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Abstract; Takyric solonetz is spread mainly in arid area, Northwest China. Its poor soil structure and extremely low
hydraulic conductivities K, (K, < 0.1 mm/d) are the key factors restricting its amelioration. The EC, ( electrical
conductivity of saturated paste extract), SAR, (sodium adsorption ratio of saturated paste extract), and pH, ( pH of
saturated paste) of the native soil studied at depth of 0 ~ 30 c¢cm were 12.30 dS/m, 44.12 (mmol/L)** and 9.33,
respectively. After deep tillage, beds (1.0 m width, 0.5 m height) were formed. The drip lines were placed on beds
covered with plastic. Lycium barbarum L. seedlings were then planted. A three-year field experiment was conducted to
determine if reclamation could be achieved while cropping Lycium barbarum L. by using drip irrigation where soil beneath
the drip emitters near the plants was replaced with sand in niches that were 0. 2 m ground diameter and 0.2 m depth. The
purpose of sand-filled niche was to increase the area over which infiltration of water occured thereby reducing the application
rates to values that more closely matched the saturated hydraulic conductivity of the native soil, provide a reservoir for
holding the applied water before it infiltrated and avoid the adversely mechanical impact and the stirring action of applied
water on soil surface. Five treatments based on soil matric potential (SMP) thresholds used to trigger drip irrigation were
designed to find the optimal drip irrigation schedule, i.e., —5kPa (S1), -10kPa (S2), -15kPa (S3), -20kPa
(S4) and —25 kPa (S5). The results showed that significant improvement was achieved in soil infiltration capability,
which was demonstrated by the increasingly enlarged wetted area beneath the drip emitter. Consequently, a desalt region
(EC, < 4 dS/m) was formed, and high SMP level was favorable for the salt-leaching in soil. The ratio of EC,/SAR, was
increased significantly after planting, which indicated the changes of soil salt composition characteristics and the
amelioration of soil physical properties. After planting with drip irrigation, the contents of soil available nutrients were
increased sharply. Nitrate nitrogen showed a high migration with water movement, and had potential to be lost by leaching,
so nitrogen fertilizer should be applied in the later period during one irrigation event to reduce the leaching of nitrogen and
raise fertilizer use efficiency. While available phosphorus was distributed mainly in depth of 0 ~20 ¢m under drip emitter,
due to its low migration with water. After three years experiment, S1 had the lowest survival rate (56.8% ), and S3 got the
highest (81.1% ), S2, S3 and 34 gave higher fruit yields than other treatments significantly (p <0.05), which was
around 900 kg/hm’ | and it was close to the level in local farmland. The findings indicated that a sand-filled niche beneath
the drip emitter could be adopted for the reclamation of highly saline-sodic wasteland of takyric solonetz. Considering the
factors, including soil water-salt properties, soil nutrients distribution and the growth of Lycium barbarum L. , an SMP of -
10 kPa in the first two years and —20 kPa from the third year could be used to trigger drip irrigation.
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. resources in China. Their amelioration has strategic
0 Introduction o , ,
significances for increasing the arable land area and

Salt-affected soils are the important reserving land even the sustainable development of whole national

Received date; 2016 —05 —17  Accepted date: 2016 —07 —27

Supported by National High Technology Research and Development Program of China (863 Program) ( Grant No. 2013AA102904 ) , National Natural
Science Foundation of China ( Grant No. 51509238, 41503078 ), and CAS “Light of West China” Program ( Zhang T. )

Corresponding author: Zhang Tibin, Assistant Professor. E-mail; zhangtibin@ 163. com. Tel: +86 —029 —87012465.



2 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

[1]
economy .

Compared with the saline soil, the saline-
sodic and sodic soils are more difficult to be reclaimed
due to the adverse

physical properties of the

deteriorated soil structure and low permeability induced

+[2-3]

by the occurrence of excess Na Improving soil

structure and soil permeability are the primary

problems to resolve during the amelioration of
impermeable saline-sodic and sodic soils™.
Takyric solonetz, as a highly saline-sodic soil, is

spread mainly in arid area, Northwest China'”'.

In
Ningxia, takyric solonetz, named also as “ Baijiang
soil 7, is mainly distributed in Xidatan, Pingluo
county, with area of 2 x 10* hm®”~"'. With special
landscape and profile, the soil does not support any
vegetation except some blue-green algae, such as
microcoleus, growing in patches during the monsoon
season. A large area of the soil is highly saline-sodic
wasteland with bare surface. The typical takyric
solonetz has gray crust with depth of only 1 e¢m in the
surface, which was apt to disperse. Below that, the
blocky or prismatic soil structure, which is very stiff,
often occurs. The differences between this soil and
soda saline-alkali soil are the following: the special soil
profile of this soil does not occur in the soda saline-
alkali soil, although the soda saline-alkali soil has the
same excessive Na™ and high soil pH value, and the
mineralization degree of groundwater in the soda saline-
alkali soil is low, while the water table is high'®*'. In
recent decades, many methods have been attempted to
reclaim  this soil, including deep ploughing,
application of organic fertilizer, rice cropping along
with frequent irrigation and drainage, replacement of
the entire surface soil with good soil, and use of
chemical amendments. However, most methods were
not effective primarily because of the extremely low
saturated hydraulic conductivity (K,) of soils (K, <
0.1 mm/d), or were difficult to be popularized due to
period  and  high

the  long  amelioration
investment ** =%/

Drip irrigation, which is characterized by the point
source diffusion properties of high frequency and small
flow, has smaller destruction than surface irrigation to
soil structure. It can result in low soil salinity and
adequate soil water, nutrients and aeration in the root
zone by precise application of water and nutrients'"’.

