
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products are mostly high in education and income levels, distribution channales that can reach this
segment should be used (Marangoz, 2008; Vural ve Turhan, 2013).
7. Public Institutions

As in other areas, one of the biggest buyers of organic products may be public institutions. This is
important in terms of both reaching and promotion of organic products to wider audiences and their
adoption. On the other hand, the producer are also encouraged since the products are sold. The state
may buy organic products espacially for hospitals, kindergartens, orphanages and nursing homes
(Marangoz, 2008; Vural ve Turhan, 2013).

8. Other Sales Places
Organic products can also be sold in sales places such as pharmacies, gas stations and greengroceries. In
addition, restaurants and hotels that use organic products on their menus are both customers of organic
products and brokers who market them after they process (Marangoz, 2008).

4.ORGANIC PRODUCTS MARKETING CHANNELS IN TURKEY

In Figure 1, the main actors that play a role in the marketing channels of organic products and their
relationships are shown. Producers of organic products give their certificated products to the marketing
channels either directly or through an broker. In a limited amount of product, farmers association and
cooperatives are brokers. Organic product markets, outdoor markets, roadside sales, farm stores, e-trade,
sales to restaurants and hotels, home delivery sales and direct sales channels to retailers are used as direct
sales channels. Certification bodies in the channel either export products through exporters or supply
products to the food industry or sell them to retailers. Exporters either operates the products they supply from
the producer, certification bodies and exporter associations to the food industry or export them directly and
give some of them to retailers. Producers association also offer the products they supply directly from the
producer to other marketing channels. Supermarkets, organic product stores, hypermarkets, greengroceries

and pharmacies make up the retailers in the marketing channel.
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Figure 1 Organic Products Marketing Channels in Turkey
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5.CONCLUSION AND SUGGESTIONS

Despite the growing demand of some consumers about organic products and health concerns in recent
years, the organic product market in Turkey is still very small and the marketing channels in the domestic
market are still in the formation phase. Currently, the vast majority of production is made for the foreign
market. The increase in the number of products and producer gives hope for the future. The unique qualities
of organic production and products are the biggest constraint of the formation process of the marketing
channels. Overcoming this constraint can only be overcome by the high demand of a widespread consumer
awareness. The demand to consume healthy products spreading from big cities will allow organic agriculture
to grow in domestic market as well as exports. Within the existing marketing channels, the growth potential
of direct sales channel with e-commerce applications must be definitely considered.

In order to increase the consumption of organic products, producer, public, private sector and
consumer should implement growth-directional policies in cooperation with all stakeholders, without
compromising product quality and the quality of sales environment.
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Abstract

Contrary to increasing population in the world, decrease in production areas leads to the
problems of hunger and nutrition, which are the main problems of humanity. Together with the
efficient and sustainable use of soils, while providing the improvement of problematic soils on the
one hand, productivity and quality increases will be provided on the other hand. Besides the
increase of organic matter content of soils together with the improvement in soil properties,
increases in productivity and quality in crop production are also provided. Different wastes such as
farm manure, composted wastes, post-harvest plant residues and biochar can be used for increasing
soil organic matter. For this reason, this study was carried out to determine the effects of compost
and biochar obtained from the same plant material on the properties of a calcareous and alkaline
yield components of the corn plant. The application of 0, 2 and 4 tons da™* of biochar and compost
were investigated in this study, which was carried out in line with a randomized block design with
three replications in the 14 m? sized parcels under field conditions, and the effects of the treatments
on plant height, stem diameter, leaf chlorophyll content and grain yield were determined. When the
yield values are examined in the highest doses of compost and biochar relative to the control, it was
found that yield values increased by 284.2% and 147.4%, respectively and also the effects of the
applications on the other measured plant parameters were statistically significant (p <0.05).

Keywords: Organic matter, compost, biochar, corn yield, efficient elements.

1. INTRODUCTION

Agricultural production, which is one of the ubiquitous fundamental of the economy, has an
important potential in our country. Agricultural production has an important place in human and
animal nutrition, and industries. Soil and seeds form the basis of agricultural production. A fertile
soil is an integral whole for sustainable agricultural activity. The physical and chemical properties
of the soil must be improved for the plant to develop a healthy crop stands in the soil by the
application of agricultural practices. Unsuitable intensive agricultural activities and the use of soils
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beyond their capacity endanger the sustainable use of soils, leading to physical degradation in such
soils.

The most widely used method to improve the soil physical properties and ensure their
sustainability is the addition of organic matter to soils (Bender et al., 1998). It is possible to increase
the organic matter content of agricultural soils by applying various organic materials. In addition to
improving the physical properties of the soil, organic residues bring nutrients such as N, P, K, Ca,
Mg, Cu, and Zn to the soil (Citak et al., 2006). Residues from threshed harvest can be applied to the
soil again as a result of organic matter sources without causing environmental pollution. The
disposal of such organic wastes poses a major financial problem, while their direct application to
the soil is inconvenient due to insufficient plant nutrients (Sanchez-Monedero et al., 2019). In
recent years, it is very popular to use organic residues by recycling them into soil properties, such as
compost and biochar, being transformed into materials that promote plant growth (Atkinson et al.,
2010; Vaccari ve ark., 2011). The effects of biochar and compost applications on the improvement
of soil quality, carbon sequestration and reduction of greenhouse gases are very important
(Agegnehu et al., 2017).

Therefore, in this study, the pruning residues of the spruce tree were transformed into
biochar and compost and applied to the soil. Maize (Zea mays L.), which is widely used in human
and animal nutrition in many parts of the world was used as a test crop for this study. The effects of
different doses of biochar and compost materials on the yield and yield components of the corn
plant were determined.

2. MATERIAL AND METHODS
2.1 Experimental Soil

This study was conducted in Karapinar Soil, Water and Combating Desertification Research
Institute (37.72 N latitude and 33.55 E longitudes), Konya. The general properties of the soil used in
the experiment are given in table 1. The texture class of the trial soil belongs to the sandy clay loam
soil according to the USDA soil texture classification, the lime content is very high and has an
alkaline properties.

Table 1: General soil properties

Soil properties Values References
Sand (%) 60.48
(Szllgy( zz; ;gig Gee and Bauder (1986)
Texture class Sandy clay loam
Organic Matter (%) 1.51 Smith and Weldon
(1941)
pH (1:1) 8.59 Kacar (2009)
Lime (%) 72.00 (McLean, 1983)

36



2.2 Experimental Materials

Spruce tree pruning residues were used in the production of biochar and compost. For
compost production, the pruning residues were divided into small pieces and the composting
process was made by mixing them with farm manure. Composting process was carried out using
the humidity ratio 70% and C / N ratio was 25: 1. Biochar was obtained by charring pruning
residues with 550 C ° through slow pyrolysis method. Prior to applying compost and biochar, they
were sieved at a 4 mm sieve, then parcels with 3x5 m were designed and also experimental design
is given in Table 2.

Table 2: Experimental design

15t Block 2nd Block 3rd Block
Control Control Control
2%- Biochar 2%- Biochar 2%- Biochar
2%- Compost 2%- Compost 2%- Compost
4%- Biochar 4%- Biochar 4%- Biochar
4%- Compost 4%- Compost 4%- Compost

The field experiment involving compost and biochar application was established in May and
Pioneer 573-grain corn variety was planted. Plant height, stem diameter and spad measurements
were determined during the developmental period (Figure 1). Plant height was measured from the
base of the shoot to the tip of the highest leaf using a meter. Plant stem diameter was measured with
the help of a caliper. Leaf spad value was measured with a portable spad meter (SPAD-502,
Konica-Minolta, Japan). The grain yield was calculated by taking the average of the grains counted
from 10 cobs after being dried.
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Figure 1: bevelopmental period in which growfh paramefers were measured
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3. RESULT AND DISCUSSIONS

Based on the findings of this field study, it was seen that different doses of compost and
biochar significantly affected the growth parameters of the maize. Compared with the control, a
significant increase of 15 and 34% in plant height at 2 and 4% doses of applied compost was
respectively observed (Figure 3). However, there was no statistically significant difference in
biochar applications compared to the control (Figure 3). It is known that biochar obtained from
plant wastes has less nutrient contents than that produced from animal wastes, but it has been
suggested that biochar obtained from plant wastes has a long-term effects within the soil system
(Singh et al., 2010; Aslam et al., 2014). The effects of biochar on plant growth was found to be less
than that of compost (Manirakiza and Seker, 2020). It was found that 2 and 4% doses of biochar
and compost applications increased stem diameter compared to the control, and the maximum
applied doses-4% of the both biochar and compost significantly increased stem diamter by 41%
and 60%, respectively (Figure 4) and our results are in line with (Inal et al., 2015). Leaf spad value
measured with a portable spad meter experienced a downward trend under biochar applications
compared to the control. This is probably due to the sorption effects of biochar and also the
resistance of biochar to microbial activities, thereby slowly releasing nutrients (Zimmerman, 2010).
Spad value is a value that positively correlates with leaf chlorophyll content. The green hue in
plants is directly related to the nitrogen content (Minotta ve Pinzauti, 1996). In compost
applications, as the dose increases compared to the control, the spad value increased (Figure 5).
Compost applications were the most effective on increasing corn grain yield. Based on to the
statistical analysis, the highest grain yield was found in the following order: compost-4% >
biochar-4% > compost- 2% > biochar-2% > control (Figure 6). It was seen that compost presented
the highest effects over bichar due its high mineralization rate. However, due to the crystalline
graphic layer of biochar, the residence time of biochar in the soil is 10-1000 times more than that of
other organic materials (Atkinson et al., 2010). By considering the environmental benefits of
biochar in sequestering carbon and reducing greenhouse gas emissions, it is highly recommended
for sustainable agricultural production (Atkinson et al., 2010; Vaccari et al., 2011; Liang et al.,
2014).
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Figure 3. The effects of compost and biochar
on plant height (cm).

Figure 4. The effects of compost and biochar
on stem diameter (mm).
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Figure 6. The effect of biochar and compost
applications on the grain yield of corn plant(kg
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Figure 7. Increase in size of corn cobs versus increasing dose
4, CONCLUSIONS

As a result of the study, the compost and biochar applications showed significant effects on
improving crop performance and yield. It was found that the highest applied doses of compost and
biochar, respectively increased yield by 284.2% and 147.4%, and also the effects of the applications
on other measured plant parameters were statistically significant (p <0.05). Compost has significant
effects on crop growth and yield over biochar in short-term as its mineralization rate is higher than
that of biochar, however, the effects of biochar could be more than that of compost in the long term.
Considering the fact that 1 year of experiment is not enough to contrast the effects of compost and
biochar applications on crop performance and yield, long-term study involving compost and biochar
application is recommended for conclusive results.
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Abstract

Soil organic carbon mineralization refers to the overall processes by which microorganisms
mineralize soil organic C and release it in the form of CO.. A short term experiment was carried out
to ascertain the effects of different recommended doses (RD) of fungicide cyprodinil [0 (Control),
10.7 (RD), 21.4 (RD x2) and 42.9 mg/ kg soil (RD x4)] on soil carbon mineralization using an
agricultural soil. Soil was sampled from Research Farm of Faculty of Agriculture in Cukurova
University (Adana, Turkey) in June 2018. This soil had no history of cyprodinil usage. After the
determination of some soil physical and chemical properties, soils were humidified at 80% of field
capacity, mixed with doses of the fungicide tebuconazole and incubated for 42 days at 28°C. CO>
respiration was measured during the following days of incubation: 1, 3, 6, 9, 12, 16, 23, 30, 37 and
42. Cumulative carbon mineralizations (mg C(CO2)/ 100 g soil) were in the range between 68.56
(Control) and 79.20 (RD x4) while their rates were in between 3.78% (Control) and 4.37% (RD x4)
at the end of incubation period. All doses of cyprodinil significantly increased carbon
mineralization (P<0.05). Stimulations of microbial activity by doses of fungicide cyprodinil were
9.9% for RD, 10.5% for RD x2 and 15.5% for RD x4. It’s suggested that microorganisms in this
soil may positively mineralize both recommended field dose of fungicide cyprodinil and its higher
doses.

Keywords: Fungicide, Aminopyrimidine, Cyprodinil, Soil microbial activity, Soil carbon
mineralization

INTRODUCTION

Pesticides are the important chemical compounds that are being used in agricultural systems
for protection of crops from pests including weeds, insects etc. Pesticides are usually applied for
many times during one crop season and a part of these chemicals always enter to the soil. Many
problems including the pollution of the environment have been created by the wide usage of
pesticides (Arora and Sahni, 2016). The effects of pesticides on soil microorganisms are depend on
physical, chemical and biochemical conditions, in addition to nature and concentration levels of the
pesticides (Aurelia, 2009; Sethi et al., 2013). In many studies, it was shown that microorganisms are
capable to grow and maintain their lives in the presence of several commercial pesticides. If a soil
microorganism can use the pesticide as a carbon and energy source, then catabolism and
detoxification metabolism may occur. Most pesticides work by poisoning pests (Arora and Sahni,
2016).In general, a systemic pesticide moves inside a plant following the absorption of plant. This
movement is often upward (through xylem) and outward with most fungicides (Shinde et al., 2015)

Cyprodinil was first applied on cereals in France in 1993. This fungicide has been used on
cereals, vegetables, fruits, field crops and ornamental plants as foliar application (Waechter et al.,
2010). Products contain cyprodinil were marketed in most European countries, in North America
and in Japan. Cyprodinil was also used in control of pathogen fungi like Pseudocercosporella
herpotrichoides, Erysiphe spp., Pyrenophora teres, Rhynchosporium secalis, Septoria nodorum,
Botrytis spp., Alternaria spp., Venturia spp., and Monilinia spp. (Waechter et al., 2010).
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Formulations used in foliar applications were as WG (water dispersible molecules) or EC
(emulsifiable concentrates) type.

Cyprodinil was identified as a inhibitor of methionine biosynthesis in liquid cultures of
Botrytis cinerea. It was reported that pathway of cystathionine in filamentous fungi like Neurospora
grassa and Aspergillus nidulans has been established as the the major route of homocysteine and
methionine biosynthesis (Yamagata, 1989). In this pathway, cyprodinil targets the cystathionine -
lyase that synthesize cystathionine from homocysteine (Fritz et al., 1997; Masner et al., 1994).
Secondary target of cyprodinil was the secretion system of plant cell wall degrading enzymes in
pathogenic fungi. It is believed that these enzymes have an important role in the early periods of
plant infection and penetration of plant tissues by fungi mycelium was inhibited in the absence of
secretion of these enzymes (Milling & Richardson, 1995; Miura et al., 1994).

Soil microbial activities are critical in decomposition of processes (Cernohlavkova et al.,
2009). However, intensive applications of chemicals used in agriculture negatively influence on
these processes in many soils. Stability and productivity of soil ecosystems depend largely on soil
microorganisms and their activity. For this reason, determination of side effects of pesticides on soil
microbial communities is very critical for soil health. Carbon mineralization is an important
parameter that adopted in international guidelines for ecological risk assessment and standard tests
of pesticides and other chemicals (OECD, 2000). After pesticide applications, there were several
studies that soil carbon mineralization was increased in field and laboratory experiments (Das &
Mukherjee, 2000; Monkiedje et al., 2002). Carbon mineralization (Cmin) is an age-old reliable
method for studying microbial activities in soil. Changes in carbon mineralization have also been
used as criteria for pesticide toxicity (Torstensson & Stenstrom, 1986).

The objective of this study was to evaluate the effects of cyprodinil on soil C mineralization.
Recommended field dose (as it was written its etiquette, RD) and its 2 (RD x2) and 4 (RD x4) folds
of cyprodinil was mixed with an agricultural soil and CO: respirations were measured at 28°C for
42 days. It was hypothesized that fungicide cyprodinil would increase soil carbon mineralization.

MATERIALS AND METHODS

Soil Characterization

Soil samples that were not previously exposed to fungicide cyprodinil were collected from the
top layer (0-10 cm) in Research Farm of Faculty of Agriculture in Cukurova University in Adana,
Turkey (35°18’ E latitude, 37° 01’ N longitude, and 23 m above sea level) in June 2018.
Immediately after collection, soil samples were taken to the laboratory in dark plastic bags,
homogenized, air-dried at 25°C during 96 h, sieved to 2 mm to remove plant tissue and subjected to
physicochemical characterization.

Soil texture was determined with a Bouyoucos hydrometer. Soil pH was measured in mud
saturated with distilled water (1:2.5) using a WTW Inolab 720 pH meter. The CaCOs3 contents of
the soils were estimated with a Scheibler calcimeter. The organic carbon and total nitrogen contents
of the samples (%) were determined with the modified Walkley-Black and Kjeldahl methods,
respectively (Kacar, 2009). The field capacity (FC) of soils (%) were determined with a vacuum
pump with 1/3 atmospheric pressure (Kacar, 2009).

