9 3345 5 M K L AREFBESY Vol.33, No.5
2026 4 10 H Research of Soil and Water Conservation Oct., 2026

DOI:10.13869/j.cnki.rswc.2026.05.019 CSTR:32311.14.rswc.2026.05.019
T, RARE, B, & AN DGR RRERX HEBEE S A R[] K B AR FRRESE, 2026, 33(5) £ 325-336.
Jin Ning, Zhang Dongyan, Qin Mingxing, et al. Response of spectral characteristics of winter wheat to irrigation activities[ J]. Research of Soil and

Water Conservation, 2026, 33(5) :325-336.

27> 20 T AR R T 75 5l 1% g i

oo KRB, ZHES, M R, T RS
(1. Ll PG R I 2 e e U 5 A8 TR L L 3 vh 0306005 2. P b A M RHL K2
Bk P 45 Al A7 2B S B I 45 S SRR A, BV ek 7121005 3. P ARl K2
PRIRIA BT FBE, 1 PE KA 0308005 4. FF 40, dL3T 1000815 5. H [E B2 b
K K A A 5 A 5 7 3% T i 4R 5 S ARl B R B S BR E, BR TS Bk 712100)

O (B 808 SHE Y K SR 0 R I 1 3 AR 1) M 4 80 e ST A AR R Ay DX B ) 7K 4 R OB R X R A
YIHERETS S0 B 2B W IR I AR S 4. [753K] 2012—2016 45 7 45T & T W 37 A 388 /R0 7 4 SBE 3 K 2 Ak L fY 48 /N 2
T ] 3 B, TSI (140 06 1% 2 36 2R, RS 1 451~2 400 nim 38 B3 T8 161 P9 AT 235 1P 96 B LA A A 1Y) 3 ke e 4 0 A5
KA Z TR A D G 3 1 X A 40 7K - R 100 VR U T 5t o R 1 0 B R 8 R AL G IR ST T R A K A A
B, [EER ] 3FK A b FRAY ST B 3 AE 700~1 400 nm i BE 5% PH e I8 > (R VM > R 97 . ml DL IX 8ok 7 7 041 948 Yk A
FHAY S S S RS K L S GO DG 56 R CE B p AN 0.013 8,0.016 9), F& 44 F it 5z 5 28 MR 5 301 £ 44 45 301 &
MR A, DAY I B 35 1 U R B K R A A U B R A R AT ORI LA K, S TR B B AL
NDVI(1 191,1 305) & 57 W | & /K it Al AR TR G 5 7 m] D g g e & /K G A8 Ak Y 82 %0, B UERE AR 1 R* 3K 2 17 0.77 LA
L WY TR T 16 A LA B A RO N AR S S P R W R B A AR e . (&R ] Rk B
2 F B ND 'V LAE 8% 48 B0 HE I 06 2l R UK, #2571 i 8 7K Al A5 R F 32 b XA 7K 4 ) R 0 1) 3PA
KR AR SR BRGSO R BB ALG  RIHE G W B

hE %S :S127; S512 X EKFRIAAD : A X EHE :1005-3409(2026)05-0325-12

ol

Response of spectral characteristics of winter wheat to irrigation activities
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Service, Northwest A&F University, Yangling, Shaanxi 712100, China; 3.College of Resources and Environment,
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Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: [Objective] This study aims to identify vegetation indices sensitive to crop water status and irrigation
activities and to develop estimation models, providing technical support for the dynamic monitoring of regional
crop water status and crop irrigation activities at the regional scale. [ Methods] Field experiments on winter wheat
were conducted consecutively from 2012 to 2016 under three water treatments: rainfed, low irrigation, and high
irrigation. Based on the observed spectral reflectance, three types of vegetation indices constructed from any two-
band combinations within the 451~2 400 nm range were systematically analyzed for their relationships with leaf
water content. Bands and vegetation index combinations sensitive to crop water status and irrigation activities were

screened out, and leaf water content estimation models were established. [ Results ] Spectral reflectance under the
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three water treatments in the 700~1 400 nm range followed the order: high irrigation>low irrigation>rainfed. In
the visible region, spectral reflectance under rainfed and low irrigation treatments showed significantly negative
correlations with leaf water content (mean p values of 0.013 8 and 0.016 9, respectively). Overall, spectral
reflectance increased from the greening stage to the jointing stage and decreased from the jointing stage to harvest.
Bands sensitive to water content were mainly concentrated in the visible and near-infrared regions. An estimation
model for leaf water content was developed based on the optimal band combination NDVI(1 191, 1 305). This
model explained 82% of the variation in leafl water content, with R? exceeding 0.77 for validation samples,
significantly higher than the models based on 16 common vegetation indices. Relying solely on a single vegetation
index for monitoring irrigation activities entailed uncertainty. [Conclusion] The NDVI vegetation index
constructed from the optimal band combination is sensitive to irrigation activities, and the established leaf water
content estimation model is applicable for assessing crop water use status in this region.

Keywords: crop water use; canopy spectral reflectance; band combinations; vegetation index; irrigation activity
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Fig.1 Location of experimental site and plot layout of

water management
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Table 1 Irrigation and fertilization management information for winter wheat (2012—2016)
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Table 2 Hyperspectral vegetation indices
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Fig.3 Variations of leaf water content with growth stages
for winter wheat under three water treatments
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Fig. 4 Spectral characteristics of winter wheat at each growth stage under three water treatments (2013—2014)
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Fig.5 Spectral response of leaves under three water treatments at different growth stages (2013—2014)
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Fig. 6 Leaf spectra of winter wheat at different growth stages and under three water treatments
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Fig. 7 Variation characteristics of spectral reflectance of winter wheat before and after three irrigation activities
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Fig. 8 Change trends of spectral reflectance of winter
wheat leaves before and after irrigation activities
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Fig. 10 Correlation coefficients between two-band N-NDVI of leaf spectral combinations and leaf water

content for rainfed, low irrigation, high irrigation, and all treatments
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Table 3 Results of estimation models for winter wheat leaf water content based on feature indices

R 46 %L g 4 R BIE R B3E RMSE
y=2.085E+05x+4.191E+03 0.803 0.803 975
NDVI(1191,1 305) y=1.688E+ 062"+ 2.136E+052x+4.043E+03 0.808 0.808 963
y=3.491E+03exp(66.445z) 0.823 0.772 1128
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Fig. 11 Estimation of winter wheat leaf water content based on NDVI(1 191, 1 305)
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Fig. 12 Responses of 17 vegetation indices to
irrigation activities
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