Soil matric potential (SMP) is an ideal indicator of soil

water content, and can be used to schedule optimal

field irrigation patterns'' ™'’

In recent years, many
water and salt regulation methods of drip irrigation
based on SMP combined with mulching and ridge
planting have been established in varying salt-affected
soils, however, most of them were saline soils with

1350 I takyric solonetz could

good soil permeability
be reclaimed through improving the drip irrigation and
planting technology, it will contribute to the
environmental protection through increasing vegetation
cover, and rural poverty reduction through increasing
the local agricultural productivity. Additionally, it will
also provide a new reclamation method for the saline-
sodic and sodic soils with low permeability in the
world.

Hence, the aim of this study was to determine the
possibility of reclamation of takyric solonetz by drip
irrigation through improving the water regulation
method and planting technology, which a sand-filled
niche beneath drip emitters was adopted. Soil water
and salt movement, nuirients distribution and the
growth and yield of Lycium barbarum L. were studied
under different SMP treatments to optimize drip

irrigation scheduling.
1 Study area and methods

1.1 Experimental site

The experimental site is located in Xidatan area
(38°47" ~38°57'N,106°20" ~ 106°30'E, altitude is
1095 m), Pingluo county, Ningxia Hui Autonomous
Region, Northwest China. This area belongs to the
semi-arid and semi-desert salt-affected area in upper

). The station

and middle reaches of Yellow River
has typical arid continental climate, with mean annual
temperature of 9.4°C , and mean annual precipitation
of 178 mm. The mean annual potential evaporation is
more than 2 000 mm.

The water table at experimental site was about 2. 5 m.
The studied takyric solonetz was homogeneous and
barren without any vegetation cover. The soil was
highly saline-sodic wasteland abandoned for many
years. The soil profile was compacted and soil bulk
density below 10 ¢m was more than 1.5 g/cm’. The
electrical conductivity of saturated paste extract
(EC,), sodium adsorption ratio of saturated paste

extract ( SAR,), and pH value of saturated paste
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(pH,) of the native soil studied at depth of 0 ~30 cm
were 12.30 dS/m, 44.12 ( mmol/L)*’ and 9. 33,

respectively. The other soil physicochemical properties

were shown in Tab. 1.

Tab.1 Main physicochemical properties of uncultivated soil

Soil depth/  Bulk density/ EC,/ SAR,/ , Available nutrients/ (mg-kg~")
pH, EC./SAR,
cm (grem™3) (dS'm~") (mmol -L.=1)%3 NH, -N NO; -N AP AK
0~10 1.44 18.54 8.90 39.76 0.47 4.05 63.45 5.39 285.47
10 ~20 1.53 11. 66 9.58 54.01 0.22 2.03 35.53 3.98 318. 18
20 ~30 1.59 6. 69 9.52 38.59 0.17 3.38 16. 31 2.16 270.71
30 ~40 1. 64 4.16 9.51 23. 15 0.18 3.00 5.22 1.41 277.13
40 ~60 1. 60 2.45 9.50 15.43 0.16 2.86 2.08 2.49 260. 45
60 ~ 80 1.63 1.89 9.43 7.72 0.24 4.20 1.28 1.25 192. 45
80 ~ 100 1.55 1. 67 9.24 7.72 0.22 3.95 0. 80 1. 49 130. 87
Note: AP was available phosphorus; AK was available potassium.
1.2 Experimental design and arrangement Lycium  barbarum L. ( cultivar; Ninggi No.1)

1.2.1 Agronomic practices

Preparation of native soil was made on 23 April
2009, including deep ploughing to a depth of 0.5 m
followed by making beds that were 0.5 m in height,
1 m in width, and 3 m between bed centers ( Fig. 1a).
After raising the beds, semi-ellipsoid pits (with ground
surface diameter of 0.2 m, depth of 0.2 m, and
volume of about 4. 2 I.) were dug beneath the emitters,
where seedlings of Lycium barbarum 1. were to be

planted (Fig.1a). The pits were filled with sand.

Lyeium barbarum L.
V/ d

Mulel
R Sand-filled niche

v

seedlings were transplanted into the center of beds at
intervals of 1 m where the sand-filled niches were
located. Drip irrigation lines with emitter spacing of
0.2 m and flow rate of 0. 76 L/h at operating pressure
of 0. 03 MPa were placed onto the center of each raised
bed. And the beds
polyethylene film (Fig.la).
EC, pH value and SAR of 2.14 dS/m, 8.87 and

6.02 (mmol/L)%>, respectively, was obtained from a

were mulched with white

Irrigation water, with

reservoir near the experimental field.
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Fig.1 Planting pattern and soil sampling positions

