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DETERMINATION OF YIELD, QUALITY AND 
FEED VALUES OF SOME SILAGE MAIZE 

(Zea mays L.) VARIETIES IN BILECICAL 
ECOLOGICAL CONDITIONS

Serap KIZIL AYDEMİR

INTRODUCTION
Despite the fact that there is a large potential for animal existence in our coun-

try, animal production can not be achieved at the desired level (Budaklı Çarpıcı, 
2016). The greatest reason why animal husbandry can not be at the desired level; 
regularly high quality, inexpensive and can not meet the need for roughage. In an-
imal husbandry, feed costs constitute a very important cost (Özata et al., 2012). 
In our country, straw is generally used for animal feeding. The straw, which is 
roughage, is composed of harvest residues which are low in animal nutrition. 
For this reason it is necessary to cultivate feed crops under the conditions of our 
country. Feed crop cultivation is very important both in the use of animal feed 
and in meeting the needs of rough feed during the winter season (Akdeniz et al., 
2004). If the use of low-abundance and high-cellulose-rich grains such as straw, 
straw and mulch is reduced in the animal nutrition, the quality of the roughage 
feed that is required by our country’s livestock can be closed so that the yields 
obtained from unit animals can be increased (Alçiçek & Karaayvaz, 2003).

Maize (Zea mays L.), one of the most important forage in rough watery feeds, 
is used as green in animal nutrition, and also as silage. Naturally, the interest in 
silage maize varieties has increased since the need for roughage has increased in 
the livestock sector in recent years. If maize is produced as silage and adopted by 
our farmers in this production, significant increases in the yield of meat and milk 
livestock can be achieved (Erdal et al., 2009). Maize plants have spread over a 
large area of the earth because of their high yield potential, their rich variety and 
their wide adaptability (Yaşak et al., 2003, Alan et al., 2005).

Since the digestible energy of maize is higher than many other feeds, it is 
widely used in many parts of the world, especially in the feeding of cattle and 
sheep, especially dairy cattle (Akdemir et al., 1997). In silage maize varieties, 
all nuts of the plant are gradually lost, soft grain and low neutral detergent fiber 
(NDF) and high digestible (NDF) contents are prefered (Dwyer et al., 1998), in 
other words high net energy value varieties silage can be described as.

In order to obtain high and quality yields in silage maize production, selec-
tion of variety suitable for regional conditions is very important (Akdeniz et al., 
2004). Maize is one of the most important roughage feeds used in the feed chain, 
either in green or, if necessary, in silage.

Maize, high energy efficiency, is suitable for cultivation of a machine to har-
vest to planting, storage and ease of use, low loss rate, include high dry matter, 
the height of digestion rate, quality and have a delicious silage is, to allow the 
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high yield per unit area, easy determination of the seed , due to be ensiled with-
out need for any additives both in the world is located in one of the most pre-
ferred crops as silage our country (Açıkgöz et al., 2002).

In silage maize breeding, suitable maize varieties with high adaptation ability 
should be used in order to obtain the desired yield from quality feed and maize 
(İptaş & Acar, 2003; Öz et al., 2005). For this reason, it is of utmost importance 
that producers choose maize varieties that are best suited to their own ecology.

In this study, it is aimed to determine the high yielding silage maize varieties 
which are suitable to the Bilecik ecological conditions and respond to the pro-
ducers and consumers demands in terms of quality and yield, to recommend the 
high yield and quality varieties suitable to the demands of the regional farmers 
and to shed light on scientific studies to be done in the future.

MATERIALS AND METHODS
This study was carried out with the aim of determining the yield, quality and 

feed values of some silage maize varieties in 4 replications according to random-
ized blocks trial design in Bilecik Şeyh Edebali University Faculty of Agriculture 
and Natural Sciences field in June 2015. The experiment was carried out manual-
ly on June 3, 2015. The plot area is 14.0 m2 with 5.00 m width and 2.80 m width. 
In each parcel, 4 rows were planted with 70 cm between rows and 10 cm on rows. 
In the study; ADA-523, ADA-9516, ADA-9510, SAMADA-07 and SASA 1 maize va-
rieties obtained from the Maize Research Institute, Syngenta LT. SY Lucroso, SY 
Lnove maize varieties available from Fito LT. Cadiz, Sagunto maize varieties sup-
plied as ‘material’ were used as materials. 8 kg of N and 8 kg of P2O5 were given 
with the planting and 10 kg of daunting was given as the top fertilizer. In order 
to determine the soil characteristics in the study soil samples were taken from 
10 different locations at depths of 0-30 cm from the test area and analyzed in the 
soil analysis laboratory of the Transtitional Zone Agricultural Research Institute. 
As a result of analysis, the physical and chemical properties of the soil are given 
in Table 1. According to these results; soil of the test area is sandy, loamy, medium 
alkaline and medium salt. In addition, the amount of lime and organic matter in 
the soil is medium and the amount of phosphorus and potassium is small.

Table 1. Physical and chemical properties of the soil in the trial area.
Research Area Values
pH 8.11
Saturation 54
EC (dS m-1) 0.73
Salt (%) 0.026
CaCO3 (%) 8.3
O.M. (%) 1.5
K (kg da-1) 1.1
P2O5 (kg da-1) 3.5
Cu (cmol kg-1) 3.837
Fe (cmol kg-1) 7.944
Mn (cmol kg-1) 6.735
Zn (cmol kg-1) 1.790

According to the values   taken from Bilecik il Metrology Station; the average 
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temperature values   in July, August and September of 2015, which is the average 
of 23.2, 24.8 and 22.40C, respectively, were found to be lower than the long years 
average in 1930C values   in June (Table 2) . Relative humidity values   in the same 
year were found to be higher in the months of June and September, with 74.5% 
and 66.5% values, respectively, for the long years. July and August are 62.4% and 
63.7% respectively, which is lower than the average for long years. In June of 
2015, total precipitation amounted to 136.2 mm, well above the average of long 
years, followed by September at 34.6 mm. July and August were found to be be-
low the average of long years with values   of 0.1 and 4.5 mm, respectively.

Table 2. The average temperature, relative humidity and total precipitation values for 
the year 2015 and long years average (LYA) in the province of Bilecik.

Climate Data Years Months
June July August September

Average
Temperature (0C)

2015 19.3 23.2 24.8 22.4
LYA 19.7 21.9 21.7 18.9

Relative Humidity (%) 2015 74.5 62.4 63.7 66.5
LYA 64.3 64.6 65.6 64.9

Total Precipitation (mm) 2015 136.2 0.1 4.5 34.6
LYA 37.3 23.8 10.3 26.5

The plants were harvested by hand during the dough period. One row from 
the sides of the harvest parcel, 50 cm from the beginning and end of the parcels 
were separated as edge effect and the remaining part was taken as harvest area. 
The plant length was calculated by taking the measurements of the lengths and 
the average of the 10 plants selected by chance in each plot before form. Forage 
yields were calculated by cutting and weighing the plants in the harvest area. Dry 
matter yields were calculated from 500 gram samples taken from forage yields 
by keeping the sample at 78oC for 48 hours at a constant weight and then multi-
plying the dry hay yield by proportionality and decaying with forage yields. The 
crude protein yields were determined by determining the crude protein ratios 
by the kjeldahl method and multiplying the crude protein yields by dry matter 
yields (Kaçar, 1984). Components of Cell Wall in Plants: Acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) analyzes of hay samples were made us-
ing the Ankom Fiber Analyzer (Fiber Analyzer, ANKOM brand, A220 model) (Van 
Soest et al., 1991). Using these values, metabolic energy (ME) and organic matter 
digestibility of these plants were calculated.

Results obtained from the research were subjected to analysis of variance by 
using SAS (SAS Inst. The difference between the averages obtained was signifi-
cant by Duncan test.

RESULTS AND DISCUSSION
The number of tasseling periods (days), plant height (cm), leaf ration (%), 

stem ration (%) and cop ration (%) values obtained from different silage maize 
varieties are given in Table 1.
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Table 1. Some Vegatative Property Values of Different Silage Maize Varieties.

Varieties Tasseling Periods 
(day)

Plant Height 
(cm)

Leaf Ration 
(%)

Stem Ration 
(%)

Cop Ration 
(%)

 ADA-523 68.1 b 313.5 e 33.3 cd 34.5 bcd 32.2 abc
 ADA-9516 68.4 ab 298.1 g 31.5 e 35.2 b 33.1 a
 ADA-9510 62.9 de 262.6 h 29.4 f 37.8 a 32.8 ab
 SAMADA-07 60.5 e 340.7 c 36.8 b 32.5 e 30.7 bcd
 SASA 1 71.1 a 324.9 d 33.8 cd 33.5 cde 32.7 ab
 Sy Lucroso 60.9 e 377.8 a 40.9 a 29.9 f 29.2 d
 Sy Lnove 61.2 e 363.2 b 37.7 b 32.1 e 30.2 cd
 Cadız 64.1 cd 324.8 d 34.9 c 33.2 de 31.8 abc
 Sagunto 66.1 bc 303.9 f 32.2 de 34.7 bc 33.1 a

*%5, **%1

According to Table 1, it is seen that there is a statistically significant difference 
(0.01%) between the average number of days of tasseling period, plant height, 
leaf ration, stem ration and cob ration.

The number of days of top tasseling period of varieties varied between 71.1 
and 60.5 days. The earliest variety was obtained from Samada-07 variety with 
60.5 tasseling and Sasa 1 variety with 71.1 days at most.

