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FEE O TR S R4 T I AU S5 R ) A A A7 R 3 5 el b =i AR (R SRR 2 38K 73 A8 AL AR, e A5 P 5 40
R B BAIE LA 1 N FH WinEPIC ARV SE T 1962—2001 47 M 1135 1[5 5 32 B[] b ™= 2 i A8 S S AR 2 H 0K AR08, 45
HRY . (1) TEBHURTFFTII 75 )1 I 4—40 A A= 55 = B R T 50k s T RE RS 001 g i in , 11—23 4435
F KA (SF348 28. 8 v/hm? ), 2 J5 Bl P /K S AT g 20 S22 B0 4 A A A 0 s M PR BA 94 (2) 40 (1) 392 2R 58] b 58 =7 1)+ 52 a8 H
B st TR SRR S HA L . (3) 1—15 A A TIPSR el b V- M AR FE /K i T R AR oK &L S 307 AL
M 0—10 m + /2 HHERZIT AL, B H A S8 KPS HEREIL, 1—10 4FA4E | 11—20 4FAE R 21—40 4FA: 1 1) & A 145 T4
F It ELRRRE WM (5 T4 Ak R W 22 | TR AL 35 95.4 12 1.5 mm/a, (4) BEAERKARBRAYIE K, 250 bd
0—10 m )2 T EE B W AR 3T 250 A0 R BEE WK 76 14 AR AE PR T 10 m, 20 AEAE LU 2—10 m L2 TR R E 19
TIET R P, BT 3K AR SR A 5 AR R & BRARE R 20 a, e KON EOBE T 23 a,

SKERIA IR 3R bl M 7 o s 38K 535 WinEPIC A6 4

Modeling the changes of yield and deep soil water in apple orchards in Weibei

rainfed highland

ZHANG Shehong, LI Jun®, WANG Xuechun, WANG Yali
College of Agronomy, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract; Based on model applicability and precision validation, the WinEPIC model was used to simulate the changes of
yield and deep soil desiccation of rainfed apple orchards, using real-time weather data and soil data from 1962 to 2001.
Variation of apple productivity and soil moisture in apple orchards were analyzed, based on the simulated results at
Luochuan, one typical area of Weibei Rainfed Highland. The simulated results showed as follows: (1) Fruit yield showed a
decline tendency with fluctuation as a whole from 4 year-old orchard to 40 year-old orchard during the simulation period.
The fruit yield increased gradually from 4" year to 11" year, and reached the highest value ( averaged 28.8 t/hm’) during
11" year to 23" year, then decreased obviously with the fluctuation of annual rainfall. (2) During the simulation period,
annual rainfall at Luochuan fluctuated and decreased gradually, therefore, water stress days of 1—40 year-old apple
orchards showed an upward trend which was opposed to the change trend of annual rainfall. And a peak value of 147. 8
stress days occurred at 38 year-old apple orchard (in 1999). (3) Mean annual consumption of soil water was higher than
mean annual rainfall in apple orchards at Luochuan. Therefore, soil had been drying strongly in apple orchards, and the
total amount of soil water overuse was 1009 mm during the 40 years. The monthly available soil water contents in 0—10 m
soil layers declined obviously during the simulation period. However, the fluctuation range was higher in the beginning

period than in the later period. The soil desiccation of apple orchards occurred in the period of 1—10 years, 11—20 years
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and 21—40 years and aggravated gradually, but the desiccation rate slowed down, with the soil desiccation rates of 95.4,
12 and 1.5 mm per year, respectively. (4) As the soil moisture decreased in 0—10 m soil layers, the thickness of drying
layers increased and became deeper gradually with the growth years of apple trees and the deeper of apple roots distribution,
and the depth of drying layers distribution was more than 10 m in 14 year-old apple orchard. However, rainfall infiltrated no
more than 2 m at Luochuan and there was no water supply below 2 m soil layers, so soil water content in 2—10 m soil layers
was stable relatively in 15—40 year-old apple orchards. When apple trees grew to 23 years, soil water in 2—10 soil layers
almost could not be used by apple trees, and soil water in 0 —2 m soil became the main water resources for the growth of
apple trees. Therefore, soil water content varied sharply with the variation of annual rainfalls in 0—2 m soil layers. Both
fruit yield and soil desiccation were significantly different in different ages of apple orchards. Considering economic and
ecological benefits, reasonable growth and utilization years of apple orchard is 20 years, the longest should not exceed 23

years.
Key Words: Weibei rainfed highland; apple orchard; yield; soil water; WinEPIC model

