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Characteristics of soil water infiltration in replanted alfalfa plots after severe
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Abstract: Natural precipitation is the only water source in the semi-arid loess region. This research investigated the
characteristics of soil water infiltration following precipitation after replanting deep-rooted, perennial plants in soil
with severely depleted moisture levels in the hilly areas of the Loess Plateau. Specifically, the research simulated the
cultivation of Medicago sativa, using large-scale soil columns (lysimeters) at the Wangwa Soil and Water

Conservation Experiment Station in southern Ningxia. The simulation experiment was based on actual rainfall data
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from March to October in 2022—2023. The results indicated that: 1) Only 41.67% of all precipitation events
resulted in soil water infiltration. The ratio of infiltration to precipitation varied with rainfall intensity: in light rain,
moderate rain, heavy rain and torrential rain the infiltration was, respectively, 15.89%, 35.63%, 52.20% and
61.50% of the total precipitation. Infiltration amounts thus showed an increasing trend with increasing precipitation.
2) Precipitation infiltrating to depths of less than 30 cm, to depths of 30—80 c¢m, and to depths greater than 80 c¢m,
accounted for, respectively, 76.04% , 18.75% and 5. 21% of the total precipitation. 3) With respect to the issue of
deep soil water depletion, alfalfa cultivation led to a trend of soil water increase in soil water measured monthly for
one year old plants, while for two year old plants, soil water measured monthly showed a decreasing trend. The
monthly infiltration depth (Z,) increased with increasing monthly precipitation (P,) as a quadratic function:
Z,=—0.0101P,"+3.9426P, (R*=0.9895). The study provides data on deep soil water status, useful for planning
the replanting and sustainable development of deep-rooted, perennial plants in areas on the Loess Plateau with
severely dried deeper soil horizons.

Key words: loess soil region; soil drying; alfalfa; soil water; precipitation infiltration
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FH WAL o H i TR OCHE SR E AR A, i Bk = FE 43 B AT 5 UE P T )2 S TR AR AR ) A BE A AR AR
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Fig. 1 Location of study area
BET AR G b o PR 55 10 3 T GS(2019) 1822 5 A o b R i = , i 132 - JE 6 2. Based on the standard map service website of the Ministry of
Natural Resources with the drawing review No. GS(2019)1822, the boundary of the base map was not modified.

1.2 HHuixE
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IR IR CS 650 8 + 32 7K 43 ¢ 3k (Campbell Scientific, 38 [ ) X 4 2K 43 i 47 W 0, 42 B8 4 498 8 B L1 11 1%
39K ARk, 0~300 em %3k 8] B 10 cm, 300~360 cm 44 3k [8] B 20 cm, 360~600 cm #£ 3k 8] B& 40 em (& 2) .
KRR L h B S E — O 3Ky B 3 A K RSk AT — IR IE o 7E AR AMI 22 % CR 1000 o dl R 48
#i (Campbell Scientific, 9& [F ), 544 4 19 7K 20 H8 Sk M 2, DA i Si 25 R 3k 35040

R T 2t ph 32 B B B AR N 3 BLIW -4 S 40 (b st AR e 4 20 |, b D) AT 00 5, A5 i A R A X 50+
FEPGM 200 m Ak, S G0l T A0 10 5 T B A K T S 2 (0 JF 3 BF 8] R 52 1 [ 60 o T
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Fig.2 The arrangement of the soil water probes

AR JE AL N G A b e K A3 DR R R, JA LA 600 em I A4 B K - AR R 5 A LK 4 SRR R T 5 B R MK A3 RSk A B TR B
C 2K MR ATBE Sy T8 7R BT, S T 8/ G Sk 22 180 AR T B A b K I 0k 12 B 26 A7 138 Bl 22 58 5 D 2 H AR R R R A B A SE AR IR . Als
a histogram of in-situ test of soil water monitoring in alfalfa field. There are 600 cm deep plastic film around to isolate the interference of peripheral water
and plant roots; B is a schematic diagram of soil water probe layout profile; C is the local amplification diagram of the water probe layout. In order to
reduce the mutual interference between the water probes, each soil water probe is installed according to the left and right swing; D is the actual

photograph of alfalfa planted on the surface of the soil column.

