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Abstract
Mor phol ogi cal parameters | i ke cotton height, |
mainly affected by the vegetation water conten
and crop parameters is required for timely man
study aimed at wusing both optical and microwayv
condition based on the abovéVimepntdeoneddtfaomsg
based measurements (5 narrow band and 2 broadc
reflectance (2 broad band VIs) were assessed.
LAI, bi omass and plant water content using th
satellite derived spectral index (from LI SS-11

HH and HV polarization from RI SAT-1 were used
The coefficient of determination of t he mo d e |

water content of cotton with optical vegetat i ¢
0. 42, 0.51 and O0.52, respectivel y. The <correl
planting in terms of the age of the crop and

bet ween 0.4 to 0. 6. The fresh biomass<stforom RVI
40002?gumi l e the dry biomass map derived from ND

950 "gfer the study area. Pl ant water content i
correlation between optical vegetation index a
|l i near regression model using both optical i N
was developed to assess the LAI, biomafss and p
0.5 for LAI estimation but not significant f ol
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cased the use of combined optical and micr ow;
condition assessment.

Key worSIASR remote sensing, Optical remote sensi
cotton, height, LAI, Bi omass, Vegetation water
1. Il ntroduction

Cotton (Gossypium sp.) i s t he mo st i mportant
approxi mately 35 Mha area. l'ts yield is gover
branches in addition to the green | eaf area in
Al | t hes mor phol ogi cal parameters are mainly
peri odi caI assessment of the above traits as
growth season is required for proper and ti me
yi el d. Refl ective properties of the cotton croc
status while information on height, branching
through microwave remote sensing ( band) . Mo r
September) crop- flowering and boll formation,
constraint due to prevailing cloud cover. The
be used for monitoring crop condition through
LAI, bi omass and plant water <content as wel |

reflective region of the optical spectr um, as
generally accomplished by computing a ratio o
infrared reflectance or microwave region, term
Some VIs have been found to be sensitive to g
water status. This sensitivity is attributed t
chl orophyl I, scattering of i ncident NI'R radiatl
shortwave infrared radiation by plant water (R
Al t hough optical remote sensing provides a pow
serious | imitations that have restricted crop
due to | imited periods of cloud-free sky condi
Radar has i mmense and wuntapped potenti al t o

sensing techniques i n t he moni toring and ass
frequencies, it provides information on the en
Various experiments to investigate the respons:s
condition (Jin and Liu, 1997, Wi gneron et al .,
are needed to develop robust quickly i mplement
radar signal is governed by both the dielectri
geometric configuration of the scattering el er
with respect to the wavelengt h, direction, an
some evidence that the radar signal at high f
sensitive to such plant parameters as GLAI, p
cover (Bouman, 1991, Prevot et al ., 1993). The
sever al bi ophysi cal variables (i.e., Vegetatio
traditional remote sensing indices |ike Nor mal
LAI variables (Jackson and Schmugge, 1991, Tu
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optical and Radar combination in the current a
mi ssion with RISAT 1A, 1B to form a constellat
near real time crop health monitoring at al/l :
and broad | eaf crops using multifrequency mult
and L-bands by means of airborne and satellite

the relations between the backscattering of cr

type (Macell oni et al ., 2001) . Mono- and mul ti -
bi omass estimation model s wer e analyzed for
estimations for forests (Englhart et al.,2011)
Sever al i ndications to derive vegetation infor
Radar Vegetation Index (RVI) were tested for Vv
model (GLCM) by Srivastava et al (1990) . Gao
Vegetation I ndex (RVI) and applied to rice cr
compared RVI for L-, C- and X-bands to crop gr
correlate wel/ with VWC, LAI and NDVI . The VWC(
contribution of volume scattering to retrieve
al ., 2015, Yamada, 2015) . RVI was found well c
having a greater dynamic range of growth measu
applications including yield estimation (Kim e
In this investigation, we examine the relation
above ground measured biomass, vV WC, age of th
bi ophysi cal parameters. The major focus 1is on
Zyl , 2001) for crop stage, condi tion and vig
analyzed to determine the applicability of cur
systems on the vegetation condition monitoring
this case, we are developing a robust way to
observations synchronous to critical (it mportan
series data are availabl e. We analyse the rela
crop growth parameters (VWC and biomass) over
compl i mentary wuse of optical and microwave re
condition has been showcased in the study.

