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Dynamics of Soil Moisture Depletion and Replenishment in Different Land Use
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Abstract: Soil moisture has large impacts on agricultural production and regional ecosystems. The Loess Tableland was
selected as the study area, and the characteristics of soil moisture in different land use types were measured and analyzed
from March to October 2012. The objectives of this study were to characterize the dynamic changes in soil water, determine
the soil moisture depletion and replenishment depths, and compare the differences in water consumption under the different
land uses. The results showed that: 1) Soil moisture content recorded in the 0—600 c¢m layer in a 7-year-old apple orchard
was the highest, followed by that in a corn field, wheat field, and a 17-year-old apple orchard. Soil moisture contents in
different land use types had the same variation trends as precipitation during the observation period, but their responses
lagged changes in precipitation. 2) Soil moisture variation declined with increasing soil depth in different land use types.
The variation in surface soil water content was greater than that of deep soil water content because the surface layer (0—100
cm) was influenced by multiple processes, including rainfall infiltration, soil evaporation, and plant root water uptake. Soil
moisture was less affected by outside conditions as soil depth increased; therefore, soil moisture tended to be relatively

stable. In addition, because of complicated functions of plant growth regulation and local phenological characteristics,
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seasonal variation was also observed in the soil water profile in each land use type. The shape of the average soil moisture
profile for the 7-year-old apple orchard was an S-type curve, while the soil moisture profile for the 17-year-old apple orchard
showed an initial decrease, followed by an increase and a final decrease. The deep soil moisture stabilized around 13.5%.
The shapes of the soil moisture profile in wheat and corn fields were similar; they both increased at first and then decreased.
3) No soil desiccation occurred in farmland or in the 7-year-old apple orchard, while relatively deep desiccated soil layers
existed in the 17-year-old apple orchard at depths of 320—600 c¢m. This was because the water consumption in the 17-year-
old apple orchard was greater than water replenishment. In lower rainfall years, the precipitation was not enough to meet the
demand from tree growth, so water stored in deep soil was used. Due to the limitation of rainfall infiltration depth, it was
hard for water to be replenished once it was depleted. Thus, desiccated soil layers formed under continuous dry years. 4)
There were some differences between the soil moisture depletion and replenishment in different land use types. The depths of
soil water depletion in the 7-year-old apple orchard, corn field, and wheat field were 200 cm, 300 ¢m, and 300 cm,
respectively, and their replenishment depths were beyond the measured depth of 600 ¢cm. Their deep soil moisture conditions
got compensation and improvement after the seasonal precipitation. The depth of soil water depletion in the 17-year-old apple
orchard was 500 cm, while the replenishment depth was about 200 c¢cm. As the replenishment depth was less than the
consumption depth, the desiccated soil layers already present in the 17-year-old apple orchard will continue to exist for some

time if there is no human intervention.

Key Words: soil water content; soil dry layer; soil moisture depletion and replenishment depth; land use type

TR I e E AR LEAR B SCHE A 1, 2 8 AR 8 R ) SR RE IR B A A ) SRR AR B
HER R HAM AR SRy A K XA S R G A B B v S AL 2 T R R M X, P T
1 B T AL SRR T SR IX AR 9 T UK, 30 BRVT SR IR Z PR, B IZ L IX A ™l 254
AR R, ASE SRR S A0 SR el T AU R, AR AL i B/, A Ge A 7= d AL A2 O N T 85 S SRR A O
st T R BRSO F RO 25 M T PR B RS | BETTA RO S 1 X —BOR S, (H LR D7
SR B 2N SR o3 ik 23 7 S R R DR 1, P AN W S SRR I TR AR RN 45 BRPIR BT DR T A st e
AR, AT RSy B R AN T T 14 A A RV (] Bt 2 X 204 e R A B — R S, AR S ot
Xt o b SRR R AR A 25 R GE TR 2 K o T A5 K 0 AR AR BRSSO E A T A I 4 | SRR A DR T A e A
IR T SR Z KA, e RERZ WX — DXk Bl K G20 . A BRI, TEAL IR 10 B DL 2R P A
TIZ L, LR 13T )2 I R el A BRI i g g ) SRl rh 3 T2 0 U R 2 TSR
UEIES % 3/

ASHTFE LB A AR X A TR e DX i S T DX, 7 e R et T ) L 3 2 i M T 5 2
K3 s B ARE SRR BERE T RGEAMT 1 AN R R 5 U K B BERE K R S S AR A R
K o AR AL B AR SRR, 73 TR 2 TR A A BIR L K  HEK 23 O R SE RIS FE TR EE , o &
PR IXAC T SR 254 3 B R - A FROK SR A 4 8 0] P S (B A0 | LU0 2 B 4 v il DX AR A 1 A2 o vt
A AT

