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JET APSIM BRI ANl R AR Y b /2
KR E BB 5

mELWE R IERL.EAR T RE GERN L IR, AR

(1. EER SRR G T BN AL 100081 ;2. 6 /K 32 b A 248 2 b, Wi VLTI K 323000)

i B ARAMRABRKER FTRDEG SRS AKRTRGEERRFE AN 2009—2012
FRNEFTARRRRETATLEEARGRBEFE A KRR R IEEA D £ (A £ 19) 69X IR 4, 7
& APSIM-wheat #2280 WP s & & R Z F X 44480 K TR E G 49 APSIM-wheat 45 2 8 50447 1967 — 2017
MAREHTANEEARLA TR FREBKEN ST SHERFER(FF . FRFREFA) B LEKRY
7 & 45 % (soil water deficit on photosynthesis, SWD, ) # & K o % 2ot 5 ;% 3t 8 AN BEE 46 2 (15,30,
45.60,90,120,150 #= 180 mm) A= 13 446 N & # £ (30,45,60,75,90,105,120,150,180,210,240,270 F= 300
kg« hm DHHFEZHEX . EAHKRFTH 2RO HE & £ IEIFL K5 A B K E (water use efficiency, WUE) | & fe
#) B & & (nitrogen use efficiency, NUE)#= = & |, KA R R A F A TRMAEADEZ KR EREEX, 2R K
(DA MG 69 APSIM-wheat 2R A & F DAL 3 Gl & 0 L 30 AR 0 Fo o 36 00D A2 S48 5 L0 4 64 39 77 AR
i% £ (root mean square error, RMSE) #& 1. 17~3.64 d /& B A, )2 — 4L 34 7 & % £ (normalized root mean
square error, NRMSE) /£ 0.82% ~1.90% & B 7 ; 7 AL e A 5 L A 49 RMSE % 371.50 kg » hm ™2,
NRMSE % 8.54 %, 3% APSIM-wheat B8 T ARIF A e RE B RSB T AW AL R AL T4,
R FEMTEAIESEDR - RT B EY B BRSNS IR SWD, &1k, LAAF H AR
BEHE—ROWTRT AT PERTARBTIMEFEIEIRGZZE. QOFF . FARRAFRALANLZETH
FHRAKREELEX SN AHEET 60 mm fos6 82 105 kg « hm *# B2 60 mm #7368 % 120 kg » hm *.i#
BEE 30 mm Fr R F 150 kg s hm 2, £ > &4 31 4 4 810. 96 +£551. 43,5 378. 064-768. 86 #= 6 421. 33 &
454.09 kg « hm %,

KR APSIM-wheat A ; AAEF A K0 m Bk oA A E R EFA AR T RBEX
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Optimization of Water and Nitrogen Management Mode for Spring Wheat
under Different Precipitation Year Types Based on APSIM Model

WU Lu', CHENG Chen’. YANG Feiyun', FAN Dongliang' , LUO Jiangmei' ,
Han Jiarui' , WANG Tianshu' , GUO Erjing'

(1. China Meteorological Administration Training Center, Beijing 100081, China;

2. College of Ecology, Lishui University, Lishui, Zhejiang 323000, China)

Abstract:In order to optimize the management decision-making scheme for high and stable yield of
spring wheat and efficient utilization of water and nitrogen resources under different precipitation year
types, the key parameters for wheat growth and development in the APSIM-wheat model based on the
experimental data of spring wheat(Neimai 19) at the Shangkulini Farm Experimental Station and the
Labudalin Farm Experimental Station in Eerguna City of Inner Mongolia Autonomous Region from

