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chmTPEAEFRTEEREAXEREAN RS A AL, B EHE A FF 2 & A E B3 o
K,525 m’ - hm A EH T =8 & k(4 781.86 kg - hm™) , A9 F| A% E % A (14.37 kg » mm™' + hm™),525 m®
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Effects of different irrigation quotas on water
consumption and yield of sunflower

ZHAO Jinghua', XU Jian’ ,MA Liang' ,MA Yingjie'
(1. College of Water Conservancy and Civil Engineering , Xinjiang Agricultural University ,Urumgqi, Xinjiang 830052, China
2. Xinjiang Scientific Research Institute of Water Resources and Hydropower, Urumgqi, Xinjiang 830052, China)

Abstract: In order to study the effects of different irrigation quotas on the yield and the yield composition of
sunflower and to select the optimum irrigation system, 5 different irrigation quotas, 300, 375, 450, 525, and 600
m’ + hm™ were used.The effects of different irrigation quotas on the yield, its composition, and water consumption
index of sunflower were studied. In order to make up for the lack of intuitiveness analysis of the field experiment,
the MAGA—-PPC model was used to comprehensively and objectively evaluate field trial results based on the indica-
tors of growth, fruit quality, yield, and water consumption. The results showed that different irrigation quotas did
affect the water consumption of sunflower. The water consumption, water consumption intensity, water consumption
modulus, and crop coefficient of edible sunflower increased with increase in irrigation quota. Water consumption,
water consumption intensity, water consumption modulus and water consumption was the most at 525 ~600 m’ -
hm™. At the bud stage and early maturity, the irrigation quota of 525~600 m® - hm™> had even greater influence on
the water consumption, water consumption intensity, and crop coefficient of the sunflower. The water consumption
of the sunflower under 300 m* + hm™ was decreased first and then reached a relatively stable level. The diameter,
yield, and water use efficiency of the sunflower increased with increasing irrigation quota. The yield and water use
efficiency were the highest under 525 m® « hm™ irrigation quota.Yield and water use efficiency were 4781.86 kg -
hm™ and 14.37 kg + mm™" « hm™, respectively. The 525 m’ + hm™ irrigation quota resulted in the highest yield in-

dicating it is more suitable for local sunflower production. The evaluation results of MAGA—-PPC model showed that
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3 2. . . . . . . .
the 525 m” + hm™ irrigation quota was conducive to increase sunflower production for water saving in the northern

Xinjiang region. To sum up, it is recommended to ensure that the water supply is sufficient at the bud stage and

early maturity of the sunflower, and the 525 m® - hm™ irrigation quota is used.

Keywords: confectionary sunflower; irrigation quota; water consumption; crop coefficient; projection pursuit-

clustering
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Table 1 Basic meteorological data of the test station in 2017
7 e L/ °C TR/ C dpe e AL -2 U RN GRS ]
A Bt . . . . . . S . .
Time Maximum air Average air Maximum wind speed Average wind speed Precipitation Effective rainfall

temperature temperature /(m-s™h) /(m-s) /mm /mm
5 A May TfJ Late 33.42 20.30 13.09 3.34 24.0 23.6
A) Early 32.36 21.63 11.08 2.74 16.8 14.1
J6u?e ) Mid 37.18 25.68 14.09 1.78 2.6 0.0
T Late 36.20 25.76 2.17 4.4 0.0
) Early 37.32 25.12 1.80 3.4 0.0
;ui s Mid 33.29 24.58 141 0.0 0.0
. ] Late 39.29 26.39 0.85 0.0 0.0
) Early 33.39 23.25 1.32 10.8 0.0
ilf: ) Mid 35.48 20.93 1.02 11.8 6.2
] Late 28.52 18.43 1.00 0.0 0.0
9 H Sept. -] Early 22.13 17.68 0.80 0.0 0.0
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Table 2 Sunflower irrigation treatments at Altay Experimental Station in 2017

T AL 3 HEIKZE A Trrigation quotas/(m® - hm™2) PR 7
Irrigation quota
Treatment 07-03 07-11 07-18 07-24 07-30 08-07 08-15 /(- hm2)
W1 300 300 300 300 300 300 300 2100
w2 375 375 375 375 375 375 375 2625
W3 450 450 450 450 450 450 450 3150
W4 525 525 525 525 525 525 525 3675
W5 600 600 600 600 600 600 600 4200
TEIK JE 3 Trrigation cycle/d 8 7 6 6 7 7
5H 18 HERR,5 A 21 HEEWK JRICHERER KRR (WUE) . Bodli 4 B Excel 2016

