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Rationale
In Uzbekistan, agriculture is still the key sector of the economy with a share in the GDP of over
30%, whereas over 50% of the labor force is employed in this sector. Cotton cultivation was
continued after independence from the Soviet Union. However, as part of the government’s
policy to achieve national food sufficiency, nowadays also staple crops such as wheat and rice
make up for a large share of the agricultural land (Martius and Wehrheim 2008). Current
agricultural production systems are characterized by crop rotations of cotton-wheat-rice under
heavy inputs of water and fertilizers. Water is delivered via extensive irrigation systems that were
created during Soviet times from 1925-1985. High amounts of irrigation water are applied to the
fields via rather inefficient surface furrow irrigation, while the water management is poor and
efficient drainage lacking. As a result, rising groundwater tables have led to severe problems of

waterlogging, salinization and land degradation, in Uzbekistan.



The irrigated wheat production in Khorezm, started after getting Uzbekistan independency from
1991 and it has reached to 1.1 million hectares of cultivation area, with an average yield of 4.5 t
hal. There are a number of biophysical and socio-economic constraints to successful and
sustainable intensification of wheat agriculture in Khorezm province. Cultivation of disease
susceptible varieties, lack of an organized seed system, excess volumes of irrigation, lack of
proper crop rotations to sustain soil health, little application resource conservation agricultural
practices and lack of advisory services on precision and profitable agricultural practices are
important issues that need to be addressed. Irrigated management of yellow rust susceptible
varieties of wheat disease control through fungicide increases production cost and is hazardous
to environment and human health. A number of high yielding yellow rust resistant wheat
varieties have been developed however, farmers in Khorezm province have limited access to the
information. Field observations show that, farmers are intended to apply 300-500 mm irrigation

at each irrigation events - and that contributes to water logging, low soil fertility, low yield, high

cost and aggravate water scarcity problems in the basin. Improved water and land productivity

are required, mainly through efficient seed varieties, crop rotation.

Objectives of the experiment
The main objective of the study is to develop an integrated and sustainable crop production

system, for improved land and water productivity in the Khorezm province.

Location and climate
This research work was carried out within the framework of the ICARDA project in 2015 in the

Khorezm region of Uzbekistan. The Khorezm region (60.05°-61.39°N latitude, 41.13°-42.02°E
longitude) covers about 6,200 km? and is situated in the northwest of Uzbekistan on the lower
left and right bank of the Amu-Darya river; the largest part of the region is on the left bank (Figure
1). It is part of the northern Turan lowlands of Central Asia and surrounded by deserts: to the
north and east by the Kyzylkum desert, while in the south it borders on the Karakum desert
(Yagodin and Betts 2006). The topography of the region is characterized by flat slopes
(Djumaniyazov 2006) with a slight inclination from north-west towards south-east
(Mukhammadiev 1982) and an elevation of 90-138 m above sea level (Katz 1976).

Administratively, the region borders on the Amu Darya district of the autonomous Republic of



Karakalpakstan in the north and east, while in the west and south the Dashauz region of the

Republic of Turkmenistan is located. With a total population of 2.0 million in 2015 (OblStat 2015).
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Figure 1: Central Asia, the Aral Sea and the Project Region



Experimental station of Khorezm experimental Station of Cotton Breeding, Seed Production and
Agrotechnologies Research Institute (41°32'12", 60°41'11") is located around 7 km south-east of
Urgench city (capital of Khorezm province) in Urgench district of Khorezm province, Uzbekistan.
The climate in the Khorezm region is dry continental with very hot summers and cold winters.
Table 1 demonstrates the average monthly temperature, relative humidity and precipitation
values, measured at the Urgench Meteorological Station during the period 1990 and 2000. Figure
2 demonstrates the measured data during the field trials and with comparison to long term data

between 1961 -1990.

