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Abstract 
Improved irrigation technologies are one of the options of adaptation to growing water shortage conditions. This study, carried on loam soils of Fergana Valley with groundwater of 1.5-2 m deep, analyzed the impact of introducing improved irrigation technologies on water and energy productivity for three varieties of winter wheat. The findings of the study indicate that improvements in irrigation technologies may produce gains in water productivity for high yielding varieties of winter wheat, only. The study found that increasing water productivity by improving irrigation technology is not necessary results in increased energy productivity except of high yielding varieties of winter wheat.
  
1. Introduction
For the last 20 years the share of water allocated for agricultural purposes in Central Asia has reduced from 90% to 83%. Growing demand from non-agricultural water uses is the main challenge creating pressure on water available for agriculture. Since 1992, increased demand for energy and the shift of the upstream reservoir in the Syrdarya River from irrigation to hydropower generation mode caused reduction of water available for irrigation in average by 2 km3/year. The similar risk exist in the Amudarya River basin. Climate change may also effect on future water availability for agriculture. Central Asia is referred to be highly vulnerable to climate change and adaptation programs under development (World Bank, 2009)1. Over the last 70 years, the air temperature in the Central Asia has increased by 0.029 oC per year while precipitation exhibited high multi-annual and multi-decadal fluctuations. It is already caused reduction of the volume of glaciers by third in the upstream of the Syrdarya River and Amudarya River. One of the ways of mitigating the competition for water for food and water for energy is to reduce the energy intensity and to improve water and energy productivity in agriculture. 
The agriculture of Uzbekistan, one of the Central Asian countries, is heavily dependent on energy inputs generated from fossil resources. The crop production system is characterised by the intensive use of inorganic fertilizers, pesticides and water for irrigation. Planning to conserve energy and water for supplying the food needs of the growing population requires a comprehensive study of energy-water usages in agriculture. This study analyses energy and water productivities of winter wheat, one of two most important crops in Uzbekistan. Previous studies were limited to estimation of the crop energy or water requirements. In this study it was hypothesized that there is high interrelation between water productivity and energy productivity. The objective of this study was better understanding water productivity and energy productivity linkages for purposes of improving irrigation water management.
The experimental field scale approach, applied in this study, to improve water use efficiency was focused on exploring improved irrigation technologies for new varieties of winter wheat. Winter wheat is the most important cereal grown in Central Asia, mainly used for making bread. Whereas worldwide about 65% of the produced wheat originates from irrigated agriculture, in Uzbekistan, virtually all winter wheat is cultivated on irrigated land (FAO and WFP 2000). Proper farming practices can contribute to meeting grain quality standards. During the past 22 years, the area under irrigated cereals in Uzbekistan is increased more than seven times from 221,000 ha to about 1.6 million ha, and gross yields rose from 1.54 in 1991 to 4.46 t/ha in 2012 (Uzbekistan Statistical collection, 2013). Improving irrigation water supply played important role in increasing the yield of winter wheat.  Winter wheat was sown in October and harvested in mid-June. The duration of the wheat grown period is 255-265 days with about 2800oC sum of positive temperature requires for maturing wheat grains. The harvesting period takes place in summer in June when maximum temperatures cause high evaporation losses.  Analyses of water and energy productivity become important under new environment with reducing water available for agriculture.  

