55 37 B4 3 FEREMEXRLHFR Vol.37 No.3
2019 45 H Agricultural Research in the Arid Areas May 2019

X E %S :1000-7601(2019)03-0117-06 doi: 10.7606/].issn.1000-7601.2019.03.15

E/hEFE R EH R E = E RN WER S

s ) v 3 v Sis] = 1 1 \ 1
EER L EFEL,F JOEESF EHNE L E B, EZEZ
(LHE ROl K5 BRR AR AR 2R, B 2290 730070, 2. H i 4l K228z, Bl 2294 730070,
3CH R AR R =R, HOR 224 730070)

W EABTEANESERERNELERRANEZFEREM R E Z NP0 AE RIEH £ A K
T 1971-2016 F R £ 5 K2 B W %8 K R A8 2 KA 2016 F K B AR 3 48, #| A APSIM ( Agricultural
Production Systems Simulator) F & , 31 AW A E B A E T B /N E KK B8, SExT & E B vE B #ATHE P 04, 45
REA NEZL2EFTMEKREN 31525 mm, &£ FNEFAENEMH ~ B 2113 mm % ~ 4 % 26.60 mm 5 EE ~
KA 3327 mm KA ~F 7717 mm F A~ T 69.31 mm T~ EH 36.19 mm EHF ~ K 51.58 mm, HEEH T
B REEATHMBAERERERY EXERT A 60 mm; T AL TN EOERAQER A LR T 2T HFH
BE EFULE~RFTHBE(TS) A E K F ~ 2N EJS) EAER T At 80 mm  F A% ~ T I B B (BS) A E
FEHAIE 20 mm, TFE~EH B (FS) WK E 40 mm xR E 3 a9 R SEEF R AT,

KB N FE;APSIM E K 2, ERE; HL ERK

hESHES.S512.1;5126  XEARERG:A

Simulation analysis of irrigation effect on yield and
its constitute factors of dryland wheat
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Abstract: In order to reveal the influence of irrigation time and amount on yield and its constituent factors of
wheat in the hill-gullied region of the Loess Plateau, using the field experimental data in Anjiagou village, Fengx-
iang town, Anding district of Dingxi in 2016 and the meteorological data in Anding district of Dingxi from 1971 to
2016 with APSIM ( Agricultural Production Systems Simulator) platform, the growth process of wheat were dynami-
cally simulated under different irrigation treatments and the effect of each irrigation treatment were analyzed. The re-
sults showed that the water requirements of wheat during whole growth period was 315.25 mm. The water require-
ments for different growth stages were different that was 21.13 mm from sowing to seeding, 26.60 mm from seeding
to tillering, 33.27 mm from tillering to jointing, 77.17 mm from jointing to booting, 69.31 mm from booting to flow-
ering, 36.19 mm from flowering to filling, and 51.58 mm from filling to maturation. To improve yield, the best irri-
gation stage should be from sowing to jointing, and the irrigation amount should not be more than 60mm. Irrigation
treatment at each growing stage before flowering significantly increased the grain number per unit area, among
which it was most obvious from tillering to jointing (TS). The irrigation amount from jointing to booting (JS) and
booting to flowering ( BS) should not exceed 80 mm and 20 mm, respectively. The optimum irrigation treatment for

increasing grain weight was from flowering to filling (FS) and the irrigation amount was 40 mm.
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1.1 #HRXHER

KRS T 2016 4F7E HM 4 2 74 22 X R
PR IR EAT o XK 1 980 m, S ) b
AT RIXGAERRIEN 6.3C 41 = 10C R
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1.2 RIiET

K HRE S KR 5 AR, 430002 0,50,
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AKX, BEREY N« H & 32 57 F/ANE, & Fl =
187.5 kg « hm™ , HHEFIHLIE A, BRI K 7 em,
FTHIE 0.25 m™) 44 b Fbta A [ 24 4, ELARE b 9
JIE Al it — U P i A, H Al T () 457 BRI [R) 2 b, DA
M E HAR I AAE 3 A 19 HIEHW R, 7 A 22 H
Wik, A F WA R o R o BE R
ZETE JHAE R OAEA R R,