T EE195 kg - hrnfz,%ﬁﬁﬂﬂ 105 kg - hm™2, 6 47 H
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it B 7K (mm) 5 W, VW, 43500 SRy sh BER 5 I Bt
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Fig.1 Trime tube layout of the sunflower field in 2017
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Fig.2  Effect of different irrigation quotas on water consumption in the sunflower
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Table 3  Cumulative value of rainfall and reference crop evapotranspiration at each growth stage of sunflower

A H B H 1) B W £ Y] it
Fertility stage Seedling stage Seedling stage  Flower buds stage Flowering Maturity Total
H ] Date(m-d) 05-18~05-26 05-27~07-02 07-03~07-19 07-20~08-09 08-10~09-04 110
[y Precipitation/mm 0.00 51.00 0.20 10.80 11.80 73.80
SHANEYIE R
SEAEYIE SR/ 55.83 218.45 94.77 94.67 83.57 547.29

Reference crop evapotranspiration
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KT 6.0 f%.2.6 1%.2.9 fi% 3.4 % F1 3.7 f5, #E
I, W4 FEAKR BE fe K, W2 e/, W4 B K 5 5 48
W2 HEK 41% ; BLEF W 2= 4610, W1 W2 F1 W3 FE/K
5 EE RS B, K Al o A Y 6% L 19% il
9% ., W4 F1 W5 FE7K 58 BE 2 W hak /)N , 9820 5 43 1) o
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W5 FE 7K ot B2 s /N 1t 43 ) o5 A6 9] 35% \36% ,22% |
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T T 7K BN SRR K O B 25 SR K

AN IR HE 7K A8 H 6T £ 25 4 AR B B BOAE K BRI
M)A ], B ZEFE KA AS 3 B oy S 38 hin P08/ s 38
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Table 4  Effect of different irrigation quotas on water consumption index of sunflower

HE BB
Fertility stage

T AL PR

Irrigation treatment

FE/KiE/mm

Water consumption

FEAKAHL %

Water consumption

FEKBRBE/ (mm - d7")

Water consumption

URZES §.C

Crop coefficient

modulus intensity
W1 3.929 1.51 0.56 0.070
. w2 8.412 3.01 1.20 0.151
HE

S w3 8.827 2.93 1.26 0.158
Seedling stage

w4 9.138 2.72 1.31 0.164

W5 7.996 2.35 1.14 0.143

W1 62.779 24.12 1.70 0.287

i w2 71.984 25.79 1.95 0.330

i w3 62.262 20.69 1.68 0.285
Seedling stage

w4 87.404 26.00 2.36 0.400

W5 85.488 25.14 2.31 0.391

W1 54.312 20.87 3.39 0.573

Bk ] w2 50.762 18.19 3.17 0.536

Flower buds w3 58.146 19.32 3.63 0.614

stage W4 71.806 21.36 4.49 0.758

W5 67.133 19.74 4.20 0.708

Wi 70.260 27.00 3.51 0.742

5 w2 75.510 27.06 3.78 0.798

© w3 79.271 26.34 3.96 0.837

Flowering

w4 70.699 21.03 3.53 0.747

W5 74.699 21.96 3.73 0.789

W1 68.978 26.50 2.30 0.825

- w2 72.402 25.94 2.41 0.866

A
. w3 92.439 30.72 3.08 1.106
Maturity

’ w4 97.173 28.90 3.24 1.163

W5 104.782 30.81 3.49 1.254

W1 260.258 - 2.29 0.500

AEE M w2 279.069 - 2.50 0.536

Whole growth w3 300.944 - 2.72 0.600

period w4 336.220 - 2.99 0.646

W5 340.098 - 2.98 0.657

SRR G K 46% , #E 5 Db EEh W4 AT
KPR A PR B K, WS IRz, W /b, 5 WL
I, W4 P K 77% , B W1 25 8%, 41
T EERAR AR TR R BRI
R K 43 ) R0 Bt 2 /K R 5 ) 38 Jon o
K, TE ELTE K A T 7= 5 FUK 3 R AR 1)
RO, MUE K 8 R S 3 A TR R L
R PERAUK SRR RRAC, BAKHE K 8 B
AT MR,

FE S bR W3 Ko R AR S, Wa SR
=, WS B DU, = A Kb B ] K 40 R AR G W
o W4 PP, W5 5T W3 IRZ, H W4 775
H5W32ERRE S5WsLREER, W3 M W5 ™
R E 2R, W4 B BT RPRL T ROk
T W3, WS #5507 A A8 hr 5 W4 T8
BEZES N W4 BETRRLT R R R
KRR & T W5, 25 40T, e Wa 15k
FIREIEREE T R EAE . =8 UK o R L