1.4 AR5 R B4 AE

TR0 (] R W e 1T 2R B, 2022 4F 3 H — 2023 4F 10 H B 5 AE K 2 N L & A= B 96 1K, S B T R 724. 00 mm,
P o A G R ekl i BB T R 2 (/NFR 0 0~9. 9 mm; I 0 10. 0~24. 9 mm; KFT :25. 0~49. 9 mm; 2§ : >50. 0
mm ) B T UCBRORT T B S G AR 1 NET R R IR BN 75 IR, BT IR B £, o R R R B 78. 13 %0,
R W 5ty 256. 40 mm, (7 SARE T 5 1Y 35. 4100, P BE T &4 3. 42 mm , ~F- 4 REFT DT B 5. 21 ho R R RN AR
169K, o B A FR B Y 16. 67 %6, B T 5 o0 256. 60 mm, (i S FE i A9 35. 44% , SF BB 16. 04 mm, P2 %

F1 TEIREMEBEE
Table 1 Characteristics of different precipitation type

I ] 2 24 e T U H FA TR - 47 6 T A St g - 347 2 T g e - 47 % TR 548 82
Precipitation type Number of Cumulative precipita-  Average precipita-  Cumulative precipita-  Average precipitation ~ Average precipitation
precipitations tion (mm) tion (mm) tion time (h) time (h) intensity (mm-h"")
/N Light rain 75 256. 40 3.42 390. 83 5.21 0.66
R Moderate rain 16 256. 60 16. 04 259.67 16.23 0.99
Kl Heavy rain 4 138. 80 34.70 38.42 9.61 3.61

# M Torrential rain 1 72.20 72.20 14. 25 14. 25 5.07
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5 2k 16. 23 hy RN B RRT BN 4 0K, o5 B R R O B0 4. 17 %6, [ R 4 138, 80 mm, o B R T 19 19. 17 %,
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[ Bt T N )RR 5 A R
1.5 #WAFAE SR

DR AR VR BE < %) HL R Y 4R A 20 4k 38K 43R0, A 3K 43 8 % 8 32 BV Ay e W98 DR B

2) 7 BRRAB A - LU0 A7 150 39 4 550 1 R R 7K o g w0 bR A8 7 25 ) oK - ) T K 43 3 S TR Ry
HEBMABRE.

3) LKA B

10=[ [o(z0)= 0z 1) Jaz

LI NABE(mm),0(z, 1) T BER BB KR (%), 0(=, t0) M B LR SR E(%) Lo+
JZIERE (mm) .
1.6 3541

fit {1 SPSS 27. 0 #E47 £ 4 4b B2 5 SE 1173 #7 L SR ] Origin 2024 #E47 &I R 2341

2 HBREHGH

2.1 BABER T LEKRINEHIE

2.1.1 /pWF R KIS AB 202344 7 2 H &/ 8. 40 mm R, JiE} 12. 50 h, BEFI 3 0. 67 mm-h ™',
WG 2 43 8 K &k 18. 86 %, FE T 45 I 26 2 10 em 38 & 7k & iy 18. 81 % 2 7H % 20.40%,10~20 em 4 )2
SF- 357 - 48 B K R Pl RN R AY 18, 74 %0 N E 19, 54% , AB I R 20 em ([ 3a) s R EK A A B AR RS
W, AB KA 1,59 mm, S PR B 19 18. 93 %05 5 12 h, 22 10 em 43 & /K B FE K 2= 19. 30% , A i) £ 4 K
S AL T3 E 30 em 4b, 10~30 em -3 4+ HE & K B 18, 73 % B #) 18. 96 % (& 3b) 5 i J5 21 h#JZ 10 em +
18K 434K 5 2 T AT K SE A9 18, 81% (18] 3¢) s M 32 h, 10 em 4 )2 4 387K 23 T 1R Al 2K F L F 2 18. 50 % (&1 3d) .
20234E 7 H 20 H & 411 8. 80 mm FEFT , Jif 6. 50 h, FEFI SR B 1. 35 mm-h™", ®1 13 F- 3 -3 &K &8 17. 56 %, B
25 i 22 )2 10 em + 35 K B 1 18.00% 42 7+ % 19.85%,10~20 cm + 23 + 8 & Kk S 17. 88 % e hn &=
18.80% , A& £ 487K 43 1. 85 mm, & FE RN 19 21. 0296 , 76 B TR 7 B) A B VR BE R 20 em; Wi J5 10 h, % )2 10 em +
B KB EARE 18. 70% s W /5 19 h, 2 10 em 3K 3 & Z W FT/K P W5 30 h, 10~20 em £ )2 £ 5K 42
ICF Wi KT (B 3e~h) .

