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7H July 27.95 27.03 26.50 55.85
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Fig. 1 Spatio-temporal dynamics of soil water and salt among during the irrigation periods of the experiment
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Table 2 Correlation between soil water and soil salt during the four irrigation period
B} 8] Time JK 23 6] Horizontal space (0 ~60cm ) I B 25 6] Vertical space (0~ 120 cm)
e K Soil water content THEFEEH Soil salt content TIE 7K E Soil water content T &3 H# Soil salt content
Mith Day 47 sH ed 7H 4H sH eH 7H 4H 5H  6H H 4A 5A eA  1H
April  May  June July April May June July April May June July  April  May June July
4H April  1d 1.000 0.995 0.991 0.986 1.000 0.972 0.969 0.999 1.000 0.950 0.809 0.762 1.000 0.979 0.957 0.984
4d 1.000 0.987 0.919 0.975 1.000 0.998 0.929 0.995 1.000 0.582 -0.304 0.428 1.000 0.968 0.926 0.973
7d 1.000 0.834 0.115 0.797 1.000 0.992 0.999 1.000 1.000 0.903 0.572 0.784 1.000 0.988 0.992 0.995
10d 1.000 0.970 0.863 0.333 1.000 0.940 0.866 0.976 1.000 0.966 -0.480 0.856 1.000 0.985 0.587 0.996
13d 1.000 0.310 0.463 0.007 1.000 0.941 0.759 0.966 1.000 0.899 0.472 0.639 1.000 0.989 0.716 0.998
5H May 1d — 1.000 0.998 0.997 — 1.000 0.887 0.973 — 1.000 0.940 0.916 — 1.000 0.996 1.000
4d — 1.000 0.954 00992 — 1.000 0.903 0.986 — 1.000 0.532 0.879 — 1.000 0.979 0.997
7d — 1.000 0.643 0.998 — 1.000 0.986 0.993 — 1.000 0.846 0.910 — 1.000 0.997 0.998
10d — 1.000 0.754 0.551 — 1.000 0.984 0.992 — 1.000 -0.545 0.960 — 1.000 0.487 0.997
13d  — 1.000 0.898 0.948 — 1.000 0.926 0.997 — 1.000 0.243 0.912 — 1.000 0.802 0.997
6H June 1d — — 1.000 0.995 — — 1.000 0.969 — - 1.000 0.929 — — 1.000 0.993
4d — — 1.000 0918 — — 1.000 0.962 — — 1.000 0.365 — — 1.000 0.986
7d - — 1.000 0.688 — — 1.000 0.999 — — 1.000 0.688 — — 1.000 0.999
10d — — 1.000 -0.036 — — 1.000 0.955 — — 1.000 -0.574 — — 1.000 0.530
13d — — 1.000 0.791 — — 1.000 0.896 — — 1.000 -0.016 — — 1.000 0.757
7H July 1d — — — 1.000 — — 1.000 — — — 1.000 — — — 1.000
4d - — — 1.000 — — 1.000 — — — 1.000 — — — 1.000
7d — — — 1.000 — — 1.000 — — — 1.000 — — — 1.000
10d — — — 1.000 — — 1.000 — — — 1.000 — — — 1.000
13d — — — 1.000 — — 1.000 — — — 1.000 — — — 1.000
*3 JBRMWEKEAH (4—7H) z@LERKERSEBESBMREXME
Table 3 Holistic correlation between soil water and soil salt during the four irrigation periods
7KF-%5 [B] Horizontal space (0 ~ 60 ¢m ) T H.%5 [l vertical space (0~ 120 c¢m )
T 325 7K 2S0il water content 132 £h 1 Soil salt content 135 7K #Soil water content A 24 £ Soil salt content
I} i) 44 5H 6A 7A  4A 5A e6A 1A 4 5H 6 7H 45 5H 64 7H
Time April  May June July April May June July April May  June July  April  May June July
4A April 1 09857 0.579 0.9637 1 0.865  0.636" 0.926 1 0.920" 0.382 0.773" 1 09557 0.718" 0.980"
5 May — 1 0.586 0.974" — 1 0.837° 0.97 — 1 0.441 0.938" — 1 0.841" 0.990”
61 June - — 1 0.552 — — 1 0.867 — — 1 0.375 — — 1 0.816
7H July  — — - 1 - - - 1 - - - 1 — — — 1
* p<0.05; ** p<0.01 FI[A The same below
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Fig. 2 Two-dimensional spatial dynamics of soil water and salt during the irrigation periods
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Table 4 Mathematic models for temporal variation of the bi-dimensional dynamics of soil water and salt during the irrigation periods