I 30 a e, B PETE A6 L5 X E B ( Malus domestica Borkh ) P2l & JEGH , B B PG fe A 28 3% & B 1) 32 5
Bl ) 2009 ARREPESE R AR I FRIL 56. 5 J7 hm?®, 77 HE 5k 805 J7 t, 388 250 T3 v, M7 {H 120 12T
Pk, Hr ,Yajtﬂﬁ 30 ANSESAE 7 S LS S el b T AR SR TR 50% —T70% . 4nik )1 B s
HEHL A 4. 27x10* hm? , 325 FE H AR 3. 33%10* hm? , SR FE AR A HF L TETFR Y 78 %  (HTE b RIS A =
Feth 80% L L RAVERE , B TSR FE K & o T 1 AR R, 2 8 4w SR A T et o, 2
VEAR B AR S 5 5 i) 1 R TR /KO i, S 5 el 3 T A B4 50 e A, SER AR KB i I, PR
WA, ™ U BT b AR S R A 7 R b g R AR R

UTAENE A e B 00 E R0 B 1 18 A S5 3 50 el s 4 33 /K AR O | 38 2 20 A 4 AE e HK 2 BRBE 3L
75 AR R T SR G 2 T A R G B L S SR A 7 VA S (X S SR el K B 7 R
B EAFNRIZ TR A R A AT N, S R e A ) 3 S A7 X O e B A, AR
B SE E WY WinEPIC A8 | 2 S ASTH0UA 20 A T b S5 DX 5P R el b 2R )23 4 397K 43 ) A o s sl A28 1k
%%%KH#E&W“ FARREIK I K RIS SRR K ™ R S SC 2R, 80 TVR b P8 S SR el R 2 - 6K 4y

AR RS E |, T b SR S R e M A 9K A3 AT R R RN S SR A 7 b e B S R A R R IR
%WTEO
1 #REAE

AHIFFE LA N A ER S ZEASE AN RS s 2 20 RS HOUNS B B b it - &)1 3 1962—2001 4R SEBT A4
B IR A O I SR SRR 28k, 1 WinEPIC B2 g SRR SY T8 )11 1—40 4F A= (1962—2001
AR ) SR A3 SR el e IR 2 K S B
1.1 KIXHEA

RIS X BEE TRV I 1 B A FIE AL R I AR X, R4 109°13714"—109°45'47" , JL 45 35°2629"—36°04"
127, J8 T A ~J M ) Bty 1 28 RSB, SE TR 1072 m, AEFR 9.2 °C L AR /K i 600 mm, T 54 h7E
7.8.9 H A H R 2552 h, JEFEH 167 d, FE A HERACRRERY - R A e+ - 5 5 M 43 A 4
—,0—10 m + )2 +HEFE Y M A Fr K RS R MIHZEIRE 250 0.312 m/m(24% ) 0. 202 m/m
(15.5% ) F10.112 m/m(8.6% ) ,FIHHIEHFFE R 1.30 g/cm’ , RXMEFIFFERE , LR, & T0 /%€
i H 28R bR IEE R ,iE‘i@ﬁm“‘E,?@:.ﬁcﬂ?‘QZ%iFﬁE‘J%Iﬁ%E%E*,m&@%%ifﬁ%ﬁu%;ﬁc
Z—,

1.2 WinEPIC {4
MR R 22 A S e A ( Environmental Policy Integrated Climate , EPIC) S 3% [ AR FBE 5T SRy A 1) 2
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P Sp- Y- B 255 RGN B S 2E A ) e LR N I ) 20K | 2 AR AR A R 5 7R
K KUk SRR R AGERS YA S ST i St AR S 3, v K SR A
s 54 HAVEYAE BITANIT 5T, +1 S 5 SRGEE T B3, ARWUF5ER AR WinEPIC 3060 , X 387K 738l 2%
TR LR AN, AT LA A H )2 R KO | 18 TR A 7= R G A ML AT RS, FHATEST R
A T KA A SRS B R AT I AT
1.3 WinEPIC # A% 241 i