WL LD BT A N A B R RN R AB R EETE 30 em, /NFE R B9 AR K 43 32 28 KA I ., e 452
1E 5 K A 4 T Bl 2 L AR, 0 W N (P>0. 05, % 2) , 0 T E T4k 3R 68T sk 23 #h 45 , o 63k
2.1.2 W F KD AB 20238 H 25 H &A1 17. 00 mm FER , DA 11. 25 h, BERM 5% 1. 51 mm -
h ' W3 Sk Bl 17,50 %, TR 25 A 6 )2 10 em H3E & /K Bl 17. 45% 42 7F = 21. 22%,10~40 cm +
RV S K R 17, 4456 350 & 18, 95% , FERE W i i N 3K 4r AB IR IE IS E] 40 em (B 4a) , th H3EK 0 A
BaARXITREA B, AB 8K 6. 07 mm, S BN & 19 35. 68% s W J& 28 h, ABIRE K e K, ABF] 50 cm,
10~50 em + J2 £ 887 H & K 5 i AT 17. 46 % #4401 % 18. 11 % (K 4b) s i J57 40 h, 10 cm = 37K 43Pl sk B AR, Pk 42
BEW AT, T2 R K o ) 38 g2 R BURE (A D K e dk gk i R B (1 4e) s TR 54 h, 387K 5%
Free e i e KRN 1) b2 s B 9 28 & I AR, 10 em £ 3E/K 4 K T W AT K7, 20 F1 .30 em 4 87K 3 58 ek &
W AT, 40~50 cm 2B &K R 17,510 EBERTETAY 17. 41 % 34 %5 0. 10% (&l 4d) . 2023 4:9 A 27
H % 29 20. 80 mm BT, Jiif 12. 00 h, FEFIsR 2 1. 73 mm-h ', W 1A 1 & K B0 16. 96 % (£ 3) , R 45
)2 10 em T4 &K & i 16. 78 % 42T & 20. 68% ,10~50 cm 4 23 +HE & K B 16. 77 % B %= 18. 42%,
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Fig. 3 Soil water changes in light rain
2 NWERER
Table 2 Light rain information
H T A Wi T 1 S+ HEARFL & K B Average soil volumetric water content ( %)
Date Rain type  Precipita-  FEFI AT FeRZEde WJE12h MJE21h WJE32h FJE10h W 19h  WE30h
tion (mm) Before the  Attheend 12 hoursal- 21 hoursaf- 32 hoursaf- 10 hours af- 19 hours af- 30 hours af-
rain of the rain ter the rain  ter the rain  ter the rain  ter the rain  ter the rain  ter the rain
2023-04-02  /NFH 8.40 18. 86+ 18. 96+ 18. 90+ 18. 86+ 18. 84+ — — —
Light rain 0.13a 0.11a 0.13a 0.12a 0.12a
2023-07-20  /INFH 8. 80 17.56+ 17. 68+ — — — 17. 60+ 17. 56+ 17. 53+
Light rain 0.12a 0.11a 0. 10a 0. 14a 0. 10a

[FAT A [ /NG 8RR 78 0. 05 7K F- 25 5 i # . Different lowercase letters in the same row indicate significant differences at the 0. 05 level. — :
Empty value. T [A] The same below.

i
s

A K5 8. 23 mm , & R T & Y 39. 56 20 , 7E B R J7 B 9 B 3K 43 A8 TR BE 3K B 50 em; FJE 32 h, 2K 43 4k
gijn) B2 LB, ABEE R FE K, ABH 60 cm; M5 58 h, 10 cm 3K 40Pk &2 2= Wi i K F s M5 72 h, 10
120 cm +HEK 43 E AR T I AETKE, 30 em £ 8K MK E 2 W HTKF,40~60 em + )2 F ¥ &K &8 16. 96 %0, B %
FIHT 16. 81 %0 34 & 0. 152 (&l de~h) .

