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Analysis of Increasing Yield Potential of Sunflower under Different
Irrigation Quotas Based on Time Series Dynamic Model

ZHAO Jinghua XU Jian MA Yingjie YANG Wenxin HU Jianqiang
(College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: In order to promote the growth of sunflower and improve the yield and water use efficiency of
sunflower, five irrigation quotas were set. The five treatments were 300 m’/hm’, 375 m’/hm’, 450 m’/hm’,
525 m*/hm” and 600 m*/hm” | respectively. The effects of different irrigation quotas on plant height, leaf
number, disk diameter and stem diameter of edible sunflower were analyzed and compared. The
relationship between growth index of edible sunflower and yield and water consumption under different
irrigation quotas was explained. The ability (potential) of different irrigation quotas to increase yield and
water use efficiency of edible sunflower was analyzed by time series dynamic evaluation model. The
results showed that the plant height, leaf number, disk diameter and stem diameter of sunflower were
increased with the increase of irrigation quota. The treatments with 525 m’/hm’ and 600 m’/hm’
irrigation quota promoted the growth of sunflower growth index significantly. When the irrigation quota
was increased to 600 m’/hm’, the stem diameter of sunflower was not increased but decreased, and
300 m*/hm’ irrigation quota limited the growth of sunflower plants. High irrigation quota was more
conducive to the growth of plant height and leaf number of sunflower. There was a positive relationship
between sunflower growth index and yield and water consumption. Water consumption and yield were
increased with the growth of sunflower plants. Under 525 m’/hm? irrigation quota, sunflower plants grew
well, consumed more water and had higher yield. Irrigation quota of 600 m’/hm’ increased nutrient
growth time and water consumption of sunflower, which was not conducive to yield increase of sunflower.
In reproductive growth stage, the water consumption of sunflower under 525 m’/hm” and 600 m’/hm’

irrigation quota was high, and the reduction of plant height and stem diameter was large. The evaluation
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results showed that the comprehensive growth of sunflower under 300 m’/hm’ irrigation quota was at a

disadvantage , and the ability to improve yield and water use efficiency was weak, that was, the potential

was small. The sunflower under 525 m’/hm’ irrigation quota had the best comprehensive growth

potential. The 525 m’/hm’ irrigation quota was suitable for the actual sunflower irrigation system. The

time series dynamic evaluation model can better solve the problem of field test evaluation, and provide a

reference for comprehensive analysis of field test based on dynamic and static indicators.

Key words: sunflower; irrigation quota; growth index; time series dynamic evaluation model; yield
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L1 I XHER

I T 2017 4 5—9 H 7 Bl /K 2 b DX 3 8 1A 50
Wi (7R 87°35'56", 4L 4 47°00'56") #EA4T, V- )i 44
538 m, L HZERAY L, KM 0 ~60 cm + 2
FHEAETE N 1.81 g/em’, [ A FF KRN 21.2% , +
HEFE Ay 4 AR R Ay % 0.027% |, i ik AU E R ol
19.5 mg/kg, R W T L 9. 0 mg/kg, AN R
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2502C (KRFEHET 15C) , Moo T R 42 L
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Tab.1 Basic meteorological data of experiment station in 2017

e 5 H 6 H 7H 8 H 9 H
TH i} A T A A Ay TH i} A TH A
BRI/ C 33.42 32,36 37.18  36.20  37.32  33.29  39.29  33.39 3548  28.52  22.13
¥R /C 20. 30 21.63  25.68  25.76  25.12  24.58  26.39  23.25  20.93  18.43  17.68
B/ (mes ) 13.09 11.08  14.09 8.56 9.06 6. 54 5.54 6.54 8.05 5.03 6. 02
TR/ (mesh) 3.30 2.71 1. 80 2.22 1.83 1. 44 0.91 1.33 1. 04 0.96 0.83
B A/ mm 24.0 16.8 2.6 4.4 3.4 0 0 10. 8 11.8 0 0
A A T B /mm 23.6 14.0 0 0 0 0 0 6.2 0 0

