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Abstract: In order to explore the use of groundwater resources, field experiments were conducted for three consecutive years
during 2012-2014 in the Shiyang River basin of Northwest China. Irrigation was conducted using four different water salinity
levels that were arranged in a split plot design. These four water salinity levels were s0, s3, s6 and s9 (0.71, 3, 6 and 9 g/L,
respectively). The soil salt content, soil bulk density, soil porosity, saturated hydraulic conductivity, plant height, leaf area
index and yield of maize for seed production were measured for studying the effects of saline water irrigation on soil salt
content distribution, soil physical properties and water use efficiency. It was observed that higher salinity level of irrigation
water and long duration of saline water irrigation resulted in more salt accumulation. Compared to initial values, the soil salt
accumulation in 0-100 cm soil layer after three years of experiments for s0, s3, s6 and s9 was 0.189 mg/cm’, 0.654 mg/cm’,
0.717 mg/em® and 1.135 mg/cm’, respectively. Both greater salt levels in the irrigation water and frequent saline water
irrigation led to greater soil bulk density, but poorer soil porosity and less saturated hydraulic conductivity. The saturated
hydraulic conductivity decreased with increase in soil bulk density, but increased with improvement in soil porosity. It was
noted that the maize height, leaf area index and maize yield gradually decreased with increase in water salinity. The maize
yield decreased over 25% and the water use efficiency also gradually declined when irrigated with water containing 6 g/L and
9 g/L salinity levels. However, maize yield following saline water irrigation with 3 g/L decreased less than 20% and the
decline in water use efficiency was not significant during the three-year experiment period. The results demonstrate that
irrigation with saline water at the level of 6 g/L and 9 g/L in the study area is not suitable, while saline water irrigation with 3
g/L would be acceptable for a short duration together with salt leaching through spring irrigation before sowing.
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1 Introduction

Due to arid climate and little rainfall, the Shiyang River basin
is a typical interior river basin that faces water shortage and
environmental deterioration in arid Northwest Chinal'l. The total
amount of water supply in the Shiyang River basin is 2.877 billion m’,
of which 2.485 billion m’ is used for agriculture, which accounts
for 86.4% of the total water supply®. Agricultural irrigation is
the major consumer of available water resources in any arid region.
For the arid Northwest China facing shortage of surface water
resources, groundwater is also an important water source for social
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and economic development, maintaining the ecological
environment and agricultural irrigation. Due to excessive
exploitation of local water resources, the groundwater salinity tend

to increase with every passing yearl..

In order to make up for
shortage of fresh water resources and ensure steady development of
agricultural production in arid district, saline water irrigation has
been widely used in agricultural production. Dozens of countries
around the world (e.g., the U.S.A., Israel, Syria, Japan, Italy and
Australia) have used salt water for irrigation and have gradually
developed relatively mature technological systems. The
traditional surface irrigation method was used in the southwest of
USA with the irrigation water salinity of 2.5-4.89 g/L. The
practice showed that the cotton yields were similar or higher than
the production with traditional fresh water irrigation method™. In
west Australia, salt water with salinity over 3.5 g/L was
successfully used on a short-term basis to irrigate apple trees and
grapes’®.  Similarly, in Israel underground brackish or salt water
with a salinity of 1.2-5.6 g/L was widely used as the major source
of agricultural irrigation for farm irrigation, spray irrigation and
drip irrigation!®. Most studies on saline water irrigation have
focussed on its influence on soil water-salt movement, physical and
chemical properties of the soil, and on crop growth. Many
researchers have also studied salt accumulation in the soil during
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saline water irrigationt’'”. Results show that large irrigation

quota will cause the salt in the irrigation water to be concentrated
deep inside the soil, while a small irrigation quota may lead to salt
accumulation in the root region of the soil. Tedeshi et al['!
used the SWAP model to simulate the water and salt distribution in
the soil under saline water irrigation with varying salinity. The
study indicated that the accumulated salt content in the soil
increases linearly after years of saline water irrigation. The
influence of saline water irrigation on physical properties of soil
mainly reflects towards the influence of salinity and ion content in
the irrigation water on soil permeability!'>'*). Increased salinity
of irrigation water causes decreased expansion effect of the clay
and increased flocculation. With increase in effective porosity of
soil, both hydraulic conductivity and soil permeability increased!"*!.
Feigen et al. studied the influence of saline water irrigation on
exchangeable sodium and conductivity of the soil. They reported
that increase in sodium ion resulted in soil particle contraction,
colloid particle separation and swelling, and decreased soil
porosity!"™™.  Zartman et all'® investigated the variation of
physical and chemical properties of sandy and calcareous soil
under saline water irrigation. They reported that four years of
irrigation led to dramatic increase in conductivity, soluble sodium,
calcium, magnesium, and sodium adsorption ratio of the soil
solution.  The results also implied an evident decrease in
hydraulic conductivity of the soil, but soil bulk density and
moisture characteristic curve did not change considerably.
Variations of the physical and hydraulic properties of the soil will
inevitably cause variations of salt and water movement in the soil.

