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Plantation in Loess Hilly Region
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Abstract: [Objective] The seasonal dynamics of soil water and its changes along the soil depth restrict the growth
and development of Caragana korshinskii plantation. Thus, by exploring the effects of precipitation types and
rainfall on soil water content in the loess hilly area, this study seeks to clarify whether precipitation replenishment
could meet the water demand of the growing season of Caragana korshinskii forest, and provide theoretical support
for the ecological construction of artificial Caragana korshinskii forest in the loess hilly area. [ Methods] The

analyses in this study are based on precipitation and soil moisture data of Ansai Lime stick forest in Shaanxi Province
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from 2019 to 2023. The monthly dynamic changes of soil water under Caragana korshinskii forest at different depths
were analyzed, and the response process of soil water to different precipitation types and rainfall during the growing
season was investigated. The precipitation data was recorded every 30 minutes, and the soil water data were repeated
at three monitoring points on the slope and under the slope, with the monitoring frequency of once an hour. The soil
volumetric water content at 10 depths (10, 20, 30, 50, 70, 100, 200, 300, 500, 1 000 cm) was monitored. [Results]
(1) The precipitation in the study area could be divided into 5 types according to the characteristics of precipitation:
light rain, moderate rain, large rain, heavy rain, and very torrential rain. Most of the precipitation events in the study
area belonged to moderate rain type, with 59 events accounting for 46% of the total events. (2) Soil moisture content
was affected by precipitation, and the annual variation of 0~100 cm soil moisture content showed a "double peak"
pattern. In May to August, when Caragana korshinskii was growing vigorously, the seasonal dry layer appeared in
the 50~100 cm soil layer. The occurrence time of the dry layer was closely related to the precipitation of the year,
and the dry layer disappeared after sufficient precipitation recharge. (3) There was a significant positive correlation
between rainfall type and soil water infiltration depth (R?> 0.81), in which the infiltration depth of heavy rain and
heavy rain was the deepest, reaching 100~200 cm, followed by moderate rain 10~70 cm, while light rain was limited
to 0~10 cm. The response time of surface and deep soil of heavy rain was the shortest, followed by heavy rain, while
the response process of light rain was relatively slow. Also, the soil water supply of rainstorm were significantly
higher than that of other rainfall types, accounting for 87.5% of the secondary precipitation, followed by heavy rain
(36.2%) and long-duration moderate rain (29.7%), while the precipitation of light rain and short-duration moderate
rain was mostly lost in the form of evapotranspiration. [ Conclusion] (a) Most precipitation events in the study
area belonged to the moderate rain type. The recharge efficiency of light rain and moderate rain was low, and more
was loss in the form of evapotranspiration. Although the occurrence frequency of heavy rain was low, it played an
irreplaceable role in replenishing soil water. (b) During the flourishing period of Caragana korshinskii growth in
summer, the 50~100 c¢m soil layer generally had different degrees of seasonal drought, which adversely affected the
normal growth of vegetation. However, the infiltration depth of heavy rain and rainstorm events reached
approximately 50 cm and replenished soil water, and the annual precipitation could meet the needs of Caragana
korshinskii growth.

Key words: Loess hilly region; Soil moisture; Caragana plantation; Rainfall response
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Fig. 1 Standard deviation diagram of soil volume water content
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Table 1 Rainfall characteristics during the year of 2019—2023
A AT /NFE T KF T KEEF Bt
Year Rainfall events Light rain Moderate rain ~ Large rain Heavy rain Very torrential rain Total
e 3 9 4 5 1 22
2019
% 7 & */mm 8.44 205.12 126.08 167.72 220.36 727.72
e 2 13 5 4 0 24
2020
% 7 & */mm 6.8 173.3 169.2 331.21 0 680.51
Kk 1 14 9 3 1 28
2021
% 7 & */mm 13.3 138.56 32791 59.97 145.68 685.42
Ak 0 7 8 8 0 23
2022 -
F WY 5 /mm 0 64.17 110.4 331.67 0 506.24
Kk 4 16 8 4 0 32
2023 -
F WY 5 /mm 15.6 268.4 87.2 119.2 0 490.4

(DFrequency, @Rainfall
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TR B, HAk, Fr&rAE KM EERm T K AR . BARRILUR: 2020 4 6—
7 By, FrAAERKZREGEK RGN, EHKS S EEERK, 0~100cm T EHES/KE
N 6.58%F1 5.92%, KT 12 5250 7.82%, Wk LT =, 8 HF/KE®HK, 0~100cm F
Y3 K ERINN 20.95%, HTFRBEAKNS B, 200em B35 /KEE 9 HiA
FEAE, N 28.43%, 300 cm R TIEEEI/KELE 12 HIAR|EE, K 18.47%.