L2 {3t

6 T v 0 S F 5 i A IN361 8 FH P I A =X
T AT HEE , B HAR 16 mm, BEJE 0. 2 mm, ji% 3K [1]
5 300 mm, %3k i & 2. 2 L/h,

22 ] B8y % S ML R BT, 2L 2 M R TR A 2 Oy 1K
BB o U S A FEHE K E B W1 ~ WS,

HE KBB4 Wk 300 375 .450 525 600 m’/hm’, &
FEWEWM T RN 2 PR, B 3 AEE 1A
[X 0.021 hm®, /NX A B L W1 2 W5 3 K & #i
KRBT 7 HEF o R AT 1B 145 2 47 .40 em +
80 cm YE A AT FPAE 7 20, BEITE K A IR 7 d, 72 56
IR A R S B BT K R B 2R e B K B
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G, HOESEPRRE K T AR K FIN 1 ~2 d, SEBRiE K
Ji 1 6 ~8 d,
5 H 18 HERN,S A 21 H ¥ #K, IEIE S #

MR — 4% 195 kg/hm® , # I 105 kg/hm* . 1E I W) 1
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Tab.2 Sunflower irrigation system at Altay Experiment Station in 2017

e HEKEB/ (m® ~hm™?) e UCE

07 - 03 07 —11 07 —18 07 —24 07 -30 08 —07 08 — 15 JEuan w

W1 300 300 300 300 300 300 300 2100 7

W2 375 375 375 375 375 375 375 2625 7

W3 450 450 450 450 450 450 450 3150 7

w4 525 525 525 525 525 525 525 3675 7

W5 600 600 600 600 600 600 600 4200 7

FE K JE W /d 8 7 6 6 7 7
F3 2017 £QRELFH
Tab.3 Growth stage of sunflower in 2017 d
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W, ——¢ i 20 £ e R 1 2 %K 5, mm
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O, BARKISPR A AEA AT A FEPE B TR XA K
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Fig.1 Variations of plant height and leaf number of sunflower under different irrigation quotas
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Fig.2 Variations of disc diameter and stem diameter of sunflower under different irrigation quotas
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A A KR AR 5 77 i B A R B AT etk . 7E 4
AT, WL ALBEA W2 g B A SRR R AR
AR de /Iy, W AL 38 B0 35 T K7 L 0T o5 A0 E R T
AR (FR 4) ;W4 KEFHF WS b HpR i 7 5 £
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K, B ek,
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Tab.4 Growth indicators, yield and composition of sunflower under different irrigation quotas
SR Wi w2 w3 w4 w5
PR/ cm 166. 949 174.11° 170.10° 182. 26" 225. 40"
e et SN VAG L7 D) 21.00° 21. 60b 22.11° 21.38° 23.58"
4%/ cm 19.70¢ 21.50° 23.50" 24,30 24.70°
25H/mm 22.51°" 23.52" 22.30" 24.95* 25.00°
74/ (kg-hm ~2) 2707. 494 4036. 15¢ 4531.86" 4781. 86" 4 642. 59"
A=K/ % 43.75" 48.99 47.75" 47.45° 43.25°¢
P B H THOR B (g2 7") 101. 48 151.28¢ 169. 86" 179.23* 174.01%
BRI E g 21.10° 23.95" 26.25° 27.20° 28.10°
WUE/(kg-mm =" +hm ~?) 10. 54" 14. 48* 15. 44° 14.37° 13. 68

T ¢ [ — 15 bR B9 A [ 5 B 3R b 6] A7 7 W 35 4k 22 5 (p <0.05)

Bl1.2 R0, 5 A AR FIAR L, WS A0 B4 2 fie
PEE SRR T BOM B AR IS K, HLAE AR R I %)
W5 Kb Bk R BOM AR B ROk B WS AR PR
PR 2, AR B R R
FTAESE : W5 Ak R 23505 IR AR K Be B W g Sk
KAEH, fEAE 3 A K B B, W5 b B s ik il
ROMBEARIREE A K, 51 B S RFRIE AN TE ), e
FECWS AL HRE K E BT B R

L5 ANTRIHE K GE BT B8 LR AR b AR 7K 7%
R & (B 3) aTiE .6 A EAIET H B kA,
A Q0 B SEFE K R PR I A AR B B bR
AR EM AR PR R =7 A ha), S AR
Sk ORI Bk R 76. 0% ~98.0% , 4% Ak HL 0 A
BOMZERULT k24 75 MR E;7 AhHE8 A
W), A5 Ak PR 2 FE K B BRI g A AR AP
R, 2% A PR S bk g I RO ZE AL B A /I R 5 N

