Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(1):721-725

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

The effect of irrigation amount on soil salinity and theyield of drip irrigated
cotton in saline-alkaline soils

Zhenhua Wang', Wenhao Li ?and Xurong Zheng**

College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi, China
?Key Laboratory of Modern Water-Saving Irrigation of Xinjiang Bingtuan, Shihezi, China

ABSTRACT

In this study, test-pit experiments were performed to investigate the effects of drip irrigation under mulch on the
improvement of saline-alkaline soil and cotton yield. The effects of irrigation amount on the distribution and changing
characteristics of saltsin the 0-100 cm soil layer of drip irrigated cotton fields were evaluated, and the responses of
single boll weight, seed cotton yield, lint cotton yield, and lint percentage were analyzed. The results showed that the
salt leaching effect was bad with irrigation amount of 400 mm and good with amount of 525-600 mm, and 675 mm of
irrigation amount would cause waste in water resource. Non-linear models were developed among seed cotton yield,
lint cotton yield, water utilization efficiency (WUE) and irrigation amount, and the optimal irrigation amount of
475.00-564.29 mm was obtained based on the models. Taken together, it was believed that when the initial soil salt
content was 2.55%, the suitableirrigation amount for cottonswith drip irrigation under mulch in saline-alkaline soils
was 525.00-564.29 mm. The results from this study are expected to provide support in raising the WUE of drip
irrigation under mulch and in the exploitation and utilization of saline-alkaline soils.
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INTRODUCTION

As an extensively distributed soil type, salineaditke soil is an important part of land resourcarréntly, there are
about 9.5810° hn? (or 25% of the continental area) of saline-alkawil in the world [1] and about &80° hn? in
China [2]. Saline-alkaline soils have potential elepment value and multiple purposes. In Chinajcatjural
biological measures were mainly used to improvmsadlkaline soils in the 1950s, water was useithén1960s, and
comprehensive measures were employed from the I87#ffesent [3]. Xinjiang is located in the inlaadd regions
with scarce precipitation and strong evaporatioaling-alkaline soils are extensively distribute@rth and are
expanding [4-5]. Among the 4.078%0° hnt cultivated land, 1.2288.0° hnt (30.13% of cultivated land and 63.2% of
fields with low yield) is harmed by salinization edirious degrees. Improving and utilizing thesellegsources is an
important part of eco-oasis expansion and susthEredriculture [6]. In 1996, Xinjiang Productionda@onstruction
Corps (XPCC) successfully applied the drip irrigatunder mulch technology in saline-alkaline saitsl then as an
advanced water-saving technology, drip irrigatiader mulch has been quickly and extensively prothatel applied
by the Corps [7]. Currently, the land area witlpdriigation under mulch is already over 38° hnt in Xinjiang [7]
which now has the largest field area with dripgation under mulch applied in China and even inttbdd [8].

The rapid promotion and application of the dripgation technology has caught attentions of manyees and

scientists who began to carry out research in tliespective study areas on the effects of irrigaséimount on cotton

with drip irrigation under mulch. Wang [8] investiigd the effects of irrigation amount and irrigationes during the

key growth stages on the growth, yield and watdization efficiency (WUE) of cotton. Lei [9] foundhat the
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irrigation amount of 1760 fhnt could bring high yield and WUE of cotton with diipigation under mulch. Hu [10]
proposed a soil water management scheme for cetitbndrip irrigation under mulch. Cai [11] foundahwater
consumption for the whole growth period of cottaithvdrip irrigation under mulch should be 345-38thnsun [12]
reported that a suitable irrigation period for drijgation under mulch was 10 d with irrigation anmt of 65 mm each
time. Gong [13] demonstrated that an irrigation aniaf 3900 niYhn? and an irrigation frequency of 5-7 d were
appropriate. And Yang [14] suggested that 12-1@simf irrigation with an amount of 3750-450&/mn? each time
was suitable for cotton with drip irrigation undaulch in south Xinjiang.

Drip irrigation under mulch can provide effectiveams for the exploitation and utilization of salalkaline soils in
arid and semi-arid regions and is widely appliedXinjiang. However, in current production practicke main
measures used to control salts in cotton fields diiip irrigation under mulch are salt-suppressirigation in winter,
salt-suppressing irrigation in spring and irrigatieith large amount of water, which wastes watsouece and may
cause deep percolation and rise of groundwatee taoinsequently soil salinization. However, ifgaiion is not
enough and salts are not leached to deeper lagats, will accumulate around the taproot systencrops, thus
affecting the normal growth of crops. Thereforeinizestigate the effects of irrigation amount oil salinity and the
yield of cotton with drip irrigation under mulch &aline-alkaline soils and to find out the suitabiligation amount for
cotton with drip irrigation under mulch in salinaine soils can help to raise WUE and provideoteéical basis for
the development and utilization of saline-alkalsods.

