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ABSTRACT. An experiment was conducted on maiZea(mays L), grown as a fodder crop, under irrigated and
partially irrigated conditions with Ground Truth dRameter at the experimental farm of the Collegégficulture, Pune
under Mahatma Phule Krishi Vidyapith, Rahuri duripig-kharif season of 1999. Observations were talteneekly
intervals between 1000 and 1100 hrs. (IST) on clived days during the crop growing season. Thetsge@adiance
characteristics and vegetation indices like Normeali Difference Vegetation Index (NDVI), Ratio Veafidn Index
(RVI), Weighted Difference Vegetation Index (WDVRgerpendicular Vegetation Index (PVI) and theiatiehship with
Leaf Area Index (LAI) have been studied. The pagiscusses the significance of spectral variatiomaofiance and
sensitivity of vegetation indices with respect teepological stages of the crop. The spectral refieze observations in
red and near infrared bands were recorded frontrbe field. Vegetation indices were found suitatole crop growth
studies. The procedure for estimating LAl usindetént vegetation indices is also discussed inptiqger. It has been
found that RVI is a better predictor of LAl duritige early stage of growth while NDVI is a betteedtictor during the
later part of growth as compared to other vegetatidices.
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1. Introduction reflected in any given direction changes. The arhain
this change is wavelength dependent.
The interaction of light with soil and plants is a

means for remote sensing signals from cropped areas From the late sixties, the interaction processes
Gausman et al. (1969) demonstrated that optical between solar radiation and crop canopy have been
reflectance of crops is determined by the inteoacibf extensively studied and it has been shown that pano
solar radiation with crop canopy. The amount and reflectance is highly related to crop growth valéabsuch
characteristics of reflectance from leaf surfacee a as Leaf Area Index (LAI) as a fraction of groundveo
affected by the structure of plant leaves. As ligasses  (Suits 1972; Bunnik 1978). LAl is a very usefuliggtte
through interfaces between materials of different for various purposesyiz. water stress monitoring, crop
refractive indices within a leaf, the amount ofhlig  condition monitoring and crop yield modelling. Rriand
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Bausch (1995) computed LAl from visible and near
infrared reflectance. Bunnik (1978) and Hatfiedd al.
(1983) also suggested that the leaf area couldtimaed

by a ratio of near infrared to red reflectance. vE€is
(1988) estimated LAl as an exponential function of
Weighted Difference Vegetation Index (WDVI).
Gruszczynskat al. (1998) found a good relationship of
LAl with Normalized Difference Vegetation Index
(NDVI) and Water Deficit Index (WDI), and derivech a
equation for the estimation of LAl using these two
indices.

Keeping these in view, an attempt was made to study
characteristics and some

the variations of spectral
vegetation indices at different growth stages ofizea
(Zea mays L) under irrigated and partially irrigated
conditions in order to develop a model for estioatof
LAI. This research, it is hoped, will give guideds for
exploring the possibility of using satellite dater fthe
identification of growth stages of maize crop untigo
contrasting soil moisture conditions.

2. Materialsand methods

Maize ¢Zea mays L. cv. African Tall) was grown as a
fodder crop under fully irrigated and partially igated
conditions from January to April, 1999 at the expental
farm of the College of Agriculture, Pune, Maharazht
(Lat: 18° 32N; Long : 73° 51; ele : 559 m (amsl)) .

During the growth period of the crop, spectral
reflectance in the visible and near infrared regiovas
observed with a hand held multiband Ground Truth
Radiometer (GTR) having a field of view of 152% The
crop was harvested just after it reached the tagssiage.

2.1. Description of instrument

Eight spectral bands are available in multiband GTR

of which first four bands are identical to four Hanof
LANDSAT and next four bands are identical to IRS
satellites. The specifications of the wavelengthdsaof
the instrument supplied by the manufacturer* akegiin
the Table 1.

2.2. Method of observations

The observations were taken from a height of
1m above the crop canopy at weekly intervals on
cloud free days between 1000 and 1100 hrs {I8€jore
taking the observation, the initial measurementssisbed
of one dark level (background reading allowing gt to
enter the lens) zero setting of the reading andreading
over a calibration plate painted with barisulphate.

T IST : (Indian standard time = GMT + 5 hr 30 m)
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TABLE 1

Filter details of multiband Ground Truth Radiometer

Band No. Central wavelength Band-width of
of filter (um) filter (um)
1. 0.4830 0.0654
2. 0.5442 0.0854
3. 0.6555 0.0610
4. 0.8189 0.1484
5. 0.4798 0.0757
6. 0.5408 0.0816
7. 0.6557 0.0625
8. 0.8122 0.0871

*Source : Optomech Engineering Pvt. Ltd., Hyderabad.

