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Dynamic Simulation of Korla Fragrant Pear Growth and Optimization of
Drip Irrigation System Based on AquaCrop Model
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Abstract: In order to explore the suitable irrigation system of Korla Fragrant Pear orchard under labor-saving
cultivation mode, based on the two-year field test data of Fragrant Pear under four irrigation quotas (3 750,
5 250, 6 750 and 8 250 m*/hm’), the AquaCrop model parameters were determined through using canopy
coverage, soil water content, evapotranspiration (ET,) and yield index. Different irrigation scenarios were
set up, and the yield, water use efficiency and yield were comprehensively considered, AquaCrop model was
used to optimize the irrigation system of fragrant pear. The yield of Y2W3 treatment was 3.87 % ~16.86%
higher than that of other treatments, and the water use efficiency of Y2W3 treatment was 2.88% ~27.20%
higher than that of other treatments. The evaluation indexes of determining coefficient (R*), root mean
square Error (RMSE), standard root mean square error (NRMSE), the Willmott’s index of agreement (d)
and Nash Sutcliffe efficiency (NSE) of the simulated and measured results of AquaCrop model showed that
the canopy coverage R* ranged from 0.89 to 0.93, the range of soil water content d was 0.92~0.98, the
range of ET, RMSE was 1.06~1.61 mm/d. The AquaCrop model predicted 15 different scenarios, and the

s B #:2023-03-15

BB B« pE 5 W A T R ST R 0T B e 5 € R K S A I & N KR R AR 6 R 4 5 7RV 7 (2021DB012) 5 e 88 A /R
B ALK BT R Y O 4 T SO B AR SY SR T H (2022DB020) s HE AR # AT H TR X B F MR HABSES
KRS 3B R B AR5 7 (U1803244)

F—EE K (1997 ) 5 R , EE NS OKEE M IS SEORHSY . E-mail: zhangjingruide@163.com

BIEEE: THEEAIT ) &, 842 it FENFATKE RIS 58 RKWF5E . E-mail: wangchunxial979@139.com



%5

HFLEG A AT AquaCrop A8 R B 4 IR 89 75 B AR 1K 20 25 00 B 3 ol o 2 O Ak 329

irrigation system with irrigation quota of 7 200 m®/hm?, irrigation frequency of 11 times and irrigation cycle

of 14 days performed best, with a yield of 6 793.62 kg/hm?®, water use efficiency of 10.90 kg/(hm? » mm)

and irrigation water use efficiency of 1.03 kg/m?®. AquaCrop growth model could be used for yield prediction

and field water management of fragrant pears, and the results could provide a basis for the applicability

selection of surface drip irrigation technology.

Keywords: drip irrigation; AquaCrop model; Korla Fragrant Pear growth; irrigation system
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R? 0.90 0.93 0.47 0.92 0.92 0.43 0.89 0.78 0.41
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Y2W1.,Y2W2 Fil Y2W3 &b BH AR 5 i E 0% 2 Xt
I ME 43 R 63,89, 114 mm , #5578 % b w7 3 3
TS K MR BE B T RERTRLE 5 52 DA A 22
0.78~8.21 mm, #E J5 A5 40 55 52 I B AH 25 4.98~23.3

mm, Y2W3 AP EE G 5 2 {E 15 T H AL B,

2.3.3 AquaCrop 8% ET &# XT ET, Bl
R IE (B 4,3 4),2021 4F.,2022 4E 5815 5L R?
I3 R 0.41~0.47,0.38~0.42 , %F T 7 0 & 450 AH [] 1
N1W1,N2W2 Fl N1W2,N2W3 4b B %} 17 () RMSE
3K 1.52,1.21 mm/d 1 1.45,1.34 mm/d, 2022
£ ET, B m 22 2021 48, {H B 40 500 6 o o M 5
T 2021 4E,

2022 4F 3 H 25 HE 10 A 15 HEFAR ET, 285
a3 FabFRLE 3 A 25 HE 4 A 10 H 552
X ET, <2 mm/d,3 FRALEEAE 4 A 25—30 HIEHH
W KAB (4.10~5.7 mm/d),5—6 H FAJFEL ET, Z84k3E
Bk 2.5~3.6 mm/d,6 A FAIEFR ET, G E T
Mg ,7.8 A®/ELET, >4.17 mm/d,9 A A &5
ET,>2.5 mm/d.9 H FAIFHEL ET, &l Nk,

WEWEE A E T .3 MBI ET B A
B 200 MR R i 2 AR — 5, 7,8 A2 Y
A A B i U O R S R R L LR ET, A
PME 5 WA 4 s . 2022 4F Y2W1 2B
7H 25 H ET, S {H 5 BE 73 %k 5.48,6.1
mm/d, Y2W2 408 7 A 26 H ET, SZ 0 {8 5 % S {E
Sk 6.15,7.01 mm/d, Y2W3 43 7 H 28 H ET,
SEE 5B AE 5 3 R 6.59,7.25 mm/d.