Maize is one of the most important crops in the world and is
sensitive to salt content!' ', Katerji et al.?”  showed that saline
water irrigation increased salt stress and hence resulted in reduced
leaf water potential, photosynthetic rate, transpiration rate, stomatal
conductance and the yield of the maize. Kang et al[?"
demonstrated that an increase in salinity of irrigation water by
1 dS/m led to a decrease in plant height, fresh weight and dry
weight by 2% and a decrease in maize yield by about 0.4%-3.3%.
The maize for seed production is one of the main economic crops
and the planting area of maize is rapidly increasing in arid
Northwest China. With consideration of different soil texture, soil
physical and chemical properties, climate conditions, planting types
and structure in different regions, we studied the effects of saline
water irrigation on soil salt content distribution, soil physical
properties and water use efficiency of maize for seed production in
arid Northwest China. The study also has an important theoretical
significance for saline water irrigation theory to guide agricultural
production practice. The objectives of this study were to
investigate: (1) the soil salt content distribution and accumulation
after different water salinity treatments; (2) the effects of saline
water irrigation on soil physical properties (i.e. soil bulk density,
soil porosity and saturated hydraulic conductivity); (3) the effects
of saline water irrigation on maize for seed production growth
parameters (i.e. plant height and leaf area index), yield and water
use efficiency.

2 Materials and methods

2.1 General description of the study area

Field experiments on maize for seed production with saline
water irrigation were conducted from April 2012 to October 2014
at the Shiyang River station of China Agriculture University
(102°52'E, 37°52'N). The station is located in Gansu Province of
Northwest China. The area is characterized as a typical arid

climate zone with an altitude of 1581 m. The average annual
rainfall and potential evaporation of the area is 164.4 mm and
2000 mm respectively, groundwater depth in the experimental area
is about 40 mm. The experiments were conducted with
non-weighing lysimeter containing twelve test pits with area of
6.66 square meter (3.33 mx2 m) having a depth of 3 meter (Figures
1 and 2). Two test pits were separated by cement concrete and the
bottom is a cement floor. The average bulk density of soil in the
test pit was 1.48 g/em’, field capacity and saturated water content
(volumetric water content) were 0.30 em’/cm’® and 0.37 cm®/em’
respectively. The physical and chemical properties of the soil
before experiment are presented in Table 1.

Table 1 Basic physical and chemical properties of soil

dest‘l:i/lcm Sand/%  Silt%  Clay/% ma?ﬁj‘;lfg,, Soil textural

0-20 5979 2822 11.99 11.76 Sandy loam
>20-40  53.03 3189 1508 712 Sandy loam
>40-100 4869 3613 15.19 5.48 Clay loam

J

Figure I Non-weighing lysimeter
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Figure 2 Schematic diagram of non-weighing lysimeter

2.2 Experimental design

Irrigation was performed with 0.71 g/L (s0), 3 g/L (s3), 6 g/L
(s6) and 9 g/L (s9) level of water salinity. It represented
groundwater salinity of the upstream, midstream and downstream
of Shiyang River and Minqin Lake area. There were four
treatments with three replicates and twelve test pits were laid out
by split plot arrangement.

The irrigation water requirement for maize for seed production
during each growth stage was decided by the reference crop water
requirements and K..

ET,=K,ET, (1)

The ET, was calculated by Penman-Menteith method that
recommended by FAO, the K. of maize for each specific growth

stage was referred to former study results!??.

The total crop water
requirements of maize was 555 mm calculated by Equation (1).
According to the local experience, the maize was irrigated 5 times
at different growth stage, while the total irrigation quota was the
total water amount during the whole growth period. The
irrigation schedule was decided as Table 2. The sowing, irrigation
and harvest times are shown in Table 3. Spring irrigation was
performed once at the volume of about 150 mm, half a month
before sowing every year for the purpose of salt leaching and soil

water conservation.
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Table 2 Scheme of irrigation under different treatments

Salt concentration of

Irrigation quota/mm

Total irrigation

Treatment irrigation water/g-L"! . . . o . quota/mm
Jointing stage Booting stage Tasseling stage Filling stage Maturity stage

sO 0.71 120 120 105 105 105 555

s3 3 120 120 105 105 105 555

s6 6 120 120 105 105 105 555

s9 9 120 120 105 105 105 555

Table 3 Sowing date, irrigation date and harvest date for maize of every year
Sowing Spring irrigation Ist irrigation 2nd irrigation 3rd irrigation 4th irrigation Sth irrigation Harvest

