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SUMMARY

. Identification of Promising Image-Based Traits for Assessinghe Response of
Plants to Abiotic Stresses

A total of 19 image parameters were assessed for their effectiveness in explaining the
variation inthearea of the images at different growth stages in different crops. Convex
hull area, absolute z rotation second momantiminimum rectangle area wasufed

to be important in identifying differential response of crops to various stresses

. Optimization of High Throughput Phenotyping Protocol for Drought Tolerance
on Chickpea

Parameters such as digital area, convex hull area (CHA) and boundary point count
(BPC) could differentiate the responses of chickpea genotypes more efficiently under
depleting soil moisture and Cultivar, 6 was found to be promising for moisture
stress tolerance.

. Optimization of High Throughput Phenotyping for Drought Tolerance in
Pigeonpea

Parameters such as digital area, convex hull area (GidAyell as NIR intensitgould
differentiate the responses of pigeonpea genotypes under depleting soil moisture.
Genotype SMVTI-1834 was found to be a promising genotype, which can beassed
adonor for drought tolerance as it had high biomass and low NIR Intensity relative to
other genotypes.

. Optimisation of Phenomics Protocol forldentification of High Growth Rates Per
Unit of Water

The mrtial least square (PLS) method wdsntified asthe best method to predict
biomass. The predicted biomass was used to compute the plant growth rates and water
use indices, which were found to be highly promising surrogate traits as they could
differentiate the response of genotypes to swmdisture stress more effectively
mungbean genetic resources

. Phenomics to Elucidate the Influence of Rootstocks on Drought Response of
Tomato

Among the rootstocks, an interspecifiS&o{anum lycopersicunx S. pennellj
derivative RF4A was highly efficig in terms of productive use of water. The RF4A
rootstockgrafted plants were more conservative in water use with higher plant water
status through relatively better stomatal regulation and hence were more efficient in
generating greater biomass underavatress conditions

. Optimization of High Throughput Phenotyping Protocol for Heat Tolerancein
Chickpea

Parameters such as digital area and boundary point count (BPC) could differentiate the
responses of chickpea genotypes more efficiently under hess.sBenotype JG 16
showedthe highest digital area pixel and boundary point count under heat stress
conditiors.

. Optimization of Affordable Phenotyping Protocol for Drought Tolerance in
Different Legumes

High-resolution visible (400000 nm) and NIR (704700 nm) sensoiisased image
parameters can differentiate drought responses of legume crops.
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8.

10.

11.

12.

13.

14.

15.

Optimisation in Vitro Phenotyping of Root Traits to Differentiate PEG-Induced
Stress Responsesf Chickpea Seedlings

In vitro culture usingMurashige & Skoog Basal mediuemd osmotic stress induced by
5% PEG 6000 (Polyethylene glycol 6000) are the best combination to study PEG
induced RSA in chickpea using digital images.

Cooler Canopy Leverages Sorghum Adaptatiorto Drought and Heat Stress

Genotypes having cooler canopy under individual and combined effects of drought and
heat stress can overcome the stress efficiently compared to genotypes with high canopy
temperature

PhysiologicalTraits Identified in Drought Tole rant Mungbean Genotypes

Cooler canopy genotypes (M6173C, 1C-325770Q and ML-2082) and a genotype
(DMG-1050) with novel trait combinations like high SPAD and better PSIl health
despite high canopy temperature found tolerant to drought which can besuketbes

in mungbean breeding programs

Evaluation of Pod Pedicelas a Component Trait to Facilitate Photosynthate
Supply to Developing Grains During Soil Moisture Depletionin Chickpea

The sudy revealed genetic variation in pedicel paransaieder both \&terstressed

and wellwatered conditions. Pedicel parameter and seed weight were found to be
correlatedndicatingthat the pedicel can play a crucial role in determinimeyield of
chickpea.

Identification of Drought Tolerant, Ascorbic Acid-Rich Chickpea Genetic
Resources

A total of 106 germplasm and 6 checks were screened for terminal moisture stress
tolerance for three years (2020, 20aad 2022) under field and control conditions. A
total of 8 germplasms were (BDN#201815, PG1201-20, G19315, C19186, BDNG

2017, PG101215, G19190, G19291) identified as tolerant to moisture stress and,
they had high ascorbic acid in leaf and seedels

Phenotyping ofMungbean Genotypes for Waterlogging Tolerance

A study was conducted to establetelationship between grain yield and Aorasive
physiological parameters such as NDVI and Qmax under stress. Correlation and
regression analysis realed there was high and significant positive association
between grain yield and Qmax and NDVI. Hence, these traits can be used as surrogate
traits to identify waterlogging tolerant mungbean genetic resources.