1 ARRXBREARTE

1.1 356 XA AL

ISR 07 TR PE A K a B R LATE 12 km BBE H S A4 (107°40'30"—107°4230" E,35°12716"—35°16’
00" N) EAME/NRIR, S 1H |+ 2R K 1215—1226 m, 8 $L70 i 5 - S 82X, S RAELOL
X, AEEAIR 9.1 C, TR 171 d. FEKAEFRIAR 5K, e RAERE K 8 813.2 mm , f/NME K &4 369.5
mm, ZAE KRN 584.1 mm, HZHEHTE 7—9 A, H&4ERKER 54.9%, V3475 k& 1016.6 mm,

http ; //www.ecologica.cn



22 4 FHFE A RIRXOR R A 77 2 R I E R S AN R A AR 3

=10 CHHZhFE 3029 °C ,4F H BETECH 2230 h, H B3 51% , 5851 S50 4837 kl/m’, 150 X R AL,
HE RS+ BALBRE 47.5%—56.0%, HIEFFKEN 23% (3x10*Pa B A /KE) , 5 R %50 10.6% (1.5
10° Pa) , i F 7K HEIE 50—80 m.,

Bt DX b R FH BORAR S5 ARk | Bl b AR R B oA 32 R 3.0 5 hm®, LA LD b oA | (R R
FIVERI LA/ NS KR 2 8 0 S ol e /N e 9 N A& R IAE 6 1 v RIS, R = 1 22 4
BIE A 3198.2 keg/hm* ; FOKAE 4 F AR, 9 A a1k, K I ™ & 245 F#4{H 6037.5 kg/hm?®, K EIE X
S T LR AR RN, AR 2012 K, 2 B R R mAE &R E 1.7 77 hm’ P2k E] 26 J7 v, B IZ X IR 5
RIEH) AL,

1.2 KTk
1.2.1  FEMEERE

A HBEIUNA /L Kb, R A RIS A SRR AR IR, /N A /NE T 2012 4F 9 18 HE%
FlLRAE 6 H 25 HUkcHE], FRMEFOK, F 2012 454 A 20 HEEF,9 H 20 Bk,

TGRSR 7 4F 17 AR AR 2T S, SR el 0 o A AR SR P 2 b By s, SR R AT e 5 B
1A G AP BT A A EAS PRI AL, 2 T PR A A BRAS EAR N — B, TR SR S A E L 1,

*1 HAREEHNEXRFR
Table 1 Characteristics of the studied apple orchard

S, 2Rl 1T AR LorE e i Mtz BRATIE Mo AR
Pk WFh . ! . .
Plantati Speci Orchards Height Crown DBH  Plant and row space  Tree density Crown

antation age it
aniation ase pecies area /m? /m width /m /em /mxm /¥k/hm? density
Ta(HIRA N
a(hR )H) - . AN 26600 3.0 3.2 8 3.5%x4.0 720 0.63
7 years (First fruit period )
17: bl :
aCERED) aEt 23400 3.5 4.4 14 3.5%4.0 720 0.79

17 years (Full fruit period)

1.2.2 JEmH

(1) BHEEKE

FENFZ M B 7 SRR 17 i SR A5 AL B 6 A K A I A A CNCS03B(DR) H1F4X
F 2011 4F7—9 H 2012 4F-3—9 A4EH 15 HM 30 HIE +5K 5, 0—100 cm KBt +J24% 10 em 524K
—IK,100—600 em +)24% 5 20 em TCSREEL—UK, T 6 NI B 9 P BB AR iz )= Sk EAE, O+
BEEAGHE 0—40 cm 12 Fri 5404

(2) & 2R B R TR A TIENE

(3) F& K R 330 W A S AR S B B O R
123 iETE

(1) 37K & (soil moisture storage ) T /AT

W.=6,+p-h-10

K w, KR (mm) , 6, R HIEFRR S KR, p b HIEARRUT R (g/em®) (b R H R,

(2) 78 55 280 ( Coefficient of Variation, CV) = Frif 22/ F-14{H
1.2.4  dluibrg

iz ] Microsoft Excel ,SPSS17.0 Fl SigmaPlot12.0 GEi 431 4 xR S B 1 7 58 i AR

2 HREH

2.1 HHEEOK R SRR R 1 S A RRE
2012 4ERE K 480.8 mm , fIX T 24 V- K i 584.1 mm"™ 29 17.7% ,J& T 544F . REAEKEHIFEIX +

http ; //www.ecologica.cn



4 A E = 35 %

K A3 EZANARIR, 25 R 7 2 38 sh A AR b SZ B K SE AR . 2012 AFRAIF 5 3 18] R /K Bl o) (8] 22 1k
FEOLANE 1 R ok 28R AE 7 8.9 A, 5 &4EMKER 63.5%, 716 9 A HBLGE, #F5% X /N
FoOR M AR BE 1 0—600 em =40 /K 2k B of 18] 14 45 A 8 345 R /K A S [ 1) A8 Ak 34— 3, (B e st ] L Js
Bk (E 1),

