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ABSTRACT

Water use efficiency (WUE) and radiation use efficiency (RUE) based approaches were attempted to predict
wheat yield of major wheat growing districts over semi-arid agro ecosystem of Gujarat. RUE approach through CASA
(Carnegie-Ames-Stanford) model was found to produce better yield prediction accuracy (RMSE 17.7 % of reported
mean) as compared to the RMSE (18 % of reported mean) from WUE approach. Moreover, the correlation coefficient
between predicted and reported district yield was also found to be higher (r = 0.90) in RUE based approach than the
other one (r = 0.80). District mean WUE were computed for three growth stages viz. vegetative, flowering and grain filling
of wheat using MODIS AQUA derived evapotranspiration (ET) values. It was found that the WUE were generally higher
in vegetative and flowering stages as compared to grain filling. The wheat yield prediction from water use and stage
specific WUE were carried out for same seasons. The better correlation found from 0.57 to 0.77 at flowering stage.
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In India, wheat is the second highest staple food grain
after rice with average net sown area of 28.4 million hectare
spread over sub-humid, semi-arid and arid climates grown
mainly with irrigated conditions, excluding certain pockets
having rainfed farming. There is a wide variability in wheat
grain yield. The vulnerability of wheat grain yield is more in
semi-arid and arid climate driven by timeliness of irrigation
water availability as well as anomalies in ambient temperature
at critical growth stages.

Early prediction of crop yield is important for planning
and taking various policy decisions. Many countries use
the conventional techniques of data collection for crop
monitoring and yield estimation based on ground — based
visits and reports. Now satellite derived data using NOAA
AVHRR imagery is being used to monitor vegetation changes
that are used indirectly to assess crop condition and yields.

Different methods have been developed to estimate crop
yields using of satellite data (Dadhwal and Sridhar, 1997);
among them water use efficiency (WUE) and radiation use
efficiency (RUE) are commonly used. Light use efficiency
(LUE) based models are less complex and easily amenable
to remotely sensed data, which has made them widely
acceptable to map primary production of the terrestrial
biosphere (Ruimy et al. 1996; Goetz et al. 1999; Potter et
al. 2003) over large areas. Satellite data-driven LUE models
such as C-Fix (Veroustraete 1994), CASA (Field et al. 1995),
GLO-PEM (Prince and Goward 1995), SDBM (Knorr and
Heimann 1995), TURC (Ruimy et al. 1996), and MODIS
NPP algorithm (Running et al. 2004) have been developed

and tested to analyze spatio-temporal pattern of NPP over
continents or global land surface (Sabbe et al. 1999; Potter
et al. 2003; Zhao et al. 2005).

Manjunath et a/ (2002) found better multiple regression
(r=0.9) between 20-day NOAA AVHRR district mean wheat
NDVI and reported yield in Rajasthan. Bhattacharya et a/
(2007) found that errors from single source, AET/ET estimates
increase as the surface heterogeneity increases. Therefore,
accuracy of yield prediction from single source ET estimates
diminishes from homogenous wheat growth conditions (e.g.
Punjab) to heterogeneous conditions (e.g. Rajasthan, M. P.). A
two source formulation (Anderson et al., 2000) from satellite
data captures both homogenous and heterogeneous conditions
because it considers separate couplings of soil and canopy
with atmosphere. The comparison of two-source and single
source ET estimates showed better ET estimates from two
source scheme (Timmermans ef al., 2007). The use of two
source ET formulation and generation of district WUE from
multiple years may predict regional wheat yield better than
the present accuracy in semi-arid heterogeneous conditions
in Gujarat.

Accuracies from present model are comparable to
accuracies of district yield obtained through LAI forcing
to WTGROWS crop simulation model to simulate district
wheat yield of Haryana state (Sehgal et al., 2002). Real
time yield forecast assessment for wheat (Nain et al., 2003),
district- level forecast for Nainital (Nain ez al., 2000) and state
level wheat yield for Uttar Pradesh (Nain et al., 2002) have
been demonstrated using multi-crop simulation framework
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