Interaction of different water amounts and phosphorus and magnesium doses and their effects on water-yield relations of soybean (glycine max.L.) in Harran Plain conditions
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Abstract
This study which was conducted as field experiment examined the effects of magnesium and phosphorus fertilizers, which was given in different doses to soybean grown in different water levels, on plant water consumption, water- yield relations and grain yield factors. Experiment was designed according to experiment pattern divided on random blocks, it was set up as three replication and it was conducted during two years, 2006 and 2007. Four different phosphorus doses (0-4-8-12 kg P da-1) and three different magnesium doses (0-4-8 kg Mg da-1) were applied with three different water levels (S1, S2, S3) in the experiment. Cumulative pan values obtained from Class A Pan evaporation pool were applied as 33% for S1, 67% for S2, 100% for S3. At the end of experiment, plant water consumption, water-yield relations and grain yield were determined. With beginning of irrigations, 548.00, 786.00 and 1017.00 mm were given to S1, S2 and S3 parts respectively in the first year and 457.98, 698.02 and 931.00 mm irrigation water was given in second year. Plant water consumption values (ETa) are determined as 648.00, 903.00 and 1 164.00 mm for S1, S2 and S3 parts in the first year and 567.00, 825.00 and 1 070.00 mm in second year. Moreover, according to experiment parts, irrigation water treatment efficiency (IWTE) changed between 0.14-0.53 kg m-3 in the first year and it changed between 0.16-0.59 kg m-3 in the second year.
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1. Introduction

Except plant nutrition elements, plant type and kind, one of other important parameter which is effective on yield and quality of plant yield is water factor. Moreover, one of the biggest problems of almost all countries is saving soil and water sources, developing them and using them most effectively for society benefit. Because of the fact that water sources on earth are limited, rapid population increase and increasing need for agriculture product, water is still the most precious natural resource in many countries.
Due to that Southeast Anatolia Region (SAR) is in arid and semiarid climate zone and plants’ water need is not supplied with natural precipitation, the importance of irrigation is increasing. On Southeast Anatolia Plains, despite proper soil resources and the other climate factors, inadequate precipitation in spring and summer months is the primary factor affecting agricultural development in region. It is seen that to prevent water inadequacy which is primary factor limiting plant types grown on Southeast Anatolia plains, yield obtained from each area  and modern agriculture methods applications is an accelerative, encouraging and fascinating  element which will increase agriculture yield, employment facilities, other sectors and services (Tekinel, 1998).
All researches share the same idea that product lost seen during the season are consequent of water inadequacy. At the end of these researches, determining proper irrigation programs aiming minimum yield decrease is suggested (Tülücü,1985). Shariatmadari and Mermut (1999) found that clay mineral with sepiolite silicate releases very much Mg to environment and increase P resolution. Researchers found that P function can be increased by giving Mg to soil with increasing of P desorption at the environment with Mg. This finding has great importance for plants’ P taking on calcareous soils. Our main hypothesis in this study is with Mg effect, taking P from soil in different water level and so providing yield increase. For this reason, different magnesium and phosphorus doses and water limitations at different range were applied to soybean plant.
At the end of the research, with the help of applied different water limitations and phosphorus and magnesium doses, the irrigation water amounts, plant water consumption values, irrigation water treatment efficiency (IWTE), water consumption efficiency (WCE), rational water consumption (ETa/ETm), rational plant water decrease (1-(ETa/ ETm)), rational yield (Ya/ Ym) and rational yield decrease (1-(Ya/Ym) are evaluated.
2. Materials and Methods
This study was conducted at Harran University Agriculture Faculty Campus in research and application areas in 2006 and 2007 years. In this research, as plant type soybean (glycine max.L.) and as kind Nova was used. Campus is at the 36º 42' N latitude and 38º 58' E longitude and its altitude is 464 m (KHŞAE, 2001).
The research area is in South East Anatolia Region climate region and it is under the Mediterranean climate effect. It is hot and drought in summer and it is warm in winter. In 2006 ,between June and October which includes soybean growth duration, mean temperature changes between 20.6-30.8 °C, mean minimum temperature changes between 12.8-22.8 °C, mean precipitation changes 0-0.3 mm, mean relative humidity changes between 40.8-61.5%, soil temperature changes between 23.9-36.6 °C. In 2007, mean temperature changes between 21.6-30.4 °C, mean minimum temperature changes between 16.5-23.0 °C, mean precipitation changes 0.8-25.9 mm, mean relative humidity changes between 36.9-47.7%, soil temperature changes between 23.3 -35.0 °C. (Table 1).
Research was planned according to experiment pattern divided on random blocks; it was set up as three replication. Irrigation treatments are main subject and P and Mg subjects are sub-branches. Four different phosphorus doses (0-4-8-12 kg P da-1) and three different magnesium doses (0-4-8 kg Mg da-1) were applied with three different water levels (S1, S2, S3) in the research. Cumulative pan values obtained from Class A Pan evaporation pool were applied as 33% for S1, 67% for S2, 100% for S3. Phosphorus treatments were determined as P0 (0 kg P da-1), P1 (4 kg P da-1), P2 (8 kg P da-1), P3 (12 kg P da-1) and Mg treatments are determined as Mg0 (0 kg Mg da-1), Mg1 (4 kg Mg da-1) and Mg2 (8 kg Mg da-1).