Incubation Experiment

Soil samples (100 g) were placed in 750 ml incubation vessels and mixed with and without
fungicide cyprodinil (300 EC) at the recommended field dose and its 2 and 4 folds [0 (Control),
10.7 (RD), 21.4 (RD x2) and 42.9 mg/ kg soil (RD x4)]. The amount used in RD treatment was the
recommended field rate for cyprodinil (300 g active ingredient/l) that was written its etiquette with
the assumption that the soil weight was 1.4 x 106 g/da at the effective soil depth of 1 mm. Three
replicates were used for each treatments and control. Empty vessels were used as blanks. The final
moisture contents of both soils were adjusted to 80% of their own field capacity before incubation
at 28°C for 42 days. Throughout the incubation period, deionized water was added to the soil to
compensate for any water loss. CO> derived from microbial activities was absorbed in 10 ml 1 M
NaOH solution in bechers, placed in the center of the soils in closed incubation vessels, and then
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transferred to a dark incubator. The amount of CO2 produced was measured by titration with
hydrochloric acid in the following days of incubation: 1, 3, 6, 9, 12, 16, 23, 30, 37, 42 (Alef, 1995).
Cumulative carbon mineralization (mg C(C0O2)/100 g soil) was calculated by summing up all CO>
measured days until end of incubation period while its rate was calculated by dividing cumulative
mineralized C by its soil organic C of control and all applications for 42 days.

Statistical Analysis

Tukey honestly significant difference (HSD) in analysis of variance (ANOVA) was
performed to determine the differences between treatments in soil carbon mineralization
(Kleinbaum, 1998). All of the tests were performed at the significance level of P<0.05. Statistical
analysis was carried out using the SPSS v20.

RESULTS AND DISCUSSION

Some soil physical and chemical properties of soil sampled from Research Farm of Cukurova
University were given in Table 1. Soil was classified as loam and slightly basic. Soil organic carbon
and total nitrogen were 1.81 (%) and 0.163 (%), respectively (Table 1). Soil carbon/nitrogen ratio
was 11.20 (Table 1).

Table 1. Some physical and chemical properties of soil

Soil Characteristics

Sand (%) 41,90 + 0,06
Silt (%) 32,90 + 0,06
Clay (%) 25,20 + 0,10
Texture Loam

Field Capacity (%) 24,52 + 0,06
pH 7,89 + 0,03
CaC03 (%) 41,80 + 0,84
C (%) 1,81 + 0,01
N (%) 0,163 + 0,008
C/N 11,20 + 0,55

The effects of fungicides on microbial processes and soil microorganisms depend on many
factors. Some of major factors include physical, chemical and biological properties (such as organic
matter, pH, temperature and humidity) of soil and nature and dose of the fungicides applying and its
time (Vyas, 1988; Chen et al., 2001).

Carbon mineralization is an important parameter for determining the side effects of pesticides
(Sommerville, 1987; Alef, 1995). Soil carbon mineralizations (mg C(C0O2)/100 g soil) were in the
range between 3.92 and 10.18 for control, between 4.58 and 10.18 for RD, between 3.66 and 10.99
for RD x2 and between 1.22 and 11.20 for RD x4 (Figs. 1-2). In general, all doses of cyprodinil
increased carbon mineralization in whole experiment. Significant differences between control and
RD were found on 6.day and 37.day (P<0.05) and this data were similar between control and RD x2
(Fig.1 and Fig.2). No significant differences were found between RD and RD x2 except on 42.day.
Carbon mineralization under RD x4 dose were significantly higher than control in all measured
days except on 12.day and 42.day (P<0.05, Figs 1-2).
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Figure 1. Soil carbon mineralizations between 1.day and 12.day at 28°C [mean=+ standard error,
n=3, a, b and c indicate significant differences between means (P<0.05)]
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Figure 2. Soil carbon mineralizations between 16.day and 42.day at 28°C [mean+ standard error,
n=3, a, b and c indicate significant differences between means (P<0.05)]

Liu et al. (2011) compared the half-lives of cyprodinil (50% WG) in soil under field and
greenhouse conditions at the dosage of 1,080 g active ingredient ha® and reported that pesticide
cyprodinil degrades faster under greenhouse condition (6.5 days) than field condition (12.5 days)
either in soil. Same authors indicated that the temperature and humidity were at almost fixed level
(temperature of 25-30°C and humidity of 70—-80% according to the experimental record) under the
greenhouse condition. These results corralete within our research data. These experiments indicated
that cyprodinil may be used as an energy source for soil microorganisms.

The previous studies about cyprodinil were mainly focused on its residues analysis, bound
residue formation, photo-degradation in aqueous solution, and biosynthesis of reference standards
by microorganisms (Munitz et al., 2013, Dec et al., 1997, Kang et al., 2002, Fenoll et al., 2011,
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Chen et al., 2016). Although biodegradation of cyprodinil has been reported by Schocken et al.
(Schocken et al., 1997), almost no literature is available about the effects of cyprodinil on soil
carbon mineralization. Results of the current study indicated that recommended field dose and its 2
and 4 folds of cyprodinil enhanced ratio of C mineralization in this agricultural soil.

Cumulative carbon mineralizations (mg C(C0O2)/100 g soil) were in the range between 68.56
(Control) and 79.20 (RD x4) at the end of incubation period (Fig. 3). All doses of cyprodinil
significantly increased soil carbon mineralizations compared to control (P<0.05). In contrast, there
were found no significant differences between RD and RD x2. Increased percentage of soil carbon
mineralizations were 9.9% for RD, 10.5% for RD x2 and 15.5 for RD x4 compared to control (Fig.
3).
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Figure 3. Cumulative carbon mineralizations of control and doses of fungicide cyprodinil at 28°C
(meanz standard error, n=3)

Carbon mineralization rates until 30.day, 37.day and 42.day were given in Figure 4. These
rates were in between 3.3% (Control) and 3.8% on 30.day, between 3.5 (Control) and 4.3% on
37.day and between 3.8% (Control) and 4.4% (RD x4) (Fig. 4). In all these days, all cyprodinil
doses significantly increased the rate of soil carbon mineralization compared to control (P<0.05,
Fig. 4).
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Figure 4. Rate of soil carbon mineralizations (%, mean + standard error, n=3) of control and doses
of fungicide cyprodinil [a, b and ¢ represent significant differences between dosages (P<0.05)]

Application of fungicides for certain purpose on soil can kill or inhibit the target and non-
target microorganisms. This event could lead to an immediate inhibition of important reactions such
as enzyrne reactions, microbial respiration and mineralization. However, the dead microorganisms
or fungicides, might serve as a substrate for the other living microorganisms in the beginning. So,
they can be released from competition with fungi or antagonistic inhibition via substances produced
by fungi. These effects could lead to a rapid flush of microorganism activity would be likely to
increase the rates of mineralization of carbon from organic materials in the soil (Uyanoz et al.
2005). Uyanoz et al. (2005) mixed three fungicides with a silty soil at four concentrations [captan,
0, 100, 200, 400 mg active ingredient (a.i.) kg*; quintozene 0, 36, 72, 144 mg a.i. kg and
propamocarb hydrochloride 0, 144, 288, 576 mg a.i. L™] and found that these fungicides decreased
soil respiration primarily during the first eight days, but then it started rising toward the end of the
incubation.

CONCLUSIONS

It’s concluded that recommended field dose of fungicide cyprodinil (300 EC) significantly
increased carbon mineralization in a loamy soil. In addition, there were generally no significant
differences between RD and RD x2 doses. Significant increase of rate of carbon mineralization in
the loamy soil was highest at the dosage of RD x4 in whole experiment. These results may give a
suggestion of reasonable and safe use of the pesticide cyprodinil. However, for further
confirmation, effects of high recommended doses of cyprodinil on soil microorganisms should be
investigated more comprehensively to eliminate its possible side effects in soil. Therefore, it’s
suggested that the further researches require the trials with soils having different organic matter,
texture and pH and with more fungicides type, dose and incubation period under laboratory,
greenhouse and field conditions.
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Abstract

Cashmere production offers a new source of income for remote farmers in Central Asia where goats
have long been raised. Between 2008-2018 we established a selected breeding flock to preserve, assess and
improve the economic and genetic potential of cashmere-bearing indigenous goats in Kyrgyzstan. The flock
was managed in an enhanced traditional system by a local shepherd in the mountainous region of Osh
Province. Significant effects of year, age and the sex of goats affected cashmere weight, while year and age
of goat affected cashmere length and year affected cashmere fiber diameter. The best statistical model
explained about 60% of the variation in both cashmere weight and length and about 30% of the variation in
fiber diameter. No particular measurement year trend could be detected for any trait. Between years,
cashmere weight varied between 103-150 g, fiber diameter between 15.8-17.6 um and length between 32-48
mm. Males produced more cashmere than females with no difference between sex in diameter or length.
Cashmere weight was constant between ages 1-4 years before declining progressively from about 144 g to 90
g at age 6 years. Given the harsh winter environment, remote conditions, and limited research resources, data
for some years is missing. No genetic trend could be calculated with the information currently available.
Key words: Coat color, Indigenous goats, Fiber diameter, Fiber length, Genetic improvement

INTRODUCTION

Kyrgyzstan is a mainly mountainous country in Central Asia, which was part of the Soviet Union in
the 20" century until 1991 (Anderson 2013). Raising livestock, including native goats, has long been the
principal economic activity in the rural upland regions (van Veen 1995). Kyrgyz farmers were collectivized
into state farms during the Soviet era and several new goat fiber breeds were introduced to some state
collective farms (Ajibekov and Almeyev 2008). Following the collapse of the USSR and managed state
farms, Kyrgyz farmers now keep goats mainly for home meat consumption and sale to local markets (Kerven
and Toigonbaev 2010). The production and sale of cashmere from indigenous goats has not previously been
viewed by Kyrgyz farmers as a source of income (Kerven 2011). International cashmere companies from
Europe as well as from China have been buying greasy cashmere from farmers in Kyrgyzstan at least since
the late 1990s, with almost no recording or surveillance by the Kyrgyz authorities (Kerven et al. 2005).
Producing and selling non-perishable and high value products like cashmere offers livestock-keepers in
remote locations of Kyrgyzstan a new source of sustainable recurrent income, following the loss of state
farm employment in the 1990s (Kerven 2011).

From a genetic and animal production perspective, following goat domestication some 10,000 years
before present in Iran (Colli et al 2018; Naderi et al 2008), goats were dispersed eastwards across the
Eurasian steppe to Mongolia and northern China (Amills et al. 2017; Zhang et al. 2018). However, there is a
dearth of objective information on the potential production and the physical properties of cashmere from the
Kyrgyz indigenous goats. The last review of Kyrgyz goats (Ajibekov and Almeyev 2008) was based on data
recorded more than two decades earlier in USSR.

There is a great risk that the genetic resources of endemic Kyrgyz goats may disappear due to
continued uncontrolled cross-breeding with goats producing mohair-type or cashgora-type fiber (McGregor
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2000). Loss of the prospective commercial value of the down-producing Kyrgyz indigenous goat would also
be an economic cost for the nation, given the rising interest among buyers from China, and more recently
from Europe and USA, in sourcing cashmere from Kyrgyzstan, and the ensuing economic benefit to poorer
Kyrgyz villagers.

Given this situation, the first step in conserving the Kyrgyz indigenous goats was to investigate the
sources of variation contributing to the production and quality of cashmere produced from Kyrgyz goats
raised by farmers (McGregor et al. 2009). The results from 760 goats sampled in five mountainous districts
(two different regions) of southern Kyrgyzstan showed that there were farms and cashmere goats in the
sampled districts which produce cashmere equal to the finest qualities of commercial cashmere produced in
China and Mongolia. The work indicated the scope to increase the production and commercial value of
cashmere produced by Kyrgyz goats.

The next step was to preserve and selectively breed these goats. Consequently, the decision was made
to create a development flock based on the most promising cashmere goats which had been sampled in that
study (McGregor et al. 2009). In the absence of any government-led project, a selected development flock
was established in 2008 under private management by a British anthropologist (Kerven) and a Kyrgyz
livestock scientist (Toigonbaev). This flock has been maintained privately up to the present day, under the
management of a Kyrgyz NGO.

The aim of the selected development flock is to preserve, assess and improve the economic and
genetic potential of cashmere-bearing goats raised by farmers in Osh Province in southern Kyrgyzstan. The
ultimate objective is to increase incomes for poorer Kyrgyz villagers by breeding selected elite bucks, to be
promoted and sold to local farmers. This report provides the first assessment of the cashmere.

MATERIALS AND METHODS

Selection of foundation goats

Goats were selected from two districts (Alai and Chon Alai) in Osh Province with the highest
cashmere results out of five districts sampled, having mean fiber diameter (MFD) results of 16 pm or less
(McGregor et al. 2009). The first 28 goats were purchased in September 2008 at above-market prices
(around $50 USD each) from farmers’ flocks in 10 villages (altitude range 1,540 to 3,200 m.a.s.l.). The total
sampled population in the five districts had been 958 females and 65 males from 156 flocks (including
castrates) (McGregor et al 2009). The purchases were bought from 16 farmers’ flocks in 13 villages in which
goats had been sampled. These purchases represented 2.5% of the total tested sample of females, purchased
from 25% of sampled villages. The average cashmere MFD of goats bought from these 13 villages ranged
between 14.4 and 16.0 um with individual goats having MFD as low as 13.0 um.

In this first purchasing round no attention was paid to coat color. Coat colors of the 28 goats in the
foundation flock were: 13 black (46%), 9 white (32%), and the remainder red, brown or buff colored. In
comparison, the frequency of coat colors sampled from farmers’ village flocks in these two districts in 2008
was: 40% black, 29% white and the remainder grey, brown, red or buff. In spring 2009 the two original black
sire bucks bought in September 2008 were exchanged for two white sire bucks.

Subsequent to the first cashmere sampling of farmers’ village flocks in 2008 (McGregor et al. 2009), a
second cashmere goat village assessment was undertaken in 2014 for a Swiss-funded rural development
project in the same two districts of Alai and Chon Alai of Osh region in which the earlier 2008 cashmere
assessment had been carried out. The 2014 study sampled 387 village goats (364 adult females and 23 adult
males) in 81 flocks belonging to farmers in 27 villages. The sample was stratified by proportionate allocation
using a sampling fraction in each of the strata (districts) proportional to the total official population of goats
in these two districts. Between 2-4 flocks were sampled in each village with up to seven goats sampled per
flock, depending on the size of the goat population in each sampled village. The average MFD was 17.6 um,
ranging from 15.1-20.8 pm.

The breeding flock had a further influx of goats selected from the results of this second cashmere goat
assessment. In autumn 2014, 14 females and 2 bucks with the lowest MFD test results, and mostly white-
coated, were purchased and added to the selected flock. At the same time, 20 males and females were culled
from selected flock which had MFD test results of over 16.5 pm or had poor body conformation or body
growth. The selected newly-purchased goats represented 4% of the sampled village goats from 20% of flocks
and 37% of villages sampled in 2014.
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Environment descriptions

The foundation flock was first kept in Korul village in Alai district by a shepherd family, but later the
flock was moved to Joshulo village in the same district. The altitude of both these villages is around 1,600
m.a.s.l. These mountain villages consist of mixed crop and livestock small-scale farms, and are in the same
type of environment as the source villages from which the foundation flock was obtained. The nearest town
is Gulcha 40° 19' N, 73° 26" E, about 1.5 hours distant from the flock location.

The mountain villages where the flock was kept have cold winters, with snow from late November to
early March. The average annual temperature is 8.9 °C. The warmest month is July with an average
temperature of 22.3 °C, lows of 12.9 °C and highs of 29.6 °C. The coolest month is January with an average
temperature of -7 °C, lows of -11.8 °C and highs of -2.1 °C. The average annual precipitation is 501 mm.
The wettest month is May with an average of 90 mm of precipitation and the driest month is September with
an average of 16 mm of precipitation. Most days have some sunshine, averaging 8 hours in January and 15
hours in July (Weatherspark 2019).

Management of the selected flock

The management of the selected flock could be described as “upgraded monitored local”, in that the
basic principles of Kyrgyz mountain livestock husbandry were followed, with the addition of controlled
mating, better quality (i.e. more expensive) winter feed, some barn upgrading for insulation and warmth, plus
regular supervision and record-keeping by the 2-person flock management team (Toigonbaev and Kerven).

The flock was herded similarly to local livestock farmers’ flocks; that is, the goats were grazed on the
foothills surrounding villages during spring (March to May), when new vegetation emerges after winter, and
grazed there again in autumn (September to November) after village crops were harvested in summer.
During June, July and August, the goats together with the shepherd’s families’ other livestock would be
taken to a high mountain pasture area, above 2,000 m.a.s.l. where the shepherd family would stay in a yurt
and tend their livestock. This pattern follows the standard Kyrgyz system for livestock management in the
mountains (Van Veen 1995; Farrington 2005). However, in the case of the selected flock, the summer
mountain pastures where the shepherd’s family camped did not receive other villagers with goats, which
prevented the risk of random mating of the selected females with unknown bucks. The summer alpine
vegetation at the higher altitudes provides optimal nutrition for livestock grazing and browsing (Dorre and
Borchardt 2012). Adult females come into estrus by the end of summer and were mated in the field with the
selected bucks. After the first snow falls and temperatures drop in late November, the goats were kept inside
a barn next to the shepherd family’s village home. Kidding took place from late winter (February) to mid-
March in the barn. Over winter, the goats received daily rations of purchased hay harvested from local
meadows, and a high-protein supplement of maize, barley and sunflower or cotton seed. Routine
vaccinations were administered by local veterinarians, and the shepherds were also given anti-parasite
medicines to apply on the goats. Not all village goat-owners follow these practices.