2. Study area
The study was conducted in Fergana valley, Central Asia where the total amount of surface water available in the range of 14-15 km3 per annum (Karimov, Molden, 2011) (Fig. 1).  Kyrgyzstan, Tajikistan and Uzbekistan are the countries sharing borders within the valley. Farming practices for winter wheat cultivation were monitored in 2014-2015 at the Gulomjon Mashrab Ugli farm, Komiljon Umarov Mirob Water Users Association, Toshloq district, Ferghana province. The soil of the farm is loam in the top 0-30 cm underplayed with sandy loams; groundwater is 1.5-2.0 m deep.  The farm is located at latitude of 40o31’59.9’’N, longitude of 71o47’4.1’’E and elevation of 461 m (Fig. 1). The farmer has 43.8 ha of land and specialized on growing mainly cotton (23 ha), winter wheat (20.8 ha) and vegetables as a second crop after harvesting of winter wheat if irrigation water is available. The main source of irrigation is the canal water and groundwater. There is unreliable water supply from the canal because the farm is located in its’ tail ends. 
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Fig. 1. Map of the Komiljon Umarov WUA
Climate of the study area is arid continental; the average summer temperatures varies from 26-30oС and the maximum temperature reaches 45-47oC, whereas the winter temperatures fall below 0oС. Long-term annual precipitation ranges from 200 to 250 mm, with 90% occurring from October through May. Soil texture is loam in the top 30 cm underplayed with sandy loams. Soil bulk density has wide range from 1.38 (±0.03) Mg m-3 in the top arable layer, increasing to 1.52(±0.02) Mg m-3 at the soil layer of 15-30 cm and in range of 1.43-1.48 Mg m-3 in the layer 50-100 cm (Table 1).
Table 1. Physical properties of the soil at the Gulomjon Mashrab Ugli farm
	Depth
	SBD
	Clay
	Silt
	Sand
	Texture

	Cm
	kg/cm3
	%
	

	0-15
	1.38(±0.03)
	14.6(±1.3)
	38.3(±0.1)
	47.1(±1.2)
	Loam

	15-30
	1.52(±0.02)
	14.3(±1.1)
	39(±2.9)
	46.8(±4)
	Loam

	30-50
	1.44(±0.02)
	6.7(±.2)
	23.1(±3)
	70.2(±2.8)
	Sandy Loam

	50-75
	1.48(±0.03)
	3.9(±.4)
	19.6(±5.5)
	76.6(±6)
	Loamy Fine Sand

	75-100
	1.43(±0.05)
	3.2(±.4)
	25.4(±3.6)
	71.4(±4)
	Sandy Loam



Major nitrients content in the soil profile is given in Table 2. 
Table 2. Content of organic carbon and total NPK in the soil profile
	Depth, cm
	SOC*
	N %
	P %
	K %

	0-15
	0.61(±.04)
	0.08(0)
	0.16(0)
	0.41(±0.08)

	15-30
	0.61(±.04)
	0.07(±.01)
	0.14(±0.01)
	0.36(±0.06)

	30-50
	0.46(±.18)
	0.05(±0.02)
	0.11(±0.01)
	0.33(±0.03)


*soil organic carbon 
Data given in Table 2 indicates that the soil organic carbon stocks to a depth of 50 cm were 121.5  t/ha, N – 14.46 t/ha, P – 29.65 t/ha and K – 79.55 t/ha.   

3. MATERIALS AND METHODS

Farming practices

The experiment was laid out in fall 2014 with three varieties of winter wheat – ‘Nota’ from Russia and two locally breaded varieties, namely ‘Elomon’ and ‘Hisorak’. Three irrigation technologies tested for each variety of winter wheat were as follows: farmer furrow irrigation practices; cutback irrigation and alternate furrow irrigation. The experiment randomized against irrigation technologies had three replications.  The total area under trial was 1.3 ha. Furrows were 0.6 wide and 100 m long. Irrigation applications were measured using trapesidial weirs Chippoletti at entry and runoff points. In addition irrigation application at furrows were measured using triangle weirs Thomson.   Seeds were applied using tractor  T-28 with rate of 275 kg/ha.
 

Energy Analysis 
Energy Coefficient for Various Sources of Energy 

Each agricultural input has its own energy values and energy is invested to produce individual component. These individual energy inputs may be in the form of labor, machinery, fuel etc. Analysis of energy coefficients of winter wheat were based on energy equivalents available in published international papers and local recommendations (Table 3). It was noted that the estimates of energy equivalents (EE) used in international and local studies are close. In this study the estimates of  EE found in the local studies were applied to calculate energy values of the inputs. 
   
The energy values used in this study are the dietary energy values of agricultural outputs obtained from fossil energy spent to grow winter wheat. The energy inputs can also be classified into direct - indirect, renewable- non-renewable energy forms (Thakur and Makan, 1997, Mandal et al., 2002).6,7 The direct energy consists of human power, tractor and electric motor. The total energy is the combination of direct energy and indirect energy from seeds of crops, fertilizers and chemicals used in crop production processes. The renewable energy component consists of human labor, farm yard manure (FYM), and irrigation water, while non-renewable energy consists of diesel, electricity, fertilizers and chemicals. 