In Southeast Anatolia Region, in soybean production as second yield, high soil temperature is an important factor which restricts life of bacteria doing N fixations. Therefore, bacteria inoculation was not done during research. Nitrogen fertilizer which was given to plants as ammonium sulfate ((NH4)2SO4) with 10 kg N da-1 doses was divided two parts and the first parts was given during the cultivation and the rest one was given to all parcels equally before flowering time. Phosphorus and magnesium treatments were applied on the experiment parcels at the similar way to each irrigation part, like the combinations below;
P0Mg0

P1Mg0

P2Mg0

P3Mg0
P0Mg1

P1Mg1

P2Mg1

P3Mg1
P0Mg2

P1Mg2

P2Mg2
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In the experiment, as P source triple super phosphorus, as Mg source magnesium sulfate (MgSO4.7H2O) were used and they were given to parcels with cultivation like being the equivalent to plant order and not being two fertilizer consecutively. After cultivation and fertilizer treatments, drop irrigation system was set up and the first water was given to plant. After exiting finished and proper moisture decreased to 40% levels on soil, partial irrigation started.
After sowing and fertilizer treatments, drip irrigation system was set up on land and the first water was given. After exiting finished and proper moisture decreased to 40% levels on soil, irrigation started on 14.07.2006 in the first year and on 07.07.2007 in the second year. Four days were chosen as irrigation sequence. Moreover, the drip irrigation system was designed according to wet the all experiment area (according to parts). To apply the system, water was taken from a source with a pump, after passed from control unit, the water was applied under 1.5 atm pressure with 4 L h-1 flow on main pipe, manifold and laterals. Emitters which have 50 cm sequence of drippers were preferred on laterals.  The chemical features of water used in experiment were given in Figure 2.
Evaporation values were measured on Class A Pan evaporation pot. In two years of experiment, to determine moisture amount of soil, soil samples were taken from 0-30 cm, 30-60 cm and 60-90 cm of soil before and after irrigation started. During the irrigation time, on every three irrigation, soil samples were taken from 0-30 cm, 30-60 cm and their wet weight was calculated and then they were placed on drying closet which can be aired well in 105 0C and when weight was much more permanent against variation, soil samples were taken out from closet and their dry weight was calculated. Plants benefit from water in different ways according to available water amounts in their roots and yields are shaped according to moisture content of soils (Yaron,1971). Water-yield function consists of this theory and this relation occurs as polynomial on cultivars (Kadayıfçı, 1996). During growth season, under limited water treatment conditions, Stewart model in equation 1 was used to calculate rational yield decrease and rational water consumption decline (Doorenbos and Kassam, 1988).
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In equivalence, it means that; Ya: true yield (kg da-1), Ym: maximum yield (kg da-1), ky: yield reaction factor, ETa: true water consumption (mm) ve ETm: maximum plant water consumption (mm). 
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Water amounts in irrigation programs (mm), yield values, irrigation water treatment efficiency (IWTE), water usage efficiency (WUE), was calculated with Howell et al. (1990), method and rational water consumption (ETa/ ETm), rational plant water decline(1-(ETa/ ETm)), rational yield (Ya/ Ym) and rational yield decrease (1-(Ya/Ym) results were computed according to Doorenbos and Kassam (1979) methods.
2. Results and Discussions
In this research which was conducted as field experiment, magnesium and phosphorus fertilizers applied in different doses to soybean plant grown in different water levels. In the research it is found that especially Mg applications raise P resolutions in soil with the effect of water. As Magnesium resolve P and provides being taken by plant, fertilizer amounts including P can be decreased and it is concluded that, by this way, fertilizer cost can be decreased. This research shows how Mg is effective in case of less irrigation and fertilizing treatment and a new treatment in fertilizing. Moreover, limitation irrigation to some extent with the aim of saving water sources and maintenance of them, applying limitation water programs, growing strong plants to water stress and determining the proper irrigation facilities for these kinds of plants are important for this region.

