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Abstract ; Soil moisture dynamics is essential for the sustainable management of artificial forests in dryland regions. In order
to analyze the spatiotemporal characteristics of soil moisture and its responses to environmental factors, soil volumetric water
content (SVWC), soil temperature (ST), and micro-meteorological factors were continuously measured in the Pinus
sylvestris var. mongolica plantation and Caragana korshinskii plantation stands from November 2018 to November 2019 at the
south edge of Horqin Sandy Land. The results showed that the seasonal changes of SVWC in the two stands could be divided
into freezing-, replenishment-, consumption-, and stable-phases during the study period. The vertical patterns of SVWC
across 0—200 cm soil profile could be classified by variable-, active-and stable-layers. But there was difference in the depth
of stratification between the two stands. During the growing season (from May to October) , the sensitivity of responses of
SVWC to precipitation tended to decrease with increasing soil depth. The influence of rainfall on SVWC at the 0—20 cm
layer of the pine stand was significant ( P<0.01) , while they were significant for the 0—10 cm layer (P<0.01) and for the
20—60 cm layer (P<0.05) in the C. korshinskii stand, respectively. The soil freeze-thaw cycle (from November 2018 to
April 2019) was characterized by unidirectional freezing and bidirectional thawing in the two stands. The SVWC increased
exponentially with ST in this period. The maximum of freezing depth of soil profile in the pine and the C. korshinskii stands
were 170 ¢cm and 190 cm, respectively; while initiative time of soil thawing at the 10 cm layer in the pine stand was 11 d
later than that in the C. korshinskii stand, which may be attributed to shading effect of tree crown. The SVWC at 0—60 cm
layer in the C. korshinskii plantation and at 0—20 c¢m and 200 cm layers in the pine stand were negatively correlated
potential evapotranspiration ( ET,) (P<0.01), while SVWC at the 60 cm and 160 c¢m layers in the pine stand was
negatively correlated to ET,( P<0.05), which may be a result from the combining effects of soil evaporation and tree
transpiration on SVWC in the two stands. Our results suggest that the spatiotemporal characteristics of soil moisture and their
responses to the environmental factors may be ascribed to the difference in the tree composition, canopy structure, and root
distribution between the two stands. These findings have potential implications for a better understanding of the influences of
the structure of plantations on soil moisture dynamics, and they thus benefit artificial forests management and ecological

restoration in the water-limited environments.

Key Words; Horqin Sandy Land; Pinus sylvesiris var. mongolica; Caragana korshinskii; soil moisture; soil freeze-thaw;

potential evapotranspiration
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Fig.4 Seasonal changes in soil temperature at the different layers in P. sylvestris var. mongolica and C. korshinskii stands
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Table 1 Correlation between air temperature and soil temperature at the different layers in P. sylvestris var. mongolica and C. korshinskii stands

B 12V Soil depth

Plot 10 ecm 20 cm 60 cm 200 ¢m
FiTHA N TAHK P. sylvestris var. mongolica plantation 0.938** 0.895** 0.846** 0.653**
¥4« N THK C. korshinskii plantation 0.947** 0.928** 0.888 " —

w3 (P<0.01)
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Fig.5 Characteristics of spatiotemporal variation of soil moisture in P. sylvestris var. mongolica and C. korshinskii stands
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Fig.7 Response of soil moisture at the different layers to precipitation in P. sylvestris var. mongolica and C. korshinskii stands
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Table 2 Characteristics of seasonal changes in soil moisture at the different layers across 0—200 cm profile in P. sylvestris var. mongolica and C.

