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Background
Managing soil salinity is a major challenge in the irrigated 
agricultural areas of Central Asia. Therefore, the ZEF/UNESCO 
project developed a concept that integrates measures to be 
taken in the leaching and accumulation periods. Based on 
modeling and intensive monitoring approaches, we have 
set up recommendations to improve current soil salinity 
management strategies.

Current situation and problem setting
Soil salinization is a serious threat to agricultural produc-
tivity and sustainability of irrigated cropping systems in 
Khorezm, though its impact varies over time and space. The 
currently dominating soil salt management consists of pre-
season leaching, mainly in March, to lower salts from the 
rooting zone. Depending on the level of soil salinity, leaching 
norms recommend applications of 4.000 - 6.000 m3 of water 
per ha during three leaching events. Yet, during this period 
most farmers are unaware of the level and distribution of 
soil salinization in their fields and can only estimate roughly 
how much leaching water is needed. Farmers have rarely 
access to measuring devices for determining water applica-
tions amounts. Currently, pre-season leaching accounts for 
around 25% of the annual water withdrawal for irrigation in 
Khorezm, which equals about 4.5 km3.

Despite the huge water input for pre-season leaching the 
effect is often unsatisfactory. This can be shown by assessing 
the electrical conductivity of the saturation extract (ECe), 
indicating the vertical distribution of soil salinity. This has 
been measured before and after leaching (Figure 1). A soil 
salinity study carried out at a farmer-managed site (about 7 
ha) revealed a lowering of ECe (and thus of soil salinity) in 
the upper soil layer (0-45 cm) only, no change of ECe in the 
middle 45-75 cm layer, and even an increase of ECe in the 
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Figure 1: Pre-seasonal leaching (left side of the photo) of fields with 
accumulated soil salinity (right side)
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deeper soil layers. Although 510 mm of leaching water had 
been applied at two events, leaching did obviously not affect 
the soil salt content in the entire crop root zone. Additional 
soil salinity measurements going down to 1.5 m at two 
other sites (of 14 ha and 29 ha) using the electromagnetic 
induction meter EM-38 (see ZUR No. 9) showed only a small 
decrease of salinity after leaching at one site and even an 
increased salinity at the other.

There is an additional reason for the currently limited 
effect of washing salts out of the upper soil layer: An insuf-
ficient capacity of the drainage system to keep the ground-
water level at an appropriate depth during leaching events. 
During and after each leaching event, it is important to lower 
groundwater tables and in turn counteract a re-increase in 
soil salinization via capillary rise from shallow groundwater. 
Groundwater levels in Khorezm are usually about 1.4 m 
below ground level after leaching. It even raises to 1.2 m 
in the peak irrigation season (August) thus enhancing salt 
accumulation by capillary rise. Salt input via irrigation water 
amounts up to 40 %. 

Approach
Leaching alone is apparently not enough to curb the incre-
asing soil salinization. Therefore, an integrated approach to 
improve salt management is recommended, combining inter-
ventions aiming at (i) increasing the leaching effectiveness 
with those targeting (ii) a reduction of salt accumulation 
in the soil. This improved approach is based on components 
such as:

combining advanced salt monitoring methods and mode-•	
ling tools to map the actual salt situation and dynamics 
in the soil during leaching and accumulation processes;

deriving options for effective leaching and managing the •	
salt accumulation process based on model simulations 
taking site-specific conditions into account.

Options for action for a more effective 
leaching: 

The use of soil salinity detecting equipments such as the •	
EM-38 allows a rapid and high-resolution monitoring 
of the level and spatial distribution of soil salinity. This 
makes the adaptation of leaching amounts to fields, 
within-field requirements and immediate, in-season cor-
rective responses possible.

The HYDRUS model was used to simulate a reduction of •	

pre-season leaching to two instead of three events, which 
could reduce leaching water demands up to 25% without 
lowering the effect of leaching.

Simulations also showed that the difference in salt tole-•	
rance of crops after leaching makes site-specific leaching 
strategies (timing, amount) feasible. This would avoid 
over- as well as under-application of leaching water.

Site-specific leaching allows saving water. To exploit this •	
potential, knowledge about discharge dosages is a prere-
quisite. As establishing sophisticated measures (flumes; 
weirs) is not achievable at short notice, the introduction 
of siphons or the use of hydraulic pipes currently used at 
field level can be a suitable option to estimate discharges. 
A future option might be to store surplus leaching water 
in reservoirs at farm level for irrigation use during the 
crop growing season.

Results of measures and experiments to 
lower salt accumulation:
Soil salinity management strategies should include also opti-
ons for action during cultivation and thus beyond the period 
of leaching. Our research findings showed that:

Double-side irrigation at fields with zero-slope gave a •	
higher uniformity of soil moisture along the furrow. As a 
consequence, salt accumulation at the end of 300 m long 
furrows was halved by the end of the cotton growing 
season as compared to its onset and  to the conventional 
practice of one-sided furrow irrigation.

Laser guided land leveling (see ZUR 1) or conservation •	
agriculture practices can reduce soil evaporation up 
to 50%. This could in turn lower salt accumulation by 
15-20% during cotton growth under conditions typical 
for Khorezm (according to HYDRUS simulation).

Improving drainage can lower the groundwater table to •	
2.0 m, which will minimize the adverse impact of capil-
lary rise. This would also reduce the salt accumulation in 
the upper 2 m by 25-30%. As a consequence, irrigation 
strategies need to be modified to compensate for reduced 
water input via capillary rise into the root zone.

The options for action specified can be used either as single 
interventions in a given situation, or can be combined to curb 
on-going soil salinization.

Typical vertical profile of soil salinity (expressed by ECe) before and after pre-
seasonal leaching
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Figure 2: Vertical profile of soil salinity (ECe) before and after leaching