Observations were taken in each crop field in a@he
bands. Reflectance data in different conditionbare soll
were also obtained simultaneously. The second
observation over calibration plate was taken after
observations from the cropped field. For deterngnihe
reflectance factors, crop radiance was divided by t
average of calibration plate readings.

2.3. Applied vegetation indices

Canopy reflectance has been shown to be related to
crop growth variables such as LAI and fraction odund
cover (Suits 1972; Bunnik 1978). For accurate esiion
of these variables, vegetation indicéiz, NDVI and Ratio
Vegetation Index (RVI), which are a combination of
reflectance values in visible and near infrareddsahave
been calculated as :

NDVI = (IR-R)/ (IR +R)

RVI IR/R

Where, IR and R are the reflectance in the infrared
and red band from crop canopy.

The soil background reflectance, was corrected as
per the definition given by Clevers (1988) for WDVI
where

WDVI = IR = (IRs/ R9R

Where, IR and R are the infrared and
reflectance of the bare soil, respectively.

red

Perpendicular Vegetation Index (PVI), formulation
of Richardson and Wiegand, 1977, was computed from
the equation :

PVI = [(Re—R Y+ (IRs—IR ]*?
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TABLE 2

Regression equationsfor LAl with different Vegetation Indices of irrigated and partially irrigated maize

S.  Vegetation Equation Correlation Variation Level of
No. Index q coefficient accounted (%) significance
Increasing phase of LAl LAl = —=7.48 + 18.26 NDVI 0.93 86 1
Irrigated
Decreasing phase of LAl LAlI= 1.49+ 7.85 NDVI 0.99 98 1
1. NDVI
Partially Increasing phase of LAl LAl = -1.49 + 5.98 NDVI 0.93 86 1
irigated  pecreasing phase of LAl LAI= 1.60 + 2.19 NDVI 0.95 90 1
Increasing phase of LAl LAl = -2.68 + 1.37 RVI 0.99 98 1
Irrigated
Decreasing phase of LAl LAI= 4.03 + 0.49 RVI 0.95 90 1
2. RVI
Partially Increasing phase of LAl LAl = -0.64 + 0.64 RVI 0.94 88 1
imigated  pecreasing phase of LAl LAI= 1.83 + 0.26 RVI 0.91 83 1
Increasing phase of LAl LAl = -2.00 + 0.20 WDVI 0.93 86 1
Irrigated
3 WDV Decreasing phase of LAl LAI= 2.66 + 0.12 WDVI 0.95 90 1
' Partially Increasing phase of LAl LAl= 0.04 + 0.08 WDVI 0.91 83 1
imgated  pecreasing phase of LAl LAl= 1.95+ 0.04 WDVI 0.93 86 1
Increasing phase of LAl LAl=-1.56 + 0.21 PVI 0.85 72 1
Irrigated
4 VI Decreasing phase of LAl LAI= 0.36 + 0.22 PVI 0.72 52 5
. Partially Increasing phase of LAl LAl= 0.12 + 0.08 PVI 0.87 76 1
imigated  pecreasing phase of LAl LAl = 1.19+ 0.08 PVI 0.86 74 1

continuous reduction of LAIl. Throughout the crop
growing season, because of its relatively lower ,LAI
partially irrigated crop showed higher reflectarioered
band as compared to the irrigated crop. The difiegze

3.2. Temporal variation of vegetation indices and
estimation of LAl

The LAI can be estimated from different vegetation

was well marked as the growing season advancedindices; the relationship however depends upon the
Maximum difference was observed at 12 weeks aftervegetation development stage of the crop.

sowing (Fig. 1).

Reflectance in NIR band increased continuously upto

active vegetative stage with a rapid increase of hdth
of irrigated and partially irrigated crops. Aftdret grand
growth stage, the reflectance slowly dropped upie t
tasseling stage of the crop. Rate of decrease & NI
reflectance during the later part of the growth gghavas
more rapid in partially irrigated crop as compatedhe
irrigated crop. Reflectance in NIR band was morealht
the growth stages in the irrigated crop comparetthdb of
the partially irrigated crop. The difference betweine
irrigated and the partially irrigated crops was rpimeent
during later part of growth phasee. from active
vegetative to tasseling stage. The canopy refleetan

3.2.1. Normalized Difference Vegetation Index

(NDVI)

A steady increase in NDVI of maize was noted upto
the active vegetative stage both in the irrigatad the
partially irrigated maize [Figs. 3(a-d)]. For theigated
crop, NDVI and green vegetation cover were maxial
weeks after sowing, afterwards both decreased
continuously. However, under the partially irrighte
maize, after the NDVI reached its peak value, dped
gradually upto flower initiation stage of the crapthen
remained steady for a couple of weeks, and again it
continuously decreased. NDVI values ranged fron84.3
to 0.768 and from 0.260 to 0.694 for the fully gated

difference was maximum at 11 weeks after sowing and for the partially irrigated maize crops respety.