FEF IS N THR P. sylvestris var. mongolica plantation

¥4k NTAHK C. korshinskii plantation

j:)nghﬁﬁr . /I‘RHA/\” B ’j"i‘:",\r
LR o 2 A Fof e 2 AR
Soil depth/cm L Coefficient of L Coefficient of
Average value Standard deviation L. Average value Standard deviation .
variation/ % variation/ %
10 5.13 2.31 45.03 8.13 2.77 34.07
20 3.99 1.55 38.85 4.22 1.96 46.45
60 4.46 1.82 40.81 5.86 2.80 47.78
120 3.29 0.13 3.95 2.65 1.30 49.06
160 3.56 0.22 6.18 3.53 1.52 43.06
200 10.24 1.81 17.68 6.07 0.46 7.58
F3 EFRMFEAIRBTIESKETHSERBEENEXSH

Table 3 Correlation between soil moisture and rainfall in P. sylvestris var. mongolica and C. korshinskii stands

FEH &AL Correlation coefficient
Plot 10 cm 20 cm 60 cm 120 cm 160 cm 200 cm
i NT A P. sylvestris var. mongolica plantation 0.964 ** 0.858 ** 0.734 -0.64 0.268 0.697
¥4 NI C. korshinskii plantation 0.948** 0.915" 0.838" 0.365 0.279 0.665
* M B3 (P<0.01) , = B3 (P<0.05)
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Table 4 Correlation between soil moisture and potential evapotranspiration in P. sylvestris var. mongolica and C. korshinskii stands

BEHy HJZBBE Soil layer/cm

Plot 10 20 60 120 160 200
R WA NT MK P. sylvestris var. mongolica plantation -0.948 ** -0.817** -0.460* -0.233 -0.664* -0.836**
FrZ& N T C. korshinskii plantation -0.914** -0.746 ** -0.536"* -0.408 -0.458 -0.451

w2 (P<0.01) , = B3 (P<0.05)

4 it

4.1 KRS B SRR

ABIF TG TR R 6 N T AR H 33K 50 Z T AR AR R 45 30 AP FE 0] T AE AR e 01, B R &) 3 A B
Bems A 25 5 (H R ARRLA 5 g SR  BRIGFEISN, WAl bR 4 8 K R i A AR (L S B G
25 ULB i T RRP L RS %% B S A5 A B AN [R) R BT PR - K A S s AR 2 . SRV ELER,
Py 25 BB S5 /DN | A P R 0, DR R 5 00 PAY , 52/ Tl i At 19 - 30 6 7 5 05 K e 3
B TR | EOORHY 25 SRR IO 2R B FE /K LB TR T4, (B KA 25 5 (425 Bk/hm® ) T 52 IR B AR 43 A 2%
TS BRI K A A 25 5N B3 I ARRE G AR AR K K A TSRS A AR, EL AR T Apk
WRTVIZ (LS em J&) WAFTESE T L5828 i i P30T H 80K 0 & B K TR,

FERRSE A P, 482778 [ VD AR ORI 4% [ VAR 3985 T 45 )2 = K A W sh S e Ar e B W 25 5 R R
TEERE A 22008 B, X AT N TN S, EEAAAE A 13K 216 BRZ . 20—100 cm 2
M 160—200 em 2, —J5 T, B FAAAY EEAMR R PAATE 100 em )2 LIAPY A KBl AL 2%
K AR R K5 0 A8 2 A1 F (%2 e Sk R B AR Ak 55— D T, ARBIF5E 2 B 200 em )2
7K B ARATY R R TG BRI A S B A S ) R R A A W) 12.2% R IR 6.4% , XS T30
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T3 4 B F F (R 236.6 mm, 6/ TAE A T 2 310 mm, 35 £ 75 0 32 B2 2R 4341 )2 1Y - 338 7K 49378 378 TG 125 16
JERARZEIE FEK TR, NIRRT AEIR 2 LA K BIr s Y sk 5 7E 55y & M X R A b A 17F 9 45 S 9
AR—Fy B MR A AN TTAREYTE BRZ 5 R 7E 20—180 em JEFEIZ Y, MAFSEHIN 200 em + )2 &K &
SRR FFTERRUE AT XU IIAT 4% AR R AR PERE ARl | S P AH LA 75, FEXT 37K 43 A0 T A s A G
B, (ELTR) A 150 BH 7 2 AR 2 39K 4340 S 1% B B (R 7K A e
4.2 MK AR EREE R iy

