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Response of soil moisture to rainfall in alfalfa field under severe soil drying
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Abstract ; Soil desiccation poses a critical bottleneck constraining the sustainable development of the ecological environment
in semi-arid loess hilly regions, where natural precipitation serves as the sole replenishment source for soil moisture.
Desiccation of deep soil layers induced by artificial forest and grassland vegetation on the Loess Plateau has shown a
persistent intensification trend. Particularly since the large-scale implementation of the Grain for Green Project in 1999 the

severity of regional soil water deficits has been significantly exacerbated. Compounded by the region’s thick loess deposits
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ranging from tens to over a hundred meters, the deep groundwater cannot replenish shallow soil through capillary rise,
ultimately leading to the formation of permanent dry soil layers. Current research on soil desiccation remediation remains
inadequate , predominantly focusing on surface-level interventions such as various mulching measures, bare land treatments,
and cultivation of annual shallow-rooted crops. However, there are limited reports addressing the cultivation of perennial
deep-rooted vegetation systems under such deep soil desiccation conditions. To explore the sensitivity of soil moisture to
rainfall after replanting deep-rooted and perennial plants under the background of deep soil desiccation in loess hills, in this
study, the CS650 soil moisture probewas used to continuously monitor the soil moisture from 0 to 600 c¢m soil in 2022—
2024, and the analysis results showed that; 1) The ratio of water infiltration into the soil to the soil in the loess hilly area
increased with rainfall, light rain was basically ineffective for soil moisture storage below 10 c¢m, and rainfall above
moderate rain had a significant effect on the water storage below 10 cm. The ratio of water infilirated into the soil by
moderate heavy, and torrential rain can be increased from 36% to 61%. 2) Under the background of deep soil drying, the
soil moisture in the first year of replanting alfalfa was mainly deposited, with savings mainly concentrated in the 0—340 cm
soil layer. In the second and third years of alfalfa planting, soil moisture consumption was the main one, accounting for
13.1% and 50.5% of the rainfall, respectively, and the water storage consumption of the 0—340 cm soil layer was 45.4 mm
and 185.3 mm, respectively. 3) The water consumption in the first year of alfalfa planting was about 31.1% of the rainfall of
the current year, the water consumption in the second and third years of planting exceeded the rainfall of the current year,
and there was no significant difference in the yield and water use efficiency of alfalfa in the first and second years of alfalfa
planting compared with the control (P>0.05) , and the yield in the third year was significantly lower than that of the control
(P<0.05), but the difference in water use efficiency was not significant ( P>0.05). This study can provide a scientific
basis for the sustainable replacement of artificial vegetation and the rational utilization of water resources in the loess hilly

area.
Key Words: soil drying;alfalfa;soil moisture ;typical rainfall ;loess hilly region
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Fig.1 Schematic diagram of the study area
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Fig.4 Soil water infiltration pattern in light rainfall
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Table 1 Comparison of the difference of average soil moisture content in the maximum impact depth of light rain
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Fig.5 Soil water infiltration pattern in moderate rainfall
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Table 2 Comparison of the difference of average soil moisture content in the depth of the maximum impact of moderate rainfall

45+ 1E 5 K i Average soil volumetric water content/%
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Fig.6 Soil water infiltration pattern during heavy rain
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R3I AMRAZMRENTHLRESKEERILR

Table.3 Comparison of the difference of average soil moisture content in the depth of the maximum impact of heavy rainfall

XS KR Average soil volumetric water content/%

Rk
Precipitation/mm Syl R4S i) 48 h iJF 60 h HiJF 90 h HiJF 62 h HiJF 97 h MJE 117 h
Rainfall onset ~ Rainfall ends ~ 48h After rain ~ 60h After rain ~ 90h After rain ~ 62h After rain ~ 97h After rain 117h After rain
8.2 18.62£0.21d  20.37+0.13a  20.23+0.16a  19.43+0.04b 18.88+0.07¢ — — —
39 16.73+0.21d 18.94+0.22a — — — 18.69+£0.25a  18.06+0.25b 17.57+0.23¢

2.1.4  ZNW FRY LK AB R

FE I 2 e o K TR, LABLAR I 7. L REAKESabwerconen®

7 AIH,2022 4E 7 H 15 5 05,00 FFEEFET, At 14 h, of ' ' ' ' ' !
WETT 72.2 mm BRI SE E 5.2 mm/h, FEFTSE S, 10— ol ' '
90 cm 123+ 1S K WA LG A 16.2% 34 &= ig -
21.1% 327+ 4.9%,90 cm +JZLLF H3E &k 8% 28 50t
o, AIBTRIE 90 cm; HIJG 70 h,10—120 em +EFH - & OF ,
KR 15.9%4 75 18.2% , ABGIE 120 em, B & sof 2022467 15H05:00