S PE AR RS, 25 A B R AR DU B Y R
8 A 2= 9 A bA), & 4 BAE K & B, [R] ) 2%
AbFEBR R BOR ZE AL RN AR R R, R
R AN TR] 98 7K 7 0BT 55 A KA A RE 7K R 1 4 U0 A
KTEEF AR B, B2tk i 8 B AR A 2o
B B 22 RE K B 10T K

55 57T d M, B 5 97 d W1 ~ W4 23 bR &
NS A B 6.8% 7.0% (14.2% F1 17. 1% ;
51567 d MIEL, 15 97 d W1 ~ W4 fhFil £ 35 200
N Ay B 5. 8% \7.7% (14.0% (15.5% ;
G ST~97d(W7 ATAIE9 A EA)), W b3
A W2 4b BEAE K EFEE I, W3 4E BEA W4 L0 FAE
KA SRS W (18] 3) o SRBIR R E BT 7
ZEREK 5 bk e A 2R 4 0 O R D, B v K
JE AT B SRR K B B, LA R R SRR 4 e K
BARHE ACE BT & 28 G /K 5 M A, HLBE 3 0 258 4
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60 ——wi Tab.5 Data preprocessing of sunflower growth indicators
50+ ig% under different irrigation quotas in 2017
£ 40] —ows WE P
m\;{ 30l ] /d Hiti Wi w2 W3 W4 W5
§§ ol BkE 1,000 0.086  0.474  0.319  0.066
27 RFEC 0.257  0.714  0.429  0.500  1.000
101 =M 0.172  0.740  0.775  1.000  0.657
")&@'\’ ‘é\,,&%\, &K;\ K/@{ &@i\ &@; *4@ &/\;\ &«;\ | ~<® Heﬁ 0.644 0.159 0.593 1.000 0.559
LIRSS 37 mEEBC 0.254  0.286  0.714  1.000  0.476
B[] ZH 0.062  0.216  0.244  1.000  0.385
Bl 3 AN IRl KA 20T £ 25 FE 7K ik A 5 B 0.109  0.069 0.462  1.000 0.722
Fig.3  Effects of different irrigation quotas on iz 0.647 0.200 0.824 1.000 0.111
water consumption of edible sunflower 4 A% 0.210  0.462  1.000 0.923  0.577
2.3 REBATETREE KGRI HTEN T
2.2 15 0 MR AN RS B AR T, M2 1000 0.423  0.769  0.615  0.097
FEAN[A) A R A AT B A [] 7= 5, BV o AS [\) B 25 A T BB 0.206 0,240 0.720  1.000  0.600
KA R B B 15 2 R PR B, AR R HH0.068 0.4 0.503 1000 0.525
LV S 0 95 2 I 0 36, 7 20 0,076 0,159 0,270 0,608 100
R0 45 b 45 73 £ 957 K 4RI RO 0 B 67 uj; P nie e Lo o
(Ve BE) AT P =M 0.085 0.285 0.364 1.000 0.555
2.3.1 5 Ak ¥k 0.064  0.297  0.224  0.954  0.289
H2.2 0 s, HHEMANEEXER i &% 1.000  0.094 1.000 1.000 0.710
P KB B M B 35 B I T A SR S 0.367 1000 0,020 0,342 0,234
R AR, B K9 AR A, T 3 e L
P AbH I R 27 ~ 67 d AN TR K E #i T B 2 &% 0.066 0.119 0.592 1.000 0.676
AR PR AR B AT AL PE . DB AE I 2 AR I & T WEM 0136 0.779  0.390  0.088  0.733
S DA A KOl £ 95 bR I ORI S EH 0082 0471 0503 0.914 0.780
SR R T S I BB R PR 003208020712 0,990 0.051
5 1A
PRI S 7 g X I A, 06 D 1) 280 0 A A
JHEA— A H G 77 ~ 97 d B3 RIS 2L =M 0.160  0.533  0.094 1.002  0.979

PE WAL PRES R S
2.3.2 e IR R A R AR AR A A R E

S RBUECR BB L AR SO PR 5
SE A [R) B I I 8] £ 25 A K4 AR AUEE AR R, O T
Je 1 Sl A5 PPN 50K # 09 T i, L RE B R AE AN W] i IS
IR o) 2 v IR AR A ZE KL Ak 18] AR o o 2
Pho MERBILE 6,