2009 to 2012 were determined. Using the calibrated APSIM-wheat model, the growth and develop-
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ment process of spring wheat under rain-fed conditions from 1967 to 2017 was simulated and analyzed.
Three precipitation types(dry, normal, and wet) were identified based on precipitation, and the opti-
mal water management periods were determined using the soil water deficit on photosynthesis
(SWD,;). Scenario models were designed with eight irrigation gradients(15, 30, 45, 60, 90, 120,
150, and 180mm) and thirteen N fertilization gradients(30, 45, 60, 75, 90, 105, 120, 150, 180,
210, 240, 270, and 300 kg * hm ?), and combined with key indicators for water and nitrogen man-
agement decision-making(water use efficiency, nitrogen use efficiency, and yield), the optimal water
and nitrogen management modes for spring wheat under different precipitation types were explored.
The results showed that: (1) The root mean square error(RMSE) of the simulated values of the spring
wheat development stage module (emergence, heading, and maturation) in the calibrated APSIM-
wheat model ranged from 1. 17 to 3. 64 days, and the normalized root mean square error (NRMSE)
ranged from 0.82% to 1.90%. The RMSE and NRMSE between the simulated and observed values of
the yield module were 371.50 kg » hm ™% and 8. 54 %, respectively, indicating that the APSIM-wheat
model can well reflect the dynamic growth and development process of wheat under different precipita-
tion types. (2) The SWD,; during spring wheat tillering stage to jointing stage, jointing stage to head-
ing stage, and heading stage to anthesis stages under rain-fed conditions were relatively lower, and
under the premise of only one irrigation during the growth stage, irrigation during the jointing stage
could alleviate drought stress and significantly improve yield. (3) The optimal water and nitrogen man-
agement modes during the jointing stage for spring wheat under wet, normal, and dry precipitation
types were irrigation of 60 mm and N fertilization of 105 kg * hm ™ ?, irrigation of 60 mm and N fertili-
zation of 120 kg » hm %, and irrigation of 30 mm and N fertilization of 150 kg « hm ?, respectively.
The corresponding yields were 4 810. 96 =551, 43 kg » hm ™%, 5 378. 06 =768. 86 kg * hm *, and
6 421.334454,09 kg » hm 2.

Keywords: APSIM-wheat model; Climate year types; Spring wheat; Yield; Water use efficiency; Ni-

trogen use efficiency; Management mode

WEEH T REIKRE KR P EBFNE T X2
— U I R G S HEHE TR E R K
R A 4 4 DR RS R K B ORI AR R A
ARET S m b A R A A I A R W A /N T K K
SO A AN B AT A TR L B /N G B A T B B (4K
T3 — TF AR ) e Ji) 45 e DA TR AR AR RO 5 7
. A B K U BT DUA RS BRI B IR
o ORI P/ 22 38 7 R 7= S T I PR KO
— R A e DG A L P A0 R A RS O

APSIM R  fIj 1 Gt i 2 Jmg BR 8 L A
FEXF G A — P U SR 0 A Rl A — R
A G EEY A R A R R A
J7 A8 i s T O 30 A K R B R
A FEVLALTE B B T T, APSIM A
PSR A [ K 75 B Bt Bk 2 BC X 7 i AR W)
i FK 53 A 2805 B 5 e )R] A M AR A TR
AR B Bk o3 5 il 45 B, BEADUAS () 98 T8 A JRE v 0
AR KRR RCRD . 7R e A R

FE 7 T, APSIM A58 80 ] B 004 9 77 i LA ) i
AR B 0K o & & 45 W IR A A
3 X b A 3 2R BRI A /N A2 7 L AT AT AP-
SIM #5 R 6f 5 f f + 4 A4S B AR g . FE R AL
K EHE A A8 HASE Xy 1A 38 2 152 R K ORI 1 A
B B K R A5 X A /N2 e s e A AP-
SIM HEHUHR 5E 1 AR BE K Z5 A T /N2 77 1 3k B e
FERT s & A DY, Chaki 2 25146 T AP-
SIM FEHIFEA R BRIy 20 AR B X R B ) A
O RV R SR A e L, BT RR T AR TR
IKFE— /NP R G R PRk A R X, Li
U A APSIM BERMR & T AR RN
KUNE R Ge 7K RS B0 T, 1 K FL 0 TR 4
E ™= 2 M N, O By HEC. BAR APSIM #6 R 7
KR A U 5% O 1T ) BOAS 28 4 AR L AL X
Ko 7K AT I 0 B0 358 R i IX 45 A BB 7K A B 45 1 T 5 b
JINZZ K R B S AF 5 A 2D DL HRGE