Table 1: Average annual meteorological indicators at the “Urgench” station in 1990 — 2000

Measurement Average Air T (°C) Average — Precipitation
period Mean | Max | Min | Soil T (°C) Rel. I};’;"d'ty (mm)
January -2.2 2.6 -5.9 -1.6 80.0 13.7
February 0.3 6.1 -4.1 1.1 73.3 9.2
March 5.6 12.0 0.4 7.1 63.9 12.3
April 15.6 22.8 8.9 18.3 52.1 14.0
May 21.1 28.6 | 13.8 25.5 49.3 6.6
June 27.2 34.5 19.5 32.8 44.5 4.3
July 28.2 35,6 | 20.5 34.9 47.2 1.1
August 25.8 33.8 | 179 314 50.3 2.1
September 19.2 28.0 | 11.5 22.7 53.0 1.7
October 11.9 20.6 4.8 13.4 58.2 7.9
November 4.4 10.2 -0.6 4.4 71.6 10.2
December -0.3 4.7 -4.3 0 80.2 8.3

Source: Glavgidromet 1999
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Figure 2: Monthly precipitation and monthly mean air temperature in Urgench (weather
station: Urgench) comparing long-term data and observations made during the study period.
Soil

In mid-July 2015 one pit (1.5 m depth and 2 m length) was established in the middle of the
experimental site to describe the soil by genetic layers. Three replicates of undisturbed soil cores
were sampled with sampling rings (Eijkelkamp) at each genetic horizon for determination of soil
bulk density. Soil sub-samples were sampled in three replications from the soil pit according to
each morphological horizon to determine soil texture, pH and organic matter content (Table 2).
Soil texture is moderate loam at the depth of 0-62 cm followed by sand at the depth of 62-200
cm. The soil salinity levels (July, 2015); in terms of TDS at the different soil depths extending up
to 2 m were in the range of 2350 mg L™ to 31400 mg L™ (Table 3). Among the anions, SO4>~ was
dominant having concentration of 10-27 me L™ in the upper 0.40 m depth. Ratio of chloride (CI-
) to sulphate concentration ranged from 0.1 to 0.8 in the soil profile. Considering content of
dissoluble inorganic species, soil was assessed as moderate/highly saline with mostly chloride-
sulphate and sulphate type of salinity. Addition to the abundant salts as (Ca(HCO3s),, CaSOs4, Mg

S04, Na;S0a, NaCl) toxic salts such as CaCl, u MgCl, were also met.



Field capacity was determined in 2 x 2 m plot by measuring water content after wetting a soil

profile, covering it (to prevent evaporation) and monitoring the change soil moisture in the

profile. Infiltration rate was determined by standard double metallic ring infiltrometers (Figure

3).

Table 2 Soil physical and chemical properties at Khorezm Experimental Station of Cotton

Breeding, Seed Production and Agro technologies Research Institute

Soil characteristics Soil layer
0.35- 0.50- 0.62- 1.20-
Depth,m 0-0.25 0.25-0.35 0.50 0.62 1.20 2.00
Sand (0.05-2.0 mm), % 47 47 43 47 47 50
Silt (0.002-0.05 mm), % 37 37 43 36 36 35
Clay (<0.002 mm), % 16 16 14 17 17 15
Soil texture (USDA classification) loam loam loam loam sand sand
Field capacity, m3> m?3 0.315 0.292 0.305 0.323 0.310 0.310
Infiltration rate, mm day™ 301
Soil bulk density, g cm™ 1.41 1.65 1.56 1.40 1.40 1.40
ph 8.43 8.65 8.58 8.86 8.61 8.68
Organic matter, % 0.89 0.86 0.83 0.64 0.59 0.61
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Figure 3. Infiltration rate of Khorezm site before establishment of mungbean trials (2015)




Table 3: Initial soil salinity level at experimental site on 01.07.2015

Sail
No TDS, | HCO . CaS0.-2
profile decpr:h, mg L 3 Cl SO, Ca Mg Na Salinity type H,0 CO;
0-31 | 8500 | 0.033 | 0.021 | 0.494 | 0.100 | 0.060 | 0.034 | SO4-Mg-Ca 1.550 | 6.56
4-Mg- .
3140 | 15100 | 0.027 | 0.022 | 0.963 | 0.290 | 0.060 | 0.038 | >O*Me<Ca 0.500 626
! 40-52 | 15650 | 0.021 | 0.035 | 0.950 | 0.260 | 0.069 | 0.056 | SO4-Mg-Ca 0.590 | 6.88
52-68 | 6050 | 0.018 | 0.024 | 0.385 | 0.125 | 0.032 | 0.003 | SO4-Mg-Ca 0.710 | 6.88
68-210| 6020 | 0.024 | 0.031 | 0.278 | 0.055 | 0.018 | 0.065 | SO4-Ca-Na 0.250 | 6.74
0-25 | 31400 | 0.015 | 0.662 | 1.310 | 0.215 | 0.098 | 0.591 Cé':ﬁ:' 1.167 | 6.63
25-35 | 14200 | 0.015 | 0.077 | 0.840 | 0.230 | 0.030 | 0.136 | Cl-Na-Mg-Ca | 0.667 | 6.70
35-50 | 2350 | 0.027 | 0.045 | 0.080 | 0.025 | 0.012 | 0.026 |CI-SO4--Na-Ca| 0.500 | 6.77
2 50-62 | 2700 | 0.021 | 0.052 | 0.105 | 0.030 | 0.012 | 0.034 C,L:Oé‘a 0.250 | 6.77
62- 1 11600 | 0.024 | 0.056 | 0.665 | 0.155 | 0.030 | 0.128 >04-Na- 0.361 | 6.98
120 Mg-Ca
120} 5050 | 0.018 | 0.049 | 0.070 | 0.040 | 0.012 | 0.003 Cl-504- 0.584 | 6.63
200 -Mg-Ca