Table 3. Energy equivalents for farming inputs 
	Inputs
	Energy equivalent (MJ/unit)
	Reference
	Energy equivalent (MJ/unit)
	Reference

	Human Labour (h)
	1.96
	Sing et al. (2002).8
	1.86
	ISO 13600. 16

	Machinery (h)
	13.06
	Ozkan et al. (2004). 9
	55
	

	Chemicals (fertilizer [kg])
	Nitrogen
	60.6
	Sing et al. (2002). 8
	86.6
	I.P. Kondrakhin et al. (n.d.). 11 available: http://www.info.
crimea.edu
/crimea/ac/kant
/3_6.html

	
	Phosphorus
	11.1
	
	12.6
	

	
	Potassium
	6.7
	
	8.3
	

	

Chemicals (pesticide [kg])
	Insecticide
	199
	Helsel (1992). 10
	253.2
	

	
	Fungicides
	92
	
	116.6
	

	
	Herbicides
	238
	
	263.6
	

	
	Sulfur
	68.2
	I.P. Kondrakhin11
	68.2
	

	Farmyard manure
	0.3
	Rafiee et al. (2010). 12
	0.42
	

	Diesel-oil (L)
	56.31
	Sing et al. (2002). 1
	42.7
	

	Electricity (Kwh)
	10.59
	Acaroglu and Aksoy (2005). 13
	8.7
	GOST R 51750-2001.17

	Water for irrigation (m3)
	0.63
	Yaldiz et al. (1993). 14
	
	

	Output (Wheat, kg)
	14.7
	Sing (2002), Ozkan et al., 2007.8
	
	

	Output (Straw, kg)
	9.25
	Tabatabaeefar et al. 2009.15
	
	


*

Energy Conversion. For this study, the following procedures of energy conversion were adopted: 
Human Labor.  To estimate the energy input, working days of agricultural workers were recorded on hourly base. Then, the human power (man-hours) was converted into energy inputs by multiplying the number of man hours and estimated power rating of human labour (Khan and Singh, 1996).18 
Electric Motors. The pump installed on the thirtary canal, supplied water for irrigation is operated by electricity. Electricity used in irrigation was recorded. The output of electric motor was calculated by the product of rated power of the electric motor, time consumed in operation and load factor. The load factor is equal to actual electricity consumed (read from energy meter) during operation over electricity consumed at rated power (Khan and Singh, 1996). 148  
Diesel Engines and Tractors. Fuel usage for each farming practice was monitored at the pilot farm. The output of tractor and diesel engine was calculated by the product of fuel consumed by tractor or diesel engine, time spent, caloric value of the fuel and load factor. The load factor is the ratio of actual fuel consumed and fuel consumed at rated power (Khan and Singh, 1996). 18 
Seed, Fertilizer, Agro-Chemicals and Farm Yard Manure. Agro-chemicals use rate was monitored at the pilot farm. The chemical fertilizers, FYM and other agro-chemicals used in crop production were transformed into energy equivalent by multiplying the quantity of the material used in the plots with the energy value of each material (Khan and Singh, 1996). 18
Energy Efficiency, Energy and Water Productivity. In this study, energy efficiency, energy productivity and water productivity for winter wheat production were calculated.  Energy efficiency is estimated as ratio of total energy output (KWh) to total energy input (KWh). Energy productivity estimated as grain yield (kg/ha) to total energy input (KWh) and water productivity as grain yield to amount of water applied (m3/ha).  