HiZE 6 nTLUA 285 B3 bk M 2
B ARG R, W5 27 d B35 DI R bR o8 &,
ZERLA RO K SRR R W R 37 4’
B DL R ROk 3 B A ZE R K R R
JEBAR. 454 1b 45, # 5 37 d £ 4k g nf
Fr B AR B 3 g L, TR) I 35 2% B B % L i
FRON T W5 47 ~77 d, B DR &N T,
BARIE R R EE ¥ )5 87 ~97 d, 38 7330 LAY K £
R MZEMON E

6 TEEEHEREERKERNERS
Tab.6 Weight coefficient of sunflower growth

indicators at different post-seedling times

e A/ d B M L 12
27 0. 652 0. 168 0. 180
37 0.203 0.226 0.571
47 0. 350 0. 127 0.276 0. 246
57 0.322 0. 185 0.292 0.201
67 0. 348 0. 085 0.250 0.317
71 0. 368 0. 159 0.293 0. 180
87 0.231 0.271 0.178 0.319
97 0.214 0.232 0.321 0.234

233 MRSAFH

RFIZ P A 25 4 BB SIEAT 5 1 0 A 55
A B 44 0 D 06 A K T 0 4
ff, W% 7.
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Tab.7 Evaluation values for different irrigation quota

schemes at different times

i JE ]/ d
27 37 47 57 67 71 87 97
Wi 0.726 0.224 0.246 0.287 0.281 0.287 0.087 0.223
W2  0.310 0.220 0.208 0.261 0.248 0.369 0.387 0.530
W3 0.521 0.421 0.577 0.587 0.466 0.448 0.445 0.521
W4 0.472 1.000 0.990 0.923 0.853 0.878 0.666 0.824
W5  0.329 0.441 0.517 0.581 0.534 0.417 0.619 0.732

JOp:l

2.3.4  W[AVAL ) K AR

T 35 A 6 B ZAT A IS A5 R T B B[R]
BEVA =0, 1, fE st AL vk iy L ik bl ad 5 (3) JE £k
PERLR 7 R SR A B 25 A B W 8 AN 5 i [R] X g
A EE [] 1 ZR 0, I A4 BT () A ) & W, = (0. 010,
0.021,0.012,0.001,0. 028,0.022,0.313,0.549) ",
FE R EARUREL 30 000 (TR 2R T, 3 Ll 26 7F
1000 YR H53 45 3 a5, i I FE R 5 AN AR, 32 B[] A 1)

A RUE
2.3.5  ZINAGEH

FES — IREE A RN SE 6t L, AL TOWGA 51,
WL (2) RKAG 5 PR [EE K & BPE 0B, W1 W2,
W3 W4 F1 W5 &b H3F A {5 43 3] Jy 0.170,0. 451
0.492.0.778 F1 0. 669,

e AR L EE AT (A =0.1) , kT &
LKA bR, DL KB H Y, 32 TOWGA 57
XiF 5 AN [ R ) e g 7 ek R K 43 R AR Y g
JIHEF o BV S5 R A S B AS [8) 9 K 8 #TE
E R B /MR : W4 4bFE W5 LbHE W3 43
W2 hh P W1 A B, HE 45 R R, R R K G2 #i
NEEARRG AT LAy 3 4,5 1 A Wa kb
R W5 b3 i AT S E MR LS KB T
HoAth b3, HA 2 55 1 0 7K 43 ) R0 0 7 0 1 T
BE ;50 2 ALA0dh W3 AL BEAN W2 A0 X AL FE R
BERAAR L B K AL F v 55 KOF | 42 VR P K 43 F
RN 5= R 3G I A8 T3 A B 58 3 418 W &b
B2 20 AL P S R A KOR DL AL T e, T T

AE .
3 itig

BB AR A B 0 A [8] T K E B VAN (), 54
THE 7K E AT EL , B35 A 4 o X e T 7K R 5 ) i A
o AEPRZEHLR AR R BEAE KORBL ™ FE2 R
W5 4b B 2 ZRM 8/ T WA AR RIS W4 Ab B
FHEL, WS Ab B £ 2 MR M R 1, T 8K RE ) 82
Bo Ve DRICRW 1) H2E Rk 2R K