(Fig. 2). This was due to a higher LAl recordedtlie
irrigated plot. Deekshatulu and Gupta (1994) aégmrted
that NIR reflectance increased and red
decreased in general for all healthy crops.

Equations derived for estimating LAl using NDVI

reflectanceare presented in Table 2. The correlation coefiicie

between NDVI and LAl was significant at 1% lebeith
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Figs. 4(a-d). WDVI and PVI of irrigated and patrtially irrigatedaize
for irrigated and partially irrigated crops bothr fthe In Table 2 the equations for the calculation of LAI

increasing and decreasing phases of the LAI curve.using RVI are presented. These show very high
Gruszczynskat al. (1998) estimated LAI for wheat using correlation for the maize crops grown under irgghtind
NDVI values and obtained similar results. partially irrigated moisture conditions (signifidaat 1%
level).
3.2.2. Ratio Vegetation Index (RVI)

RVI of maize showed a similar trend as observed in 3.2.3. Weighted  Difference  Vegetation Index
the NDVI [Figs. 3(a-d)]. RVI increased sharply ugte (WDVWI)
active vegetative stage both under irrigated amtighg
irrigated maize. Thereafter, it dropped continugusider At the early stage of maize growth, because of the

irrigated conditions due to an increase in the red very negligible influence of green canopy on NIRlaad
reflectance together with a decrease in IR reflteaBut, reflectance, WDVI was little (8.70 for the irrigateand
under the partially irrigated maize, RVI decreased 4.80 for the partially irrigated maize) at 3 weedfser
continuously upto the beginning of the tasselinagst sowing [Figs. 4(a-d)]. WDVI increased gradually hwia
thereafter, the rate of decrease of RVI was veowsl continuous increase of LAl upto the active vegeéati
Maximum RVI was noted 8 weeks after sowing which stage of maize, both under irrigated and partiatigated
indicated maximum vegetation cover under both ated conditions.

and partially irrigated maize. RVI showed a largipe

and showed more discrimination at different grostiges After reaching its peak, WDVI of irrigated maize
due to its better sensitivity compared to NDVI. remained more or less steady during its active tetige
Gupta et al. (1993) also observed similar variations of growth stage but showed a sudden fall at the tagsel
RVI in kharif crops (soybean, sorghum, sunflowegepn stage. Thereafter, rate of decrease of WDVI slowed.
pea and castor). However, the partially irrigated maize showedttafter
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Figs. 5(a& b). Relationship between LAl and RVI of irrigated gattially irrigated maize

the attainment of maximal value, WDVI showed a estimating LAl (Table 2). Clevers (1988) also estiea
continuous fall upto the end of active vegetatitage LAl using WDVI for cereals and found that WDVI
which was followed by a minor rise, followed by itlé showed a greater sensitivity to changes in biomass.
drop of the curve during tasseling stage of th@.cro
3.2.4. Perpendicular Vegetation Index (PVI)

WDVI showed good correlation with LAl during
early and late stages of the crop grown under both PVI is known to eliminate the effects of soil. Its
irrigated and partially irrigated conditions. Eqoat value during its early vegetative stage for theekvold
presented here with LAl and WDVI could be used for crop was very low (6.9 for the irrigated maize &3 for
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Figs. 6(a& b). Relationship between LAI and NDVI of irrigated gpalrtially irrigated maize

the partially irrigated crop) [Figs. 4(a-d)]. Witthe end of active vegetative stage and remained motessr
advancement of the crop growth, as LAl increasedsteady during the tasseling stage. Thus the edqugtio
gradually, PVI also showed a continual increasirggnd developed with LAI and PVI shown in Table 2 may be

upto the beginning of active vegetative stage. &hier, used for the estimation of LAl in maize with advage.

PVI of irrigated maize, during the active vegetatstage

did not change much but it registered a fall duritsgy The data [Figs. 5(a&b)] showed that during the
tasseling stage. In the partially irrigated maittes PVI increasing phase of LAI curve upto its active vagee

after reaching its peak showed a decreasing trptalthe stage, RVI showed a better correlation with LAl as
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