X N =90 - 282022477 15 H00:00
JG 124 h,90 cm HJEZVA EEMESKEFFLER AR, R 8 00l (Wi 72,2 mm)
JZ 10 em HHESKENRE EHETE IR 18.0% , 84 ool .
B IK AUk 21 R iz #%,10—130 em + )2 HIE S K& 130 :%fﬂfgf

\ s 140 e
R LAI 15.8% 35 M%) 17.5% , ABTRIEZ 130 cm, 150L e
FJF 164 0,20 em )7 8 F KBRS 2 WAL e RY 1o
16.8% ,10—140 em + )23+ S KM 15.7% 827+ M7 BEWLEkSNENE
QIJ 17.1%, )\{5}{% E 140 cm, Fig.7 Soil water infiltration pattern during heavy rainfall

FEW R 72.2 mm BIFEME, HAB | L3P A B
W 44.4 mm, HFEFRY 61% , N\IBIREAIA 140 em, FEFEFRISS R 124—164 h, AB 3| T 3Ed oK TC 2%
(A, FPRHR T HE —E B R,

R4 FRRAZMRENTHLBESKEERILR

Table 4 Comparison of the difference of average soil moisture content in the depth of maximum impact of heavy rainfall

S 4 5K iR Average soil volumetric water content/%

Rk it
Precipitation/mm iR TR A W TR 45 MiJ5 70 h MiJ5 124 h MiJ5 164 h
Rainfall onset Rainfall ends 70h After rain 124h After rain 164h After rain
72.2 15.67+0.20¢ 18.84+0.21a 17.66+0.33b 17.22+0.19b 17.08+0.25b

2.2 HTEHY K 0 sh AR URRE

ARWFFESTHT 2022 Z 2024 4F 8] 15 M 5K 53 s AR AGRRE , B Al i B2 07 e s T 2 AR SR
FAERZANER, WEEMES SO BRI E . RAT A B A 5 2 6 - Hefe e i
FEAEAE R 4 200 L BR B, LA 236 L SE R AR R AR 03 1 7 P 0 - 56K s, JfResk
PREET 2022 % 2024 4F A E 75 M 10—600 em +3EHI 1 5K RARML , Z5 B R R A 8dE , 255 o0 i 4k
STEIAR . 2022 4 10—340 em )2 HIEEEKEZ H 3, A 8.9% 38 2 17.4% , /s 1 RAF WK 3R 52 #a
H B ABHEEH 4 A1 160 em FHIMEZR 10 1Y 340 em, U ETEHE 2 A RUEHE T K0 R E 3105
% 1% 300 em LA+ R T EEB W ERE , 2023 FHEE HE A K, 10—220 em 12 HIHES K E IR
FE, T IEm AT T R (AR AR A B B K, A F 15.9%—17.2% Z (8], #EKIREEZ A B, N 4 71
90 cm 7 KE| 10 H 1Y 220 em, T2 EEE4EREFRE , R — 2PN, 2024 4F 10—340 em )2 H IS /K G422
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W0 H AR 2 10.2%—16.0% , FEKIREESE— 2 IR RENEEA K IEZRE (4 H 210 H) 353 340 cm,
HTZRE XY R E 600 cm , Hr WIMARRE . (E45 3 & 10,340 em LUF £ )20 58 5K 7 =48 I
PIPRFEA RS A , BN K, R IR Z IR 32 ET S FE K2 M 55 /0N, R BB BT AH X RS 119 001 )2 8 32 1 /K A7
P,

P& 8 IR ], B T AR R A R EE B AE N, M 2022 4E 1% 100 em 34 % 2024 4 330 om, iX 5 4EFEK IR
FE R BE A SEATW) A, 2B E 5 AR R 0 I R K Sh R 2 K AR s R R L iR R TRALA B Pl
TRIZ UK A3, TR ) 7 R 2 4 A B, e HOR e i S 2 AP Rl

AR5 38 6] A Hl A K 2 sl AR BRI H R T E AR K A i B e L SR R AR K
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Fig.8 Monthly variation of soil profile moisture and root distribution characteristics of different years from 2022 to 2024