2012 4/24 4/1 6/6 6/30 7/21 8/13 8/31 9/23
2013 4/20 4/5 6/5 6/30 7/20 8/10 8/29 9/13
2014 4/19 4/3 6/10 7/1 7/25 8/15 9/5 9/19

The fresh water used in the experiment was pumped directly
from the groundwater in the study area. The fresh water contained
Na*+K*, Mg*, Ca®*, HCO;y, CI' and SO at 129.76 mg/L,
31.9 mg/L, 45.7 mg/L, 41.19 mg/L, 150.19 mg/L and 296.22 mg/L
concentrations respectively.  Fresh water with a salinity of
0.71 g/L was obtained from a local well.  According to
composition of the local groundwater, saline water of 3 g/L, 6 g/L
and 9 g/L was prepared artificially by dissolving NaCl, MgSO, and
CaSOy in fresh water in mass ratio of 2:2:1 respectively. The pH
of different irrigation water was about 7. The test pits was
irrigated by pipelines and the water meter was used to control the
irrigation water amount. Maize for seed production variety
“Golden northwest No.22” was sowed in one-line male plants and
seven-line female plants with 56 plants in each plot. Before
sowing, whole plots were fertilized with 375 kg/hm® of N,
225 kg/hm? of P,Os and 300 kg/hm?® of K,O as a basal fertilizer.
When necessary, cultural practices, such as pest control, harrowing,
and fertilization were followed following local experience.

2.3 Meteorological data and sampling methods

An automatic meteorological station (Weather Hark, Campbell
Scientific, USA) was installed in the experimental station.
Temperature, relative humidity, precipitation, wind speed and solar
radiation were measured and the data was recorded every hour.
Total effective precipitation (>2.5 mm) during the maize growth
stage in 2012, 2013 and 2014 was 109.7 mm, 51.2 mm and
141.2 mm respectively. The multi-year average precipitation
during the maize growth was 90 mm, which indicated that 2013
was a dry year, while 2012 and 2014 were wet years.

By using soil auger, the soil samples were taken before seeding,
after harvest and before or after irrigation during the growth period
of maize at a depth of 0-10 cm, 10-20 cm, 20-40 cm, 40-60 cm,
60-80 cm and 80-100 cm per plot. The soil moisture was
measured using drying method. The reserved soil samples were
air dried, ground and passed through 1 mm sieve. A 1:5
soil-to-water ratio was used to prepare soil leachates. Electrical
conductivity, EC;.s was measured using SG-3 conductivity meter
(SG3-ELK742, Mettler-Toledo International Inc., Switzerland) and
translated into soil salinity by using the equation,
§=0.0275EC;.s+0.1366*.  In 2014 during the maize growth
period, soil samples were taken five times using steel cutting ring
of 100 cm® and 200 cm® volume at the depth of 0-20 cm and 20-
40 cm per plot. The soil bulk density and soil porosity were
measured by oven-drying method and saturated hydraulic
conductivity was measured by soil permeability meter (TST-55,
China) using constant head permeameter in triplicates for each

treatment. To eliminate the influence of different temperature on

saturated hydraulic conductivity, it was converted to the values of
saturated hydraulic conductivity under 10°C. The maize plant
height, and length and width of leaf every 15-20 d after seedling
were measured. The leaf area index (LAI), defined as the ratio of
leaf area to land area was obtained using estimation formula (LAI=
(KxLxW)/4, where K is a fitting coefficient value, which for maize
is 07524, and 4 is the covering area of plant leaves). After
harvest, maize yield components, such as ear length, ear diameter
and aboveground dry matter were determined by taking average of
6 plants per plot. The weight of 100 grains for each plot was
determined in triplicates. The maize for seed production from
each plot were threshed and dried after harvest. The maize yields
of each plot were measured to determine yield per hectare. The
data obtained from experiments was analyzed using a single-factor
analysis of variance (ANOVA) by SPSS 17.0 software package
(SPSS Inc., Chicago, IL, USA).
24  Calculation of water consumption and water use
efficiency
Water consumption and water use efficiency were calculated
by the following equation.
ET=Py+I-AW-R-L+D 2)
AW=10xrH(W—W,) 3)
where, ET is water consumption during the whole crop growth
period, mm; Py is the total effective rainfall (>2.5 mm); / is the
irrigation amount, mm; AW is the soil water depletion in the
measured soil depth during the growing stage, mm; and it was
positive when soil water was recharged and negative when
consumed; W, is soil moisture before sowing maize, cm’/em®; W,
is soil moisture after harvest of maize, cm’/cm’; R is surface
runoff and it is assumed to be zero, mm; L is soil water side
penetration (mm) and it is assumed to be zero; r is soil bulk
density, g/em®; and D is the bottom water flux of 0-100 mm. The
bottom water flux of 100 cm was estimated according to Darcy’s

