Estimating water use efficiency under conventional and conservation soil tillage practices at Gairatdin farm in Karayuziak district of Karakalpakistan

Report - 2015
1. Introduction 

The studies on “Water use efficiency under conventional and conservation soil tillage” has been conducted in 2015 in Karayuziak district of Karakalpakstan jointly, by ICARDA and IWMI.   The report summarizes the main findings of the study. The main objective of the study is to analyzyze the impact of soil conservation tillage (direct sowing)   on soil physical and chemical properties.   According the research program in 2015 the main activities were as follows: study of changes in soil bulk density in 0-100 cm soil layer under conventional and direct sowing methods; study of dynamics of groundwater depths and salinity; soil moisture budgeting; monitoring and recording all farming practices; study of changes in NPK; phenology study; study of irrigation regimes of fodder crops under furrow irrigation.  
2. Methods and data

The trial was established by ICARDA at Gairratdin farm of Karakayuziak district of Karakalpakistan. Treatments were as follow: 

Treatment I: Conventional tillage used by farmer 
Treatment II: Direct sowing of seeds without soil plowing; 
Crops in the trial were as follows: Sorghum (Sorghum cernuum), mung bean and sunflower  
millet, maize, sesame. The treatments had two replications. 
3. Site description   
The trial of 3.62 ha size was established in Gairatdin farm of Karayuziak district of Karakalpakistan.  The land is old-irrigated, where cotton was sown for many years.  Besides, the area belong to limnetic deposit zone with heavy-textured soils.  Upper 3 m of topsoil represented by sandy loam and loam deposits. There is 1.30-1.35 m depths there is spread clay soils (Fig. 1).  
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Fig. 1.  Lithology of the soil profile 
The site, surrounded by abandoned land, is located 800-900 m far from the main drain KC-3. In spite of this water supply is reliable (Fig. 2). During spring season the soil leaching was applied by basin checks (Fig.3). 
4. Dynamics of soil bulk density 

Direct sowing was tested in 2006-2009 at farm of K Avezov. The study indicated top soil compaction as affected by cultivation of crops.  Therefore the focus of the study was given to study the change in soil bulk density; soil salinity; irrigation applications.    There were located 8 sampling points for studying changes of soil bulk density. During summer season after 20 days each soil sampling was done from top 0-1 m soil layer. Table 1 and Fig. 5 and 6 demonstrate diagrams and Fig. 7-14 isopleth curves   of soil bulk density change on 8 sapling points in time and depth. 

Data presented in Table 1 and Fig.5 shows soil compaction, in some points SBD reaches 1.68  t/m3. 
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Fig. 2 Cropping pattern at the experimental site 
	Table 1.  Soil Bulk Density changes at 8 sampling points. 
№ options
	№ poin
	Depth 
	Sampling date

	
	
	
	11.04
	1.05
	22.05
	14.06
	5.07
	15.07
	25.07
	18.08
	22.09
	Average

	Zero tillage
	1
	0-20
	1,52
	1,55
	1,58
	1,59
	1,69
	1,68
	1,64
	1,61
	1,60
	1,61

	
	
	20-40
	1,55
	1,61
	1,60
	1,58
	1,59
	1,59
	1,61
	1,60
	1,59
	1,59

	
	
	40-60
	1,38
	1,42
	1,46
	1,51
	1,54
	1,56
	1,58
	1,54
	1,55
	1,50

	
	
	60-80
	1,53
	1,59
	1,56
	1,55
	1,60
	1,55
	1,58
	1,53
	1,55
	1,56

	
	
	80-100
	1,60
	1,62
	1,55
	1,60
	1,60
	1,57
	1,58
	1,60
	1,57
	1,59

	
	3
	0-20
	1,58
	1,59
	1,63
	1,65
	1,66
	1,66
	1,68
	1,62
	1,66
	1,64

	
	
	20-40
	1,53
	1,56
	1,58
	1,60
	1,60
	1,60
	1,61
	1,58
	1,59
	1,58

	
	
	40-60
	1,51
	1,58
	1,58
	1,55
	1,57
	1,59
	1,60
	1,57
	1,58
	1,57

	
	
	60-80
	1,58
	1,62
	1,61
	1,64
	1,65
	1,59
	1,61
	1,60
	1,62
	1,61

	
	
	80-100
	1,60
	1,64
	1,65
	1,65
	1,60
	1,59
	1,62
	1,58
	1,61
	1,62

	
	5
	0-20
	1,59
	1,62
	1,64
	1,65
	1,68
	1,69
	1,68
	1,66
	1,68
	1,65

	
	
	20-40
	1,57
	1,58
	1,57
	1,61
	1,62
	1,61
	1,62
	1,59
	1,58
	1,59

	
	
	40-60
	1,58
	1,55
	1,56
	1,55
	1,57
	1,56
	1,60
	1,61
	1,59
	1,57

	
	
	60-80
	1,59
	1,61
	1,62
	1,58
	1,56
	1,58
	1,61
	1,59
	1,61
	1,59

	
	
	80-100
	1,61
	1,64
	1,64
	1,59
	1,57
	1,57
	1,60
	1,62
	1,59
	1,60

	
	7
	0-20
	1,54
	1,62
	1,65
	1,67
	1,67
	1,69
	1,69
	1,69
	1,67
	1,65

	
	
	20-40
	1,58
	1,60
	1,64
	1,59
	1,60
	1,61
	1,62
	1,59
	1,61
	1,60

	
	
	40-60
	1,54
	1,55
	1,58
	1,56
	1,56
	1,57
	1,61
	1,55
	1,59
	1,57

	
	