2.3 HIEHAEKICZ LS R AR
2022—2024 4F 10—600 cm + )2 KA 9, HE 9 nl%1,2022 4F 10—600 cm 1 )2 A K284k
RIE R PR et 5 s NS A KA ARG FEIE 0.0—72.5 mm Z 8], A Y7284k N 34.6 mm, 2023 4 H
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KA I, R I A RE e Ve s A K AR TS FI7E-2.3——8.4 mm Z[a], H Y28k —-5.7 mm, 2024 4F i
IKASAE R B, R B R Sy s s/ e A KBTS 7E-0.5 —=47.8 mm Z 1], H #48fL &8 -23. 1mm,,
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Fig.9 Changes in water storage and expenditure in the 0—600 cm soil layer

5 R ,2022—2024 AFH1E IR IR 2H 50 RZ K S R TR AR S ™ 2 52 BB Be e A8 (b R . FARL SR 1 4R,
PILHAE K& (IRI64H 120.0 mm vs XFHRZH 126.0 mm) T 57248 (465.0 vs 503.0 kg/hm ™) KK FFHRLH (3.8
vs 4.0 kg mm™' hm™?) 225 YRR B Z K (P>0.05) 255 2 48 PIZHAE/K & (391.1 vs 413.3 mm) 7 i
(4253.7 vs 4578.7 kg/hm?) FK A3 FIHZLH (10.8 vs 11.1 kg mm™" hm ™) 84 i+ R T dE (P>0.05) . %65 3
SRR ZHAE K i (552.0 mm) SEEAR T X BEZH (670.4 mm) (P<0.05) , 778 (9499.0 kg/hm?) 7 i K T X BE 20
(12089.0 kg/hm?) ,{H K3 FIFHZLZ (17.2 vs 18.0 kg mm ™ hm ) P34 H# 2 5 (P>0.05) .

£S5 FARERRBASHBEAEEHNASFARNE FEERKENILR

Table 5 Comparison of water use efficiency, yield and water consumption of alfalfa in experimental and control groups at different ages

2022 4% 2023 4F 2024 4%
K53 K53 K53
TNl - FEK &= " o K " o FEK "
tem i Yy 7 i e R ik Ve W
’ Yield . Water use Yield . Water use Yield . Water use
consumption .. consumption .. consumption ..
efficiency efficiency efficiency
R4
Bl 465.0a 120.0 3.8A 4253.7a 391.1a 10.8A 9499.0a 552.0a 17.2A
Test team
Xif R
503.0a 126.0c 4.0A 4578.7a 413.3a 11.1A 12089.0b 670.48 18.0A

Control group
LA B ke/hm® FEZK B EAL A mm KA IR IS kg mm™" hm ™ 5 [7]— 4R FREURE AR F/NE 55 R R I AR
)R 7B 43 3| B iR 2 5 0 IR AR B 2 i ™ e B KRR RS AR 22 5 1036 (P<0.05)
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Xof 453 37 8 T AT S 200 14 A B R P W, L AN S ) R A1) 5 AN [v) R R0 A Ak - 8 () X R B N IS LA,
BB B T B R AT IR Stk — 5835

AR Y b B4 R 56 F R 28 B R oA e B H FERN /N T 10 mm R4 R /INFR, H R & 10—
25 mm %50 AR, HEER R 25—50 mm ®143 8K, H R 50—100 mm X430 856, B 35045 Bk ik 5
At ) BRS04 72 YK [ R A A 98 R AIE , 0 A AN tE — 2 40k T W K7 B3 b AB R R R, 4iit (2022—
2024) AEFERTARSC 3 A N/INF &4 212 IR T 20 WRCKFR 5 UR VR FT 1 IR, [RE 3 4F PN AR SE I TR 2 24 212
PKRELAT 3 30 em 20 YK3K 50—60 cm 5 Uik 80—90 cm 1 ik 140 em, M [EMAFIES B S5 ABE AB
TREESFATAE /T R B (18] 10) , ABdi A B TR B 34 55 B W Ak | o8 T B 2 A I 3 IEAH G (P<0.01) |, BB Y
O FRIR R, WK R AB IR AB R, X SEEED R, MABRE ABRE
50th LIRS KB W (P>0.05) . AWFFE R W £ HEK AN A IR, A 5T H A
X S K A3 A I 465 5 RAR YR A 25 N > TR > R >/INFRT =5 s R A T s, e — |, AT RE I 4 P 28 = 1 3
IR B AN 25 A AR B B IR e A D) T — B bR 20 em K IR, AR A RO, 0 £ 0
ANARCR B SRmne SR ST R - B bR X7 K /INFR X T Al A R R R E 43 2K 140 em 80
em 40 cm, X GEATARILEISAN LA 22 5, 00 EZ R A 0] GEJE A BRAT B4 LA BT, AB 3+
Hr K o —R o 2 Bl T RE L, S R AT R IR