[25,26]

equation , and was negative when downwards and positive

when upwards.
According to Darcy’s law, soil water exchange at the bottom of
100 cm can be estimated using equation:

qg=-K (5) gradH @)
where, ¢ is the vertical water flux, mm/d; 0 is the average soil
moisture at 100 cm, cm*/cm’; gradH is the hydraulic head gradient
between 80-120 cm; and K (5) is unsaturated hydraulic

conductivity, which is given by:
K(0)=C(0)D(0) )

where, 6 is soil volumetric moisture, cm*/cm’; C(6) is specific
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soil water capacity, cm. The result can be obtained through the
soil water retention curve, which is given by:
§=5.39468x10%¢26-8%¢ (6)
C(6) = 6.895x107820-88¢0 %)
where, S is soil water suction, cm; D(6) is soil water diffusion
(cm?/min) that is determined by horizontal soil column method

D(6) =0.0008¢>>7* (8)

Water use efficiency (WUE) is calculated as mentioned below:

WUE = xr 9
ET

where, Y is the maize yield, kg/m’.
3 Results and discussion

3.1 Soil salt content distribution

After saline water irrigation, the salt content in the soil is
mainly influenced by irrigation, rainfall, irrigation water salinity,
soil properties and the crop root water uptake. Figures 3 shows
the salt content distribution with varying soil profiles under
different treatments after saline water irrigation during the three

years of study. We have stratified soil into three parts such as

a depth of 20-60 cm, and the deep soil at a depth of 60-100 cm.
Figures 3 shows that the salt content in the soil displays some
pattern. Before irrigation, the salt content was stable across
different layers.
during the maize growth period, the salt content changed radically
across different layers. After irrigation was stopped at the late
stage of the growth, the salt content in the soil restored its stability.
The salt content in the soil was obviously layered during the
growth period of the maize under the s9, s6 and s3 treatments over
the three years of experiments following saline water irrigation.
In detail, the salt content was lower in the surface soil, higher in the

But after several rounds of saline water irrigation

deep soil, and changed greatly in the crop root water uptake soil.
Under the sO treatment, the salt content changed slightly across
different soil layers and was found to be around 0.5-1.0 g/kg levels.
However with s9, s6 and s3 treatments, the salt content in the soil
across different soil layers was higher than freshwater irrigation,
and the salt content increased with increase in salinity of the
irrigation water. For surface soil and crop root water uptake soil,
it was revealed that the salt content was highest for s9, followed by
s6, then s3 and was lowest for s0. However, in the deep soil, very
slight difference in salt content was found between s9 and s6

surface soil at a depth of 0-20 c¢m, the crop root water uptake soil at treatments.
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Figure 3  Salt content distribution in the soil under different treatments

Table 4 shows accumulation of salt content in the soil profile
following different irrigation treatments in 2012, 2013 and 2014
after the maize harvest in comparison to that before the

experiments. The positive value represents the salt deposit, while
negative value depicts desalination. From this table, it can be
observed that the accumulation of salt content across different soil
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layers increased with the saline water irrigation following s9, s6
and s3 treatments. The accumulation of salt content in the surface
soil, crop root water uptake soil and deep soil following s9
treatment was 1.219 mg/cm’, 1.194 mg/cm® and -0.204 mg/cm”® in
2012 and changed to 1242 mg/em’, 1.567 mg/cm® and
0.650 mg/cm® respectively in 2014. Upon s6 treatment, salt
accumulation content was 0.914 mg/cm’, 0.404 mg/cm’
—0.411 mg/em’® in 2012, which increased by 0.298, 0.309
0.885 mg/cm’ in 2014 in surface soil, crop root water uptake
and deep soil respectively. Similarly, accumulation of salt content
in 2012 following s3 treatment for surface soil, crop root water
uptake soil and deep soil was 0.884 mg/cm’, 0.158 mg/cm® and
-0.484 mg/em® and further increased by 0.029 mg/cm’,
0.644 mg/cm’® and 0.861 mg/cm’® in 2014 respectively. The
accumulation of salt content was consistently less than 0.3 mg/cm’
across the three different layers for all three years under the sO
treatment. The accumulation of salt content increased across the
three layers following irrigation with saline water. For year 2014,
the accumulation of salt content following s9, s6 and s3 treatments