AW HFIFH 2009 — 2012 4F 52 1 [ 14 X 4
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{h 5845 . 3T APSIM BRI A ] [ K 45 B0 R /A2 K A8 BB AL AT 52 . 105 -«

IR AT b PR ) AR i 0 il 5 B A KRR 3 1K
sl A/ 22 09 U 0 I Bk B %€ APSIM-wheat
BERS /N A KR O B S B, B T R RS Y
BNEAERK BN ZAH (1967 —2017) HHEK 5 Gk
18 B (soil water deficit on photosynthesis,
SWD,) 8y 22 e At 7K N 455 8 e 30 oK < 5 09 Jal
5 IR R 3 RhAEAY 25 G K IE R AR
A B S5 3 U O B 4 B A 20 S AN () A AR 2R
T HF/NE AR A AE B RN KU
B AR

1 #MBEF &

1.1 RWigit

g 2009—2012 4F 9 57 A IR XA R T a0
7 (120, 19°E, 50. 24°N, #i#k 614 m) bEJFE 14k
I CTD 5 H A KA 7150 356 (T2) F /AN
I B BORE, T1 FI#E o 2 # i , T2 §i7E o il Sk
Mo, BN SRR N 19, AT WY 97 d,
S HRERL SR AE 3 000~5 500 kg « hm % Z[d],
BRI 5 A EA1. T He T2 3 25 3% Fh 30 $2 A 2
~5 d, o T1 AR 2 P JCHEE (R SR A=) L 3 B
Jite AE A 2 A R (8 + IR 2 AR T S Al A R
h 146 kg « hm 7, T2 B2 R A5 AR K 2 R
1 (60~80 mm), & Ml LA L5 T1 — 2,
2009 — 2011 4E - B 47 & 4l A & K 169 kg -
hm ™, il 2012 4F4E B 47 & 2l A &= 5 285 kg -
hm ™2, B /NX LR 200 m*, £+ 58 A 1
BE+(pH K 7.52~8. 1), HHE AR & &
22.3g+kg ' RAGEN1.78 g kg ', AHF
SEMCEE Y 1967 — 2017 4F (33t 51 4F) K 5 4l .
ANFE R A LB B e 0 R D
BN AR A o O I A v S Bl B

DFESE Y S 2 8k A EAR R E T M
¥ Chttps://www. cma. gov. en/), £ 365 H & = K
B AR L H K S H R A] XU A X
MRS,

FIF 2009—2012 4F 2 iR 56wl & ) ZE Rl +
283k DM APSIM-wheat #5] V7.9 5 £ 45
PUNE WK R F AR P8 T BRI &R G 4R
RO A5 B He AR 2B KA R A R +
R 12000 AR 2 B I A R R K B LR
R N TN S R N s A Y
SR AL BR A ™ S S0 Y 1R 25 BN, H R
BRI R SR 2) .

1.2 TS TEIEH

K5/ INZ A VR AT 4 5 R 2R 4 e AH
KSR R & F By By + 3K 43 =5 B4k
B P — A B A 1967 — 2017 AF RN % & 04
THNE SR W B CRE RN — 2 BEW 4y B —
PRI BT — AR AR — R AR TR
) — VU R SR — D () SWD LG8 2T [
BN A B B BOA R I P e 22 R, LI
O HEE I 2 B I B . M SEHR AR T AT .