i LA BT A L T BN R AR R AR IR EE TR A E R R K, AB IR AL 60 em B T H
T A K FE K RN M 6 28 R, I R 45 RS B4 R 72 h, R 43 - HE K 43 W ARRE L 43 ) A T YK R T C 3 B n (P>
0.05,%% 3) , ME LI T4k 4 S8 AR 45, (I 7 00 1 7K 43 25 7 S50k 4 T 7 AR 2R W e AR
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TR R K & Soil volumetric water content (%)
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Fig. 4 Soil water changes in moderate rain

x3 HHEEWRER

Table 3 Moderate rain information

H 1 TR Y ¥4 TR R 44+ HEARR B K B Average soil volumetric water content (%)
Date Raintype  Precipita™  pemgag  pemigssk W528h  WJ540h  FJE54h  WES2h WIS 58h M 72h
tion Before the  Attheend 28 hours af- 40 hours af- 54 hours af- 32 hours af- 58 hours af- 72 hours af-
(mm) rain of the rain  ter therain  ter the rain  ter the rain  ter the rain  ter the rain  ter the rain
2023-08-25  H1 17.00 17. 50+ 17. 87+ 17.70+ 17.55+ 17.50+ — — —
Moderate rain 0.13b 0.10a 0. 13ab 0. 14ab 0.11b
2023-09-27 W 20. 80 16. 96+ 17.47+ — — — 17. 32+ 17.02+ 16. 96+
Moderate rain 0. 14c 0.12a 0. 11ab 0. 12bc 0. 10c

2.1.3 KEFZERN T KD A B 20234E 7 H 11 H &A1) 27. 80 mm B, Jy B 10. 00 h, B I 58 & 2. 78
mm-h ' W2 R E K& 17,76 % (R 4)  BEFI 45 /I, 10~50 em DA b 2P 28 K & iy 17. 54 %0 54 fin 2]
20.45% ,50 e LA £ )2 AL, BB 3K 53 AR R E R 50 em (B 5a) , th H 5K A B A LI, A8
K5 14. 56 mm, J& B R 5 52. 37 %0 BE RN &5 SIS K A 4k gL R 2B BB 05, WG 55 h K 48 A8 IR B ik 3
K, 200 80 cm, 70~80 em V¥ - S /K 17. 76 %0 350 % 17. 96 %0 (18] 5b) ;3 )2 + HE K 43 4k L1 9l 7% &
B S , R SR BN W RRAR, )2 K o WIE K B8 BE AR R — D Tl K it i) i B kb 58, 3 — 7 4k 25 1]
WZiEH ,WE 79 h, %220 cm UL I+ 2 & KEC &% 2WE 2 W KF, 1M 20~80 cm + 2 F ¥ & KN
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Fig. 5 Soil water changes in heavy and torrential rain

18.56 %0 , BT 17. 58 % A1 $2 7+ (18] 5¢) s B & B (] 4fE % , 1 )2 1 oK A3 #5208 48, 25 101 h, 10 F1 20 cm + 1
K O TR AT KCOF L 30 .40 A1 50 em + )2 H3ES K & 58 2K E B HT KT, 50~80 em R 23 Ry
KA 17,76 % BRI HIT 17. 6350 341 0. 13 %6 , 37 B A R B IR EE 7 80 em (& 5d) . 2023 4E 8 H 10 H & A= (1)
33.40 mm FERT, 3B 2 h, BERTSREE 16. 70 mm-h ', W14 P34 HIE S K& 17. 3700 (R 4)  BERS5 AT £ )2 10 cm
3 E K 16,93 % 48 T & 22.93%0,10~50 em )2 V1 H S K B H 16, 9720 #m % 20. 33% , A 1K
43 16. 80 mm , J& [ FR 2t (19 50. 30 %6 , [ 9 45 oA + 30K 43 A TR EE S 50 em; B JG 69 hK o3 AB IR EE R B iRk, oh
90 cm; 5 89 h, % )2 20~30 em LIEEF /K E O A% W E 2 AT/K T, 10 em 42 )2 &K &8 2 28T FE W TR,
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Table 4 Heavy rain information