WinEPIC BERIAIE 4T 2% H AR R B & | 3650 1w PG AR MR8 28 K S 800 IR RS B0 45 5008 122 10 32
FO B HARGREAE LIS N AR A RIS IR S A 5 1962—2001 4F 40 a SEAHA G MM 3% H K FHES
St e SR IR B i AR R AE R R BRI EPIC ARV ELR AN B | 5 AR S G H
e A H OSSR BRI, R A DA ) S A A I PR 4 AR 3 i e S b
TS BRA SR A BB+ 0—10 m 2 H e B MR S BO8R I (£ 1) P F RS b
B PR AR S RN 1% 74, 2% A1 14.8% ) HA AT S K R K 10 mm/h'?) . WinEPIC A5 5158 33 147
SR TEI AR LT B B B st B2 A RTELE KA R M IR XA Y R R 5 -
AL E Y WinEPIC #5780 i B 2 530 SR K 20, AR B - v D S 05 e S SRR R 5 R 0 A A 2R
ISR B P LR R Y (GRS ) 2 SHE SRR AR A 39 M EFASSEO T TIBIT, 254w+
e B SRR P SRS AL, #5 2 S WinEPIC B8 b3 R4 S AE K S BT T

F1 WinEPIC B )| RIEHBP TN EZELSH
Table 1 Some important physical and chemical parameters of Clay Heilu soil at rainfed highland of Luochuan in WinEPIC model

+ 295 Layer Number

Ui H Item
1 2 3 4 5 6 7 8 9 10
T+ 2RI Soil depth/m 0.01 0.5 1 2 3 4 5 6 8 10
1425 Bulk density/(g/cm?) 1.18 1.23 1.33 1.35 1.43 1.38 1.38 1.34  1.34 1.34
JHZENE Wilting point/ (m/m) 0.10 0.10 0.10 0.10 0.1 0.11  0.12 0.12  0.13 0.13
HH [i1] 4% /K f* Field capacity/ (m/m) 0.31 0.29 0.30 0.30 0.32 0.32 0.32 0.32 0.32 0.32
FHHLE A B Organic nitrogen/ ( mg/kg) 350 380 360 370 380 380 390 370 380 370
pH 8.1 8.1 8.1 8.2 8.2 8.2 8.2 8.2 8.2 8.2
FHLFE & Organic matter/ % 0.75 0.90 0.91 0.8 0.8 0.64 0.57 0.41  0.30 0.21
kRS 7 & Calcium carbonate/% 4.4 1.5 1.4 1.03  11.3 14.6 11.7 11.72 11.72 11.72
H B T A i
iiiiﬁiﬁ capacity/ ( emol/kg) 11.9 12.1 12.9  16.36  10.9 8.9 8.9 9 8.9 8.9
WU Phosphorus/ ( mg/kg) 3 3 3.2 3.2 3 3 2 0 0 0
%2 WIinEPIC R G ERRHSBEELERKSHEITE
Table 2 Some important revised growth parameters of apple in WinEPIC model

ZH HE &

Parameter Value Meaning

CPNM APPLE YEW) 1EH 48 %

WA 40.0 TR - L AR/ (- hm ™2 M)

HI 0.50 WOIR HE K (Gl BUE 0. 01—0.95)

TG 20.0 Ve K i T/ <C

TB 6.0 Ve E K IR AL/ C

DMLA 3.0 S RV AE M AR AL

DLAI 0.99 FER AR 180 AR EGE B AR I o A A A L 3 (B 0. 4—0.99)

RLAD 1.0 AR T BESE 1. 00 AR (Gl R B 0—10)

RBMD 1.0 YR -RE R LR T RS, 1. 00 1UR LM GE# BUE 0—10)
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SR B fE £

Parameter Value Meaning

HMX 4.00 KRR /m

RDMX 10.00 KRR/ m

FRSTI 1501 YR Z RIS, MR R B E T (NBUS A2 B B (°C)  fE A s it 2k (/)
’ BUSATERUE) (%)

RFST2 25,05 YR EZ ORISR, MR R BIR T (NS A2 U ) B (°C)  FE A it i 2k (/1
’ BUSATEBUE) (%)

RWPCl 0.40 H AR R

RWPC2 0.20 LA HR TR R B

1.4 HASEITEE

9T AEAN [ A AR A R 7 S ] ™ 5 R 37K 2 ) P B PR O, A DX SR g Ty =, 8 e A Y v S
TP R 825 H/hm? , e KARVRBEE N 10 m, Fe KRS RSN 4 m, FEEER G A4F 1 10 A 1 Hlkgk, 2
A BRFE IR K . 7E 40 a(1962—2001 A7) ], 2 S A ADURT H 488 20 B % 1 52 3058 b AS ) A < A R 3 R el
PR KON, E AT SR b 3 RS K AR RS ASEE, DI 15 B R RS KRR
2 A R KL AR A BTSSR e b - 49 R ) 1 A3 A AR AL AR R SR PR L R4 8 T 15 H R
JEE AT 43 A0 RRAE AR SR A M B ) 1T A0 AT R A
1.5 HIETEBAT T