It is understood that with beginning of irrigation on Harran Plain, soybean can be included in sowing turn. Research findings of this study which show high quality yield can be obtained with water and fertilizer saving should be conveyed to producers and the findings can be light fort he other studies related to soybean in this region. 90 cm effective root depth of soybean was taken into consideration for irrigation water amounts and plant water consumption. After all parts were put on the field level, partial irrigation started on 14.07.2006 in the first year and in 07.07.2007 in the second year (Table 1; 2).

From germination time to beginning of irrigation, totally 317.00 mm irrigation water in the first year and 225.00 mm in the second year were applied to all parts. With the beginning of partial irrigation, in the first year, respectively, 231.00, 469.00 and 700.00 mm and in the second year 232.98, 473.02 and 706.00 mm irrigation water was applied to S1, S2 and S3 parts. For the same parts, plan water consumption values calculated respectively as 648.00, 903.00 and 1 164.00 mm in the first year and in the second year 567.00, 825.00 and 1 070.00 mm. An extreme difference was not seen among plant water consumption values in two years. It is thought that the present difference was because of climatologically parameters deviation between years (Figure 3). FAO (1979) informs that for maximum yield the water need of soy seasonally is between 450-700 mm according to length of climate and growth period and the irrigation increases the yield greatly in critic growth times. Gercek et al. (2003), notify that total applied water amounts to soy for sprinkling and dripping irrigations are 1 295 mm in the first year and 1 369 mm in the second year and measured plant water consumption values are 1 378 mm in the first year and 1 509 mm in the second year with dripping irrigation. Ozkara (1991) implies that during the irrigation season the maximum yield was obtained from the irrigation part on which 60% of moisture was consumed and this irrigation part needs 334.2 mm irrigation water and its water consumption is 444.9 mm seasonally and its average seasonal water consumption quotient is (q) 0.54.
IWTE and WCE created important difference in relations between applied water amounts and yield. Although the irrigation amounts were the same, the highest yield was obtained from S1 part of P3Mg2 treatment. The same results were applicable for 2007 and they were calculated respectively as 0.68 and 0.66 kg m-3. Water consumption efficiency was like the irrigation water treatment efficiency in 2006 and 2007 (Table 3).
When irrigation water amount was applied much more than two fold of S1 irrigation part amount on the P2Mg2 fertilizer combination, in two years respectively 0.63 ve 0.60 kg m-3 IWTE occurred. Moreover, the water consumption efficiency (WCE) amounts calculated respectively as 0.52 and 0.54 kg m-3. Despite that water amount in these two efficiency was the same (836 mm), IWTE amounts was 0.017 for the first year and 0.18 m-3 for the second year and WCP amounts were applied respectively in the first and second year 0.14 and 0.16 kg m -3 (Table 3).
It is seen that when water amounts increased, generally yields increased. However, related to fertilizer treatments, the difference among yields didn’t occur similar to the other irrigation parts. The effect of water on fertilizer and fertilizer consumption by applied water are close to each other. When the years were examined, these differences are not important. The highest yield was obtained from irrigation part on which P1Mg2 fertilizer combination applied to reach these yield values, applied water amounts were 1067 and 981 mm in total respectively to the first and second year. These results caused the highest IWTE and WCE findings. The reason of different yield values taken from the other fertilizer combination which was given the same water amounts was that magnesium increases phosphorus taking when water increased. In the same irrigation parts, 326.6 and 335.33 kg da-1 yield were obtained from P0Mg0 fertilizer combination. IWTE and WCE values respectively to years were 0.33, 0.34 and 0.28, 0.31 kg m-3 (Table 3)
