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of leaf area index using different spectral vegetation indices

R. P. SAMUI, P. T. KULKARNI, P. S. NARAYANAN
and
S. R. AGALE
India Meteorological Department, Pune 411005, India
(Received 14 February 2001, Modified 4 February 2002)

|R — 99 1997—98 & SR ALTSHEAN, gu # Rifer ok STt ufcaferd 18 o gRieor faar
T | BHA ST B AR F IRM TG qe@iar B R o uSs @ A Wiex (Shdism)
IR VeToT AfAIRad fhy Y| 39 o 95 # 399 3R WHUad! SrRad Wahge & (TH.E MR
# 39 Bod W By S arel &g At & SyAnT R faur et fear T 2 39 wed e
I (ASNH) & A= g g oreRemell & yerd & w9 §  orgurd a=wdfa arferat @R
3MMS.) SR TG TR Rl dTferdl (TA.SLANaMS.) &I ATufee AIg-Teieldl IR faRelyonais
w0 ¥ farR—famel  fear mar| g8 wIRA iR g difeiaT (S S1d1aE.) @ HaedHr,
FTEf W S Ufdd Bl MR R H ISR WEdedl &1 Aufere giaemst, 7o fIwR
arferaT (TAang) ok amvafs amt o uREmel R far—fawst fear = 21 39 Me—va #
Wage IIWRT BT STANT BRI gU YA.UATE. & ATHed I Uishdl W By T fde= o1 uqa foar
TR

ABSTRACT. An experiment was conducted on irrigated and wstteissed wheat at CAgMO, Pune during
1997-98. An hourly observation with Ground TruthdiReneter (GTR) through out the day was recordedyeVaursday
during the crop growing period. The paper discusisesuse of field measurements on crop in visible aear infrared
(NIR) spectral regions. The relative sensitivityRétio Vegetation Index (RVI) and Normalized Diffece Vegetation
Index (NDVI) as a function of different phenolodistages of crop growth cycle (CGC) has been dssuianalytically.
The concept of Weighted Difference Vegetation Ing&DVI), relative advantages of NIR reflectanceassessing
water-stress in vegetation, Leaf Area Index (LAfddimitations of vegetation indices in accountithg vegetative
processes have been discussed. The paper presiatsission on the procedure for estimating LAhgshese spectral
vegetation indices.
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1. Introduction could be used to obtain estimates of interceptddtian
by plant canopies. Fuclet al. (1984) successfully used
Leaf area estimates are required for various measurements of transmission of photosyntheticaitive
purposes, viz, water-stress monitoring, irrigation radiation (PAR) to indirectly evaluate LAl in wheat
scheduling and crop yield modelling. However, the canopies. Bunnik (1978) and Hatfield (1983b) sutgges
measurement of leaf area index (LAI) is difficuttdatime that the leaf area can be estimated by a ratio eafr n
consuming due to spatial sampling problems. infrared to red reflectance. Clevers (1989) devetba
simplified and semi-empirical reflectance model for
The development of remote sensing satellites estimating LAI of a given canopy using weighted
carrying earth observational sensors has madeadlmil difference vegetation index (WDVI). In all such
enormous quantities of data containing informatdnout experiments crops were grown under well watered
the conditions of the earth's surface featuressThmote  conditions without imposing water stress during thep
sensing technique can be utilized not only for sieai growth cycle. Attempt has been made in this paper t
making but also for crop stress monitoring, estiomabf study the reflectance characteristics of soladiemace and
LAl and vyield forecasting. Daughtryet al. (1983) to develop model for estimation of LAl based orfatiént
proposed how conceptually these remotely sensea datspectral vegetation indices.
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Figs. 1(a&b). (a) Red and (b) NIR reflectance of irrigated anderatressed wheat

2. Material and methods

The experiment was carried out on fully irrigated a
water-stressed wheat using a hand-held multibaiodigr
Truth Radiometer (GTR) in the experimental plotghes
College of Agriculture, Pune, during November, 1967

(if it happens to be cloud free) through out thevgng
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 doatth

