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Abstract

Object: China is facing the problem of water shortage and soil salinization. At the same time, the
continuous decline of groundwater level leads to the emergence of new laws of soil water and salt transport
profile. In order to reveal the dynamic change process and internal relationship between groundwater level
and soil salt accumulation and water under long-term mulched drip irrigation (MDI), the prevention and
control of soil salinization under groundwater is obtained, which provides theoretical basis and technical
reference for cotton growth.

Methods: In this thesis, the soil of typical cotton field with long-term MDI (0,10,14,18,20,24a) was
selected as the research object. Through the indoor soil column simulation test system, the capillary water
rising test and infiltration test at different groundwater depths (100,150,200 cm) were carried out to observe
the water and salt transport process and its redistribution characteristics of soil profile, and the water and salt
distribution and migration were simulated by HYDRUS-1D model. The purpose of this study is to explore
the influence of groundwater depth on soil water and salt transport in long-term drip irrigation cotton field
under mulch in saline-alkali areas, and to provide measured data and theoretical basis for the sustainable
development of oasis agriculture in arid areas.

Results: (1) The capillary water recharge, the wetting front migration rate and the wetting front migration
distance increased first and then decreased with the drip irrigation years, and the maximum value appeared
when the MDI application years were 18 years. The rising height of capillary water under the same drip
irrigation application years changed with the increase of groundwater depth, but the difference was not
significant (P>0.05). The trend of cumulative capillary water recharge with time in each treatment was similar
to that of wetting front migration.

(2) According to the Green-Apmt model, there is a significant linear relationship between the rising
height of capillary water and the amount of recharge. The water supply capacity characterized by K value
increases with the buried depth of groundwater level, and the K value at 200 cm water level is 5.95-23.00 %
higher than that at 100 cm. In addition, the K value of the soil in the cotton field with a drip irrigation
application period of 10 years reached a peak (0.2654-0.3138), indicating that the soil may have experienced
significant water accumulation and structural adjustment after the application of drip irrigation under the film
for 10 years. Therefore, it shows higher water demand in the process of rising capillary water.

(3) Compared with the rising process of capillary water, the water migration of ponding infiltration
process is faster than that of capillary water rising process, and the wetting front distance, infiltration amount
and water migration rate of ponding infiltration are always greater than those of capillary water absorption
process. The value of infiltration and capillary water absorption showed a certain fluctuation with the increase
of groundwater depth, but the overall trend showed that with the increase of groundwater depth, the value

gradually decreased, indicating that with the increase of groundwater depth, the advantage of infiltration



relative to capillary water absorption gradually increased.

(4) The order of water content at different soil depths after infiltration for each treatment was: 100 cm >
150 cm > 200 cm. Meanwhile, with the increase of days after irrigation, the water content of each layer
decreased, but the decrease in the surface layer was greater than that in the deep layer. The irrigation effect
on salt leaching was the best when the application years of MDI was 20 years, and the depth of the salt
leaching zone and the depth of reaching the salt leaching standard could reach 29 cm and 30 cm respectively.
The coefficient of variation of the 0-40 cm soil layer increased after irrigation compared with that after the
rise of capillary water, and the salt entered the deep soil, changing the uniformity of salt after the capillary
water stabilized.

(5) Based on the soil moisture characteristic curves obtained by fitting the Van Genuchten model with
the data from six MDI cotton fields, it was indicated that the water migration capacity was relatively strong
in the 18th and 20th years, which could effectively reduce surface runoff and enhance soil infiltration capacity.
The HYDRUS-1D model had a high degree of consistency with the measured values when simulating the
upward movement of capillary water and the infiltration effect on the water and salt transport in the soil
profile.

Conclusion: Based on the characteristics of capillary water rise and soil moisture characteristic curves,
it is indicated that the cultivation period of 0 to 20 years is conducive to enhancing the soil's infiltration
capacity, while longer-term cultivation may lead to a decline in the soil's infiltration and water-holding
capacity. It is suggested that sustainable development of long-term drip-irrigated cotton fields be achieved
through measures such as strengthening farmland management and implementing fallow periods.

Key words: mulched drip irrigation; water and salt transport; upward capillary water; capillary water

recharge; numerical simulation.
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