Relative humidity and temperature affect flowering and dusting, so the tas-
selin period of the varieties vary in different ecologies. The tasseling period is 
important in maize fertilization and the preference of the cultivar should be such 
that the date of the tasseling period does not correspond to the hottest days of 
summer and that the sowing time will not be delayed (Alp & Kahraman 2017). 
When evaluated in this respect, it is advisable to grow early and mid-early vari-
eties for our region. Plant lengths of the varieties ranged from 377.8 to 262.6 cm. 
The longest plant length was 377.8 cm with Sy Lucroso and the shortest plant 
length was 262.6 cm with Ada-9510. Variations among plant varieties are largely 
influenced by genetic factors (Hallauer & Miranda, 1987). The plant size of maize 
varieties is affected by different factors, giving different results in different re-
gions (Turgut et al., 2000). Akdeniz et al. (2003) found that the length of plant 
height varied between 143.7-242.6 cm in the study carried out in order to deter-
mine silage corn varieties suitable for Van ecological conditions. These results 
are different from our results because of the different ecological conditions. Leaf 
ration values   of the varieties varied between 40.9% and 29.4%. Leaf ration was 
obtained from Sy Lucroso variety with 40.9% and Leaf ration from Ada-9510 was 
29.4%. Güneş & Açar (2006) They determined the leaf ration of plants as 25.86-
28.20% in the study of Karaman conditions. Budaklı Çarpıcı, (2016) When work-
ing in the ecological conditions of Bursa, the leaf ration were found to be 23.01-
27.04%. The values   of the stem ratio of the varieties varied between 37.8% and 
29.9%. The highest stem ration was obtained from Ada-9510 with 37,8% and 
the stem ration with minimum 29,9% was obtained from Sy Lucroso. Budaklı 
Çarpıcı, (2016) When working in the ecological conditions of Bursa, we found 
the stem ration in plants as 35.94-37.67%. The values   of the cob ration in the 
varieties varied from 33.1% to 29.2%. The highest cob ration was obtained from 
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the Ada-9516 and Sagunto varieties with 33.1%, and the least cob ration was 
obtained from the Sy Lucroso variety with a value of 29.2%. Erdal et al., (2009) 
found that in the study conducted in the Antalya ecological conditions, the ra-
tio of the cobs in the plant was 29.00-40.00%. In this study, it was determined 
that varieties increased plant height length residue leaves ratio, decreased stem 
thicknesses and decreased stem ratio.

Table 2 shows the values of forage yield (kg da-1), dry matter yield (kg da-1), 
crude protein ration (%) and crude protein yield (kg da-1) obtained from differ-
ent silage maize varieties.

Table 2. Feed Efficiency and Quality Values of Different Maize Varieties.

Varieties Forage Yield
 (kg da-1)

Dry Matter Yield
 (kg da-1)

Crude Protien 
Ration (%)

Crude Protein Yield
(kg da-1)

 ADA-523 8805.40 de 3301.92 d 7.30 c 241.04 d
 ADA-9516 7053.10 f 2970.35 e 6.82 d 202.57 e
 ADA-9510 6288.73 g 2741.17 f 5.97 e 163.64 f
 SAMADA-07 9621.33 c 3789.55 c 7.98 b 302.40 c
 SASA 1 9004.93 d 3491.55 d 7.45 c 260.12 d
 Sy Lucroso 12543.75 a 4369.65 a 9.08 a 396.76 a
 Sy Lnove 10518.52 b 4099.12 b 8.77 a 359.49 b
 Cadız 9033.65 d 3468.85 d 7.80 b 270.57 d
 Sagunto 8353.25 e 2926.62 ef 7.24 c 211.88 ef

*%5 **%1 

According to Table 2, it is seen that there is a statistically significant differ-
ence (0.01%) between the mean values   of forage yields, dry matter yields, raw 
protein ration and curude protein yields of the varieties.

The forage yield values   of the varieties ranged from 12543.75 to 6288.73 kg 
da-1. The maximum forage yield was obtained from the Sy Lucroso variety with a 
value of 12543.75 kg da-1, while the least forage yield was obtained from the Ada-
9510 range with 6288.73 kg da-1. Dry matter yield values   of the varieties ranged 
from 4369.65 to 2741.17 kg da-1. The highest dry matter yield was obtained from 
Sy Lucroso with 4369.65 kg da-1 and the least dry matter yield was obtained from 
Ada-9510 with 2741.17 kg da-1. Different yields are obtained from different gen-
otypes. The yield traits of the varieties are directly related to environmental com-
patibility and environmental conditions (Emekliler, 1997). Olgun et al. (2012) 
found that forage yields of 13487.14- 6698.81 kg da-1 hay yields were 4100.33-
1826.67 kg da-1 in a study carried out by different silage maize varieties to deter-
mine the adaptation to Eskişehir ecological conditions. The crude protein ratios 
of the varieties ranged from 9.08 to 5.97%. The highest crude protein ratio was 
obtained from Sy Lucroso and Sy Lnove varieties with 9.08% and 8.77 values, 
while the least crude protein ratio was obtained from Ada-9510 with a value of 
5.97%. Researchers who stated that the proportion of crude protein should be 
high in order to obtain a high nutritional value, suggesting that the dry matter 
varied between 4.1-8.6% according to the varieties (Okuyan et al., 1986). Fer-
reira, (2015) found that the dry matter yield was 2001.5-469.5 kg da-1 and the 
crude protein ratio was 11.5-6.7% in the study conducted in the United States 



Academic Studies in Agriculture, Forestry and Aquaculture Sciences12

Virginia region. The crude protein yields of the varieties ranged from 396.76 to 
163.64 kg da-1. The highest crude protein yield was obtained from the Sy Lucroso 
variety with 396.76 kg da-1 and the least crude protein yield was obtained from 
Ada-9510 with 163.64 kg da-1.

Acid detergent fiber (ADF) ration (%), neutral detergent fiber (NDF) ration 
(%), dry matter consumption (DMC) (%), digestible dry matter ration (DDMR), 
Relative Feed Value (RFV) (%) and Metabolic Energy (ME) (mcal kg-1 KM) are 
given in Table 3.

Table 3 shows that the acid detergent fiber (ADF) ration, neutral detergent fi-
ber (NDF) ration (%), dry matter consumption (DMC) (%), digestible dry matter 
ration (DDMR), Relative Feed Value (RFV) (%) and Metabolic Energy (ME) (mcal 
kg-1 KM) are statistically significant (0.01%) between the mean values.

Table 3. Feed Quality Values of Different Maize Varieties.

Varieties ADF
(%)

NDF
(%)

DMC
(%)

DDMR
(%)

RFV
(%)

ME (Mcal 
kg-1 KM)

 ADA-523 34.62 b 63.17 a 1.89 c 61.93 e 91.20 c 2.16 d
 ADA-9516 34.13 b 63.40 a 1.89 c 62.31 e 91.48 c 2.17 d
 ADA-9510 36.15 a 63.32 a 1.90 c 60.73 f 89.59 c 2.09 e
 SAMADA-07 32.30 d 61.35 abc 1.95 bc 63.74 c 96.65 b 2.24 c
 SASA 1 33.72 bc 62.57 ab 1.92 bc 62.63 de 93.14 bc 2.19 d
 Sy Lucroso 29.30 f 58.30 c 2.06 a 66.07 a 105.48 a 2.34 a
 Sy Lnove 30.55 e 59.62 cd 2.01 ab 65.10 b 101.57 a 2.30 b
 Cadız 32.77 cd 62.37 ab 1.92 bc 63.37 cd 94.51 bc 2.22 c
 Sagunto 33.67 bc 61.87 ab 1.94 bc 62.66 de 94.28 bc 2.18 d

        *%5 **%1

The ADF ration values   of the varieties ranged from 36.15% to 29.30%. The 
highest ADF ration was obtained from the Ada-9510 range with 36.15% and the 
least ADF ratio was obtained from the Sy Lucroso variety with the 29.30% value. 
The NDF ration values   of the varieties ranged from 63.40 to 58.30. The highest NDF 
ration was obtained from 63.40%, 63.32 and 63.17 values   of Ada-9516, Ada-9510 
and Ada-523 varieties while the lowest NDF ration was obtained from Sy Lucroso 
with 58.30%. Bayram (2010) found that the corn varieties had an ADF ration of 
28.67-40.92% and a NDF ration of 55.32-66.24% in Tokat ecological conditions. 
ADF and NDF increase the injury from feed by promoting dry matter consump-
tion in ruminants, protect animals against metabolic diseases by raising the rumen 
pH level. The necessity of expressing ADF and NDF ratios in accordance with the 
standards in the field is very important for animal feeding (Tekçe & Gül 2014). 
Increased levels of NDF, ADF and ADL, which slow the digestion of the feed, are 
reported to limit animal feed intake (Van Soest, 1994, Yavuz 2005). It is desirable 
that the ratios are low, as the ratios of ADF and NDF, which are chemical indicators 
of the quality criteria, reduce the quality of the waste. DMC ratio values   of the vari-
eties ranged from 2.06 to 1.89%. The maximum DMC ratio was obtained from the 
Sy Lucroso variety with 2.06% and the minimum DMC ratio was obtained from the 
Ada-9516 and Ada-523 varieties with 1.89%. DDMR ratio values   of the varieties 
ranged from 66.07% to 60.73%. The highest DDMR ratio was obtained from the 
Sy Lucroso variety with 66.07%, while the lowest DDMR ratio was obtained from 
Ada-9510 with 60.73%. DDMR is a dataset calculated from ADF ratios that are neg-
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atively related to ADF ratios. therefore, the varieties with high ADF rates are low in 
DDMR rates. RFV ratio values   of the varieties ranged from 105.48% to 89.59%. The 
highest RFV rate was obtained from the Sy Lucroso variety with 105.48% and the 
least RFV rate was obtained from the Ada-9510 range with 89.59% value. RFV val-
ues   are also negatively associated with the DDMR values   and the correct ADF and 
NDF values. The ME values   of the varieties ranged from 2.34 to 2.09 Mcal kg-1 KM. 
The maximum ME was obtained from the Sy Lucroso variety with a value of 2.34 
Mcal kg-1 KM and was obtained from the Ada-9510 range with a minimum ME 2.09 
Mcal kg-1 KM. The ME value is inversely proportional to the ADF and NDF values, 
which is directly proportional to the DDMR and RFV values.

CONCLUSION 
As a result of this study which was carried out in order to determine silage 

maize varieties with high yield, quality and feed values suitable for Bilecik eco-
logical conditions, it was determined that the earliest varieties Samada-07 maize 
variety and Sasa 1 maize varieties were the earliest varieties. Ada-523, Ada-
9516, Ada 9510, Sy Lucroso, Sy Lnove, Cadiz and Sagunto varieties were found to 
be medium early varieties.