» SWD,,
SWD, = >, o (1)
d=1 m
SWD _SW, (2)
MW,
SW.=1(SW, —11,) » kI, (3)
=1
kl; =0.027-+0. 001 - clay; (4)
sw,—qQ, - — D (5)
h 4o Acoz * TE:'rop
Q/’:I.RUE'fs-fc (6)

Khom WEFTYWRE(D;SWD,, A d K
B 3K 4y 5 B E (mm « mm ) ;SW, HR

% 1 APSIM-wheat R B + 1S H
Table 1 Basic soil parameters of APSIM-wheat model

e KR Tk 5 F L Ak Bt BT PR RESKEE
Soil layer/cm Field capacily‘/ I_’la.mmomlure 10v:er Saturated waleriI Bulk denil‘}y/ Airdried soll]/ Soil hydraulic
(mme+*mm ') limit/(mm * mm !) content/(mm +*mm !) (gecm ) (mm-e+*mm ') conductivity ability

0~5 0.255 0.113 0.395 1.27 0. 06 0.5
5~15 0. 266 0.124 0.398 1. 29 0. 06 0.5
15~30 0. 280 0.138 0. 404 1.32 0. 10 0.5
30~60 0.293 0.151 0. 409 1. 37 0.151 0.5
60~100 0.291 0.151 0.408 1.43 0.151 0.5
100~200 0.279 0. 141 0.403 1. 49 0.141 0.5
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R 2 APSIM-wheat A X ESH K A EHE
Table 2 Key parameters and specific values of APSIM-wheat model

SRR (LS LA ZHUE
Parameter Abbreviation Unit Parameter value
ﬁpﬁ%ﬁ : s ver_sens R 1.5
Vernalization coefficient —>EH .

P LEL N B

Photoperiod coefficient photo_sens 3

i — AR A R R . . o

(=8 =1 2 It .

Emergence to end of juventile stage accumulated temperature tt_end_of juvenile C-d 320
oy i 9]

AHRLR — N LR o . i
End of juventile to floral differentiation stage accumulated temperature tt_floral initiation C-d 395
S5 B B ‘ o . .
Grouting stage accumulated temperature tt_start_grain_fill C-d 595
SR RO ‘ .

Radiation use efficiency RUE g+ MJ L. 74
Ik A i 0 i % . . e

ﬁ)ﬁlﬁtiﬁzf’r(iting rate potential_grain_{illing rate ged! 0.002
i A7 s

F SO LI max_grain_size g 0.041

Maximum grain weight

XALK & (mm); SW, N d RAEY T K &
(mm);n AEYRRFAN L)Z:SW, B )2
FHOK S (mm) s 1L 83 R ERE M
K3 i (mm) skl VS 7 2 Wiy AT
TR R R IR EAEN AR S
[ FERBEE (em » em 7)),k & HIEY B AR E (cm -
d DX TFRAREEM 0~20 cm £2 0 kI {E N
0.1,20~120 cm £ JZ 9 kI {8 i 2250 (4) 355
clay, B i BRI L& 8E:Q, N HIWTET YK
AFEE (g e m 2 VPD N MK V5 R 22 (hPa) ;
TE.., AH AV ZEBRCR REL BN 0.006 g+
m e mm ' a., HKRA CO, VB ZE I RCR
W ARE N 350 ppm I (4 1) AR HE mE] 700
ppm B (H A 1.37) 51 AEBUES EM] e m * -
d ) sRUE Jg4g S F AL A (g« M) 5 f, il
JER A ¥ 0 B /AME £ h CO, .
CO, ¥ EEA H RT3
1.3 FEKERR S

AHIEFE X AR BE R K B s B K [ 5 R AL
(coefficient of variation, CV)>30% ], N J5E 4>
B AN [R) B3 7K 4 2 1Y i DG 98 10 48 LA =X, AR AT 5
R4 /N A2 K FR (5— 8 1) By R K it 28 R 43

J A TR FRAR IR AF

51

7

€))
Hrpoy WAEKZEN 51N BEKE, N

270.96 mm;y, A FWERKFERKE (mm).
My, <<y —SD I}, & CHT B4 y, >y +SD
iF 8 SCIRIEAE ;2 y —SD <<y, <<y +SD, & X
KA Ho SD S 51 4F AR K 2P B K 1
PrifEZE . N 84,30 mm,
L4 E:igit

