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Abstract: Based on manual drill and oven drying method, this paper studied the variation of soil moisture, dried degree
and restoration of dried layer, consumption and mechanism of soil moisture in dried layers in apple orchard in the depth of
six meter in the area of Xianyang between 2002 and 2008. As the data shows that, during the drought years, the moisture
amount is low with 7.3% —9.5% in the depth of 2.1 to 4.0 meter and 8.9% —11.6% at the depth of 4.1 to 6.0 meter,
together with the growth of the long-term dried soil layers. The soil moisture improved significantly in the years 2003 and
2007 with rich rainfalls and replenishment, the figure rising to 18. 8% —22.7% in the depth of 2.1 to 4. 0 meter and
15.4% —18.2% in the depth of 4.1 to 6.0 meter, and the dried layers disappeared. Gravitational moisture is high in rainy
years and can reach as deep as more than 2. 0 meter. The gravitational water serves as the determining factor for the
moisture recovery in dried soil layer and the stress of water film as the direct source. It is found that, in the research area,
the moisture restoration of dried soil layers is rapid in the rainy years and the dried soil layers disappear after six months’
moisture supply. Three stages can be found about the changes of moisture restoration of dried soil layers. In the first stage,
the content of soil moisture increases between 0 m and 2 m and gravitational water appears, during which period, with the

content of soil moisture exceeding 20% , part of the film moisture changes to the gravitational moisture, which can infiltrate
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into 2 meters in the same September. The second stage is the restoration of film water between 2 m and 4 m. When the
gravitational moisture of 0—2 m moves to 2—4 m, owing to the low content of film water, the gravitational water changes to
the film water and the water moves from upper soil to lower soil. The content of film water increases from about 8% to 16%
in this stage. The third stage is the appearance of the gravitational water in the depths 2—4 m. While film water of 2—4 m
increasing and exceeding 20% , part of the film water changes to gravitational water. The restored moisture content is
reasonably high in this stage. Moisture restoration of dried soil layers of 4—6 m is similar to that of 2—4 m and can also be
divided into three stages. But the restoration of dried soil layers between 4 m and 6 m is the result of the downward
migration of the water of 2—4 m. In the case of annual mean rainfall up to 800 mm or above, the soil moisture can entirely
meet the needs of artificial forest’s growth regardless of how much the thickness of the loess will be. During the arid years,
the volume of receipts of soil moisture in apple orchard was less than that of expenditure, thus resulting in a negative water
balance without surplus water infiltrating into underground. During the wet years, on the contrary, the volume of receipts of
soil moisture is higher than that of expenditure, causing a positive water balance with surplus water infilirating into
underground. In such rainy years with about 800 mm rainfall, the soil moisture replenishment can ensure a sustainable
growth of artificial forests without long-term dried layer within three years. However the dried layer may appear three years

later.

Key Words: the area of Xianyang; wet year and arid year; soil moisture in apple orchard; moisture restoration and

consumption ; dynamical mechanism
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o, WONHET e R R E R, KPR N R W=P-R-E, W I GH AR 136K & 0 5k,
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2 AIMTESKELWEER
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Fig. 1 Soil moisture of 13-year apple trees land at the Village Pangxi, Xianyang
a \b.c A HIRETL a b c REFKE; 122002 4F 11 T HZE7KE; 2: 2003 4F 12 J HZAKHE; 3. 2004 45 11 7 L2 EKE 4. TS
FEFREEKED IS TIK SR IR E L

2003 4 12 J1 14—15 H, TEPEPUAT 13 WESERARHAR R HE ST T 4 > 6 m IRAGEG L, BFLEUE 60 4, a
FLE K EIE 25 R o, 2003 4F 12 7 SEAUMH &K s, &Kkl 483 2, H1EE0—2m
Z 0], S KEAREAE 16. 0% —23.2% Z (8], “FX90 18.9% ;45 2 J2HE 2. 1—4 m Z[A], /KT, ARfbTE
15.5% —24.0% Z ], F#121.0% ;55 3 JELE4. 1—6 m Z 8], /K EFEAE, 2207 14. 4% —16.8% 2 [a], F
¥IN15.7% (B 1a), b LIS KB (E 1b) 5 a fLAHEARK, c FLEE 2 E 3 ZHKEH a FLFYE
2.5% kA,