Deciphering Endurance Capacity of Mango Tree to Desiccation Stress Basedn
Efficiency of PSlI

Studes revealed thathe mango tree can maintain its carboxylation efficiency over
sometime. IR studies confirmed th#te mango tree maintained its canopy coolness
during the dry season. In addition, the chlorophyll fluorescence study revealed that
mango leaves retained 50% of initial PSIl efficiency for as many as 4 days after
desiccation and chlorophyll fluorogram also d#¢pd the observations. Phenomics
studies concluded that mango twigtained tissue water content even up to 164 h of
desiccation wittagradual decrease thecanopy area.

DesiccationToleranceof Photosystemll in Dryland Fruit Crops

The PSII toleranceto tissue dehydration observed in karon@ar(ssa carandas.)
and sweet orange&C{trus sinensiy was higher than that of mangddngifera indica
L) and grape\(itis viniferal). This study reveals the method to assess the sensitivity
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of fruit crops to desiccation, which can be useful in water management, and in assessing
the efficacy of novel chemicals for alleviating abiotic stresses.

16. Relative Tolerance of Photosystemll in Spike, Leaf, and Stem of Bread and
Durum Wheat Under Desiccation

Durum wheat had higher quantum efficiency and lower photoinhibition of PSII relative
to bread wheat across spike, stem, and l@¢ak @ate of decline in maximum
photochemical efficiency of RISwith increased desiccation was seen higher in bread
wheat spikes as compared to durum wheat. ChlF imaging could be effectively deployed
as a phenotyping tool to differentiate wheat genotypes for their photosynthetic
performance under desiccation.

17.Canopy Temperature Depression(CTD) and Canopy Greenness Associatedith
Variation in Seed Yieldof Soybean Genotypes Under Soil Moisture Stress

Studies revealed that CTD along with canopy greenness can be used as a key trait of
leaves in the selection of soyregenotypes for higher adaptability to low soil moisture
stress conditions, a common feattiratexists under serarid regions.

18.Responses of Chickpea Genotypes to Soil Moisture Deficit Imposed Under Field
Condition

Genotypes Such as D24, D5, D15, IPd6andICE15654B had high seed yield and
could maintain their canopy cooler in stress condgtinduced by soil moisture deficit.

19.Responses oPigeonpea Genotypeso Soil Moisture Deficit Imposed Under Field
Condition
GenotypeRVK 285 was identified as tolerant to seedling stage moisture stress by
adopting lower digital biomass as an adaptive strategy under depleting soil moisture
conditiors andhence had better recovery.

20.Screening and Identification of Waterlogging Tolerant Pigeonpea Geneic
Resources
A total of 106 germplasm along with checks were screened for waterlogging tolerance
for two years (8 days stress)thé seedling stage. Based on the morphysiological
traits and tolerance indices, genotypies ICP-10397, ICP7507, ICR7869, ICR7148,
ICP-4903 ICR16309, ICP7375, ICR6815, ICR7507, and ICR5128 were identified
as tolerant to waterlogging.

21.Non-Destructive Assessmentof Seed Phenotypesin Mungbean Mini-Core
Collection (MMC) by Image Analysis
Seeds of 29@ccessions of mungbean were phenotyped usingé®ivmobilebased
phenotyping. The results reveakbe possibility to employ lowcost phenotyping tools
to study variation in seed morphology afarge number of germplasms of different
crops.

22.ldentification of Trait-Specific Germplasms for High-Temperature Stress
Tolerance in Cowpea
A total of 250 germplasm and five checks were screened fortligperature stress
tolerance under field conditions duritige summer month of 2022. Among them 50
germplasm fond better than checks for the traits such as canopy temperature, leaf and
pod florescence, grain yieldnd other physiological traits.
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PLANT PHENOTYPING: NEEDS AND SCOPE

