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lkjlkjlkjlkj − o"kZ 1997&98 d¢ nkSjku lh-,-th-,e-vks-] iq.ks esa flafpr vkSj ty izfrcfyr xsg¡w ij ijh{k.k fd;k 

x;kA Qly mxus dh vof/k d¢ nkSjku izR;sd c`gLifrokj dks iwjs fnu xzkmaM VwFk jsfM;ks ehVj ¼th-Vh-vkj-½ 
?kaVsokj izs{k.k vfHkysf[kr fd, x,A bl 'kks/k Ik= esa n`’; vkSj lehiorhZ vojDr LiSdVªy  {ks= ¼,u-vkbZ-vkj-½ 
esa bl Qly ij fd, tkus okys {ks=h; ekiksa d¢ mi;ksx ij fopkj foe’kZ fd;k x;k gSA blesa Qly c<+ksrjh 
pØ ¼lh-th-lh-½ d¢ fofHkUu ?kVuk foKkuh voLFkkvksa d¢ izdk;Z d¢  :Ik esa  vuqikr ouLifr rkfydk ¼vkj-oh-
vkbZ-½ vkSj izlkekU;hd̀r varj ouLifr rkfydk ¼,u-Mh-oh-vkbZ-½ dh lkisf{kd laosnu’khyrk ij fo’ys"k.kkRed 
:Ik ls fopkj&foe’kZ  fd;k x;kA blesa Hkkfjr varj okuLifrd  rkfydk ¼MCY;w-Mh-oh-vkbZ-½ dh ladYiuk] 
ouLifr  esa ty izfrcy dks fu/kkZfjr djus  esa ,u-vkbZ-vkj ijkorZdrk dh lkisf{kd lqfo/kkvksa] i.kZ foLrkj 
rkfydk ¼,y-,-vkbZ-½ vkSj okuLifrd lwpdksa dh ifjlhekvksa ij fopkj&foe’kZ fd;k x;k gSA bl 'kks/k&Ik=  esa 
LiSDVªy ouLifr dk mi;ksx djrs gq, ,y-,-vkb-Z d¢ vkdyu dh izfØ;k ij fd, x, foospu dks izLrqr fd;k 
x;k gSA 

 
ABSTRACT. An experiment was conducted on irrigated and water-stressed wheat at CAgMO, Pune during 

1997-98. An hourly observation with Ground Truth Radiometer (GTR) through out the day was recorded every Thursday 
during the crop growing period. The paper discusses the use of field measurements on crop in visible and near infrared 
(NIR) spectral regions. The relative sensitivity of Ratio Vegetation Index (RVI) and Normalized Difference Vegetation 
Index (NDVI) as a function of different phenological stages of crop growth cycle (CGC) has been discussed analytically. 
The concept of Weighted Difference Vegetation Index (WDVI), relative advantages of NIR reflectance in assessing 
water-stress in vegetation, Leaf Area Index (LAI) and limitations of vegetation indices in accounting the vegetative 
processes have been discussed. The paper presents a discussion on the procedure for estimating LAI using these spectral 
vegetation indices. 
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1. Introduction 
 
Leaf area estimates are required for various 

purposes, viz, water-stress monitoring, irrigation 
scheduling and crop yield modelling. However, the 
measurement of leaf area index (LAI) is difficult and time 
consuming due to spatial sampling problems. 

 
The development of remote sensing satellites 

carrying earth observational sensors has made available 
enormous quantities of data containing information about 
the conditions of the earth's surface features. Thus remote 
sensing technique can be utilized not only for decision 
making but also for crop stress monitoring, estimation of 
LAI and yield forecasting. Daughtry et al. (1983) 
proposed how conceptually these remotely sensed data 

could be used to obtain estimates of intercepted radiation 
by plant canopies. Fuchs et al. (1984) successfully used 
measurements of transmission of photosynthetically active 
radiation (PAR) to indirectly evaluate LAI in wheat 
canopies. Bunnik (1978) and Hatfield (1983b) suggested 
that the leaf area can be estimated by a ratio of near 
infrared to red reflectance. Clevers (1989) developed a 
simplified and semi-empirical reflectance model for 
estimating LAI of a given canopy using weighted 
difference vegetation index (WDVI). In all such 
experiments crops were grown under well watered 
conditions without imposing water stress during the crop 
growth cycle. Attempt has been made in this paper to 
study the reflectance characteristics of solar irradiance and 
to develop model for estimation of LAI based on different 
spectral vegetation indices.   
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Figs. 1(a&b). (a) Red and (b) NIR reflectance of irrigated and water-stressed wheat 

 
 
2. Material and methods 

 
The experiment was carried out on fully irrigated and 

water-stressed wheat using a hand-held multiband Ground 
Truth Radiometer (GTR) in the experimental plots at the 
College of Agriculture, Pune, during November, 1997 to 
March, 1998. The hourly observations were recorded 
between 0730 and 1730 hr once in a week every Thursday 

(if it happens to be cloud free) through out the growing 
season of the crop.  