and
and
soil

was 1.242 mg/cm’, 1.212 mg/em® and 0.913 mg/cm® respectively in
the surface soil; 1.567 mg/cn’, 0.713 mg/cm’® and 0.802 mg/cm’ in
the crop root water uptake soil, and 0.650 mg/cm’, 0.474 mg/cm’
and 0.377 mg/cm’ in the deep soil. Furthermore, the salt content
was mostly concentrated in the surface and the crop root water

uptake soil after saline water irrigation. In s6 treatment, the
accumulation of salt content in surface soil, crop root water uptake
soil and deep soil was 0.914 mg/em®, 0.404 mg/em’®, and
—0.411 mg/cm® in 2012 and 1.212 mg/em’, 0.713 mg/em’, and
0.474 mg/cm® in 2014. This means that after irrigation was
stopped at the late stage of growth, the salt content was
concentrated in the surface and the crop root water uptake soil due
to soil surface evaporation and crop root water uptake. It is found
that the soil salt accumulation of 60-100 soil layer of s9, s6, s3
treatment in 2012, and s9, s6 treatment in 2013 was negative value.
This was most possibly because that the field was implemented
saline water irrigation trials since 2009, the salt in surface soil was
leached to deep soil by spring irrigation with a large water amount
1231 thus, the initial soil salt at the soil depth of
60-100 cm under s9, s6, s3 were relatively higher. While, once
the irrigation was ended at the end of maize growth, the soil salt

for last 3 years

will move to surface soil by soil evaporation and root water uptake.
the soil salt was mainly accumulated in the surface soil, which
induced lower soil salt at the depth of 60-100 cm after maize
harvest, even lower than the very begin of the trial, and the
negative value was appeared. It is needed to note that with the
lasting years of saline water irrigation, the salt at the soil depth will
accumulate to a positive value.

Table 4 Salt accumulation in the soil under different treatments

Soil depth Salt conten? before the 2012 2013 2014
Treatment /mm ex;);r]irgr}?nt Salt content aftler Salt accumul}ation Salt content aftler Salt accumul}ation Salt content aftler Salt accumulstion
harvest/g-kg /mg-cm’ harvest/g-kg /mg-cm’ harvest/g-kg /mg-cm”™

0-20 0.576 1.399 1.219 1.307 1.082 1.415 1.242

s9 20-60 0.809 1.616 1.194 1.319 0.755 1.868 1.567
60-100 1.551 1.413 -0.204 1.484 -0.099 1.990 0.650

0-20 0.676 1.294 0.914 1.191 0.762 1.495 1.212

s6 20-60 1.304 1.577 0.404 1.519 0.317 1.786 0.713
60-100 1.788 1.510 -0.411 1.765 -0.035 2.108 0.474

0-20 0.611 1.208 0.884 0.915 0.450 1.228 0.913

s3 20-60 0.861 0.968 0.158 1.105 0.361 1.403 0.802
60-100 1.538 1.211 -0.484 1.616 0.115 1.793 0.377

0-20 0.578 0.620 0.062 0.582 0.006 0.705 0.188

s0 20-60 0.576 0.611 0.052 0.680 0.154 0.770 0.287
60-100 0.682 0.710 0.041 0.721 0.058 0.744 0.092

Figure 4 shows variations of soil salt content in 0-100 cm
depth with different treatments of saline water irrigation
experiments. From this figure, it can be observed that the salt
content in soil increased with every round of irrigation during
maize growth under different treatments. The soil salt content
increased faster when irrigation was done using high salinity water.
In 2014, the salt content increased by 0.269 g/kg, 0.293 g/kg and

0.002 g/kg under s9, s6 and s3 treatments respectively compared to
the salt content before sowing. In the three years of saline water
irrigation, the soil salt content in the 0-100 cm depth under the s9,
s6 and s3 treatments was higher than freshwater irrigation. The
salt content in the soil under s9 and s6 treatments was much higher
than s3.
treatment did not differ much from salt content under s6 treatment.

It was also observed that the soil salt content under s9
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Figure 4 Soil salt content in 0-100 cm depth under different treatments
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Table 5 shows accumulation of salt content in 0-100 cm soil
under different treatments post harvest for 2012, 2013 and 2014 in
comparison to that in the beginning of the study. It can be
observed that saline water irrigation led to accumulation of salt
across different soil layers with time. The accumulation of salt
content in 2012 was 0.640 mg/cm’, 0.180 mg/cm’ and 0.046 mg/cm’
under s9, s6 and s3 treatments, respectively. These figures
increased by —0.161 mg/cm®, 0.086 mg/cm’ and 0.235 mg/cm’ in
2013. The salt content accumulation further increased by
0.656 mg/em’, 0.451 mg/em® and 0.373 mg/cm’® in 2014 in
comparison to that in 2013. On the contrary, under sO treatment
across three years, the salt accumulation was very little being 0.050,

0.086 and 0.189mg/cm® for the year 2012, 2013 and 2014,

water irrigation with 9 g/L and 6 g/L, the salt content accumulation
did not differ greatly in the 0-100 cm soil. This means that long-term
irrigation with high-salinity saline water results in enormous
These results are similar to those
previously reported by Jiang et al.””) and Wang et al.’*®) Hence, 9
g/L and 6 g/L salt water is not recommended for irrigation in the
research area.

concentration of salt in the soil.