2. Study area & Data used

Surendranagar district of Gujarat state in Wes
been selected for the study. Guj ar at i's the
Surendranagar di strict is primarily an agricu
predomi nant crops. The centre point of the r e
72.63AE. The <climate of the study area is semi
Soi l type is black cotton soil with silty <c¢lay
are pearlmillet, wheat, sesame, groundnut , et c
and marginal farmers and the average size of
Sorghum are otkhearsiefeepa sawhhise area. Two diff
gr ownB a ®&Bittl Hwrsi n ggeenneestiiscal 'y modi fi ed) and indig
mostly irrigated. I't i s sown before the monsoo
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with pre-sowing irrigation and an intermittent
the water reqguirement satisfaction. Later on
showers. The indigenous cotton is mostly rainf
sown in July.
Dat asets
Ground: Ground reflectance with ASD spectrora
nm, observation on LAI, pl ant height, row-row
planting date, bi omass, plant water content we
Satellite
Optical Data from Linear I maging Self Scanner
resolution was acquired from NDC-NRSC and cott
Guj arat state was collected from MNCFC, New De
Synthetic Aperture Radar ( SAR) : SAR data con
RI SAT-1 MRS-mode in descending pass (incidence
Medium Resolution SCANSAR ( MRS-HH/ HV) mode of
been used for operational monitoring of crop
monsoon season at different principal stages o
and fl owering, bolkhafrtiiflneei emopThet maporns add
validity of truncated formula in equation 2 f
(Fine Resolution Stripmap-FRS-2 data for reg
in a previous study (Haldar et al ., 2017) . De
details are given in table 1.
Tabl e 1: Details of ground and Satellite data
Dat a Sat el IRietseo/l uti on Sour ce Re mar
Sensor/
i nstr ume
nt

HHHV pol arRIzZSSAT118 m ( piNDE€F NRSC Data acquired
da ( SAR- spacing) dates (1 July, 26

MR S) and 20 August)
Mul ti spec Resour2cde smat NDC- NRSC Data for tw
at four b -2 (LI SS- dates (3 September
Red, NIR 1 1) 23 September, 2016
Ground s ASD l n-situ - - Spectral observe
t he spect fiel ds(psepcectr al were only taken fo
35 2500nm spectrroe-esol uti on at August month

radi onentne)r
Though there were no overlapping dates of RI SA
August and 3 September have synergy. Al so the
satellite datasets were comparabl e.
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3Met hodol ogy

3.@round data coll ection

Selection of cotton fields was based on crop
preferred. Ground data were collected on crop
moi stur e, soil roughness, crop wet and dry bi
water content (vwce) . Mo s t of the fields were
sampl es wer e cfoil dle@@ esda niprloens 1wleSr e used in the
data collection on various parameter collecti
cotton types are shown in fig 1d. One scene

Composite (FCC) from LI SS-111 i mage al ong with
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Ground data collection a)

Fig. la) Spectro-radi ometer b)
cotton(above) and indigenous cotton(below) e) False Col c
26 July and 20 August) and (f) of LISS-111 image (Green,
and routes

The indigenous cotton are totally rainfed and
onset of monsoon during July. The growth rate
package of practices only. The Bt cotton an ad
with irrigation. Al l modern inputs/ package of
starts in September, there are 3-4 pickings. C
picking can be done in Dec/ January coinciding
The field information was <collected during al
overpass. Wet biomass was collected for 1sgq. n
samples were collected by cutting above ground
and dry biomass across all the sampling sites.
water body, villages, natural vegetation and p
climatic parameters |ike rainfal!l were also r
data range in table 2.

Tabl e. 2 Ranges of me alsmu-nNeidt iugatrtesn i ir dpr ag&kred e

standard deviati on.

