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Abstract

a growing concern. Compared with plastic mulching, straw mulching has been noted to safely avoid the residual problem associated
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Influence of straw mulching on soil water/salt movement and cotton
root distribution under drip irrigation

ZHANG Jin-Zhu', WANG Zhen-Hua', Hudan-TUMAREBI

(1. College of Water & Architectural Engineering, Shihezi University, Shihezi 832000, China; 2. School of Water Conservancy and

Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, China)

with plastic mulching. To explore the feasibility of replacing plastic mulching with straw mulching in a combined mulching and drip
irrigation system, the effects of straw mulching on distributions of soil water and salt and cotton root system in drip-irrigated cotton
fields were evaluated in this study. In addition, the effect of deep straw mulching (buried a layer of straw at 30 cm soil depth) coupled
with drip irrigation was evaluated. Pit test experiments were carried out on two soil types (non-saline and saline-alkali soils) with
three straw mulching treatments — surface mulching, deep mulching and non-mulching — coupled with drip irrigation. Samples
were taken at cotton batt stage when the distribution of root systems was stable, followed by analyses of water, salt and root
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With wide application of plastic mulching in cotton fields in the arid regions of China, residual plastic films have become
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distribution characteristics. The results showed that surface mulching was fairly effective in soil moisture conservation and
effectively prevented water loss via evaporation and salt accumulation in the plough layer. Deep mulching was generally better in
effect regarding water conservation than non-mulching. Deep mulching was only advantageous over surface mulching in soil areas
near irrigation lines under the straw layer. While deep mulching significantly improved soil moisture content below the plough layer,
it had no apparently effect on salt at the cotton batt stage. Straw mulching significantly influenced the distribution of cotton root
systems, especially in deep soil layers, by controlling the movements of water and salt. For non-saline soils, in the 0-28 cm soil layer,
the highest root length density, root weight density and root length density proportion occurred under non-mulching. Although
surface mulching had the smallest root length density, it also had the largest proportion of root weight density. Moreover, the lowest
root weight density was under deep mulching. Deep mulching had the highest root length density in the 28—70 c¢m soil layer. Surface
mulching had the smallest root length density but the largest root length density proportion. Then non-mulching had the lowest root
length density proportion. In the 28—-56 cm soil layer, deep mulching had both the highest root weight density and root weight density
proportion. For saline-alkaline soil, in the 0-28 cm soil layer, both surface and deep mulching treatments had higher root length
density and root length density proportion than non-mulching. Then surface mulching had the highest root weight density. The lowest
root weight density and root weight density proportion occurred under deep mulching. On the contrary, deep mulching had the
highest root weight density proportion and the lowest root weight density in the 28—70 cm soil layer. These findings suggested that
surface mulching promoted root development in the plough layers of both saline-alkaline and non-saline soils. Deep mulching
inhibited root system development in the upper soil layers but enhanced root system development in soil layers below the 30 cm soil
depth. Also straw mulching caused the root system to be thinner and longer under unfavorable salt and alkali conditions. Therefore
the combination of straw mulching and drip irrigation was highly promising for efficient cotton production in arid areas.
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Fig. 2 Soil water distribution in drip irrigated cotton field at batt stage (August 25) under different straw mulching treatments

LSM:
; SUM:

; LM30: 30 cm

; LUM:
LSM: surface mulching in non-saline soil; LM30: deep mulching at 30 cm below surface in non-saline soil; LUM:

; SSM: ; SM30: 30 cm

no-mulching in non-saline soil; SSM: surface mulching in saline-alkali soil; SM30: deep mulching at 30 cm below surface in saline-alkali soil; SUM:

no-mulching in saline-alkali soil. The same below.
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Fig. 3 Soil salt distribution in drip irrigated cotton field at batt stage (August 25) under different straw mulching treatments
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Table 1 Vertical distribution of cotton root length density under different straw mulching treatments mm™
Non-saline soil Saline-alkali soil
Soil depth
(cm) LSM LM30 LUM SSM SM30 SUM
0~14 497.18aA 1011.5a, A 1 104.88aA 1411.23abA 1 666.97aA 971.35aA
14~28 1250.55bA 1 475.67aA 1479.84aA 1 440.34abA 2 305.76aA 1799.95aA
28~42 1 394.62bA 1 731.75aA 1 382.05aA 1 730.36aA 2229.37aA 1 981.10bA
42~56 1 048.16bA 1 153.72aA 1283.67aA 1 325.57abA 1619.49abA 1 881.60aA
56~70 1256.64bA 862.22aA 1 064.85aA 826.69bA 596.94bA 1 108.06aA
(P<0.05), (P<0.05), Different capital letters indicate

significant differences among different treatments at 0.05 level, different lowercase letters indicate significant differences among different depths at
0.05 level. The same below.