Cation and anions expressed in %

Irrigation, drainage and groundwater characteristics

Irrigation water salinity in the region was 0.89-0.91 g L'}, i.e. with each cubic irrigation water 0.89-

0.91 kg soil is entered. Drainage and collector water salinity was 3.03 - 3.37 g L' (Table 4).

The groundwater table depth (Figure 4) was measured in weekly basis at ten locations across the

field in 2015. The ground water table was also considerably higher and varied along the length of

the field at the range of 0.6-1.6 m, with an average depth of 0.93 m. Groundwater salinity was in

the range of 1-3 dS/m in July-September 2015 and was 0.37-0.4 in late November 2015 and ph

ranged from 7.2 to 8.0 (Table 5, Table 6) .

Table 4: Irrigation, drainage, groundwater salinity in Khorezm region, g L

Number Ranges Mean
Type of water of DS, % cl 504 S,% | c 5O,
samples
Irrigation 6 0.78-1.24 0.17-0.22 | 0.24-0.41 0.911 0.190 0.293
Drainage 5 1.87-4.23 0.24-1.13 | 0.72-1.43 3.114 0.694 1.123
Collector 5 2.71-4.04 0.39-1.04 | 1.21-1.73 3.375 0.581 1.413
groundwater 56 1.03-24.80 | 0.17-6.13 | 0.34-7.72 4.73 1.01 1.76
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Figure 4 Groundwater level at experimental site in Khorezm during mungean crop season (July-

Sep 2015)



Table 5: Groundwater table and salinity in Khorezm region, mungbean trials, 2015

Neo 30.07.15 06.08.15 11.08.15 18.08.15 25.08.15 03.09.15
Pizometr | Ground- | EC, pH | Ground- | EC, pH | Ground- | EC, pH | Ground- | EC, pH | Ground- | EC, pH | Ground- | EC, pH

water | dS/m water | dS/m water | dS/m water | dS/m water | dS/m water | dS/m

level, m level, m level, m level, m level, m level, m

P1 0.90 1.54 | 7.23 0.80 1.26 | 7.37 0.70 1.40 | 7.26 0.62 2.01 | 7.23 0.96 1.64 | 8.07 1.60 2.64 | 8.07
P2 0.95 1.19 | 7.52 1.0 1.33 | 7.30 0.80 1.17 | 7.42 0.72 1.37 | 7.52 1.0 1.31 | 7.75 1.50 2.31 | 7.75
P3 1.0 1.52 | 7.37 1.0 1.39 | 7.24 0.70 1.47 | 7.31 0.83 2.39 | 7.37 1.0 2.07 | 7.51 1.50 2.47 | 7.51
P4 1.0 1.59 | 7.30 1.10 1.94 | 7.75 0.80 1.74 | 7.30 0.80 2.94 | 7.30 1.10 3.0 | 7.51 1.60 3.0 |7.51
P5 1.25 141 | 7.24 1.05 1.29 | 7.51 0.80 2,98 | 7.24 0.70 3.64 | 7.24 1.05 2.95 | 7.33 1.55 2.95 | 7.33
P6 1.0 1.04 | 7.21 1.04 198 | 7.51 0.78 198 | 7.21 0.72 3.25 | 7.21 1.04 2.48 | 7.31 1.54 2.78 | 7.31
P7 1.20 1.11 | 7.32 1.09 2.17 | 7.33 0.75 2.07 | 7.32 0.85 2.22 | 7.32 1.10 1.86 | 7.35 1.50 2.86 | 7.35
P8 1.10 1.77 | 7.20 1.04 1.38 | 7.31 0.75 2.91 | 7.20 0.80 2.96 | 7.20 1.05 2.31 | 7.35 1.55 2.81 | 7.35
P9 1.20 1.15 | 7.21 1.0 1.41 | 7.35 0.70 247 | 7.21 0.75 2.48 | 7.21 1.05 2.45 | 7.28 1.45 2.85 | 7.28
P10 1.0 1.09 | 7.26 1.05 1.31 | 7.33 0.70 2.37 | 7.26 0.75 2.36 | 7.26 1.05 2.26 | 7.3 1.55 2.76 | 7.3
P11 1.0 1.50 | 7.26 1.05 1.39 | 7.31 0.80 3.32 | 7.26 0.80 3.37 | 7.26 1.10 3.14 | 7.28 1.50 3.44 | 7.28