EXPERIMENTAL SECTION

The Outline of Study Field

The experiment was conducted in the key laboradbiModern Water-saving Irrigatio@rops of Shihezi University
with test-pits from April to October in 2012. Theperimental site (85°387" E, 44°1®8" N) is located in the second
company of the agricultural experiment stationlih®zi University in the western suburbs of Shit@ey in Xinjiang.
The site is 412 m a.s.l. with an average groungestif 6 %0 and a temperate continental climate.l&hgth, width and
depth of the test pits are 3 m, 2 m and 2 m, rés@be. The soil used is a light loam with an ialtisalt content of
2.55%. Drip irrigation under mulch was employedhia experiment and the planting pattern (30+60+8Dis shown
in Fig.1.
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Fig. 1 Schematic description of the planting pattern under drip irrigation (unit: cm)

Experimental Design and Treatment

Four treatments with irrigation amount of 450 mra55mm, 600 mm and 675 mm were set up with a tdtdlOo
irrigation times and three replicates for eachtinemt. Soil salt content was determined using éapte DDB-2 digital
conductivity meter on soil samples taken beforeisgwafter harvest, obefore and after each irrigation using a
soil/water ratio of 1/5. The soil samples were takem the narrow rows and wide rows and aroundooobr
horizontally at 5 cm, 20 cm, and 45 cm away fromithigation pipes and from the layers of 0-10 8,20 cm, 20-40
cm, 40-60 cm, 60-80 cm and 80-100 cm. Soil saltemttrwas calculated using the conductivity of solution based
on the following relationship:

y =0.00005x-0.0003 R =0.97 1)
wherey is soil salt content (% is conductivity (1¢ ms/cm), andR is correlation coefficient.

RESULTSAND DISCUSSION

The Effects of Irrigation Amount on Soil Salinity of Cotton with Drip Irrigation under Mulch

With drip irrigation under mulch in saline-alkaliseils, the migration of soil salts generally ird#s the following two
important processes [2]: the first is that duririggation, the soil salts migrate with irrigatiorater away from around
the emitters in all directions, and during this gess, salts in the surface soil are leached; tbendeis that when
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irrigation stops and there is no more water goiogid soil salts migrate with the redistributionwedter which is

affected by soil moisture gradient, plant trangmraand evaporation of the soil surface. Just beeaf the water and
salt migration rule of “salt goes with water andpst without water” [4], different irrigation amowsnvill surely cause
soil salt changes during the growth period of autibo evaluate the effects of irrigation amountoit salt changes,
soil salt content during the main cotton growttgstaof bud stage, blossing and boll-forming staged,boll-opening

stage is listed in Table 1. As the taproot systéootion with drip irrigation under mulch is maindystributed in the

0-60 cm soil layer, only the salt content in th&dD cm soil layer was discussed in this study.

Table1 Soil salt content during the bud stage, blossing and boll-for ming stages, and boll-opening stage of cotton with different irrigation

amounts
Irrigation amount Bud stage Blossing and boll-forming stage Boll-apgrstage
(mm) 450 525 600 675 450 525 600 675 450 525 600 675

0-10 152 142 031 0.26 1.73 2.24 0.6 0.32 09 5270.19 0.21
10-20 146 132 096 0.69 0.68 0.36 0.67 0.68 14535 091 0.56
Soil layer _ 20-40 147 134 158 058 0.74 1.07 0.95 0.58 21.811 117 117
(cm) 40-60 168 123 149 115 121 1.18 1.34 116 22872 139 1.26
60-80 261 143 166 105 171 1.31 1.87 0.34 23899 165 1.01

80-100 3.03 168 164 0.89 1.88 1.6 1.76 0.59 25.062 1.74 1
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Fig. 2 Soil salt content in thebud stage Fig. 3 Soil salt content in the blossing and boll-opening stage

Table 2 The desalination and salt accumulation zonesin the 0-100 cm soil layer with different irrigation amounts (unit: cm)

Irrigation amount (mm) Bud stage Blossing and boll-forming stages Bollropg stage
’ Desalination zone Salt accumulation zone Desalination zor®alt accumulation zone Desalination zoralt accumulation zone
450 10-50 0-10 and 50-100 5-70 0-5 and 70-100 0-20 20-100
525 0-85 85-100 10-95 0-10 and 95-100 15-30 0-15381100
600 0-35 35-100 0-65 65-100 0-70 70-100
675 0-100 0-100 0-100

Table 3 Single boll weight, seed cotton yield, lint cotton yield, lint percentage and WUE when irrigation amount was different

Irrigation amount ~ Single boll weight ~Seed cotton yield Lint cotton yield  Lint percentage WUE

(m*/hnt) (@) (kg/hnr?) (kg/hnr?) (%) (kg/nt)
450 5.23 3975 1680.63 42.28 0.88
525 5.34 4830 2065.79 42.77 0.92
600 5.21 4502 1919.20 42.63 0.75
675 5.07 4107 1745.89 42,51 0.61

Note: Lint cotton yield=Seed cotton yielsxLint percentage; WUE=Seed cotton yield/Irrigation amount

As salt content of the saline-alkaline soil in ttwton seedling stage was about 2.60%, much hitjfzer the salt
tolerance (0.5%) of cotton in Xinjiang, the fieldsvirrigated with large amount of water beforeithigation in bud
stage so that salts were suppressed and the sahton root zone dropped rapidly. The salt conteas determined to
be about 1.5% which was taken as the initial saitent of the soil. The zone with salt content Iotk@n the initial salt
content was called desalination zone while thah wilt content higher than the initial salt conteas called salt
accumulation zone. To investigate the effects rifation amount on the desalination zones andagaltimulation
zones in the growth stages of cotton with driggattion under mulch, soil salt contents during tleéngrowth stages of
cotton were compared with soil initial salt contant results are presented in Figs. 2-4.