1.3 APSIM E& @/
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RU), H 1991 4= JF i A0 09 4 ol A= 7 R GE A 40
G, ERNAMT APSIM A4 e M AR AL R
YIS0, 7K A PR LA B K R A8 B 45 5 T
BUS T KEBFFERCRES " 1% 6 LAEY 8
B ( APSIM—-Wheat ) 38 FIVE D) A K ASUMERR T | A&
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Table 1  Soil property of the experiment sites used in APSIM

x5 g FZWE Soil depth/mm
Category Item 50 100 300 500 800 1100 1400 1700 2000
% BD/(g - em™) 1.29 1.23 1.32 1.20 1.14 1.14 1.13 1.12 1.11
FEEZB WC/(mm - mm™") 0.08 0.08 0.08 0.08 0.09 0.09 0.11 0.13 0.13
HEk Ay R AHKE DUL/(mm » mm™") 0.27 0.27 0.27 0.27 0.26 0.27 0.26 0.26 0.26
Soil wat AR & SM/(mm » mm™") 0.46 0.49 0.45 0.50 0.52 0.52 0.48 0.53 0.53
or waer KT Z% CA/(mm - mm™") 0.01 0.01 0.05 0.07 0.07 0.07 0.07 0.07 0.07
+HEFKF SWC/(mm - h™!) 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
INEAROKA TR LLW/ (mm - mm™')  0.09 0.09 0.09 0.09 0.09 0.10 0.11 0.13 0.15

TE: BD NAE,WC HZER R, DUL ARk EL, SM R IRIK Mt , CA Sy Z 8, SWC S SRR LLW S/ NEA UK TR

Note: BD is bulk density, WC is wilting coefficient, DUL is drainage upper limit, SM is saturated moisture, CA is coefficient of air-dry, SWC is

conductivity of soil water, and LLW is lower water limit of wheat.

& 2 APSIM XN EFEREVIIESH

Table 2 Initial property of the trial wheat used in APSIM

240 Parameter {8 Value
FZEIMEL Leaf number of main stem/ (piece + stem™) 7
JYEERR R Weight of tiller/ (g - tiller ') 1.22
ki Weight of single plant/g 4
k& Stem length/cm 100
R 5K Lower internode length/cm 33
BT ZEAPRIEL Grain number per gram stem/ (grain « g™') 25
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BRI 46 5 05 TR BRI 5 AR 22 (RMSE) LA
Je e ZHU(R?) X BELME 5 W {E ) 4005 E A
b, R

1 n
RMSE:x/nz (YObs_YSim>2 (1)
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B 5 S Z B S R an & 1 Fros, i ]
AN P A S SO E A K 250 i F 10 1
SR I AT IR 2EFE HIAE - 15% ~ +15% YL FE Y, ke
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Fig.1 The relationship of simulated and observed value of yield,

grain number and thousand-grain weight of wheat
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BB 5 S R 28U A TE - 15% ~ +15% 1930
BBl B 5E 228 R* M 0.874, ¥ )7 iR 2% RMSE Hy
332.85 grain - m™*, 1R 2% EEJE T APSIM H 5 /)
2 KRBT DG 2 80, B A 5o 25 AR 88 14 Ak 50
T E AT s ) B AR APSIM A7 7T ] T/ 22 47
LB 5 /N7 T4 F A AU 5 S50 {4 43 A
TE-15% ~ +15% BB, e R R 4 0.883, 1
J7HRIR 2 RMSE 3 2.28 g, APSIM X} /]2 Tk i 4
FRE BE R
22 INEBEBHEKEEMSHT
FIFHBFE X Z4E (1971 -2016 4F) 7= 555085 &
D3 s BORE, ST X /N 7 i 5 A B B Bl
AREFEAT A 087, ST X 1971-2016 4F/hF 4%
A H B BOE YRR B RE NS 3 s, INERAH
BN V-2 KRN 181.26 mm, /NESEF BT
BIRE K & ATENK ~ AR BN e 22, Wl 3k 67.14 mm,
AR R K Y 17.44% , H AR 5 250 AR, X R W
TESK ~ AR B IR 7K S AR, 3K 5 8 V4 b IX b T
2z kBt e, HLRE K 20 A A 5%, i b IX R 7K
ZOAE T-9 A0, i/ INAS HES I (E S AE L B[]
P TFAE ~ TESR B B B R K e o AR ) R K