2012 4% 3—9 FXHA IR 7 #4850 el (HER DI (17 SR e (BRI /NEE M oK 0—600 em + 3%
KA I B (T 1) ,0—600 em 307K i 7 Bl 3 dR R, FLUCOh BRI /A b 17 % R AR
FENLIN A PN, 32 B 7K TN 28 & 25 I o R i s i), R el I K A SRR AR, 3—4 7 SR NI AE K (il T
AR R AR TE IR 3 0 18 H K i e, 7 R R 17 R 0—600 em /K 43 ik F]
193.7 em 132.2 em, 4—6 HHI, HTREKAD AR, 22 28R 1R, InZ BB A K R & FEK R B
BN, FHOK P EAER T AN WK B D 6—7 A | FEK BRI & (HIRB A KR R T AN, £
e K AR SR TR, 8 H KA 2 (A7 R R IZL (A4 AE 8 FUIK, 88 /K s iR B f AR, 7 1%
TFE AT 17 #8545 0—600 em THEI /KA 9K 173.2 em 116.8 em, 9 ], KIS 2 Fp A= K © iF A 451
AR, FEKID BRI 9 0 LIk O URE TR . 17 A0 IR K AR T 7 2R i E 2R
TR AL R T 25 FE B S R SR A K i T WRSOR] FH 8 7K 5338 22 DT 1l - 3K A B T e i

LT A a] DUF Kb - 0K s AR A o Sl b 5 B, (R AR fb g BE AR AR, AR A 2R
I, A AR ZE NS AL DA 78 % 0 3 (H B TR R K 30 SRR S b 3e 1 8 28 & 16 B 1) 1 587K 43
FE, PRI - 3K o 22 B R A B FORIB A S B FORFBE, Bl FOR A DL SR T &, FOR b A R 75
J¥ FIRR (B 25 & 35 ZE A i, {1 75 6 oK b RE 7K f B3 in {5 78 LG Y B 43 L AN 22 B A 808 KA () B ) b 7
TR K PR R K A B AR AL ;6—8 A AR AL A S — A, 8 ik B K AR AR
{H,0—600 cm 12N 7K A 154.9 em;9 H Ha) TR BBWOR G , TR HL A FE K IV D | i T4 v iy i A 4%
R K AT A5 - 1K S

—o— 7B o 17TEMRE  —w— hE A Fok O Mok
280 I
260 -
240 |
220 |
200 |
180
160 -
140 |
120 |

100

420

140

Tk E
Soil water storage/cm

&K & Precipitation/mm

460

1 1 1 1 1 1 1 1 80
03-01 04-01 05-01 06-01 07-01 08-01 09-01 10-01

H A Date

E1 2012 £EMNEBARE LA AFTK 0—600 cm TEFKESEKEMN BTN ILE

Fig. 1 The comparison of 0—600 cm soil water storage temporal variation in different land use types and precipitation in 2012
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Fig. 2 The sectional change characteristics of soil moisture in different land use types in 2012
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Fig. 3 The seasonal variation characteristics of soil moisture of different land use types in vertical section in 2012
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Fig. 4 Intensity of soil desiccation in different land use types in 2012

TSR0 R TR LK SN, /e Kl R A S
S L PR S PR R LMk b
D ’T?E,lla ?U%ﬁﬁﬂ&%%%&mg ° 7 years orchard 200 7000
3 iTJ' _L/e i; Eﬁimhard 200 20
/N
(SR /N HD R R R EG + BC K wheat e 300 o

Rifi s (8] () 22 Ak R S S R K Bl RS T A AR AL A 35— B0 (BFE £k
HIE] LR TRk B, A BT B ek gy S el
PERICRE 0 B0 P IS ) Eb R 7K e A H BRI s ] 3 i —
A H LA X FEE T 3K o 0 6 EAA TS DL AR AR AR A K 3 B R 3K e R
FEOECT R K AT E] . S A RS, AB KR 2 ZE A RROK AR K ZE I R B
AR H TR H RS VB 20— K3 R 28 R VR 25 B b FE S KON 2 30n] T 387K &I
JIN s TR V2 F TR A3 % I B A K A S R 2 - b A X O /K A0 26 BT B, AB K oA i LA i
Ja RN

AW 7 W RFE 0—600 em HHES/KE B EE T 17 R, EWATE05E T 8% + & FE R
P X EEAER B 0—1000 em A48 EoKan A 5R R B, SR el e A AR AF BR (0—12 #%) #9344 ,0—1000 cm 1 4%
TOK BB AR, I G 00 RS W TSR B 24 1R B RE, MR, AL AR B e i e TRk
BN, 5 24 W LU SRS E MR 20 TR A s G JE R RS T SR B K A AR A A5
20—21 8 FEFE 1Y 13K 4 B T 10—11 #F1 15—16 I, W By ke Tk 2 A TR R & ok
FRAE PN 7K 43 R FH 5 P 1 AR TR P PR TR AR U, e ZAREE AR R K 4 Hr IEH 1 & B ot B2, MR 2 - 5K 15
LA