Table 6: Groundwater level and EC of groundwater on 25.11.2015

No Observation | Groundwater Ec,
- well level (cm) dS/m
1 GW1 205 0.37
2 GW?2 205 0.39
3 GW3 214 0.39
4 GW4 208 0.38
5 GWS5 213 0.38
6 GW6 212 0.38
7 GW?7 200 0.36
8 GWS8 211 0.4
9 GW9 207 0.39
10 GW10 203 0.38
11 GW11 202 0.38
12 GW12 200 0.37
13 GW13 208 0.37
14 GW14 211 0.38

Experimental management and start-up conditions
The experiment was initiated in July 2015. In order to evaluate the performance of optimum

irrigation scheduling under raised bed furrow irrigation methods and effect of introducing of
mungbean-wheat rotation mungbean Durdona variety was planted in raised bed furrow
irrigation system in a Split-Plot design with management practices (traditional and optimal) as
main-plot and three varieties as subplot treatments. The experiment was conducted under W-
M-W (Wheat-mungbean-Wheat) and W-F-W (Wheat-fallow-wheat) rotations side-by-side on the
same field. One more treatment as farmer’s management practice under the two crop rotation

was included in the experiment. Individual plot size was 300 m?2.

This mungbean entry was planted manually on July 13 at the experimental site of the Khorezm
Experimental Station of Cotton Breeding, Seed Production and Agro technologies Research
Institute. Each plot had 2 rows (for mungbean) and 4 rows (for winter wheat) with a length of 50
m and a width of 13.5 m and 90 cm inter-row space. The experimental layout is presented in

Figure 5.



Moldboard tillage was applied using tractor (Model: MTZ-80) on 06 of July 2015 (Table 7).
Nitrogen and Phosphorus in the form of Ammophos (282 kg/ha) N30 P130, and potassium in the
form of potassium chloride were applied at the rate of 100 kg ha™, respectively just before
sowing. At flowering stage (11 August 2015) the second Nitrogen application (Urea) was
implemented at the rate of 30 kg/ha. The cropping history consisted of cotton the previous year
followed by winter wheat which was harvested in early July. Pest and weed control were
conducted as required. After harvesting of mungbean at the end of September, 3 winter wheat
varieties, Yaksart and Elomon, new wheat variety with local variety Tanya (variety used by
farmers around the experimental site) were planted at the experimental site. Nitrogen and
Phosphorous (Ammophos) in the form of Amophos (282 kg/ha) and Potassium (Potassium

Cloride) were applied at the rate of 30 kg/ha, 130 kg/ha and 100 kg/ha in active matter.

Table 7: Experimental management of Khorezm site (2015-2016)

Farming practices Dates (mungbean) Dates (winter wheat)
Tillage (Moldboard) 07/06/2015 09/26/2015
Harrowing 07/07/2015 09/26/2015
Grinding 07/09/2015 09/27/2015
Land leveling 07/10/2015 09/27-28/2015
Planting date 07/13/2015 09/29/2015
Seeding rate, kg ha™ 30 200

Harvest 09/24/2015
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Figure 5 Experimental layout of sowing of mungbean Durdona variety and 3 winter wheat
varieties at experimental site of KES CBSPARI (2015-2016)

The following initial conditions have been determined: Nmin, P and K available forms, soil
moisture and soil salinity (TDS) before land preparation (tillage) (Appendix 2). The sampling was
done at 4 soil depths (0-20, 20-40, 40-70 and 70-100 cm) and 5 sampling points located as per
“envelop” scheme. The soil moisture content in mid-July 2015 in 0-1 m was in the range of 0.128
t0 0.299 m3 m*3 (Table 8). The mineral N content, i.e. the sum of soluble NO3 and NH4 in the top
1 m of soil was measured to amount to 188 kg N ha™. Soil organic matter content decreased from