When irrigation parts or fertilizer combinations were observed, irrigation water treatment efficiency (IWTE) and WCE values interactions were because of both water and fertilizer. As it can be understood from Table 1, the highest yield factor among fertilizer combinations was based on Mg2 doses to which magnesium sulfate fertilizer dose applied as 8 kg. In arid and semi-arid regions where the water resources are limited, P3Mg2 fertilizer combination is suggested for soy plant for S1 water level. For the same regions, the suggested fertilizer combinations on S2 water level on which 33% water limitations applied is P2Mg2 and the highest yield was obtained from it. However, in arid and semi-arid regions, on parts without any limitations on resources, the highest yield was obtained from P1Mg2 fertilizer combination (Table 3).
Simsek et al. (2001), inform that 10% decrease on water consumption causes 5.2% decrease on yield  in their research called determination of water and yield relation of soy bean irrigated in  different irrigation and sequence with sprinkling- dripping irrigation systems. Simsek and colleagues notify that, the highest irrigation water treatment efficiency (IWTE) and water usage efficiency (WUE) values are respectively 0.87-0.77 kg m-3 in 2 Crop /1 soybean together cultivation system and the lowest IWTE and WUE values were 0.51-0.50 kg m-3 in 1 Crop/2 Soybean together cultivation system in their research for determining water-yield relations in crop-soybean together cultivation system.
Yazar et al. (1989), inform that they found an important, statistical linear relation between grain yield and seasonal water consumption in their research for determining water –yield relation in soy as second yield in Cukurova conditions. Vaerala (1998) says that when the water stress created in different times of soy increased to 40% from 20%, dry matter amount decreased between 25-34%. Larry and Spurlock (1993) says that they determined the irrigation water usage efficiency ( IWUE) value between 1.3-5.6 kg ha-1 mm-1 in their research related to soybean in USA. The findings of this research are coherent with other studies.
Water-yield relations, yield values on different irrigation levels showed differences for two years. However, plant water consumptions created different S1, S2 and S3 irrigations. Generally, these differences reflected to yield. The reason of differences in yield values was related to fertilizer doses (P and Mg). As it is seen in Table 2, rational yield values on S1 irrigation part increased with P and Mg increase. Reaction of the same fertilizer combinations created differences for S2 and S3 and this rate was obtained from P2Mg2 for S2 irrigation part and from P1Mg2 for S3 part. Bayrak (1989) informs that they applied four different water levels and four different phosphorus (0-4-8-12 kg da-1 P2O5) levels in their research called phosphorus-water relation and water consumption of soybean in Bafra Plain and they conducted research three years. The highest average yield was obtained from I4 irrigation part and P2 fertilizer part as 349 kg da-1 and they applied 414.6 mm water on I4 irrigation part. Vasiliu (1977) notify that N P K fertilizers with water increased soy yield in their research examining effect of water, fertilizer and bacteria inoculation on soybean yield. Yavada (1980) expresses that on three soil moisture levels, they applied P2O5 on 0-80 kg da-1 and N on 0-100 kg da-1 and irrigation and fertilization increased seed yield. Saadi and Yazdi-Samadi (1978) explain that water and phosphorus fertilizer together increased broad bean grains, grain number of broad bean and yield in their research related to the effect of water and some chemical fertilizers on yield of Clark 63 soybean type.