Animal and fiber production assessments

At birth, the kids’ sex and coat color was recorded and a unique numbered identifier tag was attached to
their ears. The dam of each kid was recorded. Raw cashmere production was determined by combing the
moulting down fiber in April and weighed by the flock manager, Toigonbaev, on an electronic scale with 5 g
gradations. Coat color was subjectively assessed into 6 colors for all kids born live. All non-white males
were castrated and culled soon after weaning when they began sexual maturity. Only older, sick, weak and
non-white females were culled every year.

Fiber samples were collected from the flock for nine years (2009-2018) and analyzed by several
international animal fiber laboratories. Cashmere MFD were determined by testing raw fiber samples using
the Optimal Fibre Distribution Analyser (OFDA2000) following international guidelines (Marler and Baxter
2004) using a fiber diameter cut-off of 30 um for cashmere. Fiber length was measured by graphic
technique MNS 4054:2007 on hand dehaired combed samples.

Data editing and statistical analyses

The analyses include data from foundation does, and all subsequent progeny. Four sires in succession
were selected on the basis of white coat color and low MFD of below 15 um at 1 year old. One black sire
was initially selected only on the basis of below 15 um but was replaced in the next breeding year of 2009.
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Undertaking pedigree recording and measurements in remote regions with limited resources was challenging.
Consequently, records for some of the main traits are missing in some years. A total of 295 animals and 477
records were available, the difference being repeated measurements over time of the same animalRepeated
measurements were assumed to be uncorrelated and treated as independent information. Age at measurement
was calculated as the difference between measurement year and birthyear. Missing age at measurement was
assumed to be 3 years (3 cases out of 295). Animals above 6 years of age (10 cases out of 295) were set to 6
years of age. Overall means and distribution statistics were calculated for fiber traits and additional
information on liveweights. Analysis of variance was performed using a mixed linear model (Mixed
Procedure of SAS 2008). Least square means were determined for cashmere weight, MFD and length with a
model including as fixed effects:

year of measurement (2009-2018); birth_type (single, twin); sex (male, female);

age (1-6); and sire (22, 47, 827, 831, 1214, unknown sire of introduced does).
Probabilities below 5% were considered to be statistically significant. Pearson correlations between traits
were calculated using the residuals of the previous model. Sire progeny color frequencies were calculated
and tested against chi-square expected values.

RESULTS
Fixed effects on physical properties

Overall measurement statistics are in Table 1 and the results of the analyses of variance in Table 2.
The statistical model explained about 60% of the variation in both cashmere weight and length and about
30% of the variation in MFD. For MFD, other unconsidered factors are therefore responsible for most of the
observed variation. Year of measurement affected all traits. Cashmere weight was also affected by sex and
age, and age also affected cashmere length. Birth_type did not affect any trait. While the significance of sire
differences was more important for cashmere weight than for MFD and length, it was still not statistically
significant (P = 0.06) (Table 2).

Table 1: Number of records, mean, standard deviation (SD) and ranges of fiber and liveweight characteristics
in the breeding flock.

Trait N Mean SD min max
Cashmere weight, ¢ 168 125 38 30 274
Mean fiber diameter, um 250 16.3 1.3 12.8 23.1
Length, mm 109 37.9 10.6 13.1 70.0
Male yearling MFD 18 15.6 1.20 14.0 185
Female yearling MFD 37 15.9 1.07 14.3 19.2

Table 2: Statistical significance (probability of F statistic) of fixed effects and variance accounted for by the
model (R?) for cashmere physical properties.

Effect Cashmere weight Mean fiber diameter Length
Info_year <0.0001 <0.0001 <0.0001
Sex <0.0001 0.61 0.39
Age 0.0001 0.06 0.02
Sire 0.06 0.09 0.61
Birth_type 0.69 0.65 0.60
R? 0.57 0.28 0.59

Physical properties of cashmere
The results of physical properties of cashmere (Table 3) have to be considered in relation to effect
significance of Table 3. No particular measurement year trend can be detected for any trait. Between years,
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cashmere weight varied between 103-150 g, MFD varied between 15.8-17.6 um and length between 32-48
mm. Males produced more cashmere than females with no difference between sex in diameter or length.
Cashmere weight was constant between ages 1-4 years before declining progressively from about 144 g to 90
g at age 6 years. A decline in cashmere length with age may also have occurred. MFD was finest for age 1
year and coarsest for age 6 years but the effect of age was not significant (P = 0.06). Sire 831 produced
progeny with the highest cashmere weight and with the finest cashmere. As expected, an unfavorable
correlation was found between cashmere length and MFD (r = 0.40, P < 0.0001). Correlations between
cashmere weight and MFD were not significant (r = -0.04, P = 0.68). The correlation between cashmere
weight and length were slightly positive (r = 0.25, P = 0.06).

Table 3: Least squares means (+ Standard Error) of fixed effects on cashmere weight, mean fiber diameter
and length.

Effect Level Cashmere weight, ¢ Mean fiber diameter, Length, mm
m
Measurement year 2009 150 + 11 15.8 2 + 04
2010 127 + 10 156 + 04 48 =+ 4
2012 149 + 10 165 + 0.3 36 + 3
2013 169 + 0.3
2014 176 + 0.3
2015 103 + 9 159 + 0.3
2016 128 + 9
2017 162 + 0.3 32 + 2
2018 161 + 0.6 42 + 4
Birth type Single 128 + 6 163 + 0.2 39 + 2
Twin 134 + 14 164 <+ 04 40 =+ 4
Sex Female 115 + 7 163 + 0.2 38 + 2
Male 147 + 11 164 + 03 40 + 3
Age 1 141 + 7 158 + 0.2 41 + 2
2 143 + 9 16.4 + 0.3 45 4+ 3
3 144 + 10 164 + 0.3 42 + 3
4 146 + 10 16.4 + 0.3 33 £ 4
5 124 + 11 162 + 04 37 + 4
6 90 =+ 14 16.9 + 0.4 39 £ 4
Sire 22 129 + 10 162 + 0.3 43 + 4
47 114 += 11 16.1 + 0.4 40 £+ 5
827 144 + 12 168 =+ 04 39 + 4
831 143 + 13 15.7 + 0.4 38 £ 4
1214 115 + 13 168 =+ 04 38 + 4
unknown 141 + 8 164 <+ 0.3 40 + 3
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Cashmere coat colors

Table 4 provides the color frequency of progeny from a selection of sires used in the flock. Observed
color frequencies differed from expected frequencies (Chi-squared significant at P < 0.0001) but the results
should be taken with caution since more than half the cells have less than 5 counts. For two white bucks (22,
47) about one third of offspring were white. For two white_black bucks (831, 1214) about half of the
offspring were white. All of the bucks in Table 4 except buck 831 produced brown, grey and red kids (n =
16). These results indicate a priori a rather complex pattern of coat color inheritance and a long selection
process to fix the desired white coat color in the flock.

Table 4. Coat color frequency in progeny of sires (n, % of progeny)

Sire tag (own color) White White_black Black  Brown Grey Red  Total
22, white (n) 18 4 22 6 5 0 55
(%) 33 7 40 11 9 0 100
47, white (n) 18 5 15 5 4 3 50
(%) 36 10 30 10 8 6 100
827, white (n) 4 2 24 2 0 4 36
(%) 11 6 67 6 0 11 100
831, white_black (n) 9 2 5 0 0 0 16
(%) 56 13 31 0 0 0 100
1214, white_black (n) 38 4 7 8 6 4 67
(%) 57 6 10 12 9 6 100
Unknown sire (n) 21 7 19 3 6 9 65
(%) 32 11 29 5 9 14 100
Total (n) 108 24 92 24 21 20 289
DISCUSSION

To fulfill our aim of the breeding flock, the flock has to be genetically superior, improving over years
and disseminate its genetic superiority in the region. Economic potential will be improved if traits of
economic value are genetically improved in the desired direction. Such traits are basically meat production,
cashmere weight and quality, and white color. Meat production can be improved by increasing reproduction
rate and liveweights or growth rates. In a harsh winter environment and among poorer farmers, this is a
problem since higher prolificacy increases kid mortality and higher liveweights increase feed requirements.
Increasing cashmere weight and quality is less dependent on feed supply and are much more heritable.
Studies in Iran found heritabilities for liveweights are 0.25-0.32 whereas heritabilities for fleece weight and
diameter are 0.42 and 0.49 respectively (Mueller et al. 2015a). In other words, liveweights (and
reproduction) are more dependent on environment than fiber traits.

This is particularly true for cashmere MFD which can be improved (reduced) without needing to
change the environment. In that sense the selected breeding flock was already established with superior
goats. Foundation goats selected in 2008 from the Alai and Chon Alai districts of Osh Province had an MFD
which ranged from 14.4 — 16.0 um while random samples in some of the same villages and in the same year
had a clean combed yield MFD of 16.5 um (McGregor et al. 2009). Similarly, goats added to the breeding
flock in 2014 had an overall mean MFD of 15.5 um while the regional mean MFD was 17.3 um. These
initial selection differentials indicate a promising start. No genetic trend since the establishment of the flock
could be calculated with the information currently available although the phenotypic trend is rather erratic,
starting with low MFD in the early years, increasing in the period 2013-2014 up to 17.6 um and declining
again afterwards. This result is probably mainly due to environment effects perhaps related to relative
improvements in nutrition. Management changes, diseases and feed availability may contribute to such
fluctuations as cashmere physical properties do respond to changes in pastoral conditions and nutritional
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management (McGregor 1992). Kyrgyzstan’s higher altitude pastures experienced decreasing precipitation
between 1960-2010, but a slight decrease in inter-annual variability (UNDP 2013). Since the end of the
USSR in 1991, village veterinarians lack modern training and supplies to treat diseases, while some winters
can be particularly cold.

Continuous improvement in the breeding flock is crucial because eventual customers for bucks from
the flock would soon reach an improvement plateau similar to the supplying breeding flock. To continue
improving, selection procedures must be efficient. Basically high selection differentials need to be achieved.
This requires high numbers of selection candidates, accurate identification of superior animals and replacing
inferior bucks with highly selected ones. From our results, variability (measured as standard deviation) of
MFD is not high but sufficient to achieve a reasonable genetic improvement. For example, MFD of 1-year
old males average 15.6 um with a range of 14.0 to 18.5 um (Table 1). Selecting the finest young buck would
yield a selection differential of -1.55 pum (14.0-15.6) which mated to average does and assuming a
heritability of 0.5 would have progeny averaging -0.4 pm below the previous generation. Consistent
recording and selection would reduce MFD in, for example, 10 years from 15.6 to 14.1 um just by selection.
In addition, screening and purchase of additional village breeding stock can further reduce MFD if desired.
Other traits of interest such as cashmere weight can also be improved along with reduction in MFD since the
genetic correlation between these traits is unfavorable but not very high (Mueller et al. 2015a). In fact
phenotypic correlation in the present data set resulted insignificantly different from zero. Cashmere length
would be more difficult to improve along with reducing diameter. If sufficient data are available, selection
indices could be constructed to maximize economic benefit from selection as were implemented in an Iranian
cashmere selection program (Mueller et al. 2015a).

Evaluation of cashmere goats between and within farms in Australia has identified indices which
incorporate cashmere staple length, MFD and cashmere weight in order to select on one metric (Butler and
McGregor 2014; McGregor and Butler 2015). One serious impediment to cashmere length measurement is
the cost and time of laboratory-based methods. Any length measurement which measures cashmere fiber
after a dehairing process (which results in a significant reduction of length) provides a confounding of
effects, such as variations in actual raw length, fiber strength, MFD or variations in processing (McGregor
and Butler 2008). It is suggested that using raw cashmere staple length is a rapid, cheap and effective method
of selecting and assessing cashmere production.

Colored cashmere is generally discounted 10-15% compared with the price for white cashmere with
similar MFD and fiber length. Thus, producing colored cashmere reduces fleece value but not to a great
extent while colored goats may have adaptive advantages in rangeland situations. As the initial selected flock
was founded with colored goats, which was reflective of the local village flocks, the results would be
expected to be typical of the progress to be obtained in future breeding programs at village level. As
mentioned, fixing white coat color in the breeding flock may take time and results of progeny coat color,
instead of only own phenotype, may be a more effective selection strategy. For example, the white_black
buck 1214 produced proportionally more white progeny and less black progeny than all other white bucks
evaluated (Table 4).

A final crucial requirement for the breeding flock to fulfil its aim is the dissemination of bucks in the
region. This will occur if bucks offered are attractive to village goat farmers willing to pay at least some of
the extra cost involved in producing them. To make an impact in the region the number of such bucks should
be high and the benefit in the progeny should be notable. There are several strategies to achieve
dissemination at community level (Mueller et al. 2015b). Clearly a substantial expansion of the selected
flock would be needed, probably with separate locations in a number of villages throughout the region. This
would engage more local farmers and allow the NGO more access to animals for training and selection
activities. More rigorous control and improvement of animal nutrition would be essential to improve
confidence and reliability in determining genetic progress. More thorough assessment of fleece and
bodyweight characteristics would be important to demonstrate the superiority of the selected bucks to local
farmers and avoid the likelihood, as experienced in the present investigation, of missing data in some years.

Since 2017 as a result of external support for inputs such as: barn upgrading; improved winter feeding;
shepherding costs and management fees, this selection work is being continued by the Kyrgyz NGO Tuvet
Cashmere. The flock has been enlarged to 250 selected adult white females and 50 selected adult white
males. Interest is growing among Kyrgyz farmers to acquire selected bucks from the NGO, in response to
several European and American firms increasingly investing in obtaining high quality Kyrgyz cashmere.
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CONCLUSION

Over a 9-year period the productivity of a selected cashmere breeding herd was assessed in the
mountainous region of Osh Province in southern Kyrgyzstan. The best statistical model explained about 60%
of the variation in both cashmere weight and length and about 30% of the variation in fiber diameter. No
particular measurement year trend could be detected for any trait. Males produced more cashmere than
females with no difference between sex in diameter or length. Cashmere weight was constant between ages
1-4 years before declining progressively to age 6 years. While selecting superior foundation breeding does
was completed, the real challenge was monitoring and selecting superior sires in difficult field conditions.
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Abstract

Turkey’s steppe ecosystems are globally significant and unique environments having very
rich flora and fauna composition; and they are extremely vulnerable ecosystems. Although there are
some preliminary studies about the steppe region, there was not sufficiently detailed map showing
the actual delineation of Anatolian steppe region and the different steppe types. Anatolian Steppe
map was produced mainly based on the Earth Observation data interpretation and was produced by
analyzing satellite imagery with the help of GIS technologies based on existing data (Forest stand
map, surface temperature, aridity/drought index, soil information, elevation, Geological formations,
vegetation indices (NDVI, EVI)) and interpretation of other sources. The mapping activity based
on convergence of the evidences approach which provided by the cost-effective, scientifically
sound and robust mapping techniques with the help of remote sensing technologies and GIS. The
signatures of the steppe region were analyzed and the final border of Anatolian steppe region was
predicted. The map both reveals the delineated border, including information about the different
dynamics of the homogeneous clusters, and also ecosystem types. Moreover, the impacts of land
cover changes between 2006 and 2012 and hot-spot analysis that considers several different aspects
of the threats and vulnerable areas of region were also analyzed and discussed in this study.
Therefore this study should be considered very important key output for the policy makers to build
the specific agricultural planning strategies for each of the regions by pointing out the exact
locations and to secure integrated management of natural resources in Anatolian steppe.

Keywords: Anatolian Steppe, Remote Sensing, GIS, Mapping, Ecosystem Types

INTRODUCTION

Although steppe ecosystems can provide invaluable ecosystem services to human being, as they
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have not been perceived as a natural system with its own economic, social and ecological value,
these resources cannot be used in a sustainable and effective means. Turkey’s steppe ecosystems are
globally significant and unique having very rich flora and fauna composition. Even though it’s
known that the steppes are one of the most ecologically important systems in Turkey, they are also

extremely vulnerable ecosystems.