 
For minimizing the error caused by positioning      

the radiometer the first observation and the last 
observation was taken over a calibrated plate coated with 
Barium Sulphate. The readings taken over canopy were 
divided  by   the   average   plate  readings  to  obtain  crop  
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Figs. 2(a-f). RVI, WDVI and NDVI characteristics of irrigated and water-stressed wheat 

 
 
 
reflectance in different bands. The reflectance data under 
different conditions of bare soil, viz, wet and dry soil were 
also obtained on the same day and almost at the same 
time. 

 
The Ratio Vegetation Index ,  RVI = (NIR / R),  

Normalized Difference Vegetation Index,                     

NDVI  = (NIR-R) / (NIR+R), Weighted  Difference  
Vegetation Index,  WDVI = NIR–CR, 

 
Where C = (Rs,ir / Rs,r) 
 
where NIR  :  Near infrared reflectance of wheat 

canopy                      
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R   :   Red reflectance of wheat canopy 
          
Rs,ir  :   Near infrared reflectance of bare soil 
                       
Rs,r  :  Red reflectance of bare soil,  
 

are calculated for each observation and plotted against 
weeks after sowing for 1230 hours as representative value 
both for irrigated and water-stressed wheat. 
 
 
3. Description of the instrument 

 
GTR is a hand-held multiband Ground Truth 

Radiometer used to measure the radiance by holding it at 
nearly 1m height above the crop canopy. GTR is having 8 
spectral bands out of which first four bands are identical 
to the four bands of LANDSAT and next four bands are 
identical to IRS satellites. 
 
 

Specifications of GTR is as follows: 
 

Field of view 15° ± 2°; 
 
Output On 3½ digit digital panel 

meter; 
 
Band Selection By rotating the filter wheel; 
 
Dynamic range 0.1 × 10-6 to 30 × l0-3 

watts/cm2-Sr–µ; 
 
Absolute accuracy  ± 5%.  

 
 
4. Results and discussion 

 
The vegetation or biomass indices basically utilize 

the differential aspects of vegetation reflectance in Red (or 
visible) and near infrared (Deekshatulu and Gupta, 1994). 

 
Initially when the water-stress was not imposed the 

trend of the red reflectance for both irrigated and 
water-stressed wheat was more or less same [Fig. 1(a)]. 
With the advancement of crop growth stages red 
reflectance remained steady upto crown root initiation 
(CRI) stage. Then it decreased slowly and dropped 
continuously upto tillering stage. Red reflectance 
remained more or less constant upto heading stage under 
water-stressed condition. After heading stage, it rapidly 
increased till maturity stage whereas under irrigated 
condition after tillering stage reflectance remained more 
or less steady till middle of dough stage, then it rapidly 
increased upto maturity stage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs. 3(a&b).  Relationship between LAI and WDVI under 
irrigated and water-stressed wheat 

 

 
Under water-stressed condition absorption was more 

at heading stage whereas under irrigated condition 
absorption of red radiation was more between heading to 
soft dough stage. In NIR region at every stage under 
irrigated and water-stressed conditions the NIR 
reflectance have well separable patterns [Fig 1(b)]. 
Initially reflectance increased gradually under both 
conditions till CRI stage then it increased continuously 
upto middle of heading stage. It started decreasing slowly 
from middle of heading stage and continued upto hard 
dough stage. At maturity stage, both under water-stressed 
and well-watered conditions, it decreased or remained 
steady. Under water-stressed condition reflectance had a 
peak in the beginning of heading stage and under irrigated 
condition peak was observed at heading stage. 
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TABLE 1 
 

Regression equations for LAI with different spectral vegetation indices under irrigated and water-stressed wheat 
 

S. 
No. 

Vegetation 
index 

 Equation R 
% Variation 
accounted 

for 

Level of 
significance 

(%) 