AR NI L
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Fig.10 Correlation between response indicators of soil moisture with rainfall characterization parameters and initial soil moisture content

ABEFEIL KB, /INF | PGS B P K 07 R I (] P 52 e A8k A BRI e Bt N REXTIR R
T A BN TR R 2% F R = K 7 BOAMAROR 235 TR AR IR i 90 om, 7K 73 2L
TBRE AR BREK S W WD X A T W S T 25 5, AT AR O IR AT T+
AT G XA RN i JE SIS, BRI AB TR EE G R B IX UK S 3R | AB TR 1 12 B B R RRAIE | L SRR |
R AN PRIE R AE 22 3R PR G B e DX R RS S 7K S 18 582 e 8 75 2 B 2 SR (] )X B S SR UE ]

ST R T 24 RIRAR SR FERKAEY , BERR Bs AR AR BRI, bR B R, 2T itk 1%
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2o T R RO AR R R S T 2K O AR B R . E AR A A T R R , B
B 3 4 12 4FJ5 200 em DAL A2 0T LA 1 AEARAEMI M AE K TR, B BEse R W1, 104 MRk
Ja PRI AR ) A K A RIS, HARY ™ it R iR . AR T R AR RN A (F7
7%) M5 FEFPAR R 28 R AR A E R AR B K SR O, TR 2RI T8 R WA 7 UL, AR LA A 15
SEINCE B AR AE R, 20k LA H B SRR, AEHII 10—150 em 2 HIEE KT B 8% T2y 2 N E 3 A
HEK AT HA T A8 K2R o XUTHRA S5 RFTE T, 0 Bk T 8 R S0l PR BE 9 300 e, THTAR
BFFEAHTEEE D 340 em, XS XITHAARIBEFELIE AR , Al GBS 1 JEARBESE M F A 7K 73 sAR AR 4 S 3] i 0
IRUREEY HCA 2T 5L T A G, ABFSEIR R, A K 3 AR BRI R LR K 330 em, 3X 54 G,
WHAR Y ETEREES AR A iR D DU AR SR A3 B R, A R 43 R K PR R AE e £ f
300 em JZUA B EHOKG R T T IERE MR BE(] (13.8% ) , T3 T )2 G B BIK AL 56 2 4R 5 TR A6t B /K 2 K
TRERT PG, T 5 R0 B2 A REWE I B A8 AR TR 50 3 AR AR KRt — P ok, R R AR
B, AWTFEEREY] BRI 1—2 4575 KM IR B IROC .35 22 5% (P>0.05) |26 3 4R BTG i)
Bl 5225 (P<0.05) (HK I BRI ICZE S (P>0.05) o BEFE A RAFIRAVIE R, P B0 IR e f 2 T
W ARUK R G AR, BT IR AT TE . 6 I8 T 24 LA, 16 3 - R A AR Z #0577 (8 8—10
i B, 08 T RN AR (R 4% ) 2B o ™ B AR BT FERRE A A 1S BT H AT s Z BT
ABEFEAAN AL R0 16 S 25, IR AR TEATS 75 220 5 734 .

4 #ig

(1) B4 b KJZE 5™ E T IE O, B AS LG B R T S 3 i 42 7, /DR S 21 - e iy
IR HLE R B 1 219%—23% , TH A S B 3 rp 7K 53 24 5 LRI 5 1Y 36%—40% , KN A B 3] 138
H 7K 432 i H R Y 48%—51% , 7 TN B 3| 38 i 7K 43 24 |5 LR TR 1Y) 61%

() FHEHRZLIETE ST, A B35 — 4 R 5OK A DUEE 0 50 2 F R A KK E R T Y445
R R 2, - Ehf K s D 5 3 AR SRR K 2K, 3K i RS RE AR, 10—340 em 12T
T A K IHAEL) 83%

(3) BIAT MRS FIFIE 75 5 1 AR FNEE 2 4777 i Bk oIl ORS00 A 1B 3 25 5+ (P>0.05) , 56
3 AR RO B LR 3 25 57 (P<0.05)  fH K 43 R FTRCRAT SR A 135 22 57 (P>0.05)
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