2004 4 11 H 10—11 HZERPH 13 835 AR AR [R5 54T 1 4 AN & K2, 33K B AE 1k (
la) WA LI R 3 2, a fLEE 1 )24 0—2 m Z[8], S/KEAUAE 12.4% —15.3% Z (8], V30 13.8% ;55 2

http ; //www. ecologica. cn



5294 A E = 314

JEAE2.1—4 m 28], Sk BTl ARATE 14.8% —16.8% Z 6], F115.7% ;55 3 J21E 4. 1—6 m 26, &
KEIG T, BATE 16. 1% —20.2% ZIa], F3¥1417.8% o b L& KE (K 1b) b a fLm 1.4% , ¢ fLEKE
(B 1c) 2815 a FLIL, HHE/KEH B a fLHE, 2003 4F 12 A 17 SERM 4 ML S K EBRE (E
1)0

£1 FEiFAMIX 2005—2008 £ 11 AARERELEFEHEKE %

Table 1 Soil moisture content in different deep earth in the area of Xianyang in November from 2005 to 2008

SRAEHD SREE ] T Al 2 JZBREE Soil different/ % R
Collecting site Collecting date Tree age 0—2 m 2.1—4 m 4.1—6 m 0—6 m Section nomber
JRH 2002-11 13 10.7 7.3 8.9 9.0 5
2003-11 13 17.3 18.8 15.4 17.2 4
2004-11 13 12.9 14.7 16.4 14.7 4
2005-11 13 12.3 12.7 14.5 13.2 3
2006-11 13 12.0 11.2 12.8 12.1 3
2007-11 12 18.9 18.2 13.8 16.9 4
2008-12 12 13.5 15.2 12.2 13.6 3
2002-11 17 11.2 7.6 9.3 9.4 4
2003-11 17 18.3 19.2 15.6 17.7 4
2004-11 17 13.4 15.1 16.2 14.9 4
2005-11 17 13.4 13.2 14.0 13.5 4
2006-11 17 13.9 11.3 12.7 12.6 4
2007-11 17 19.6 16.8 11.8 16.1 4
2008. 12 17 13.8 14.7 13.1 13.9 3
DL 2002-11 11 11.3 9.4 11.6 10.8 3
2003-11 11 19.4 22.7 18.2 20.1 3
2004-11 11 14.4 17.5 20.3 17.4 3
2005-11 11 13.2 14.3 16.2 14.6 3
2006-11 11 12.9 12.4 14.1 13.1 3
2007-11 11 18.3 18.7 14.5 17.2 3
2008-11 11 15.3 14.1 12.4 14.0 3

KPR RN 1 a, WRQARRIEN 1 a, WX I, FPRFRMEE RSN

7E 2004 2005 2006 4 11 H Ha) % e BH P PU AT A R b A 13 5 A0 17 1832 b /B 647 T 3—4 46 FL
BOSREEIE | 45 93] 2004 4EF1 2005 4E 2. 1—4 m FEFKRBETHRT 12.7% (£ 1), METEEH,
TMAE 2006 4F 11 A Ha) 13 #3017 38 2. 1—4 m B8R T 12% , kB T HETE(FE 1), 2007 4EEH
R K B SN E] T 800 mm, XJ 12 #4517 #3EH MM 4 AT T 4 NEGFLAREE E B7R 2. 1—4 m T2#
Ok, 4.1—6 m T 27EA MR P IS, A 0950 s R 2EEK, H0—6 m FHEKEKRKT 16%
(32 1), 2008 4EJRIHAERE KB HA 494 mm, Z4F 12 517 R 2 m IFMABTR(FE 1),
2.2 DLFJETRAT 11 ISR S K I RE 45

2002 4F 11 H, FE24F 5K 11 BSERARHAT T 4 4~ 6 m WAGELFL, BRFLEURE 60 4>, sHUCHEME 3 4
EALERIN AT . a FLIMDESS LW, T RAE LSRR, ESKEBA A3 2, 1 )2HE0—2m
ZIa], SIKEAES. 9% —13.4% 28], FH R 11.3% ;552 J2AE2. 1—4 m Z 6], FKa A, 210rE 8. 3% —
12.4% Z 0], “F¥89.6% 553 |2 4. 1—6 m Z 0], S/KE#HF—LTE, ZBH7E9. 0% —15.2% Z [, ¥
F11.7% (K 2a), bFLY5 ¢ FLIMELRS a FLHGE, 225015/,

2003 4F 12 H 11—13 H, FE2%FIE KA AH R SERAHAT T 4 4 6 m WAVENFL, BEALEUE 60 4>, a FLII
FELER(E 2a) R, FARELHESKES, B, SKEHR3)Z, H1EFE0—2 m ZH, FKE
TE17.0%—21.3% 2], FH 8 19.2% ;55 2 JZE 2. 1—4 m Z 0], S/KETHE, ZI0TE 18.7%—24.7% 2

http ; //www. ecologica. cn



18 A R AR PH L DT AR SR R AR I S K 2 S A AR L 5295

6], V3595 22.3% ;55 3 JRAE 4. 1—6 m Z 0], %2 E/KEBTE 16.0% —22.3% Z 18], V144 18. 4% (&l
2a), b fLEKE(E 2b, ¢) 5 a fLOMJZEAAME, SE25R/, ks b —w 225,