0.89 % in the top (0-20 cm) to 0.61 % in 0.70-1.00 m depth.
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Table 8: Initial soil conditions of Khorezm site for 2015-2016 (15.07.2015)

Soil characteristics Soil layer

Depth, m 0-0.20 0.20-0.40 | 0.40-0.70 0.70-1.00

Soil moisture, m* m?3 0.128 0.208 0.261 0.299

Soil organic matter, % 0.89 0.83 0.58 0.61

NH.-N, kg ha 15.6 10.3 11.6 8.4

NOs-N, kg ha 43.0 40.1 40.4 18.9
NPK data

Soil analysis on the available and gross forms of mineral Nitrogen content (Nmin (NO3s, NH4) and
Phosphorus and Potassium had been taken 2 times (before mungbean planting and after harvest
of mungbean), at the following depths: 0-0.15 m, 0.15-0.30 m, 0.30-0.60 m, and 0.60-0.90 m from
experimental site. As per collected data NPK level has increased under mungbean-wheat crop

rotation in comparison with fallow-wheat crop rotation.

Performance of Irrigation Methods

Crop data (mungbean)
The mungbean was at first-three leaves (V2-V3) stage on July 21, sprouting stage (V3) on August

10, budding stage (R1-R2) on September 1, and flowering stage (R3-R5) on September 10, 2015
(Table 9). Plant height at traditional planting was 8.4, 12.2 and 21.3 cm and that under optimum
irrigation was 10.9, 13.0 and 26.9 cm at first three leaves development stage, sprouting and

budding stages, respectively.
Number of leaves and number of pods were also higher under optimal irrigation regimes.

Table 9: Plant height, number of leaves and number of pods at Khorezm site for 2015

Treatment Plants height (cm) Number of leaves Number

S V2-V3 V3 R1-R2 V2-V3 V3 R1-R2 of pods
21.07.15 | 10.08.15 | 01.09.15 21.07.15 10.08.15 | 01.09.15

Tradition 8.4 12.2 21.3 10.7 21.0 22.3 34.9

Optimal 10.9 13.0 26.9 12.7 24.9 24.9 39.9

V2-V3 = first three leaves developed, V3 =sprouting, R1-R2=budding, R3-R5 =Flowering

Aboveground biomass dynamics are presented in Figure 6.
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Figure 6 Dynamics of aboveground biomass accumulation during mungbean crop season (2015)

Cropyield parameters including grain yield data for each of the treatments are presented in Table
10. Optimum irrigation significantly influenced the number of pods per plant, number of seeds
per pod and 1000 -Seed yield which all together significantly increased yield by 17% as compared

to control (Table 10)

Table 10: Effect of irrigation on yield contributing characters and yield of mungbean

Treatments Plant height, No. of No. of 1000-seed Seed yield
cm pods/plant seeds/pod weight (g) (t/ha)
Traditional irrigation 40 27 9 61.6 1.92
Optimum irrigation 42 32 10 63.2 2.25
LSD (0.05) 3.06 (NS) 2.67 0.87 1.16 0.23

Statistical analyses were implemented using GenStat 17" Edition software. Number of days from
emergence till maturity for optimal irrigation was 70-75 days while that for traditional irrigation
was 74-78, i.e. difference in maturity days was 3-4. At maturity AGB was maximum (6.22 t/ha)
under optimum irrigation treatment while that was minimum (5.33 t/ha) under traditional
irrigation treatment. Difference was 0.89 t/ha. Maximum Photosynthetic potential was observed
under optimum irrigation treatment while that was minimum under traditional irrigation. Net

Photosynthetic productivity was in the range of 4.2-4.4 g/m2 x days (Table 11). Leaves work
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productivity was not much differ between treatments and ranged from 1.03-1.08 kg grain per

1000 units of Photosynthetic potential. Leaves fruit loads was in the range of 60.6-56.3 g/m?.