g +3EIK Y Soil water +HEER ) Soil salt
Two-dimensional Space a b R? F iR Model a b c R’ F  Bi# Model
IR 15 13.31  0.433 0.989 271.3" y=at® -0.001 0.017 0.562 0.413 0.703

Horizontal distance 30 1032 0.332 0.991 321.4" 0.003 -0.013 1.309 0.858 6.057

(em) 45 6.784 0.163 0.967 88.91" 0.020 -0.330 3.180 0.954 20.92%*

60 4.645 0.020 0.300 1.288 0.014 -0.216 4.002 0.953 20.42%

T H R 0 23.02  1.501 0917 33.137 y=ar’ -1.184 0.086 11.50 0.961 24.66*
Vertical distance 10 9.735 0.388 0.980 149.4” 0.193 -0.018 2.720 0.798 3.947 b
(em) 20 15.50  0.424 0.995 580.4" -0.017 -0.001 0.930 0.483 0.933 2
40 10.33  0.250 0.937 44.55" 0.000 -0.001 0.584 0.499 0.994 !

60  -0.148 6.599 0.902 27.59° y=at+b  0.004 0.000 0.521 0.020 0.020

80 0.129 3.679 0.883 22.68° -0.015 0.001 0.615 0.682 2.143

100 0.113 3.946 0.892 24.89° 0.034 -0.001 0.471 0.808 4.212

120 0.101 4.958 0.490 2.881 -0.019 0.001 0.621 0.474 0.901

BAK Overall F-JMean  8.746 0.270 0.990 284.7"

y=at" 0.009 -0.138 2.269 0.949 18.69*
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Fig. 3 Horizontal distributions of mean soil water and salt contents in the 0 ~ 60 c¢m soil layer
R5 HIEAEIKTE (0~60cm) FEDHMEHFEL
Table 5 Mathematical models for horizontal distributions of soil water and salt in the 0 ~ 60 c¢m soil layer
+ 3K S Soil water + 45 Soil salt
fF[E] Time
a b R? F i Model a b R? F A Model
THE 7K J5) 40 1) 47 April 0.054  8.068 0.999 1963" 0.049 0.258 0.997 571.97
Between the 5H May 0.055 7.974 0.995 425.6" 0.072 0.512 0.985 131.4"
rrigation periods ¢y o 0058 1015 0.998  960.7" 0.065 0.264 0.980  95.73"
7H July  0.070  8.106 0.990  203.2" < 0.061 0.271 0.987 147.0" <
= - !
KA 1d 0209 16.77 0.993 281.07 $ 0.076 0.714 0.980  98.50" ﬁ
. Il "
During the 4d  0.051 7.634 0.991 228.1" ~ 0.058 0.305 0.981 101.7° -
irrigation period 7d  0.022 5906 0.999 2960 0.054 0314 0.952  39.31°
10d  0.012 5.083 0.963 51.63" 0.058 0.254 0.986 14237
13d 4717  0.007 0.897 17517 0.059 0.234 0976  81.41°
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Fig. 4 Vertical distributions of mean soil water and salt contents in the soil profile (0 ~ 120 c¢m )
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Fig. 5 Bi-dimensional spatial distributions of mean root weight density of Haloxylon ammodendron
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Table 6 Mathematical models for vertical distributions of soil salt in the soil profile (0~120cm)

fifA] Time a b R? F AL Model
THE K S 1 1] 4H April 0.397 7.528 0.988 504.9™
Between the irrigation periods 5 May 0.781 9.166 0.945 103.0"
6 June 1.111 6.188 0.814 26.217
7H July 0.687 8.743 0.962 151.0” =
HEK R 1d 0.608 10.081 0.979 274.4" E’
During the irrigation period 4d 0.764 7.161 0.914 63.55" L
7d 0.654 6.907 0.935 85.79”
10d 0.696 8.103 0.950 114.27
13d 0.440 10.119 0.992 746.9”
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Dynamics of Soil Water and Salt in Soil under Artificial Plantation Shelterbelt Drip-irrigated
with Saline Water in the Center of the Taklimakan Desert