(4 He iR I 33X 5 TR A ~ HES DT B A O

FIH] DPS #RAF X T 1 49 AL A 31 2 )5 1Y 748 3
Fr Il 704, 5 4 A2 B B oKk a0 e i i 2t
[ )7 #E 4: Y= -0.08+0.28X, +0. 19X, +0. 69X, +
1.19X,-1.98X, +0.45X, +0.63X, - 0. 6X, - 0.21X, -
0.19X,,-0.68X,-0.79X,,+1.12X,,-0.23X,, - 1.81X,,
+0.71X, +0.51X, X,-0.58X, X, —0.02X, X, +1.09X , X,
+1.17X,X,~=2.16X, X, +0.4X, X, +1.06X, X, +1.54X, X,
-2.34X,X,+2.27X,X,-0.9X, X, +0.85X, X, +1.72X, X,
~0.21X,X,+0.05X,X,~0.88X,X,—0.6X,X,-2.13X, X,
—0.55X, X, +0.28X, X, +3. 75X, X, +1.52X, X, - 0. 8X,
Xgo Hob v JR2/ANE =ik, X, & X 500 % Fh ~
B ~ P BE P BE ~ T IR ~ 22 AR~ T
AL TTAE ~ HEIE HEIE ~ ST PR B B B B 7K o
[ 5 7 R A 5 R BN 0.9999, H «<0.01, [7] 15 5 72
RS S A5 A B B B oK B 5 it 2 A E R

it 3 T /N A A T B B R K R X
ARSI % B3R (010 D7 i 53 0l R S R AT R AE A B
PR AR R R AE T AR (R 4) /N R IRI B B K da
(Xg) SEMAAN 354 ] A 5 e 22

Fz3 1971-2016 E/INEZEBFTM B FEKEHFE

Table 3 Characteristics of precipitation of different wheat growth stages from 1971 to 2016

. Annual average precipitation of
Growth stage
each growth stage

Coefficient of variation

BB B R K L %

5 55 FH %
L5t A The proportion of annual average precipitation

of each growth stage

8B — i 008
Sowing ~ seeding ’
-5 16.88
Seeding ~ tillering ’
Sr5e - 23.63
Tillering ~ jointing ’
T ~ 2R 31.18
Jointing ~ booting ’
2~ T AR 21.19
Booting ~ flowering ’
FE K a1
Flowering ~ filling ’
TN ~ Ik 67.14

Filling ~ maturation

72.69 2.84
76.85 4.38
70.50 6.14
82.09 8.10
84.59 5.50
107.64 2.68
51.03 17.44

x4 BRERAERE

Table 4 The dimension reduction equations of single factors

K2 Factor

BANE R Single factor dimension

Xy Y, =-0.08+0.28X, -0.21X}
X Y, =-0.08+0.19X,-0.19X3
X; Y;=-0.08+0.69X;-0.68X3
Xy Y, =-0.08+1.19X,-0.79X3
As Y5=-0.08-1.98X+1.12X?
X Y =-0.08+0.45X(-0.23X¢
X Y, =-0.08+0.63X,-1.81X3

fEes W R I AP BN, 2 dY,/dX, =0
i, AT AR B W B A K B, 43 ARG ~
W 21.13 mm. B ~ 57 BE 26.60 mm 57 BE ~ KT
33.27 mm K ~ Z2FE 77.17 mm ZEFE ~ FFAE 69.31
mm JFAE ~ K 36.19 mm  FEF ~ K 51.58 mm,
BN LT HNTEKEH 315.25 mm,
2.3 AREERAAES 8K EH R E XA