1.2.2 Plot layout and irrigation treatments

The experiment included five water treatments based
on SMP, measured with tensiometers located at the
depth of 0.2 m beneath the drip emitter ( Fig. la and
Fig. 1¢). The SMP threshold values, used to trigger

irrigation, were — 5 kPa (S1), - 10 kPa (S2),

—15kPa (S3), —20kPa (S4) and —-25kPa (S5),
respectively. Each treatment was done in triplicate
(3 x5 = 15 plots)

following a completely randomized block design, and

and laid out permanently

the size of each plot was 12 m x 12 m which consisted

of four raised beds. Each treatment used an
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independent drip irrigation system, consisting of
valves, pressure gauges, a flow meter, a screen filter,
a fertilizer tank and 12 drip lines (4 lines/plot).
Immediately after transplanting the Lycium barbarum L.
seedlings on 26 April 2009, 20 mm of water was
applied over a period of 3 d to reduce soil salinity near
the plant and provide favorable soil moisture for
survival of seedlings. After the growth of Lycium
barbarum L. seedlings was stable, water treatments
based on SMP were initiated; 5 mm of water was
applied each time when the SMP reached the designed
threshold. The irrigation times and amount were
recorded. In the following two years, 10 mm of water
was applied at the beginning of growing seasons to

leach salts brought nearer the surface in winter because

of the lack of irrigation and upward water movement as
a consequence of the freeze-thaw cycle and direct
evaporation of water to air from the soil surface.
Thereafter 5 mm of water was applied when SMP
reached the threshold for each treatment. The irrigation
rates are shown in Tab. 2.
1.2.3 Fertilization and field management

Urea, phosphoric acid and potassium nitrate were
added into the fertilizer tank and dissolved in water so
that the fertilizer was applied with irrigation water. The
same amount of fertilizer was applied for the five
treatments ( Tab. 2). Like those in local high-yield
farmland, field managements included mainly regular
weeding and application of

pruning, trimming,

pesticides to control insects.

Tab.2 Irrigation, rainfall, evaporation and fertilization during growing seasons of Lycium barbarum L.

Vear Treatments Irrigation Irrigation Rainfall/ Evaporation/ Fertilization rate/ (kg-hm =)
depth/mm interval/d mm mm N P,0s K,0
S1( =5 kPa) 160 6.3
$2( - 10 kPa) 140 10.5
2011(1 a) S3( -15 kPa) 130 15.8 153.5 1309. 2 160 100 75
S4( -20 kPa) 130 15.8
S5( —25 kPa) 125 21.0
S1( -5 kPa) 220 4.2
S2( - 10 kPa) 180 5.2
2012(2 a) S3( - 15 kPa) 150 6.4 150. 3 1475.1 300 150 100
S4( -20 kPa) 125 7.7
S5( -25 kPa) 105 9.4
S1( =5 kPa) 405 2.3
S2( - 10 kPa) 315 3.0
2013(3 a) S3( -15 kPa) 280 3.3 120. 8 1490. 8 500 240 50
S4( —20 kPa) 220 4.3
S5( -25 kPa) 190 5.0

Note; irrigation interval refers to average number of days between irrigation events during treatment period ; evaporation refers to cumulative evaporation

of a standard evaporimeter with 20 ¢cm diameter.

A drainage ditch (0.5 m wide and 0. 5 m deep) was
dug around the field to minimize temporary
waterlogging and associated soil saturation in the
experimental plots. Large amount and long time
ponding water was not found during the experimental
period. The drainage water was lost mainly by
evaporation. The beds, irrigation system, plants, and
drainage ditch were not changed during the three year
experiment.

1.3 Soil sampling and analysis
Soil samples were obtained from each plot with an

auger ( diameter 4.0 cm, length 20 cm ), at the

location shown in Fig. 1b and Fig. 1c, at the end of
each growing season (28 October 2009, 18 October
2010 and 16 October 2011). The sampling location
was as close as possible to the sand-filled niche to
avoid sampling the sand-filled niche (Fig.1c). The
horizontal distances of sampling from drip line were
0 cm, 10 em, 20 ecm, 30 ¢cm, 40 ¢cm, 60 cm, 80 cm,
100 em, 120 ecm and 150 ¢cm. The sampling depths
were 0 ~10 cm, 10 ~20 cm, 20 ~30 cm, 30 ~40 cm,
40 ~60 cm, 60 ~ 80 cm and 80 ~ 100 cm (Fig. 1b).
After carefully removing the surface organic materials

and fine roots, soil water content was determined
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Soil

volumetric moisture content ( SVMC) was calculated

gravimetrically in the field moist subsamples.

by multiplying gravimetric water content by real-time
soil bulk density. The remaining soil subsamples were
air-dried, passed through a 1 mm sieve, and then three
replicates of soil samples were mixed into one sample to
optimize the huge workloads of chemical analysis. The
chemical analysis was finished in eight weeks after
sampling.

Saturated soil paste was prepared for the chemical
analysis. Soil pH values (pH,) was measured with a
pH meter (PHS — 3 C, REX, Shanghai, China).
Then clear extracts of the saturated soil pastes were
obtained by centrifugation (4 000 r/min, 30 min) and
analyzed to obtain EC, and soluble cations, including
Ca’", Mg’" and Na'.
conductivity meter ( DDS — 11A, REX, Shanghai,
China ).
measured by an EDTA titration method and Na® was

EC, was measured with a
Concentrations of Ca’* and Mg’* were

measured by flame photometry. SAR, was calculated as

follow

Cyo+
SAR, = : (1)
‘ (CC32+ +CMg2+)O.5
where Cy,., Ccpv, Cyp. were concentrations of Na™ |

Ca’" and Mg’", mmol/L.
Then, the ratio of EC, to SAR, was calculated.

Concentrations of soil ammonium nitrogen (NH, -N)
and nitrate nitrogen ( NO, -N) were measured by

spectrophotometry. Available phosphorous ( AP) was

Soil moisture

measured by molybdenum-antimony anti-

spectrophotometric method and available potassium
(AK) by flame photometry' '’ .
1.4 Data analysis

The root zone was defined as a section of 0 ~20 cm
horizontal distance from the drip emitter and 0 ~60 cm
at depth, the average values of soil properties in root
zone were calculated as the spatial weighted mean of all
samples. All the data analyses were conducted by
using SPSS 16.0 statistical software ( SPSS Inc. ,
Illinois, USA). Figures were created by using Surfer 8.0
( Golden Software USA ) and
SigmaPlot 10.0 ( Systat Software Inc. California,

USA).