FEHE S R X, VF 2 R R AR TR AR I TR BB SRR T
B2 AR AT Hh A X R (AR FH GRS AR 9 0. 202 m/m (15, 5% ) YERIEAIbRAE, 75
H— T RN T R RE S iz 2R AT TR %,
1.6 Zdaabag

K H Microsoft Excel 2003 #4748 1140 #, SAS ( Statistical Analysis System ) 8. 0 #K {4 #4177 25 M #H &
GRREe
2 WinEPIC R 2R 15 B I IE

FIH EPIC BEASEZAAL T 1979—2001 4F LG 540 B8 )1 R 1—23 4F AR 572 5L bel g A 7= i, -8
$5 13—23 4FAE (HP 1991—2001 4F i) ) 37 5 el by S5t A5 4006 R[] s 2R el 57 o L (L AR 47 L8, ATPAR EPIC
AR X 3 5 Bl 7= g A ASTADLME R o L v ORIy S 22 AR B T 38 )1 S SR 06 3 1 1991—2001 4[] X SR AR 4 7
PREF A PTG . 7E 1991—2001 AF IR T BATE] | 36 )11 13—23 A AF 32 5 el 7= g A5 40L {5 003000 1 1Y
SERE S 25.94 vhm® Fl 25. 82 v/hm? 7 BEBLLME FDULII(E A AH DG R ECH 0. 784, 3K AR /K7 1
FHRREE N 2. 58% 4T J7 A% 2% RMSE M 1. 84 v/hm?(F3) o 13—23 4F Az 30 L el Hiy = F A 400 FuWL i
FEAR PRSI AGAE 121 BRI (B 1), 0] WinEPIC A5 68 1% 458 R A% i A0 R 40098 )1 52 0058 30 5 el = e
K

VPR EPIC AR 15 4FA2 (1991—2005 4F ) SEFL Pl b 0—10 m )2 A 398 3 7 i ) i o A B3 A i )1
[7i] 1 SR el 98 5 7K SR (i L, DAPE A EPIC S RUAS UL S0 SR el b+ 8 &5 /K B s vk, o, 10
TR LIAE A 2005 AFAS PR S5 1 I 2 A9 15 4F A= 3 SR Fel i 0—10 m - )2 5800 B 28 B0 A e i 45 8%
EPIC B1H10.5.1.2.3.4.5.6.8.10 m +)2 9 > L3 E /K ERIBUE 5 X0 42 9 A 1585 /K W IE 17
XFEAHT . 38115 AR R i 0—10 m )2 3850 1 /K S APUE S I E P-4 {E 53 3158 0. 173 m/m
F10. 181 m/m , £~ 1 J2 3L 7K S AR HDL{E A UL (B ) AH 5C R ECR 0. 847, i B 3 AH G, SF 3 A X R 22
-4.67% ,RMSE 4 0.463 m/m (3 3), 15 44 S pel 35 K SR E AT IE JE A B3 5) 0 A FE 101 B2k
BRI , B EPIC A5 AL BB AE 0 FLSC AR A 18 )11 2 05 SR Pl = 6K A3 A8 ALl B A 0—10 m )2 45 /K )
SRR 2) .
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L8 LI, 2 BT EPIC BEAYREAL 15 2 AT 525 SR el o 1) 7= i 60 1 K 203800 A9 B AR 25K, T LA SR
WA GBI BB 1 B AT b 52557 28 Bl e 1 77 b A0 3K 7 3000
£3 F)ISEERES B LIS KB IE S WA E B

Table 3 Comparison between simulated and observed fruit yield and soil water contents on apple orchards at rainfed highland of Luochuan