The forage yields of maize varieties used in the research varied between 
12543.75 and 6288.73 kg da-1. The highest forage yield was obtained from Sy 
Lucroso variety with a value of 12543.75 kg da-1. This varieties traces Sy Lnove 
with 10518.52 kg da-1. Dry matter yields ranged from 4369.65 to 2741.17 kg da-

1. The highest dry matter yield was obtained from the Sy Lucroso variety with 
4369.65 kg da-1, followed by Sy Lnove with 4099.12 kg da-1. The crude protein 
ratios of the varieties ranged from 9.08 to 5.97%. The highest crude protein ratio 
was obtained from Sy Lucroso and Sy Lnove varieties with 9.08 and 8.77%. The 
ME values of the varieties ranged from 2.34 to 2.09 Mcal kg-1 KM. When the ME 
was obtained from the Sy Lucroso variety with a maximum value of 2.34 Mcal 
kg-1 KM, this variety followed the Sy Lnove type with a value of 2.30 Mcal kg-1 KM. 

According to the results of the research, it was determined that Sy Lucroso 
and Sy Lnove varieties are promising in terms of yielding quality forage in Bilecik 
ecological conditions.
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THE PRODUCTION METHODS OF 
BULBOUS PLANTS USED IN PLANTING 

DESIGNS

Elif KAYA ŞAHİN, Hilal KAHVECİ, Nilgün GÜNEROĞLU

Introduction

1. Production methods of bulbous plant
Rare plants such as tulips, gladiola, lily, alstroemeria, galanthus, pasque flow-

er (Manisa tulip), cyclamen and orchids are bulbous and rhizomatous plants. 
These plants are significant for both the amateur and professional cultivators 
with respect to their decorative appearance and their flowers. Since their pro-
duction is not as easy as other plants, the production of bulbous plants becomes 
more important. Bulbous, tuberous and rhizomatous plants are perennial plants 
(two or more) that have structures that survive under their soil, although they 
die by drying after their growth season is completed. Indeed, the underground 
structures of these plants are specialized bodies that were transformed to store 
food (Mengüç, 1996; Merey,1998) (Figure 1). 

 
Figure 1. Bulbous stem (Ürgenç, 1992).

The methods used in the production of Natural Flower Bulbs are;

1- Production with Seeds 
2- Production with Separation of Young Bulbs 
3- Production with the Small Bulbous Structures Appearing on the Main Sub-

terranean Bulbous Body 

CHAPTER 
2
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4- Production with Small Aerial Stem Bulbs
5- Production with Stem Grafts 
6- Production with the Cutting of the Bulbous Base (Cross Cutting)
7- Production with Center Extraction (Scooping)
8- Production with Dividing the Bulbous Structure (Slicing) 
9- Production with Bulbous Structure Scales (Scaling)
10- Production with Twin-Scaling of the Bulbous Structure 
11- Production with Tissue Culture (Micro-vegetative) (Micropropagation)

1.1. Production with Seeds
It is a generative production method. Mature seeds are collected right after 

flowering and are either immediately planted or kept under appropriate con-
ditions until seeding time. It is possible to obtain a large number of new plants 
through production with seeds. Viral diseases are less common in production 
with seeds. The disadvantages of production with seeds are the non-resem-
blance between the produced and the mother plant, low seeding of several spe-
cies and the requirement of 3 to 5 years of time for obtaining a flowering plant 
due to production with seeds. The optimum temperatures for seed germination 
vary depending on the species.  (Atay, 1996; Aksu et al., 2002; Zencirkıran, 2002; 
Rossi, 1989; Kahraman, 2006). 

1.2. Production with Separation of Young Bulbs 
It is among the most preferred methods for vegetative production. It is a wide-

ly used reproduction method for plants that do not grow from seeds or provide 
low seeding. The young bulbs, which are formed naturally and are attached to the 
main bulbous structure, could be taken out of the soil during the period that the 
physiological activities are reduced to minimum and the leaves are yellow and 
dry and could be planted in trays in order to obtain bulbous structures, which 
are large enough for flowering (Figure 2). Thus, it could be possible to control 
the product quality well and the most durable and elegant plants could be se-
lected through elimination. The young bulbs which are separated from the main 
bulbous structure should be sized before planting and the young bulbs of the 
same sizes should be planted together. In addition, this method is advantageous 
in being much faster when compared to production with seeds. Depending on 
the genus and the size of the young bulbs, 1 to 3 years would usually be sufficient 
to obtain large bulbs that could flower (Atay, 1996; Aksu et al., 2002; Zencirkıran, 
2002, Karaoğlu, 2010).

 
Figure 2. Production with of young bulbs (URL 1).
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1.3. Production with the Small Bulbous Structures Appearing on 
the Main Subterranean Bulbous Body

The small bulbous structures appearing on the main bulbous body are formed 
around April and continue to grow. During these months, the main bulbous body 
is covered with a mortar like a mixture of rotten leaves and coarse sand. Towards 
mid-October, the small bulbous structures are ripped off and are planted in trays 
with a distance of 2.5 to 3 centimeters at a depth of 10 centimeter. The bulbs that 
grow here for a year are planted in 15 centimeters deep and 10 to 15 centimeters 
apart the following year. At the end of the second year they could be retailed as 
commercial bulbs (Zencirkıran, 2002; Aksu et al., 2002, Kahraman, 2006).

1.4. Production with Small Aerial Stem Bulbs 
In several Lilium species (Lilium bulbiferum, L. sargentiae, L. sulphureum ve L. ti-

grinum), small bulbs occur in the axillary cavities of the leaves (Figure 3). The small 
bulbs that form at the beginning of the season spontaneously fall to the soil a few 
weeks after flowering. In order to utilize these small bulbs as reproduction material, 
they should be planted 2.5 times the size of the bulb in depth, and at 3 centimeters 
intervals in reproduction trays. Turf could be utilized as the planting medium. The 
increase in the production of small aerial stem bulbs is promoted by breaking up the 
flower buds as they occur. In species that do not naturally produce aerial bulbs, aerial 
bulb formation could be achieved by cutting the flower buds and cutting the upper 
part of the stem a week later (Rossi, 1989; Aksu vd., 2002; Zencirkıran, 2002).

 
Figure 3. Small bulbs occur in the axillary cavities of the leaves and stem base (Mengüç, 

1996).

1.5. Production with Stem Grafts
It is necessary to conduct the grafting process shortly after flowering. Leaf-

eye grafts made of a single piece cut from a single leaf and stem could be used 
for the reproduction of several species. The small bulbs that form on the axillary 
cavities of the leaves form roots and shoots yet on the graft and new bulbs are 
obtained by planting and growing them in a previously prepared reproduction 
tray (Aksu et al., 2002; Rossi, 1989).
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1.6. Production with the cutting of the Bulbous Base (Cross 
Cutting)

The main bulbs that were damaged for any reason attracted the attention of 
the cultivators and they were used for reproduction. For this production, bulbous 
structures that are healthy and that comprise a good bulbous base with periph-
eral dimensions of 18 to 20 centimeters are utilized. The roots in the base are re-
moved and the bulbs are left for drying. Once the bulbs are dry thoroughly, with 
a sharp knife 3 or 4 cross cuts are made on the bottom of the bulb, according to 
the size of the bulb. This cross cut should be performed in a manner that the bulb 
base could be separated (Figure 4). Appropriately prepared bulbs are planted in 
a healthy environment with their bases facing upwards. The cut part is covered 
with clean sand and then the clean sand is covered again with sand with a thick-
ness of 5 centimeters. Approximately in a week, the bulbs are removed, and the 
sand is shaken off. Thus, the cut parts of the bulb base get dry and a thin layer of 
fungus covers the wound. Bulbs controlled for health once more and then plant-
ed in reproduction rooms with their bottoms facing down. During the first two 
weeks, the temperature of the environment is kept at 25ºC and a good ventilation 
is provided. Later, the temperature is lowered to 20ºC until the beginning of Sep-
tember and is again raised to 25 to 27ºC at the beginning of September. Once the 
adventive buds occur, it is essential to provide a relative humidity level of 80 to 
85%. Three weeks before planting, the temperature should be lowered to 15 ºC. 
An alternative way of production via this method is the slight carving of the bulb 
base. Collected bulbs are first stored at 25 ºC. The bulbs taken out of the storage 
are thoroughly cleaned, sprayed against diseases and are dried once more. The 
roots of the properly prepared bulbs are cut off and the bulb base is removed 
with a spoon or a sharp knife. Such cutting technique should be performed at the 
border where the bulb base meets with bulb scales. The bulbs, of which the bases 
are removed, should be stored for a few weeks their cut parts facing upwards. 
Later, they should be turned upside down. The temperature is kept at 20 ºC. In 
September, the temperature should be set to 23 ºC and in October to 25.5 ºC. 
Adventive buds should be appropriately hydrated and ventilated with a relative 
humidity of 80 to 85%. In the meantime, varying amounts of young bulbs occur 
on the wound on the bulb base, depending on the bulb species. In mid-November, 
the main bulbs are planted in production places, with a distance of 20 centime-
ters in between and with 6 to 8 centimeters soil above them. The planted bulbs 
are covered with straw. The bulbs that are suitably collected are dried in sawdust 
(Mengüç, 1996).

This method is commonly utilized in the production of the species, Hyacin-
thus Fritillaria imperialis, Fritillaria  persica and Narcissus (Atay, 1996; Aksu et 
al., 2002; Zencirkıran, 2002).
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Figure 4. Cross Cutting (Kraft, 2001).

1.7. Production with Center Extraction (Scooping)
The growth cone at the center of the bulb is completely removed with a knife 

or a mushroom punch with a diameter of 9 to 12 milimeters (Figure 5). In this 
method, which is commonly applied to Hyacinthus bulbs, the root region of bulb 
could be carved out by 90%. Thus, entire growth potential is gathered on the de-
velopment of the small bulbs that would form on the bottom part of the bulb. It is 
important to be careful during the scooping process, otherwise it could result in 
complete drying out and death of the plant or in inability to produce young bulbs. 
Consequent to the center extraction process, the bulbs are treated as in cross 
cutting application. This method is commonly applied in species, Fritillaria, Hy-
acinthus, and Narcissus (Aksu et al., 2002; Zencirkıran, 2002, Kahraman, 2006).