2.3.4  AquaCrop # A& = Fe98  2021 4F YIW2,
Y1W3 ZbERSC = 5 43k 5 897,5 887.11 kg/hm” , ¥
T 2 001 B R B G, T 2022 4F Y2WI
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Y2W2 . Y2W3 Kb B S  7 d B E E RE A O
Y2W3 AbEE S 7= B 6 114.84 kg/hm? , BL4UL 7= & 4
6 198.15 kg/hm’ (& 5) . B 5 S 2% fH<75.80% »
AT A T 7 A

500 4 250
R=0.96 RMSE=8.44
NRMSE=3.57 g
g 400 - 4=097  NSE=0.92 @ vzw1 2% &
N s
18 300 | 02 4 150 =
-l RN ¥ 35T, SR
400 [ ETOEOD O 4 100 Ip
g g
H 100 l 1 50 §
NINETTERE 1,
< o] on o~ o o~ - wy < <
(9] — — (=2 (=] (| N — — (=4
I L - T S S S~ S
<> < < < < <> <> <> — —
H#EA-B)
500 r gogo1  RMSE=16.37 1250
NRMSE=3.16 g
g 400 | 4-098  NSE=0.90 ° 4200 g
g P gk i
~ g (b) Y2W2 i)
g 300 [ TR A 4 150 &
% .o N o B
— — 0= -0 — — — e — —
41200 P B R5 o T T T T L 4 100 I7
% | o
H 100 | 450 X
I| &
0 l I 1 | 1 1 1 n 1 1 0
<t 0 on o~ o o~ — w < <t
N — — o = ~ ~ — — =
D L - T S O S S
[ [ [ [ [ [ [ < — —
H#A-/)
500 r R=0.76 RMSE=16.81 q 250
NRMSE=5.74 o g
400 + d=0.98 NSE=0.93 ‘0 4 200
g ‘ o £ 24 (o) Y2W3 mgd
H e g”.' WO '.‘
W 300 | Y S AN {150 &
o imd N o... :
% DO Gy — & — e B
41200 F © <4 100 I
% i
H 100 | 450 X
I| o
0 [ l || 1 1 1 a 1 1 0
< o0 o o~ (o] o~ — wy (=1 <
9 ¢ 7 g g 9 g 47 7 9
o <t wy o e~ e~ 2] [=)) < —
(=] (=] (=] (=] [ =] [ =] [ =] < — —
HE¥(A-B)
— WEH —— HEHFKE - R
o SWIME 7] BRRESHERE

3 2022 EHH@AKEBEMES TAE

2.4 AquaCrop HELREHREMLER

R PSR AN [ VB 2 5 R T 0 15 oy 8
FAREAEl (36 6)  HESE E AN 5 400 m® /hm? I, F AL P2 4|
VK R FH 003 5 E K R B 2 TR AH DG, HE K R 0T R 14
FmF K43 PR B » 9 11,31 kg/ (hm® « mm) ; 8
SERIN 6 000 m* /hm? B, VE TR JEL 0T 14 KA 7= b A g
6 736.45 kg/hm” , FEWEJE A 11 KA 7K 43 F FH AL
BeE .o 12.14 kg/(hm?® « mm); B E S H 6 600
m’ /hm” B, SR JE ) 14 )7 dik o TG K R FH A% A
AR 6 768.25 kg/hm? Al 1.13 kg/m® , BE R S5 159 K
11 R K IR HRCR fc s o 11.24 kg/ (hm® + mm) 5 3
BEERN 7 200 m®/hm® B, WL R ) 14 Kad e

TR G T AL TR W /K R FH 28023 e v » 5300 R 6 793.62
kg/hm®,10.90 kg/(hm?® » mm) #1 1.03 kg/m® ; J# %
ER A 7 800 m*/hm® B, LR ] 14 KA =L K
3 ) FH 803 R W K R P80 de e 43 0 R 6 781,22
kg/hm®,10.04 kg/(hm* « mm) 1 0.94 kg/m®, %
AR R R IIE AR R AR S TR,
HetF S11 758 BIEE E &5k 7 200 m® /hm” , ME /K JH]
B 14 KL HEOKIREL 11 K,
3 i
3.1 AREEBREBMX=E. KPR GEBRKF