Crop Parameter

Cotton crop typWet biPdAmaes sCr op Crop LAI
hei ght(grh (day€dvervi gour( dfm ¥
(cm) ( %)
Hybrid Cott®m®-@1Bt) 900 1 7000 70-31H-670-90
Very good
1st July 25-500-800 (50) 60 70 Medi u
10 cm) (0. 6)


http://dx.doi.org/10.20944/preprints201807.0390.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 July 2018 d0i:10.20944/preprints201807.0390.v1

26 July 30-7500- 700805 80 Good 2-4. "
(10cnf)l00) (0.92)

2D August 50- 17100 00 - 7 010100 90-100 4G®o0d-very
(10cni)100) good (0. 35)

I ndigenous Cottom0-50015-6015-40 10-<410 1. FPoor

Average
1st July N A NA ( nhbAt 0 N A N A
sown)

26 July 15-3100-50 15 10-20 Poor
(15 cm)

20 August 30-6X000-500 40 20-40 Averag
(15 c¢cm)

Ground spectra were collected from 25 sites w

during August 22 to 23 wusing the ASD Field &

Spectr al Devices 1l nc., Boul der, CO, USA). The

35012,500 nm and a 25A field of view and is eqg

nm) and near infrared-NIR (75071, 21200 nm), sho!

and SWIR2 (1,800i2,500 nm)] with spectral samp

i nstrument was periodically <calibrated wusing

(Labsphere I nc., North Sutton, NH, USA) . The

intervals to check the instrument stability fc

output of the data from the ASD operating syst

of adj acent soi l was also collected to match

i mage pixel

3.®ptical data processing and generation of VI

The pre-processing of t he ground refl ectance
conversion of raw data to reflectance at 1 nm
narrow bands to LI SS 111l equivalent bands wusin
while pre-processing of LI SS-111 data include
surface reflectance conversion using the atmos
for Atmospheric Correction of Resourcesat-2 (R

et al . 2015) , extraction of reflectance at t he
Red Edge Normalized Difference Vegetation | nc
Il ndex 1 (VvOoG1) , Vogel mann Red Edge I ndex 2 (

(VvOG3) , Gitelson, and Merzlyak vinddp(@Wl)jzaedd
Di fference Vegetation I ndex (NDVI) and Land Su
from the ground reflectance data and two broa

computed from the LI SS-11I1 data (Table 3). C
AWi FS data (Vyas et al . 2016) was applied to t
find out the index over cotton cropped area.
Table 3: Vegetation indices from optical remot
Il ndex For mul a Sour ce

Nor malized DifNeReRee)/ ( NI R+Red) Rouse et &

Vegetation I ndex (NDVI )
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Land Surface (WaReBWIIR)dexNI R+ SWI R) Xiao et . ¢
(LSWI)

Red Edge NiRremial i zedDVI =GRZ&0Dson and Merzyl ¢
Di fference RV et dtRiTdm + R705)

I ndex (Red NDVI)

Vogel mann RedREdQéRIF20cex Vogel mann et. a
1 (VOG 1)

Vogel mann Red(R@A§d- Ridéx/ (R715+R726) Vogel man
2 (VoG 2)

Vogel mann Red(RdAd8§d- Rideéx/ (R715+R720) Vogel man
3 (VOG 3)

Gitelson, andRMe0/zRy@k& i ndex Gitelson, and M
( GMI)

3.RBadar Vegetation | ndex

Kim and van Zyl , 2009 modi fied the eigen val

pol arimetric and F@@pldOnt demo tdeast atsle¢ sbackscatt e

cross-polarized domai n.
P D Ow

YOO =55 o060 L ow °8 P
The modified and truncated eqgsation for RVI af
Yoo 20w o
©* 50, on <
I't should be noted that Radar-based variabl es
include the polarimetric measurements and the
ranges between 0 and 1 and is a measure of th
zero for a smooth bare surface and increases &
stage (Kim et al ., 2012) . A number of i nvest.
bet ween biophysical variables (related to cr oy
al ., 1991, l noue et al ., 2002, Oh et al ., 2009
t he l evel s of response pertaining t o crop gr
i nvestigation. Hi gh-resolution radar observat
variations in vegetation. RVI (equation 2) has
after suitably filtering (5x5), divided by 100
with calibration constant, mul tiply back with
formula in equation 2. I't has been assumed t ha
HH power for medium height crops in the agricu
(Kim and Van Zyl ., 2001) . A truncated RVI (equasa
this principle applicable in the present study
This approximation was validated wusing quad-p
advanced crop growing scenario (Haldar et al .,
HH and VV datasets) and the truncated RVI fron
were similar and only HH was wused) for the mec

found to be close in the earlier study. The te
crop structure, incidence angle, and environme
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3.PArocessing of crop parameters