Table 11: Effect of irrigation regime on photometrical characters of mungbean

Parameters

Maximum Photosynthetic Net éfs:jlizt\?\l/ci)tt Leaves

T . , .
reatments AGB, t/ha Leaf Area, potential, MIn. Photosyn‘thetlc kg/1000 units fruit
thous. . productivity, ) loads,
m?/ha units a/m? x days Photosynthetic g/m?

potential

Optimal 6.22 34.3 2.02 4.4 1.03 60.6

Tradition 5.33 32.7 1.69 4.2 1.08 56.3

In fruit production stage (23.09.2015) LAl was 3.47-5.63 and 3.47-4.93 under optimum and
traditional irrigation treatments, respectively with maximum observed under optimum irrigation
(Table 13, Figure 7).

Table 13: Effect of irrigation regime on LAl dynamics

Ne Treatments 23.07.15 13.08.15 03.09.15 23.09.15
1 Trad V1R1 1.80 2.51 2.79 3.79
2 Trad V1R2 1.65 1.93 2.47 3.47
3 Trad V1IR3 1.76 2.25 2.93 4.93
4 Trad V2R1 1.50 1.80 1.99 3.99
5 Trad V2R2 1.35 2.30 2.53 3.53
6 Trad V2R3 1.24 1.80 2.47 3.47
7 Trad V3R1 2.50 2.71 3.38 4.38
8 Trad V3R2 2.99 2.72 3.31 4.31
9 Trad V3R3 2.30 3.25 3.35 4.35
10 OPT V1R1 1.83 3.31 3.64 5.64
11 OPT V1R2 2.42 2.60 4.18 4.18
12 OPT V1R3 2.42 2.90 3.66 3.66
13 OPT V2R1 2.00 2.66 2.88 3.88
14 OPTV2R2 1.93 2.50 2.90 3.90
15 OPT V2R3 1.88 2.17 2.48 3.48
16 OPT V3R1 2.63 3.13 3.67 3.67
17 OPT V3R2 231 3.31 4.69 4.69
18 OPT V3R3 2.49 3.69 4.68 4.68
Traditional 1.90 2.36 2.80 4.02
Optimum 2.21 2.92 3.64 4.20
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Figure 7 Dynamics of aboveground biomass accumulation during mungbean crop season (2015)

Crop data (winter wheat)
Analysis of variance showed that mean effect of various factors (rotation, management practice,

and variety) as well interactions among these factors were non-significant at P=0.05 for plant
stand and NDVI value (Table 14). The mean plant stand was higher for two new varieties (Yaksart
and Elomon) compared to the variety (Tanya) commercially grown by the farmers (Table 14). The
results are as expected because difference in management level and crop rotation will be more
critical as crop will develop towards advanced growth stages and water and nutrient
requirements will increase. Under that condition, a more efficient crop management system will

sustain crop growth better than the less efficiecient system.

The experiment was planted in the end of September 2015 and initial data were collected on
crop stand and NDVI (normalized difference vegetative index) (Table 15). It has been suggested
that NDVI could be used to predict grain yield in cereals (Raun et al. 1999; Wang et al. 2010;
Hazratkulova et al., 2014).
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Table 14. Analysis of variance table for plant stand and NDVI value at seeding stage in a study
of evaluation of wheat varieties, management options and crop rotation in Urgench,
Uzbekistan in 2015-2016 wheat growing season

Plant stand at seedling stage NDVI value at seedling stage
Source of variation df Mean square | F-Probability | Mean square F-Probability
Rotation (Rot) 1 1312 >0.10 0.114582 >0.10
Replication/Rot 4 4367 0.050965
Practice (Prc) 2 3663 >0.10 0.004579
Prc x Rot 2 581 0.040246
Error (a) 4 2606 0.002676
Variety (Var) 2 6212 0.10 0.006414 >0.10
Var x Prc 4 4602 >0.10 0.001002 >0.10
Var x Rot 2 82 >0.10 0.000637 >0.10
Var x Prc x Rot 4 273 >0.10 0.002249 >0.10
Error (b) 16 2377 0.002623

Table 15. Mean values for plant stand and NDVI value at seedling stage in a study of evaluation
of wheat varieties, management options and crop rotation in Urgench, Uzbekistan in 2015-
2016 wheat growing season

Predicted mean
Variety Crop stand NDVI
(m?) value
Yaksart 294 at 0.374
Elomon 288 ab 0.336
Tanya 255 b 0.375
LSDo.05 39 0.042

tMeans within a column followed by different letters are significantly different based on LSDg.os.
Performance of Irrigation scheduling and management

Irrigation rates for optimum and traditional irrigation regimes were measured by Tomson (or
triangle) weirs installed before each irrigation event (Table 16). Irrigations under optimum
irrigation treatments were applied when the root zone water deficit equaled them maximum
allowable depletion of the available soil water. The non-stressed ET was estimated using the FAO
Penman—Monteith equation. For the FAO recommended irrigation schedule, or no stress

condition, with optimal irrigation scheduling the plots were irrigated when 40-45% of the
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available water was depleted. We can conclude that optimum irrigation scheduling in spite had

one irrigation more but resulted in higher water productivity 5.26 kg/mm x ha in comparison with

traditional irrigation which had water productivity 3.83 kg/mm x ha (Table 17).