 
Figure 5. Center Extraction of bulb (Kraft, 2001).

1.8. Production with Dividing the Bulbous Structure (Slicing)
This method is applied as a quick growth method in cases where production 

with seeds cannot be executed and the main stock is highly valuable and rare.  
Since auxins are in high concentrations in tips in plants and flower bulbs, there is 
no growth in lower branches and bulb buds. This is referred as apical dominance. 
Interrupting the apical dominance halts the development of the main axis while 
stimulating the growth of lateral buds in the plant. The purpose of the processes 
such as slicing, cross cutting, twin scaling, which are applied to various bulbs, is 
to interrupt the apical dominance by destroying the growth point. The method 
of slicing the bulbs is one of the vegetative methods used to obtain large quantity 
of bulbs that could be industrialized when desired. The blades and the machine 
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parts to be used for the slicing process are sterilized with bleach. The work area 
should be kept as clean as possible. Preferably the round ones are selected from 
the bulbs that are of flowering size, and the dried outer shells and root residues 
are cleaned manually and with the help of a broad knife without damaging the 
fresh tissues and the deep central part of the bulb. If the top of the bulb is curved 
or has a lengthy structure, it is cut to 2 to 3 centimeters. This process is necessary 
for a more rapid and flawless slicing process. Depending on the bulb size, first, 
the main bulb is divided into two equal parts with a sharp knife. These parts 
are then divided into the required number of slices. In order to keep the juice of 
the cut pieces of bulbs, they should not be left exposed for more than three or 
four hours before the fungicide application. In case that large number of bulbs 
are being processed, it is recommended that the cut slices should be covered 
with thin and moist paper layers. Bulbs with diseases, broken bulb scales and 
root parts should immediately be removed from the environment. Preferably, the 
bulbs could be subjected to surface sterilization before slicing. In order to per-
form such sterilization, it is sufficient to immerse bulbs in a 0.2% formaldehyde 
solution. The parts obtained due to the slicing of the bulbs are immersed in the 
prepared fungicide solution. Wire cages or net sacks are used in the immersion 
process. It is necessary to wait for 30 minutes after the immersion and for an ex-
tra 10 minutes for the drainage of the solution from the bulb slices. Longer con-
tact with the solution could result in severe damage in the bulb tissues. Preparing 
daily and fresh fungicide solution is as well one of the essential considerations. 
The bulb slices extracted from the fungicide bath are stored in plastic bags or 
crates that contain substances such as moist vermiculite, perlite, sawdust and 
paper clippings. Best environment is achieved through the use of vermiculite and 
perlite moistened with water. In case of using crates, the application is achieved 
through one layer of perlite or vermiculite and one layer of bulb slices. The total 
depth of this system should not exceed 15 centimeters. Otherwise, several prob-
lems could occur due to overheating. The crates are covered with a thin plastic 
cover or are contained in a thin plastic bag. In case that a crate is not used, the 
created environment is directly placed into plastic bags. It is essential that the 
plastic bags are thin. It is also important to note that there would be some air 
space remaining in the upper part of the medium inside the plastic bag. If there 
is no gap, the small bulb development would be weak. These crates or plastic 
bags are kept in a dark storage or incubator for 12 weeks at 20°C. Storage tem-
peratures can range from 18 to 23°C, depending on the species. It is necessary to 
regularly check the bulb slices during this period. The duration of incubation can 
be extended to 16 weeks if necessary. However, in this case, the date of planting is 
delayed as well. During the incubation period, small bulbs form on the bulb piec-
es. The slices with small bulbs are then planted in open land or unheated plastic 
greenhouses and are grown for up to two years. The fungicide application should 
be repeated before planting the bulb slices in the soil. Several bulbs bloom in the 
second year, but most reach the size of flowering in the third year. In case that 
the bulb slices would undergo an incubation period, the most appropriate slicing 
date is between June and October for the species that bloom in winter and early 
spring, which corresponds to the lowest level of on-site physiological activity, 
when the leaves are fully dry and dead.  Bulb slices could be directly planted in 
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June and July after slicing, given that the region’s air and soil temperatures are 
suitable for direct planting in summer months. The bulb slices should be planted 
at a depth of 7.5 to 10 centimeters. In slicing method, the smaller the number of 
slices, the larger the bulbs are, and the bulb reaches the flowering size in a short 
time. As the number of slices increases, the size of the bulb parts decreases, and 
the bulb slices reach the flowering sizes in a longer time. This method is com-
monly applied in species, Galanthus, Fritillaria and Leucojum (Rossi, 1989; Atay, 
1996; Aksu et al., 2002; Zencirkıran, 2002, Kahraman, 2006).

1.9. Production with Bulbous Structure Scales (Scaling)
This method, also acknowledged as “scaling” is effectively used in the produc-

tion of the bulbs of Lilium and Fritillaria. In this technique, each bulbous scale, 
comprising root part, is separated from the bulb base, sprayed against diseases 
and placed within the cultivation environment. Hence, adventive bulbs appear 
at the bottom of each scale. Commonly each scale provides 3 to 5 small bulbs. 
This method is utilized in fast reproduction of a new species or in obtaining dis-
ease-free main bulbs (Figure 6) (Mengüç, 1996).

 
Figure 6. Production via bulbous structure scales (scaling) (URL 1).

1.10. Production via Twin-Scaling of the Bulbous Structure
It is an old method employed since 1935. It is accepted as a step further than 

the slicing method. The process up to slicing is exactly the same as in slicing 
method. According to the size of the bulb, the number of the obtained bulb slices 
could be 4, 8, 16 or 32. In twin-scaling method, these obtained slices are once 
more separated with the help of a sharp knife, in a manner that the twin scales 
include a base part that connects them. Depending on the size of the bulb, each 
slice can be divided into 3 to 4 pairs of twin scale pieces. After this separation 
process, the incubation and other processes are as in the slicing method. Bulbs 
obtained by slicing method reach to flowering size in a shorter period compared 
to the bulbs obtained by twin-scaling method. This is due to the initial size differ-
ence occurring in slicing and twin-scaling methods (Merey,1998).

The size of the twin scales affects the rate of success. Cutting very small scales 
with two pieces could cause insufficient nutrient deposits and thus small bulb 
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reproduction does not occur. Larger twin scales produce bulbs that are larger 
but smaller in number. In case, bulbs that reach flowering size in a short time 
are desired, larger twin scales should be preferred. Through this method, the 
bulbs obtained from the bulb fragments reach the flowering size in about 3 to 
4 years, depending on the species. Allium, Chionodoxa, Fritillaria, Galanthus, 
Haemanthus, Hippeastrum, Hyacinthus, HymenocaHis, İris, Leucojium, Muscari, 
Nerine, Ornithogalum, Pancratium, Scilla, Sternbergia and Veltheimia are the best 
responding genera to this method. The objective of this method is not to obtain 
bulbs that rapidly reach flowering size but to obtain a large number of bulbs from 
the main bulb (Merey,1998).

1.11. Production with Tissue Culture (Micro-vegetative) (Micro-
propagation)

Plant tissue culture method is basically a production method. Unlike other 
conventional methods of production, culturing is the process of cultivation of a 
small tissue piece (explant) from various parts of the plant in sterile nutritional 
medium (in vitro) and in appropriate environmental conditions (light, humidity 
and temperature) after sterilization (Srivastava and Steinbaver, 1981; Vidalie, 
1986; Gönülşen, 1987; Mengüç, 1996).

Tissue culture studies were based on callus culture and plant regeneration 
until 1975 (Chalupa, 1987). Currently, various plant species are produced by tis-
sue culture technique, such as callus culture, organ culture, embryo culture, cell 
and protoplast culture, in vitro (Srivastava ve Steinbaver, 1981; Vidalie, 1986; 
Ahuja, 1986; Pierik, 1987). 

Several nutritional media used in tissue culture could be listed as (Vidalie, 
1986; George, Puttock ve George, 1987; Üçler, 1994);

WS: Wolter and Skoog nutritional media (1966), WPM: Woody Plant Medium 
nutritional media (1981), MS: Murashige and Skoog nutritional media (1962), 
DKW: Driver and Kuruyuki nutritional media (1984), SH: Shenk and Hildebrand 
nutritional media (1972), GD: Gresshoff and Doy nutritional media (1972), DL: 
Durzan and Lopushansky nutritional media (1983) and LS: Linsmaier and Skoog 
nutritional media (1965).

Özcan (2004) studied the rapid cultivation of endemic geophytes (bulbous-tu-
berous) plants with high economic significance under in vitro conditions and 
determined that the genera, Fitillaria, Ornithogalum, Muscari, Bellevalia, Tulipa, 
Galanthus, Sternbergia, Crocus, Arum and Biarum, contained endemic species and 
there existed a great demand for bulbs of these plants especially in Europe, due 
to the demand in medicine and perfume industries for the alkaloids and essential 
oils these species contained.

Zaidi et al. (2000) examined the in vitro studies on bulbous and tuberous 
plants and determined that MS was the most commonly used nutritional media, 
that different combinations of growth regulators such as BAP, Kinetin, 2,4-D were 
used in parallel with the preferred growth process (somatic embryogenesis, 
organogenesis and direct organogenesis), that 2,4-D was mostly used in callus 
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formation, that low auxin combination with high cytokine was used in forming 
shoots, and finally, high auxin combined with low cytokine, or only auxin was 
used for rooting applications.

1.11. 1. Callus culture
Callus culture is the creation of callus tissue from explants in a suitable nu-

tritional medium, in other words it is the sterile culture of isolated cell masses. 
Callus culture could be initiated from the parts of the plant where cells with the 
ability to divide are present. Examples include endosperm, pollen, embryo, leaf 
stalk, root parts, internodes etc. mentioned (Vidalie, 1986). In callus culture, 2,4-
D is generally added to the medium so that the callus could form (Vidalie, 1986; 
Harbage and Stimart, 1987)

1.11.2. Organ culture
Organ culture is the most utilized method along with other production tech-

niques with tissue culture in terms of its applicability to practical forestry and 
its genetic stability (Ahuja,1986; Ahuja, 1986b). In organ culture, different parts 
of the plant, such as the embryo pieces: cotyledons and hypocotyls, shoots and 
shoot tips, axillary and terminal buds are used as materials for culture shoot for-
mation and plant regeneration (Üçler, 1994).