WIEl 4 B, Fr SRR 38K 20U T A8 A 35— 20 78 0~300 em IR FEE I A,
Fr 4tk 3K 0 #a3A 2PN 0~30 cm B8 K, 30~50 cm J#/)N, 50~200 cm 1K, 200~300 cm
BN, BT 6—7 A & 78 BOREK =GN, T 3KIITE 0~50 om IR JE R ILRFELE
/NS . BT 300 em DLR LEAFRAR RED, K-HERERD, BN AR T AMNATRIE
BIRA 500 cm, fH37E 300~1 000 cm PR BEVE [ Py HIFoK /- B (e e m, k>, 500
cm 4b 387K 7N 16.20%~21.71%.
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Fig. 3 Monthly variation of soil moisture content during the experimental period
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Table 2 Characteristics of rainfall-soil moisture response process

[ 7K i 72 Rainfall process Pl P2 P3 P4 P5 P6 P7
KA Type R /NF R R /NF K I
WK i} Rainfall duration/h 19.0 5.0 10.0 21.0 3.0 18.0 35.0
W47k & Rainfall /mm 11.80 2.60 12.40 20.80 1.00 42.98 41.20
P, (mmeh! ) 0.62 0.52 1.24 0.99 0.33 239 1.18
12h 7K & 12h rainfall /mm 744 6.24 14.88 11.88 3.96 28.68 14.16
BKEEA 2 1 1 1 1 2 1

F 7K it F2 Rainfall process P8 P9 P10 P11 P12 P13

27 Type R K TR KF T Gl

WK it} Rainfall duration/h 44.0 21.0 110.0 25.0 14.0 42.0

W47k & Rainfall /mm 42.88 41.62 347.1 44.16 9.40 34.40

PR " 0.97 1.98 3.15 1.77 0.67 0.82

12h 7K & 12h rainfall /mm 11.64 23.76 37.8 21.24 8.04 9.84

PR EEA 3 2 2 2 1 2

(DAverage rainfall intensity, @Number of rainfall events
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Fig. 5 Dynamics of soil water content with time in different types of rainfall
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Fig. 6 Infiltration depth of soil water in different rainfall patterns and water supply of soil layers at different
depths
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Table 3 The Relationship correlation analysis between response depth of soil moisture and rainfall attributes

BRI/ PHIWHR (mm-h

WA B WA /mm HTREE fem
(mm-h) )
WK i/ 1 0.937" 0.826" 0. 666" 0.908"
Pk & */mm 1 0. 864" 0.771" 0.908"
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e KRR/ (mm b 1 0. 880" 0.796™
SR/ (mm-h ) 1 0. 754"
HNATRE om .

W: *P<0.05, ** P<0.01. DRainfall duration, @Rainfall, @®Maximum rainfall intensity, @Average rainfall intensity, G&Supply

depth.
4 RFEIKTI2RYK B FEFHE

Table 4 Characteristics of water balance in a rainfall process

i e =it] F#% 7K & Rainfall biiES BEMGKERL K ETHE” -
o . ZERUR Y /mm

Rainfall type /mm 2 fmm % /mm
F TN Heavy rain 346.85 36.7 3.036 303.62 6.53
K Large rain 42.98 5.1 0.151 15.14 22.74
K Py bR 34.40 29 0.187 18.74 12.76
et 3 P 11.80 1.2 0.0090 0.90 9.7
/NN Light rain 2.60 0 0 0 2.6

(DSurface runoff, @Volume water content change, () Variation of water storage capacity, @Evapotranspiration, 5)Long-duration

moderate rain, ©)Short-duration moderate rain
oA
30

3.1 FPE ALK IR ST

B 7K SR 5 BRI A AR B B VIR R, Bk AR A AT 2 5 S 338 7K 7 W 1) H
P, [ A A K T R SR I T AR B T K A 1 sh AR 22, B Rl
B R T 45 R ORI 1) 8K 4y 5K 8 535 IEAHE, 0~100 em 38K /(7 4E
EHETHT, ENTUREAZTIRDEZ 2 IR, E8F 4 AR 9 AEA R B3R5
B EET L. ARG R (B 3) 5 ERF AR, 75 0~100 cm 13K 5
TEAFE NS R I B B (X g 3h, RBFEFEDN: (1) FFEAREITE, KT KR E L
BT T AN () ERRKEBONTET, NEIERANA TR Z Ky, BESIERG, Fréks%
i R N S /N = 8/ A N P o = e o= S n /) AN/ =B = & A SO = == ] B
TR A e 200~500 cm IR E AR E, RAERE KR A Frgm, (2l TREEARAN
BRI AR TR, RE LK AN ENE, (HK BB E . 700~1 000 cm /K5y
P EIEAANZ BRI, AR P 3G AT 2% 3K A Fr R TE I AR