H i T 1Y [ W A S A HERFR B K B Average soil volumetric water content (%)
Date  Raintype  Precipitc™ pegyy g4 WiE55h  MUG79h MG 101h G 69h Wi S9h  FiJT 125h
tion (mm) Before the Attheend  55hoursaf- 79 hours af~ 101 hours 69 hours af~ 89 hours af~ 125 hours
rain of the rain tertherain  ter the rain  after the rain  ter therain  ter the rain  after the rain
2023-07-11 KW 27.80 17.764+ 18.67+ 18.31+ 17. 84+ 17. 71+ — — —
Heavy rain 0. 10c 0.12a 0.11b 0.1lc 0.1lc
2023-08-10 KW 33.40 17. 37+ 18. 424 — — — 17. 85+ 17.47+ 17. 41+
Heavy rain 0.10c 0.12a 0.11b 0.11c 0.12¢

MM 30~90 cm + 2 - 44 7 7k 58 /i ik A 32 TF 5 B9 S 125 h, 10 F1 20 em 4 3 & 7K & B % T K& 1 /i 7K F , 30 1140
em 2 S KRS 2R BT K, 40~90 cm TR BE VL PN P 2 b 4 K W TS N 0. 186, M KE R A
BABIRE R 90 cm (&l 5e~h) .

2022 4E 7 F 15 H &£ B9 72.20 mm FEFH , Jimf 14. 25 h, BRI 98 2 5. 10 mm-h ', W1 1A F 3 L3 & K & K
15.47% (3 5) MM 45 i 6)2 10 em H I3 & /K il 17.80% 4271 % 24. 80% ,10~90 cm + )2 -1 + 4 & sk -
16.24% # = 21.18% (B 51) , H 2K S A B B AKX TR SH , AB LK 44,40 mm, 2 % & 1
61.50% , MEAF +HEAK 43 A B IREE R 90 em; ER &5 ARG K A4k 22 F R BB 5, W5 70 hK 20 A8 IR B A 5]
120 cm, 10~120 cm 24 4 385 /K H il 15. 92% B & 18. 23 % (1K 5)) ;s )2 + HEK /3 4k B 9 7% & Mgl & 7 W #E
TS KA WTREAR, )2 K MK BB AR N — R ) s B Ah e, 5 — Ak S m IR 2 5,
MiJ5 110 h,10 cm )2 & /KB B 2% 2 W AT/K T, M 20~140 cm + )2 ¥ & K8 17, 17% 38R AT 15. 52 % 173
A AT (& 5k) ; bl %5 B[R] 4E RS, 12 - HEK Ay FRLETH AR, W5 164 h, 10 cm P I 4 2 & /K & 2K T MW K F,
20 em & 2 K WK 2 N AT K P, 30~140 em W £ 2 OF 5 £ 3 E K &8 17, 15%0, 5 W AT 15. 41% ¥4 m
1. 74% , b BE TR A A B IR IE N 140 em (E] 51) o

MW LA B A R i R A B R AT 3k 80 em, 5 H A L, AB TR IE — 25, AR I K A B IR
O 20 T 78 & R W DR JEE P H A A7 1 78 AR 2R WAL 1) 2 1), 8 B3 TR 45 SR 101 R 125 h, = 587K 4343 il 5 P Ik
Fof W R AH LG T 0 35 B (P=>0. 05, 3 4) , B A B AT 850k 205 A8 B AT B 5 2 W 119 e KAV TR BB 1T 3K 140 em, B ¢
R T 25 5 164 hJ5 , 3K 0 B R A 2 & 3 (P<<0. 05, % 5) , AB A SHMA B KWt — 2 H .

x5 EWERER

Table 5 Torrential rain information

H T A Wi T £ S 4 AR K B Average soil volumetric water content ( %)
Date Rain type Precipita™ e i W T 24 5 70 h 5 110 h I 164 h

tion (mm) Before the rain At the end of the rain 70 hours after the rain 110 hours after the rain 164 hours after the rain

2022-07-15 %W Torrential rain ~ 72.20  15.4740.11d 18.25+0. 12a 17.21£0. 11b 16.8140. 14c 16.6940. 11c