(2) ZR AU Ay My 5 A o R[] Rk SR T 3 T M A 00 45 | B8 5 SRR T DX SR T
TRIEHCH-8% , BVAFFAE H IR TSR, ZEE I AN, Z K A B R B B, S5 R e i+ 3 T )2 40 i T
300—940 cm, i XA PGS R R R )2 FE A T 400—800 em,, HRLEE S XHE AL SR L 4 1
PRALIS SO A S 3—4 R R Bl T2, 10 & DL BRSO TR, o W2 T2
FEEH M i SR T A R B i i, 20—21 SR B R A HIE TR A WSS A, AR AR R 7 R 1

300 >600

http ; //www.ecologica.cn



8 S % 358

HORAE LT IRAE IS 1T 17 W e I IR AEAE DRI ) TR A 122 o A R B R 320—600 em,, X2
H T 17 SR K AT FE R, 78 ROK AR YAEREZKON JE DI 2 SR A KT SR, X UR 2 1) K /3 47 T
FIHT s BT 3Z FK NS URBE BRI , R 2 R Ky — BRI ARMER B Rk 7, e T R 41 T e
T EETZ,

T AT PSR b K A A R AR R R 23—24 4R AR 21 450 I 9E AR I /N i
R AR B 18 A 57K A3 5N A5 IR P R el 3R SR B e ) S 34 5 7K A - 4K 34 B 2 v ) 40 1
SR, SRR RS R SR R, £ K SRR, Huang %77 R SHAW 5580 8 + 94
BIX RT3 R R BLHEAT AT BAUL R AR 30 4RSS S 2975 7.3 4FEA Bl 0—3m Ju[Fl Y
SRl A 98 T 1 7K A3 PR A2 SR A 46 /N2 1) R K A iR B

(3) A 1A 7 200 3K A3 PTE FE AN IR B A K 22 F . ARG A5 Hh 6K MR /N 22 i #E TR
FEI47R 300 em, 7 W45 B IEAETREE S 200 em , H AN SRR EE S 700 B 58U EE , KT 600 em, B HIR)Z +
BEK AR A] 26 Z A PR K R A5 S AME st . 5 AT 15 A IR 1hi SR el 396K 2 R B TR BE T 3K 260 em
R ARSI TR AR 17 W R E AN SRR R 200 em , (HIEFETR R 500 em, HAM SRR AN RO AETR B, PR L AR
17 #5R[E h 300—600 em + 2 CAFTER T2, WA N T, 302 TG00 4 — B i 5 Dy s
e, BZEEDSRE R W BIHEA R T 0—200 em 12 B 3K K E , TR AN K 43K &2 A IR
JEE R i AR A PR A i G o, DRIk, oy el S el I 2 A AE T )23 A SR O SR Bl R4 738 > i AR T T
WA PP E B BRI TR | ARG P REAS B 1E F A AR Ar AR R, s I 3B B SR IR AT REAS 31 R 4 i ik
20 B TR AR INGR , 35 Bl R 39K o i ™ B R iR A I, B A TR AE T,

4 ZHie

(1) %3 IR ] 2 A A5 20T 7 88 2R el (HESRAD ) (17 #8251 Pl (RE2RIB)) /N2 | oK b - K
SCIRBEHAT 30T, AR 7R ,0—600 em 3055 12 )2 7 SR Fe T35 oK & s , OO oK /N2, 17 #8211
SR80/ 6= 5 PN = 17 N [ 1 7 = Wl e o= = 1 7 =5 < S T ol N ) B (E S R A ) e ]

(2) ANTa] -3t A I 7 2T Y - J2 24 2 B Ay I 1 8 T 5 48 o i 3 55k 7 S AR B D8 YRR AIE . HG RO
T K 73 & AR AF R T AR 5

(3) AR HAT 7 W SR e AN AE AL G T 17 i SR el ) T A7 R ) A 2 A iR
JE4 320—600 cm, 33X 2 H T AR A 3R ZUAE K | 3 AKRH XA JE F P 7R 28 i LR 4% PR R KB A BLAR 1Y
45

(4) A[E Y A=t A O =X 252 e - K S I AE A2 1 72 17 W8 SR BT AE TR R 500 em, #h ST IR N
200 cm;7 WG, T A HAT /N T FE R B 435124 200 ¢m 300 c¢m 300 cm, M #P TR ) o T M 2 1Y + 3%
REE, KT 600 em,
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