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Overview 

A

t present, the problem of diversion of treated wastewater (TWW) from Almaty City in Kazakhstan is of a high importance for the relevant departments, city and province administration of the country.  According to the developed projects this problem is to be mainly resolved by the way of putting into operation about 43,500 ha of irrigated lands that potentially could utilize about 2 million m3, the estimated annual treated effluent flowing into the system.

In order to avoid overfilling of Sorbulak storage and to prevent ecological disaster it is being considered expedient to organize the use of TWW for on-farm irrigation with development of feed production and livestock production and breeding system. A research activity funded by Asian Development Bank through ICARDA (the International Center for Agriculture Research in Dry Areas) has been established to develop technologies that would be technically, economically, socially and environmentally viable. These technologies aim to utilize the available TWW to produce feed crops and to protect the human and natural resources base from potential health and environmental risk caused by disposing excess water to Ily River. 

The research results showed that TWW has a low fertilizing capacity requiring the application of a designed rate of mineral fertilizers.  TWW has a neutral reaction and medium mineralization. Heavy metal salt content varies within a wide concentration range. Evaluation of wastewater for the content of heavy metals was done by the parameters of maximum admissible concentrations. Wastewaters have all microelements suitable for irrigation.

When applying the whole set of agrotechnical procedures the irrigation with TWW secured an optimal development of plants and didn't cause any external changes. Over two years the yield of green mass of all crops was very high. The yield of green mass of Jerusalem artichoke (topinambur) amounted to 66.1 ton/ha of green matter in the average over two years, tubers 36.9 ton/ha, sugar sorghum 44.22 ton/ha; maize 39.47 ton/ha, sunflower 50.16 ton/ha (Figure 2). The yield of green mass of summer maize (June 15) amounted to 42.6 ton/ha, feed beet 32.73ton/ha (with thinning out higher than 50%). Selection of high yield crops for on-farm crop rotation and integrated feed production with introduction of legumes will provide a balanced ration for the animals.

Introduction

The issue of wastewater utilization in Kazakhstan has been considered at different levels.  Utilization of treated wastewater (TWW) for irrigation of fodder and industrial crops as well as tree plantations was recognized as a best solution of the issue. Therefore, the projects have been developed and irrigation systems have been constructed.  Thus, for utilization of Almaty City treated wastewater irrigation network covering the area of 10.5 thousand ha was constructed; water diversion was provided from Sorbulak collector. According to the project, it has been planned to develop another 33 thousand ha of irrigated lands (Figure 1).

Sorbulak collector is a natural closed depression of which the capacity is 1 km3 and the surface area is 62 km2. The collector has started receiving wastewater inflow since 1972. Fregate and Dnieper sprinkler machinery have been introduced to irrigate 10.5 ha. The irrigation system is made of reinforced-concrete pressure pipes. Irrigation scheduling has been developed under consideration of irrigation rate of 400-460 m3/ha. 

After the break up of the Soviet Union and sudden collapse of general economical status in the Country, all project and research works on the TWW utilization were interrupted.  Starting from 1999, these activities have been re-initiated owing to financial and technical support provided by ICARDA, the International Center for Agriculture Research in Dry Areas.

The goal is to utilize treated wastewater from Almaty City for fodder crop and wood production and improve/protect environmental status of the region.  The objective is to test conventional and non-conventional crops selecting for on-farm crop rotation those with high productivity and least heavy metal absorption capacity; to test different hybrids of fast-growing poplar trees for industrial wood production; and to explore the impact of TWW utilization on soil status, groundwater and produce’s quality.