When water savings observed, 44% saving provided on S1 part and all fertilizer combination and 56% of water applied. However, rational yields and rational yield decreases changed dependent on fertilizer combinations. Rational yield increased with Phosphorus and Magnesium doses increase and rational yield decreases changed based on fertilizer combinations. Rational yield was 1 on P3Mg2 fertilizer combination from which the highest yield was obtained and rational yield decrease didn’t happen (Table 4). Water saving was 22% on all fertilizer combinations on S2 irrigation part and 78% water applied to it. However, rational yield and rational yield decreases changed dependent on fertilizer combinations. Ration yield was 1 on P2Mg2 fertilizer combination from which the highest yield was obtained and rational yield decreases didn’t happen.
Rational yield and rational yield decrease values changed based on fertilizer combinations on complete irrigation parts (S3) on which 100% irrigation application was done. Rational yield was 1 on P1Mg2 fertilizer combination from which the highest yield was obtained and rational yield decrease didn’t happen. It is thought that this was related to maximum water usage and consumption (Table 4). Whitt and Van Bavel (1955) note that to obtain 1 kg dry matter from soybean, 300 kg water is necessary .Fernandez et al. (1978), notes that they applied 4 water levels to Amsoy soybean type and the yield obtained from minimum irrigated part was 1.4 ton ha-1 and 2.5 ton ha-1 was obtained from maximum irrigated part. Sarma (1976) explains that they examined the effect of irrigation done on capsule and grain filling time during flowering time on two different soy types. They express that yield was 2.46 as a result of irrigation during flowering, it was 2.37 as a result of irrigation during grain filling time and the yield obtained from dry part was 1.9 ton ha-1.
Saenko (1977) tells that water treatments were 60%, 70% and 80% of field capacity and the average yield taken from irrigated parts were respectively 1.42, 1.93 and 2.53 ton ha-1 but 0.71 ton ha-1 yield was obtained from part which was not irrigated. In their another research, they found that the highest yield 4.25 ton ha-1 under irrigated conditions and it was 1.69 ton ha-1 under dry conditions. Simiciklas (1989) says that in their pot research examining the effect of drought stress of different generative period on plant growth and yield, plant nutrient transformation was prevented because of water inadequacy and so seed yield and 1000 grain weight decreases. Muandemele ( 1988) informs that in their field experiment on 30 soybean type, drought decreases faba bean plant, seed faba bean rate, grain yield and being exposed to drought causes small grains and decreases germination power. Simsek et al. (2001), inform that 10% decrease on water consumption causes 5.2% decrease on yield and the lowest irrigation water treatment efficiency (IWTE) and water usage efficiency (WUE) values are respectively 1.98-2.10 and the highest values are 5.3-6.44 kg ha-1 mm-1. The findings of this research are coherent with researchers.
4. Conclusions
According to research findings, with increase on irrigation water amount, phosphorus and magnesium treatments increased yield. The highest yield was obtained from S3 (100) irrigation part and P1Mg2 (564.50 kg da-1) treatment in the first year and from P2Mg2 (533.57 kg da-1) treatment on the same irrigation part in the second year (2007). The low yield was obtained from irrigation parts on which water stress applied. Yield increased by giving Mg to soil and much more yield could be obtained when compared with world soybean yield values and also, Mg can play an important role to increase yield level in case that water and fertilizer treatments must be decreased.
It is understood that with beginning of irrigation on Harran Plain, soybean can be included in sowing turn. Research findings of this study which show high quality yield can be obtained with water and fertilizer saving should be conveyed to producers and the findings can be light fort he other studies related to soy in this region.
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Figure 1. Irrigation water amounts and dates in 2006
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Figure 2. Irrigation water amounts and dates in 2007