The Anatolian steppes are part of a larger Palearctic steppe biome that stretches from China to the
Mediterranean in more or less fragmented temperate grassland and forests (Wesche et al., 2016). Turkey’s
steppe ecosystems include pastures, meadows, grasslands and agriculture land. Steppe ecosystems are
prevalent in Eastern and Central Anatolia as well as the high mountains of the Aegean and Mediterranean
Regions. According to Werger (2012), there are four types of steppe in Turkey: the rare Gramineae steppes;
Malacophyll steppes; Tragaganthic steppes; Salty steppe. In central Turkey, patches of grasslands make up
the Central Anatolian Steppe ecoregion. On a high plateau surrounded by rugged mountains, the landscape
here is dotted with low plants, stunted bushes, and short grasses such as bunchgrass and other tuft-forming
grasses. The landscape surrounding this plateau is open and park-like, with grasslands interspersed with
scattered trees of juniper, carob, oak, and thorn. The Central Anatolian Steppe encompasses Turkey’s largest
lake (Tuz Golii) and its surrounding salt pans, salt lakes, and other wetlands. (WWF report, 2005). At the
broad level the steppe ecosystem of Central and Eastern Anatolia are important as areas for biodiversity, with
high levels of endemic species (Werger, 2012) in the upland plateaus and mountain areas and basins. The
Anatolian Steppes ecosystems may be characterized at differing levels of complexity and as semi-natural and
agro-ecosystems which have converted natural ecosystems at global, national and regional levels (Loveland
et. al. 2016). Within Turkey the biomes can be sub-divided into semi-natural and anthropogenic biomes
(Cureball et. al. (2015) and further divided into ecosystems. The steppe ecosystems range from the mountain
steppe, plain steppe, salt steppe of the mixed oak forest and savannah steppes. The Central Anatolian region
is classified predominantly as a dry steppe and to the north temperate broadleaf forest biomes (Kurschener
and Parolly (2012).

According to the available literature on Anatolian steppe region, different aspects are considered by
different articles (vegetation and land use (Senkul&Doga, 2013); flora-fauna (steppe-dependent
species (Ambarli et al., 2016) soil type (Aydogdu et al., 2004)). The existing steppe communities
have also been mapped by Gokcen et al (2011) on the basis of their moisture status, by lifeform and
morphological condition at a broad scale and original vegetation communities (Sekercioglu et al

2011), actually shows the major biomes rather than vegetation cover.

However, there was no common definition for the Anatolian steppe characteristics. Therefore, we

described the steppe area and describe the characteristics of Anatolian steppe in this definition
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together with the experts and based on the literature survey. According to our definition; the
Anatolian steppe cover the secondary step formations resulting from anthropogenic effects with
primary step formations in the natural conditions dominated by the Mediterranean type continental
climate in the Iran-Turan plant belt. Primary steppe formations are more drought-prone, dry in
summer, rest in winter, with herbaceous plants, annual or perennial grains / grains, and in the form
of pillows, the main material is the marn-gypsum, which is composed of alkaline and saline soils;
and plain steppes are developed between 800-1200 meters in arid areas with an average annual
rainfall of less than 300 mm. Secondary steppe formations are mainly composed as a result of
anthropogenic effects mainly due to the destruction of the forest less than 10% tree cover of the
inner surface of the Anatolia; main geological materials are calcareous, siliceous (serpentine, dazite,
andesite, trachyte, basalt); at the forest rainfall zone; having the average annual rainfall between
300-500 mm semi-arid; and having the average annual rainfall between 500 -700 mm semi-arid and
semi-temperate areas; High mountain steppes at altitudes above 1200 m. Anatolian steppe
ecosystems are mainly agricultural ecosystems (dry and irrigated farming), meadow ecosystems
(grassland, pasture, pasture and irrigable meadows) and damaged forests that are outside the forest

borders and with less than 10% tree cover.

MATERIAL AND METHODS

Anatolian Steppe map is produced by analyzing satellite imagery with the help of GIS technologies
based on existing data and also analyzes and interpretation of other new sources. The mapping
activity totally based on convergence of the evidences approach which provided by the cost-
effective, scientifically sound and robust mapping techniques with the help of remote sensing
technologies and GIS. The signatures of the steppe region that are based on several indicators are
analyzed and the final border that delineates the Anatolian steppe region is predicted.

Material

The material that are used in the study was prepared mainly based on the Earth Observation data
interpretation and was produced by analyzing satellite imagery with the help of GIS technologies
based on existing data, namely forest stand map, surface temperature (night and daytime), annual
rainfall, aridity/drought index, soil properties, elevation, geological formations, vegetation indices
(NDVI, EVI)) and interpretation of other sources such as soil biomass productivity potential, bio-
geographical regions, eco-regions, etc.. There are two kind of data set; primary variables and
auxiliary variables, and the detail information about the dataset can be find in the Table 1
(resolution, date and resource).
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Table 1. Metadata information of the variables that are used in this study

Variable | Resolution | Date | Resource
Primary Variables
Aridity Index(P/ETP) 1 km raster; 1970-2000; WorldClim2 dataset;
1km raster; 1975-2007; Data from Meteorological
Point data 2003-2018 stations in Turkey;
National Geospatial Soil
Fertility and Soil Organic
Carbon Information  System
Project, FAO
Forest mask 20 m raster 2015 EEA- Copernicus Product
EVI July-August vegetation | 500 m raster; | 2003; Google Earth Engine
reflectance (MODIS 16-days | 30 m raster 2004-2013
composites and Landsat7 32- and 2017
days composites)
NDVI July-August | 500 m raster; | 2011; Google Earth Engine
vegetation reflectance 30 m raster 2017
(MODIS 16-days composites
and Landsat7 32-days
composites)
Long-term averaged mean | 1 km raster 2003 SoilGrid250
annual surface temperature
(nighttime and daytime)
Annual rainfall 1 km raster 1970-2000; | WorldClim2 dataset;
2003-2018; Data from Meteorological
1975-2007. stations in Turkey;
National Soil Organic Carbon
Project, FAO
Elevation 50 m raster 2015 National Soil Organic Carbon
Project, FAO
Auxiliary Variables
Soil properties 50 m raster; 2015 National Soil Organic Carbon
Polygon 1966-1971; Project, FAO; and,;
1982-1984 Salinity layer from BTG maps
by Sebahattin Keskin (MoAF)
Geological formations 50 m raster 2015 National Soil Organic Carbon
Project, FAO
Soil Biomass Productivity | 1 km 2013 ESDAC, JRC, 2016; Original
Potential  (croplands and study of Toth et al., 2013
grasslands)
Bio-geographical regions Polygon 2016 EEA
Eco-regions2017 Polygon 2017 UNBiodivesity Lab,
RESOLVE
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Methodology

The general methodological approach to identify and characterize the Anatolian steppes can be find

in Figure 1 and the main layers that are used in this assessment have already given in the material

section. The delineation of the Anatolian steppe border was developed by mainly following below

steps;

1. All the layers that were used in the study were prepared for the analysis; raster remote

sensing images are downloaded, stored, projected, units are unified, and analyzed. Some of

the important applications are;

a.

Up-to-date climatic data (point) coming from the meteorological stations is
interpolated and then integrated with the other raster layers.

Aridity index is calculated by using the integrated climatic data in raster format
MODIS and Landsat EVI layers are downloaded for July and August periods for
each year from the Google Earth Engine and the final layer is calculated by taking

the average of the raster layers

2. Raster layers were simplified by reclassifying into the certain thresholds and ranges as

described in the material section

3. All of the layers were overlaid by using Weighted Overlay in ArcGIS

4. The final raster layer obtained by overlaying analysis of the remote sensing images given in

the material section were converted to the final border polygon layer.

Literature Survey on
Steppe

Characterisation

Figure 1. General methodology of Anatolian Steppe Map and Characterization
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Figure 2. Some of the final layers which are ready to be overlaid

All analysis are performed in the GIS environment by using several tools and extension of the
ArcGIS 10.3 software. For downloading the remote sensing images, Google Earth Engine was used.

RESULTS

The areal coverage of Anatolian steppe is found as 32,101,226 hectare and %72 of the area has
300-500 mm average rainfall (Table 3) but %46 of the area has high soil biomass productivity
potential. Moreover, 68% of the area (21.795.338 ha) is found as semi-arid and 30% is dry-
subhumid (9.615.921 ha) while %51 of the land is dominated by agriculture and %39 of the land is
covered by herbaceous vegetation (pastures, grasslands, moors, sparsely vegetated areas, etc.)

according to the CORINE classification.

The Anatolian steppe map itself doesn’t include only the information about the delineated border,
but also it reveals the information about the different dynamics of the homogeneous clusters. There
are 20 different types of combinations, in another word, homogeneous clusters are found and the
biggest areal coverages are codes 222 (300-500mm average rainfall; semi-arid; 800-1200m
elevation), 223 (300-500mm average rainfall; semi-arid; 1200-5100m elevation) and 233 (300-
500mm average rainfall; Dry-subhumid; 1200-5100m elevation) (Table 2)
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Figure 3. The output of the overlaid raster layers (blue) and the final border (red)

The codes are explained as the combination of the three indicators consecutively; rainfall, climate
and elevation. For example; Code 121 has less than 300mm average rainfall, semi-arid region and
plain elevation mainly agriculture and grasslands, having salinity and overgrazing problem, but the
land has a high soil biomass productivity potential.

Steppe Types
(Rainfall-Climate-Elevation)
121
122
221
222
I 223
232
233
Bl 321
Bl 322
M 323
N 331
. 332
N 333
. 342
B 343
I 431 Rainfall: Climate (P/ETP) Elevation:
B 432 1: <300 mm 1: Arid 1: 0 -800 m
2: 300-500 mm 2: Semi-arid 2: 800 - 12000m

3: 500-700 mm3: Dry-subhumid 3: 1200 - 51004
4: 700+ mm 4: Humid

EVENESTISSICERT A D PoRC

Figure 4. Anatolian steppe type map (3-digit codes integrate the 3 different characteristics
consecutively; rainfall, aridity and elevation)
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Table 2. Description of the codes in Anatolian steppe map

Areal
coverage Area
Code | (ha) Description of the Codes %
Less than 300mm average rainfall; semi-arid; 0-800m
121 | 212,541 elevation 0.66
Less than 300mm average rainfall; semi-arid; 800-1200m
122 1,063,903 elevation 3.31
221 | 3,176,744 300-500mm average rainfall; semi-arid; 0-800m elevation 9.90
222 | 8,552,119 300-500mm average rainfall; semi-arid; 800-1200m elevation | 26.64
223 | 7,110,676 300-500mm average rainfall; semi-arid; 1200-5100m elevation | 22.15
300-500mm average rainfall; Dry-subhumid; 800-1200m
232 | 452,595 elevation 1.41
300-500mm average rainfall; Dry-subhumid; 1200-5100m
233 | 3,946,846 elevation 12.30
321 | 853,124 500-700mm average rainfall; semi-arid; 0-800m elevation 2.66
322 | 755,834 500-700mm average rainfall; semi-arid; 800-1200m elevation | 2.35
323 | 46,362 500-700mm average rainfall; semi-arid; 1200-5100m elevation | 0.14
331 | 791,541 500-700mm average rainfall; Dry-subhumid; 0-800m elevation | 2.47
500-700mm average rainfall; Dry-subhumid; 800-1200m
332 | 1,300,562 elevation 4.05
500-700mm average rainfall; Dry-subhumid; 1200-5100m
333 | 2,869,315 elevation 8.94
342 11,423 500-700mm average rainfall; Humid; 800-1200m elevation 0.04
343 | 509,487 500-700mm average rainfall; Humid; 1200-5100m elevation 1.59
More than 700mm average rainfall; Dry-subhumid; 0-800m
431 | 25,673 elevation 0.08
More than 700mm average rainfall; Dry-subhumid; 800-1200m
432 | 205,982 elevation 0.64
More than 700mm average rainfall; Dry-subhumid; 1200-
433 9,953 5100m elevation 0.03
More than 700mm average rainfall; Humid; 800-1200m
442 | 116,276 elevation 0.36
More than 700mm average rainfall; Humid; 1200-5100m
443 90,271 elevation 0.28
32,101,226
DISCUSSION

With this study, the Anatolian steppe is characterized and the border of it delineated and different
steppe types are mapped successfully by using Earth Observation data interpretation and by
analyzing satellite imagery with the help of GIS technologies based on existing data ( Forest stand
map, surface temperature, aridity/drought index, soil information, elevation, Geological formations,

vegetation indices (NDVI, EVI)) and interpretation of other sources.
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The mapping activity totally based on convergence of the evidences approach which provided by
the cost-effective, scientifically sound and robust mapping techniques with the help of remote
sensing technologies and GIS. The signatures of the steppe region that are based on several
indicators are analyzed and the final border that delineates the Anatolian steppe region is predicted.

The map itself doesn’t include only the information about the delineated border, but also it reveals
the information about the different dynamics of the homogeneous clusters. Therefore this output
should be considered very important key output to build the specific strategies for each of the
regions with the exact locations. Additionally, the outputs of this study can be a baseline to monitor
the changes in the region.

Importance of the scientifically sound layers, such as aridity index and climate data modelling, are
recognized very well in this study because the delineation of the steppe border changes with the
changes of climatic patterns since it’s highly depend-on climate. The findings are based on the
vegetation characteristics derived from the satellite images and climate conditions (aridity index).
These two indicators are strongly interrelated each other.

The effects of the human-related activities such as deforestation, overgrazing, land cover changes
(agricultural intensification, conversion to croplands, afforestation of bare lands (Ambarli et al.,
2016), etc.) on steppe ecosystems should be well analyzed, identified and quantified. Moreover, the
all drivers, pressures, impacts and the current conditions of the steppe ecosystem in Turkey should
also be well analyzed, identified and quantified. (Vulnerable areas, the most impacted regions).
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DETERMINATION OF CATALASE ACTIVITY IN SALT
AFFECTED SOILS
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Igdir University, Igdir, Turkey.
Abstract

Soil salinity and alkalinity is an important problem that causes degradation in soils caused by
the effect of climatic, topographic or anthropogenic factors. Approximately 955 million hectares of
land in the world were affected by salt and approximately 20 million hectares were out of
agriculture. In our country, there are salinity and alkalinity problems in 1.5 million ha area, 74% of
these areas have salinity, 25.5% salinity-alkalinity and 0.5% alkalinity. There are salinity and
alkalinity problems due to the high ground water in Igdir plain, low rainfall (254.2 mm) and high
evaporation (1094.9 mm), and human activities accelerate this process. In the region; saline,
alkaline, saline-alkali and boron lands are 36,476 ha. This study was established to determine the
catalase enzyme activity in soils affected by different levels of salt. For this purpose, soil samples
were taken from 3 different points from 0-30 cm depth, 3 samples from each land with different
salinity and alkalinity levels, and analyzes were carried out on these samples. Catalase enzyme
activity of soil samples was determined with 3 replicates according to Beck (1971). Results showed
that catalase activity was 37.25 mlO2 3min~gr soil* in highly saline alkaline soils, 68.23 mIO;
3mingr soil in alkaline soils, 169.23 mIO2 3mingr soil* in soils without salinity and moderately
alkaline. As a result of the experiment, it was determined that soil salinity decreases the catalase
activity.

Keywords: Catalase activity, Soil salinity, Soil alkalinity.

TUZDAN ETKILENMIiS TOPRAKLARDA KATALAZ AKTIVITESININ

BELIRLENMESI

Ozet

Toprak tuzlulugu ve alkaliligi iklimsel, topografik veya antropojenik faktorlerin bir veya
birkacinin etkisiyle olusan, topraklarda degradasyona sebep olan onemli bir problemdir. Diinya
iizerinde yaklasik 955 milyon ha alan tuzdan etkilenmis ve yaklasik 20 milyon ha alan tarim dis1
kalmugstir. Tiirkiyede ise 1,5 milyon ha alanda tuzluluk ve alkalilik sorunu bulunmakta, bu alanlarin
% 74’tinde tuzluluk, % 25,5’inde tuzluluk-alkalilik ve % 0,5’inde alkalilik (sodyumlu)
goriilmektedir. Igdir Ovasi’nda taban suyunun yiiksek olmasi, yagisin disiik (254,2 mm) ve
buharlagmanin fazla olmasi (1094,9 mm) dolayisiyla tuzluluk ve alkalilik sorunu mevcut olup, insan
kaynakli faaliyetler de bu siireci hizlandirmaktadir. Ovadaki tuzdan etkilenen (tuzlu, alkali, tuzlu-
alkali ve borlu) arazilerin miktar1 36.476 ha’dir. Bu c¢alismada farkli derecede tuzdan etkilenmis
topraklarda katalaz enzimi aktivitesi belirlenmeye calisilmistir. Bu amacgla tuzluluk ve alkalilik
derecesi farkli her bir araziden 3 6rnek olmak iizere 0-30 cm derinlikten 3 farkli araziden toprak
ornekleri almmmig ve analizler bu toprak Orenkleri lizerinde ylriitiilmistir. Alinan toprak
orneklerinin katalaz enzim aktivitesi Beck (1971)’e gore 3 tekerriirlii olarak belirlenmistir. Analiz
sonuglarina gore katalaz aktivitesi; asir1 tuzlu alkali topraklarda 37,25 mlO2 3 mingr soil?, alkali
topraklarda 68,23 mlO2 3 min-igr soil?, tuzsuz ve orta derecede alkalin topraklarda ise 169,23 mlO;
3 min™gr soil olarak belirlenmistir. Deneme sonucunda toprak tuzlulugunun katalaz aktivitesini
azalttig1 tespit edilmistir.
Keywords: Katalaz aktivitesi, Toprak tuzlulugu, Toprak alkaliligi.
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1. INTRODUCTION

There are different factors that limits crop production in agricultural lands where agricultural
production is intensely made. Soil salinity and alkalinity, mostly occur in arid and semi-arid
climates, are among these factors. According to the World Soil Map data, it is reported that there
are 954 million ha of salt-affected lands with restricted productivity worldwide (FAO, 1988;
Szabolcs 1991).