From Figs. 2-4, we can get the desalination zondssalt accumulation zones during the main grovaes of cotton
with drip irrigation under mulch when irrigation aomt was different as shown in Table 2.

As can be seen from Table 2, when irrigation amaast675 mm, the 0-100 cm soil layer was in a sthtiesalination
during the bud stage, blossing and boll-forminga$sand boll-opening stage of cotton. As the tasypstem of cotton
with drip irrigation under mulch was in the 0-60 epil layer, water was wasted. During the bud stage salts were
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leached to over 60 cm below surface with the itiigaamount of 525 mm. During the blossing and Hfmlining
stages, soil salts were leached to over 60 cm bglwface with the irrigation amount of 450, 525660 mm. During
the boll-opening stage, salts were leached overné®elow surface with the irrigation amount of 6@fh. Taken
together, an irrigation amount of 525-600 mm hgsad salt-leaching effect.

2]
o
o
~

The soil salinity (%) r & Measured values—Fitted values

0.00 0.50 1.00 150 2.00 250 3.00

-

5000 .
4000 /—‘\

3000 -

——400mm
—=— 450mm
—&— 600mm
—%— 675mm
---e--- The initial soil salinit

20 -

40

ol 2000

ol 1000 -

The depth of soil cm)

The yield of seed cottonkg/hmz)

0
100 |

400 500 600 700 800

120t Irrigation (mm)
Fig. 4 Soil salt content in the Fig. 5 Thefitted curve between irrigation
boll-opening stage amount and seed cotton yield

The effects of irrigation amount on theyield of cotton with drip irrigation under mulch.

The goal of crop production is to obtain a yielchagh as possible with a reasonable irrigation maai using water
resource as little as possible. Cotton yield iteotéd by indexes such as single boll weight, sestbn yield, lint

cotton yield, lint percentage, and WUE. Differamigation amounts can directly affect the growtld development of
cotton and lead to different cotton yields. TabkhBws the single boll weight, seed cotton yigid,dotton yield, lint

percentage, and WUE when irrigation amount wa®fit.

As can be seen from Table 3, when irrigation amaast 525 mm, the single boll weight, seed cottetdyilint cotton
yield, lint percentage and WUE of cotton were high.
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Non-linear models depicting the relationships betwseed cotton yield, lint cotton yield and WUE amijation
amount were developed based on the measured {&igss5-7) and data fitting:

Y, =-0.0556V? + 62.594/ - 1288 R* =0.8626 @)
Y, =-0.0248V> + 27.98@/ - 5863 R*=0.8596 3)
WUE =-8x10°W? + 0.0078V - 0.918 R®=0.9544 (4)

whereYs is seed cotton yield (kg/HnY, is lint cotton yield (kg/hrf), Wis irrigation amount (mm), and WUE is water
use efficiency (kg/rd).

Take the derivative of the above three functiorss latt
Y,=-0.1113V + 62.59% | (5)

Y= -0.0496V + 27.98% | (6)
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WUE' = -16x 10°W + 0.0076= ( (7

Solve equation (5) and we g&t562.87 mm. Input this value @ in equation (2) and we get the maximum seed cotton
yield: Ys=4729.70 kg/hrh

Solve equation (6) and we g&t564.29 mm. Input this value @ in equation (3) and we get the maximum lint cotton
yield: Y,=2033.92 kg/hrh

Solve equation (7) and we gét&475.00 mm. Input this value &¥ in equation (4) and we get the maximum WUE:
WUE=0.89 kg/m.

Taken together the seed cotton yield, lint cottietdyand WUE, the best irrigation amount is 475@8-564.29 mm.
When the good irrigation amount of 525.00 mm-600r00 for salt leaching is also taken into accourig, ¢oncluded
that when the initial soil salt content is 2.55%g irrigation amount suitable for cotton with diipgation under mulch
in saline-alkaline soils is 525.00-564.29 mm.

CONCLUSION

Irrigation amount has an important effect on sait distribution in the 0-100 cm soil layer in awnitfields with drip
irrigation under mulch. When irrigation amount 304mm, the salt-leaching effect is bad. When iti@aamount is
525-600 mm, salt-leaching effect is good. An irtiga amount of 675 mm will cause waste in wateuese.
Non-linear models among seed cotton yield, lintaoyield, and WUE and irrigation amount show ttet optimal
irrigation amount is 475.00-564.29 mm. Taken toge#eed cotton yield, lint cotton yield, WUE andt-tsaching
effect, an irrigation amount of 525.00-564.29 mnsugtable for cotton with drip irrigation under mblwhen soil
initial salt content is 2.55%.
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