1.11.3. Embryo culture
Embryo culture is defined as the in vitro development or preservation of iso-

lated, mature or immature embryos. Carbohydrates in the environment greatly 
increase the survival and growth rate of the embryo. Carbohydrates, which are 
more commonly used than the saccharoses, are not only the energy sources, but 
also osmotic sources (Vidalie, 1986).

1.11.4. Cell culture
Explants in cell culture could be composed of single cells or cell groups. Cell 

culture is conducted in two forms, paper and petri dish techniques. In the paper 
technique, the single cell is taken with a micropipette from the active callus and 
placed on the paper, and it forms shoots and roots by dividing. Later, they are 
moved to a new media. In petri dish technique, the cell groups mixed with the ster-
ilized nutritional medium are transported to containers of different sizes after be-
ing subject to a special sterile medium. Finally, they are transferred to the petri dish 
and are cultured. Rooted shoots are moved to a new media (Vidalie, 1986).

1.11.5. Protoplast culture
Protoplast is obtained by applying chemical processes to the cell wall and 

removing it. Two protoplasts obtained from two different plants are cultured in 
the same medium and a new plant or hybrid is formed from the fusion of the two. 
Protoplast isolation is conducted in two means, mechanical isolation and enzy-
matic isolation. A large number of plants could be obtained through vegetative 
hybridization by using protoplasts (Vidalie, 1986).
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Conclusions and Recommendations
Bulbous plants serve for various aesthetic and functional purposes in plant-

ing designs. Therefore, they are frequently included in the design of outdoor 
spaces. The production of these plants is as important as their utilization. For 
bulbous plants, tissue culture production method could be recommended due 
to short production time and high production rate. Contrary to what is acknowl-
edged on production with tissue culture, there exists a different application than 
the classical production methods (Mengüç, 1996). This method could be utilized 
not only for bulbous plants but also for natural and exotic plant species, which 
are used in planting design. In this respect, further applied studies should be 
conducted in detail and materials should be provided for planting design appli-
cations through mass production.
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CO2 EMISSION AND ORGANIC CARBON 
SEQUESTRATION IN SOIL FOR FUTURE 

FOOD SAFETY

Ahmet ÇELİK, Erhan AKÇA

1. INTRODUCTION
Food safety is the most important factor for humanity to continue its exis-

tence. Quality levels of three important entities, soil, air and water have reduced 
and therefore search for solutions is increasing by each day to discuss the possi-
ble scenarios and issues that are and will harm efforts to ensure food safety. With 
regards to sustainable agriculture, concepts such as drought, desertification and 
land degradation are faced a lot more than in the past and these concepts are 
threatening the future socio-economic processes. It is a known fact these con-
cepts contributed to the downfall of previous civilizations. 

Ensuring the continuity of natural entities without endangering the health 
and future of ecosystem comprises the basis for environmental and economic 
sustainability. Following the initial use of soil and water elements, humans used 
agriculture for their subsistence first, followed by commercial purposes and then 
for industrial production. Agricultural production provides raw materials for in-
dustrial production and it is also a source of livelihood by creating employment 
and these are indicators of its strategic importance.

Pesticides and fertilizers used during agricultural activities, erosion, burning 
stubble areas, over-irrigation, senseless and over-processing of soil all have neg-
ative impacts on the sustainability of mono-culture cultivation areas. According 
to OECD’s 2013 data, 40% of soil assets and 45% of water assets in the world are 
being used for agricultural purposes. And according to 2012 World Bank data, 
the share of agricultural sector emission within global greenhouse gas distribu-
tion has been defined as 15-35%. Even these data on their own present us with 
a view regarding the damages caused by wrong and/or over-use in agricultur-
al sector. The fact that agricultural sector has a multi-dimensional interaction 
with the environment and also directly connected with the ecosystem increas-
es the level of the harm even more. Furthermore, agricultural activities lead to 
high-level emissions of carbon dioxide, methane and nitrogen dioxide, which all 
cause greenhouse effect. These gases can lead to global warming and hence to 
climate changes; and ammoniac released in air can result in acid rains (Bilgili and 
Bağlıtaş, 2014). Harmful gases in air, carbon dioxide in particular, are indicated 
as the basic reason for some environmental issues. Carbon, the main component 
of carbon dioxide, is stored in soil, water and forests. Pursuant to the Agreement 
on Combatting Global Climate Change, many partaking countries are obliged to 
calculate the amounts of gaseous pollutants they store in agricultural and forest 
areas and to take necessary measures (IPCC, 2001). 

Even though agricultural activities have a 25% share of the total global warm-
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ing, their effects last for centuries in the atmosphere and in soil, the irreplaceable 
natural asset. The related measures and sanctions are highly important in this 
issue. Countries who are aware of the importance of the issue have already start-
ed to take measures to maintain their carbon stock levels (particularly protect-
ing the forests and meadows and preventing erosion). Furthermore, practises to 
reduce carbon emission (less soil-processing, use of fertilizer in correct dosag-
es etc.) and to increase carbon sequestration (re-use of animal and agricultural 
waste and residues, increasing the amount of organic matter, less soil-processing 
etc.) are becoming more widespread. In short, a carbon budget and market has 
been established in the world and the countries aspiring to play an effective role 
in this market have gathered (Vurarak and Bilgili, 2015).

In an era where economic competition is increasing rapidly in the world, en-
vironmental issues should not be postponed. Turkey is located within one of the 
most sensitive regions that can suffer from the effects of climate change and oth-
er environmental issues. With low-carbon industry, transport and energy poli-
cies, Turkey will be able to reach a higher life quality, more resistance against 
climate change, higher health quality and a more habitable environment. 

If contribution is to be made for carbon management through land use and ag-
ricultural production to achieve sustainable climate; studies on climate change, 
land degradation, productive use of agricultural and forest areas, protection of 
bio-diversity and carbon dioxide emission need to be increased and increased 
support must be provided.

2. GENERAL CONDITION OF AGRICULTURAL LAND IN TURKEY

2.1. Agricultural Land Use and Carbon Sequestration in Turkey 
The land area of Turkey approximately covers an area of 780.000 km2. Dis-

tribution of rural land is 38% arable land, 30% pasture and meadow and 28% 
forest. 55.9% of land in Turkey has an elevation over 1.000 m and 62.5% of it 
has a slope of over 15%. Turkey’s land structure and the related varying climate 
characteristics led to the formation of different geographical regions with their 
unique micro climates. This makes it possible to have forestry in humid regions 
of Turkey, perform stockbreeding in high, mountainous areas and herbal produc-
tion in all regions. These characteristics provide Turkey with the opportunity 
of producing region-specific agricultural products in different ecologic regions 
(Miran, 2005). Data elated to the profile-depth based distribution areas, ratios 
important characteristics and usage of land in Turkey make up the basis of sus-
tainable soil management (Cangir and Boyraz, 2008) (Table 1). 
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Table 1. The distribution areas, ratios of land in Turkey with regards to their profile depth 
and the important characteristics of these land (Cangir and Boyraz, 2008)

EFEECTIVE 
PROFILE 
(SOLUM) 
DEPTH (cm)

Quality Area and Ratio Characteristics

Areas suitable for 
natural flora only 
(0-20 cm)

28.908.455 ha The depth class of these land is “very 
shallow”. Majority of these land are located 
at steep and difficult terrain and the issue 
of erosion is at a severe level in these areas. 
Natural flora needs to be protected. On a 
world scale these are land left for wild life 
or natural life. They must be particularly 
used in all types of settlement areas by 
observing ecologic balances.

39.6 %

Land that can be 
allocated for non-
agricultural usage 
(20-50 cm)

23.696.973 ha The depth class of these land is “very 
shallow”. Natural flora adopted to the 
surroundings is found and they represent 
land that can be allocated for forestry and 
meadows. Growing culture plants is not 
suitable due to root limitation. Therefore 
they are not being used for agricultural 
purposes.

32.5 %

EFFECTIVE 
PROFILE 
(SOLUM) 
DEPTH (cm)

Quality Area and Ratio Characteristics

Areas suitable for 
natural flora only 
(0-20 cm)

28.908.455 ha The depth class of these land is “very 
shallow”. Majority of these land are located 
at steep and difficult terrain and the issue 
of erosion is at a severe level in these areas. 
Natural flora needs to be protected. On a 
world scale these are land left for wild life 
or natural life. They must be particularly 
used in all types of settlement areas by 
observing ecologic balances.

39.6 %

Land that can be 
allocated for non-
agricultural usage 
(20-50 cm)

23.696.973 ha The depth class of these land is “very 
shallow”. Natural flora adopted to the 
surroundings is found and they represent 
land that can be allocated for forestry and 
meadows. Growing culture plants is not 
suitable due to root limitation. Therefore 
they are not being used for agricultural 
purposes.

32.5 %

Land required 
for partial 
agriculture for 
production (50-
90 cm)

9.299.614 ha The depth class of these land is “mid-deep”. 
They are being used for different purposes; 
depending on the type or severity of the 
defect they contain, they may be decided to 
be used in agricultural sector. Land that is 
sensitive to erosion in particular is used for 
meadow and forestry purposes on a world 
scale. They must be managed in accordance 
with soil survey reports and land use 
planning.

12.7 %

Land required 
to be allocated 
for absolute 
agricultural land 
(90+ cm)

11.108.114 ha The depth class of these land is “deep 
and very deep”. If the profile depth is over 
120/150 cm; many countries categorize 
that land as “very deep”. If there is no 
serious defect limiting production then 
the land is considered to be “absolute 
agricultural land”. However, However, care 
must be taken to plan agriculture through 
polyculture crop rotation systems.