l. Introduction

Pulses, including pigeonpea, chickpeas, cowpea, and mungbean hold immense importance as
a staple food source for millions of people worldwide. These nuigiemse crops provide
plantbased protein, dietarfibre, vitamins, minerals, and phytochemicals essary for a
healthy and balanced diet, especially in regions where access to animal protein is limited.
Pulses contribute to food security by offering an affordable and sustainable source of nutrition,
improving the dietary diversity and quality of popusas. Moreover, pulse crops have
agronomic benefits, as they fix atmospheric nitrogen, reduce the need for synthetic fertilizers,
and require less water, making them suitable for cultivation in vgatece areas. However,
pulses are highly vulnerable doought and heat stress. Their shallow root systems and limited
waterholding capacity make them sensitive to drought, leading to reduced crop productivity
and economic losses. High temperatures associated with heat stress affect various physiological
proaesses, ultimately decreasing photosynthesis, flower and pod formation, and seed quality.
With climate change exacerbating these challenges, developing pulse varieties with enhanced
tolerance to drought and heat stress becomes imperative. Phenotypinguesipiay a vital

role in identifying and selecting tolerant genotypes, paving the way for the development of
climateresilient pulsecrops,and ensuring food security in the face of changing climatic
conditions.

As global temperatures rise and extremettwaevents become more frequent, it is
crucial to identify and develop pulse varieties that can withstand these challenging conditions.
By screening genotypes for tolerance, researchers and breeders can identify traits and
characteristics that contribute resilience. This knowledge can then be utilized to breed and
select genotypes that are better equipped to handle drought and heat stress, ensuring sustained
productivity and food security. Moreover, screening for tolerance allows for the conservation
of valuable resources such as water, as more efficient genotypes can be identified that require
less irrigation. By developing pulse varieties with enhanced tolerance to drought and heat
stress, we can create more sustainable farming systems that promotmneental
stewardship and longerm agricultural viability. Ultimately, the screening process plays a
critical role in adapting pulse crops to the changing climate, safeguarding food production, and
ensuring the resilience of farming communities.

Phenotyjng plays a significant role in identifying and selecting tolerant genotypes with
enhanced resilience to drought and heat stress. Through phenotyping, researchers can evaluate
and quantify the phenotypic variation among different genotypes, allowing for th
characterization of traits associated with tolerance. Traits such as plant height, leaf area,
biomass accumulation, root characteristics, physiological parameters, andredtiess
biochemical markers can be assessed to determine the performancetgbeennder stress
conditions. The efficient screening enabled by phenotyping technologies and methodologies
allows for the evaluation of large populations, expediting the identification of tolerant
individuals. Furthermore, phenotyping provides valuab$gghts into the genetic basis and
heritability of tolerance traits, aiding in the selection of genotypes with stable and heritable
characteristics. The data obtained from phenotyping guide breeding strategies and the
development of improved varieties duigh informed selection, crossbreeding, and targeted
genetic transformation.

Il. High Throughput Plant Phenomics Facilityunder NICRA

Under the National Initiative on Climate Resilient Agriculture (NICRA) component, a plant
phenomics facility was establistheat NIASM, Baramati to facilitate the high throughput
phenotyping of plant germplasm for tolerance to various abiotic stresses. The greenhouse
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covers an area of 432%with a gable front length of 27 m amadyutter front length of 16 m.

Zinc-coatedore-galvanized steel pipes and double polycarbonate sheets (8 mm thick) are being

used to construct the greenhouse. Inside the greenhouse, there are four zones 4Ad[1)B
to create different climatic conditions. The greenhouse has concrete flondrejeztrically
operated roof vents with thermal and shading screens.

Under National Innovations for Climate Resilient Agriculture (NICRA) projeet
installationof the phenomicdacility by LemnaTec, GMBH, Germanyas completedon 15
SeptembeR015. The facilities allow screeningof 216 plantsat a time andit is possibleto
screenthousands of linefor response®f plants toa particularphaseof crop growth with
staggeregblantingandgrowthinitially undernaturalconditiors. Thefacility is equippedwith
cameragor acquiringimagesin visual (V1S),infrared (IR) andnearinfrared range (NIR) for
morphoephysiologicaltraits, surfacetemperatureandplantwaterrelationsrespectively. It has
programmable and automated irrigation and weighsggtem tocreateand monitor soil
moisturestress Automatedtemperatureegulationcanallow screenindgor high-temperature
tolerance Robustsoftwareandhardware allowthe acquisition,storageand analysi®f huge
sesof imagesResearclprojects facilitatedby this technologyvary from large scalescreening
of earlygrowth and tolerancéo abiotic factorslike soil moisturestresssalinity, and nutrient
imbalances.

[I. Objectives

1 To develop plant phenomic protocol for tbiearacteration of response®f crops to
abiotic stresses mainly drought, high temperatame salinity.