This type of problem soils have spread over 80.5 million ha in Africa, 50.8 million ha in
Europe, 357.3 million ha in Australia, 146.9 million ha in America, and 319.3 million ha in the
Asian continent (Sonmez, 2003). Every year 10 million hectares of land in the world are disposed of
and become unusable due to the salinity problem (Akgiil, 2003). Salinity problems are encountered
in 1.7% of the land in our country (1.518.746 ha) and in 3.8% of the agricultural lands (837.405 ha).
In other words, these lands are equivalent to 2% of our country's surface area and 5.48%
(27.699.003 ha) of the total cultivated land. 74% of the total arid lands are salty, 25.5% saline-
alkaline and 0.5% alkaline (sodium) soils (Anonymous 1980).

Igdir Plain has a surface area of 92,000 ha, which has microclimate characteristics in the
Eastern Anatolia region, where agricultural production is intensely carried out (two products per
year). There are salinity and alkalinity problems due to the high ground water in the plain, low
rainfall (254.2 mm) and high evaporation (1094.9 mm), and human activities accelerate this
process. In the region; saline, alkaline, saline-alkali and boron lands are 36,476 ha. More than 1/3 of
the total agricultural land in Igdir plain has lost its productivity by being affected by salt (Ozkutlu
and Ince, 1999).

Enzymes are complex organic substances that catalyze (increase the speed) chemical reactions
of biological events in living plant and animal cells and are synthesized by living cells and are
almost protein-based compounds. Enzymes in soils are of plant, animal and microbial origin, and
collectively their activities express the metabolic status of soils at a given time. By means of soil
enzyme activity, soil biological properties and fertility properties can be determined. Soil enzymes
have a close relationship with other biological properties of the soil and play an important role in
the mineralization process in the soil.

Catalase, one of the soil enzymes, is a protective enzyme that catalyzes the conversion of
hydrogen peroxide into water and oxygen, thus preventing hydrogen peroxide from damaging
cellular compounds. Catalytic activity of catalyse enzyme is present in high concentration in all
aerobic microorganisms, plant and animal cells (Jones ve Masters, 1976; Nicholls ve ark., 2000).

Physico-chemical properties such as pH, soil moisture, temperature, and organic matter
greatly affect the enzyme activities of soils (Aliev etal. 1981;Tabatabai, 1982; Mikayilov, 2018). In
this study, different pH and electrical conductivity values were investigated on soil catalase activity
and the aim of the study is to determine the effects of salinity and alkalinity on catalase activity in

soil.
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2. MATERIALS AND METHODS
2.1. Study site

The study was carried out in the research area of Igdir University Agricultural Research and
Application Center (Figure 1).

Igdir has a special microclimate feature due to its low altitude and being surrounded by high
mountains in the Eastern Anatolia Region. The altitude of the plain is 850 m and summers are hot
and winters are mild. In the region, the annual average rainfall is 254.2 mm and the evaporation is
1094,9 mm. The highest rainfall in the region falls in May and the lowest falls in August
(Anonymous 2018).

Some physical and chemical soil properties have indicated in Table 1.

Figure 1. Experiment area and sampling points.

Table 1

Soil properties at the experiment site.
Soil properties - - Results -

Soil A Soil B Soil C

Clay, % 38,2 37 35
Silt, % 35,4 34,4 31,4
Sand, % 26,4 28,6 33,6
Texture Clay Loam Clay Loam Clay Loam
Organic matter, % 1,06 1,11 1,34
Bulk density, gcm® | 1,47 1,56 1,16
pH (1:2,5) 9,0 9,09 8,22
Electrical
conductivity, 15,32 2,47 1,2
dS/m
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According to soil electrical conductivity and ph analyses; soil A is saline and strong alkaline,
soil B is non saline and strong alkaline and soil C is non saline and moderately alkaline (Table 1).

2.2. Soil sampling and analysis

For soil physical and chemical analysis, disturbed and undisturbed soil samples were taken at
the beginning of the research from the depth of 0-30 cm. After taken to the laboratory, the samples
were sieved from 2mm sieve without air dried and then stored in the refrigerator at 4 C°.

Bulk density determined in the undisturbed soil samples and soil texture, organic matter, soil
pH, electrical conductivity and catalase activity were determined in disturbed soil samples. Soil
texture, soil organic matter, bulk density, electrical conductivity and catalase activity were
determined according to Gee and Bauder (1986), Walkley and Black (1934), Blake (1965),
Demiralay (1993), Beck (1971) respectively. Soil pH was tested with a soil/water ratio of 1:2.5
using a compound electrode in reference to McLean (1982).

2.3. Data analysis

The data were analyzed using the SPSS statistical software program (SPSS 2008).

RESULTS AND DISCUSSION

3.1. Effects of salinity and alkalinity on soil catalase activity

In the study, catalase activity significantly affected salinity and alkalinity (p<0,05). While the
catalase activity means of soil C is 169.23 mlO2 3min-tgr soil, soil A and soil B are 37.25 mlO;
3mingr soil? , 68.23 mIO2 3mingr soil! , respectively. By the average values of the catalase
activity, it was found higher under soil C than soil B and soil A (Figure 2). Between soil A and soil
B, catalase activity was higher in soil B. It means that alkaline soils have higher catalase activity
than saline-alkaline. Consistent with several prior observations, salinity greatly reduced soil enzyme
activity (Liang et al., 2005; Shi et al., 2019). The decrease in catalase activity may be caused by the
decrease of microbial activity in saline soils. With increasing soil salinity; osmotic stress limits,
microbial growth and activity and the microorganisms tend to dehydrate (Galinski 1995, Oren
1999). Some researchers found that, the small increases in electrical conductivity values higly
detrimental effected microbial activity in soils (Rietz and Haynes 2003). The decrease in alkaline
soils may be caused by toxicities of Na and other accompanying ions (e.g. ClI- and HCO3") along
with the very high pH may also inhibit microbial growth (Zahran 1997).
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Figure 2. Results of soil catalase activity

CONCLUSION

It is known that soil salinity and alkalinity has many negative effects on soil properties and
decreases crop production. In the study, the effect of salinity and alkalinity on catalase enzyme
activity in soil was investigated. Results showed that, soil salinity and alkalinity decreased catalase
activity and catalase activity in alkaline soils was higher than saline soils.

Adding organic matter which is generally in low amounts especially in arid and semi-arid
regions because of high rates of decomposing and is one of the parameters affecting enzyme
activity in soils, will cause an increase in enzyme activity in soils besides having positive effects on
other soil properties.
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Abstract

Sucrose synthase (SUS) is widely expressed in plants and plays vital roles in plant metabolism and
growth. In this study, a total of 50 plant SUS protein sequences were collected from the NCBI
protein database and were subjected to homology search, physico-chemical motif, and domain
analyses. The domain analysis revealed that sucrose synthase (PF00862) and glycosyl transferase
(PF00534) are domain structures in all SUSs. Also, all SUSs are acidic in character and contain a
greater number of negatively charged residues (Asp+Glu). Analysis of 10 commonly distributed
motifs in the SUSs showed that 6 of 10 motifs are related to sucrose synthase domain, whereas 3 of
10 motifs are associated with glycosyl transferase domain. Predicted N-glycosylation sites showed
variations in a species-specific manner, suggesting functional diversities. It was observed that the
3D structure of sucrose synthases domain of Zea mays, Gossypium raimondii, Triticum aestivum,
and Pinus taeda had the structural divergences. The findings may help for laboratory studies aiming
at understanding of SUS genes in plants.
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Introduction

Sucrose synthase (SUS) is an essential enzyme (E.C. 2.4.1.13) in carbohydrate metabolism of plants
converting sucrose and uridine diphosphate (UDP) into fructose and UDP-glucose (Kleczkowski et
al., 2010). SUS activities are observed in different intracellular structures, including cell membranes
(Matic et al., 2004), cytoskeleton (Winter et al., 1998), and tonoplast (Etxeberria and Gonzalez,
2003). Also, SUS plays an important key role in metabolic processes, such as sugar import (Klotz et
al., 2003), environmental stress responses (Bieniawska et al., 2007), nitrogen fixation, and arbuscule
maturation (Baier et al., 2010). SUS proteins are also reported to be involved in cellulose synthesis
by providing UDP-glucose for cell wall thickening and cotton fiber cell development (Nolte et al.,

1995; Albrecht et al., 2003).SUS enzymes take part in providing photosynthetic assimilate supplies
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necessary for the sink strength of the sink organs such as potato tubers, carrot roots, maize kernels,

and pea embryos (Zou et al., 2013).

Many studies indicate that SUS isozymes are encoded by multigene family in the most plant species
with at least three SUS genes (Zou et al., 2013). Arabidopsis and rice include six distinct active SUS
genes (Barratt et al., 2001; Hirose et al., 2008). AtSUS1 and AtSUS2 are regulated heavily under
environmental stresses in Arabidopsis (Dejardin et al., 1997). AtSUS5 and AtSUS6are expressed in
almost all plant organs but no report has been made so farfor stressresponses (Baud et al., 2004). A
total of five sucrose synthase genes (ScSUSy1, ScSUSy2, ScSUSy3, ScSUSy4, and ScSUSy5) were
identified in three Saccharum species, including S. officinarum, S. spontanuem, S. robustom (Zhang
et al., 2013). In rice, SUSL is generallytranscribed in elongating tissues, whilstSUS2 is expressed in
germinating seedlings and in seedlings grown under hypoxic conditions. SUS3 and SUS4 also are
predominantly expressed in the caryopsis (Hirose et al., 2008). Three non-allelic SUS genes
(CitSUS1, CitSUSA, and CitSUS2) were identified in Citrus unshiu. Of these genes, CitSUS1 and
CitSUSA are reported to be differentially expressed in several tissues of leaf, flower, and fruit
(Komatsu et al., 2002). In all plants, the differential expressions of SUS genes prove that each SUS
isoform diverged into specific functions in different tissues (Chen et al., 2012). In the present study,
in silico analysis of 50 sucrose synthase (SUS) protein sequences from different higher plant species
were performed. The physico-chemical features, homology search, motif analysis, and N-

glycosylation siteswere analyzed by using various bioinformatics tools.

Materials and Methods

All the sequences of sucrose synthase (SUS) were retrieved from different plant species on
Genbank database (http://www.ncbi.nlm.nih.gov/protein/).The accession numbers of SUS protein
sequences are listed in Table 1(Table 1).Nostoc azollae (YP_003719961) was selected as outgroup
andthe SUSs sequences were retrieved asfasta format for further analyses.The conserved protein
motifs were determined by using MEME server (http://meme.sdsc.edu/meme/meme.html) (Bailey
et al., 2009).Physico-chemical data (molecular weight, pl, and amino acid composition) were
generated by ProtParam (Gasteiger et al., 2005).N-glycosylation sites of the SUS proteins were
predicted by using the NetNglyc 1.0 (http://www.cbs.dtu.dk/ services/NetNGlyc/) server. The
subcellular distribution of SUS proteins were analyzed by using CELLO v.2.5 (subCELlular
LOcalization predictor) (Yu et al., 2006) and WoLF PSORT servers (Horton et al., 2007),

respectively.
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Table 1. Features of SUS protein sequences in higher plant species

Serial no. Plant Species Accession no. Pfam domain Subcellular Subcellular
prediction by  prediction
PSORT by CELLO
1 Alnus glutinosa CAAG63122 SS, GT Chloroplast Cytoplasm
2 Arabidopsis thaliana CAA50317 SS, GT Cytoplasm Cytoplasm
3 Arachis hypogaea var. AEF56625 SS, GT Mitochondrion  Cytoplasm
vulgaris
4 Bambusa oldhamii AAL50572 SS, GT Cytoplasm Cytoplasm
5 Beta vulgaris AAR19769 SS, GT Cytoplasm Cytoplasm
6 Cichorium intybus ABD61653 SS, GT Cytoplasm Cytoplasm
7 Citrus unshiu BAA89049 SS, GT Mitochondrion  Cytoplasm
8 Coffea arabica CAJ32598 SS, GT Cytoplasm Cytoplasm
9 Coffea canephora ABI17891 SS, GT Cytoplasm Cytoplasm
10 Craterostigma plantagineum  CAB38022 SS, GT Cytoplasm Cytoplasm
11 Cucumis sativus AEN83999 SS, GT Cytoplasm Cytoplasm
12 Daucus carota CAA53081 SS, GT Cytoplasm Cytoplasm
13 Dendrobium officinale ADY02961 SS, GT Mitochondrion  Cytoplasm
14 Eucalyptus grandis ABB53601 SS, GT Cytoplasm Cytoplasm
15 Glycine max NP_001237525 SS, GT Mitochondrion  Cytoplasm
16 Gossypium barbadense ADY 68845 SS, GT Cytoplasm Cytoplasm
17 Gossypium herbaceum AEV40896 SS, GT Chloroplast Cytoplasm
18 Gossypium herbaceum subsp. ADY68846 SS, GT Chloroplast Cytoplasm
africanum
19 Gossypium hirsutum AEV40894 SS, GT Chloroplast Cytoplasm
20 Gossypium raimondii AEV40895 SS, GT Chloroplast Cytoplasm
21 Hordeum vulgare supsp. CAA46701 SS, GT Cytoplasm Cytoplasm
vulgare
22 Ipomoea batatas ACLO00957 SS, GT Mitochondrion  Cytoplasm
23 Jatropha curcas AGH29112 SS, GT Mitochondrion ~ Cytoplasm
24 Lilium davidii AGW23638 SS, GT Cytoplasm Cytoplasm
25 Litchi chinensis AFP23359 SS, GT Mitochondrion ~ Cytoplasm
26 Lolium perenne BAE79815 SS, GT Chloroplast Cytoplasm
27 Malus domestica AFU56881 SS, GT Cytoplasm Cytoplasm
28 Mangifera indica BAM68528 SS, GT Cytoplasm Cytoplasm
29 Manihot esculenta ABD96570 SS, GT Cytoplasm Cytoplasm
30 Medicago falcata ABP88869 SS, GT Mitochondrion  Cytoplasm
31 Medicago sativa AAC17867 SS, GT Cytoplasm Cytoplasm
32 Medicago truncatula CAB40795 SS, GT Cytoplasm Cytoplasm
33 Musa acuminata AEO09338 SS, GT Cytoplasm Cytoplasm
34 Oryza sativa CAA46017 SS, GT Cytoplasm Cytoplasm
35 Oxybasis rubra CAA57881 SS, GT Mitochondrion  Cytoplasm
36 Phaseolus vulgaris AAN76498 SS, GT Cytoplasm Cytoplasm
37 Pinus taeda ABR15470 SS, GT Cytoplasm Cytoplasm
38 Pisum sativum CAA09910 SS,GT Mitochondrion ~ Cytoplasm
39 Populus tomentosa AFZ78659 SS, GT Cytoplasm Cytoplasm
40 Populus tremuloides AAR03498 SS, GT Cytoplasm Cytoplasm
41 Prunus persica AFI157908 SS, GT Mitochondrion ~ Cytoplasm
42 Saccharum officinarum AAM68126 SS, GT Cytoplasm Cytoplasm
43 Solanum lycopersicum NP_001234655 SS, GT Cytoplasm Cytoplasm
44 Solanum tuberosum AAA97572 SS, GT Mitochondrion ~ Cytoplasm
45 Sorghum bicolor ACM69042 SS, GT Cytoplasm Cytoplasm
46 Triticum aestivum CAA03935 SS, GT Cytoplasm Cytoplasm
47 Triticum urartu EMS66266 SS, GT Cytoplasm Cytoplasm
48 Vicia faba CAA49428 SS, GT Mitochondrion  Cytoplasm
49 Vigna angularis BAH56282 SS, GT Cytoplasm Cytoplasm
50 Zea mays CAA26229 SS, GT Cytoplasm Cytoplasm

SS: sucrose synthase domain (PF00862), GT: glycosyl transferases domain (PF00534)
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Model building and evaluation

Four SUS protein sequences were used for homologymodelling of G. raimondii, Z. mays, T.
aestivum, and P. taeda.Homology modelling of SUS proteins were predicted by using Swiss-Pdb
Viewer (Guex et al., 2009). After modelling, the quality and validation of the model was evaluated
by Rampage Ramachandran plot analysis (http://mordred.bioc.cam.ac.uk) (Lovell et al. 2003).