4. Results
4.1. Farming inputs
Soil tillage 
Field data on soil tillage during winter wheat growing season is given in Table 4
Table 4. Inputs used for soil tillage
	Applied farming practices
	Human labour (ha/hour)
	Machinery (ha/hour)
	Diesel (l)

	Tillage
	
	
	

	Date
	Farming practice
	Tractor
	Device
	
	
	

	10/5/2014
	Interrow cultivation
	T-28
	Cultivation (KTU-4)
	1.4
	1.4
	8

	10/10/2014
	Interrow cultivation
	T-28
	Cultivation (KTU-4)
	1.4
	1.4
	8

	10/18/2014
	Sowing seeds
	T-28
	SUS+KTU-4
	12
	3
	8

	Total
	
	5.8
	24



Two inter-row cultivations were applied before sowing of wheat in fall 2014. 
Manual work 
The farmer used human labor for cleaning irrigation ditches and cleaning field from the steams of cotton harvested in fall 2014 (Table 5).
Table 5. Manual farming practices
	Date
	Farming practices
	Labour number
	Human labour (ha/hour)

	
	
	Temporary
	Permanent
	

	10/22/2014
	Cleaning irrigation ditches
	
	7
	35

	11/28/2014
	Cleaning field from cotton steams
	
	8
	128

	Total
	163






1

Irrigation applications
Dates and rates of the irrigation applications are given in Table 6. 
Table 6. Irrigation application dates and rates
	Irrigation practices applied (per ha)
	Labour intensity (ha/hour)
	Electricity (kW/h)
	Water (m3)

	Irrigation events
	Date
	Irrigation application 
	Energy consumption
	
	
	

	
	
	Source
	Irrigation applied
	m3
	Tailwater
	kW
	
	
	

	Farming practices

	1
	10/22/2014
	Pump
	856
	736
	120
	103
	10
	103
	736

	2
	03/08/2015
	Pump
	1004
	794
	210
	120
	10
	120
	794

	3
	04/19/2015
	Pump
	706
	610
	96
	85
	10
	85
	610

	4
	05/04/2015
	Pump
	748.5
	683
	66
	90
	8.5
	90
	683

	5
	06/03/2015
	Pump
	992
	861
	131
	119
	8
	119
	861

	
	
	
	4306
	3683
	
	517
	47
	517
	3683

	Cutback irrigation

	1
	10/22/2014
	Pump
	856
	736
	120
	103
	10
	103
	736

	2
	03/08/2015
	Pump
	1004
	794
	210
	120
	10
	120
	794

	3
	04/19/2015
	Pump
	292
	292
	0
	35
	10
	35
	292

	4
	05/04/2015
	Pump
	318
	318
	0
	38
	8
	38
	318

	5
	06/03/2015
	Pump
	492
	492
	0
	59
	8
	59
	492

	
	
	
	
	2632
	
	355
	46
	355
	2632

	Alternate furrow irrigation

	1
	10/22/2014
	Pump
	856
	736
	120
	103
	10
	103
	736

	2
	03/08/2015
	Pump
	1004
	794
	210
	120
	10
	120
	794

	3
	04/19/2015
	Pump
	614
	492
	122
	74
	10
	74
	492

	4
	05/04/2015
	Pump
	587
	543
	43.75
	70
	7.2
	70
	543

	5
	06/03/2015
	Pump
	513
	446
	67
	62
	7.2
	62
	446

	
	
	
	
	3011
	
	429
	44.4
	429
	3011



Water was pumped from secondary canal using pump. In total, fiver irrigations were applied with 3683 m3/ha of water under conventional practices, 2632 m3/ha under cutback furrow irrigation and 3011 m3/ha under alternate furrow irrigation. Net irrigation rate was 3166 m3/ha under conventional practices, 2277 m3/ha under cutback furrow irrigation and 2582 m3/ha under alternate furrow irrigation.
   Fertilizers 
Fertilizer applications are given in Table 7.
Table 7.  Fertilizer application under winter wheat
	Fertilizer application
	Labor intensity (ha/hour)
	Machinery intensity (ha/hour)
	Diesel (l/ha)
	Active ingredient

	
	
	
	
	Fertilizer (kg/ha)

	Date
	Fertilizer
	Quantity applied (kg/ha)
	
	
	
	Nitrogen
	Phosphorus
	Potassium

	12/15/2014
	Carbamide
	100
	10
	0
	0
	46
	
	

	1/18/2015
	Superphosphate
	500
	1.8
	0.6
	3
	55
	120
	

	2/20/2015
	Selitra
	500
	1.8
	0.6
	3
	170
	
	

	15/03/2015 (Suspension)
	Carbamide
	8
	
	
	
	3.68
	
	

	
	Superphosphate
	5
	
	
	