In case of irrigation with 3 g/L brackish water, salt
content in the soil under saline water irrigation was observed to
In-depth investigation is needed to
investigate whether the salt content accumulation in soil has serious
The results showed that
short-term brackish water irrigation with 3 g/L salt concentration
and salt leaching through spring irrigation before sowing each year

accumulate with time.

influence on the soil’s environment.

respectively. It can also be observed that after long-term saline cannot result in enormous concentration of salt in the soil.
Table 5 Soil salt accumulation in the 0-100 cm under different treatments
Salt content before 2012 2013 2014
Treatment ex?e.rlin%?nt Salt content after Salt accumulation Salt content after Salt accumulation Salt content after Salt accumulation
gxe harvest/g-kg /mg-cm™ harvest/g-kg /mg-cm™ harvest/g-kg /mg-cm™
s9 1.059 1.491 0.640 1.383 0.479 1.826 1.135
s6 1.372 1.494 0.180 1.551 0.266 1.857 0.717
s3 1.082 1.113 0.046 1.271 0.281 1.524 0.654
sO 0.619 0.652 0.050 0.677 0.086 0.747 0.189
3.2 Influence of saline water irrigation on soil physical the soil across different experimental areas in terms of soil bulk

properties

The soil bulk density and soil porosity are the basic parameters
As one of the physical properties of
soil, saturated hydraulic conductivity is an important measure of

of physical properties of soil.

determining soil permeability and highly relates to soil bulk density
and soil porosity. The long-term saline water irrigation causes
increased concentration of salt content in the soil profile, and
inevitably exerts influence on soil bulk density, soil porosity and
28291 Figure 5 shows variations
in the soil bulk density, soil porosity and saturated hydraulic

saturated hydraulic conductivity

conductivity during the maize growth period in 2014. The soil at
the crop taproot layer (0-40 cm) was ploughed again before maize
was planted in the experimental area and then was leached through
spring irrigation with the purpose of eliminating the difference of

density, soil porosity and saturated hydraulic conductivity. It can
also be seen from Figure 5 that soil bulk density increased with
raising rounds of saline water irrigation for different water salinity
treatments. Compared to pre sowing, the soil bulk density of 0-
20 cm soil after maize harvest in 2014 under the s9, s6, s3 and s0
treatments increased by 4.31%, 2.95%, 2.86% and 0.33%,
respectively, while the soil bulk density of 20-40 c¢m soil increased
by 2.29%, 1.35%, 1.27% and 0.16%, respectively. Therefore,
higher salinity of irrigation water leads to higher soil bulk density.
Meanwhile, the soil porosity and saturated hydraulic conductivity
decreased as rounds of saline water irrigation raised. Furthermore,
the variations in soil porosity and saturated hydraulic conductivity
under different treatments revealed the same patterns as that
observed for soil bulk density.
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Figure 5 Bulk density, porosity and saturated hydraulic conductivity of the soil
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Figure 6 shows the correlation between soil bulk density, soil
porosity and saturated hydraulic conductivity.
the figures that saturated hydraulic conductivity has negative

correlation with the soil bulk density and positive correlation with
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It can be seen from

soil porosity. It can be explained that the increase of soil bulk
density results in compact soil, thereby inducing reduced porosity
and poor saturated hydraulic conductivity of the soil.
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Figure 6 Relationship between bulk density, porosity and saturated hydraulic conductivity

3.3 Influence of saline water irrigation on plant height and
leaf area index of maize for seed production

Figures 7 shows the variation of maize for seed production
height and leaf area index (LAI) following s0, s3, s6 and s9
treatments during the three experimental years. The maize plant
height changed radically during the growth. Before booting stage,
the plant grew quickly and plant height increased dramatically.
After booting stage, plant height remained almost the same. The
influence of saline water irrigation on maize plant height became
obvious after the jointing stage. At the late stage of growth in
2012, the plant height for s3, s6 and s9 treatments was 3.22%,
5.00% and 11.45% less than that with sO treatment, by 5.42%,
12.23% and 19.97% in 2013, and by 2.92%, 7.19% and 12.10% in
2014 respectively. Hence, irrigation with higher salinity water

