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Research on suitable regulated deficit irrigation mode
for edible sunflower in the Shule River Basin
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Abstract: To investigate the suitability of regulated deficit irrigation ( RDI) technology for characteristic eco-
nomic crops in the Shule River Basin, an integrated water-fertilizer RDI experiment was conducted using edible
sunflower ( Helianthus annuus L.) as the subject of study. Three irrigation levels were established during both seed-
ling and maturity stages: full irrigation (80% ~85% 6,) , mild water deficit (70% ~75% 6,) , and moderate water
deficit (55%~60% 6,) , where 0, denotes field capacity. The effects of different treatments on the growth, yield,
and quality of edible sunflowers were systematically analyzed. A comprehensive evaluation was conducted using a
combined approach of principal component analysis and membership function methods. The results showed that dry
matter accumulation in edible sunflowers followed a characteristic “S—shaped” growth curve across all treatments.
The reduction in aerial dry matter accumulation became more pronounced with increasing water deficit intensity,
whereas moderate water deficit significantly enhanced root dry matter accumulation. Leaf area index was consistently
reduced by water deficit at all growth stages. Compared to full irrigation (CK) and moderate water deficit during the
seedling stage, mild water deficit at the seedling stage improved yield, irrigation water use efficiency, and quality

parameters. Mild water deficit at the maturity stage resulted in a 2.6% yield reduction compared to CK but increased
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irrigation water use efficiency and crude protein content by 0.5% and 6.6%, respectively. The treatment combining

mild water deficit at both seedling and maturity stages outperformed moderate water deficit at the maturity stage in

terms of yield, irrigation water use efficiency, and crude protein content. Comprehensive evaluation indicated that

implementing mild water deficit during both seedling and maturity stages is recommended as the optimal regulated

deficit irrigation strategy for edible sunflower cultivation in the Shule River Basin.

Keywords: edible sunflower; regulated deficit irrigation; integrated water-fertilizer management; comprehen-

sive evaluation; Shule River Basin
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Table 1 Soil physicochemical properties
LR BRI % B 250 I 4 K FHL SR
Soil depth Soil mechanical composition Soil bulk density  Field capacity pH Organic matter  Total nitrogen
/em 0.002~0.05 mm  0.05~2 mm /(g+em™)  /(em® - em™) /(g kgh) /(g kg™h)
0~20 45.3 54.7 1.36 27.9 8.13 12.37 0.68
20~40 43.4 56.6 1.49 30.7 8.05 11.30 0.62
40~60 47.3 52.7 1.58 37.8 8.19 9.82 0.54
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Table 2 Experimental design
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st . ; . .
Seedling Budding Flowering Maturation
Treatment
stage stage stage stage

CK  80%~85% 0, 80%~85% 6, 80%~85% 6, 80%~85% 0,
TI  55%~60% 6, 80%~85% 6, 80%~85% 6, 55%~60% 6,
T2 55%~60% 6, 80%~85% 6, 80%~85% 6, 70%~75% 6,
T3 80%~85% 6, 80%~85% 6, 80%~85% 6, 55%~60% 6,
T4 55%~60% 6, 80%~85% 0, 80%~85% 0, 80%~85% 6,
TS 70%~75% 6, 80%~85% 6, 80%~85% 6, 70%~75% 6,
T6  70%~T75% 6, 80%~85% 6, 80%~85% 6, 80%~85% 6,
T7  80%~85% 6, 80%~85% 6, 80%~85% 6, T0%~75% 6,
T8 70%~T75% 6, 80%~85% 0, 80%~85% 0, 55%~60% 6,

TE R TR AR BT TR (K G e
KA DED .
Note : The table shows the design upper and lower limits of soil mois-

ture content ('soil moisture content as a percentage of field capacity) .
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Fig.2  Aboveground dry matter accumulation across growth stages under different treatments
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Fig.3 Root dry matter accumulation across growth stages under different treatments
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Fig.4 Leaf area index across growth stages under different treatments
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Table 3  Eigenvalue and variance contribution rate

A2 (6) T 3 B o 115 e,
B PP (R 9 A L S7 B 255 i b, i it 23X (7)

ES s i SR RIS/ % AR PR S8 pREH w(w,) , R A (8) 1
Principal ibuti 1 ibuti —
rincipal Figenvalue Contribution Cumulated contribution %%%%?ﬁbﬁ E(J *XE: W,- , PC1 . PC2 . PC3 *XE:%JE}IJ
COIIlpOl’lel’lt rate rate
y NEEPAS Ty 22 fE N T
PCl 9.067 69.744 69.744 $70.77,0.14.0.09, FIHZZ(9) Bi7E 477 Bl
ver o 1o 100 BEALERAYLE A T4 D AR FLI0 D EX b Bt
ves s soes 00205 THHER D (H S i AR, M 5 7T L
B 7R T AL B TS HEA B LD 1
T4 BERMESHFTERE
Table 4 Eigenvector and factor loading matrix
e PC1 PC2 PC3
2N P o P ” PSS ”
]ndFi'c;tor REAE 1 fiif 8% FRAE 1) fif 3k A 16 PéTE=
Eigenvector Loading Eigenvector Loading Eigenvector Loading

FLHRIEL Number of grains per capitulum 0.267 0.819 0.286 0.257 0.210 0.191

BRI 100-grain weight 0.267 0.819 0.193 0.174 0.055 0.050

23 # Empty grain rate -0.225 -0.689 0.426 0.383 0.523 0.476

FEA Yield 0.313 0.959 0.239 0.215 0.123 0.112

AR R LAT 0.295 0.904 -0.161 -0.145 -0.410 -0.373

FH R Dry matter mass 0.222 0.682 0.559 0.503 -0.548 -0.498

KA FIHBR WUE 0.305 0.936 0.251 0.226 0.214 0.195

KRR IWUE 0.263 0.806 0.470 0.423 0.416 0.378

#4142 Capitulum diameter 0.286 0.877 -0.398 -0.358 -0.121 -0.110

PR Plant height 0.317 0.974 -0.208 -0.187 -0.110 -0.100

224 Stem diameter 0.239 0.734 0.390 0.351 -0.088 -0.080

L2 A& Crude protein content 0.260 0.797 -0.587 -0.528 0.293 0.266

HMLIE NI & 2 Crude fat content 0.259 0.794 -0.560 -0.504 0.352 0.320

x5 ARKGTRAEHERDES.
RERBENSESES
Table 5 Principal component scores, membership function
values, and comprehensive evaluation scores under

different water deficit treatments

Ak (29
Treatment P2 PG u(l) w2 u(3) Ranking
CK 3250 1.049 -1.986 0.994 0.822 0.000 097 3
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T2 -1.800 -2.275 1.046 0325 0218 0952 040 7
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T4 -1.080 -3476 -0.931 0430 0.000 0331 041 6
T5 3249 -0285 1200 0.994 0579 1.000 1.03 1
T6 3298 0.155 -0.029 1.000 0.659 0.614 1.01 2
T7 1.657 0.701 1.065 0.786 0.759 0958 0.87 4
T8 -3.221 0.615 -1.304 0.152 0.743 0.214 024 8
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