Results and discussion
Sequence analysis
A total of 50 sucrose synthase (SUS) protein sequences were analyzed by using various

bioinformatics tools and physico-chemical data of SUS protein sequences are shown in Table 2.
Molecular weights and sequence lengths ofSUSs range from 83.265 to 100.389 kDa and from 727
to 885 amino acids, respectively.The computed pl valuesare between 5.63- 6.34 showing
thattheyare acidic in character. Also, total number of negatively charged residues (Asp+Glu) are
higher than in total number of positively charged residues (Arg+Lys) in all SUS protein sequences.
Predicted N-glycosylation sites analysis showed that all SUSs containN-glycosylation sites ranging

between 2 and 7.

Asparagine (N)-linked glycosylation is basic post-translational modificationsites serving for
covalent attachment of an oligosaccharide onasparagine residues in proteins. N-X-S/T consensus
sequence is accepted as a general recognition element (Schwarz and Aebi, 2011). Tonoplast-
associated SuSy (sucrose synthase) is phosphorylated in the presence of sucrose, but not
plasmalemma-associated SuSy in Acer pseudoplatanus(Pozueta-Romero et al., 2004). In N-terminal
regulatory domain of AtSUS1, two serine residues play important roles as sites for phosphorylation
(Zheng et al., 2011). In maize, serine 15 (S15) is probable phosphorylation sites in SUS1 protein
(Huber et al., 1996). Multiple phosphorylation, N-glycosylation and leucine zipper motifs are
identified as SUS3 in maize (Carlson et al., 2002). Consecutively, it can be suggested that SUS

function and enzymatic activity are regulated heavily in plant metabolic pathways.

SuSy can be soluble or insoluble due to binding to different subcellular structuresin the cell
(Pozueta-Romero et al., 2004). SUS enzymes can be associated with the plasma membrane, actin

cytoskeleton, amyloplasts, golgi, and tonoplast (Duncan et al., 2006).

Changes in sucrose synthase (SuSy) activity are associated with cellular location and different
isoforms (Komatsu et al., 2002; Pozueta-Romero et al., 2004). Subcellular localizations of all SUSs

in this study were predicted to be in cytoplasm. Of these proteins, 30 of 50 SUSs were also
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predicted to be localized in mitochondrion (13 members), followed by chloroplast (7 members)
according to computations on the WoLF PSORT server (Table 1). With parallel to this prediction,
the distributions of SUS proteins were determined not only in cytoplasm but also inmitochondrion
and chloroplast in the laboratory studies. In this respect, it is reported thatone of maize SUS
isoforms SH1 protein was found to have a putative mitochondrial targeting peptide (mTP)(Subbaiah
et al., 2006). By and large, some SUS proteins, as indicated in previous studies,seems toplay
important roles in mitochondrion and many SUSs may contribute to cytoplasmic sucrose

metabolism.

All SUS sequences contain sucrose synthase (PF00862) and glycosyl transferase (PF00534)
domains based on Pfam database searches (Table 1). A search of the Pfam database revealed that
126 sequences have the sucrose synthase and glycosyl transferase domain whereas 34 sequences
contain only sucrose synthase domain in various organisms (Jayashree et al., 2008). In Arabidopsis,
the analysis of six AtSUS genes displayed that sucrose synthase and glycosyl transferase domains
are present in all genes (Baud et al., 2004). The sucrose synthase and the glucosyl-transferase
domains are accepted as typical signatures of SUS proteins in cotton (Chen et al., 2012).

When all SUS sequences were provided to MEME server, a total of 10 common motifs were
observed (Table 3). 6 of 10 motifs were related with sucrose synthase domain, whilst 3 motifs were
related to glycosyl transferases group 1 domain.Whereasonly the motif five was not found in
Ipomoea batatas, all motifs (motif 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10) were detectedin the other plant
species. In protein evolution, motifs with short amino acid residues (5-25 amino acids) are being
related with biological functions or protein structures (Saito et al., 2007). Conserved sequence
regions inproteinsare important for understanding functionally and structurally distinct regions
(Sitbon and Pietrokovski, 2007). Overall, the conserved regions inSUS genes may shape SUS

domain architecture determining catalytic activity andstructural flexibility of SUS proteins in plants.
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Table 2. Biochemical characteristics and predicted N-glycosylation sites of SUS protein sequences
in higher plants

Source Number Molecular Theoretical Total Total Predicted N-
organisms of weight pl number of number glycosylation sites
amino (kDa) negatively  of
acids charged positively
residues charged
(Asp+Glu) residues
(Arg+Lys)
Alnus 141 NASF, 410 NYSD, 469 NHTD,
glutinosa 803 91.630 6.34 104 95 581 NITG
Arabidopsis 19 NETL, 132 NFTL, 143 NASI,
thaliana 807 92.924 5.66 120 9 414 NYSD , 474 NHTD , 587 NLSG
Arachis
150 NKSI, 412 NYSD, 471 NHTD ,
hypoge}ea var. 806 92.419 5.93 113 95 584 NITG
vulgaris
Bambusa 98 NVSE, 138 NASF, 409 NYSD ,
oldhamii 808 92.124 5.98 105 a1 468 NHTD , 581 NMTG
. 409 NYSD , 468 NHTD, 530 NYTE,
Beta vulgaris 805 92.227 5.90 112 95 581 NMTG , 735 NISK
%‘%ﬂ;‘“m 806 92.055 5.95 111 93 411 NYSE, 470 NHTD , 584 NLTG
. . 141 NASF, 412 NYSD, 471 NHTD,
Citrus unshiu 805 92.173 5.90 112 96 584 NLTG
Coffea 143 NATF, 329 NVTP, 414 NYSD,
arabica 811 92.818 5.89 110 94 473 NHSD, 490 NNTV, 586 NITG
Coffea 806 92.606 6.03 114 99 412 NYSE, 471 NHTD, 584 NLTG
canephora
Craterostigma 143 NASF, 414 NYSD, 473 NNSD,
olantagineum 811 92.526 5.90 110 93 586 NITG
Cucumis 141 NASF, 412 NYSD, 471 NHTD,
sativus 806 92.627 5.67 116 96 584 NITG
E;‘éigs 808 92.474 6.21 107 95 414 NYSE, 473 NHTD, 586 NLTG
Dendrobium 103 NVSE , 143 NASF, 414 NYSD,
officinale 807 91.990 5.83 111 90 586 NITG
Eucalyptus 412 NYSD, 471 NHTD, 499 NFTL,
grandis 805 92.685 6.05 113 98 584 NLTG, 762 NLTA
. 150 NKSI, 412 NYSD, 471 NHTD,
Glycine max 805 92.243 6.04 111 95 584 NITG
Gossypium 141 NSSF, 327 NITP, 412 NYSD,
barbadense 805 92.643 6.10 113 99 471 NHTD, 584 NLTG
Gossypium 143 NASF, 150 NRSS, 414 NYSD,
herbaceum 809 92.073 5.99 109 94 586 NMTG
Gossypium
herbaceum 141 NSSF, 327 NITP, 412 NYSD,
subsp. 805 92.673 6.17 114 101 471 NHTD, 584 NLTG
africanum
ﬁ?ﬁj’t’mm 809 91.988 5.99 109 94 143 NASF, 150 NRSS, 414 NYSD
Gossypium 143 NASF, 150 NRSS, 414 NYSD,
raimondii 809 92.218 5.99 110 95 586 NMTG
Hordeum 98 NVSE, 138 NASF, 408 NYSD,
vulgare 807 92211 5.94 108 92 467 NHTD, 580 NMTG
Ipomoea 727 83.265 5.63 103 80 471 NHTD, 584 NLTG
batatas
Jatropha 141 NASF, 412 NYSD, 471 NHSD,
curcas 805 92.686 6.00 112 96 584 NLSG
12 NHTF, 134 NFTL, 145 NASF,
Lilium davidii 846 96.049 6.02 110 95 192 NGTS, 416 NYSD, 588 NITG,
829 NGSV, 843 NGTK
Litchi 819 93.454 6.01 106 91 143 NATF, 150 NRSS, 414 NYSD,
chinensis 586 NMTG.

79



Table 2. (Continued)

Source Number Molecular Theoretical Total Total Predicted N-
organisms of weight pl number of number glycosylation sites
amino (kDa) negatively  of
acids charged positively
residues charged
(Asp+Glu) residues
(Arg+Lys)
Lolium 885 100.389 6.53 108 102 98 NVSD, 138 NASA, 408 NYSD,
perenne 467 NHTD, 580 NMTG
Malus 812 92.891 5.77 110 92 415 NYSD, 587 NMTG
domestica
Mangifera 800 91.522 6.02 105 93 167 NSSM, 180 NFSE, 407 NYSD,
indica 466 NHTD, 579 NLTG
Manihot 806 92.783 5.98 114 97 141 NASF, 412 NYSD, 471 NHTD,
esculenta 584 NLTG
Medicago 804 92.428 6.03 113 98 149 NKSI, 411 NYSD, 470 NHTD,
falcata 583 NITG
Medicago 805 92.333 5.85 114 95 150 NKSI, 412 NYSD, 471 NHTD,
sativa 584 NITG
Medicago 805 92.335 5.86 113 95 150 NKSI, 412 NYSD, 471 NHTD,
truncatula 584 NITG
Musa 816 92.996 5.94 106 90 102 NISE, 143 NASF, 414 NYSD,
acuminata 568 NDTK, 586 NLTG
Oryza sativa 808 92.129 5.96 103 88 98 NVSE, 138 NASF, 409 NYSD,
468 NHTD, 581 NMTG, 610 NQSK,
735 NISQ
Oxybasis 803 92.066 5.88 112 95 139 NASF, 409 NYSD, 468 NHTD,
rubra 581 NMTG, 729 NPSH.
Phaseolus 805 92.024 5.82 110 90 150 NKSI, 412 NYSD, 471 NHTD
vulgaris
Pinus taeda 833 95.273 6.02 112 96 126 NGSV, 143 NASF, 415 NYSD,
587 NMTG, 826 NGTL
Pisum 806 92.502 5.84 114 95 150 NKSI, 412 NYSD, 471 NHTD,
sativum 584 NITG
Populus 803 92.156 6.00 109 94 410 NYSD, 469 NHTD, 582 NLTG
tomentosa
Populus 805 92.523 6.02 111 96 141 NASF, 412 NYSD, 471 NHTD,
tremuloides 584 NLTG
Prunus 806 92.605 5.95 113 97 141 NASF, 412 NYSD, 471 NHTD,
persica 584 NITG
Saccharum 822 91.723 5.77 105 88 98 NVSE, 138 NASF, 409 NYSD,
officinarum 468 NHTD, 581 NMTG
Solanum 805 92.446 5.90 114 95 412 NYSE, 471 NHTD, 584 NLTG
lycopersicum
Solanum 805 92.577 5.98 113 97 124 NGTS, 412 NYSE, 471 NHTD,
tuberosum 584 NLTG
Sorghum 802 91.712 5.82 104 88 98 NVSE, 138 NASF, 409 NYSD,
bicolor 468 NHTD, 581 NMTG
Triticum 815 92.608 6.17 101 88 106 NVSE, 129 NGSI, 146 NASF,
aestivum 417 NYSD, 588 NMTG
Triticum 815 92.639 5.85 104 85 106 NVSE, 145 NASF, 416 NYSD,
urartu 588 NLTG, 617 NPSK
Vicia faba 806 92.521 5.78 115 95 150 NKSI, 412 NYSD, 471 NHTD,
584 NITG
Vigna 805 92.093 6.02 110 94 150 NKSI, 412 NYSD, 471 NHTD,
angularis 584 NITG
Zea mays 802 91.732 5.96 104 90 98 NVSE, 138 NASF, 409 NYSD,

468 NHTD, 581 NMTG
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Table 3. Ten different motifs commonly observed in sucrose synthase protein sequences

. Width . Pfam
Motifnumber  gequence Protein sequences Domain

Sucrose

1 50 YHFSCQFTADLIAMNHTDFIITSTFQEIAGSKDTVGQYESHTAFTLPGLY synthase
Glycosyl

2 41 AFGLTVVEAMTCGLPTFATCHGGPAEIIVHGKSGFHIDPYH transferases

3 Sucrose

3 50 APDPCTLETFLGRIPMVFNVVILSPHGYFAQDNVLGYPDTGGQVVYILDQ synthase
Glycosyl

4 50 EMKKMYSLIETYNLNGQFRWISSOMNRVRNGELYRYICDTKGAFVQPAFY  transferases
Not found

5 50 DFFEKCKADPSHWDKISQGGLQRIYEKYTWQIYSQRLMTLTGVYGFWKHV
Sucrose

6 50 FPRPTMSKSIGNGVQFLNRHLSAKMFHDKESMHPLLNFLRAHCYKGKTMM  synthase
Sucrose

7 31 EMQGKPDLIIGNYSDGNIVASLLAHKLGVTQ synthase
Glycosyl

8 41 VRALENEMLHRIKQQGLDITPRILIVTRLLPDAVGTTCGQR transferases
Sucrose

9 50 HICVLKDRNKPIIFTMARLDRVKNMTGLVEWYGKNAKLRELVNLVVVAGD  synthase
Sucrose

10 50 QEAIVLPPWVALAVRPRPGVWEYIRVNVHALVVEELQVSEYLHFKEELVD synthase

Three-dimensional model of SUS proteins

Proteins consist of domains with distinct structure, function and/or evolutionary history. Domain

rearrangements and sequence differentiation are very important to understand the development of

new functions of proteins (Bjorklund et al., 2005). Proteins’ three-dimensional structuresare more

conserved than protein sequences or functions (Kinch and Grishin, 2002). For domain modelling,

four divergent SUS proteins were selected by including two monocots (Z. mays and T. aestivum )
and two dicots (G. raimondiiand P. taeda) (Figure 1A, B, C, and D). It was observed that 3D

structures of these proteins (monocots and dicots species)contained some structural divergences.

SUS isoforms play important roles in both cytosolic and membrane-associated sucrose degradation

but their vital effect is observed in isoform-specific functional roles (Duncan et al., 2006). These

structural divergences may be explained by isoform-specific functional roles of SUSs in sucrose

metabolism.
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Figure 1. Predicted 3D structureof sucrose synthase domain ofG. raimondii (A),Z. mays (B), T.

aestivum (C), and P. taeda (D). The yellow circles show structural divergences in SUS domains.

The stereo-chemical qualities of the modelled proteins were evaluated by RAMPAGE server.
According to Ramachandran plot,2.4%, 2.2%, 3.4%, and 3.2% were in allowed region, and 97.1%,
96.2%, 95.6%, and 95.9% in favored regionin G. raimondii (A), Z. mays (B), T. aestivum (C), and
P. taeda (D),respectively. Only 0.5%, 1.5%, 1%, and 0.8% residues werefound in outlier region,

indicating the predicted 3D protein models were reliable and good quality.

Conclusion

In conclusion, in silico characterization of plant sucrose synthases has revealed the sequence
similarity along with similar physico-chemical properties and conserved motif structures. The
findings may help for laboratory studies aiming at understanding of SUS genes in plants.
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ABSTRACT

Agricultural production has been pressurized by multiple environmental stress factors
aggravated by climatic extremes. Precision agricultural techniques have therefore gained particular
prominence to maintain the food demand of global population with sustainable principles. Grape
pomace as juice process residue, spent mushroom compost, farmyard manure and control (no
supplement) were tested on the physiological and vegetative development saplings of 41 B, 44-53
M and Rupestris du Lot rootstocks. The general growth medium was obtained with the equal
mixture of vineyard soil and sand. Four different growth media were obtained by supplementing the
each substance in 25% solid volume, while the control group has not received any of them. The
rooted cuttings of each rootstock were transplanted into the plastic pots filled with the mixture of
the growth media.Spent mushroom compost resulted in the highest shoot length in 41 B and
Rupestris du Lot rootstock saplings. Certain physiological activities of the rootstocks were also
affected by the applications, indicating the significance of growth media in nursery practices. The
uses of spent mushroom compost and fermented pomace have been recommended to use in nursery
production to harden the grapevine saplings against the stress factors for a sustainable viticulture.
Keywords: Grapevine nursery, sustainable viticulture, cultural practices, sapling hardening.

INTRODUCTION

In recent years, the use of high-yielding crop cultivars, synthetic fertilizers and pesticides in
combination with mechanization have remarkably increased worldwide agricultural production.
However, the overuse of agrochemicals has caused the eutrophication
and contamination of agricultural soil and water. Organic farming and/or sustainable agriculture
have been proposed as essential strategies to reconcile food production, biodiversity conservation
and environmental sustainability. Agricultural soil amendment practices are vital for the success of
sustainable food production and for the functioning of agroecosystems in general. The soils around
the Konya Closed Basin has been characterized by having low water retention, low levels of organic
matter and nutrient availability which correspond to inceptisol soils with low organic matter
contents and high pH. The use of organic amendments has been strongly recommended as the
concept of integrated nutrient management to improve plant and soil quality.