Inc. , Colorado,

2 Results and analysis

2.1 Soil water and salt characteristics
2.1.1 Water movement in soil profile

For treatment S3, the spatial distribution of SVMC
in the soil transects in different years is shown in Fig. 2.
After planting, a wetted area, where SVMC was
observed above 0.34 c¢m’/cm®, occurred under the
drip lines. The wetting front was moved horizontally
and vertically in the soil transects with the increase of
planting years, indicating the improvement effects had
In the

surface soil layer of ridge slop and furrow, SVMC was

been exerted on soil infiltration capacity.

always low due to the intensive evaporation without

mulching.

Soil moisture Soil moisture

content/ 0 content! 0 | comtent/
{em® = em™) 20 {em® s em™) 20 {em®sem™)
0.50 0.50 0.50
5 E a0 £
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022 . Hous 1008 0.18 0.18
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Harizontal distance from drip linefem Horizontal distance from drip line/em Horizontal distance from drip line/em

(a) The first year

{b) The second year

(¢) The third year

Fig.2  Spatial distributions of soil volumetric moisture content in soil transects at end

of growing seasons of Lycium barbarum L. in different planting years under S3

The soil water movement and redistribution in
transects under other treatments tended tobe the similar
tendency as S3 ( Fig. 2).

treatments occurred mainly in the root zone beneath

The differences among

drip line. Fig.3 shows changes of SVMC in root zones
with the varying SMP thresholds in different years. The

values were the weighted means (in the figure, * and

w% indicate the statistical significance at p <0. 05 and
p <0.01, respectively, NS means no significance. The
same below ). Among different years, the SVMC of
2009 (the first year) was lower than those of 2010 and
2011, and the latter two gave no significant difference.
In 2010 and 2011, the SVMC in root zone under S1,
S2 and S3 was around 0.40 em’/cm?®,

which was
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Fig.3 Changes of average soil volumetric moisture content
(SVMC) in root zone with different soil matric potential

(SMP) thresholds in different planting years

higher than those under S4 and S5. This value meant
that the soils were still not saturated under the higher
SMP (the average saturated SVMC of the native soil in
0 ~60 cm was 0.45 ¢cm’/cm® ). As the thresholds of

SMP declined from -5 kPa to —25 kPa, SVMC in
root zone was decreased gradually. And a significant
linear relationship could be found between SVMC and
SMP (p <0.01), similarly in the three years.
2.1.2 Soil salt leaching in root zone

Along with soil water movement, soil salt migration
in soil profile in different years is shown in Fig. 4 for
treatment S3. After drip irrigation, a desalt region with
EC, less than 4 dS/m was formed under the drip line,
the soil salt was prone to be distributed in the fringe of
wetted regions. With the increase of planting years,
the area of desalt region was enlarged gradually. For
the whole soil transect, only a little salt was moved
down to the lower soil layer, more soil salt was
accumulated in the dry surface layer of ridge slop and
furrow, which was driven by water leaching of drip

the without

evaporation

irrigation and intensive

mulching.
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Fig.4 Spatial distributions of soil EC, in soil transects at end of growing seasons of Lycium barbarum L.

in different planting years under S3

Likely as the soil water, the effectsof treatments on
soil salt leaching were mainly instantiated in root zones
( Fig. 5, different letters mean the differences is
statistically significant at p <0. 05. The same below).
After planting for three years, the average soil EC, in
root zone under S1, which was controlled with the
highest SMP, was the lowest with value of 3. 26 dS/m,

which was lower than the definition value of saline soil

( EC, more than 4 dS/m) '*'. With the decline of SMP
thresholds, the average soil EC, in root zone was
increased gradually, and S5 gave the highest value
(9.19 dS/m ), which was yet still lower than the
initial value significantly (p <0.05). After planting
for three years, soil salt leaching rates in root zone for
S1 ~S5 were 68.16% , 39.45% , 26.56% , 25. 14%
and 10.40% , respectively, compared with the initial

12
Lok 0L 945:"""""""""”"a""
= " A
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Fig.5 Soil salt properties in root zone under different soil matric potential (SMP) treatments after three planting years
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value. It could be included that along with the soil
water movement, soil salt was leached effectively
outside the root zone, and high SMP threshold was
helpful for salt leaching.

With the soil salt leaching, the average soil SAR, in
root zone was decreased significantly under all
treatments, and the decreased magnitudes were larger
than those of EC,. This is because SAR, is a close
measure of exchangeable sodium percentage!'”’. Na*
was the main cation in the studied soil'™’, and Na*
has better mobility with water flow than Ca>* and Mg**
because of its smaller adsorption capacity with soil
clay®’. After planting for three years, the decline rate
of soil SAR, in root zone were about 50% , which was
reduced to 20 ( mmol/L)*’ under all treatments. The
lowest SAR, (9. 59 (mmol/L)*’) was noted when SMP
threshold was controlled higher than -5 kPa (S1),
which was lower than 13 (mmol/L)%’, a critical limit
for sodic soil*). The decline rate was up to 75. 32% .
The highest SAR, (18.44 (mmol/L)%’) was seen in
S5, the decline rate was 52.56% compared with the
initial value.