Az e R R B A 7 AR AR OG AR T
G T i 7 A (R O A 2 X I
S BRI WE A PR MOE A TR AT — IR
RO WA 2 B8 8 A E W RS 15,3045,
60.90.120.150 A1 180 mm (&A™ R /K AF LT 5 48
64 ) o I8 A A5 UL LE B A A [R] B K AF BT Y
WK F) FHBCR (water use efficiency, WUE) , #ff &
S BEAKAEBN (R L i . AR 7 v RUIE e JH 4%
S5 7 A (TR T Y i EUIE ) 25 3
BT YRR B o DRI A o D0 R 1 1) il | 2P
WE 13 it A= B B 30,45.60,75,90, 105,
120,150,180, 210,240,270 1 300 kg « hm™*,
B AN A it 2 = T 1 80 & B FH 30K (nitrogen use
efficiency , NUE) Flj= 5 A8 4k , i & AS [R] [ 7K 4 Y
T &N ALK RS A

i r

I
_YAF*YNF
NUE—T (10)
XYy, e oy LR N E (kg -
hm *);Y, BRI /NE ™ (kg « hm *);
I AR (mm), Y HANE KT NE>

WUE= D)
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{h 5845 . 3T APSIM BRI A ] [ K 45 B0 R /A2 K A8 BB AL AT 52 « 107 -

i (kg » hm ") Y A AN ENE KA T /AN 7 i
(kg « hm *); F FAEMEEHE (kg « hm 7).
1.5 #HiELE

K HI SPSS 26 BEAT B o0 Mr 28 kL 5 B
FFEIER A0 2R H Ducan J5 i HE 8 AS [A] 4k
0 22 S W35 5 A B AN A 8 R A 0 A SR
SRR R &R R — IR D AT AR KR
FEAT. R Origin 2021 B /EEFTMEIEL. 4
P AL (X)) (SDL P I R B (e
I (B) P E REL(RY) V7 #R1% 22 (root mean
square error, RMSE) ") 5 — 1k 34 )7 # 1% 22 (nor-
malized root mean square error, NRMSE)! 1) F1 4%
SRR (D),

2 BRARL LR

2.1 APSIM-wheat 18 B 16 F 45
FIFHAH B b ST B 2009 — 2012 4F 28 36 08 I %%
PEXF LAY IEAT AL L 3% 3 AT, R HEJR 19 AP-
SIM-wheat #5B # /N A2 J B IR B CHs i 30 e Ak
RN BRI B AP 5 I A9 R® FE 0. 69 % ~
0.97 JE N, RMSE 7F 1. 17~ 3. 64 d 7t [ N,
NRMSE 7E 0. 82%~1. 90 %63 P L B A EE PR 50 (DO 1
E 0. 8626~0. 98 i [l P 5 7 i A5 B A5 40U 5 0L i
51 R? 4 0. 91, RMSE %} 371. 50 kg « hm ?,

NRMSE % 8.54 % .,D {4 0. 95, )t ] APSIM-
wheat BRI AT DL I I K [R) [ 7K AR B R /N &
PBIASARK LT SR, iE 45518 S iR
B 78 AN [R] B AR YR /N2 e /K /U B
2.2 HEMERRKBEEHPHHTE

WG A /N 22 A K 25 K R8I . fF 1967 —
2017 AR 43R 8 AT EAAE (8 AR AE R 35 A-F
IKAE SR T BRAIE 3 Tl g K A 780 (%) 41 80— B, T
thy =10 mm B4 03 1E P KA BB K 4R A
X145y WLZ& 4.