	0.6
	1.4
	

	
	Potassium
	3
	
	
	
	
	
	1.8

	22/03/2015 (Suspension)
	Carbamide
	8
	
	
	
	3.7
	
	

	
	Superphosphate
	5
	
	
	
	0.6
	1.4
	

	
	Potassium
	3
	
	
	
	
	
	1.8

	Total
	
	
	13.6
	
	
	279.5
	122.8
	3.6



Weed and insect control 
Weed and insect control data is given in Table 8.
Table 8.  Weed and insect control

	Date
	Pesticide
	Quantity applied (g/ha)
	Device used
	Labor intensity (ha/hour)
	Machine (ha/hour)
	Herbicide (kg/ha)
	Insecticide (kg/ha)
	Diesel (l/ha)

	
	
	20
	T-28/OVX
	1.2
	0.6
	0.02
	
	3

	
	
	100
	T-28/OVX
	1.2
	0.6
	
	0.1
	3

	Total
	2.4
	1.2
	0.02
	0.1
	6





4.2. Water and energy productivity
Water and energy productivity estimates for winter wheat variety Nota is given in Table 9.
Table 9. Water and energy productivity for winter wheat variety Nota.
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1- Farming furrow irrigation; 2- cutback furrow irrigation; 3- alternate furrow irrigation

Data presented in Table 9 shows that with improving irrigation technologies, Nitrogen based energy input share in total energy inputs is increasing from 63 to 69%, electricity based energy input for water lift is reducing from 11 to 4%. Energy output-input ratio was at maximum level under conventional farming practices, and minimum under alternate furrow irrigation.  While water productivity was at highest level under cutback irrigation, energy productivity was still high under conventional irrigation practices. 



Water and energy productivity for winter wheat variety Hisorak is given in Table 10.
Table 10. Water and energy productivity for winter wheat variety Hisorak
[image: ] 
1- Farming furrow irrigation; 2- cutback furrow irrigation; 3- alternate furrow irrigation

Data presented in Table 10 shows that with improving irrigation technology for wheat variety Hisorak Nitrogen based input is increasing from 62 to 65%, electricity based input is reducing from 11 to 8%. Energy output-input ratio was at maximum under conventional farming practices, and minimum under alternate furrow irrigation.  While water productivity was at highest level under cutback irrigation, energy productivity was still high under conventional irrigation practices. 


Water and energy productivity for winter wheat variety Elomon is given in Table 11.
Table 11. Water and energy productivity for winter wheat variety Elomon
[image: ]
Data given in Table 11 shows that for high yielding variety Elomon, with improving irrigation practices, Nitrogen based energy input share is increasing from 62 to 65% of total energy input. Electricity based inputs are reducing from 11 to 8%. Energy output-input ratio was at maximum under cutback furrow irrigation, and minimum under alternate furrow irrigation.  Water and energy productivity was at highest level under cutback irrigation. 
Summary table of water and energy productivity as affected by variety of winter wheat and irrigation technology is given in Table 12. 


Table 12. Water and energy productivity under different irrigation technologies
	Variety
	Irrigation technology
	Energy output-input ratio
	Specific energy
	Energy productivity
	Water productivity

	
	
	
	MJ/kg
	kg/MJ
	kg/m3

	Nota
	Farming practices
	3.18
	3.64
	0.27
	1.25

	Nota
	Cutback irrigation
	2.96
	4.03
	0.25
	1.72

	Nota
	Alternate furrow irrigation
	2.20
	5.45
	0.18
	1.18

	Hisorak
	Farming practices
	3.59
	3.25
	0.31
	1.46

	Hisorak
	Cutback irrigation
	3.40
	3.59
	0.28
	2.14

	Hisorak
	Alternate furrow irrigation
	3.19
	3.83
	0.26
	1.81

	Elomon
	Farming practices
	3.92
	2.99
	0.33
	1.62

	Elomon
	Cutback irrigation
	4.17
	2.84
	0.35
	2.38

	
Elomon
	Alternate furrow irrigation
	3.16
	3.82
	0.26
	1.71



The data presented in Table 12 indicates that introducing high yielding varieties has significant impact on improving energy output-input ratio, energy and water productivity. Gains in water productivity resulted in gains in energy productivity only for high yilding variety of winter wheat.  Improvements in irrigation technologies resulted in improved energy output-input ratio only for high yielding variety of winter wheat.   
5. Conclusions