After three years, Sl resulted in the largest decline

0 0

3
o

20

40

=
(=]

Soil depth/em
20 o
[ =T =]

Soil depth/em

100

120 !
0 25 50 75 100 125 150 0 25 50

Horizontal distance from drip line/fem

Horizontal distance from drip linefem
{a) 51 (b) 53

magnitude of soil pH_, i.e., 15.3% compared with
the initial value before planting. The soil pH_ values in
root zone of S1, S2 and S3 were 7.9, 8.4 and 8.5,
respectively, which were lower than 8.5, a critical
limit for sodic soil'”’. Due to the buffer capacity of
soil, soil pH value could not change by a large margin
in a short period, unlikely as soil salt content.
2.1.3 Soil EC,/SAR, ratio

The EC,/SAR, ratio in initial soil profile was in the
range of 0.2 ~0.4 (Tab.1). Undoubtedly, this level
would impose adverse influences on soil physical
properties. After planting for three years, the spatial
distributions of soil EC,/SAR, ratio in soil transects
under different treatments were shown in Fig. 6. Soil
EC,/SAR, ratio was increased after planting, especially
in root zone beneath drip line, indicating that soil salt
component characteristics also were changed with the
soil salt leaching. S1 treated with higher SMP, which
had the best salt leaching effect, resulted in the
highest EC,/SAR, ratio in root zone, which was
around 0. 7, and the area of increased soil EC,/SAR,
was decreased gradually with the decline of SMP
thresholds (Fig. 6).
EC/SAE, i
fu2 20 48

1.0

0.8
60

Soil depth/em

02 100

120

75 100 125 150 0 25 50 75 100 125 150

Haorizonlal distance from drip line/em
() S5

Fig.6  Spatial distributions of soil EC,/SAR, ratio in soil transects after three

planting years under different SMP treatments

2.2 Soil nutrients status
The contents of NH,”-N, NO, -N and AP were found

very low in the uncultivated soil. In alkaline
environment, NH," is prone to be volatilized in the
form of NH;, the NH, -N contents in the studied soil
were in the range of 2.86 ~4.20 mg/kg (Tab. 1).
After planting for three years, the soil NH, -N contents
were increased obviously, which was more than 9 mg/kg
in root zone (Fig.7).

In uncultivated soil profile at the depth of 0 ~100 c¢m,
the NO; -N contents were decreased with the increase
of soil depth, it was 63.45 mg/kg in the surface layer

and 0.80 mg/kg in the depth of 80 ~ 90 cm

(Tab. 1), its average value in 0 ~40 cm soil layer was
30. 13 mg/kg. Considerable increases were seen in soil
NO; -N contents after planting, resulting in relatively
higher NO; -N contents in the whole soil transect,
which was more than 60 mg/kg. There were two
accumulated regions for soil NO; -N: one was the root
zone beneath the drip emitter, the other was the
surface layer of ridge slope. The NO; -N contents were
generally more than 100 mg/kg.

In uncultivated soil, the AP content was only in the
range of 1.21 ~5.39 mg/kg, and decreased with the
increase of soil depth (Tab. 1). The average AP
content of 0 ~ 40 cm soil was 3.24 mg/kg. After
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Fig.7 Spatial distributions of soil ammonium nitrogen (NH, -N) , nitrate nitrogen (NO; -N) , available

phosphorus (AP) and available potassium ( AK) in soil transects after three planting years under S3

planting for three years, soil AP contents increased
sharply, which however, accumulated mainly in the
small region at the depth of 0 ~20 cm beneath the drip
emitter ( Fig. 7), due to phosphorus showed little
migration with water in soil compared to nitrogen''®’.

An relatively high AK content was seen in
uncultivated soil, in the range of 130. 87 ~318. 18 mg/kg,
and decreased with the increasing soil depth. So a
small amount of potassium fertilizer was applied during
this study. In the three years of trial period, the soil
AK content was not changed so much, which was
always in a high level as around 200 mg/kg.

After planting, the relationships of soil available
nutrients contents in root zone with SMP threshold
valuesare shown in Fig. 8. After planting for one year,
soil NH, -N

compared with the initial value, and no significant

contents were increased moderately
differences were seen among treatments. After two and
three years, the soil NH, -N contents in root zone were
increased significantly, and decreased gradually with the
decline of SMP threshold (from -5 kPa to —25 kPa),
showing linear and logarithmic relationships (p <0.05),
respectively.

Soil NO; -N contents were increased considerably
after drip irrigation. After one year planting, the soil
NO; -N contents in root zone were decreased with the

decline of SMP threshold, and only minor differences

were detected among treatments. While contrary to that
of one year planting, the soil NO; -N contents in root
zone planted for two and three years were increased
significantly with the decline of SMP threshold (p <
0.05). This was probably because that more fertilizers
were applied with increase of planting ages, and under
the treatments with lower SMP, e. g. S5, and more
fertilization amount was applied in one irrigation event,
so more N fertilizer accumulated in the root zone
beneath drip emitter.

With the increase of planting years, the soil AP
contents in root zone were increased gradually. The AP
contents were decreased with the decline of SMP
threshold logarithmically, and S1 gave the highest AP
content. This was due to the low mobility of AP with
water flow, resulting in more phosphate ion distributed
uniformly in the root zone under higher SMP treatments
irrigated more frequently. Because of the small amount
of K fertilization during planting, it showed little
changes in soil AK contents, and no significant
difference was seen among treatments.