15.2 %
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Of the total land area in Turkey, 24.5% consists of I+II+III. class soils. Among 
these three quality-soil, the ratio of agricultural land is 90% (TOBB, 2013). In 
Turkey the total amount of land area possible to be used for agricultural purpos-
es was 41.940.000 ha in 1988 but by 2017 this figure has recessed to 37.992.000 
ha. In terms of total processed agricultural area, the total figure in 1988 was 
24.786.000 ha and by 2017 the total area was reduced to 20.032.000 ha. The 
greatest reduction over this 29 year period has been observed in the production 
areas of grains and other herbal products.

Of the land managed by agricultural enterprises; 69.3% is planted grain and 
other herbal products, 9.7% is fallow, 11.9% is fruits and other permanent crops 
and drink and spice plants (including nursery and greenhouse), 2.2% is vege-
table and strawberry area and flower gardens (including seedbed and green-
house), 2.4% is permanent pasture, 1.3% is grazing area (meadow), 0.3% is an 
area used by the farmers for their own consumption (kitchen purposes), 2.9% is 
other land. Accordingly, 97.1% of the land under the control of agricultural enter-
prises is being used for agricultural purposes (TÜİK, 2018) (Table 2). Due to rap-
id population rise, migration from rural areas to towns, non-planned structuring 
and the highways built in these areas, mining activities, insensible structuring 
in newly-made public investments and industrial plants lead to a reduction in 
agricultural land and carbon sequestration in Turkey. Lowered carbon seques-
tration is among the leading production-productivity and quality issues of soils 
(Bünemann et al., 2018). 
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Table 2. Agricultural and forest land in Turkey (1988 – 2017) (TUİK, 2018).
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31.4% of land under the control of agricultural enterprises is being irrigated. 
Looking at the ratio of irrigated land based on the usage type of land, it is observed 
that 34.7% of planted grain and other herbal products, 84.1% of vegetable and 
strawberry area and flower gardens (including seedbed and greenhouse), 37.8% 
of areas covered by fruits and other permanent crops and drink and spice plants 
(including nursery and greenhouse), 29.8% of permanent prairie, and 41.5% of 
poplar and willow groves are being irrigated. 59.9% of agricultural land is under 
the control of enterprises operating only their own land (TUİK, 2018). 

Looking at the type of control of the agricultural areas under the control of 
agricultural enterprises, the ratio of enterprises operating only their own agri-
cultural land is 79.5% among all enterprises and the ratio of the agricultural land 
they process is 59.9% among the total agricultural land. 17.1% of agricultural 
enterprises are operating both their own land and other people’s land. 3.3% of 
the enterprises without their own land are processing land through single rent 
or single partnership while 0.1% is processing with two or more control types or 
through other control types. Looking at the agricultural land part amount of the 
enterprises, the agricultural land part amount per enterprise is 5.9 and the aver-
age size of the agricultural land parts is 12.9 decares. As the size of the enterprise 
increases, the amount of agricultural land per enterprise and the average part  
size of agricultural land is also increasing (Table 3). 

Increasing the carbon holding capacity of soils for ensuring sustainability of 
land in agricultural enterprises is highly important in terms of soil carbon manage-
ment. Prevention of CO2 gas flow emitted to the atmosphere on the basis of land 
management in agricultural enterprises and also binding the atmospheric gases to 
the soil and keeping them in place will create more carbon binding potential.

Table 3. Agricultural land part amount per enterprise based on enterprise size and 
agricultural land average part size (TUİK, 2018)

Enterprise size (decare) Agricultural land part 
amount per enterprise

Agricultural land 
average part size 

(decare)
Total 5,9 12,9

-5 1,5 1,6
5 – 9 2,4 2,7

10 – 19 3,4 3,8
20 – 49 4,7 6,4
50 – 99 6,9 9,4

100 – 199 10,1 12,9
200 – 499 13,7 20,6
500 – 999 21,1 30,3

1000+ 36,9 60,3

2.2. Erosion, Land Degradation and Desertification 
Soil is a natural entity that has witnessed many wars for it and also rise, de-

cline and welfare of civilizations and it has the capacity of determining the future. 
Contrary to the common belief soils is not an infinite or a never ending entity. 
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Nowadays, almost all agricultural land is being used but their management is 
insensible and mistaken. As it is the case in some countries, erosion is the leading 
cause of soil degradation in Turkey (Erşahin et al., 2017; FAO, 2018) (Figure 1).

Figure 1. Global land degradation information system beta version. An information 
database for land degradation assessment at a global level (Nachtergaele et al., 2010).

In Turkey, erosion at different levels is taking place in an approximate area of 
57 million hectares (Erpul and Deviren Saygın, 2012). Only 8% of it can be taken 
under control through measures taken. Erosion leads to the loss of the most pre-
cious part of the soil. Soil contains many nutrients, organic matter and microbial 
activities. The organic matter and soil carbon that is found in topsoil lost to ero-
sion, is affecting soil vitality and productivity and in the end there is a deforma-
tion in the health and quality of soil. 

Figure 2. Issue matrix on the basis of land degradation and desertification

Desertification is threatening all living creatures and it is defined as follows; 
Desertification is not the spreading of existing deserts, it is rather land degrada-
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tion at arid, semi-arid and semi-humid areas. It is the loss of soil productivity and 
thinning of vegetation caused by human activities and climate changes such as 
long droughts and floods. The worrying aspect of desertification is that if it is not 
managed properly, the top layer of soil which took many centuries to form will be 
lost through water and wind erosion in just a couple of seasons. Over-planting, 
over-grazing, destruction of forests, non-suitable irrigation systems can be list-
ed as some of the desertification factors caused by humans (Tema Foundation, 
2014) (Figure 2).

Around 28% of world land assets is currently affected by drought. Human 
activities is the leading cause of land degradation (desertification) and its area 
of spread has reached approximately 2.070 billion hectares (Grainger et al., 
2000). On the other hand, the total area of the most fertile soils is approximate-
ly 350.790x106 ha in the whole terrestrial ecosystem. The size of land degrada-
tion in the terrestrial ecosystem in Turkey is approximately around 90%. How-
ever, the most fertile soils of ecologic regions is approximately 5.08 x106 ha and 
it makes up 6.5% of our total land area. In the world, around 18% of forest and 
tree sector, around 21% of grazing sector and around 38% of agricultural sec-
tor has suffered from land degradation under the pressure of factors causing 
desertification. An important factor seeking solutions to climate change related 
issues is: Land use, changes inland use and loss of forests (Cangir and Boyraz, 
2008; ÇEM, 2018).

In today’s world, 110 countries and 1.2 billion people populating these 
countries are facing the threat of desertification. According to United Nations 
Environmental Program (UNEP) data, desertification leads to an average annual 
monetary loss of 42 billion USD and it has many more serious implications such 
as hunger, poverty, migration, threatened food safety and education related is-
sues (Ceylan et al., 2009).

Drought usually starts desertification or leads to even worse consequences. 
However, human related factors such as wrong agricultural practices, over-graz-
ing, harming of forests are also among the important factors of desertification 
(Çelik et al., 2014).

Even though there are no actual deserts in Turkey, around 2/3 of the country 
consists of semi-arid land. In addition, arid lands are spreading towards the west 
of Central Turkey because of climate changes. The risky areas with desertifica-
tion-threatened semi-arid land is spreading from Konya Plain towards Eastern 
Mediterranean (Ceylan et al., 2009). The size of salty soil is increasing by each 
day, particularly in South Eastern Project (GAP) region, due to wrong irrigation 
practises (Aşkın et al., 2005). A greater portion of Turkey’s terrestrial central 
and eastern regions and South Eastern Anatolian Region are considered to be 
dryland with a tendency for desertification (Türkeş, 2012). Harran Plain was 
the first place to be opened for irrigated agriculture under the scope of GAP but 
over-irrigation rapidly led to increased base water and salinity in this area (Çullu, 
2011) (Figure 3). Soil is losing it’s wealth by each day and the amount of pro-
duction per unit area is decreasing at the same time. The safety of the produced 
goods have become debatable. 
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Figure 3. Desertification risk map of Turkey (ÇEM, 2018)

2.3. Misuse of Soil
Misuse of soil affects all components of sustainable life, from measures to be 

taken with regards to climate change to preserving biologic diversity, from food 
safety to water consumption. Agricultural lands are being allocated for non-ag-
ricultural purposes due to urbanization, industrialization and other similar rea-
sons and this is reducing the agricultural land potential. On a global scale, agri-
cultural area per person has dropped from 3.7 decares to 1.9 decares during the 
1961-2015 period, and in Turkey it fell from 8.2 decares to 2.6 decares (TUİK, 
2018). In line with the increasing population, this effects all existing/future plan-
ning related to urbanization and industrialization, water, soil assets and biologic 
diversity. It is forecasted that the population in Turkey will be exceeding 86 mil-
lion in 2023 and 100 million in 2040 (TUİK, 2018). Therefore, ecosystem ser-
vices must be adopted in all future planning and used to prevent misuse in agri-
culture and meadow related issues, and in addition, prevention of climate change 
and protection of natural areas form the basis of sustainable soil use (Figure 4). 
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Figure 4. Erosion that occurred due to different land uses (Adıyaman-Malatya border) 

The new structural developments that take place in settlement patterns, in-
dustrialization, rapid rise in population levels and the consequent housing sys-
tem led to the issue of intense soil-use. Rather than the amount of new settlement 
areas, the quality, usage and ability levels of soil is more important when building 
new homes. The public and private sector infrastructure investments that cause 
misuse of agricultural soil can be listed as; urban infrastructure motorways, rail-
ways, energy lines, airports, channels, dams, sports facilities and similar areas. 
The efforts on maintaining the agricultural areas that are under the protection of 
law in Turkey need to be pressed ahead. In this sense;

The idea of allowing non-agricultural use of land under the concept of “public 
benefit” must be clarified,

Implementation and inspection activities related to Law No: 5403 need to be 
increased and more serious precautions need to be taken,

“Soil protection projects” need to be prepared in accordance with relevant 
legislation, by well qualified and equipped people.