Field layout and Experimental Design

Field experiments were set up at the Serikjan farm on common light-gray low-calcareous light clay-loam non-saline soil.  The soil has a low content of fertility elements. Organic matter content in the upper layers is 1.2-1.4%.  The following fodder crops have been tested: topinambur, sweet and industrial sorghum, maize, barley, sunflower, Sudan grass, fodder beet, and alfalfa.  Field trials have been established with double replication; the area of each was 504 m2.  Agricultural techniques applied for fodder crop production were typical for the given natural-climatic zone and irrigation scheduling was developed according to the recommendations of Kazakh Research Institute of Water Management (Kazakh RIWM). Mineral fertilizers were applied with the following rates: 60 kg of nitrogen and 15 kg of phosphorus.  At the phenological plots, observations on plant growth and phenology have been conducted; changes of plant external symptoms have been visually evaluated.

Results and Discussion

Over the whole vegetation period, all crops have been normally developed.  Maximal height was observed for Sudan grass and topinambur: 225 and 243 cm respectively.  The highest yield was obtained for topinambur (Table 1).

Biological characteristics of sorghum and Sudan grass promote fast growing of surface mass. Thus, after the first cutting on 25 July, height of Sudan grass by 30 August, i.e. after 35 days, reached to 172 cm and biomass yield was 41.25 ton/ha. The height of sorghum by this time was 81 cm, and biomass yield made 18.09 ton/ha. Spring barley for grain was damaged because of spring drought and thirsty winds. By the time of first irrigation (7 June), water deficit has been observed in barley leaves, i.e. in the morning, leaf turgor did not restore; therefore, the yield of barley made 1.36 ton/ha.

Good results have been achieved on maize of summer sowing (sowing after irrigation on 15 June). In total, there were 6 irrigation events. At the milky ripeness stage, the plant’s height was 182 cm, and the biomass yield made 42.61 ton/ha.

In addition to obtaining a high yield and selecting crops for on-farm crop rotations, research activities have been focused on impact of TWW utilization on soil status and produce’s quality.  Wastewater from treatment plant of Almaty City and Sorbulak collector has been chemically analyzed.  Wastewater coming directly from the treatment plant had better quality than the wastewater of Sorbulak collector according to its TDS, mineralization, hardness, and pH, as well as sulfate, chloride, and magnesium contents. In general, however, all parameters of macro-chemical analyses of both inflowing water and that accumulated in Sorbulak collector are well below their threshold rates. After treatment, content of 15 microelements in wastewater was below the threshold rates. In Sorbulak collector, only content of fluoride has exceeded its threshold rate.  Thus, actual fluoride content was 1.02 –1.2 mg/l while the threshold rate made 1.0 mg/l.  Fluoride is referred to the second class of hazardous elements.  Over the whole irrigation period, microelements such as nickel, cobalt, magnesium, arsenic, molybdenum, and mercury were not observed in the wastewater. In 3 analyzed samples out of 15, a presence of cadmium (second class of hazardous elements) has been observed; its concentration was significantly below the threshold rate.  The contents of cupper, zinc, lead, chrome, iron, brome, and strontium did not exceed their threshold rates.  During the 1999 research activities, contents of fluoride and iron in TWW have exceeded their threshold rates. Evaluation of TWW quality according to CES standards has shown that fluoride content does not exceed its threshold rate when the fluoride concentration is above 1.5 mg/l (Table 2).

Thus, the content of macro- and microelements in Sorbulak collector water does not exceed the threshold rate; therefore, TWW is acceptable for irrigation and will not cause negative environmental impact.

With consideration of labors dealing with the TWW while operating the irrigation system and performing irrigation process it was necessary to conduct bacteriological analyses of the TWW.  It has been found that bacteriological self-purification of TWW is being taken place within the transportation process from the treatment plant to Sorbulak collector.  The maximum value of bacteriological contamination has been observed in summer period. According to the coli index bacteriological contamination of Sorbulak collector TWW does not exceed the threshold rate. 