Irrigated LAI = 0.22+0.27 (RVI) 0.95 91.17 1 
1 RVI 

Water-stressed LAI = –0.82+0.74(RVI) –0.049(RVI)2 0.95 90.40 1 

Irrigated LAI = 0.9l–4.44(NDVI)+7.38(NDVI)2 0.95 90.77 1 
2 NDVI 

Water-stressed LAI = –0.57 + 3.31 (NDVI) 0.94 89.48 1 

Irrigated LAI = 0.16+3.05(WDVI)+8.77(WDVI )2 0.96 93.75 1 
3 WDVI 

Water-stressed LAI = 4.64 (WDVI)0.69 0.99 98.00 1 

 
 
 

Figs. 2 (a-f) present the RVI, NDVI and WDVI 
characteristics as a function of week after sowing (WAS)  
for irrigated and water-stressed wheat. Though the trend 
of NDVI both for irrigated and water-stressed wheat was 
same [Figs. 2(a&b)], yet it showed more fluctuations 
under irrigated condition compared to that of 
water-stressed. Under both conditions peaks were 
observed at heading stage then it decreased gradually 
under irrigated wheat compared to that of water-stressed. 
The fall was rapid after 11 weeks under water-stressed 
condition. The peak indicated the time when the green 
vegetation cover was maximum. 

 
The trends of the graphs of RVI and WDVI were 

similar to that of NDVI both for water-stressed and 
irrigated wheat [Figs. 2 (c-f)]. RVI and WDVI increased 
continuously upto heading stage with a little drop at 
jointing stage under irrigated condition. The peak was 
observed at heading stage indicating full green vegetation 
cover when water supply was non-limiting. Thereafter, it 
started decreasing rapidly upto maturity with a little 
increase at middle of soft dough stage under irrigated 
condition. RVI also fluctuated more compared to that of 
NDVI and WDVI under irrigated condition. Under water-
stressed condition, the peak was observed at heading 
stage. The steep fall of RVI, NDVI and WDVI values 
especially under water-stressed condition during 11-16 
WAS may be due to decrease in the chlorophyll content 
and collapse of spongy mesophyll cells in the leaves 
during maturity stage. 

 
The variation of NDVI and RVI were similar in 

nature under irrigated and water-stressed conditions. The 
RVI was more sensitive than NDVI during early 
vegetative and senescence stages of crop growth cycle. In 
general, RVI provided higher discriminability due to 
better sensitivity than NDVI. Gupta et al. (1993) have 
observed similar variation on RVI. RVI also showed much 
larger slope than NDVI, RVI and WDVI range from 2.0 to 

9.0 and 0.01 to 0.35 both under irrigated and water-
stressed conditions. Nature of graphs [Figs. 2 (a&b)] in 
both the cases was similar to the graphs of RVI having 
peak value at about 9 to 10 weeks after sowing at full 
green vegetation cover. For both the cases, values 
increased continuously and reached maximum between 
heading to soft dough stages, then it started decreasing 
continuously upto maturity stage. 

 
At early stage of the crop, effect of green canopy in 

IR reflectance is negligible, as a result weighted difference 
vegetation index (WDVI) is almost zero. As green cover 
increases the effect of soil reflectance decreases and 
WDVI increases with increased IR reflectance from green 
canopy. 

 
The relationship of LAI with RVI, NDVI and WDVI 

were worked out both for irrigated and water-stressed 
conditions for wheat. The best fit equations having the 
highest correlation coefficient significant at 1% level 
between LAI and RVI, NDVI and WDVI are presented in 
Table 1. The best fit equation of LAI with WDVI was 
found to be parabolic in nature and explained 93.8% 
variation whereas the relationship between LAI and 
WDVI under water-stressed wheat was found to be power 
regression and explained 98% variation. 

 
As all these equations account for about 89 to 98% 

variation in LAI both under irrigated and water-stressed 
conditions, LAI can be estimated using these relations. 
WDVI was found to be the better predictor of LAI than 
NDVI and RVI. [Figs. 3(a&b)]. 

 
Bunnik (1978) reported that the leaf area can be 

estimated by a ratio of NIR to Red reflectance also. 
Hatfield et al. (1983b) and Asrar et al. (1984) comparing 
several spectral reflectance transformations confirmed that 
LAI of wheat could be estimated best from ratio of NIR to 
Red reflectance. 
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5. Conclusions 
 

(i) The results of this experiment show that there exist a 
good relationship between spectral reflectance and growth 
stages of crop. The reflectance in red and near infrared 
bands have been found very suitable for the study of crop 
growth patterns. 
 
(ii)  RVI provided higher discriminability due to better 
sensitivity. 
 
(iii) LAI can be estimated with reasonable accuracy both 
for irrigated and  water-stressed wheat using relationships 
between LAI vs RVI, NDVI and WDVI. 
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