Table 16: Irrigation regime of mungbean at Khorezm site (2015)

Irrigation treatment

Irrigation date

Irrigation rate, m3/ha

Total irrigation rate,

m3/ha
13.07.2015 586
Traditional 30.07.2015 490 1568
18.08.2015 492
13.07.2015 513
. 21.07.2015 488
Optimum 30.07.2015 502 1985
18.08.2015 482

Table 17: Amount of irrigation water applied, number of irrigation events, seed yield and

water productivity

Water
Treatments TDR Replication :Ige/I:; il:lrlijg:}f:g; lr:;g?iomn ri-lr-;\ p'rigfn:tzl)ty
ha
Optimum irrigation 4 1 2339 4 200 453 5.16
Optimum irrigation 7 2 2180 4 189 410 5.32
Optimum irrigation 8 2219 4 207 418 5.31
Optimum irrigation average 2246 4 199 427 5.26
Traditional irrigation 5 2043 3 153 477 4.28
Traditional irrigation 6 1828 3 159 582 3.14
Traditional irrigation 9 1884 3 159 462 4.08
Traditional irrigation | average 1918 3 157 507 3.83

Soil moisture, soil temperature and soil salinity were recorded at 0-10, 10-20, 20-30, 30-40, 40-

50, 50-60, 60-70, 70-80 and 80-90 cm depths from 20 July 2015 by IMKO data logger system

(Appendix 1). Data from the PDA of data loggers (soil moisture) from 24 TDR access tubes were

imported to computer.

Post-sowing irrigation for winter wheat were applied twice on 30 Sep 2015 and 16 Oct 2015 at

the rate of 55 and 49 mm, respectively.
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Crop coefficients
For implementing ET based irrigation scheduling, field capacity (FC) of soils in the experiment

plots were measured. Irrigation was scheduled when soil-water content in the root zone is
depleted by the crop to 80% of FC. Amount of irrigation applied is measured using Tomson
triangle irrigation weirs at both supply and tail end of the furrow. The weather data (daily air
temperature, relative humidity, wind speed, solar radiation) required for calculating ET, is being
obtained from iIMETOS®ag weather station (Pessl Instruments GmbH, Austria) (Figure 8) installed

in middle of the cotton planted field and open area close to the experimental site (around 500

m).

Figure 8. Establishment of automatic weather station at Khorezm Station of Cotton Breeding,
Seed Production and Agro-technologies

Crop water demand or ET calculated using grass reference ET and crop coefficients was compared

with ET derived using the soil water balance equation (Ibragimov et al., 2007):
ETc=P+I+F-R-AS

where ET is the crop water use, P is the precipitation, | is the irrigation, F is flux across the lower

boundary of the root zone, R is the sum of runoff and run-on, and AS is the change in soil water
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content in the soil profile. Precipitation data is obtained from a weather station installed

specifically for this experiment.

Single day values of mungbean Kc were determined by taking a ratio of ETc measured by water
balance equation to ETo estimated by Penman-Monteith equation as described in FAO-56
Irrigation and Drainage paper (Allen et al. 1998). The Kc values were determined until mungbean

plants were harvested on September 24 2015 (Table 18).

Table 18 Average Kc values for different growth stages and their duration.

Growth stages Duration of stage (number of days) Average Kc values
Measured FAO-56 Measured FAO-56
Initial 15 20 0.60 0.50
Development 20 30 0.90 0.80
Mid season 23 30 1.02 1.05

The growth stages including initial, developmental, and midseason were identified by visual
observations of crop data on growth and development during the season. In general, Kc values
for mungbean followed the same pattern as described in FAO-56 Irrigation and Drainage paper

(Allen et al. 1998) (Figure 9).
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Figure 9. Crop coefficients estimated for mungbean trials during crop season in 2015
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Productive and profitable agricultural systems identification

Revenue values calculated on the base of input data incurred in optimum and traditional
irrigations revealed that optimum irrigation produced maximum 4007 USD revenue while that
was 3423 USD (Figure 10) i.e. less by 17 %, which additionally proves higher economical benefit
to farmers from introducing new advanced irrigation technology.