FAMEN RN

ARWFFE R E AR 3 750 m® /hm? i, 35 K i
P PR 5 M) 7= Sk 1) = AL R R AU I B, 7
— MR ETh, A 6 750 m®/hm? B P2 R B e, 16
ELTE T E AR s A AL (EE T E Ak B 8 250
m’ /h® B 7 f ST R ARG O B A 3 K R e R S R
T R Z I I 2 7 B AIC A R 3 gkt ) A
WA R — 5, 52 7 ALK 53 R 28505 R B 7K
FHRCR A 2 8 2R A0 45 HE W S e E T A
7 Z ) AN R L — M DG R L VIR E AR s AR
T A AL FE K 3G s (H LK 43 ) FH 2803 R B K R
AR, R R 7 5 SFKRRIEL.
3.2 AquaCrop #=E45&E At

MEALIE B PE N 24 M R RMSE.NRMSE.d
NSE & 48 b5 #E 17 PF- i » 3 26 274 48 b £ 5l )2 7 15 5
TS KB ET, J7 i % B A —3 . AquaCrop #5
RN 2 A5 B0 2 7 55 1 06 B0 90 UE B AR PURS i
Her o RIS KB ET, A P& BISUR .

AR50 e 2 7 75 AquaCrop A5 IR 40 {E 5
S AE A ] b R R A8 463 Bl 2 0.89~0.93, RMSE
J98.11%~11.06% ,NRMSE K 12.71% ~17.25%,
d 7 0.97~0.99,NSE 4 0.71~0.77, £ 5 |27 15
JIE - R AR TR UL R B R 2 [ AR A KL
A I E 48 5 R - 45 R DG 15 5 52 DN o J2 4 i i
£ 5.6 H I BRI G L ik R AR B BT A 5% 5 LA
ok o B i TR AR R D R R Y2 W A3 9 ) H
JE A T R B I R A K IR, T B0
SRt HOBE Y& . AquaCrop #5701 B 4% 20T K
SR o 2 A R UG B AR K
3 B BEADRS B R A AL HG A P AE 5.6 H B BT AL
F.OOEFEAFREAEYEZESEEREE R TZ
AEA R ASAEY) » B AR A K R A TR AR .

A S K 2 AR BIME S SE I R AR
LT A 0.76 ~0.96, RMSE 4 8.44~16.81 mm,
NRMSE # 3.16% ~10.36 % ,d A 0.92~0.98, NSE 4
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0.79~0.93, Zhai %% % ] AquaCrop #6548 4 /N 4
Jal K HERE AT S K S 52 1S40 R* =>>0.85, NRMSE
<12.95% ; Masasi 252 F] AquaCrop #5854 T30 A PR 78 1%
TR T IS IKERIRZE Pe R 3% ~10% , #E I & %5

NSE=0.34 NSE=0.10

ET/(mm * d™")
~
ET/(mm+d™")
i

8 r R=0.39 8 r R-=0.38
RMSE=1.06 () Y2W1 RMSE=1.21
NRMSE=48.07 NRMSE=48.60

6 | a=0.78 6 | 4=0.78

W0 B S K R BT ERE B E ALY RS KR
FEA T A IE 2P OC R L R SRBOR A9 AN 3 2)
PEE R W b HE S OK B op BRSO
AquaCrop #5 1 + HE7K 73 004G JEE AR A B A

$ r o
(b) Y2W2 ﬁ;w%-gim . (©Y2w3
NRMSE=49.34
6  4=0.80

NSE=0.14

ET,/(mm * d")
N

[\

11-05

11-05
09-16
10-11

10-11

B4 20022 EFHRBAEENESINE

2 ' ! 2 .'.“_.:,'

0 hd 1 1 1 1 1 1 1 1 0 L 1 1 1
i N < 00 o 00 N O =~ i N T o
AN = = O O NN = = O N - = O
N T Y % D )
o O O O O O O o = = oo o O

H#(A-H) H
— %W
7500 .
7] W&
6000
q
= 4500
an
=
3000 |-
g
R

1500 I

0
Y1iwl |Y1W2 | Y1W3 | Y2w1 | Y2W2| Y2W3
20214F 2022

B 5 2021 fF.2022 EXMWFmEMEUT=
AR b 2 AU S S ET, 19 R* 247
0.38~0.47 yu Bl N 1F 31, RMSE & 1.06~1.61 mm/
d.d 5 0.76~0.89, 84l ET B 5520 ET HAl 2%
fH<80 mm., 4 H F4).8 A FASLM ET, A K
HL.AT IR R 4 H 9—16 H HHREX R 21.78~
25.75 °C, Hi s ik 5] 31.66~37.73 C, =il

