50   Karajeh et al.

On-Farm Water and Drainage Management Strategy 49

4

On-Farm Water and Drainage Management Strategy in 

Kazakhstan’s Arys-Turkestan Area
F. Karajeh1 , V. Mukhamedjanov2, 

and F. Vyshepolskiy2
1International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria

   2Kazakh Research institute of Water Management

Taraz, Kazakstan

Overview

A

rys’-Turkestan Canal (ATC) is situated in the south of Kazakhstan, which is considered to be an arid area with extreme continental climate.  Therefore, irrigated farming is the main producer of agricultural crops in this area.  However, low relative air humidity in summer, significant prevalence of potential evaporation over amount of rainfall (1:7) result in secondary salinization of irrigated lands, which account for about 70,000 hectares in the ATC zone.  During the time of Soviet Union, 490 vertical wells have been installed for dual purpose of covering water deficit during the vegetation period and serving as vertical drainage wells to relieve root zone from salinity buildup and to prevent rising water table.  This system annually provided 120 –150 million m3 of groundwater that was used for irrigation.  

At present, this system is not functioning and the main source of irrigation water in the ATC zone during the vegetation period is a reservoir called Bougoun; its storing capacity is 370 million m3 of water. This volume of water in Bougoun’ Reservoir is not sufficient enough to irrigate the potentially available 70,000 hectares. 

Research activities on development of soil, water and crop management technology in drainage-impacted areas in ATС have been initiated. The main objectives of this research are to improve and sustain soil and water production potential and economic agricultural output in the zone of ATC and elsewhere with similar hydrosalinity conditions.  To achieve these objectives, advanced irrigation technologies such as alternate furrow irrigation have been introduced and tested at the experimental plot of 50 ha area planted by cotton in comparison to traditional furrow irrigation system that is widely spread in the region.  Shallow groundwater at a later stage of cotton growing is controlled to increase its contribution to cotton water demand.  Results of the first two years (1999 and 2000) activities have shown that this irrigation technology is much more effective than the traditional surface furrow irrigation.  Proper deployment to this strategy may not only bring sustainable economic production to farmers, but also make fresh water available for beneficial use.

Introduction

Irrigated area in the zone of Arys’-Turkestan Canal makes 70,000 ha, of which 58,000 ha are under full irrigation and 12 thousand ha are under supplemental irrigation. Runoff of the main rivers such as Arys’, Bougoun’, Karachik, and Ikan-Sou is the major source of irrigation water. Water resources of these rivers are being used as follows. During the springtime, floodwater is used for water supply irrigation and for irrigation of grains and perennial grasses. In the summer, when they stop water delivery from Arys River and the runoff of other rivers does not exceed 3 m3/s, water withdrawal for irrigation is being performed from the Bougoun’ Reservoir.

The experience gained by specialists during operation of Arys’ Turkestan irrigation system for more than three decades justified that water-intake from Bougoun’ reservoir was fluctuating from 400 to 780 million m3, and water supply of irrigated areas varied from 60 to 100%. To cover the water deficit and to create a cone of depression pulling the salt to deeper soil stratum 490 dual-purpose drain wells for vertical drainage have been constructed. 

The great misbalance in pricing has occurred during transition towards market economy: prices on maintenance and energy resources, required for functioning of irrigation system, exceeded market prices of agricultural products. Lack of sufficient governmental financial support made farmers to be unable operating the drain wells.  In conditions of harsh financial limitations, only improved irrigation technology and increased use of groundwater including subirrigation are able to provide increasing of water supply and yield productivity of cultivated lands.

The existing system provided 120-150 million m3 of annual groundwater withdrawal for irrigation.  Water withdrawal from the Bougoun’ Reservoir was coordinated with volume of groundwater withdrawal for irrigation.  At present, the system of vertical drainage is not functioning; therefore, irrigation water demand is being covered by water withdrawal from the Bougoun’ Reservoir of which the capacity is 370 million m3.  This water quantity is not sufficient enough for irrigation of the whole available arable land. Thus, the irrigation water deficit may be covered through reduction of water losses for infiltration and physical evaporation and through increase of groundwater contribution for subirrigation.