1 To identify alternativetraits to acceleratéhe charactedation of plants responseso

complexanddifficult-to-measureraitsassociatedvith stress tolerance

To identify promisinggenotypeshathaveattributescontributingto stress tolerance

To identify traitsandgenes associateavith toleranceto drought,high temperatureand

salinity

1 To complementhe efforts of plant breedes and molecularbiologistsinvolved in the
investigation of genesassociatedwith toleranceto abiotic stressesin field and
horticultural crops

1 Todevelopaplantphenomalatabasey employingcommonmethodsand comparable
procedures

1 To facilitate the developmentof low-cost indigenousplant phenotypingtools for
controlledand field experimentsby validation of resultsin high throughput(HTP)
phenotyping

E |
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RESEARCH METHODOLOGY

1. Planning an Experiment
This includesidentifying the objectives, selecting appropriate treatments or conditions,
determining the sample size, and defining the experimental setup.

2. Imposition of Stress
Stress imposition refers to intentionally subjecting the genotypes to specific envirahment
conditionsto evaluate their performance.

3. Planning Water Job
This step ensures regular and optimal water management to maintain the desired control over
the duckweed population.

4. Imaging

4.1 Visible Imaging

In plant science, visible light imaging has beaonadly adopted due to its low cost and
simplicity. Using this imaging system, with a similar wavelength (ranging from 4 00 to 700
nm) perception as the human eye, #mensional (2D) images can be used to analyze
numerous phenotypic characteristics antetmrd the changes plant. To spread the spatial

and volumetric information of phenotype images, thimeensional (3D) imaging approaches
have been developed, which could provide more accurate estimations of the morphological
features. Therefore, during the integration of 2D and3&ge analysis, visible light imaging
techniques are popular components for the integrated plant phenotyping platform. It represents
raw data of a phenotype image in spatial matrices based on the intensity values relating to
photon fluxes (red~600 nm, gne~550 nm, blue~450 nm) of the visible light spectral band.

4.2 Infrared Imaging

Infrared imaging technologies are used for screening objects of internal molecular movements
which emit infrared radiation. Two popular infrared imaging devieeseasinfrared (NIR)

and a faiinfrared (FafIR, also called IR thermal can be used to screen radiation images.
Many studies have combined visible and NIR imaging to detect vegetative ihéicasse
healthy plants reflect a large proportion of NIR light (BDO00nm), whereas soil reflects little

NIR light.

4.3 Fluorescence Imaging

Fluorescence imaging is used from laboratory to field. This imaging technique describes the
information about the plant metabolic status that can be obtained by the artificial@xafat

the plant photo systems and observation of the relevant responses (Li et al., 2014). It is based
on chargecouple device (CCD) cameras with sensitive fluorescence signals, where the signals
occur by illuminating samples with visible or ultravioleght. There are two types of
fluorescence (red tinefar-red region and the blue to green region) generated by the ultraviolet
illumination ranging from 340 to 360 nm and is expressed as a principle of underlying multi
colour fluorescence imaging. Thisdenique offers the simultaneous capture of fluorescence
emission and provides a quick way to probe photosystem Il status in vivo (Maxwell and
Johnson, 2000).

5. Image Analysis

Once the images are captured, image analysis techniques are utilized to extract quantitative
information from the images. This involves processing the images using software or algorithms
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to measure parameters such as leaf coverage, density, or biomags.almatysis helps in
obtaining objective and consistent data for further anafi7gsire 1)

6. Data Analysis

After collecting the relevant data, statistical methods and data analysis techniques are applied
to analyseand interpret the findings. This stepvatves performing calculations, statistical
tests, andmodelling to determine the impact of stress on genotgpgormance jdentify
patterns, and draw meaningful conclusions.

7. Data Interpretation

Data interpretation involves making sense of @nalyzed results and drawing conclusions
based on the findings. Interpretation often involves comparing the experimental results with
existing literature, discussing limitations, and suggesting future oésdaections.

é Top cameras Side View Cameras
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Fig. 1 Extraction of images from original images (A case study in mungbean)
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RESEARCH ACHIEVEMENTS

1. Optimization of Screening Protocoldor Different Pulse Crops

SeverallUCs (Imaging Unit Configurationand IACs(Image Analysis Configurationyere
prepared for different crgoncluding mungbean, chickpeandpigeonpea which can be now
used for various experiments involving the abawentioned crop plants. IUCs and IACs were
also prepared for assessing water u§eiency, leaf water lossand responses of chickpea
genotypes to different microbial consortisirdVith project objectives in focus, the experiments
were conducted with mungbean, chickpea, pigegrgyehlentil.