Crop LAl on ground was measured using?the plan
were derived using tlwess pgaompng.edBiusmargs tpher prha
m> and the biomass taken for three plants. Vege
from dry and wet bi omass for al | ( Kihne elt0 Oalg.r,ou
2012) .
3.Correlation and model devel opment
The correlation coefficients between the Veget
height, LAI , bi omass and plant water content)
pl ant parameter. The best i ndex was used for
respective parameter. Different |l i near and non
best fit. Best model for each parameter was th
over the image scene covering the Surendranag:
The estimated parameters were validated wusing
estimated optical ViIs were correlated with th
met hodol ogy is presented in figure 2.
Ground remote sensing Cotton condition assessing parameter Satellite remote sensing
RAW DN DN (HH and HV) from
Ground observation image from BISAT L fitered
RS2-LISS Il
Raw DN from spectro Plant height ) enhanced Lee(5*5)
radiometer LAI
l ViewSpecsoftware Above.ground biomass Radiance at g
Vegetation water content four bands =
Reflectance at 1 nm °
o> l Atm correction t
& - S
)
Vegetation Index (’é‘ Model Surface
(Narrow band and Broad development Reflectance at
band) l four bands
\ ANOVA (F statistics) Estimation of l RAPAR.
Plant height, Broad band Vegetation index
Best Narrow band index LAI, Biomass vegetation (RVI)
for cotton monitoring and plant index
water content

Fig 2 Methodology for assessing cotton conditd.i

4 . Results and di scussi on

4 Pll ant parameters
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Pl ant hei ght varied from 10 to 40 cm at di f f e
di fferent sites during August and 50 to 170 cm
at different sites andastadefrowe80btom866 per
July; from 500 to 7000 at dif f2lraetnetr .si tersy ibni oA
per> vmmaried from 10 to 100 at different sites i

August and 2%i0n t ®e plt2edmMgen . Pl ant water conten
80 to 90 % at different sites in July; from 6
85% in September. The first date corresponds
third date corresponds to dry matter accumul at
and bolls (fruits).

4 APnalysis of ground spectra

Ground spectra were collected from cotton pla
di fferent age, with different LAI, water conte
soi l were also taken to see the possibility o
spectra of Bt cotton and other crops such as s
t hat of Bt cotton and indigenous <cotton are
di fference in LAI and water content are shown
showed distinct difference between sesame and
the chlorophyl| absorption in the red edge r
Similarly, indigenous cotton showed | esser ref
growth status. Variation in LAI also resulted
region of the spectrum, but maxi mum difference
(770-870 nm) region (fig 3 <c¢). Spectra of di f
content are shown in fig 3d which shows differ
0.5 b8
Ny /-'("/':\i.-’/_\\ .6 | g — LA 4.06
0.3 / S p.5 [\ tALSe
P4 p.4 | -
0.2 { |7 AN | ps W e
P I 0.1 A /\
0350 550 750 950 1150 1350 1550 1750 0350 550 750 950 1150 1350 1550 175
0.7 5 —_Desi cotton 1 d Vegetation Water content {%)
0.6 /"i,fii\.‘ —BT cotton ‘ = W
05 VA o
0.4
0.3 AN
0.2 ﬁf//\” S /\\
o1 A N 7
0.0350 650 950 1250 1550 1850 2150 350 550 750 950 1150 1350 1550 1750
Fig 3 Ground spectra of (a) cotton and other <crops; (
di fferent LAI; and (d) Bt cotton with different veget a

4 . Correlation of VIs with the plant parameters
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The five narrow band and two broad band indic
responsi ble for cotton condition assessment |
fresh biomass are significantly correlated wit
and VOG ¢c. The correlation of different veget a
content whil e that for dry bIO mass ranged frc
correlated with dry biomass nd VWC. Hence not

devel opment to estimate the concerned par amet e

[T

0.2 blomasslmz B as 2 I I

0.8

o o o
N ~ o

Correlation coefficient (r)
o

0.4
mNDVI mLSWI m GMI mRededge mVOGa mVOGb mVOGc
-0.6
Fig 4 Correlation of Vegetation index with the plant

vegetation water content)