Tables
Table1. Climate values of Sanlıurfa in 2006 and 2007

	Years
	Months
	Mean Max.
Temp.C)
	Mean min.

temp.(°C)
	Mean Temp.(°C)
	Mean
humidity(%)
	Mean precipitation.

(mm)
	Sunbeam cal/cm2)
	5 cm.soil
Temp..(°C)

	2006
	June
	38.0
	22.8
	30.8
	40.8
	0.3
	605.1
	36.6

	
	July
	38.5
	24.9
	32.2
	45.5
	0.3
	560.5
	38.8

	
	August
	40.4
	26.0
	33.4
	44.6
	-
	462.2
	39.0

	
	Spetember
	32.3
	22.4
	27.2
	42.3
	-
	455.4
	32.6

	
	October
	25.9
	12.8
	20.6
	61.5
	42.5
	291.7
	23.9

	2007
	June
	37.2
	23.0
	30.4
	36.9
	0.8
	614.2
	35.0

	
	July
	40.8
	27.0
	34.0
	31.3
	8.0
	553.2
	38.5

	
	August
	39.3
	25.4
	32.2
	41.9
	3.2
	521.4
	37.4

	
	September
	36.0
	22.0
	28.4
	36.4
	-
	427.3
	32.6

	
	October
	28.4
	16.5
	21.6
	47.7
	25.9
	320.6
	23.3

	Many years
(1929

2008)
	June
	44.0
	8.3
	27.9
	32.4
	3.0
	583.1
	32.6

	
	July
	46.8
	15.0
	33.1
	29.6
	0.6
	561.9
	37.2

	
	August
	46.2
	15.5
	31.2
	32.3
	0.9
	513.0
	36.0

	
	September
	42.0
	0.0
	26.7
	35.1
	1.1
	436.0
	30.6

	
	October
	37.8
	1.9
	20.1
	44.8
	23.8
	315.1
	21.9


Table 2. Some chemical features of irrigation water

	Source
	EC

(dsm-1)
	Cations (cmol kg-1)
	Anion (cmol kg-1)
	pH
	Class

	Depth
pit

	
	Na+
	K+
	Ca+++ Mg++
	Total
	CO-3
	HCO 3-
	Cl-
	SO4--
	Total
	
	

	
	0.309
	0.25
	0.02
	1.98
	2.25
	-
	0.90
	0.60
	0.75
	2.25
	7.00
	C2S1


Table 3. Irrigation water amounts, plant water consumption (ETa), irrigationb water treatment (IWTE) and water consumption efficiency (WCE) values (2006-2007)

	Irrigation Parts
	Irrigation water amounts (mm)
	Plant water consumptioın ETa (mm)
	Yield

(kg da-1)
	IWTE

(kg m-3)
	WCE
(kg m-3)

	
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007

	S1-P0Mg0
	598.00
	507.98
	648.00
	567.00
	111.07
	107.40
	0.19
	0.21
	0.17
	0.19

	S1-P0Mg1
	598.00
	507.98
	648.00
	567.00
	126.83
	125.50
	0.25
	0.25
	0.20
	0.22

	S1-P0Mg2
	598.00
	507.98
	648.00
	567.00
	132.10
	131.93
	0.26
	0.26
	0.20
	0.23

	S1-P1Mg0
	598.00
	507.98
	648.00
	567.00
	134.73
	121.30
	0.27
	0.24
	0.21
	0.21

	S1-P1Mg1
	598.00
	507.98
	648.00
	567.00
	140.77
	140.17
	0.28
	0.28
	0.22
	0.25

	S1-P1Mg2
	598.00
	507.98
	648.00
	567.00
	162.00
	156.,53
	0.32
	0.31
	0.25
	0.28