WD AR IEF SRR T BN EAREAK
KB B AT S T R B A 1)
f s IR G375 BRAE B MR U A HE J I — R
H1€0. 8440, 16) H F ] — 43 BEH] (0. 83£0. 06) .
TFAE — BESE 1 (0. 73+ 0. 19)  Hh A — JF 4k
191€0. 7040 21) &9 — A (0. 590, 18) Fl
AYBEM — 3R (0. 58 0. 18) , 4r BEM — 3K 3k
) — TR AR A — AR 0 3K A3 T
B EAR T HAL L T, P IRIR AR FEK
AR Y eh Ay BEHT PR I R R I R A 0 W X /N 2
R, B 1) AR, T RAEE R /N KT
HEATRE R (9 77 & (5 279. 862773, 07 kg « hm ™ 2) i
FE TN EE (4 904, 461638, 73 kg « hm?) Fldh
FHEIA (4 655.714872.91 kg » hm 2)

£ 3 APSIM-wheat BB FENEZERK L FRPEBESWNELL BRBIELITE

Table 3 Comparison and verification statistics of the simulated and observed values of

spring wheat growth and development module of APSIM-wheat model

i H MM £ bR BEBLE AR MRS M. IR HE ORI E B— eI ARIR fFAE
Ttem X5 =SD X im = SD N e ZE R? RMSE 2 NRMSE/% 5% D
T
Emergence 142.6344. 41 142.5045. 29 0.82 25.93 0.97 1.17 0.82 0.98
period/(DOY)
i 3
Heading 185.1345.67 187.00+44. 57 1.03 —7.00 0.69 3.52 1.90 0. 86
period/(DOY)
YA
Maturation 229.75+8.61 230.75+6.56 1.20 —46.92 0.83 3. 64 1.58 0.93

period/(DOY)

=)

Yield/ (kg + hm2) 4 350.904+780.52 4 121.38+955. 92 0.78 1136.29 0.91 371.50 8. 54 0. 95
DOY H—FEHiy HIF, & LHFEM1H 1R,
DOY represent the day sequence of a year, with January 1st of each year defined as 1.
x4 BERAKERHXIS
Table 4 Classification of precipitation year type
R KA Y A O BB K ARy
Precipitation year type Average precipitation during the growth stage/mm Year
{RE4E Wet year 503. 9 1977.1984,1988.,1989,1990,1996.,2013,2014
7K 4E Normal year 366.7 1967.1969.1979,1983.1993.2003.2008,2009

F 54 Dry year 252.3 1968.,1975,1994.,1995,2000,2001,2004,2007
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TR s 76 K AR B 1 (5 872, 554835, 26 kg -
hm ™) VR /N2 7 5 2 = T/ BEI (5 356,57+
933.97 kg « hm *) FIHhAEI (5 495. 68+903. 86 kg *
hm ") B 5 75 18 96 4 4515 191 (6 790. 10 £ 445. 33
kg « hm™?) Fl 4> BE ] (6 652. 80 + 469. 24 kg -
hm ) LA /N2 7= o B 3 Tl A (6 596. 73
+513. 14 kg « hm ) MW, #7E A K F AL
W — U BT T AN 7 ] o o K AF A L FE 38T )
ATVEWEANART Ly 2% T 52 30 B2 B, 3 v DL I 2
P /AN P, B AT R A SRR B/
2 KRB ) FH 03 R 1) 22 5 43 BT 5 O 2 1 O[]
R K AR BN /N B ik RS B
2.3 AEMRKERTKIEFAEENFENER
i & 2 AT, 3 Rl K AR B SR 3T

(a) TR ST BB
Soil water deficit effect on photosynthesis
cd be ab a
E
e
ha
!
54
% 04}
02}
SS- TS- JS- HS- AS- GFS-
TS JS HS AS GFS M
H£F BBt Growth peoriod
8000 (c) IE#¥4F Normal year
b

s 70001 a b
=

=

s 60001

=

=

L 5000

.