6 i R? NDVI (DB)= 0.49 RINDVI (FB)= 050 1 % c
d = i =0, ' 2 0. [} [
5.5 :, ~ng:;3:&; aNDVI o LSWH a 4500 R:_LSWI(DB)=0.12 R? LSWI (FB)= 0.1 % NDVI -« LSWI
g | - wo "t | ANOVAWE NoVaS | g “ * .
sishiwe eLswios | * g By e S b
45 3500 _' ? g 08 0 i e
. T EB0ie% 2 o MY 2
w4 £ 1000 ] % & k7.
5 7 . s a ¥ o LM
E i & 2500 . - » .4
=3 £ . 270 o » .
j 2 2000 \ c
25 b S 66 ' S
1500 . 8
2 O 3 60 4 :
o8 1000 . LA 2 . .
500 = .
1 .« R _NDVI=0.52 R*_LSWI=0.51
0.2 0.4 0.6 0.8 1 0 -
02 04 . X 11 -0.2 0 0.2 04 06 08
Vegetationindex Vegetation nde Vegetationindex

CA3 pY az2RS8fta F2N SadAYlriAy3 o0 [!'LT 600 CN
O2y(GSyi( dzaAay3 @S3SGlFdA2y AYRSE o6b5+xL FyR [{2L0O
4 Model s for estimating different plant par amet

fyj>
ax

K 0A2Yl ¢

Di fferent models were developed to estimate t
bi omass, and water content) and are presented
LSWI) were considered for model devel opment be
the pl ant parameters from satellite (LI'SS 111)
relationship while plant water content showed
the vegetation indices (NDVI and LSWI). For f
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det er mi §atwiasn moR e for NDVI (0.51 and 0. 49, re
(0.11 and O0.12, respectively) while for LAI ar
by both indices was at par (fig 5). Hence, NDV
district | evel

4 Moo d el inversion for estimating plant paramet e
Broad band vegetation indices (NDVI and LSWI)

and the NDVI based models were applied to thos
pl ant parameter over the study area (Fig 6). T
to vary from 43 to 85 % while LAI varied from

water content bet ween 60-85 % (fig 6a). The fr
0.5 to  "343whbi kg dry biomass rangedf ibgteegn6®) 50
mo d e | underesti mates fresh biomass but effecti
water content (%) and LAI are within the obser
at sampling GT points (Table 2).

Fig 6 Estimated plant parameter s?mfa)( c)e gfert east Hfomi ovma s (c

and (d) dryfbfomassetf{@gmcondition assessment.
4 Readar Vegetation I ndex (RVI)

RVI was computed foll owing equation 2
dates were used for further analysis.

(section

RVI dur

magnitude when wusing HV with both HH and VV a
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good for pl anophiles where HH and HV respons
Macel |l oni et al 2001 and thus we extended thi
ranges from 0-1.0 for most of the | and cover t
i n RVI as observed in fig. 8b corresponds to
scattering due to | eaves, flowers and bolls fr
was found in the range of 0.2 to 0.9, l ower r .
and prolonged vegetative phase) and higher by
backscattering were found to increase with an
this behaviour is typical of media in which sc
crops (Macell oni et al , 2001, Hal dar et al .,

the crop growth resul ts i n i ncrease in RVI W
backscattering coefficients. The fig 7a shows
data ranging in?tioomaskgghtomi Ll kdgdmOcm (fig 7¢c¢)
months (fig 7d).

VWC varies from few hurdrfdds 7dbf) cqrsanmsgations%. 5 nl
ground crop bizomasssi gtniilfli cakhgmrel ati orshi p was
bet ween 0.5-0.6 a?ndT hReMSeE rOe s3u-10t.s7 ksgurgyggest ed t hat
VWC for vegetation types having a | arge dynami
age, vegetation water? @GomSenvermrnemdolseopyv édd.omMaws
follow a close |linear relationship with weach

found to be more sensitive to the radar respo
devel opment . Thereafter bi omass is estimated

VWC and crop biomass. Pol ynomi al relationshinp

target response as shown in fig. 7a-c¢e.