2 TRARBHBRELETIEKFEFORERKEESST
Table 2 Horizontal distribution of cotton root length density under different straw mulching treatments mm™
Non-saline soil Saline-alkali soil
Distance from drip irrigation tape (cm) LSM LM30 LUM SSM SM30 SUM

—25~-15 896.14aA 967.50abA 1010.97aA 1277.27 ab, A 826.44acA 1 145.99aA

-15~-5 1101.50aA 1458.02aA 1276.10aA 2 094.22aA 1 084.63abcB 1970.12aA

-5~5 737.03aA 632.41bA 942.81aA 1 165.21bA 1 590.95bA 1 500.34aA

5~15 1 013.58aA 1 081.97abA 1 149.44aA 835.68bA 1492.11abcA 1 772.47aA

15~25 749.99aA 1 284.44abB 803.96aA 1 389.61abA 923.74abcA 981.86aA

25~35 948.91aA 810.50abA 1 132.00aA 980.08bA 816.31cA 1 047.75aA

1

5

direction from the drip irrigation tape in Figure 1. The same below.

The distance from the drip irrigation tape is the relative position of horizontal
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Fig. 5 Root weight density distribution in drip irrigated cotton field at batt stage (August 25) under different straw mulching treatments

x3 TRAEHEELETIHREEARREREEEAESN

Table 3 Vertical distribution of cotton root weight density under different straw mulching treatments 1074g~cm73
Non-saline soil Saline-alkali soil
Soil depth(cm) LSM LM30 LUM SSM SM30 SUM
0~14 9.70aA 4.36aA 11.94aA 6.61aA 3.02aA 4.97aA
14~28 0.61aA 6.80aA 4.24aA 6.62aA 2.0laA 2.91aA
28~42 0.10aA 1.13aA 2.04aA 3.58aA 1.14aA 1.16aA
42~56 0.71aA 0.85aA 2.24aA 0.54aA 0.44aA 0.78aA

56~70 0.71aA 0.63aA 2.71aB 0.29aA 0.16aA 0.51aB
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Table 4 Horizontal distribution of cotton root weight density under different straw mulching treatments 10%g-em™
Non-saline soil Saline-alkali soil
Distance from drip
irrigation tape (cm) LSM LM30 LSM LM30 LSM LM30
—25~-15 0.39aA 0.83aA 0.58acA 1.01abA 0.52aB 0.63aC
-15~-5 0.34aA 10.41bA 10.95bA 5.63bA 12.36bB 1.10aC
—5-5 1.07aA 1.31aA 0.66acA 0.79abA 0.38abB 0.50aC
5~15 10.56aA 3.43aA 7.76abcA 1.75abA 3.51abB 3.29aC
15~25 0.50aA 0.41aA 0.48acA 0.75abA 0.57aB 0.64aC
25~35 0.35aA 0.33aA 2.72abcA 0.39aA 0.31aB 0.60aC
, 0~28 cm 30 cm
s 74.20%; 30 cm
. 74.95%; ;
76.19% 3 , 0~28 cm
, 75% ,
0~28 cm ,30 cm
s 0~28 cm , , ; 28~70 cm , 30 cm s
6.62x10™* g-em™, 30 cm , , ,
2.52x107* grem™, 3.94x107* gem™, , 28~56 cm 30 cm
30 cm >
; 28~70 cm , 30 cm ,30 cm
0.58x107* g-em™ 30 cm 0~28 cm , 30 cm
2.4 ,30 cm
5 , 0~70 cm ; 28~70 cm , 30 cm
, 28~42 cm 30 cm
3 )
, 4.11 30 cm
mg™), (2.72 mg™),
1.51 30 cm
(12.41 m'g™h), (6.38 m-g™"), 30 cm ,
195 > >
=+ = Spops = |/ 30 cm
*5 FARBEHESAETRIERAMBMLREKE
Table 5 Cotton root length of unit mass under different >
straw mulching treatments mg 2 >
Treatment LSM LM30 LUM SUM SSM SM30
. 4.11 3.72 272 638 643 1241 ’ « ’
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