IH

H. 4000}

3000
TS JS HS

FEWEAFHA Trrigation period

W2 %0 WUE, WUE B % 5 (9 3% in i B
. 78T 54F P KAE CRIE AR, B /N 22 3R70 I
Tk B d5e /043 ) N 15 B 60,60 A1 30 mm, H: WUE
A1k 22,9543, 58,19, 879, 27 F1 10. 204 3. 63
kg s hm™ « mm™'., BEEREKNIEZ, N b H
JINZZ BRI B HE R

S 0T 10 TR A R S AT AT i A
AR, R 3 AT AL 3 R R OK R AT
NUE B4k 15 197 AT 5t (9 38 fin i g 2> . 46 T 5448
SRR R AR AR N 22 T AL i R 2 )
S E R 105,120 #1150 kg « hm 2, H NUE 43
Wk 35. 6844, 14,36, 9446, 91 Fl 35. 67 =4, 45
kg« kg ' BHE KK 3G 2, N3G 4k T 0 it

8000 (b) FR4F Dry year
&~ 7000}
: -
w 6000f b
&
E T
5000}
>
1
£ 4000}
3000
FEWE Y HY Trrigation period
2000 @ BIEH4E Wet year
ab a b
7000}
g 7 T
~
2 6000¢
=
5]
£ 5000}
iz
£ 4000}
3000 . .

FE WY HY Trrigation period

SS: AR AT s TS: 73 BEW] IS B HS: A FE) s AS: JFAE W] GFS: HE W1 M. i 1. AR R 22 AR 120,256, 75 %
99 %0 43 AV 0, W AR AR R L 20 JE D B AR AR, 2 0 [ L AR SR AR B o AN TR 5 RE 2R R AR R TR I )R 0. 05 K F 2% S

#. TR,

Maturity. The box plots show the 1%, 25%, 75% . and 99 % quantile, respectively. The line in the middle represents the average val-

ue; the hollow black square in the box represents the median value. The hollow circle represents the raw data. Different letters indicate

significant differences among different stages at 0. 05 level. The same in figures 2—4.

B 1
Fig. 1

ENEFEREENH SWD, REBRKFETARMPAERX =EHN T

SWD,; of spring wheat on different growing stage and the effect of irrigation

at different periods on yield under varied precipitation year types
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=~ o0
60~ 2 (0)F/K4F Normal year EH My E be
o ab @b ®2 L B Sdet o
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ﬁ g 4s} bed B = =l
EE, 50l el P W OF PN P
EE g d RALHE FA & Nitrogen fertilizer amount/(kg + hm™)
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&) #®_ 760 abe abeabe?C
ol_}% - : n : ] . n El 2 Apvale abcbcd
15 30 45 60 90 120 150 180 =2 - 40 @ @ L °d€ger
Z an ef f f
60 PE W & Trrigation amount/mm iﬁé 20 ez
o (c){BH4E Wet year ) S S0 ol o PO
M8 ae nW O SITETE QY AR Y P
® 3 E a a b & JBHE F & Nitrogen fertilizer amount/(kg * hm™)
%;”'e 30 b HLR I S-SR TR 16,25 % 75 % A1 99% 57 80 B4R AR 3 F
&~ ~ ¥IE GE B AR E P,
e o0 15F The box plots show the 1%, 25%. 75%, and 99% quan-
S @ @ @ @ Q tile, respectively. The line in the middle represents the average
0 120 150 value; The black square in the box represents the median value.

EME Irr1 gatlon amount/mm

TR A8 AR B 43 A, PR AR L 1B 43 AR 3R 106,25 06 .75 %0 Fl
99 %0 4 LK L IETTIBARR TE . 2L/ MESE EYCR R AL £,

The gray figures indicate data distribution; the black box
plots show the 1% . 25%, 75%, and 99% quantile, respective-
ly. The white squares in the box represent the median value. The

violin figures in red color indicate the optimum treatment.
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Fig.2 Impact of different irrigation amount at jointing
stage of spring wheat on WUE under different
precipitation year types
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Fig. 3 Differential analysis of the impact of fertilization
amount at jointing stage of spring wheat on WUE
under different precipitation year types
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Fig. 4 Analysis on the integration of water and
fertilizer and the difference in yield of spring wheat
under different precipitation year types
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