Overall, soil available nutrients contents in root zone
planted for onlyone year were still low, and little
difference existed among treatments, while after
planting for two years, soil available nutrients contents
were increased significantly, and the differences among

treatments were also increased.
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Fig.8 Changes of soil ammonium nitrogen (NH, -N) , nitrate nitrogen (NO, -N) , available phosphorus ( AP) and

available potassium ( AK) contents in root zone with soil-water matric potential (SMP) thresholds in different planting years

2.3 Growth and yield of Lycium barbarum L.

As a salt-tolerant plant, Lycium barbarum L. was
planted widely in Ningxia. An average survival rate of
83.8% was obtained in the first year, but after three
growing seasons, S1 had the lowest survival rate
(56.8% ), and S3 got the highest value (81.1% )
(Tab. 3). More applied water in Sl resulted in the
deterioration of soil aeration conditions, causing a
negative influence on the crop growth.

A wolfberry dry fruit yield of 45.0 ~ 56. 8 kg/hm’

was obtained in the first year, with no significant

differences among treatments. The yield was increased
significantly in the second year, and the yields of Sl
and S2 were more than 450 kg/hm’ , which were higher
than other treatments (p <0.05). In the third year,
the plant was gradually entering the full productive
age. Non-significant difference (p <0.05) was found
among the dry fruit yields of S2, S3 and S4, which
were around 900 kg/hm*. This value was close to the
level in local farmland and higher than those of S5 and
S1 significantly, and S1 gave the lowest yield.

Tab.3 Survival rates and dry fruit yield of Lycium barbarum L. in different planting years

Survival rate/%

Dry fruit yield/ (kg-hm~?)

Treatments

2009 2010 2011 2009 2010 2011
Sl 86. 4° 81.1° 56. 8° 48.5 +10° 465.8 +44.1° 698.5 +49.0°
2 80. 3° 78. 8% 75.8% 54.2 £4.2° 456.3 +29.1° 908. 8 +24. 7%
S3 83.3° 81. 8" 81.1° 45.0 +4.0* 375.7 £14.6" 865.7 £63.9%
4 86.4* 84. 8* 79.5% 56.8 +7. 8* 337.5 +31.7¢ 863.7 +27. 4%
S5 82. 6* 80. 3* 72.7" 51.4 +16. 0" 395.1 +34.9" 809.5 +62.9"

3 Discussion

3.1 Infiltration of saline-sodic soil
In saline-sodic and sodic soil, sodicity alters soil

physical properties directly, causing deterioration in

soil structure because of increased swelling, dispersion
and slaking upon wetting and increased crusting and
hard-setting on drying, consequently a concomitant
decline in permeability. The declined soil permeability

restricts plant growth, and is also the primary problem
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to resolve during reclamation. On one hand, diffuse
double layer theory of soil colloid is the reason of poor

2-20. and on the other

permeability in sodic soil
hand, with the increase of sodicity and decreasing of
salinity, the repulsive force between soil clays is
increased, causing soil clay expanding and dispersion
when the force arrives a certain level, consequently
migration and deposition, and pore blocking. This is
the leading cause of poor permeability of sodic soil .
In studied area, there is a large area of saline-sodic
barren land up to now, and the small rainfall is
ponding in the low-lying patches, lost only by the
evaporation. Meanwhile, the pre-experiment showed
that drip irrigation at a flow rate of less than 0. 76 L/h
quickly caused a saturated layer beneath the drip
emitters, resulting in runoff from the ridge to the
furrow. So when planting, sand-filled niches beneath
drip emitters were adopted to redistribute the applied
water. The specific purpose of sand-filled niche could
be summarized as: firstly, to expand the water-soil
contact area, thereby increasing the area over which
infiltration of applied water occurs, and reducing the
application rates to values that more closely matched
the saturated hydraulic conductivity of the native soil;
secondly, to provide a reservoir for holding the applied
water before it is infiltrated; thirdly, to alleviate the
stirring action of applied water on surface soil. The
experiment results showed that the sand-filled niches
under drip emitters facilitated soil infiltration of applied
water, and soil water content was changed significantly
in all layers (Fig.2).

In the other words, since saline-sodic and sodic soils
usually have poor physical and chemical properties,
particularly when the electrolyte or dissolved salt
( salinity ) is

concentration of the soil solution

inadequate to compensate for the effects of
exchangeable sodium on clay swelling and dispersion.
Soil hydraulic conductivityis decreased with increase of
exchangeable sodium percentage and with decline of
salt concentration of soil solution. Therefore, the soil

EC,/SAR, ratio is an important indicator to reflect soil

[24]

salinization and evaluate soil infiltration'™", so it

should be

reclamation

attached more attention during the

process of salt-affected soil. In
uncultivated soil, the soil EC,/SAR, ratio was generally

less than 0. 2, except in 0 ~ 10 c¢m surface layer. This

value would undoubtedly cause the reduction in soil

') The average values of EC, in oot zone

infiltration
at the end of three growing seasons were 6.2 ~8.3 dS/m,
its corresponding SAR, was 12.3 ~14.5 (mmol/L)"’,
EC /SAR, ratio was around 0.5. This means that the
hydraulic conductivity of the soil in the root zone should
not be reduced” ™', Consequently once the problem
with infiltration rates at the soil surface due to a bad
combination of EC, and SAR, is solved by the sand-filled
niches beneath drip emitters, the hydraulic conductivity
of the soil below the surface is not limited. Additionally,
after SAR, was reduced, the electrolyte concentration of
irrigation water (EC was 2.1 dS/m) was expected to be
sufficient, or at least helpful, for maintaining soil
hydraulic conductivities in the vicinity of the emitter.
Since SAR, is a close measure of exchangeable

", a reduction in SAR, means the

sodium percentage' '
exchangeable sodium was also decreased, requiring a
source of Ca’" to replace exchangeable Na*. There are
two sources of Ca’* . the irrigation water and the
dissolution of calcite presented in the soil. Calcite
dissolution is enhanced by the increase of partial
pressures of carbon dioxide in the soil due to
microorganism and root respiration, and decomposition
of organic matter' .