The | ow biomass zones corresponded to | ower RV
the blue circle in comparison to the higher dy
circle (fig 8 a-¢c¢). The tempor al i ncrease in

particular site was observed in fig. 8b and c

to increase in RVI The variations are due to
di fferences in the two types of cotton. Expone
crop and biomass. The field measured versus re
region was found to have robust validity.
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p of wvarious plant biophysical par amet e

Fig.7 Relationshi
(d) RVI vs Plant age (e) VWC vs biomass

Pl ant height,

BtJuly 26MJul y a 20"Augu st
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00 00 OO

Fig. 8(a-c¢c) Tempor al RVI i

Surendranagar

n
the year 2016. Red circle represents the
c

represents the indigenous otton

ar ea

4. 7. Il nversion of plant parameters from RVI

The resul t of i nver sion of VWC from RVI
r height, VWC and biomass are
of t he

resul ts f
ach|S|t|
July to
1000 to-
kg'n‘%biomass
nversion the
verall AL OS A

especially i

so emphasises the intermediate range
verthel ess th

0
ons. The mean height of most
100-125t'emuddstg. 98i) midluar Inyg mM@éan
20O gllmy " Awg Ot (fig. 10 a-c).
wh i h
2
P

C may be attributed to

ir erl kné dalno setak d mer st udy

ound 5kgm-2 as the peak biomass.

BtJuly 2B6MJul y a 20"Augu st

Fig.9(a-c) Tempor al Hei ght map
three dates of the year 2016.

I

e

i

r

The temporal biomass maps "$hbwgi nttapsseof B0 MmO
b

i

was a
s how

VWC i n

Hi gh er

t he satf
by Eng

anyg
LSAR backscatter was found to b
n the higher Dbiomass range

(100
of 4 - 8

is higher ITimit of biomass wil/
ke fruiting stage in cotton, sugarcane et c.

ove during August (fig. l1c) . For higher bio
ith higher wavelength, wusing the datasets fro

in Suren
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Fig.10(a-c¢c) Temporal VWC map in Surendr

Fig

. 1 a-c) Tempor al Bi omass map in Su
for 20

1(
16.

The procedure was established during 2014-15 b
tested and validated for datasets of 2016 acr ¢
hi gh vigour zones encompassing both indigenous
both VWC and crop height was carried out vis &
withoR 0.68-0.84. As obser v®0d 6i8n tbleda tleei gtlett rv
observed above 30-40 c¢m. I n the | ower ranges,
pl ant population may attribute?t0o 8RNI .t hTalme h\ewa
due to higher correlation of the former with R

with the findings of earlier researchers (Wigl
water content in soyabean. Though there is son
approach seems promising as it estimates usefu
This methodol ogy wil|l be useful to discriminat
bi omass and synergistically with the optical i

and timely monitoring.
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Figl2. Validati on ¢&fi g VaWC Vmbddht iwint hof pl ant
groun groun

4. Rel ationship between SAR index (RVI) and opti
The ground estimated VIs (NDVI, Rededge Gyout ,
were correlated with the RVI of same period (2
LSWI) of 3 September were correlated with the
was observed in case of Red NDVI, VOG1 and VOC
correlation with RVI Hi ghest correlation was
to be better correlated with RVI (r=0.44) as
bet ween optical vegetation index from ground
relationship between RVI and broadband VI (NDV
to be poor and hence not shown. Bot h NDVI and
relationship with RVI (fig 15). H6rd9pn! wbt h SW
RVI as compar>e@. 3&%) .NDWUI t(iRrl e linear regressio
Vis (NDVI and LSWI) and SAR index (RVI) were d
pl ant water content. The accuracy i mproved whe
with the optical VIs (NDVI and LSWI ). The mode
resul t2adfi ®. 89Rwhil e when RVI was used as anot
showeifa OR5 (fig 16). This indicates RVI may

i mproving accuracy of cotton LAI prediction

Fig. 14 Correlation of ground estimated opti ca
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Fig. 15 Relationship of RVI with NDVI and LSWI Fig.
alone and that with optical Vi
( R\
5. Conclusion
The study ai med at using both optical and mic
assessment . The wusability of Radar Vegetati o
crop growth and assessing the cotton crop cond
and potenti al application of wusing the truncat
for crop condition monitoring at regional |l ev
water content hel ped us i n monitoring the var
parameter empirical model s crop-specific SAR r
the crop status in varying zones of water stre
The work has shown the degree of correlation
responsible for cotton condition such as plant
study shown the ability of optical remote sen
content owi toh 4R, 0.51 and 0.52, respectively. T
in LAl estimation with the conjunctive use of
Hence it is concluded that, the conjunctive u
moderate resolution in monitoring the conditi.i
potential tool and wil |l prove to be quite helrg
the monsoon/ rainy season in the tropical re
reproduced over time and space to prove its ef
ot her places and for other crops especially fo
the accuracy in crop condition assessment.
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