Research Site Location And Experimental Layout 

Irrigation technology in one furrow interval decreases irrigation rate by 20 –25%, and use of regulating sluices by 15 to 20%. Research of salt balance during vegetation period (salt accumulating) and non-vegetation period (salt removing) has proved that salt removing prevails over salt accumulating.

The issue of water conservation is being explored at the pilot site located 3 km far from the Ikan settlement south of Kazakhstan.  Figure 2 shows experimental field layout  at the rectangular-shaped pilot plot of 50 ha area planted with cotton as well as locations of the irrigation water, sluice gate, drainage collectors, observation wells, and drainage layout.  Collector B-1 crosses the site from the East to the West and water from the D-3 and D-4 drains is flowing into it. Depth of drains and collector is 2.5 –2.8 m. Soil surface is represented by heavy loam. At 0.6 –1.0 m depth, medium and light loamy soils are occurred. At the 2 m below the soil surface, there is a layer of compacted loams and clays. Gravel-shingle bed deposits of 11 –15 m thickness with sandy interbedding are occurred at 9 –10 m depth below the soil surface at the first regional impermeable layer.  Irrigation land-use efficiency is 0.8.

Infiltration rate of loamy deposits varies from 0.4 to 3.3 cm/hours while that of gravel-shingle beds with sandy interbeddings grows up to 150 m. Loam’s yield of water is 0.11 –0.13, that of loamy sand is 0.12 –0.15, and that of gravel-shingle bed deposits 0.13 –0.18. Salt concentration of the loamy deposit’s groundwater is 900 –2,500 mg/l and that of gravel-shingle bed deposits is less than 1,000 mg/l. Soil is gray-meadow. Salinity type is Chloride-Sulfate. Organic matter content is less then 1%. Field water capacity makes 21.5 –23.3%. Bulk density is 1.44 –1.56 g/cm3. In fall, groundwater table level decreases from 1 to 3m below the soil surface.

Experimental Treatments And Description

To develop water-saving irrigation technology, the following irrigation options have been applied:

· Traditional furrow irrigation

· Alternate furrow- irrigation with constant discharge (control)

· Alternate furrow-Cutback furrow irrigation

· Alternate furrow-Discrete furrow irrigation

Research work was conducted during the dry years. Precipitation rate over the vegetation period was 7.1 –29 mm; that was 38 –59.9 mm less then the average historical rate. In April-June, the relative air humidity was 1.4 –8.1% less then the average historical data. During the other months, variations of average statistical data did not exceed 4%. Air temperature increase by 0.9-4.7˚C in relation to average historical data was observed in April, by 0.8-1.7˚C in May, and 1.9-2.6˚C in August. These factors have sped up the cotton growth. The maximal raises of air temperature have been observed during the year 2000.

Irrigation was carried out to the furrows of 11-13 cm depth, 30-32 cm top width, and 430-450 m length. Inter-row distance was 90 cm. Double replication was used to conduct the experiment.  The area of one irrigated plot made 1-1.2 ha. Observations of groundwater table level have been carried out every 2-5 days.  Water reserves in the soil were evaluated by means of thermostatic-weight method down to the groundwater table level through soil sampling in the following horizons: 0-20, 20-40, 40-60, 60-80, 80-100, 100-120, 120-150, 150-200, 200-250, and 250-300 cm. Soil moisture dynamic under alternate furrow irrigation was assessed through soil sampling before and after irrigation from the irrigated and non-irrigated furrows as well as from the furrow slices.  Records of water supply and drainage were performed by means of Thompson’s and Ivanov’s weirs for each of the options.  Dynamics of cotton growth and development was recorded at the meter plots. Effect of sluice-regulator operation and irrigation technology on groundwater regime was evaluated through observations of regime drains.

Cotton-growing agricultural techniques were used according to farming systems appropriate to the given region.  Mineral fertilizers (ammonium nitrate) were applied before the first and second irrigation with application rate of 35 kg/ha.  Weed control practices were performed by means of weeding by hand after inter-row treatment. 