3.2 Improvement of soil fertility

During the reclamation process of salt-affected soils,
it is also worthy of attention to improve soil fertility and
productivity besides leaching the excessive soluble
salt. The soil available nutrients contents in root zone
are directly related to the growth and yields of
aboveground plants, and the soil productivity.

After planting, the accumulation of soil nitrogen in
root zone was mainly caused by the application of urea
with applied water. The increase in soil inorganic
nitrogen in root zone facilitated the nutrients uptake by

plant root''®’

. Besides, the increased soil NO; -N also
occurred in the surface layer of ridge slope and furrow
due to the better mobility of soil NO; -N with water

flow. This

[26-28]

result was similar to the previous

studies . It was also found that after planting for
three years, the Lycium barbarun L. entered the
vigorous growth period, and the weeds began appearing
in the furrow, the increasing plant litters and
rhizosphere residues increased soil organic nitrogen,

which was degraded into inorganic nitrogen by the
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simultaneously increased microbial activities. This
should also be one of the reasons for the increased soil
NH, -N and NO, -N. Objectively, the accumulation of
inorganic nitrogen ( especially NO; -N) in the surface
layer of ridge slope reflected partly the leaching loss of
nitrogen nutrition. So for the nitrogen fertilizers
management, it is suggested that the nitrogen fertilizer
should be applied in the latter half period of an
irrigation event to reduce the leaching of nitrogen and
raise fertilizer use efficiency ™.

The soil P content is greatly influenced by soil parent
methods  and

materials, soil formation,

[16]

tillage
fertilization The soil with low total P content
generally lacks of AP, while the soil with high total P
content, the AP is not necessarily sufficient for crop
growth, due to that the most P exists in soil as
insoluble phosphate. Like many soils developed from
loess parent material and distributed widely in chief
agricultural areas of China, takyric solonetz belongs to
calcareous soil, the existing CaCO, absorbs many
phosphorus as the form of calcium phosphate with slight
solubility  in consequently  restricts  the
availability "**". The

should contribute to the increase in AP after planting.

water,
phosphorus following facts
The formation of soluble phosphate, e. g. Na, PO,,
after application of phosphoric acid, should be the
main reason for the increased AP. Moreover, the
mineralization of organic phosphorous and dissolution of
difficult-soluble phosphorous compound with decline of
soil pH value activated a part of unavailable P in soil.
For example, the absorbed P by CaCO,; was released
into soil solution after the dissolution of original CaCO,
because of the decline of soil pH value®''. The results
showed that the AP content in studied soil was
relatively low, and it is necessary to apply phosphate
fertilizer to meet the needs of crop growing.

The salt-affected soils in arid area, Northwest
China, are generally rich in K| and the studied soil
is no exception. This is because the main soil parent
material is mica (illite) , which is a favorable source of
AK". So during the reclamation, a small quantity of
K fertilizer was applied. After planting for three years,
the AK content in root zone was decreased slightly with
the increasing demand of K for plant growth. Hence,
when the plants enter vigorous growth stage, the
demand of K is

increased, it is necessary to

supplement K fertilizer moderately.
3.3 Effects of SMP on plant growth

The results showed that high SMP was preferable for
salt leaching and formation of low-salinity soil
environment. This wasthe same to previous study,
which reported that the suitable SMP for plant in high
environment  was
nonsalinity /.

SMP thresholds ( =10 ~ -5 kPa) than those under
lower SMP thresholds. In the third year, with the plant

salinity higher than that in

The yields were higher under higher

stepping into mature and flourishing stage, the soil
properties had already been considerably improved, the
yields under SMP of —20 ~ - 10 kPa were higher.
The decrease of suitable SMP for crop growth during
reclamation process were the same as previous studies
in other salt-affected soils. Previous study also
suggested that when SMP was controlled in the range of
—40 ~ -20 kPa in normal soil, the soil moisture was

1334 And the yield response

suitable for crop growth
of Lycium barbarum L. in the third year to SMP was
consistent with that of the same crop in nonsaline soils
of Ningxia Plain, where an SMP of - 20 kPa was
recommended to trigger drip irrigation*'. The above
analysis shows that during the process of reclamation of
highly salt-affected soil, soil environment was gradually
ameliorated with the increase of planting years, and the
suitable SMP for crop growth would be decreased.
These changes of suitable SMP are the important

characteristics of salt-affected soil reclamation.
4 Conclusion

For the highly saline-sodic wasteland of takyric
solonetz spreads widely in Northwest China, a sand-
filled niche beneath drip emitter could be adopted to
improve soil water and salt regulation method and
planting technology for cropping Lycium barbarum L. .
The dissolved inorganic fertilizer was added with
irrigation water. Besides improving soil infiltration
significantly and leaching soil salt effectively, this
pattern could also improve soil fertility and promote the
crop growth. Considering the soil water-salt properties

soil nutrients distribution and growth of Lycium

barbarum L. , the SMP thresholds of — 10 kPa in the
first two years and —20 kPa from the third year were
recommended to trigger drip irrigation for cropping Lyciun

barbarum L. in this impermeable saline-sodic soil.
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Amelioration of High Saline-sodic Wasteland of Takyric Solonetz by Cropping
Lycium barbarum L. with Drip Irrigation and Shallow Sand-filled Niches

