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Soil Moisture Dynamics of Armeniaca sibirica Plantation at Different Time Scales
in Loess Hilly Region of Ningxia and the Influencing Factors

HAN Xinsheng'*, XU Hao', LIU Guangquan®, CAO Yang’

(1.Institute of Forestry and Grassland Ecology, Ningzia Academy of Agriculture and Forestry Sciences, Ningxia Key Laboratory
of Desertification Control and Soil and Water Conservation, Research Center for Ecological Restoration and Multi-Functional
Forestry of Ningxia, Yinchuan 750002, China; 2.China Institute of Water Resources and Hydropower Research, State Key
Laboratory of Simulation and Regulation of Water Cycle in River Basin, Beijing 100038, China;
3.College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: [ Objective] To clarify the effects of meteorological factors on soil moisture in different hydrological
years and temporal scales, in order to provide a scientific basis for integrated management of soil and water
resources under the background of climate change. [ Methods] The apricot plantation in the semi-arid loess hilly

region of southern Ningxia was taken as the research object. In the growing season from 2018 to 2023, soil
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moisture characteristics of the 0— 100 cm soil layer were continuously monitored by the soil moisture sensor. The
response characteristics of soil moisture to meteorological factors such as precipitation, temperature, solar
radiation and relative humidity were analyzed. [ Results] The average precipitation in the growing season in wet
years, normal years, and dry years was 597.7, 428.5 and 298.1 mm, respectively. The volumetric soil moisture of
the 0— 100 cm soil layer in the growing season was 19.69% , 16.67% and 11.88% , respectively. The monthly
variation of soil moisture increased first and then decreased in wet years, and decreased first and then increased in
normal years and dry years. The diurnal variation of soil moisture was wavy, 'u' type and 'w' type in wet years,
normal years and dry years, respectively. The seasonal variation pattern of soil moisture in different hydrological
years all showed a relatively stable period from April to May, and a frequent fluctuation period from June to
October. In general, from wet years to dry years, for the vertical spatial pattern of soil moisture, the depth of the
rapidly changing layer gradually increased, the active layer increased first and then decreased, the sub-active layer
gradually decreased, and the relatively stable layer gradually appeared. From wet years to the dry years the
correlation between soil moisture and temperature gradually increased, the correlation between soil moisture and
solar radiation and potential evapotranspiration increased first and then decreased, while the correlation between
soil moisture and relative humidity changed from positive to negative, and the correlation between soil moisture
and saturation vapor pressure deficit gradually weakened. The interpretation rates of meteorological factors on soil
moisture changes gradually increased, which were 29.2%, 44.8% and 61.5% , respectively. At the daily,
monthly, and growing season scales, the effect of precipitation on soil moisture changes gradually increased, the
meteorological factors entered by stepwise regression analysis gradually decreased, and the interpretation rate of
soil moisture changes gradually increased. [ Conclusion ] Soil moisture dynamics and the influencing factors vary
with different hydrological years, time scales, as well as soil layers. Soil moisture decreases significantly in dry
years. For restoration and management of plantations in the future, the drought resistance characteristics and
adaptability to environmental factors of tree species should be taken into account.

Keywords: soil moisture ; temporal scales; annual precipitation pattern; Armeniaca sibirica plantation; loess hilly region
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Table 1 Stepwise regression analysis of volumetric soil moisture and meteorological factors at different time scales

RE K AR MG R P
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AR (n=6) SWC=0.026Py:+4.744 0.907 <<0.01

http. // stbexb.alljournal.com.cn



54 KRR 39 &

M 0~100 em + 2 + 52 /K 401K U4 %0 B S ¥ 1 H(23.49%) .4 H(17.76%) .10 A (15.57%) ; \& /MHE
KA ,2018—2023 4 4 HEAK AR B0 B de KAE 430l 1 ARk 6 H (14.89%) .6 H (16.58%) .6 H (13.02%) .8
PTE 8 H (22.90%) .9 H(23.75%) .9 H(21.96%) .10 H(8.08%) . SH (8 85%) . 7H (8.21%),

10 =\
20
\5 30
40
K 50
I¥ 60
_H
20

57 9 5
2020 2021° %200 >2033 °
H o

5 A FH 45K /0,
) e B I S A VA R TR E

6 FKRFPEKRE MKETHEARSERSIBATH

Fig. 6 Monthly variation of volumetric soil moisture in wet years, normal years and dry years

SR = /1R S S B S B e ) s N2 R 43 B 8 5 T 40~100 em £ 2 5 A K AF 2022 45 H F1 6
90 M “M"IE (I 7D, % 12 0 1K 4y 22 R/ F A 3K A BEEORARGE WG n L, 20224E 7 H L9 A (10
IKAES A 3K 43 28 A0 5 F K AR REGH L, {2 2020 A M20234E4 A 50 .6 . 9H .10 H K25
AE 7 H A 2021 4F 9 H B AR, 0~40 em 4 )2 £ 5K K, g A 2246 5 K AE AL

0. (a)20184 0or (b)20194
20+ 20+
g
S 40+ 40+
el
S
IK 60 60+
+H
80 - 80
100 i ! 100 ! I
20 28 16 28
AR AR H U Y% T HK A5 HU%
or (c)2020% o (d)20214F
[ 3 ‘S:
20 -
g
S 40}
]
IK 60|
+
80 -
100 Il Il Il ]
8 12 16 24 4 8 12 16 20 24 28
iaukéﬂﬁﬂlﬁﬁz/"/ T HOK G EFR EU%
0 (¢)20224F A 0. (D2023%F
> = VAV
20 201}
g
S 401 40+
N
K
IK 60 | 60+
_H
80 | 80|
100 ! 100 ! )
8 12 16 20 4 8 12 16 20 24
TR AR HU % L HOK AT HU%

—0—4H - -5 —42—6H -v-7H —<—8H -<+-9H ——10H
E7 FAEFKEHRKEAFTHLIERSERSEBELIERENTH

Fig.7 The variation of monthly average volumetric soil moisture with soil depth in wet years, normal years and dry years
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Fig. 8 Correlation analysis between monthly mean volumetric soil moisture and meteorological factors
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Fig. 10 Correlation analysis between volumetric soil moisture and meteorological factors in the growing season
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