S5 it 2 T R A ARG T 1 OK, LA 0 Z AR 0
KOABF G IS5 B EE B RN, Y
FEE A2 45 A 3 600 m*/hm’ 3 fif 2 5 400 m’/hm” | |i]
H 2k o R0 2L W 1 O, BRIV RR v A 2R B A E K
JE RIS Ko AR5 A0 B EAR
[ Z4b , A FEIN R Y HE K Ak 2L 38K, 25tk
TSR FEHE R, I BN S 3 LR o
FWT N A K ER A5 0 X ) B35 bR e A 250 55 A KA
P 5 ) AN ] e 7K 3 it fin i BA W) 2 A8 R ) H 350
FRAERKBER . A5 A3, A SR &
HETKE BT B 558 A K B Be i ) 35 B B AR /K 2
WK FLAREE D HF G i & B i T e £k 40 1 1
H 2850 A K BOW0O™ , A U0 5z g 2K .
ABIF SNy R HE K SE B e B 25 AR A A A 1
fVE AT BE 2 AR B0 A LR 5 T D2 K B o8
FRAEAC Y B, AT AE K78 77 AR G 2 A Bl AR Ko B
B, AR A A AR K A I R A A AR K B B
W5 4b B ZE R B AR A 2SR TC B R s/
R T ECR SR R I K S, TR
A BCR H WA [ 09 2% 40 R, WS 40 3 25 A 0 AR
KW B, e BB 2R E KeGE R AT A,
SERER, OMEI A AR, M RE
FEAE A B B, WS A3 8 A K AR AR Ak 2 1 Ok,
G SR AR S AR AR K TR O 38 ™ A B9 TH ARG )
f AR R A A WS Ab B R AR, B B0
REA

A NBESE R W], 25 G PR B Y e Ak T R H sk
55 43 A, I RE B I b A Tk K HH AR 0 1 K G 7R O TR
RO TR AR A R S R A &N R K
LA o A e S B JE Ak b R PR 25 & PR AN v
XA R FpOR A S A7 PE M, PE A 45 2R 5 K ik 3 445
R AHEFEAE B ZE bk A0 A AR 55 2 S B i Ak
it b, T B 3l 285 37 45 3 Xof AN [im] 9 7K T 4
PV REIEAT VR TN o A I S AT A A LA
W4 b 3IEH 18 B KA 2518 1 TR B, 56 B T AS [R)
JE s AR A K e bR, TE S b,
W4 gb B 5 3 A 1E Sy 28 S BRI I EE (05 S0
B1) , eV F 0 25 2R 5 Ok e 45 R — 3, ) i i
W32 5 AL BRSO H a8 D0 40 17

AR 3 G 12 25 A A AR B 6 AR AR A BRI Y K g
HEAT THRVT, SO o6 K 31 /Y [n) 5 2 — 2P Y
N KA T 7 1) T B T 1 A DR 19 ) R - AE A [ 3 K
JE M SRR S T B B AR B LA AR
FRAR XA [ E K e B0 5 M R S IR AR KA B A
K b, 8 SRR E S T B8R AERKAE
Y SRR A S B AR ], BRI AN TR
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T 7K WO B 2 RIS, O 47 3 L 8RR % Sl B
THE TR AN AL 5 3 (I 2 K B0

4 it

(1) A [ K 2 4 35 R i 25 AR K d b o B
FH K E AN, B R O R B SR 2R
BT K ,300 m®/hm? JE K RE B R £ 6 R AR A KK
525 m’/hm” #1600 m”/hm” # /K € & F &3 4 K 35 b
ORI . 5 AR R ZE LR L, K
A TR 2 £ bk A R RO K

(2) BB K AR bR A= BEAEFE I 0] 56 R, )@
HHE K E R RSB & SR A R

600 m’/hm i /K 58 AT 4 KB 2 5F A KR ) 5
JE AR T I AEEIFRERE B, B,
R B A R 25 R B A S R I i 4 K
SRR K E B EL, = ACE B B R KRR,
IERVNRIIEY R N

(3) PO 25 R R W1, I e 3l 5 0F p B BE T
R IR PEAN 73 M, 7T O 3 T 2l #2548 AR A9 K B
oLk A AT IR AR S . 45 B 7R ,300 m*/hm’
THE K S U £ B e ™ i MK 23 R P AR 4V RE
/IN,525 m’/hm® K GE AR R (2R LR A KA, B
15 7 AR K AR AR A T R R . 1E4% 525 m’/hm’
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