Zhang Tibin'?  Zhan Xiaoyun' Kang Yaohu’ Wan Shuqin’® Feng Hao®
(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling, Shaanxi 712100, China
2. National Engineering Research Center for Water Saving Irrigation at Yangling, Institute of Soil and Water Conservation
Chinese Academy of Sciences, Ministry of Water Resources, Yangling, Shaanxi 712100, China
3. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and
Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Takyric solonetz is spread mainly in arid area, Northwest China. lts poor soil structure and
extremely low hydraulic conductivities (K, < 0. 1 mm/d) are the key factors restricting its amelioration.
The EC,(electrical conductivity of saturated paste extract), SAR, ( sodium adsorption ratio of saturated
paste extract) , and pH_ ( pH of saturated paste) of the native soil studied at depth of O ~30 cm were
12.30 dS/m, 44.12 (mmol/L)*” and 9. 33, respectively. After deep tillage, beds (1.0 m width, 0.5 m
height) were formed. The drip lines were placed on beds covered with plastic. Lycium barbarum L.
seedlings were then planted. A three-year field experiment was conducted to determine if reclamation

could be achieved while cropping Lycium barbarum L. by using drip irrigation where soil beneath the drip
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emitters near the plants was replaced with sand in niches that were 0.2 m ground diameter and 0.2 m
depth. The purpose of sand-filled niche was to increase the area over which infiltration of water occured
thereby reducing the application rates to values that more closely matched the saturated hydraulic
conductivity of the native soil, provide a reservoir for holding the applied water before it infiltrated and
avoid the adversely mechanical impact and the stirring action of applied water on soil surface. Five
treatments based on soil matric potential (SMP) thresholds used to trigger drip irrigation were designed to
-5kPa (S1), —10 kPa (S2), -15kPa (S3),
-20 kPa (S4) and —25 kPa (S5). The results showed that significant improvement was achieved in

find the optimal drip irrigation schedule, i. e. ,

soil infiltration capability, which was demonstrated by the increasingly enlarged wetted area beneath the
drip emitter. Consequently, a desalt region (EC, < 4 dS/m) was formed, and high SMP level was
favorable for the salt-leaching in soil. The ratio of EC,/SAR, was increased significantly after planting,
which indicated the changes of soil salt composition characteristics and the amelioration of soil physical
properties. After planting with drip irrigation, the contents of soil available nutrients were increased
sharply. Nitrate nitrogen showed a high migration with water movement, and had potential to be lost by
leaching, so nitrogen fertilizer should be applied in the later period during one irrigation event to reduce
the leaching of nitrogen and raise fertilizer use efficiency. While available phosphorus was distributed
mainly in depth of 0 ~20 e¢m under drip emitter, due to its low migration with water. After three years
experiment, S1 had the lowest survival rate (56.8% ), and S3 got the highest (81.1% ), S2, S3 and
S4 gave higher fruit yields than other treatments significantly (p <0.05), which was around
900 kg/hm*, and it was close to the level in local farmland. The findings indicated that a sand-filled
niche beneath the drip emitter could be adopted for the reclamation of highly saline-sodic wasteland of
takyric solonetz. Considering the factors, including soil water-salt properties, soil nutrients distribution
and the growth of Lycium barbarum 1.. , an SMP of —10 kPa in the first two years and —20 kPa from the
third year could be used to trigger drip irrigation.

Key words: takyric solonetz; drip irrigation; water regulation; soil matric potential; salt leaching;

Lyctum barbarum L.
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Tab.1 Main physicochemical properties of uncultivated soil
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cm (grem™3) (dS+m~1) (mmol -1, =")%3 NH, -N NO; -N AP AK
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10 ~20 1.53 11. 66 9.58 54.01 0.22 2.03 35.53 3.98 318. 18
20 ~30 1.59 6. 69 9.52 38.59 0.17 3.38 16. 31 2.16 270. 71
30 ~40 1. 64 4.16 9.51 23.15 0.18 3.00 5.22 1. 41 277.13
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Tab.2 Irrigation, rainfall, evaporation and fertilization during growing seasons of Lycium barbarum L.

Planting pattern and soil sampling positions

P s SR TR/ R K i/ BRI HENE#/ (kg+hm =)
mm d mm mm N P, 05 K,0
S1 160 6.3
S2 140 10.5
2011 (%5 1 4F) S3 130 15.8 153.5 1309.2 160 100 75
4 130 15.8
S5 125 21.0
S1 220 4.2
S2 180 5.2
2012 (%5 2 4F) S3 150 6.4 150.3 1475.1 300 150 100
sS4 125 7.7
S5 105 9.4
S1 405 2.3
S2 315 3.0
2013 (%5 3 4F) S3 280 3.3 120. 8 1490. 8 500 240 50
sS4 220 4.3
S5 190 5.0
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Fig.2 Spatial distributions of soil volumetric moisture content in soil transects at end

of growing seasons of Lycium barbarum L. in different planting years under S3
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Fig.4 Spatial distributions of soil EC, in soil transects at end of growing seasons of Lycium barbarum L.

in different planting years under S3
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Fig.5 Soil salt properties in root zone under different soil matric potential (SMP) treatments after three planting years
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planting years under different SMP treatments
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phosphorus ( AP) and available potassium (AK) in soil transects after three planting years under S3
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Tab.3 Survival rates and dry fruit yield of Lycium barbarum L. in different planting years
e I/ %o T A/ (kg-hm ~*)
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