Irrigation Scheme, Results And Discussion

In the Arys’-Turkestan Canal Zone, surface furrow irrigation is the most widely spread irrigation method. Water distribution to the irrigated plots is conducted from temporary irrigation canals. Water supply to the furrows is carried out directly from the temporary irrigation network. Specific extent of this network is 40 – 60 linear m/ha and its efficiency is 0.95. Some 30 –40% of water losses is used for moistening the soil of the lands adjacent to the temporary irrigation canals. Reinforcement of the furrow’s headstall has been conducted by means of plastic film (polyethylene sheets) and distribution boards (Photos 1 and 2).

Efficiency of furrow and alternate furrow irrigation technologies were evaluated through soil moisture content and irrigation water losses by infiltration, evaporation, and surface runoff. Under on-farm options (furrow and alternate furrow irrigation), within the first 10-12 hours water discharge to the furrows varied from 0.7 to 0.9 liter per second (l/s), and then it was reduced to 0.3-0.5 l/s. First adjustment of water discharge in some furrows has been conducted 7-8 hours after the beginning of irrigation, and the second adjustment 2-3 hours after reduction of water discharge to the furrows. General regulation of water discharge to the furrows has been performed through changing water horizon in the temporary irrigation canals (by means of reaches). Water discharge regulation between the reaches was carried out through polyethylene reinforcement of cofferdams. 

Under furrow irrigation option, irrigation water has been used as following: 51-54% of the total water supply was used for soil moistening (saturation), 20-25% for infiltration within the temporary irrigation network and in the fields, 5-6% for the evaporation from water surface, and 18-21% for surface runoff. Significant quantities of irrigation water losses by infiltration and surface runoff (about 40% of total water supply) reduced water supply to the irrigated lands and decreased the efficiency of agricultural production as well as the reliability of drainage systems. This irrigation technology has sped up the processes of decomposition and removal of organic elements and mobile forms of nutrients in the root zone that eventually, brought to soil fertility losses. Therefore, it was feasible to introduce alternate furrow irrigation schemes.

Application of alternate furrow irrigation (water management practices in the temporary irrigation canals and furrows remained the same) has improved irrigation water use. Under this furrow irrigation system, 56.7-72% of the water supply has been used to replenish soil moisture, 12-21.1% for infiltration within the temporary irrigation network and in the fields, 4.4-4.7% for evaporation from the water surface, and 11.3-17.8% for surface runoff. Reduction of flooded area and maintenance of aerated soil layer on the largest part of irrigated lands have slow down the process of organic element denitrification and removal by infiltration water. Agricultural crop productivity has been increased even after reduction of application rates of mineral and organic fertilizers. Working conditions of labors carrying out irrigation process were improved as this technology allowed them moving on the dry furrows.

The water application rate under traditional furrow irrigation was 4,600 m3/ha per year and that under alternate furrow irrigation with constant discharge rate (control treatment) was 3,200 m3/ha in 1999 and 1,320 m3/ha in 2000. Under cutback irrigation, regulation of water discharge to the furrows has been conducted for the purpose of providing minimal surface runoff. During the first 8-10 hours, water discharge to the furrows has varied from 0.7 to 0.9 l/s with further reduction to 0.5-0.7 L/s. After 15-17 hours, water discharge has been decreased to 0.3-0.5 l/s. The irrigation time was 24-28 hours. Uniformity of water distribution within the irrigated field was provided by regulation of water discharge to the furrows after 5-7 hours of irrigation. Water discharge to the furrow has increased in case the water did not run to the edge of the field; in the furrow of surface runoff forming water discharge has reduced. This method has been used to estimate water discharge to the furrows and it was according to the soil absorption capacity. Efficiency of irrigation water use under application of this technology can be evaluated through water losses. For soil moistening 61.7-81.1% of water supply was used, 10.3-21% was lost by infiltration, 4.9-5.0% by evaporation from the water surface, and surface runoff made 3.6-12.4% of the water supply.