BT

Wi /INZZ 25 B B BT K AL AT 4 R, 45
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BB K EYEE A 77.17 ~21.13 mm, B
DR FRKERRAET B (3K ~ 2288 B{EH RN 2
X WEREKE FRR Y 100 mm, I/ TR 7K & /)
AR B (R~ i) BN S e K E T
B0 mm, WitH/NEEETH S MEKkES 7
AR 1 5 A~ TR R A AL e, I v K ) 1
AL ARFh ~ BB 3 A 19 H (SW) (T ~ 43
BERTEC 4 H 9 H(SS) ArBE~#K BBy 5 A 10
H(TS) 0 ~ 22 FEB B 5 H 28 H(JS) (4278 ~
JHERTER) 6 7 8 H (BS) JHE ~ BERKBI B 6 H
24 H(FS) FIHEHR ~ BB B 6 H 29(GS) , #iEK
4350 20,40 .60 .80 mm 1 100 mm, 7 4M&K—4~H
SRALHE R X B (CK) , 7E APSIM V7.7 *F- & BB L%
B AR 1971-2016 4F 7= 5 FPRIEOR T-kE 8
BB AR R S Hr i . S [R) 3 R AL B /N 22
P KFPREEORI TR A ZE R A 2 iR,

30001

2600
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¥R/ (grain + m %)
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4000 : ' ' ' . ‘
SW SS TS JS BS ES GS
$E IS ) Trrigation time
417
401
39F
381
37t
361
35| B
34t
33

4 /g
Thousand-grain weight

SW SS TS IS BS FS GS
HE WL I 3 Trrigation time

—— 40 mm

—— 100 mm

—— CK —o— 20 mm

—— 60mm  —=— 80 mm

B2 FEBAIEXNEFE AT RN R
Fig.2 The effect of irrigation on yield, grain number,

and thousand-grain weight of wheat

FH I 2 AT HT, 45 E R AL B R T NG PR e,
[ SFVE K ST, 43 BE ~ 31T B B (TS) #E Ak 36 =
L R IO B L, R AR ~ 2R B ()S) , B
PRGN ~ BT BL(SW) |, 520 e/ SR IR ~ 1
ABTBL(GS) o SrBE~ KB BL(TS) , #E/K &R 100
mm {775 ARAE NS R (CK) 5 110.02% , Bt
K R 3G 22 7 i 110 3 5 S 1 N U Y
PO BE~ T B(TS) HEEAL IR KA T 0
~20.20~40 40~ 60 .60 ~80 .80 ~ 100 mm , % X [ [}
P 1 43 R 14.83.15.50,15.23 12,12 kg -
mm™ A1 10.10 kg « mm™", 22258 ~ FF LB B (BS)
JEK TR 60 mm DL EE 6F = a4 34 Jin B 2 1 22
W AETTAE ~ FEH B (FS) FEK 835 40 mm DL |
b, X6 7 d A 3 it B 2 AT 22500, Pl e T 1
FEAE ~ Iy BE(FS) FIZEfE ~ FEAE B BE (BS) AT
IKEARNE T 40 mm 1 60 mm, E'\Mgﬂéﬁ, MK
HIK 60 mm DL I, 4T K I 3 O 7 A 1 34
553, WE K3 3R T T 46 300 AsF ok 55 200 SR T o B 4
W A BN BT A P RO A AR TR 7K I U 7 A 4
Pl Bk Y, MAK 5 O D5 R, K BN HEE O
60 mm,

FH P 2 FTAT, 46 v T AL B O G R v TR
A7 TRTRURERE B, T T A6 ~ T2 B B (FS) RE K ~
AT BE (GS) HEME AL BEXTFFRLEI I FEATC R 0 | 3X
FHIEIF AL 5 B L 4 58 it i AY . 8 ) 45
IR S0 BE ~ PN W B (TS ) 8 I Ak B R 5
S F K, H 3 BE ~ FR 1T B B (TS) #EZK HE2R 100
mm A0 FEAF R H X IR R 112.06% , AERT &R
B B A SRR AR 5 i A B KBk TS >SS >
SW>JS>BS, H 4k 5 ~ 228 B B (JS) #EZK 2k 20
mm 1 40 mm B, St AF R E A 38 sk SR A T R ~
STEEBTBORAE RN ~ th B Be . SVACKF AR ET 4
A= T B B Ak B R O S B v T B T ARURE AL
Bk, Hor DL BE ~ BT B B (TS) VE I Ak B 4 B
b PR ~ REBY B (JS) WE K & AT 80 mm A2 ~
FEAEB BE(BS) #E K L 20 mm TP A5 45 R AL
R, S RERLE A 36 TE A B