greatly influences maize plant height. The influence of various

200

saline water irrigation treatments on plant height in 2012 and 2014
was less than that in 2013. In years 2012 and 2014, there was
heavy rainfall that probably leached salt from the soil and thus
LAI
of maize also showed changes similar to that observed for plant
height after different water salinity treatments. At the late stage of
growth in 2012, LAI under s3, s6 and s9 treatments was less than
s0 by 4.95%, 9.87% and 18.12%, by 17.60%, 39.84% and 48.38%
in 2013, and by 13.11%, 19.30% and 27.00% in 2014 respectively.
Hence, saline water irrigation reduces both the maize plant height
and LAL
greater influence on the maize growth. Long-term irrigation with
high-salinity salt water severely affected crop growth. The
influence of the salt content on maize plant height and LAI during
the three years of experiment was insignificant (p>0.05).

reduced influence of saline water irrigation on plant height.

Additionally, irrigation with higher salinity water has a
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Figure 7 Plant height and LAI of maize for seed production across different days after sowing
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3.4 Influence of saline water irrigation on maize for seed
production yield

Table 6 shows maize for seed production yield and the yield
parameters under different treatments during 2012-2014.

The maximum value of the maize yield under sO treatment in
2012 was 6303.36 kg/hmz, which was higher than s3, s6 and s9
by 17.39%, 25.65% and 35.33%, respectively. Similarly, the
maize yield under s0 treatment in 2013 was 5838.60 kg/hm’ and
was 19.65%, 29.53% and 33.63% higher than that with s3, s6 and
s9 treatments, respectively.
treatment was 6019.07 kg/hm* and was higher than s3, s6 and s9
treatment by 18.19%, 29.08% and 32.76%, respectively. The
influence of saline water irrigation on maize ear length, ear
diameter, hundred-grain weight and dry matter weight was
similar to its influence on the yield. Hence, higher the salinity
of the irrigation water is, greater the decrease in maize yield

In 2014, the maize yield under s0

occurs. Three years of saline water irrigation with 6 g/L and
9 g/L resulted in a decrease of over 25% in maize yield. Saline
water irrigation with 3 g/L resulted in reduction in the maize yield
by less than 20%. These results are similar to those reported
previously by Jiang et al.?”land Wang et al.®! However,
short-term irrigation with 3 g/L brackish water in the research
area will not cause dramatic reduction in maize yield. Variance
analysis was performed on maize yield and yield parameters
during 2012-2014.  The different irrigation water salinity
treatments were subjected to LSD test (p<0.05). Results
indicate that the salt content had significant influence on the
hundred-grain weight and yield in 2012; on ear length, dry matter
weight and yield in 2013; and on ear diameter and hundred-grain
weight in 2014. However, the salt content did not have a
significant influence on any other yield parameters.

Table 6 Yield and yield parameters of maize for seed production

Year Treatment Ear length/cm Ear diameter/cm Hundred-grain weight/g Dry matter weight/g Yield/kg-hm™
s9 127.76(+7.42)a 37.83(+4.11)a 28.10(x£0.37)a 128.78(+35.53)a 4076.22(271.22)a
012 s6 136.41(x13.50)ac 39.28(+2.12)ab 32.23(+0.34)b 143.39(+12.36)a 4686.73(x351.10)b
s3 151.59(x3.09)bc 42.63(+£2.38)b 33.00(+0.56)c 174.52(+51.67)a 5207.4(+254.05)¢
s0 166.26(x10.81)b 43.19(x1.67)b 35.60(x1.10)d 196.28(+52.16)a 6303.36(+180.77)d
s9 121.59(+3.84)a 35.53(+3.87)a 29.45(x1.85)a 115.23(+3.01)a 3875.15(+27.28)a
s6 134.03(+3.64)b 39.77(x1.09)a 31.05(x1.89)a 134.25(x10.76)b 4114.35(x77.32)b
2013 s3 148.15(x0.61)c 42.19(£0.77)a 32.66(x1.83)ab 185.37(+3.07)c 4691.10(x81.67)c
s0 159.52(+2.84)d 46.26(+0.51)b 35.83(x1.16)b 193.21(x11.68)d 5838.60(+415.02)d
s9 132.26(+9.36)a 35.48(+1.09)a 27.84(x1.25)a 131.55(£9.75)a 4047.1(x436.50)a
014 s6 138.49(+7.80)b 37.63(+1.61)b 31.34(+0.49)b 149.4(£13.05)a 4268.8(+85.39)a
s3 153.17(x5.76)bc 39.12(%1.68)c 33.76(x1.21)c 175.68(+28.85)b 4924.24(+579.07)a
s0 169.54(+7.23)c 42.36(+0.47)d 35.98(+0.67)d 204.09(+32.34)be 6019.07(+727.84)b

Note: Values in arrow followed by the same letter are not significantly different at p<0.05.