Discrete irrigation, water supply to the furrows has been conducted through periodic water intake from the irrigation canal. During the first 9-10 hours, water discharge to the furrows has varied from 0.9 to 1.1 l/s. After the first three irrigation periods, water discharge to the furrows has been reduced to 0.6-0.8 l/s and after the second three periods to 0.4-0.6 l/s. Time of each period was estimated according to the time needed to the water to cover 80% of the length of run. In the first irrigation period, water flow covered this distance in 3.5-4 hours, under the second period in 2-2.5 hours, and in the third one in 1-1.5 hours. Intervals between irrigation periods lasted for 1 hour. After each reduction of water discharge to the furrows, the time of irrigation period did not vary. Uniformity of water distribution was provided by regulation of water discharge to the furrows during the 1st, 4th, and 7th irrigation periods. Irrigation time was 26-32 hours. High efficiency of irrigation water use can be proved by water loss records: for soil moistening 64.2–74.5% was used, water losses by infiltration were 12.0–19.9%, by evaporation from the water surface 5.4–5.5%, and water losses by surface runoff made 7.7–10.4% of the total water supply.

Regime of water supply to the furrows has not significantly affected the processes of moisture accumulation in the soils. These processes depended on the time, during which water has stayed in the furrows, on the threshold of pre-irrigation moisture content, plowing and loosening depth in the inter-row spaces. In 2000, the threshold of pre-irrigation moisture content decreased to 5%, plowing and loosening depth in the inter-row spaces increased by 3–5cm in comparison to the previous year (plowing to 28–30 cm depth, loosening to 10–12 cm depth). These factors facilitated growing of the absorption rate and contributed to the increase of soil moisture content. Maximal rates on moisture accumulation and minimal ones on water losses (infiltration, evaporation, and surface runoff) were observed in 2000. Low rainfall and dry year have changed the psychology of the people. Thus, the grower started to use practices that save water. It can be proved by water-balance observations (Table 1).

Improvement of irrigation technology has changed the characteristics of water discharge within the water balance system. Under cutback irrigation (water discharge to the furrows was according to the soil absorption capacity), operation water losses were reduced to the minimum and accounted to 21.5% of water supply. Under discrete irrigation, water losses have increased to 24.8% and under control option, up to 26.8% of water supply. High efficiency of irrigation water use is proved by water consumption per unit of crop. Under control option, water consumption was reduced from 1,430 to 720 m3, under discrete irrigation from 1205 to 630 m3, and under cutback irrigation, from 1250 to 600 m3 per ton of cotton yield.

Significant reduction of water supply and irrigation water losses by infiltration (in the irrigated fields) resulted in slowing down the process of salt removal from soil and facilitated seasonal salinity buildup. Positive salt balance has increased and made 1.5 t/ha. Comparison of soil salinization in fall and spring (October-May) has shown that during the non-vegetation period, rainfall and moisture supply irrigation contribute to removal of 0.8–1.0 tons of salt per ha. Little time differences of salinization and desalinization processes are caused by low level of salt content in the soil and groundwater, good quality of irrigation water (mineralization less than 500mg/l), and water and salt transport between the aquifers. Under irrigation, infiltration flows have intruded into groundwater flow of gravel-shingle bed deposits thus, facilitating the salt removal. During the irrigation intervals, a vice versa process has been formed: fresh groundwater of gravel-shingle bed deposits intruded into the aquifers of cover deposits causing their desalinization. 

Data on salinity buildup and salt removal show that utilization of sluice-regulator has not led to degradation of soil reclamation status on the irrigated lands. During the main period of water year starting in fall (September) until summer (June), drainage network will perform its functions by providing decrease of water level. During the second part of vegetation period (July-August), when water deficit may lead to yield reduction, it is necessary to maximally utilize groundwater for subirrigation. This could be done through blockage of drainwater flow by sluice-regulators. Accumulation of drainwater in the drainage network has changed the functions of the latter. Instead of decreasing water level, it provided replenishment of groundwater by means of inter-system redistribution of drainage runoff. It can be proved by changes of groundwater level regime (Figure 2).

Research has proved that before construction of the sluice-regulator, daily groundwater level could be decreased by 2-2.5 cm.  After the sluice-regulator had been constructed and put into operation, time of groundwater depletion has decreased more than twice never exceeding 1 cm per day.  It increased the groundwater contribution for subirrigation and facilitated normal cotton growth till the 20 August, when the sluice-regulator was not functioning.  The daily groundwater depletion rate exceeded 2 cm that sped up the drying-out process in the soil root zone leading to early cotton pod abscission. Predicted cotton productivity has decreased from 3.6-3.7 t/ha to 2.2 –2.6 t/ha (Table 2).