Pathogenic microflora (Salmonella Jondok) has been observed in the diversion canal in May and September.  It has not been traced during the other months of the year.  Data on content of helminthic eggs in the studied ecological system have shown that TWW of the Sorbulak collector contains in general from 6 to 66 eggs of intestinal worms in every 1100 dm3.  Helminthic eggs that have no floating abilities are being quickly deposited at the bottom of the lake (according to the data of Kazakh RIWM).  Consequently, soil of land irrigated by TWW from the Sorbulak collector may have potential risk of contamination by the helminthic eggs.  Therefore, factors of sanitary and bacteriological hazards should be considered while developing the system of actions on labor protection and safety engineering. 

Soil chemical analyses at the experimental plot have shown that in spring soil has medium content of main nutrients while by autumn, the nitrogen content is very low.  Soil sampling has been conducted at 0 –40 cm depth where the active mass of the plant root system is situated. The soil status on phosphorus content looks different. Under maize, sorghum, Sudan grass, barley, and fodder beet, the phosphorus content has not varied from spring to autumn or even increased in two –four times.  Hence, TWW facilitate phosphorus built up in soil sown under all grown crops except for topinambur and sunflower.  One of the main features of common gray soil is that phosphorus is being well retained within the whole soil profile. 

To evaluate the impact of TWW microelements on the soil status soil sampling has been carried out at the experimental plot in spring and autumn after irrigation.  The analyses have not shown any particular difference between summer and autumn content of microelements.  Insignificant transport of microelements within the soil horizons has been caused by irrigation water effect on the soil profile and soil variegation.  Ground contamination has been evaluated on virgin soils.  The content of microelements in virgin soils was in most of the cases equal to that in the soil of experimental plot.  Microelements content in soils of both experimental plot and undeveloped land was below the threshold rate and did not increase from 1999 to 2000. 

Produced fodder crop quality was evaluated by 8 microelements such as Zn, Fe, Cd, Cu, Cr, Ni, Pb, and Co.  The analyses have shown that the microelement contents in produced crops do not exceed maximal admissible levels and threshold rates.  Thus, TWW utilization for fodder crop production contributes to high yield productivity and considerably improves environmental status of Ily intermountain depression.

Summary

Good result have been achieved utilizing what is being consider at one point as a “waste” which in fact is a “source” of irrigation water that not only brings economic benefits, but also environment protection to the valuable natural resources of the region.  The preliminary results indicated that large quantity of forage that contain heavy metal concentration below the toxicity level and other industrial crops could be produced with less amount of commercial fertilizer capitalizing on the nutritional value of the TWW to crop production. This source of water, which can be used as supplemental irrigation by annually applying not more than 500 m3 per ha may produce significant amount of forage or silage to supply the livestock industry in the country and bring economical and social benefit to the region and in turn to the country. This research activity at this site will be continued   with comprehensive monitoring studies to address the following issues:

· Testing of traditional and non-traditional crops;

· Introduction of feed crop rotations and wood plantations;

· Rational irrigation schedules, irrigation practices, and watering of rangelands;

· Well balanced ration for animals; 

· Production of fish flower from the lake body;

· Social and economic efficiency of the system of utilizing marginal water for agriculture production and environment protection;

· Continue soil, water, and groundwater monitoring for residual chemical and biological hazard; and

· Testing the effect of the agriculture product quality on the quality of the final produce (i.e. meat and milk). 
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Figure 1.  Layout of the Treated Wastewater Project and the location of the research site.
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Figure 2.  Measuring the height of sunflower at its blossoming stage

Table 1.  Fodder crop yield under irrigation by TWW from the Sorbulak collector.

	Crop
	Produce
	Yield, ton/ha
	Average yield, ton/ha

	
	
	1999
	2000
	

	Topinambur
	Biomass

Tubers

Total
	54.16

30.50

84.66
	78.0

43.30

121.30
	66.05

36.60

102.65

	Sunflower
	Biomass
	50.38
	49.95
	50.16

	Sweet sorghum
	Biomass
	40.54
	47.91
	44.22

	Industrial sorghum
	Biomass
	41.69
	-
	-

	Maize
	Biomass
	33.53
	45.43
	39.47

	Sudan grass
	Biomass
	-
	62.50
	-

	Barley
	Grains
	-
	1.36
	-

	Fodder beet
	Tubers
	-
	32.73
	-


Note: biomass yield is for one hay cutting conducted at the milky-waxy stage of ripeness

Table 2 (Part a).  Microelements content in TWW of the Sorbulak collector (2000).