Introducing water saving irrigation technologies allows improving energy/output ratio, reducing specific energy, increasing energy and water productivity for high yielding varieties of winter wheat. Low yielding varieties of winter wheat, with improving irrigation technologies, did not produce gains in energy productivity. The study found that increasing water productivity by improving irrigation technology did not result in increased in energy productivity except of high yielding variety Elomon. This indicates that improvements in technologies of using other inputs is to be considered along with improving irrigation technologies and introducing new high yielding varieties of winter wheat. System approach is required to improve both, energy and water productivity.  Further studies are required to make recommendations on improving water and energy productivity at WUA level for different cropping systems. 
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Electricity (Kwh) 5167 2495 114 3554 3092 83 428.9 3731 9.8
Water for irrigation (m3) 3683 220 3 2632 1658 a 3011 1897 s
Wheat seeds 27500 | 4043 1025 | 27500 | aoa3 108 | 27500 | aoa3 10.57
Total energy input (MJ) - 39435 1000 - 37355 100.0 - 38233 1000
e Output (Wheat, kg) | 5373 78983 - S641 | 82023 - 5443 | 80012 -
Output (staw, kg) 6750 62438 ar7s_ | aae9 550 | 42088
Energy output-input ratio - 3.59 - - 3.40 - - 3.19 -
Specific Energy (Mi/kg) - 3.25 - - 359 - , 383 ,
Energy productivity (kg/MJ) - 031 - - 028 - - 026 -
‘Water productivity (kg/m3) - 1.46 - - 214 - - 1.81 -
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Varietys Elomon
Irrigation methods 3 2 3
Quantity | Total Quantity | Total Quantity | Total
Inputs. perunit | energy % perunit | energy % perunit | energy %
area (ha) |equivalent area (ha) |equivalent area (ha) |equivalent
land preparation | _177.80 331 084 177.80 331 0.89 177.80 331 0.86
Cultural practises | 625 116 03 545 101 03 545 101 03
Human labour
Harvesting 0.0 ) )
Total 220 a1 i 232 232 1 232 232 1
land preparation | 5.80 69 176 5.80 69 1.86 5.80 69 182
Cultural practises 24 288 0.3 2 288 & 3 288 i
Machinery (ha)
Transportation
Total 820 984 2.50 820 984 2.63 820 984 257
Nitrogen 27946 | 24257 | 6ls1 | 27946 | 24257 | 6494 | 27945 | 24257 | 6345
Chemical Phosphorus 12280 | 1547 392 12280 | 1547 214 12280 | 1547 205
fertilizers (kg Pottasium 3.60 30 0.08 3.60 30 0.08 3.60 30 0.08
Total 206 25838 | 6551 206 25834 | 6916 206 25838 | 67.57
Herbicide 0.02 5 0.01 0.02 s 0.01 0.02 5 0.01
Chenmicals
Insecticide 0100 2 0.06 0100 2 0.068 | 0100 2 0.066
(pesticide-kg)
Total 012 31 0.08 012 31 0.08 012 31 0.08
Diesel-oil (L) 30 1281 3 30 1281 3 30 1281 3
Electricity (Kwh) 517 2495 1 355 3092 8 229 3731 10
Water for irrigation (m3) 3683 220 6 2632 1658 a 3011 1897 5
Wheat seeds 275 2083 10 275 2083 1 275 2083 1
Total energy input (MJ) - 39435 100 - 37355 100 - 38233 100
e Output (Wheat, kg) | 5949 | 87450 - 6252 | 01004 - 5160 75852 -
Output (staw, kg) 7250 67063 - 6905 | 63871 - 4850 | 44363 -
Energy output-input ratio - 3.92 - - 217 - - 3.16 -
Specific Energy (Mi/kg) - 2.99 - - 284 - , 382 ,
Energy productivity (kg/MJ) - 033 - - 035 - - 026 -
‘Water productivity (kg/m3) - 1.62 - - 2.38 - - 171 -
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