2. Optimizing Methodsfor Imposing Stress

Initial experiments athe plant phenomics facility of NIASM included soil moisture stress
imposed by creating two levels of soil moistwie., 60-80% offield capacityas control and
40-50% field capacity as stress. However, this method could not creftegesuisoil moisture

stress for differentiating the genotypes for their tolerance to stress. Hence, it was decided to
assess the responses of plants to depleting soil moisture by withholding irriggioticatar

growth stage of crop plants. Depletion of soil moisture was recorded almost every day after
withholding the irrigation till wilting symptoms appeared in plants. In some experiments
recovery from the soil moisture stress was assessed by replenishing the soil rtoistide
capacity and then terminating the experiments after 3 to 5 days.

3. Protocols Optimized for W ater Use Efficiency Leaf Senescence, Canopy Architecture

The phenomics facility allowshe estimation of water consumed by plants during their growth

or duing theimposition ofstress to assess the genetic variation in the plant responses. Water
consumed included both evaporation and transpiration though dummy pots were used as blanks
to get an idea about the total evaporation in the absence of plantgmtsh®ata generated

on water consumption and the biomass produced by pharesused in differentiating the

plants that produce more biomass with less wasecompared ttocally adapted cultivars
included as checksmage analysis configuration toolere used to quantify green, rechd

blue pixels, which could provide fare idea about the leaf senescence as well as the rate at which
it occurs in pulse crops like chickpea.

Image analysis configurations designed at NIASM provide more than a dozergef ima
parameters that can explain the responses of genotypes of different pulse crops to managed soil
moisture stress under controlled environmental conditions. It is well established that digital
volume derived from image area captured ftbetop viewandtwo sides can explain variation
in actual biomass. We observed that this works particularly when sufficient tissue moisture
exists in plants. Hence this can be utilized for asse$isetgte of change in plant biomass in
response to depleting soil moistustress. Conditions under which this parameter fails to
explain the biomass are being assessed. Among other parameters, convex hatidarea
compactness could differentiate the plant responses to depleting soil moisture stress.

4. Optimization of high throughput phenotyping protocol for drought tolerance i n
chickpea

An experi ment apinsze imagebasedcpheaatyping onethotbr assessing

plant responses to depleting soil moisture stress@anddt e nptomisging traitsand potential

g e n o t(syfprearought tolerance with 22 genotypes of chickpea including local check

Digvijay (Fig 2). Plantswereinitially grown under natural conditienn pots andthenwe r e

shifted toa plant phenomics facilitg Slays afer sowing (DAS) for phenotypg Water stress

treatment was imposed at 30 DAS by withholding water whereas optimum moisture was

maintained in the control. Soil moisture trends and NIR intensity during the experiment

differentiated cuotrol and drought stss treatmentdigh-resolutionvisible 4 0-D 0 fim) and
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NIR (7 O-D 7 r@) sensors were used to capture images of shoot image parameters in different
pots. Parametessuc h as di gital ar,aalpundaygpomteounihBUPd) ar e.
could differentiatehe responses of chickpea genotypes more efficiently under depleting soil
moisture. Genotype JG16 showtet highestdigital area pixel boundary point counpend

boundary point roundnessiring the initialphase in response to two levels in wedtered C)

and wateisstressedS) plants.

Fig. 2: Experimenal setup in plant phenotyping faclity at NIASM Baramati.
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Fig. 10:Genetic variation in boundary point count during the initial phase in response to two levels in well

watered(C) and watestressed(S) plants.
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Conclusion: Parameters uc h as di gi t al (&mHedundary pomwvceuat h u | |
( B P @s)well as NIR intensitycould differentiatethe responses of chickpea genotypes more
efficiently under depleting soiimoisture GenotypeJG-16 was found to be a promising
genotype which can be used aslonor for drought tolerance as it had high biomass relative

to Digvijay.