2.2 BRRBEBAANSIREZACHIE

e S MY A (20224 3 7 — 20234 10 4 ), B3 A EFEN 96 (&1 6) o Horfr, ABTREEBEATIA 2] 10 em Y F
56 U, o5 BT OB 58.33% , Bt RERT E Sl 124, 20 mm, 5 S AT B 17, 15% ; AB A ] 20 em 1Y [
WA 170, 5 BB 17.71% , B 114, 20 mm, /&7 A R Y 15. 77 % AB T L2 30 em 1Y
TR AT 2 7%, 7 B R YR By 2. 08 % , BT & &y 18. 00 mm, (5 SRR R 0 2. 499 5 A B IR B 35 5] 40 om Y %
WA UK, M RE TN UKL 8. 33% , BT I & 4 96. 40 mm, (5 MR RN 19 13. 31% ; A B IR 35 5 50 cm (149 5 1
H 3, T Y 3. 13% , BitREFT & 52. 00 mm, i MFETT A 7. 18%0 ; ABIREE L F] 60 cm A 5
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W, BRI BN 5.21% , B3R ol 108. 20 W% i i Precipitation (mm)
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mm, b7 B 1494905 A B IR 5 5 80,90, —————

(=]

e
< 201
100,110 cm (0 W 1T 46 4 LIk 4 R HEFIUCRCED 5 o 12 44 Camee
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1.04% 5 fie KA B R JE 3k 5 140 em, VW‘%%?Z.Z 5 60;
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mm, (B FERTHE A 9. 9796 o S [ 43 4T 0T, i 2 1oo]
WA S IR I (2) Bl % B"Fﬁg(P)i‘tnaz—UuZléﬁ 2 120}
BRI A - Z=— 0. 0228P"+3. 6910P (R*=0. 9588) . =R

1K

ANB W = A8tk 2 B R AR LB TR A K % 180] 7=-0.0228P*+3.6910P (R’=0.9588)
T 7K 23255 25 R 32 0 B B 5 U A R :z‘gwﬁgmwwﬂ
ﬁEﬂZE%ﬂﬁfiBﬂ%ﬁkfﬁ/\{ﬁﬂ’Jﬁéﬁﬁ Fig. GL/Zha;;i of il:dliti:ujl precipitation and infiltration
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SR RBEREW T, A A B &R 28 80t B 5 7 B 00 0% g A8 fb, s ik 22 55 B 3% (P<<0.05, K 7). 1515
JHL, UL A Py B R A B 724, 00 mm, ZEHT R 4 584. 79 mm, & R HEAY 80. 77 % , A i A 139. 21 mm, /i R
HAY19.23% . & H ABIK Wﬁ%ﬁﬁﬂﬂﬁimiﬁ:ﬁﬁi‘k AW SE ] ABRE — SR (K ), A
SPSSH AT M A 43 AT R B, 2 A B ABIRE (Z,) B8 A W & (P,) 3 i 2 K R8s 3 ik . Z,=
—0.0101P,’+3.9426P, (R*=0.9895), R ABIKETE 20224 3—9 H B ¥ K, @J9HL@J?N360 cm), 2
J B Ay 38 I AE AN FEAR A, MK P A R SR A AT RE R K 2023 4F S A AR G A8 AR REAK I fin
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Fig.7 Dynamic changes of monthly precipitation, infiltration, vaporization

ANFEKE F KRR A A 3 A B S 0.05 K 22 5 8%, AR/NE F R IR A F A 0 28 85 72 0.05 K F 22 5 8 % . Different uppercase letters
indicate significant differences in infiltration at the 0.05 level for different months, and different lowercase letters indicate significant differences in

vaporization at the 0.05 level for different months.
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Fig. 8 Dynamic changes of monthly infiltration depth and cumulative infiltration depth
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PANTE E AR PR AR LA 7K A T SR B AE TR BE 15 3 Ao 5 A R ) 1 B8 b 068 a7 9 R 5 R, ST LA 4 I I 47
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LA B2 72 8 PR AR, B 1 Sk ) PR BRI e/ O 38 MR B I 23 vl DAk — 2P 53 o [R] I Bl ol AL 4 IR 4 3
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