3.5 Influence of saline water irrigation on water use efficiency
of maize for seed production

Table 7 shows that the water use efficiency under different
treatments during 2012-2014. Under different irrigation methods
based on varying salinity, despite the total water consumption of
maize was similar, the water use efficiency were distinct. As
salinity of the water raised, water use efficiency decreased. In
2012, the water use efficiency of sO that irrigated by fresh water
was found to 1.02 kg/m’®, and reduced by 17.19%, 19.89% and
24.98% for s3, s6, and s9, respectively. Similarly, during 2013,
the water use efficiency of s0 was 1.03 kg/m® and reduced by
14.8%, 25.00% and 28.66% for s3, s6, and s9, respectively. By
the 3rd year (2014), the water use efficiency of sO was found to

Table 7

1.00 kg/m3 with reduction in s3, s6, and s9 by 16.36%, 24.11% and
31.53%, respectively. It was observed that the water use
efficiency of s6 and s9 gradually reduced with increased saline
water irrigation rounds. The water use efficiency of s6 and s9
declined each year from 0.76~0.76 kg/m® in 2012 to 0.68~
0.76 kg/m’® in 2014, respectively. Additionally, relatively gent
change in water use efficiency of s3 was observed from 0.84 kg/m’
in 2012 to 0.83 kg/m3 in 2014. However, it is need to note that
the water use efficiency of sO was retained at around 1.0 kg/m’
during the study period.
irrigation below 3 g/L together with annual salt leaching through
spring irrigation before sowing did not strikingly reduce the water

In brief, short-term saline water

use efficiency of maize.

Water use efficiency of maize for seed production

Bottom water flux of

. . . 3
Total irrigation Precipitation/mm Soil water depletion/mm 0-100 cm/mm ET/mm WUE/kg-m
Treatment
quota/mm
2012 2013 2014 2012 2013 2014 2012 2013 2014 2012 2013 2014 2012 2013 2014
s9 555 109.7 512 1412 383 -5.6 -33 -934 -825 106 533.0 5293 5934 0.76 0.73 0.68
s6 555 109.7 512 1412 5.1 7.2 29.1 857 786 -102 5739 5348 5647 0.82 0.77 0.76
s3 555 109.7 512 1412 -229 8.2 69 -70.8 -61.4 982 6168 536.6 591.1 0.84 0.88 0.83
s0 555 109.7 512 1412 -17.8 -172 -14 642 545 933 6183 5649 6043 1.02 1.03 1.00

4 Conclusions

We performed saline water irrigation experiments for three
consecutive years to study its effects on soil salt content

distribution, soil physical properties and water use efficiency of
maize for seed production in the Shiyang River basin of Northwest
China. The main conclusions of this study are that the salt content
in the soil profile was obviously layered after saline water irrigation
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during the growth period. The salt content was low in surface soil,
high in deep soil, and changed greatly in root zone soil after saline
water irrigation during the growth period. The accumulation of
salt content increased with water salinity and irrigation times of
saline water. Compared to the initial situation, the accumulation
of salt content under s0, s3, s6 and s9 were 0.189 mg/cm3,
0.654 mg/em’, 0.717 mg/em® and 1.135 mg/em’® after three
consecutive years, respectively. The soil bulk density, soil
porosity and saturated hydraulic conductivity changed with salt
accumulation in the soil profile after saline water irrigation. The
soil bulk density increased, while the soil porosity and saturated
hydraulic conductivity decreased. With the increase in both the
irrigation water salinity and irrigation times, the saturated hydraulic
conductivity and soil porosity reduced, while the soil bulk density
increased.

The maize growth and yield were inhibited with gradual salt
accumulation and the variations in soil physical properties were
observed. The plant height, LAI, yield and yield parameters of
maize decreased with increased irrigation water salinity. The
maize yield decreased over 25% and the water use efficiency
gradually declined after irrigation with 6 g/L and 9 g/L saline water.
However, maize yield following irrigation with 3 g/L of saline
water decreased less than 20% and decline in water use efficiency
was not obvious during the three year study period. Hence, saline
water irrigation with 6 g/L and 9 g/L was found to be not suitable
in the study area. In the case of irrigation with 3 g/L saline water,
further experiment needs to be performed to investigate whether
the salt content accumulation in the soil has any serious influence
on soil environment and crop yield. The short-term saline water
irrigation with 3 g/L in the research area, together with annual salt
leaching through spring irrigation before sowing, is recommended
for practice.
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