	S1-P2Mg0
	598.00
	507.98
	648.00
	567.00
	207.80
	219.83
	0.41
	0.43
	0.32
	0.39

	S1-P2Mg1
	598.00
	507.98
	648.00
	567.00
	217.40
	239.57
	0.43
	0.47
	0.34
	0.42

	S1-P2Mg2
	598.00
	507.98
	648.00
	567.00
	235.07
	250.17
	0.46
	0.49
	0.36
	0.44

	S1-P3Mg0
	598.00
	507.98
	648.00
	567.00
	188.00
	219.87
	0.37
	0.43
	0.29
	0.39

	S1-P3Mg1
	598.00
	507.98
	648.00
	567.00
	243.50
	243.40
	0.48
	0.48
	0.38
	0.43

	S1-P3Mg2
	598.00
	507.98
	648.00
	567.00
	345.17
	334.17
	0.68
	0.66
	0.53
	0.59

	S2-P0Mg0
	836.00
	748.02
	903.00
	825.00
	128.87
	130.93
	0.17
	0.18
	0.14
	0.16

	S2-P0Mg1
	836.00
	748.02
	903.00
	825.00
	139.20
	139.10
	0.19
	0.19
	0.15
	0.17

	S2-P0Mg2
	836.00
	748.02
	903.00
	825.00
	160.93
	163.93
	0.22
	0.22
	0.18
	0.20

	S2-P1Mg0
	836.00
	748.02
	903.00
	825.00
	131.17
	174.00
	0.18
	0.23
	0.15
	0.21

	S2-P1Mg1
	836.00
	748.02
	903.00
	825.00
	171.93
	196.90
	0.23
	0.26
	0.19
	0.24

	S2-P1Mg2
	836.00
	748.02
	903.00
	825.00
	203.50
	216.90
	0.27
	0.29
	0.23
	0.26

	S2-P2Mg0
	836.00
	748.02
	903.00
	825.00
	369.40
	377.57
	0.49
	0.50
	0.41
	0.46

	S2-P2Mg1
	836.00
	748.02
	903.00
	825.00
	424.47
	397.97
	0.57
	0.53
	0.47
	0.48

	S2-P2Mg2
	836.00
	748.02
	903.00
	825.00
	468.07
	445.10
	0.63
	0.60
	0.52
	0.54

	S2-P3Mg0
	836.00
	748.02
	903.00
	825.00
	377.33
	370.27
	0.50
	0.50
	0.42
	0.45

	S2-P3Mg1
	836.00
	748.02
	903.00
	825.00
	378.70
	387.83
	0.51
	0.52
	0.42
	0.47

	S2-P3Mg2
	836.00
	748.02
	903.00
	825.00
	440.63
	411.13
	0.59
	0.55
	0.49
	0.50

	S3-P0Mg0
	1067.00
	981.00
	1164.00
	1070.00
	326.60
	335.33
	0.33
	0.34
	0.28
	0.31

	S3-P0Mg1
	1067.00
	981.00
	1164.00
	1070.00
	382.80
	351.17
	0.39
	0.36
	0.33
	0.33

	S3-P0Mg2
	1067.00
	981.00
	1164.00
	1070.00
	447.17
	451.73
	0.46
	0.46
	0.38
	0.42

	S3-P1Mg0
	1067.00
	981.00
	1164.00
	1070.00
	432.30
	406.97
	0.44
	0.41
	0.37
	0.38

	S3-P1Mg1
	1067.00
	981.00
	1164.00
	1070.00
	492.53
	496.43
	0.50
	0.51
	0.42
	0.46

	S3-P1Mg2
	1067.00
	981.00
	1164.00
	1070.00
	564.50
	517.90
	0.58
	0.53
	0.48
	0.48

	S3-P2Mg0
	1067.00
	981.00
	1164.00
	1070.00
	386.40
	418.17
	0.39
	0.43
	0.33
	0.39

	S3-P2Mg1
	1067.00
	981.00
	1164.00
	1070.00
	405.77
	509.83
	0.41
	0.52
	0.35
	0.48

	S3-P2Mg2
	1067.00
	981.00
	1164.00
	1070.00
	444.43
	533.57
	0.45
	0.54
	0.38
	0.50

	S3-P3Mg0
	1067.00
	981.00
	1164.00
	1070.00
	338.50
	340.47
	0.35
	0.35
	0.29
	0.32

	S3-P3Mg1
	1067.00
	981.00
	1164.00
	1070.00
	396.07
	379.83
	0.40
	0.39
	0.34
	0.35

	S3-P3Mg2
	1067.00
	981.00
	1164.00
	1070.00
	411.77
	413.20
	0.42
	0.42
	0.35
	0.39


Table 4. Rational water consumption inadequency comapred rational yield decrease in 2006 and 2007
	Irrigation parts
	Ya
	ETa
	Ya/Ym
	1-(Ya/Ym)
	ETa/ETm
	1-(ETa/ETm)
	Sulama suyu miktarı (mm)
	Su tasarrrufu

(%)