BTN, W3 Il W5 1M A G e =4
FY RIS .
25 ETFPrCEENWB|ETE FEHHRAMFEK
BFRHE S TS

TSNS 6 A 43 AT A (7] T 7K 80 6 1 3% 77 ik
FIFE /K KA RS2 R, 5 ) W4 JE 0 ) B o & 24 4t
MM EE S, (B Z5e B R, H R M4
JRy R B R 2R BB S R R BE AR R S5 . A
AR AR bR R AR bR B PR AR I OK AR AR S T
T PPN 5 AR B B

ZEA TR A BRI 3T BRI 25 6 P A
) CHABARR 0 A i R T BE AR AN [ 46 A S il
X BARHEATER A VA, I AR 4 M — PN [, AL
A SR LE A TP A B IR 38 AN R Y
TR 7 A 2 PPN 25 5 AR AL 45 1 e 1T
e g Y AU vk A A (&K
TTE  AHP 355 ) FUE A (R 5 R4
4y 2 ORSCk R SRR (PCC) FHRIEM S



114 TRIB XA AT

o537 &

B A I I 1) it i FH e A 45 T ] 1) 4l 25
B VP BEAT RICHE T SR A A7 R 1 iR 22, B2 = AN 45
RUERAJE

I — Al Ab 38 B 35 7 A8 7 AR KR A
PR B E MR bR, H— L E L2 6,

SR R R o R B AR i, 2R T T
FHRVZR e IRBHE A (MAGA) TEZ AT g
BRI B LA, AR SCHE 28 e i st A% Sk iy
it bR 4852 55 SR R4S B (LA T 1) [ 2 A
TN ZER, 24 MAGA-PPC R, H AR R Q
(a)=16.92, T IT 0] [ i a = (0.2395,0.5490,
0.2499,0.0498 ,0.5520,0.2724,0.3048,0.2854 ) , &
AR A= (0.3873,0.4910,0.5430,0.5667,0.5593) .

S PLAR 7 ) ) St 2% W AN [ 9B K 8 4T 48 A
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Table 5  Effect of different irrigation quotas on yield and water use efficiency

; i - - - - KGRI
T AL B #48/cm TR R R/ e AR g WI%/% 778/ (kg - hm™?) kﬁ%mﬂ?
Irrigation treatment Diameter of the disk ~ Dry grain quality 100 capsules  Nut productivity Yield 1 Y
/(kg * mm™" - hm™)
W1 19.7¢ 101.48d 21.10¢ 43.75bc 2707.49d 10.54b
w2 21.5b 151.28¢ 23.95b 48.99ab 4036.15¢ 14.48a
W3 23.5ab 169.86h 26.25a 47.75ab 4531.86b 15.44a
w4 24.3a 179.23a 27.20a 47.45a 4781.86a 14.37a
w5 24.7a 174.01ab 28.10a 43.25¢ 4642.59ab 13.68ab

I : Al — R R PR 2R TE 0.05 /KPR 83,

Notes: Different lowercase letters within a column represent a significant difference (P<0.05).

®6 ATREAERTRETMIEIRRAENL

Table 6 Standardization of evaluation indexes of sunflower under different irrigation quotas

HEWEAL 2 Az THRERLSTE E R Wi FohE FEoK i KaGFMES YR
Irrigation treatment Diameter of the disk Dry grain quality 100 capsules Nut productivity ~ Yield Water consumption WUE Crop coefficient
Wi 0.173 0.131 0.167 0.189 0.131 0.173 0.154 0.170
w2 0.189 0.195 0.189 0.212 0.195 0.184 0.211 0.182
W3 0.207 0.219 0.207 0.207 0.219 0.199 0.225 0.204
w4 0.214 0.231 0.215 0.205 0.231 0.220 0.210 0.220
W5 0.217 0.224 0.222 0.187 0.224 0.225 0.200 0.223




56

R 22 A - THE K B BTN BT SRR KRR ™ i ) 2 ) 115

AR 5T 22 B, 5 1 T K 2 BRAH EL (IR UK R
T ZERETK L Ul 2D A L i TR K Y FE K B e D
FaRSe B, LA SR Y ORIR 1 B
G105 R PT R A2« V8 3R 301 R 2L S D) 2 1 2R AR K e 0
W (ASCESRINMFLAIN 4 57E 8 A a8 HF
AL TEWLIE 2) o 3R S ATAE, 30 mm K 2 &
TEZERA/N MR R NSRRI,
FH 30 mm HEAKE BT EEEFFRLEAED | S TR RL
o7 HO R, e B HE I AR AR B /DN s AT K e
BT B K R B s D AR 4
32 AEEAEBTRERKESEKIERN