The grape pomace is an abundant by-product (solid organic waste) composed of the
remaining cluster stalks, berry skins and seeds representing around 25% of the total grape weight
used in the juice process depending on the variety and process (Oliveira and Duarte, 2016). The
material is characterized by C:N ratio ranges from 40 to 45:1 and pH ranges from 3 to 6, low
electrical conductivity, and high organic matter content and organic forms of micro and macro-
nutrients, which are mineralized through time (Garcia-Lomillo and Gonzalez-San José,2017;
Salgado et al. 2019). Therefore, the products generated by the composting of grape pomace can
have a great positive impact in response toapplied quality organic amendments in the same grape
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crops, considering the necessity to improve the inceptisol soil quality. Therefore, recent attention
has been focused on the effective use of grape pomace as a secondary byproduct of grape process
for the production of organic fertilizer through the composting.Similarly spent mushroom compost,
remaining from the mushroom production, is a bulky waste product and a type of slow-release
organic plant fertilizer. After pasteurization process to reduce hygiene problems, it is an ideal soil
enrichment substance with its nutrients.

The objective of this study was to evaluate the effects of farmyard manure, spent mushroom
compost and grape pomace on growth medium pH and plant development in grapevine rootstocks
(41 B, 44-53 M and Rupestris du Lot). Spent mushroom compost and grape pomace, as good
organic materials for soil amendment, were evaluated for their effects on grapevine growth in
comparison to both untreated control and farmyard manure commonly applied by farmers.

MATERIALS AND METHODS

The present study was performed at the Research and ImplementationGlasshouse
(38°01.814 N, 032°30.546E, and 1158m altitude) and laboratories of Selcuk University Agriculture
Faculty Horticulture Department.

Experimental Description

Experimental plants consisted of three worldwide grapevine rootstocks originating from
different genetic background; 41 B (Vitis vinifera x V. berlandieri), 44-53 M (V. riparia x V.
rupestris) and Rupestris du Lot (V. rupestris).Four different growth media were prepared to
compare for their effects on plant development.

For this purpose, farmyard manure, spent mushroom compost and grape pomace were
supplemented into the growth medium used in the pots. Before their uses, the substances were kept
for one year to let them proper composting and decreasing the salinity level. Such maintenance
would also reduce the risk of possible NH4-N toxic effectof fresh compost. The main growth
medium was prepared with equal mixture of vineyard soil and sand. Each of the organic substances
in 25% solid volume was added into the growth medium, while none of them was used for the
control medium. The cuttings of each rootstock genotypes were rooted in perlite medium for three
months in controlled glasshouse. At the beginning of the vegetation period, the rooted cuttings with
equal development about ten cm shoot were transplanted into plastic pots.The plants were placed in
east-westoriented rows in controlled glasshouse with the spaces 25x50cm. The single shoot per
plant was tied withthread to wires 2.2 m above the ground to let plants grow on a
perpendicularposition to ensure equally benefiting from the sunlight. Thevines received the same
cultivation conditions and were dripirrigated using one line for per plant row, single emitter per
vine. Irrigation amount and intervals were regulated according to daily climatic conditions.

Measurements and Analyses

For pH quantification, soil samples in the middle of growth period were collected from the
root zone of the pots. The pH of each growth medium was measured in de-ionized water
electrometrically (pH meter, Seven Easy, Switzerland) on a 1:5 (w/v) dry soil:water suspension
after2 h stirring using a glass membrane electrode at 25 °C(Richards 1954).

To investigate the physiological response of the plants to organic substances, leaf
temperature (Tiear) and stomatal conductance (gs) investigations were carried out in the middle of
the vegetation. Tiear and gs were recorded at around 10 a. m. (Sabir and Yazar 2015) using a
portable porometer (SC-1 Leaf Porometer). Measurements were performed on a total of nine south-
facing, sun-exposed mature but not senescence leaves born at thetop 5th to the 7th nodes per
treatments (Stavrinides et al.2010).
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Leaf chlorophyll density (SPAD meter value mean, expressed asSPAD units) of 3rd and 4th
nodes of each shoot was estimatedby SPAD readings using a portable chlorophyllmeter (SPAD-
502; Konica Minolta Sensing, Inc., Japan).

Leaf (node) number per shoot, leafarea (LA, cm?), leaf fresh mass (FM, g) and leaf dry mass
(DM, g) were determined on fully expanded leaves of of each treatment (Tramontini et al. 2013).
Two groups of mature leaves, consistingof nine leaves per treatment, were collected from themid-
shoot area of each plant (OIV 1997). The first group was scanned to determine single LA using Win
Folia computer software program, while the second was immediatelyweighed to determine FM.
After weighing, they dried to the constant weight to record dry mass (DM).

At the end of the summer, shoot length was measured with a sensitivity of 1 mm. Shoot
diameter was measured by digital calipers at 1 cm above the second node.

Statistical Analysis

Numerical data were subjected to statistical analysis usinga factorial design. Each treatment
was designed withthree replicates consisting of nine plants. As the rootstockshave different
physiological response to environmentalfactors, the mean values of parameters were compared
separately for each rootstock separately using the least significant difference (LSD) test. Statistical
tests were performed at P <0.05 using SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

All the organic matters supplied into the soil significantly decreased the pH (Fig. 1). The
highest decrease was obtained from grape pomace (7.3) application in comparison to the control
soil (7.7). Farmyard manure (7.5) and spent mushroom compost (7.6) were also effective on
decreasing the soil pH. The microbial activity in cultivated soil is more efficient around the neutral
pH (Rousk and Baath, 2011). Therefore, the organic substances used in the study would also
improve the biological feature of the growth medium with the highest benefit of pomace.
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Control F. manure M. compost G. pomace

Figure 1. Changes in soil pH in response to organic matter supplementation growth medium.

Shoot length is one of the reliable parameters indicating the degree of plant vegetative
development. Shoot growths of the rootstocks displayed significant differences in response to
organic matter applications (Fig. 2). In 41 B, all of the applications resulted in significant increases
in shoot length, ranging from 96.8 cm (control) to 122.0 cm (grape pomace). In 44-53 M rootstock,
pomace application (195.5 cm) also led to significant increase in shoot growth although other
substances did not affect the shoot elongation. Pomace addition into the soil provided 17% increase
in shoot development in this rootstock. On the other hand, the spent mushroom compost was the
only effective substance in Rupestris du Lot rootstock with 13% growth enhancement. The grape
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pomace is an abundant by-product consisting of the remaining berry skins, seeds and cluster
stalksrepresenting around 25% of the total grape weight used in the must process (Oliveira and
Duarte, 2016). Themoisture after pressing is around 20-30% w/w, and the material ischaracterized
by C:N ratio ranges from 40 to 45:1, low electrical conductivity, and high organic substance content
and organic micro and macro-nutrients, which aremineralized through time (Garcia-Lomillo and
Gonzalez-San Jose, 2017).Therefore, the plant nutrients generated by the presence of grape pomace
in growth medium could have a great positive impact on shoot development of the grapevine
rootstocks.
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Figure 2. Changes in shoot length of the rootstocks in response to organic matter supplementation
into the growth medium.

The gs was also affected by organic matters used in the growth medium (Fig. 3). In general,
farmyard manure tended to decrease the gs. In Rupestris du Lot, the effect of spent mushroom
compost on gs was obvious. In plants stomatal regulation is a complex physiology involving
feedback controls which interact with a wide range of environmental stimuli (Zweifel et al. 2007),
and the plant responses to various stimuli are integrated into a system of regulation of stomatal
conductance for harvesting as much carbon as possible. Mushroom compost may have affected the
stomatal behavior through the amending the growth medium physical features including water
holding capacity. Water deficit, due to limitations of soil available water, usually impacts on leaf gs.
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Figure 3. Changes in stomatal conductance of the rootstocks in response to organic matter
supplementation into the growth medium.
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As depicted in Fig. 4, Tiear did not show significant difference in response to organic matter
supplementation into the growth media across the rootstocks.
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Figure 4. Changes in leaf temperature of the rootstocks in response to organic matter
supplementation into the growth medium.

Leaf chlorophyll content, estimated as SPAD readings, showed differences between the
applications (Fig. 5). Grape pomace application resulted in the highest chlorophyll content in
leaves, although the only significant affect was found in Rupestris du Lot when compared with
control.
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Figure 5. Changes in leaf chlorophyll content of the rootstocks in response to organic matter
supplementation into the growth medium.

Leaf area displayed a wide variation in response to organic matter applications (Fig. 6).
Grape pomace applied let to higher leaf area than untreated control grapes across the grapevine
rootstocks. The elevation in the leaf surface area may provide better rates of photosynthesis, which
were based on a large photosynthetic area and high levels of photosynthetic pigments (Dineshkumar
etal., 2018).
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Figure 6. Changes in leaf area of the rootstocks in response to organic matter supplementation into
the growth medium.

Similar to leaf area findings, the highest leaf fresh and dry mass values were obtained from
the pomace application (Table 2). Spent mushroom compost also let to remarkable increases in leaf
mass. Improvements in vegetative development of tomato plants were also reposted by Sonmez
(2017) who investigated the effects of spent mushroom compost utilization with the mixture of
different growing media on the seedling quality.

Table 1. Changes in leaf fresh and dry masses of the rootstocks in response to organic matter
supplementation into the growth medium.

Rootstocks Treatment Leafjfresh Leafjiresn
mass (Q) mass (q)
Control 1.28+0.19ab 0.34+0.02 b
41B F.manure 1.24+0.04 b 0.31+0.02 b
M. compost 1.48+0.06 a 0.38+0.03 a
G.pomace 1.51+0.09 a 0.39+£0.02 a
Control 1.12+0.13 ¢ 0.28+0.04bc
4453 M F. manure  1.04+0.04 ¢ 0.24+0.01 c
M. compost 1.30+0.05 b 0.35+0.06ab
G. pomace  1.69+0.09 a 0.43+£0.05 a
Control 1.58+0.12b 0.394+0.05b
Rupestris du Lot F. manure  1.76+0.07b 0.49+0.04b
M. compost 2.01+0.13a 0.39+0.06a
G. pomace 2.08+0.08a 0.51+£0.03a

Means of triplicate measurements are presented with standard
deviations. Data with different letters are significantly different

(P<0.05)

CONCLUSION

Multiple environmental stress factors accompanying with climate changes should be
managed through the use of precision techniques in agriculture to sustain the global food demand.
Organic residues have great potential for sustainable agricultural production. Grape pomace, spent
mushroom compost, farmyard manure were tested on the physiological and vegetative development
of grapevine rootstocks cultivated in equal mixture of vineyard soil and sand media in pots. All of
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the organic substance, added with 25% solid volume, decreased the pH of the growth medium with
the highest effect of pomace. Shoot length and leaf development features such as chlorophyll
content, area and mass were considerably enhanced by pomace application. Spent mushroom
compost also let to remarkable enhances in several growth parameters in comparison to control.
Therefore, the uses of spent mushroom compost and fermented pomace could be recommended to
add into the nursery growth medium to harden the grapevine saplings against the stress factors for a
sustainable viticulture.
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ABSTRACT

Calcareous soil conditions frequently cause significant decreases in agricultural productivity
worldwide. Therefore, investigations on the physiological responses of grapevine genotypes to
calcium stress would yield invaluable knowledge to recover growth imbalances in nursery. This
study was conducted on the evaluation bicarbonate (NaHCO3) induced calcium stress on the
physiology of grafted or nongrafted ‘Prima’ grapevines in nursery. One year old saplings cultivated
individually in plastic pots under glasshouse condition were subjected to two different doses (50
and 100 mL per plant) of 1 NNaHCOs solution. The application of NaHCOs solutions was
replicated three times to understand the detrimental effect of calcium stress on grapevine
physiology. Findings revealed remarkable negative effects of calcium stress on grapevine
physiology depending of the doses and the use of rootstock.
Keywords: Rootstock use, chlorosis, vine physiology, calcium stress, soil pH.

INTRODUCTION

Environmental stress factors as drought, salinity, and temperature extremes reduce the yield
and quality of horticultural plants across the world. Thus, the studies on developing sustainable
methods to alleviate the adverse effects of such stress factors should be performed with priority.
Under stress conditions, agricultural production should also be enhanced in order to sustain the food
necessities of rapidly growing world population. To supply the food demands of increasing
population, protected cultivation has gained particular significance to protect plans and
commaodities against u multiple stress factors. Though, the majority of crops in protected cultivation
are grown in soil, there has been an increasing interest in the use of soilless culture techniques to
reduce soil-specific problems (Gayretli et al., 2019). However, experimental studies on the impacts
of macro- and micro-element deficiencies on grapvines are still inadequate to match necessity of
clear knowledge to sort out the problems regarding to vineyard nutrition applications under stress
conditions.

Roughly 30% of total land area of the world is calcareous soils resulting from high calcium
carbonate content and alkalinity (Sanchez-Rodriguez et al. 2014). The bioavailability of certain
micronutrients in these soils is low because the high pH limits the solubility of the nutrients.
Particularly, the restrictive effect of high pH on grapevine nutrient acquisition physiology also
causes lime stress in vineyards worldwide. Hence, nutrient deficiency in plants is a worldwide
trouble that impact many crops cultivated in calcareous soils. Many cultivated perennial plants,
including some Vitis spp., shows low degree of lime tolerance. It has been well-known that high
bicarbonate degrees in the soil induce iron chlorosis and increase soil pH.

Iron chlorosis, in calcareous soils and water deficit are prevalent environmental stresses in
the Mediterranean Region. Therefore, in this region, they engender critical economic losses in
grapevine production. Within non-irrigated vineyards, local differentness in soil conditions, such as
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texture, pH or active limestone content, can generate a wide variability in vine-to-vine water and/or
iron status, influencing yield and grape composition (Martin et al., 2007; Li et al., 2017).

While there are many literature data on growth and development of vine, we still do not
have enough knowledge with regard to lime-induced chlorosis because lime-induced chlorosis is a
sophisticated phenomenon. Lime-induced chlorosis impacts major annual crops and perennial
plants growing on calcareous soils. Many woody crop plants such as grapevine are traditionally
grown with scion varieties grafted onto rootstocks. The selection of an appropriate rootstock is
essential to be managed the growth and yield of the scion. After European vineyards were destroyed
by the phylloxera in the second half of the 19" century, the use of rootstocks obtained a new
dimension.

Vitis vinifera L. itself shows symptoms of iron (Fe) deficiency when grafted on some lime-
susceptible American rootstocks, which have been made use of following phylloxera invasion at the
end of 19th century in European viticulture. Breeding efforts made to obtain lime-tolerant
rootstocks included successfully crossing between wild grape species, and some chlorosis-resistant
genotypes are now available for the grape growers of the many calcareous areas worldwide
(Bavaresco et al. 2003). Despite the fact that knowledge about the interactive relations among the
cultivar, the rootstock, and nutrient content in grapevines is decreased, many studies have indicated
that rootstocks vary in their effect on the nutrient levels in the grafted cultivar (Nikolaou et al.,
2000; Garcia et al., 2001; Bavaresco et al., 2003; Fisarakis et al., 2004; Robinson, 2005).

Lime-tolerant grapevine rootstocks possess some specific physiological mechanisms to
come through chlorosis when grown on lime soils, consisting of improvement of root Fe uptake
(Fregoni, 1980; Pouget, 1980) the root response mechanisms to Fe deficiency of grapevine are
referred as “Strategy I”” (Nicolic et al. 2000;Varanini and Maggioni 1982). The growth rate of sink
tissues and organs such as the roots, shoot apex, fruits, and storage organs can be restricted by
procuration of photosynthates from the source leaves or by a limited capacity of the sink to benefit
from the photosynthates (Marschner 1995). Studies on grapevines grown on calcareous soil
indicated that the high content and reactivity of high calcium carbonate in soil adversely affected
the leaf mineral content (Bavaresco and Poni 2003) and led to important chlorosis (Sabir et al.
2010), deriving from disturbed Fe metabolism due to elevated pH in rhizosphere. To mitigate
negative impacts of high pH are progressively adopted soil and foliar fertilizations to various crops.

The soil stress response of plants involves chemical signals originating in the root system
that are carried to the foliage in the transpiration stream where they induce stomatal closure.
Stomatal conductance (gs) is responsive to changes in the hydraulic conductance of the soil to leaf
pathway. Under environmental stress conditions, stomata operate to enhance photosynthesis on the
one hand, while avoiding dehydration induced damage on the other. Therefore stomatal regulation
plays essential role in plants to cope with environmental constrains. In the present study, certain
physiological responses, such as stomatal conductance, leaf temperature and chlorophyll content, of
grafted and nongrafted ‘Prima’ grapevines to bicarbonate application to growth medium were
investigated.