	Sampling point and date
	Cu
	Zn
	Ni
	Pb
	Cd
	Co


	Mn
	F

	Water divider:

6 June

16 June

25 June

4 July

27 July

8 August
	0.004

0.002

0.01

Nil

0.002

0.057
	0.026

0.04

0.06

0.002

0.027

0.026
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.0013

0.001

Nil

0.005

Nil

Nil
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.92

0.97

0.93

0.82

0.93

0.86

	Sorbulak collector:

6 June

16 June

25 June

4 July

27 July

8 August
	0.002

0.05

0.05

0.0016

0.0051

0.042
	0.019

0.07

0.08

0.0024

Nil

0.015
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.00017

0.007

Nil

0.016

0.07

Nil
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	1.15

1.20

1.16

1.11

1.15

1.02

	Pump station:

6 June

16 June

25 June

04 July

27 July

8 August
	0.005

0.005

0.04

0.004

0.0017

0.07
	0.014

0.015

0.07

0.012

0.008

0.11
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.001

0.001

Nil

0.074

Nil

0.065
	Nil

- “ -

- “ -

0.0004

0.003

- “ -
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	1.14

1.18

1.07

1.19

1.42

1.0

	Threshold rates

USSR

FAO

CES*
	0.2

0.2

0.5
	2.0

2.0

10.0
	0.5

0.2

0.5
	0.2

5.0

0.2
	0.03

0.01

0.001
	0.05

0.05

0.5
	0.2

0.2

0.2-0.8
	1.0

1.0

1.5 -10.0


* Council for Economic Support

Table 2 (Part b).  Microelements content in TWW of the Sorbulak collector (2000).

	Sampling point and date
	Cr
	As
	Fe
	Br
	Mo
	Hg
	Sr

	Water divider:

6 June

16 June

25 June

4 July

27 July

8 August
	0.006

0.006

0.012

Nil

Nil

Nil
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.17

0.22

0.23

0.17

0.32

0.30
	Nil

0.01

Nil

0.03

0.05

0.03
	Nil

- “ -

- “ -

- “ -

- “ -
	Nil

-”-

-”-

-”-

-”-
	0.35

0.20

0.12

0.22

0.29

0.39

	Sorbulak collector:

6 June

16 June

25 June

4 July

27 July

8 August
	0.0065

0.006

0.034

Nil

Nil

Nil
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.06

0.21

0.18

0.12

0.38

0.15
	0.13

0.19

0.20

0.17

0.24

Nil
	- “ -

- “ -

- “ -

- “ -

- “ -

- “ -
	-”-

-”-

-”-

-”-

-”-

-”-
	0.43

0.45

0.42

0.34

0.44

0.70

	Pump station:

6 June

16 June

25 June

04 July

27 July

8 August
	0.0042

0.005

0.012

Nil

Nil

Nil
	Nil

- “ -

- “ -

- “ -

- “ -

- “ -
	0.09

0.19

0.07

0.12

0.30

0.22
	0.15

0.21

0.18

0.17

0.26

0.34
	- “ -

- “ -

- “ -

- “ -

- “ -

- “ -
	-”-

-”-

-”-

-”-

-”-

-”-
	0.35

0.40

0.37

0.46

0.50

0.70

	Threshold rates

USSR

FAO

CES*
	0.1

0.1

0.5
	0.1

0.1

0.1
	5.0

5.0

1.5-10
	
	
	0.005

-

0.005
	


* Council for Economic Support
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