By the end of June, water of Bougoun’ Reservoir has been drawn-off.  Cut of water supply to the Turkestan main canal has sped up the groundwater depletion to the depth of drainage network.  By the 20th of August, the process of drainage runoff forming was interrupted; therefore, sluice-regulator was not able to perform its functions. Groundwater contribution for subirrigation is predetermined by volume of water supply to the irrigation system and by amplitude of groundwater table variations.

According to historical data, amplitude of groundwater table variations depended upon volume of diverted irrigation water, technical status of irrigation and drainage networks, and irrigation technology. During the spring (April), when moisture supply irrigation is being conducted while the precipitation rate is very high, the inflow of groundwater from the adjacent areas increases and groundwater level raises daily by 3–5 cm. In the beginning of May, on the larges part of irrigated area, the groundwater occurrence is observed at 1–1.5 m depth. In the second part of the month, the process of groundwater depletion starts in all places. Daily, groundwater table falls down by 1.5–2.5 cm. Under irrigation, the inverse process, rising of groundwater level, is being occurred.  Variations of groundwater level are being limited by water losses for infiltration and deep percolation within all the components of irrigation system.  Reduction or cut of water supply inevitably increases groundwater depletion rate. This factor indicates good hydraulic interaction between certain aquifers.

Utilization of sluice-regulators will certainly increase water supply to the irrigated lands (particularly, in poor water years) through rising of groundwater contribution for subirrigation.  Feasibility of sluice-regulator utilization is economically justified.  Capital cost does not exceed 50 US$ per 1 ha, while operation cost is not higher than 8 US$ per 1 ha.  Drainage management does not interrupt the sequence of implementing technological operations related to agricultural crop growing and reduces the number of irrigation events and water losses by physical evaporation.  

Summary   

Different alternate furrow irrigation schemes were tested in Arys’-Turkestan region of Kazakhstan, where the irrigated land is being hampered by drainage problem and irrigation water shortages. Cotton-based crop rotation is the main crop production system in the area. Introduction of the different irrigation schemes compared to the traditional furrow irrigation was combined with the study to enhance shallow groundwater contribution to crop water use by installing and putting into operation a regulated sluice gate.  High efficiency of irrigation water use is proved by water consumption per unit of crop. Under control option, water consumption was reduced from 1,430 to 720 m3, under discrete irrigation from 1,205 to 630 m3, and under cutback irrigation, from 1,250 to 600 m3 per ton of cotton yield. Utilization of sluice-regulators will certainly make a significant contribution to meet the crop water requirements and, in turn, save considerable amount of irrigation water for other beneficial uses. Feasibility of sluice-regulator utilization in this experiment was economically justified. Capital cost did not exceed US$ 50/ ha, while operation cost was not higher than 8 US$ 50/ ha. Proper deployment to these alternate furrow schemes combined with control over shallow groundwater at certain time of the cotton growth may not only bring economic benefits to farmers, but also to the environment.
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Figure 1.  Scheme of the experiment set up at the research site 

[image: image2.png]460

oposires P23

ol7
480

opocHTEN:

| xomnextop B-1
H nopora

g1 04 &7

o2 435 o8 o010 ol1

EYOT CREARHH

TpaHHma MoNA

o018

013 Q{

crEaxEHA
012 14 ol6a
ol5 o166

Tpena J1-4
TogmopHoe
coopyReRIe




[image: image3.wmf]Figure 2. Effect of sluice-regulator operation on groundwater 

regime

0.50

1.00

1.50

2.00

2.50

3.00

3.50

5/3/2000

5/17/2000

5/31/2000

6/14/2000

6/28/2000

7/12/2000

7/26/2000

8/9/2000

8/23/2000

9/6/2000

9/20/2000

Soil depth (m)

Режим подземных вод на пилотном участке

Режим подземных вод на прилегающем поле

Beginning of 

sluice-regulator 

End of sluice-

regulator 

Groundwater regime at the research site

Groundwater regime at the adjacent field


Photo 1.  Furrow reinforcement utilizing polyethylene film.        

Photo 2.  Furrow reinforcement utilizing distribution boards.
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