ARHFFE AT N TR 20 N TR HL 398 7K 43 X6 K SR 9 T 118 ) 57 47 S 4+ J2 g v sk 59 , 3 -5 i A
WFFEIE—500 B A TR 10 em )2 85 7K 8 X6 4 W 4 i 7 82 FU s 2 N TORKEE R B0, s ml g i T
Ja B R PR TP R S —EB /K AB G, 7E 20—60 em )2, 8 FF A T AR B85 K 2 X
TR IR R TR A i [0 22 55 A9 45K, T BB i 2 EAT BRSSP DA T LA v 1 e 2 A B AT G

ARHIFFE e BRRE AN N TARFNAT S5 N TOMCHD - 3R B 52 35 e BN « PRLT) R 457 R L[] AR A RRAIE , 31X
SRR TSR 45 TR IR — B RS R SR ARTEAMAH FLE R L TR e R R 45 T4
FER 170 em ( HEAFAARE 20 em) H 10 em )2 237 PRI R RCAT SRMAE K 11 d, X 0] BB SR F A M A — a2
JEEEE AN AT I 2 1 DR DA S i R S IS B AVE FHA DG . 4 Chen S840 , 54 BUAR FLA, N AR ER T KA et
PRI B 11 P 2 (o VR 5 - S0 Al s B I, [ 2 b G 2 A VR Rl L S0 N R B A D 30 sk S5 A g 4538
JEARL

AWF5EH ET, B BAE 5.6 A0y, alBES 7.8 H 175 A A5 261 A BH AR BRI A 6, X 52 E 4%
NGRS —3Y | ET, SRR % 2 10 T390k 0 & BAR S, 0 T T ET, 3 nfT %
AR A ZE I RN A e 7% K 9 U AR R 5 5 T RS SRR RN, ET, X RE R A TA M 160—200
em + 2 EIK EWAFTEE R B V) AH S (P<0.01) , 32 i F7E R KA 100 em DL 438K 73 Jovk i e i 7
FAMRAT TR (78 e 1, DN ITT 35 AT RE T AE TR 2 (200 em ) 3K A ARG 0 243 H 33058 55 T IR A HBBIFSY

5 it

(1) R FAFIRT S N RIS A= 338K 73 0 2235 22 A AT 30 43 A 7R 45 401 (2018 4F 11 H R AJ—2019 4 2 ) fb
F(3—4 H) THFEWI(5—9 A) FkE i (10—11 A BAy) s K fesE By n) E Rl 5328 528 2 (0—20 cm
Z) JEERZE (BT 20—100 em JZH1 160—200 cm )2, #74% 20—180 cm JZ) Flf2 & )2 (F&F 4 100—160 cm
2, #7145 180—200 cm JZ) .

(2) AR b DA A48 T 14 i 7 345 2 300 1S i = J22 R BB I T ik 553 1140 e 8 L) o7 R B8 A T A T R T )
FEFAAMR 0—20 em ZAYFZMAL .35 (P<0.01) ; XIFFAMR 0—10 em 2 B3 (P<0.01) ,20—60 cm 2 i
FH(P<0.05) ; HRK 2 AR,

(3) PR - B0 R < By R ™ < XL Tm) Ak ™ R AR s, (LT 5 R i ) 300 A6 R IR P —
ZE5t o T FIMART SRR I R VRES TR EE 53718 170 em F1 190 em 7245 BEFAAK 10 em 2 - HEAR VR B ) B Ay
FMIER 11 d, TEVRRBISH A, 35808 B S50 3 Bk s i OCHE R 2R P S B S 3 e B I e &R

(4) ET X P RMRCHE Y + 38 Bk i S A OGO &R Horh 57 464K 0—60 em FIAE FHAHK 0—20 em 200 cm
2B B EA G (P<0.01) , SRETFAMK 60 em F1 160 em J2 5 i EH K FZR (P<0.05)
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