X5

FH AN (] 7 7K S 000 £ 28 S AR s e (BT 4) W]
4,7 A 2 T A, 4 A0 B AR POl K i B B
BAIRAFEK AL T 55— fl, 8 A FA), fifegig
B, W1 W2 W3 Fil Wa 3 FEK RN,
RN EZEFKA S B E RIS C, &2
RARFFE K BAFEIEA G, W5 B2 MR R K,
(=R AR, = A, 3 AL B 4 1 JE R AT BB 2 . FE
8 H,WI1 W2 W3 W4 Fl W5 #4250 9HK 6%.
27% 24% 23% 1 45% , W5 15 3% FL A2 16 K i ¥ A
P, B3R EOR (K 4) , RUITEFFRIESR AL B A K
AR B, W5 IR KRR E AR S £
T, HOWS BECRBARKK B TAABE X
(i) i, ] s A, 550 HIE B 452 400 AN 34 78 B WS R 1
FATfE, HHAAL AR L, FE B AE I WS & 25 FEK
WEANESHE, TR R AR R s RA
KAETKEEIGINTE A

o8]
<

[}
wn

%)
=

w

=

# 4% Diameter of disc/mm

w

07-17 07-24 07-31 08-07 08-14 08-21 08-28 09-04

H #] Date(m-d)
—— W2 ——W3 ——W4 ——W5

4 AEEAEIRNRELZFNZMN

Fig.4 Effect of different irrigation quotas on

—— W1

the diameter of the sunflower
3.3 FEMERMTEE
LR VPN G R 25 A PR RN S M 0 s IR G T
SEREPEAFE bR AN F R ST B
ALREPER B bR R A AR AR RS20 BUE AR )™
FEPR CTOKIERR R ISR bR A o SRl PPN 545

PEOYAY H AR E IR AR R AR X E AR B R E 5
ol TR ] J3E 3 K B 7 S RE B R AR AS TR 9B UK RE AR
RS AR R I B SRR B, o
ARG AR . AR T HE M Y K B RE T I
VEWIK 0 ) 28055 v AR e B2 4 e Il 8 90K ) 2
AR B AR FE K B K B 5
PARETE K8 W 32 BRI, HLAE K B 2 AR W e e
THERPRAR RS A Y L B AR 53R
PSR AR K AR 3 7K 5 b RE A8 S5 ke 214 b £ 3%
FAE T ACIR DL o A6 85 K/ REAE — € T2 B2 b S
BRI AE R AL KR DL, BRI AR SR Wi 5%
FRRE TR AR RAF, O T B AR BLA [ K E
R A RN, Bk B2 B AR AR A PR 2R K AR
PRo BEHERSCRIR T GERRFFRL , B SRR i S pIE U
ESE R SRR T B A B T RPRLT R T
KL A AR ZR G PR AR B, XA R K
WU SR S ah B AR R RO
VERIFE KA L G RE 25 A4 B, 8 T () Bl A2
Yy, AR K — 2 MR R RO AL R T
ANEIRE X G AR WO 1 ) 2 A D
VIR¥E $28: EisE ANPOIE BN E eSS A NS RN B /NVEC
A —ERIERTE,

4 25 g

(1) ARIFEAER T B 2EFBKE FEKIREE FE
IR ) 22 B30 bt 25 0 7K R A9 I T 44 K, 224
IKGE BRAR SN 3] 525 ~600 m® « hm B, FE7K & |
FEAKBR B AFEZKALEORVEY) R BOE KA 5, 5
HoAth A= 7 BB L, 7630 1R L) 91, 525 ~ 600
m’ + hm VK E B B 2R K R AR R B FE DY)
ZECUIE R, 300 m® - hm K E B SERE
K EPEFTRRE TN, BZERAR 7 = FK 43
BRI A TR 7 R 0 1 T A R K A
AT AR o R R G K SRR E AR
SErgn , 7 i FUK A3 R HIBORFE R

(2)375 m’ - hm K ERHA M T EZEBR
K, 525 m® « hm YK E A AR R FHRCR
R, 525 m® - hm P HEKEH K HEEHA
BT K PR i T 2 e R L
DTSRI K N 25 ™ 1 FIFE K I 52 - 18
BEPEM 43,525 m - hm HEK EHLE S PEME
5,525 m® + hm 7 EOK E A A T A6 R L X 2R
KK PPN SRS R A HT— 3L



116 T 5 b DX AR Y $37%
& % X #k: 46-50.
(1] FFF, BHOE, TEE, 2. 1 0SSR NERE SRR SR [17] #3GH I Ji. SO S B Ene B IR R 5 ILIERFE[ T ].