5,000 -
4,500 -
4,000 -
3,500 -
3,000 -
2,500 A

2,000 -

Revenue, USD/ha

1,500
1,000 -

500 ~

Traditional Optimum

Figure 10. Revenue values estimated for mungbean trials during crop season in 2015
(Traditional irrigation -3 irrigation events, optimum irrigation -4 irrigation)

Conclusions

Prior to this demonstration experiment, comprehensive investigation on efficiency of conventional
irrigation scheduling against widely used ET-based irrigation scheduling in Khorezm region had been
limited. This experiment, while demonstrating the efficacy of ET-based irrigation scheduling services,
provides crop coefficients for mungbean and winter wheat grown in predominant HMZs. In addition, the
data collected as part of this experiment can be used to conduct crop modeling to evaluate the effects of
climate change on water availability and water demand in the Aral Sea Basin. Irrigation and water use
efficiencies calculated using this experiment can be used to compare their relative performance with

other cotton and winter wheat producing nations in Central Asia and around the world.
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First year trial with introducing mungean in wheat crop rotation showed positive impact of the technology

in terms of additional source of income to farmers with soil nutrient enhancement potential. Optimum

irrigation scheduling increased not only yield and water productivity but also ensured getting additional

income to the farmers at the project site.

Outputs

1.

Partnership was established with Khorezm Rural Advisory Support Service (KRASS) and
Khorezm branch of Uzbekistan Cotton Research Institute

2. Field trials with different raised bed furrow irrigation, with two crop rotation and three
wheat varieties implemented in Urgench district, at experimental site of Khorezm branch
of Uzbekistan Cotton Research Institute

3. Mungbean yield values improved 17%. Water Productivity enhanced 20%

4. Kc values for mungbean determined as 0.60, 0.90 and 1.02

5. Revenue has increased around 16% in mungbean cultivation.

Outcomes

1. Capacity building for farmers (10 female, 20 male), using the field trials were conducted

in the experimental site in Urgench District.

Experimental design and Raised bed furrow irrigation was presented to stakeholders (40)
during the Conservation Agriculture workshop in KaraOzek.

NARS partner’s (KRASS) staff (4 Female and 2 Male) capacity enhanced on integrated land
and water management, conservation agriculture, wheat varieties, irrigation scheduling,
raised bed furrow irrigation applications and economic evaluation of water saving
technologies.
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Appendix 1

Field data collection at Khorezm experimental site (2015-2016)
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Appendix 1 (Continued)

Genetic horizons, cm Soil morphologic description
Gray, from dry at top to fresh down, moderate loam, moderate dense,
Ap 0-25cm homogeneous, coarse soil, worm-holes, plant roots residues are met,
changes are gradual
Gray with pale-yellow tinge, fresh moderate loam, more dense than
A2 25-35cm previous layer, dusty, cloddy structure, along the profile inclusion of half
decayed roots, worm-holes, changes are gradual
Pale-brown, fresh, density is same as previous layer, homogeneous,
B135-50 cm
cloddy-nut structure, worm-holes, moderate loam, changes are clear
B2 50-62 cm Pale-brown, fresh, moderate dense, homogeneous, cloddy structure,
moderate loam, changes are clear
Grayish-brown, from moist to wet, homogeneous sand, moist, friable,
B3 62-120 cm . . .
gradual density and color changes, worm-holes, Fe inclusions
B4 120-200 cm Grayish -brown, wet sand, water at down layers
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Appendix 2 Initial nutrient content of soil, soil salinity and soil moisture in the study area

(2015) (Khorezm)

Date Horizon mg kg TDS | Soil moisture
(cm) NO; NHq P,Os | KO | % gg’
0-20 5.2 1.6 20.6 200 0.15 0.068
10/11/2015 20-40 3.9 1.4 15.9 200 0.13 0.103
40-70 4.1 2.1 12.6 192 0.13 0.131
70-100 2.6 1.9 9.0 180 0.16 0.152

Nmin content is low in all horizons. P,0s5 content is low in 0-40 cm horizons and very low in 40-
100 cm,
K20 content is low in all horizons. Salinity is low in all horizons.
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