	60-80
	1,61
	1,59
	1,58
	1,59
	1,59
	1,58
	1,64
	1,59
	1,62
	1,60

	
	
	80-100
	1,65
	1,66
	1,64
	1,60
	1,59
	1,58
	1,60
	1,58
	1,61
	1,61

	Conventional tillage
	2
	0-20
	1,49
	1,52
	1,55
	1,54
	1,56
	1,58
	1,59
	1,58
	1,56
	1,59

	
	
	20-40
	1,58
	1,55
	1,58
	1,55
	1,57
	1,53
	1,59
	1,52
	1,56
	1,59

	
	
	40-60
	1,41
	1,42
	1,48
	1,46
	1,49
	1,45
	1,56
	1,53
	1,52
	1,49

	
	
	60-80
	1,49
	1,47
	1,55
	1,56
	1,59
	1,48
	1,50
	1,49
	1,50
	1,57

	
	
	80-100
	1,56
	1,53
	1,54
	1,56
	1,60
	1,55
	1,56
	1,55
	1,58
	1,60

	
	4
	0-20
	1,39
	1,45
	1,49
	1,50
	1,55
	1,57
	1,56
	1,56
	1,55
	1,64

	
	
	20-40
	1,39
	1,49
	1,56
	1,61
	1,50
	1,58
	1,59
	1,58
	1,59
	1,58

	
	
	40-60
	1,51
	1,52
	1,58
	1,62
	1,53
	1,59
	1,60
	1,60
	1,59
	1,57

	
	
	60-80
	1,52
	1,57
	1,59
	1,62
	1,58
	1,59
	1,61
	1,60
	1,58
	1,61

	
	
	80-100
	1,58
	1,61
	1,63
	1,64
	1,62
	1,60
	1,63
	1,60
	1,61
	1,62

	
	6
	0-20
	1,49
	1,49
	1,53
	1,55
	1,56
	1,57
	1,56
	1,55
	1,57
	1,65

	
	
	20-40
	1,48
	1,51
	1,57
	1,53
	1,54
	1,50
	1,55
	1,54
	1,53
	1,60

	
	
	40-60
	1,51
	1,54
	1,56
	1,55
	1,58
	1,56
	1,58
	1,58
	1,59
	1,57

	
	
	60-80
	1,55
	1,57
	1,59
	1,56
	1,59
	1,57
	1,60
	1,59
	1,61
	1,59

	
	
	80-100
	1,62
	1,61
	1,60
	1,58
	1,60
	1,58
	1,62
	1,59
	1,60
	1,60

	
	8
	0-20
	1,51
	1,54
	1,55
	1,57
	1,59
	1,60
	1,58
	1,60
	1,58
	1,65

	
	
	20-40
	1,49
	1,52
	1,49
	1,51
	1,53
	1,55
	1,57
	1,55
	1,56
	1,61

	
	
	40-60
	1,48
	1,59
	1,58
	1,57
	1,55
	1,57
	1,59
	1,57
	1,59
	1,57

	
	
	60-80
	1,56
	1,61
	1,62
	1,63
	1,58
	1,59
	1,61
	1,60
	1,62
	1,60

	
	
	80-100
	1,62
	1,63
	1,64
	1,66
	1,60
	1,62
	1,60
	1,59
	1,61
	1,62
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Fig. 3 Soil bunk density changes under direct sowing method
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 Fig. 4.  Soil Bulk Density under conventional tillage
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 Fig. 5. Point-#1, Soil Bulk Density under direct sowing 
Fig. 6. Point-#2,  Soil Bulk Density under conventional tillage
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 Fig.7. Point#3,  Soil Bulk Density under direct sowing
Fig. 8. Point#4,  Soil Bulk Density under conventional tillage
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 Fig.9. Point#5,  Soil Bulk Density under direct sowing
Fig.10. Point#6,  Soil Bulk Density under conventional tillage
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 Fig.11. Point#7, Soil Bulk Density under direct sowing
Fig.12. Point#8,  Soil Bulk Density under conventional tillage
Soil Bulk Density  in the beginning and the end of the cropping season  is given in Fig. 1. As it is seen from Fig.1, soil density increases at any options towards the end of the cropping season. Meanwhile, notable increase of SBD  is seen under zero tillage treatment.
5. Groundwater regime
The observation well  №5 was installed with the filter at depths of  3 m from the surface after leaching in April-May. Later in May, additional 4 wells were installed perpendicular to the collector КС-3.    
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Groundwater level was in range of ring period, but it is significantly increased up to 0.45 m after soil leaching. 
Fig.13.  Groundwater level variation in 2015.
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Fig. 14.  Groundwater level change perpendicular to the drain
Groundwater level varied from 1.14 to 2.33 during the cropping season and minor fluctuations were noticed in irrigation period.  

Soil salinization
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Soil salinity change is given in Fig. 15-16. 
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Soils of all selected plots in the depth of 0-100 cm were low saline until irrigation (from 0,0 to 4,3 mСm/cm) as it is shown in Fig. 17-21. Soil salinity of all abovementioned were not increased until 4,0mCm/сm after irrigation and it is related to low saline soil.      

Fig. 17. Water penetration curve 
Conclusions

Soil compaction was noted for both cases, conventional farming practices and conservation soil tillage for heavy soils of Karakalpakistan. Zero tillage significantly increased soil bulk density from 1.55 to 1.68 t/m3 in 0-20 cm soil layer. In both cases, compaction was recorded in the layer of 0-60 cm. Pre-cropping season soil leaching allowed maintaining low soil salinity levels in the topsoil during cropping season under both, direct sowing and conventional practices. 
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Fig. 15. Soil salinity change under conventional tillage.
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Fig. 16. Soil salinity change under direct sowing.