3. SUSTAINABLE AGRICULTURAL ACTIVITIES AND CO2 EMISSION

3.1. Climate Change and Carbon 
According to World Meteorological Organization data, years 2015, 2016 and 

2017 had the highest recorded temperatures in history and these years had tem-
peratures above the global average temperatures (WMO, 2017). Many events of 
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typhoon, hurricane, flood, drought took place during those years. These issues 
have now become part of our everyday lives and they are no more the issue for 
future generations. An assessment of Turkey’s current condition indicates that 
during the 1981-2010 period the average temperature was 13.5oC, and in year 
2017 the average temperature was 14.2oC. The 0.7oC difference is a value that is 
close to the World average. The average temperatures of 2017 were the highest 
for the past 44 years (MGM, 2017). According to Directorate General of Meteorol-
ogy drought analyses, a severe drought has taken place in South Eastern Anato-
lian Region causing a reduction agricultural production (MGM, 2018) 

Possible climate change scenarios are being produced by looking at the 
changes and developments that take place in the world. Greenhouse gas emis-
sions are believed to be one of the main reasons for climate change and if such 
emissions keep rising at the current levels, than at the turn of the century the 
global average temperatures will increase by 2.6-4.8 oC, sea levels will rise by 
0.45-0.82 metre and extreme weather conditions will be more frequent (IPCC, 
2015). In case the works required for reducing human-sourced greenhouse gas 
emissions are not performed, the global average temperature rise will inevitably 
reach the level of 2oC. United Nations Framework Convention for Climate Change 
(UNFCCC) is aiming to keep the global average temperature rise at 2° C below the 
pre-industrialisation temperature value. 

Climate order and changes play an important role at every stage of agricultur-
al activities. Sun radiation, temperature and precipitation level are components 
that directly affect plant growth and development. They have an important role 
on creating the food demand/supply balance and also on food safety. It is known 
that climate change is not only caused by insensible agricultural practises but 
destruction of forests, over-use of chemical fertilizers, burning biomass are also 
among leading causes (Çakmak and Akder, 2005; TIM, 2017). According to IPCC 
(2014), the biggest reasons for the increase in greenhouse gas spread during the 
past 250 years are fossil fuels, soil usage and agricultural activities. Some past 
and current technologic developments ensured more yield from unit area in ag-
riculture while at the same time negatively affecting the environment. Climate 
change can affect agriculture in many aspects.

These can be listed as; effects on water assets, climate and agricultural zones 
shifting towards the poles, changes in plant production model and patterns, in-
creased release of carbon dioxide to atmosphere and consequent changes in the 
level of yield from unit area, changing precipitation patterns, negative effects on 
food safety, access, use and pricing policies. 

In line with the increasing population levels, more soil is being used and 
processed for more food production, causing degradation of soil structure and 
separation of organic matter, leading to more CO2 emission from the greenhouse 
gasses released to atmosphere. With over-processing of soil, soil aggregates are 
fragmented and organic matter is separated, hence the CO2 emission in atmo-
sphere is increased (Ortaş and Lal, 2012). It is more affordable to prevent CO2 in-
crease in atmosphere terrestrial ecosystem and to store it in soil, and this should 
be one of the priorities of sustainable life and agriculture. Getting the atmospher-
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ic gases to be bound directly to the soil through plants and to be stored in soil is 
only possible through a proper soil and plant management.

Figure 5. Physical, chemical and biological processes of soil organic carbon (Çağlayan 
Demirbaş et al., 2018)

In year 2070 temperature rise will be great and more increase is expected at 
highlands than in coastal areas. Turkey is located within one of the most fragile 
regions in terms of climate changes and in recent times it has become one of 
the countries that is most rapidly increasing the greenhouse gas emissions that 
cause climate change. According to IPCC’s Climate Model based forecasts, most 
parts of Turkey will be falling under the influence of a highly dry and warm cli-
mate by 2030, winter temperatures will be rising by 2°C, while summer tempera-
tures will be rising by 2-3°C. It is also anticipated that precipitation levels will 
slightly increase during winter, and summer precipitation levels will decrease 
by 5%-15%. As such, the analysis of Turkey’s night and day temperatures have 
indicated statistically meaningful increases particularly in night temperatures. In 
terms of giving particular examples from agricultural production, it is anticipat-
ed that by 2050 wheat and sunflower cultivation areas will become smaller, their 
production will drop, and production of barley and maize will also drop, despite 
an increase in their cultivation areas. Increased temperatures are having nega-
tive effects on the life cycle, reproduction process of maize and also a reduction 
in cereal yield. Studies held on different plants in USA indicated that every 2 °C 
increase leads to a product yield loss of 5%-8% (TOB, 2018). Another study con-
ducted by Lobell and Field (2007) also concluded that each 1°C increase in tem-
perature causes a product loss of 8.3%. According to these conclusions, one can 
say that an increase of 1.2 °C within the next 30 years in central west USA, where 
irrigation is sufficient, could reduce product yield by 4% (Dellal et al., 2007). 
Cultivation areas for cotton are expected to maintain their size but production 
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could be slightly reduced due to lower yield. Changes are expected in regional 
production pattern. While wheat could be reducing in Marmara region, it may 
be on the rise in Eastern Anatolian region. Sunflower production is expected to 
shift from Marmara, Black Sea and Aegean regions towards Central Anatolia and 
Mediterranean regions (Dellal et al., 2007; Yalçın and Öcal, 2014; TİM, 2017). At 
the core of the struggle against climate change, there are policies to be observed 
to reduce greenhouse gas emissions. These policies to be observed are related 
to transport, industry, energy and cohesion with other countries. Based on the 
conclusions of some studies, the surface temperature at Seyhan Basin is expected 
to rise by 2.0-3.5oC and the precipitation level is expected to be reduced by 25%. 
The amount of snow at mountains is expected to be reduced significantly, lead-
ing to a smaller flow in rivers during the spring months. Hence, Mediterranean 
Region is highly sensitive against climate change (Fujihara et al., 2008). Similarly, 
Eastern Anatolia and South Eastern Anatolia Regions are facing the same dan-
ger. The use of daily consumption materials (energy, transport, fuel, number of 
charged devices, amount of coal used, etc.) is determining the actual amount of 
CO2. To calculate the amount of daily carbon dioxide production, some people are 
using simple daily examples. For instance, a single return flight per person per 
year from Adıyaman to Istanbul is producing 1.37 tons of CO2 emission per per-
son. In another example, burning 10.000 km/1.6 lt/gasoline is producing 2.74 
tons of CO2 emission (Akça, 2013). 

The possible environmental and socioeconomic outcomes of global climate 
change in Turkey can be listed as; changes in the agricultural production poten-
tial, increased duration and severity in warm and arid periods, impact on biodi-
versity, climate zones shifting towards the north and the effects of warmer and 
more arid climate conditions, serious problems in the existing drinking and tap 
water in Turkey, increased amount of pests and diseases in agricultural produc-
tion, negative effects of increased temperature on human and animal health, in-
crease in water level causing some settlement, tourism and agricultural areas to 
be submerged, increased avalanche and floods in areas covered by snow and per-
manent snow-ice, changes in sea flows impacting marine ecosystems and others. 
These issues and any possible change seen in global climate will be effecting dif-
ferent parts of Turkey in different ways (Türkeş et al., 2000; TİM, 2017).

3.2. Soil Organic Carbon and Biomass
There are several factors in agricultural production that affect plant devel-

opment and any issues in any of these factors will be directly harming the soil 
quality. The most important parameter directly affecting sustainable soil man-
agement and soil quality is soil organic matter. Soil organic matter consists of 
compounds with complicated contents that are formed through some chemical 
reactions between herbal and animal waste and their side products. All types of 
herbal and animal waste (dried roots, leaves, harvest residues, dry foreign leaves, 
dead organisms and various animal waste) getting into soil make up the source 
of organic matter (Akça and Kapur, 2018).
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Figure 6. The soil organic carbon stocks in Turkey (Aydın et al., 2015)

In most parts of the agricultural production zones in Turkey, the organic mat-
ter value has been observed to be below 2%. Due to climate, topography, vegeta-
tion and other factors, the organic matter levels in all regions of Turkey, excluding 
Eastern Black Sea Region, is much lower than 1.5% (Erşahin et al., 2016) (Figure 
6). The leading causes for low organic matter levels in soil are destruction of 
prairie, meadows and forests, turning them into agricultural lands, herbal and 
animal waste being used as fuel etc. (Çelik and Sakin, 2017). Decomposing of soil 
organic matter is the result of organic carbon being used as nutrient by the mi-
croorganisms in soil (Akça and Kapur, 2018). The surface soil where most of the 
organic carbon in soil (OCS) is found is important because it is the plant feeding 
place, activity area for organisms and it also has the capacity of protecting the 
soil, holding water and infiltration. In this sense, adding organic residues to soil 
will be beneficial in terms of increasing the OCS content of soil. Such practises 
will not only provide nutrients to soil but they will also improve the physical, 
chemical and biological characteristics of soil (Çelik et al., 2017) (Figure 5).

The amount of soil is getting lower by each day and through sustainable agri-
cultural activities, organic matter level of soil needs to be increased, carbon con-
tent needs to be added and other measures to protect and increase the quality of 
soil need to be taken. The current carbon related studies are centred on catching 
and storing the atmospheric carbon. However, sustainable agricultural manage-
ment made it clear that studies on increasing the level and quality of carbon is 
as much important as catching and storing carbon. The most effective way of 
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increasing the organic matter and carbon level in soil is to place atmospheric CO2 
into the soil as plant material through plants and applied as compost or biomass. 
Biomass applied to soil can stay in soil for a longer period when compared to 
compost (Ortas, 2018). 