F£2004 4F 11 H 7—9 H, XA RIS RAMIEFT T 4 ASEAA S KB . a FL 60 ASHE & 45
(El 2a) &, HlmESKEETLS A3 2, 1 EE0—2 m Z[E], H/KELE 12.3%—15.8% Z [0, FHHh
14.1% ;55 2 JRE 2. 1—4 m Z [0, S/KETHRE, Z2I07E 14.3%—20. 2% Z (8], V39K 17.3% ;5 3 24
4.1—6 m Z[H], F/KEATE 19.0% —22.3% Z 0], 3474 20.0% , b fL.c FLMELT R (Bl 2b, ¢) 5 a fl
A, HE a FLE KRR 1% 24,

JITE 2005 4F 11 H 10—16 HXJ 24 )5 5K A AH [ b 5 SE SRR AT 1 4 D 8L SRR , 45 R 3R W
2005 2. 1—4 m LEHKE R 14.1% (R 1), BLTIZLE, MALE 2006 4F2.1—4 m 1 )2 FKEN
12.3% , B4 T2 EKE, 2007 SRk L2, HES KSR S, WS T T 2miE, 2008 4 55K
HID, BTRAREI(EL) .,
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Fig. 2 Soil moisture of 11-year apple trees land at Dianzhang village, Xingping
a \b.c 4 ab e HiFLEEEKE;1: 2002 45 11 A L2 KE; 2: 2003 4F 12 A HZ 87K 6 3. 2004 4511 A LR 8K 4. TRS5IE
TREEREIRL ;5. EIORSIRE SRS R AL

2.3 FEIKAESERMAH K AT 5 KA AE

IR 53T R BB S A A B A R L AR R K M kb g SV K B, A
a AIEAE T AT 1 AERKE, i A28k 2808 AR HEK S . AR B i R I A9, 15 I 28
SR ZE B T35 605 mm 224710, FEARREKE KT 605 mm MARAy, 1K T A IE(E, 45Tk
AKE/NTF 605 mm, KA FATE R FufE - A0 B 5 S AR LR o A I RSB P £
2003 412007 4FREKE R 800 mm, HLIEH4EM) 600 mm BRI Z | B L 1K BT 151,

FH 2003 41 2007 45 &K B e P AT, 28 SEOKARE R RRK AR, PR RN S 6 5 W 4F F 7K 800 mm 1Y
FARAEE T 0—6 m LJZKABEIMN T 3.2%—9.2% , ¥4 6.4% , FWFEKIE0—6 m +)2/KPWA R
BERT L,

FIKAERMA K AT BERE T LSRR DA IR % AR K TR ZEASHE . AR EH 2003 4F K42 5 1 &
KSR, BT 2005 4EEHEAA T2, 32006 4T TE(E1—K 3) . xR TERKE
800 mm AY=FIKAEZ G 24t 2 AF /KA THFE, HIET 2R B, 2 2007 4EBHRE K =3 2, 8% T 800
mm, ZAE IR 4 m DL SRR BT A RS, 2—4 m WEEE NN TR A, 4—6 m THEBA
B, %1 2008 4F 3K AR, BT RRARBA R (E 1), BBLnr i, B M 2002 4 2] 2008 47
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Fig.3 Volume of soil moisture deficit and surplus from apple trees land in different years in Xianyang

3 itig
3.1 JAPH A DX S SR b ) 3 2 R R K A

TR SRR H AR E R K e i TR RRUE R K R R S T K = Y 60% P
JE T P57k 209 247, BT AR 98 065 28 22 i X & K BAR T 129% 9 )2 800 8 T2, IR & KB 1E
9% —12% F1 6% —9% ZIAIH) L2014 Wi TR SR . Serhf 5 H ARk &R 20% 5 21% 7,
PRI, SR T R S K EARE N EE 13% A EWFFE 45 R B0 TS, 754 8 BH Hi DX i) 2 B K b
WEAE N 12% , 6 HAERKESRGT, SHOKASE TN 1.0 bar'™, 728 LB R A THSGEIX, Kbk
FREBAME2 m PUF 2 m DL BN RRAEAE M B TR FEAS SO IE 19 )8 BH 5 2% F + 18
2. 1—4 m FHKE—MTE 8. 5%—9.5% Z ], FrlAHE T KR E T ERhE T2,