DING Xinyuan" > ZHOU Zhibin'" XU Xinwen' WANG Yongdong' JIANG Yuan’
LU Jingjing"" > CHANG Qing'
(1 State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of
Sciences, Urumgqi 830011, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

(3 College of Resources Science & Technology, Beijing Normal University, Beijing 100875, China )

Abstract Soil water, as the major component of water in desert ecosystems, is the most important
environmental factor which limits the growth and productivity of the vegetation. Specifically, soil water plays
a significant role in the development, evolution and productivity of sand soils, as well as in maintaining the
structure stability and function of desert ecosystems. Besides, it can make a great difference on the windbreak
and sand-fixation, etc. The Tarim Desert Highway, crossing the Taklimakan desert, is protected by the
artificial plantation shelterbelts along the highway. Due to high evaporation demand and extremely low rainfall
in this region, it is very difficult to maintain the water balance of the sandy soil along the plantation shelter,
thus leading to failure in meeting the normal water demand of plants without irrigation. Consequently, how to
meet the water demand of plants is the key problem to sustain the plantation shelterbelt. Currently, pumped
saline groundwater has been utilized to supplement the soil water loss in the shelterbelt. However, the soil
salinization, caused by the long-term saline water ( especially the saline water of high salinity ) irrigation,
inevitably hampers the construction and maintenance of the plantation shelterbelt. Solution for this problem
is highly dependent on the understanding of the soil water and salt dynamics. Based on these, it is very
necessary to carry out the dynamics of the soil water and salt in this region, and so on. In order to reveal the
laws of spatial and temporal dynamics of the soil water and salt in the soil under artificial shelterbelt drip-
irrigated with saline water in the center of the Taklimakan Desert, a field study was carried out to monitor
temporal variation and two-dimensional spatial distribution of soil water and salt in the soil between April and

July during which four irrigation events occurred at the interval of 15 days. Results show that ( 1) in the soil
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under artificial shelterbelt drip-irrigated with saline water, dynamics of the soil water and salt displayed an
obvious periodic rule, that is, within an irrigation cycle ( 15 days ) , soil water dropped rapidly in content
during the first period from D1 to D4, slowed down in changing during the second period from D4 to D10 and
leveled off during the third period from D10 to D15, and the variation as a whole fitted the law of diminishing
power function (y=8.746t70'270, t=1, 2, 3-+) , while soil salt was being leached out in the first 7 days
and then accumulating in the following 8 days (7 ~ 15 d) , and the variation as a whole fitted the equation of
Parabolic Function (y:0.009t2—0.l38t+2.269, t=1, 2, 3-=-) ; and (2) in the 0 ~ 60 cm soil layer, soil
water displayed a monistic linear diminishing pattern in horizontal distribution, while soil salt, a monistic
linear increasing pattern; and in the 0 ~ 120 cm soil profile, the distribution of soil water displayed a single-
peak curve with the peak appearing at 20 c¢m in soil depth, while the distribution of soil salt fitted the inverse
function model, and salt accumulated in the surface of soil (0 ~5 c¢m ) forming a circle around the nozzle
45 ~ 60 cm in radius, where the salt content might reach as high as 10 ~20 g kg™'. Our results suggest that
the dynamics of soil water and salt in the artificial plantation shelterbelts, affected by varying environmental
factors such as irrigation, evaporation, air temperature, precipitation, vegetation, as well as the spatial
variability of the soil properties, exhibit both generality and differentiation, regardless of spatio-temporal
scales. Thus our study may provide theoretical basis for predicting dynamics of the soil water and salt,
evaluating soil salinization and further optimizing the present irrigation regime for the artificial plantation
shelterbelts in this region.

Key words Saline water drip-irrigation; Dynamics of water and salt; Artificial plantation shelterbelt;

Taklimakan Desert
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