	
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007
	2006
	2007

	S1-P0Mg0
	111.1
	107.4
	648.00
	567.00
	0.32
	0.32
	0.68
	0.68
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P0Mg1
	126.8
	125.5
	648.00
	567.00
	0.37
	0.38
	0.63
	0.62
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P0Mg2
	132.1
	131.9
	648.00
	567.00
	0.38
	0.39
	0.63
	0.61
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P1Mg0
	134.7
	121.3
	648.00
	567.00
	0.39
	0.36
	0.61
	0.64
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P1Mg1
	140.8
	140.2
	648.00
	567.00
	0.41
	0.42
	0.59
	0.58
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P1Mg2
	162.0
	156.5
	648.00
	567.00
	0.47
	0.47
	0.53
	0.53
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P2Mg0
	207.8
	219.8
	648.00
	567.00
	0.60
	0.66
	0.40
	0.34
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P2Mg1
	217.4
	239.6
	648.00
	567.00
	0.63
	0.72
	0.37
	0.28
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P2Mg2
	235.1
	250.2
	648.00
	567.00
	0.68
	0.75
	0.32
	0.25
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P3Mg0
	188.0
	219.9
	648.00
	567.00
	0.54
	0.66
	0.46
	0.34
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P3Mg1
	243.5
	243.4
	648.00
	567.00
	0.71
	0.73
	0.29
	0.27
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S1-P3Mg2
	345.2
	334.2
	648.00
	567.00
	1.00
	1.00
	0.00
	0.00
	0.56
	0.53
	0.44
	0.47
	598.00
	507.98
	0.44
	0.48

	S2-P0Mg0
	128.87
	130.93
	903.00
	825.00
	0.28
	0.29
	0.72
	0.71
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P0Mg1
	139.20
	139.10
	903.00
	825.00
	0.30
	0.31
	0.70
	0.69
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P0Mg2
	160.93
	163.93
	903.00
	825.00
	0.34
	0.37
	0.66
	0.63
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P1Mg0
	131.17
	174.00
	903.00
	825.00
	0.28
	0.39
	0.72
	0.61
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P1Mg1
	171.93
	196.90
	903.00
	825.00
	0.37
	0.44
	0.63
	0.56
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P1Mg2
	203.50
	216.90
	903.00
	825.00
	0.43
	0.49
	0.57
	0.51
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P2Mg0
	369.40
	377.57
	903.00
	825.00
	0.79
	0.85
	0.21
	0.15
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P2Mg1
	424.47
	397.97
	903.00
	825.00
	0.91
	0.89
	0.09
	0.11
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P2Mg2
	468.07
	445.10
	903.00
	825.00
	1.00
	1.00
	0.00
	0.00
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P3Mg0
	377.33
	370.27
	903.00
	825.00
	0.81
	0.83
	0.19
	0.17
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P3Mg1
	378.70
	387.83
	903.00
	825.00
	0.81
	0.87
	0.19
	0.13
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S2-P3Mg2
	440.63
	411.13
	903.00
	825.00
	0.94
	0.92
	0.06
	0.08
	0.78
	0.77
	0.22
	0.23
	836.00
	748.00
	0.22
	0.24

	S3-P0Mg0
	326.60
	335.33
	1164.00
	1070.00
	0.58
	0.63
	0.42
	0.37
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P0Mg1
	382.80
	351.17
	1164.00
	1070.00
	0.68
	0.66
	0.32
	0.34
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P0Mg2
	447.17
	451.73
	1164.00
	1070.00
	0.79
	0.85
	0.21
	0.15
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P1Mg0
	432.30
	406.97
	1164.00
	1070.00
	0.77
	0.76
	0.23
	0.24
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P1Mg1
	492.53
	496.43
	1164.00
	1070.00
	0.87
	0.93
	0.13
	0.07
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P1Mg2
	564.50
	517.90
	1164.00
	1070.00
	1.00
	0.97
	0.00
	0.03
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P2Mg0
	386.40
	418.17
	1164.00
	1070.00
	0.68
	0.78
	0.32
	0.22
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P2Mg1
	405.77
	509.83
	1164.00
	1070.00
	0.72
	0.96
	0.28
	0.04
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P2Mg2
	444.43
	533.57
	1164.00
	1070.00
	0.79
	1.00
	0.21
	0.00
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P3Mg0
	338.50
	340.47
	1164.00
	1070.00
	0.60
	0.64
	0.40
	0.36
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P3Mg1
	396.07
	379.83
	1164.00
	1070.00
	0.70
	0.71
	0.30
	0.29
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00

	S3-P3Mg2
	411.77
	413.20
	1164.00
	1070.00
	0.73
	0.77
	0.27
	0.23
	1.00
	1.00
	0.00
	0.00
	1067.00
	981.00
	0.00
	0.00
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