March, 1998. The hourly observations were recordedBarium Sulphate. The readings taken over canopye wer

between 0730 and 1730 hr once in a week every thyrs

divided by the average plate readingsolain crop
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Figs. 2(a-f). RVI, WDVI and NDVI characteristics of irrigated éivater-stressed wheat
reflectance in different bands. The reflectancea datder NDVI = (NIR-R) / (NIR+R), Weighted Difference

different conditions of bare soiliz, wet and dry soil were  Vegetation Index, WDVI = NIR-CR,
also obtained on the same day and almost at the sam
time. Where C = (Rs,ir/ Rs,r)

The Ratio Vegetation Index , RVI = (NIR / R), where NIR : Near infrared reflectance of wheat
Normalized Difference Vegetation Index, canopy
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R :  Red reflectance of wheat canopy (@) IRRIGATED
2.4 LAlI= 0.6 +105(WDVI)+B.77(WDVI)2
Rs,ir : Near infrared reflectance of bare soll zz] R%: 0.93 .

Rs,r . Red reflectance of bare soil,
are calculated for each observation and plottednaga

weeks after sowing for 1230 hours as representatilige
both for irrigated and water-stressed wheat.

3. Description of theinstrument

GTR is a hand-held multiband Ground Truth

0+ T T T

Radiometer used to measure the radiance by holtliaig 001 005 '0,09 o3 'of.a' i 'o‘z'z' o.lzs 03 035
nearly 1m height above the crop canopy. GTR isrta8i WOV
spectral bands out of which first four bands amntatal
to the four bands of LANDSAT and next four bands ar
identical to IRS satellites. (b) WATER-STRESSED
Bt LAl = 454 (wpvi) 069
2- R% 0.98 . .
Specifications of GTR is as follows: 1.8
Field of view 18+ 2; 7
1.4 -
Output On 3% digit digital panel _ |2
meter; =
Band Selection By rotating the filter wheel; 0.8
0.6
Dynamic range 01 x 1Wto 30 x I0? -
watts/cmi-Sr—; '
0.2
Absolute accuracy  * 5%. L e S — T —————————r————
0.0l 0.05 Q. 0.4 0.19 0.23 0.28 0.33
wDvI
4. Resultsand discussion Figs. 3(a&b). Relationship between LAl and WDVI under

irrigated and water-stressed wheat

The vegetation or biomass indices basically utilize
the differential aspects of vegetation reflectaincRed (or
visible) and near infrared (Deekshatulu and Gup3g4). Under water-stressed condition absorption was more
at heading stage whereas under irrigated condition
Initially when the water-stress was not imposed the absorption of red radiation was more between hegattin
trend of the red reflectance for both irrigated and soft dough stage. In NIR region at every stage unde
water-stressed wheat was more or less same [Fag). 1( irrigated and water-stressed conditions the NIR
with the advancement of crop growth stages redreflectance have well separable patterns [Fig 1(b)]
reflectance remained steady upto crown root iminat  Initially reflectance increased gradually under hoot
(CRI) stage. Then it decreased slowly and droppedconditions till CRI stage then it increased contiasiy
continuously upto tillering stage. Red reflectance upto middle of heading stage. It started decreasiogly
remained more or less constant upto heading staderu from middle of heading stage and continued upta har
water-stressed condition. After heading stageajidly dough stage. At maturity stage, both under waressed
increased till maturity stage whereas under irdédat and well-watered conditions, it decreased or regwin
condition after tillering stage reflectance remdinaore steady. Under water-stressed condition reflectdramt a
or less steady till middle of dough stage, therajiidly peak in the beginning of heading stage and undggted
increased upto maturity stage. condition peak was observed at heading stage.



SAMUdt al. : LEAF AREA INDEX FOR WHEAT 709

TABLE 1

Regression equationsfor LAl with different spectral vegetation indicesunder irrigated and water -str essed wheat

o o
S. Vegetation % Variation  Level of

No.  index Equation R acc]%L:nted sign(i(f;;:)ance
Irrigated LAI = 0.22+0.27 (RVI) 0.95 91.17 1

! RvI Water-stressed LAl = —0.82+0.74(RVI) —-0.049(RVI) 0.95 90.40 1
Irrigated LAl = 0.9-4.44(NDVI)+7.38(NDVf)  0.95 90.77 1