IiH Items FALE Simulated WL{E Observed FIXF 1R ZE Error/ %
LSSy TFH4{H Average 25.83 25.30 2.58
Fruit yield/( t/hm?) RMSE 1.84
FE R %L Correlation coefficient 0.784
FrifE2Z Std 2.80 3.14 8.40
A K SFHYME Average 0.173 0.181 -4.67
Soil water/ (m/m) RMSE 0.463
FFE R EL Correlation coefficient 0.847
FrifE2z Std 0.015 0.012 4.37
30 ~ 0.20
* ®
o8 L 018 |-
< L 2 4 T
-g E 0.16
§ 26 - E )
® L E
= 'S ~ 2
= * D 014 |
24 +
012 +
22 +
0.10 L L Il L J
0.10 0.12 0.14 0.16 0.18 0.20
20 1 1 1 1 ]
20 2 24 26 28 30 Observed/(m/m)
Observed/(t/hm? . - - -
(thm?) B2 I RE 15 FAEEREE0—10 m + 2T HE kB
Bl &) REREEKE R R B RS B ERE S W E MBS RN ER L
Byt Fig. 2 Comparison of statistic values between the simulated and

Fig.1 Comparison between simulated and observed yield on observed soil water contents in 0—10 m profile on 15 years apple

different ages of apple orchards at rainfed highland of Luochuan orchards at rainfed highland of Luochuan

3 EREHH
3.1 ERFEMAEFEKE SRR

1962—2001 4E3% )1 SLHRAE /K 5 342—912 mm ,40 a “FXIE N 607.9 mm, brifEZE Hy 124.2 mm, B H 5
$h 20.4% . 153X 40 a i8], 1) AE K 5 S S PERRARE S (181 3) , A% 4 1> 10a(1992—2001 4F) 055 1
A~ 10a(1962—1971 4) 4E B FEK /D T 86.7 mm,

TE 40 a AALUWFFT I R], 385 )11 39 58 el M AR B K A T 412—854 mm, “F-H{E K 633. 1 mm, ARifEZE N 120
mm , A8 5 RECH 19% AR RIS PERIR LSS (K 3) o 78 40 a WA], 3P R el b AR FE K 57 18
L [V HAAE R K 248 55 25. 2 mm,40 a 2EZFEK 1009 mm, 78 1—15 442 (1962—1976 4F) HATA], 3¢ 5 bl
HiAFAEZK (B 3R 2 24l [T A AR B K R, AR 2 HEK 64 mm, 16—40 4FA= (1977—2001 4F ) S5 [l 1
AEFE K AE AR R K BB AT B8 A0S, B sl i 58 W & i — 250, R B SR e 1R 2 48k A Tk
Joi , SESRA A KFE K R BAREE M AR ZE K L4
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B3 EIREEHEKkE EREMERKE FTREHPERBMEL~SEMETAIS
Fig.3 Dynamic of real-time annual precipitation, simulated annual water consumption, water stress days, and fruit yield at rainfed

highland of Luochuan

£ 1962—2001 AEAAIIFFT A A], 38 1] 4—40 4F A 35 FE 1 3% 4= /0 16. 1—31. 3 vhm® ,SF¥14 23.3 v/
hm?  FRifE2E R 3.59 vhm® 2B S5 RECH 15. 4% , LERTRT T, 3 50 el b 4 7= i 52 0l sl PRI ka3 76 11—
23 4FH (1972—1984 4F) B (E ik 5 K, H 28. 8 t/hm?, 5, 24—40 4E 4 (1985—2001 4F) - 34{E AL H
20.7 t/hm? , IR 3 5 el b 7= g i R K e AT B O sl S B B S 1 30 s R R AT 35 (1B 3)
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EPIC iR -5 e H BOR A8 TARE A 1 v S B A R 327 1 58 T 5 Wl 1) KA, DA R 3K
I35 B MR K MR FE R 7E 1—40 AEA IR SR AR K 2 AR T R KRB T 0—147. 8
d, P11 65.5 d, prfiZzEly 41.5 4,857 RN 63.3% , 16 1—9 4F4: (1962—1970 45 ) 3= bl by + 3 1 5238
HBONE 2B I3 0 R P+ T 5430 . 7E 10—40 4FE42 (1971—2001 4F ) S5 5 el b+ 358 1 5 e H 8
BUA S sl T g Ot D sh a3 S AR K it i sh A s, 26 B SE SR AR Kl a7 3T R a1
FREE H s (& 3) , L, 78 1999 4 44 T 2 ha KEGE R i R E 147.8 d,

3.2 SEREM0—10 m )2ZFH HHEARE KRS

A R K R R S M A 39 A R 2 R R R K R A 20, S SO SR RE S WSO A 1
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