IRy A AN B o0 AR 2 RIE AR MRS . IRAR A S RIS s S R I H —
EMZEFTE, BRI R RN, IS K &R e 3 in— 5 0d/h—FH 0
R FARSS AR T 45 B BRI S5 (B 4), N TIKE 0~300 cm IR VL FE A
57 5 IS 1 K5 ek N P3O PRI R B, L R 2 B R AR K AN ZE RO s i DA R R
MRAZFFIE, T 300 cm LAN R EFFRIRRED, KaoHFERD, BN ZRmMRZET AR
FEHIR A 500 cm, fHAFHE 300~1 000 om FRFEE FI A LK B H N8N, GRS
ANITEESS

TERT SR AE R HE BRI, PR T P K YD v 8 2 1 A A v R B8 K 40 Y i i 2 P X 5 i
50~100 cm HILZETTET)ZE (B 3. B 4. (HEMZE, KM 2T SHok 2 R RIWE.,
TR S BIABIT R EE RE b, WA FKRE R, BRI B K B ki R AT sk A
i
3.2 RIS EEXNEKIIKNES

T IFEIK 3 Xof B A 4D i %7 52 3] 2 Folt DR 2 (140 52, 5L B 7K PR I 5 ) - 338 7K 43 10 5 Ml
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NI BRI, K NS IR ISR, Fhh m 2 B335, Am gt i
(B 6) Bir, BWNBIRERFEAIE 200 cm, 1/ ANBIEERT 0~10 cm. K
HHOKS MG ERK, HREOKER 87.5%, HUGERM, H36.2%, KPIBHEN 29.7%,
T R 12%, /NFARREAE LK MG BIAMA o BR T 29 IRFEKIRR-ESS, 1A BRI
W2 BELW KD NBIRE, UREVIESKER SN, BARNSSIR, RRemfEf, b
BAERK. Wil s A 6 Bz, P11 5 PO AHEL, 3 FF/KE . [KGR AR K 7 e AR AL,
fH P11 NBIRERZEAR, NSEEER., X2l T e T MONMBEIPRES, MU
FI TR NiaH, W2 38 5 39 SR RN T X — i FEiel,

AN 7] e J2 0T i 7K R Ve IS A7 B 222 S, 38 7 i TR PR R Pt 458 B L 298 B8 ) 38 A 8
507381, AREFFREERE R (B 4) 0~100 cm R HIK B shiE ok, HA el 10em +
HEK oy OB b Sk K B IARAE, 0~100 cm VA () 33K 73 52 3 4 K B RN 5 52
Wil 2 . 200~300 em LIEZK A AR T8 2 1), ZHEYIR R, HT
TEME, 300 cm AN ERBOKABEE+ H IR, AER GRS NG N, E
REERIINKR, TI3K I 278 R R IR/, (R, X FRE R s, — B2 T
Feokabes, HE/KEMRBELERFEAKCRTE], T oAt — 2 e 1. MOKEFATHI
FE T, K EAE NIBZE K B 73 BORs e 6+ o LI, s /R, &
WA A FE B KRB = BB LA G 338K 53

4 % i

W FLIX KB FEK B JR TR AL, B EAR R AR SIS IG, (BAERS Ik 7 55
T REEA T ERIIMER . 8 B by Spkoth 387K 73 30 25 5 90 B 2 X 2= 4 1 AR A0 s
fiE, E TR BRI 25 20 A b SR AR 28 HOR R sg . BARRICA: HHBOKSEFEN B E
P ORE” B, 5 R TR S MY, WNEE AN EE,  0~100 cm
KB ECNEIZL,  200~300 cm YK, 500~1 000 cm NIAHX AESE . B Fhr 464 KHE
BEHA, 50~100 cm 28 2 AN [FIFE B 2R T 5, S R B 1) 0E 3 AR K38 RO R 52
Wi, {EAE FRK B R _ErT DAl AT A AR KT o PR AK SR AL R 5o 3K 73 NIBTRFEFIANG &
FIoBE N & . FEM A NBIREBE, AL 200 cm, /MRS BRT 0~10 cm; A RT I
T Wi 28], BEREAKIN RN, NBIREHEE IR, BWH KNS EEm T/NW
AR, 5 PR R 87.5%, Ti/INFNSEARTCIR SN kNS o FR/K I 32 AR B LA 338K
Gy RTE, BN R ADII K A BRI X K HEAT RN, /NI R T IR A R RN R
B, H2LIARRE AL
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