(2]

(3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

WREF ERERRIOCR [T]. AR 2R, 2014, 41(3) :298-304.
ShEan, R, MRHOE. ISt ) H SRR R P
BLETFRFIHBARL )], HEEFREE, 2014, 41(3) :251-254.
AR I ) H SR R B A IS [ D). PRI Y
SETAIRAE, 2006.

TARLL, ST B ) H SRR R ARG BRI ) . B
RN, 2017, 40(10) :16-18.
WIER , Bk, MR, 45 Jbsi i X ) H 3258281 Tk aE HR
[J]. FFRHE, 2018, (1) :36-37.
Jlh, A, AR, A5 ARG RS RS YA AR
[J]. BRI BHE, 2017, (19) :97-98.

A, XTFE, dess, 55 RSP 2RO G ki il
B[ T]. AHUERTSE, 2018,40(3) ;125-128.

SR AT KA B AL B i MR R ()] G R RS L
42,2018, (6) :125-126.
WHCE, B, XEB. FramfolokK SRR S 2 5 B R
BAERAHR]. A57KERE, 2018, (4) :69-72+77.

TR, VRO K e IR FHRICR SR P IR B a6 (]
WHEADLE, 2017(5) :45-46.

B, TRAETT, 450, 4% TRIME-T3 %30 TDR 3K 70 E 5
AT ERBBIXPENTSE[)]. TETHEEAR, 2015,14(2) .
146-148.

Mo, igete, Berat, A5 R K BN I FE KR
PERIPRERSZ ], HEREHEK 24, 2017, 36(3) :65-68.

MG, X2, R, A RNTRE K B A R AL X TR
FEAHUBRIOBST ). TT/KHERE, 2016, (11) :39-43.

BNTS, A3, TR UTH, S5 B8 FEAER A MO E SR
HURLEATH NI LT ]. A0l TRE2AR, 2006, 22(5) :222-205.
Zhang Chi,Dong Sihui. A new water quality assessmentmodel based
on projection pursuit technique [ J ]. Journalof Environmental
Sciences,2009,21( 9) ;:S154-S157.

RERIR AROREAR AR B SRR AR S R L e
Rk TR R LT ], T R 2 A PR R 2017, 13( 1)

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

BERGE -S4, 2015,34(1) ; 47-58.

SRSCHk, B ER, T, S TR TR A K SRR A B
BCE T RERATN ). HEREHEK 2441 2007, 26(5) :75-78.
N, W70, ZER0E, S T EEDCORRIK NS AL X A -9
T DR R A AR PR [ ], VR HE K 22 4R, 2005, 24(4)
29-32.

ATOURL, VAR 7K R i HEASE 2 19 7K g 7 B A2 V5 O
[J]. Ab THE2EHM, 2018, 34(7) :128-136.

AAE. IRGEIRRALICE Jr LR AT BRI ). KA
#i%, 2009, 40(6) :729-735.

TG, TRONHE, SROF. IR TR (K S IRACE RGBT
M[T]. BEERIEE, 2013, 35(11) ;2232-2238.

EPRAS, TS, 228, JT MAGA-PPC Bk eI & 7
REATHAI ). KB S/K THRAER, 2018,29(3) :105-110.
A, HAIRE, 2= R S M 1) H 3528 K AR IR A 5T
[J]. F/KHEBE, 2016(9) :94-97.

TUEAY, Tflins, ZRPRAE, S I H KRR - S RA i
PRI 1], AL ARl2AR, 2011(4) :40-41.

SR, R, T, S5 /NERIER B SRR K S AT
BERFFE[T]. LRI FIKHL, 2012(4) 64-67+71.

SRVER, S, 2R, A5 ASIRA: B IR S A X VR A
Yyt R BB R AR s [ 7). T S RO BB
2016, 34(4) ;31-37.

TR, AT X EORANN) H S R R AL i B2 Tt o
[D]. FPRIERE . NSt Al R, 2014,

ZRi g, ARE, M, 5 T RS HTR Copula pRELITE
WEFHZK RN IR T]. 4ol TARAHR, 2015, 31(11) :96-102.
kR, FHE, T, S ORRIE KA R AE K AR KoK 4
FIHRBCRASENAL T ]. FEMEHEK AR, 2018,37(2) :24-29.

ottt AR, A 4G, . VUL 3 B R FE K it K ke
TRHVERTE . 7K, 2012(11) . 1-4.

FI3, i, THgs, A5 S DX P A X 2
HRIZEFEES [ T]. FEZEE, 2016(5) :131-134.