Adding organic-based plant biomass to soil by composting increases the or-
ganic matter content and quality of soil. Due to its rich nitrogen content, compost 
added into soil is being quickly crumbled and separated by microorganisms. In 
terms of sustainable soil management, it is highly important to use organic car-
bon sources that stay in soil for a longer period rather than the organic carbon 
source that is separated rapidly in soil. Most recent studies are suggesting that 
rather than composting, plant waste should be carbonized (biochar) and used 
as an organic carbon source in agricultural activities. Biochar is a carbonized or-
ganic material that is produced under oxygen-free conditions from carbon (C) 
based raw material following a pyrolysis (burning) action. The use of biochar has 
increased in recent times and it is mostly being used as a soil finisher and ecolog-
ic regulator (Lehmann et al 2006; Yuan et al, 2011; Sayğan, 2017). When used as 
a soil finisher along with organic and inorganic fertilizers, biochars regulate soil 
ventilation, product yield, nutrient effectiveness, holding of nutrients and soil 
pH, increases cation exchange capacity (CEC), improves physical characteristics 
of soil and increases microbial activity. 

It has been observed that biochar use in agricultural areas leads to slower sepa-
ration of the organic carbon in soil and organic matter content of soil increases, and 
various greenhouse gas emissions such as CO2 and N2O are decreased, helping to 
prevent global warming, and soil characteristics are also improved. With all these 
aspects and environmentally improving affects and soil regulating characteristics 
in herbal production, biochars can be used as important organic technology prod-
uct materials for making use of organic residues which have no other different and 
economic way of being used. It is thought that biochar can store carbon in soil for 
hundreds, even thousands of years (Lehmann, 2007). If biochar materials are used 
in agriculture rather than for energy purposes, they have the capacity of reducing 
greenhouse gas emission from 12% up to 84% (Lehmann, 2007). 

A strong connection is thought to exist between soil microbial population and 
soil organic matter. When biochar and soil are mixed, soil organic matter content 
increases and this increases the activities of soil microorganisms (Warnock et al., 
2007; Steiner et al., 2008). Kolb et al. (2009) reported that adding biochar not 
only affects the usefulness of nutrients but the microbial biomass and microbi-
al activity are also affected. Applying biochar increases retained water and as a 
result, this can have a positive effect on soil microbial activity, soil functions and 
ecosystem. In the end, each increase in soil organic matter is a positive gain in 
terms of soil quality and food safety. 

3.3. The Effect of Agricultural Activities on CO2 Emission
Turkey is listed among the countries in risk with regards to the negative ef-

fects of climate change. These effects will lead to rapidly increasing annual tem-
perature averages, irregular seasons, insufficient food and spread of diseases. 
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With the purpose of preventing the increasing global warming and the related 
negative effects caused by the increasing levels of atmospheric CO2, several stud-
ies have been conducted for the past 30 years. However, these studies have failed 
to reach the desired levels (Kodal et al., 2015) (Figure 7). Under the scope of in-
ternational agreements signed for reducing the effects of global climate change, 
states are now obliged to declare their carbon emissions and carbon stocks. In 
this sense, studies related to Turkey’s carbon emissions and stocks are reported 
to be insufficient (Sakin et al., 2016). 

Figure 7. Temperature change map: This global map shows calculated surface 
temperature changes for 1901-2012.

Being one of the leading sources and depots of carbon dioxide, soil plays an 
important role in regulating atmospheric CO2. As a result of burning fossil fuels, 
deforestation, turning forest areas into agricultural land and soil respiration, CO2 
is being released to the atmosphere by each year (Manahan, 2017). As a result 
of the emission in soil, the level of atmospheric CO2 is constantly rising. Thus, 
the atmospheric CO2 increase and the related change in global warming levels 
depend on the amount of CO2 that is released as a result of soil respiration and to 
the amount of CO2 taken from the atmosphere by plants to be used for photosyn-
thesis (Raich, 2017). Measuring the soil respiration ratio is important in terms of 
determining the amount of CO2 released to the atmosphere.

The level of atmospheric carbon dioxide concentration varies per year. Based 
on the results acquired in approximately 10 year intervals, there is an increas-
ing acceleration. At the core of all this, there is global climate change, and land 
management has a direct effect on agricultural production, water levels, human 
health, terrestrial and marine ecosystems (Bridges et al., 2001; Sakin et al., 2016). 

Most of the carbon released to the atmosphere occurs through agricultural 
activities. Among the agricultural activities, the most effective ones leading to in-
creased CO2 output are plough tillage, stubble burning and monoculture practise, 
based on a single plant rather than performing crop rotation (Lal and Kimbele, 
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1997). According to 2011 data, 37.8% of all global land is being used for agricul-
tural purposes (FAOSTAT, 2013). Some national and international examples on 
tillage and carbon are given below. 

Şanlıurfa-Harran Plain with arid and semi-arid climate conditions has soils 
with high clay content and the average carbon output in this soil has been de-
termined to be 1.49 g C m-2 day-1 (±0.075SE) (5.46 g CO2 m-2 days-1) (Sakin 
and Sakin, 2015). Other studies again held in heaths and bushes with semi-arid 
climate conditions the average figure has been defined as 9.31-11.5 g CO2 m-2 
day-1 (Allaire et al., 2012). In forest lands where average precipitation level was 
800 mm and temperature level was 15 °C, Almagro (2009) has reported this fig-
ure as 2.44 g C m-2 day-1.

Various studies have reported the following figures: 2.23 g CO2-C m-2 day-1 in 
undeveloped land (Sakin, 2016), 1.49 g CO2-C m-2 day-1 in developed (Sakin and 
Sakin, 2015), 2.14 in forest land, 1.77 in settlement areas not used for living and 
1.16 g CO2-C m-2 day-1 in areas used for olive production (Almagro et al., 2009), 
1.12 in coniferous tree areas, 1.56 in forest lands with mixed tree types and 1.9 
g CO2-C m-2 day-1 in forest lands with larger leave sizes (Zhou et al., 2015; Vu-
rarak and Bilgili, 2015). Rezgui et al. (2016) conducted a study in northern Tu-
nisia and examined the seasonal change of CO2 emission in two different forest 
lands. The highest CO2 emission has been observed during autumn. Çelik (2018) 
took weekly measurements with 3 repetitions for a period of 23 weeks, in lots 
planted with Rosemary (Rosmarinus officinalis L.), Sage Tea (Salvia officinalis L.) 
and İzmir Thymus (Origanum onites L.). Plant (Rosemary, Sage Tea, İzmir Thy-
mus) data conformed to ordinary dispersion and met the homogeneity assump-
tion (p>0,05). In terms of emission effect, a statistically meaningful difference 
of 5% has been observed between plants (p<0,05). Duncan test has been used 
for multiple comparison and the highest values have been observed in rosemary 
(12.14±0,73 g C m-2 week-1) and sage tea (14.92±0.66 g C m-2 week-1), while 
İzmir thymus (9.20±0.68 g C m-2 week-1) had the lowest effect (p<0,05). In this 
study the lowest emission among plants has been measured in the soil where 
İzmir Thymus was grown. When the plants causing the least global CO2 emis-
sion are categorized in the future, this plant will be within the list of plants with 
the lowest effect. Şenyiğit and Akbolat (2010) have measured CO2 release from 
the soil after irrigation was made in an apple orchard with a Jersey Mac variety 
injected into M9 rootstock. Irrigation methods were drip irrigation, sprinkler ir-
rigation and surface irrigation. Measurements yielded 0.065, 0.071 and 0.084 g 
CO2m-2h-1 carbon dioxide values respectively for drip irrigation, sprinkler irri-
gation and surface irrigation. Evaporation from soil has been respectively mea-
sured as; 8.06, 8.85 and 8.95 g.H2O.m-2.h-1.

4. CONCLUSION AND SUGGESTIONS
Soil and other assets, the most basic components of agriculture are not 

re-producible, therefore it is highly important that they are used effectively and 
in a sustainable manner in order to ensure global food safety. In all existing and 
future agricultural production climate-friendly practises from the basis of sus-
tainable life. Agricultural production should not be centred on quantity only, but 
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approaches ensuring the future of natural assets must be adopted. The organic 
matter level of soils in Turkey, which form the basis of agriculture, is found to be 
lower than the 5% value proposed by the European Soil Office. Having a low level 
of organic matter brings along production, fertility and quality issues of soils. 
Following any insensible agricultural practise, significant environmental issues 
occur such as climate change and those threatening biodiversity and food safety. 
It is necessary to have short term solutions and measures, rather than long-term 
ones, to solve issues such as climate change, misuse of land, reduced fertility ra-
tios in production zones, food safety, desertification, higher inputs in production, 
higher prices in agricultural products, reduced employment rates in agriculture 
etc. Some of the possible measures to be taken are listed below; 

- In order to prevent erosion that is experienced in severe levels in Turkey, 
more forestation efforts are needed in forests and more vegetation is required in 
higher-elevation areas that are not suitable for forestation. In addition, produc-
tivity and reclamation works in meadows need to be accelerated so that stock 
breeding can be supported and erosion can be prevented.

- Organic carbon needs to be retained in soil through appropriate tillage 
methods, particularly in sloping and dry agricultural lands,

- Field traffic needs to be reduced in agricultural activities, stubble burning 
needs to be prevented, use of bio-fuels need to be encouraged and carbon pools 
need to be maintained through practises such as mulching,

- While practising the measures needed in areas vulnerable against erosion 
due to agricultural mechanization practises, use of sensitive agricultural tech-
niques are believed to enhance the monitorability of agricultural areas.

- The increase rate of greenhouse gas emissions caused by herbal and animal 
production ned to be reduced,

- Fuel and energy economy need to be created by merging agricultural lands,

- Reducing/controlling the use of chemical fertilisers in agricultural activities 
and encouraging wider use of eco-friendly good agricultural practises,

- Use of renewable energy resources in all sectors, rather than fossil fuel re-
sources,

- Regarding the agricultural product assistances provided by the Ministry of 
Agriculture, developing and encouraging production models that take effects of 
climate change into consideration, are suitable for climate and soil conditions of 
basins, and have low water consumption and resistant against drought, 

- Precautions to be taken, such as passing legal regulations related to na-
tional strategy and action plans that would contribute to growth/development 
with low carbon in agricultural sector would cover approaches oriented towards 
increasing the carbon retention in soil and reducing the spread of greenhouse 
gas. Such precautions will increase the fertility and quality of soil, because soil is 
the very centre of natural and sustainable agricultural ecosystems which conse-
quently concerns a great majority of vital issues such as increased need for food 
in the world, natural assets and biodiversity. 
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