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Changes in NDVI and yield of winter wheat cultivars with different plant types

FENG Mei-Chen, YANG Wu-De
(College of Agronomy, Shanxi Agricultural University, Taigu 030801, China)

Abstract Plant type and irrigation scheme are key influencing factors of real-time yield estimation and monitoring of winter wheat
in precision farming. In this paper, MODIS remote sensing data were used in combination with GPS and ground-truth non-remote
sensing data to determine the dynamics of normalized difference vegetation index (NDVI) of winter wheat cultivars with different
plant types under irrigation and non-irrigation conditions. The relationship between NDVI and yield of different winter wheat culti-
vars in different growth stages was then analyzed. Results showed the trends in NDVI with developmental stages of different wheat
cultivars were same, following a low-high-low curve. There were obvious differences in NDVI from jointing to booting stages for
different cultivars, and NDVI for cultivars with horizontal plant types was higher than that for cultivars with erect plant types. It im-
plied that the jointing-to-booting stage was the best period for identifying plant types of winter wheat cultivars. Even for the same
cultivar, mean NDVI was obviously different at each growth stage for irrigated and non-irrigated lands. NDVI for irrigated winter
wheat was higher than that for non-irrigated winter wheat, with a notable difference especially at the early heading stage. At early
heading stage, NDVI was strongly correlated with yield in irrigated and non-irrigated lands. However, regression equation based on
NDVI both in the early heading and filling stages gave better prediction for wheat yield than that based on NDVI only in the early
heading stage. This was especially the case for non-irrigated wheat fields.

Key words Winter wheat, Plant type, Cultivar with horizontal plant type, Cultivar with erect plant type, Irrigation scheme,
NDVI, Wheat yield
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Fig. 1 NDVI dynamics with growth stages of winter wheat cultivars with different plant types in irrigated land (a)
and non-irrigated land (b)
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Fig. 2 Changes of NDVIs of winter wheat cultivars with different plant types in irrigated land (a)
and non-irrigated land (b) after freeze injury
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Tab. 1 Correlation analysis between NDVI and yield (y) of winter wheat with different plant types in different growth stages

Irrigated land Non-irrigated land

Growth stage Plant type y=ax+b R R? y=ax+b R R?
Horizontal y=4 173.4NDVI+3 899.7  0.138  0.019  y=1970.6NDVI+2724.7  0.138  0.019
Re-green stage Erect y=5795.5NDVI+3 4872  0.293  0.086 y=12632NDVI+2196.8  0.173  0.030
Horizontal y=6 984.7NDVI+2 1443 0.539 0291  y=1635.6NDVI+2491.0  0.465 0216
Rising stage Erect y=13 237.0NDVI+1 447.2  0.631  0.398  y=2466.7NDVI+1809.0  0.485 0.235
Horizontal y=4 614.INDVI+3 131.0  0.631  0.398  y=3 300.0NDVI+2 463.8  0.546  0.298
Jointing stage Erect y=4 770.7NDVI42 994.6  0.559  0.313  y=4323.INDVI+1803.2  0.511  0.261
Horizontal y=6 473.2NDVI+2 112.7  0.769  0.592  y=2 453.0NDVI+2339.7  0.640  0.409
Booting stage Erect y=7 783.3NDVI42 251.5  0.865 0.749  y=4 823.0NDVI+1464.7  0.752  0.565
Horizontal y=5856.6NDVI+1 698.8  0.944 0.891  y=2553.8NDVI+2258.6  0.879  0.773
Initial heading stage Erect y=4 590.0NDVI+2 014.4  0.981  0.962  y=6271.7NDVI+994.9 0.882 0.778
Horizontal y=6 682.4NDVI+2369.3  0.803  0.645 y=6 136.4NDVI+2055.2  0.752  0.566
Filling stage Erect y=8 960.2NDVI+1 268.1 0.905 0.819  y=7931.8NDVI+1540.9  0.771  0.595
Horizontal y=5773.0NDVI+3 020.4 0381  0.145 y=1700.0NDVI+2732.5  0.161  0.026

Maturity stage Erect y=1366.7NDVI+3 528.3 0.155 0.024  y=4 000.0NDVI+2 148.3 0.288  0.083
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Tab. 2 Combined models of NDVI both in early heading and filling stages and yield (Y) of winter wheat cultivars with different plant types

Irrigated scheme Plant type Regression equation R R?
Irrigated land Horizontal Y=11 306.4NDVI —7 696.9NDVI 14579 0.984 0.968
Erect Y=4 479.2NDVI 256.4NDVI 1985.2 0.987 0.974
Non-irrigated land Horizontal Y=7 635.INDVI —2 986.5NDVI  995.5 0.942 0.887
Erect Y=4 656.7NDVI 3910.2NDVI 973.6 0.966 0.933
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