L 2 AT 36 ~ B B B (SW) A ~ 4
BEREE (SS) W IE Ak B X6 /1N 22 1) r 5 34 in O B 8 5
M), 28 A3 HE ~ 4R T B B (TS ) HE I Ab BRI 25 AR
LA EE 33X AT B SR B T /N 22 A K i T AL N $
1o 1AL I B R AR R R RO I {H T
PR R A R, S 8 s SRR 2 T R 2%, 4l
TR T R, FEAE ~ SR B B (FS) VE AL 31X
N S e B R, Foh ZE R AR ~ R Y B (FS)
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FNTEN ~ B BE(GS) /K 40 mm LA | R L
Ko FRAT 3 S A0 13.48% (11.06% , #E K 7 H A 20
mm B SR IA% 8.51% \7.33% , FE4HE ~IF
TEBY B (BS) #E KB 60 mm Z 100 mm X7 55 39 0
1) 5% Ml W 1 T THE S ~ LA B (GS) E 7K 1t 40 mm
% 100 mm Ab3, YEK DT 40 mm I ORCEE RN
(VRIS B HE SN HE S ~ B B (GS) [m] 45 3
IR FIAEEE, FERRTT ~ 2R B (JS) HEJK i 80 mm
A1 100 mm Xk 5 34 Jin A IE R0, 60 mm LA W2
TR, HEZK B 100 mm X7 38 it A 585 SR 2640 F
FEAE ~ HEIK B Bt (FS) FIHE I ~ WL B ( GS) K
i 20 mm, PEIUL, BE DR R T SN AL ~ FEK Y
BL(FS) /K& 40 mm, HR H 2258 ~ FFAE B B2 (BS)
K 60 mm DL KHE K ~ BB B (GS) W K &
40 mm,

3 Ziie5ihie

I 5 P T 22 52 IX XU B 2 R 8 R 2016 4 H
[ 5 Xt APSIM V-5 A i M A TR 3, 45 2R
FW] AR AN [V 7K B 1 5 W K b PR /A2
FEi FPRLEOR TRLEE 1 P E R RPEIR T 0.85,
Y iR 22 RMSE 43 %4 131.94 kg - hm™ 332.85
grain » m > fl12.28 g - grains™', APSIM {5 %} # +
Fr B8 DX /NAZ 77 et Bk B DR 2R AR RS HUURS ff 2 1

ARWFFTHEET 1971 -2016 4F 1922 8 X5 508
R B P X 5 /N A2 4% A B B T K
AT T B BT, BESE X 2 B K
385.00 mm, F/NAE AR AN AR K AL 5 A 4F
YRR BN 02— A5, 8 181.26 mm , 43 AT 45
RN, HNELEFATEKEN 315.25 mm,
e R, B35 133.99 mm, A SCELL 0B &5 1 5
HBLAENY R Mann—Kendall #3543 HT K 507515 1
A HR TR ZR HL X 50 AR 1 /N2 7 K 240 1E
7E 262.16~382.08 mm Z [A| &5 R —5, KAEBFH
Bk, o AR R ~ i 21013 mm G~ 53
BE 26.60 mm 73 BE ~ K17 33.27 mm KT ~ 22 Fl
77.17 mm Z2FE ~ FF4E 69.31 mm 4L ~ HEIK 36.19
mm JEH ~ A 51.58 mm, TRIBIHZES X E PG
XNz 2R F N R K o A s R AT ~ PR
/K 80.6 mm, filif# ~ FFAEFT /K& 67.1 mm, FF AL ~

@ﬂ%ss 67 mm, HEH I ~ BT
o5 R 52 HA—3

ANTRITHE K B 0 55 9 K a0 5 b /N 7 7 R
PR R AT 4B, 45 R R AR R i, B
FETE K B 3 5 A6 R A =0 K R B 60
mm, FFAERTA A B B BORE AL BEAR I W T A
A BFFRLE I, e DL BE ~ ST B B (TS) HE B
Ab PRI I G AR ~ 2RI B (JS) K AN E A
80 mm , Z2FH ~ FFAE B B (BS) ME /K AN B #E it 20
mm, AL ~ BB (FS) FE /K & 40 mm X s 5 4
T A SR FH i B 8

/KR 30.4 mm, AN 30
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