MATERIALS AND METHODS

Study description

The experiment was carried out in the research and implementation glasshouse of Selcuk
University (Konya, Turkey) in 2020. The experimental layout was a two factors randomized
complete block design with two plant materials [own-rooted ‘Prima’ plants and grafted plants
(‘Prima’/41 B)] and three treatments (non-treated control, 50 and 100 mL 1 N NaHCOzssolution per
plant. Each treatment has three replications consisted of three healthy plants. For the study, two
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years old healthy vines were chosen according to homogeneity in vegetative development. The
experimental vines were individually grown in cylinder pots (approx. 8 L in solid volume)
containing sterile peat and perlite mixture in equal volume. The vines were pruned to leave only the
single main shoot per plant and cultivated in a controlled glasshouse under ambient light and
temperature. Night and day temperatures inside the experimental area were 18 = 5 and 35 £ 6 °C
respectively (Data logger, Ebro EBI 20 TH1). The vines were watered daily with equal amount of
tap water (0.4 to 1.0 L per pot depending on weather conditions) to maintain the moisture at
approximately 60-70% water holding capacity of the cultivation medium. The same annual amount
of was applied to the vines during the vegetation period. The shoots were tied with thread to the
wires 2.2 m above the pots to let plants grow on a perpendicular position to ensure equally
benefiting from the sunlight (Sabir 2013).

Measurements and Analyses

Early responses of grapevines were investigated through certain physiological reactions such
as leaf temperature (Tiear) and stomatal conductance (gs). Investigations were carried out with daily
monitoring after each application during three consecutive days. Tiear and gs were recorded at
around 10 a. m. with a portable porometer (SC-1 Leaf Porometer) on each plant (Sabir and Yazar
2015), using sun-exposed mature leaves born at the top 5th to the 7th nodes per treatments
(Stavrinides et al. 2010).

Investigations on other leaf characteristics such as chlorophyll content, surface area, fresh
mass and dry mass were performed one month after the last bicarbonate application when the shoots
elongation was approaching cessation. Leaf chlorophyll content was estimated with SPAD meter
(SPAD-502; Konica Minolta Sensing, Inc., Japan) readings of 3rd and 4th nodes of each shoot. Leaf
(node) number per shoot, leaf area (LA, cm?), leaf fresh mass (FM, g) and leaf dry mass (DM, g)
analyses were performed on fully expanded leaves of representative grapevines of each treatment
(Tramontini et al. 2013). Three groups of mature leaves, consisting of nine leaves per treatment,
were collected from the mid-shoot area of each plant (OIV 1997). The first group was scanned to
determine single LA using Win Folia computer software program (Régent Instruments, Quebec,
Canada), while the second was immediately weighed to determine FM.

Statistical Analysis

Data were subjected to statistical analysis using a factorial design. Each treatment was
designed with three replicates consisting of a total of nine plants (pots). Mean values of parameters
were compared separately for grafted and nongrafted vines separately using the least significant
difference (LSD) test. Statistical tests were performed at P < 0.05 using SPSS 13.0 for Windows
(SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

pH and EC values of the experimental growth medium underwent a significant gradual
increases during the study (Fig. 1). The initial pH value of the medium was 7.6 and displayed
significant increase in response to NaHCO3 application depending on the solution concentration.
The pH values ranged from 7.8 to 8.5 at the end of the study. Similar increases in EC values were
also detected as influenced by different doses of NaHCO3 solution.
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Figure 1. Variation in pH and EC values of growth medium as influenced by NaHCO3 applications.

Tiear responses of grapevines were quite similar after the first and second NaHCO3
applications (Fig. 2). Therefore, the investigations after the third application were used to compare
the effects of NaHCO3 applications on temperatures of the mature leaves. As can be seen in Fig. 2,
100 mL NaHCOs applications resulted in obvious decrease in Tiear. The changes in Tiear Were
statistically insignificant for the vines grafted on 41 B rootstock. However, Tiear underwent
significant decrease after the 2nd treatment in own rooted grapevines, depending on the doses. Tieaf
may be precursor for early detection of plant response to environmental adversities (Acosta-Motos
et al. 2016) although it may not completely determine the stress tolerance capacity of plant (Sabir
and Yazar 2015). After the third application, Tieasr Values of both grafted and nongrafted grapevines
were higher than 30 °C exceeding the values for optimum photosynthesis (25-30°C) for grapevines.
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Figure 2. Variation in leaf temperature of grafted and nongrafted ‘Prima’ grapevines as influenced
by NaHCO3 applications.

Stomatal gas exchange was investigated with three consecutive days following each
NaHCOs applications. The gs immediately decreased just after the 1NaHCO3 application at higher
dose as depicted in Fig. 3. In grafted vines, 50 mL NaHCO3 applications was ineffective on gs,
while the 100 mL dose led to significant decrease for both three days. Responses of the own rooted
vines were quite different from the grafted vines in that the lower dose (50 mL) was also effective
on the gs after the second and third days of the first NaHCOs3 application. Stomatal conductance is a
physiological process related to transpiration efficiency of plants (Johnson et al. 2009). NaHCO3
application negatively affected the transpiration efficiency of grapevines with greater effects on
nongrafted ‘Prima’ vines.
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Figure 3. Variation in stomatal conductance of grafted and nongrafted ‘Prima’ grapevines as
influenced by the first NaHCO3 applications.

The gs values after the 2" NaHCO; application also displayed significant variations
depending on the dose and grafting (Fig. 4). In grafted vines, 100 mL NaHCOz application
significantly decreased the gs although 50 mL did not result in remarkable change in gs. In own
rooted vines, dose depended decrease was detected following the NaHCOs3 applications. It should
be underlined that the gs values of the vines of 100 mL application at 3rd day were not as far below
as those of the first and second days. This may indicate the adaptive strategies of the grapevines
during the prolonged period.
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Figure 4. Variation in stomatal conductance of grafted and nongrafted ‘Prima’ grapevines as
influenced by the second NaHCOs applications.

After the 3rd NaHCO3 application, dose depended decrease in gs observed in both grafted
and nongrafted vines (Fig. 5). But the negative effect magnitude of 100 mL NaHCO3 application in
grafted vines was not as high as those of nongrafted vines. This may be due to the high tolerance
feature of 41 B rootstock to high pH condition.
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Figure 5. Variation in stomatal conductance of grafted and nongrafted ‘Prima’ grapevines as
influenced by the third NaHCO3 applications.

97



As illustrated in Fig. 6, leaf chlorophyll contents determined after the third application
decreased in response to the gradual increase in pH due to NaHCOs application. High pH value in
the soil restricts the availability of certain nutrients among which the Fe deficiency is widespread
across the world (Bertamini and Nedunchezhian, 2005). Decrease in the leaf chlorophyll
concentration is accompanied by the increase in pH level. In a previous study, high calcium
carbonate in cultivation medium resulted in considerable chlorosis emerging from disturbed Fe
metabolism due to elevated pH in rhizosphere (Sabir et al. 2010).
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Figure 6. Variation in leaf chlorophyll content of grafted and nongrafted ‘Prima’ grapevines as
influenced by first NaHCO3 applications.

CONCLUSION

Experimental knowledge on the physiological responses of grapevine to calcium stress
would aid the growers to recover growth imbalances in nursery. NaHCOs induced high pH in
growth mediumadversely affected the physiology of grafted or nongrafted ‘Prima’ grapevines in
nursery, depending on doses (50 and 100 mL 1 N NaHCOs solution per plant). Decrease in stomatal
conductance was more apparent than those of leaf temperature, indicating the sensitivity of gas
exchange of stomatal aperture. In certain cases, physiological constrains were slighter in grafted
vines than nongrafted ones. This proves the convenience of the use of 41 B rootstock for calcareous
conditions.
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Abstract

There is always a huge lack of data in space and time scale, especially when there is no synoptic
station near a specified location. In this paper, the 30 years data from two datasets, CRU and AGMERRA,
were used to estimate wheat's water footprint. Wheat is the main cereal of the Qazvin Plain, the largest plain
in the Salt Lake basin. The AgquaCrop model was used to estimate the water footprint (WF) parameters.
Then, the synoptic station in the province evaluated data. According to the results, the CRU dataset was
much more efficient than the AQMERRA dataset. The amount of R2, RMSE, NRMSE, and ME in estimating
the blue WF were 0.414, 94.93, 22.3%, and 171.51 with the CRU dataset, and 0.326, 189.66, 38.43%, and
402.66 with the AQMERRA dataset, respectively. These results were 0.463, 94.93, 22.32%, and 171.51 to
estimate the green WF with the CRU dataset, while the same index was 0.253, 145.23, 34.35%, and 243.6
with the AQMERRA dataset, respectively. According to the results, using the CRU dataset to estimate the
blue and the green WF of wheat in the Qazvin province is suggested. This study suggests more studies on
datasets in estimating the WF of crops.

Keywords: Wheat, CRU, AgQMERRA, Dataset, AquaCrop.

1. Introduction

The lack of data in space and time scale is always a challenge to agricultural managers worldwide. The
number and the accuracy of synoptic stations may not be acceptable in some places. The accurate estimate in
weather parameters can reduce water usage and increase agriculture production. It also helps water resources
managers to more efficient using lands.

As satellites and remote sensing techniques progress, a wide range of projects can be done locally,
regionally, nationally, and globally. Agricultural and natural resource management, flood degradation,
drought, climate change, soil and air pollution, crop's water requirement, etc. are examples in which satellite
data can be used. These devices also take less time and cost, and they can be very effective.

Hoekstra (2003) introduced the concept of ‘water footprint' (WF), which is an indicator of the allocation
of freshwater resources to different sections of the production of the process (Ababaei and Ramezani Etedali, 2014,
2017). This term facilitates water resources management, especially in water-scarce areas. This concept has

been adopted in numerous studies (e.g., Ramezani Etedali et al., (2019) and Ababaei and Ramezani Etedali, (2016);
Bazrafshan et al., (2020); Mojtabavi et al., (2018); and Nazari et al., (2020)).

Estimating the water requirement of crops, yield and other crop parameters can be done by simulation
models. But each model have several issues such as the highly requirement of input data and the information
about the crop growth of specified locations. FAO developed AquaCrop in 2009 to address these limitations.
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AgquaCrop is a multi-crop model that simulates the water-limited yield of the herbaceous crop under different
biophysical and management conditions and provides a good balance between robustness, simplicity, and
output accuracy, which can be used for a large number of crops (Raes et al., 2009; Steduto et al., 2009).

The lack of data is an undeniable issue that so many regions are dealing with it. On the other hand, there
are so many datasets worldwide, which suggest free data in vast quantities. But their accuracy in estimating
the weather and climate parameters, are not specified enough. In this paper, the accuracy of two datasets is
used to estimate the water footprint of wheat in Iran's provinces, the Qazvin Province. The AquaCrop model
was used to convert weather variables to water footprint parameters.

2. Materials and Methods
2.1. Study Area

The Qazvin province, which is located between 48 45' — 50 50' E and 35 37'-36 45' N has an area of 15
821 km?. In the Salt Lake basin, the largest plain is the Qazvin Plain. This plain has the largest cultivation
area of various crops of all plains. The location of the province in the country is presented in Figure 1.

Figure 1 The location of the Qazvin Province in Iran.

The climate of the Qazvin province is arid to semi-arid with relatively warm summers and cold winters
with 14 C mean annual temperature and 300 mm precipitation. The main irrigated crops in this plain are
wheat, barley, corn, maize, alfalfa, tomato and canola. According to Agricultural Jihad Ministry (2015)

144000 ha of land under cultivation is dedicated to wheat, which leads to 315000 ton production per year.
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2.2. Water Footprint

The water footprint (WF) is consisted of two elements, the blue WF and the green WF. The volume of
the water which is used in the production of crops, and is known as net water requirement, is called the blue
WEF. The green WF is related to the effective rainfall which is stored in the soil and supplies crop water
demand (Hoekstra and Chapagin, 2008; Hoekstra et al., 2009). These two elements can be determined by the
following equations:

(ET, —P,)x10
e
P, x10

WI:Blue =

W I:Green =

Which WFgiue and WFgreen are the blue WF and the green WF, respectively, in m® t1, P, is the total effective
rainfall during the crop-growing season (mm), ET. is the crop evapotranspiration (mm), and vy is the crop
yield (t hal). In this model, the ET, calculated by the FAO Penman-Montieth method by the CROPWAT
model (Allen et al., 1998), and the meteorological data from the Qazvin synoptic station (Table 1), and the P
values were calculated by the United States Department of Agriculture (USDA).

Table 1 Water footprint components for irrigated and rainfed wheat.

: WF
Crop (:g;erll(_jl) Water use (mm) (M)
ET. Pefr Green Blue Total
Irrigated
Wheat 3939 475 303 769 437 1206
Rainfed
Wheat 805 - 303 376 - 376

2.3. Datasets

In this paper, data from the 30 years of two datasets were used to estimate the WF parameters. These two
datasets are CRU and AgQMERRA.

The CRU TS dataset which was developed by the UK's Natural Environment Research Council (NERC)
and the US Department of Energy, is one the reliable and popular available gridded datasets. This dataset
contains data on ten weather variables from over 5000 individual weather stations which interpolated into
0.5° x 0.5° grid cells. This gridded time-series dataset covers the period 1901-2019, and its coverage include
all land areas.

The AQMERRA and AgCFSR climate forcing datasets were created as an element of the Agricultural
Model Intercomparison and Improvement Project (AgMIP), which provide consistent, daily time series over
the period of 1980-2010. These two datasets cover global variables that require for agricultural models. Data
interpolated into 0.25°x0.25° grids. In this study, data from only AQMERRA dataset were used.
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2.4. AquaCrop

The AquaCrop model, version5, is used in this study to compute the actual evapotranspiration. This
model was introduced by the FAO (Raes et al., 2012). The AquaCrop model simulates yield and biomass in
relation to the water available to plants, which were introduced by Doorenbos and Kassam empirical relation
(1979). The model estimates the values of water productivity index (transpiration), and the yield of the crop
in a daily time step through separation transpiration and evaporation from evapotranspiration, and the
amount of biomass produced by the harvest index (Steduto et al., 2009). It also uses green cover on the ground
instead of the leaf surface index. In this model, the growth rate index does have great importance, and it
examines the productivity index, instead of the ratio of the relative decrease in performance.

3. Results and Discussion
3.1. The CRU dataset results

The amount of indexes and the proposed model for the CRU dataset for both the blue and the green WF
are presented in Table 2. According to Table 2, the R? for the blue WF is 0.414, while the RMSE is 131.03,
and the NRMSE is 26.55 %. The ME in this model is 249.03. Also, for the green WF, the amount of R? is
0.463, while the RMSE is 94.93, and the NRMSE is 22.32 %. In this model, the ME is 171.51. At this table,
y in the proposed model, represent the CRU dataset and x represent the synoptic station, and according to the
table, a linear relation is proposed.

Table 2 The proposed model, R, RMSE, NRMSE and ME of the CRU dataset and the synoptic station
for the blue WF and the green WF.
RMSE  NRMSE ME

The WF component The proposed model R?
(m°t?) (%) (m°t?)
Blue WF y =0.4399x + 356.42 0.414  131.03 26.55 249.03
Green WF y = 0.5676x + 112.22 0.463 94.93 22.32 171.51

According to the results, the proposed model for the green WF is more efficient than the blue WF.

3.2. The AQMERRA dataset results

Similarly, the amount of indexes and the proposed model for the AQMERRA dataset for both blue and
the green WF are presented. According to this table, the R? for the blue WF is 0.326, while the RMSE is
189.66, and the NRMSE is 38.43 %. The ME in this model is 402.66. Also, for the green WF, the amount of
R? is 0.253, while the RMSE is 145.23, and the NRMSE is 34.35 %. In this model, the ME is 243.6. The
proposed model is also a linear regression between the CRU data and the synoptic data.
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Table 3 The proposed model, R, RMSE, NRMSE and ME of the AQMERRA dataset and the synoptic
station for the blue WF and the green WF
RMSE  NRMSE ME

2
The WF component The proposed model R (M) (%) (M)
Blue WF y =0.318x + 182.91 0.326  189.663 38.432 402.66
Green WF y = 0.4059x + 128.95 0.253  145.23 34.35 243.6

According to the table, the AQMERRA is more efficient for the green WF than the blue WF.

4. Conclusion

In this study, two datasets, the CRU, and the AQMERRA datasets, were used to estimate the blue and the
green WF for wheat in Iran's provinces, the Qazvin Province. These data were used as input data in the
AquaCrop model to calculate the WF parameters. Then data were evaluated by the nearest synoptic station.
Results indicate that the CRU dataset is much more efficient in estimating the WF than the AQMERRA
dataset. The amount of R2, RMSE, NRMSE, and ME in estimating the blue WF were 0.414, 94.93, 22.3%,
and 171.51 with CRU dataset, and 0.326, 189.66, 38.43%, and 402.66 with AQMERRA dataset, respectively.
These results were 0.463, 94.93, 22.32%, and 171.51 for estimating the green WF with the CRU dataset,
while the same index were 0.253, 145.23, 34.35%, and 243.6 with the AQMERRA dataset, respectively.
Datasets can be a good alternative to synoptic stations, especially in places far from synoptic stations. More
studies on them may find a good relationship between them.
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