2 NDVI Water-stressed LAl = -0.57 + 3.31 (NDVI) 0.94 89.48 1
Irrigated LAl = 0.16+3.05(WDVI)+8.77(WDVI?) 0.96 93.75 1

3 wovl Water-stressed LAl = 4.64 (WDVI§® 0.99 98.00 1

Figs. 2 (a-f) present the RVI, NDVI and WDVI 9.0 and 0.01 to 0.35 both under irrigated and water
characteristics as a function of week after SOMAS) stressed conditions. Nature of graphs [Figs. 2 [a&b
for irrigated and water-stressed wheat. Thoughttéed both the cases was similar to the graphs of RViirttav
of NDVI both for irrigated and water-stressed wheats peak value at about 9 to 10 weeks after sowingulit f
same [Figs. 2(a&b)], yet it showed more fluctuation green vegetation cover. For both the cases, values
under irrigated condition compared to that of increased continuously and reached maximum between
water-stressed. Under both conditions peaks wereheading to soft dough stages, then it started deitre
observed at heading stage then it decreased ghadual continuously upto maturity stage.
under irrigated wheat compared to that of waterssied.

The fall was rapid after 11 weeks under water-sgés At early stage of the crop, effect of green canopy
condition. The peak indicated the time when theegre IR reflectance is negligible, as a result weigtddéterence
vegetation cover was maximum. vegetation index (WDVI) is almost zero. As greewearo

increases the effect of soil reflectance decreasas

The trends of the graphs of RVI and WDVI were WDVI increases with increased IR reflectance fromeg
similar to that of NDVI both for water-stressed and canopy.
irrigated wheat [Figs. 2 (c-f)]. RVI and WDVI inased
continuously upto heading stage with a little drap The relationship of LAI with RVI, NDVI and WDVI
jointing stage under irrigated condition. The pea#ts were worked out both for irrigated and water-stedss
observed at heading stage indicating full greeretatgn conditions for wheat. The best fit equations havihg
cover when water supply was non-limiting. Thereaafie highest correlation coefficient significant at 1%vél
started decreasing rapidly upto maturity with aldit between LAl and RVI, NDVI and WDVI are presented in
increase at middle of soft dough stage under i@ja Table 1. The best fit equation of LAI with WDVI was
condition. RVI also fluctuated more compared totthh ~ found to be parabolic in nature and explained 93.8%
NDVI and WDVI under irrigated condition. Under wate  variation whereas the relationship between LAl and
stressed condition, the peak was observed at hgadinWDVI under water-stressed wheat was found to begpow
stage. The steep fall of RVI, NDVI and WDVI values regression and explained 98% variation.
especially under water-stressed condition duringl@1

WAS may be due to decrease in the chlorophyll adnte As all these equations account for about 89 to 98%
and collapse of spongy mesophyll cells in the leave variation in LAl both under irrigated and waterestsed
during maturity stage. conditions, LAl can be estimated using these rertesti

WDVI was found to be the better predictor of LAkath
The variation of NDVI and RVI were similar in NDVI and RVI. [Figs. 3(a&b)].

nature under irrigated and water-stressed conditidhe
RVI was more sensitive than NDVI during early Bunnik (1978) reported that the leaf area can be
vegetative and senescence stages of crop growth.dyic ~ estimated by a ratio of NIR to Red reflectance .also
general, RVI provided higher discriminability due t Hatfield et al. (1983b) and Asraet al. (1984) comparing
better sensitivity than NDVI. Guptat al. (1993) have  several spectral reflectance transformations conefit that
observed similar variation on RVI. RVI also showadch LAI of wheat could be estimated best from ratid\®R to
larger slope than NDVI, RVI and WDVI range from 20 Red reflectance.
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5.  Conclusions

(i) The results of this experiment show that theristex
good relationship between spectral reflectancegaodith
stages of crop. The reflectance in red and neaaried
bands have been found very suitable for the stdidyap
growth patterns.

(i) RVI provided higher discriminability due to bertt
sensitivity.

(iii) LAl can be estimated with reasonable accuraci bot

for irrigated and water-stressed wheat using ipziahips
between LAIvs RVI, NDVI and WDVI.
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