T ) A 4 2 0 A TR T 5 o 1 3 2 D DR A ALt
ik A SR 5 5 B T A 0 L A AL AT B
LSRRI I . Wu 25072 B31F. AquaCrop B
Tk ET Ao A s A s Bello 45 #3 HY AquaCrop
MR G ET /9 R* 4 0.91,RMSE 2 75.64 mm.d N
0.91, 7 H NAY5 8 HERLFRFE/KE T FAO brifE, nt
R R SER AR & AR S I R PR e
AR = 1L T 5 2 b B KOG IR B IR 2 SE R,
P LR 56 Hh 75 820 % RS BEER B (540 . AquaCrop
BEAY By 32 R B T A UG PR 3R B ), B R AN R ME B A5
P ET, (AR ET BEM T A, ZETRKXS
25 ORI PR A 6 BA U Ik 3 Xl kA 7 4R Ak 2 B
X HTAE AR SERFENER2ER, AquaCrop 4
RUTE XA R HR AR 25 & %5 18 76 W T AN [) b3 i, ok
SRR AEWOR TR B CH D MK 43 A2 77 01 (WP 54 5
Al G AT ET,—Fr 44,

F 6 AquaCrop BREREFEEIMULE R

T4 THWE 2 B/ K K Fri/ ET/ K53 R/ LK R &R/
e (m® « hm %) JE# /R WE/ (kg » hm™?%) mm (kg * hm % * mm ') (kg * m™*)
S1 5400 18 8 6029.25 551.65 10.72 1.26

S2 5400 14 11 6268.75 562.69 11.31 1.31

S3 5400 11 14 6483.02 554.41 10.84 1.35

S4 6000 18 8 6656.93 598.12 11.00 1.23

S5 6000 14 11 6736.45 604.96 12.07 1.25

S6 6000 11 14 6733.03 597.82 12.14 1.25

S7 6600 18 8 6571.22 621.99 10.99 1.10

S8 6600 14 11 6768.25 623.30 11.19 1.13

S9 6600 11 14 6721.22 606.74 11.24 1.12
S10 7200 18 8 6531.67 666.90 10.50 0.99
S11 7200 14 11 6793.62 675.14 10.90 1.03
S12 7200 11 14 6553.51 663.67 10.80 0.99
S13 7800 18 8 6654.38 658.12 9.98 0.92
S14 7800 14 11 6781.22 664.96 10.04 0.94
S15 7800 11 14 6620.14 667.82 9.98 0.92




336 K PR R

B
Bl

£ FAniR  AquaCrop BEALH R EHREE R A 4 1
JeE K ET, 5577 TH B AR RESIXT T AquaCrop
BV SHCEORA— B AR rh e KRG 2 8 5 BN 6800
WK SR 01 17 g/ m* S HWOERSEL 45 %

3.3 AquaCrop B R [E 7= ERG E

AquaCrop AR G AW A Ko 72 s A B,
B A T R T R A B . AuaCrop #5 #Y Xf
T e B AOR 5 90 45 R —E 22 Rk AR
o, TSRS SR bR 25 T B0 45 SR e 25 1E
EHP L I ER PR RN TR E;
BRAUREAHAA 58 42 03 F 20 0 B e op 2 5 801
INERC Bl RT e 2 i 8 A Bl M S B 5 R A T R AR
TR A I R

AquaCrop FERIHET 75 AL 1 2R 9 W) B2 2 S11 07
LOHMEREB N 7 200 m* /ho? EK R 14 KKK
1100 MK ERAE D TRAE 7,8 H L. La BB i,
K53 R 5 REWE KR RO PR R L F5000 25 2R 1E Y 3
EPERTI K 2 000~2 500 m®/hm?, AquaCrop 8%
JE— 2L R v LA ) Al i 30 FSE 4L 2 T 1Y 22 S+, 431
a1, AquaCrop 5 BUARALL i AL HR {1535 A TRE A 12 AR 0 128 4F
K RRTEL G2 R S R R ER R R IRR,

4 Z5ig

(1) AquaCrop A& B 400 5 )22 7 i B R* =0.91 HI
d=0.97; TS K R M 0.76~0.96; 4= F ] ET #41
S 5 Sz S H 25 15 <<80 mm, AquaCrop # AU A] L)
TR A KA,

(2) VE Bk 5 1305 J3E 35 I 25 8 e KOk )2 A s
SN e S22 T U AR B AR TR UL AR B 5 O T AL
R S K AR AU G5 R R B 75 5 = AURK TH 2
HMHERET, WREERN R, 7,8 HRFERN &
B,

(3) AquaCrop F5 Y X A ] 15 5 1 ¢ o 47 45 480 i
M, 2525 2% 1™ 5 7K 53 ) R ASCRAE R K S50 R
Hb 0 HE WE R SE WA 7 200 m®/hm®, K R 8] 14
K HERWH 11 W
S 30k
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