4 2003 F/K4E 11 A EKEM SR (E 1, K2, £ 1), 782003 409 11 A, EBHAIRNS 5
Midth 2—6 m BRALAY 3T 2 2FB K, B IRE EAEFN T 6 m, 78 2—4 m WAL TIZK N 7. 4% K E
BT 19.0% £ 4, MEJGH TR FRL, 4—6 m FWALW T2 WWAER TIE (F 1), XRHAKETIZAM
HEE TR PR R K 800 mm ZEAT ARIETR, 4t 6 N H /KA ANBEEREIRE . P 2003 4R f& K 2 EZ
BTE 5—10 A 2Z B E AT, BKFREm Kk 6 A Z A, XETIZREME TR E A

AR F NN, ELZEER, KABKBAM TR, LHKAGER L AR AT 2, frid 2
BN A A VK AT BRpk R ), FSE R, FE4ERR/KE 800 mm A AT, AgEHREGZ K, +
JZKATE R RN T AR NTEE,

3.2 FREAKSKE RS IHLH S K s B g

SRR, T2 el K IR SR E /Y, )2 E KR S K R T AR K R B 41 TR AR

K b SRR H R K R 209 2, BT LR BH X 2 S K KT 20% 158 A KRR, T
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K2 DA ROE S B T R R T K, i/ T 20%

MR, 752002 4F 11 A T2 Z A8 H SR AR 0—6 m PR BEJU S /K B ARML, Jo K 3t (&
1, E2), #4E 2003 442K & & 5KAE R (B 1, B2), AR 2K & 5 3h 12846 al oy
RUTE 3AB B, 551 BrBORE 0—2 m Z [+ 2 S /KB AT E Tk s BL, 7E 2003 4F 5 IR FEKA
Wi %2 | 0—2 m Z=9 P Ak RN, Y& T 20% I, SRR K B AR o E K, 729 AR E JIKE A
BRI 2 m RE, 2 HrBog 12 2—4 m WROKKE BB, £ 0—2 m HIKIZHEF] 2—4 m ), 1 TR
BRIk, H KA IR, I eK RS RY AR I K B T #Rz #8 . R 2—4 m /KSR 52 1 B4
1) HLAR BN T S WK 7K B 7, 1 )2 0—2 m MY /KR e 3R 3l 01 . 2—4 m 1T )2 MK 7 G4
Z, H8%WERT 16% (F 1), MER/RAKE, 43 MEZRL)E2—4 m EIKHIAME, BiH 2—4 m IR
AL TSR AN AR R 20% I, W0 BB oK S A B K (B 1, K’ 2) , ZBrBok iz sh ))& E
JI7K 5K B K IR S wRh , W AR, X — KRR TR M R AR 4—6 m 127K R @41t 1 3K
)1, 15E4—6 m KAFMIRE 5 2—4 m FAAR], WAl 5 FAHE R 3 B, e W, K R+
BT 2K ARG RSN 7, AH 58T )23 K 2 WK 8 Y B4 B 3l g 2 AR K 1 K B8 R sl K R g 5 o
TR PER . E KR IR AR TR, BRI, SRR RS 6 m VREE, AR J1 Ky
SR ) )2 B S I I )2
4 ZEig

(1) JEBAH X T FAEE MM 0—6 m )2 FKEM, 24 m FETREAT T RWERESPETE,
TE2003 F/KAE LIET K53 T 50 IE , HIETEIRE RN, 26 A MK TEE TR,

(2) FKAE 2 m UT (Y IROK Rt & 200568 o H 1K, X0 T 2K IR B F 50K 8 0 . T 2K
WA 530 3 BB, 565 1 BrBo o TR SRR 2 U1 i 1 )2 0—2 m PR EEJE B K iy BrBe, 46 2
B B K VR R B S I3 0 2 ROK AR B B, KR e Ay, 26 3 B Bog K B ) 5 i 0 3 R4
AR, KR AR . T 4—6 m TE/KMKEZh T 5BrBeS 2—4 m AR, Al 20 R [EkERY 3 4
BB,

(3) JaUBH H DX SRR KA L2 S5 1 AR 6 m TREEE )2 S KB, fEFKAEZ R oK A TE
HWARMT, BEZKE R 800 mm EIKAERP IR AY7K 43 AT B SRR 3 AFIEH AR T2

(4) JBCBH Ml X BRI - 3K A R, ORI A RN TS g, ORI R T KA
SEAMG K R, HHOK IR A R KT, K NI, EARREKEE 800 mm B £ 11 4%
T, AeETIREAZR, 1REKIFERREWEN N TARAE KT,
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