i.  Optimization of high throughput phenotyping for drought tolerancei pigeonpea

An experi ment optnsze imagebasedcpheaatyping onethotbr assessing
plant responses to depleting soil moisture stressanddt e nptomising traits and potential

g e n odfoy qraght tolerancef pigeonpeaSoil moisture stress treatment was imposed 25
days after sowingVisible (4 0-D O0rdm) and NIRT 0-D 7 @) sensors were used to capture
images at various angéor soil water status and shoot image paramelersage psar amet
suchasdgi t al Ar ea ( a) ,a nddRnnteasky( kbl dhdots &f pigicaped b )
differentiating plant response¢e soil moisture stress o n ds. G ¢ © CetSMT-11-1834
showedthe highes digital biomass accumulatioand convex hull areé C H Alyring the
experimentu n dtleerstress conditiorlGe n ot y p i oof LovaNIR iaténsitysimowed by
genotypes SMVAII-1822, and 1825 followed by SMVTI-1834 under drought stress
conditiors indicating higher tissue water accumulation by these genotypes.
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Fig. 12: Soil moisture trends during the experiment intrad and drought stress treatnten




Phenotyping of Pulses for Enhanced Tolerance to Drought & Heat

‘1. .

0 DAT 9 DAT 16 DAT

Fig. 13:RGB image of a pigeonpeagenotypeSMWT1834the top view represents the same plant fran1®
daysof controland water stress treatments.

: «
< 3
Control ~~  Stress Control ~~  Stress Control Stress
Fig. 14:Mean valuesofli g iat @ad ( a) , C 0 n WIR intersity( dof) sHooteoh pig{onpea plants in
drought and contr ol condi ti on
Conclusion:Parameters uc h as di gi t al ar,aswellasMRintensity, h ul |

coulddifferentiatethe responses of pigeonpganotypes more efficiently under depleting soil
moisture GenotypeSMVT-I1-1834 wadound to be a promising genotype, which can be used
asadonor for drought tolerance as it had high biomass and low NIR Intensity relative to other
genotypes.

i. Optimization of phenomics protocolfor identifying high growth rates per unit of

water applied
Twenty-four elite mungbean genotypes were grown with and without water stress for 25 days
in a controlled environment. Top view and side view (two) images of all genotypes captured
by a highresoltion camera installed in the highroughput phenomics were analyzed to
extract the pertinent parameters associated with plant features. We tested eight different
multivariate models employing machine learning algorithms to predict fresh biomass from
different features extracted from the images of diverse genotypes in the presence and absence
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of soil moisture stress. Based on the mean absolute error (MAE), root mean square error
(RMSE), and R squared fRvalues, which are used to assess the precisiomufdel, the

partial least square (PLS) method among the eight models was selected for the prediction of
biomass. The predicted biomass was used to compute the plant growth rates andevater
indices, which were found to be highly promising surrogatestestthey could differentiate

the response of genotypes to soil moisture stress more effectively.
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fii

]

@_©& & & o

15 Dar
Fig. 16:Redgreenblue (RGB) image of a mungbean genotypetll5144 on the top vie@A) and side view
(B) represents the same plant from 0 to 37 day®nfrol and water stress treatments.
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Fig. 17:A suggested phenotyping protocol for mungbean genotypes. Workflow foridesiyed biomass

model construction consists of the following steps: (1) image acquisition, (2) image processing, (3) different
geoméric and colar-related phenotypic trabbserved, (4) biomass harvested manually at the last day of
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imaging and fresh weight and dry weight measured, (5) different machine learning algorithms RF, SM,
GLMnet, LM, GBM, PC, PLS, MARS models were used tadpreplant biomass, (6) model validation, (7)
model selection, evaluation, and result interpretation, and (8) selection of genotypes with higseaidex
(wul).

ii. Phenomics to Elucidate the Influence of Rootstocks on Drought Response of Tomato

In this study, weemployeda high throughput phenomics facility to assess the efficiency of
tomatees grafted on the rootstocks of different genetic backgrounds, at different levels of
moisture in the soil. Rootstocks included tomato cultivars and hydedsed from the crosses
involving wild relatives as donor parents. Among the rootstocks, an intersp&zfenfm
lycopersicunxS. pennell) derivative RF4A was highly efficient in terms of productive use of
water. The RF4A rootstoegrafted plants werenore conservative in water use with higher
plant water status through relatively better stomatal regulation and hence were more efficient
in generating greater biomass under water stress conditions. These plants could maintain a
higher level of PSII effiency, signifying better photosynthetic efficiency even under water
stress. The distinct response of interspecific rootstock, RF4A, to water stress can be ascribed
to the effective root system acquired from a wild pargnpénnell)i, and hence efficienvater

uptake. Overallthe study demonstrated the efficient use of a phenomics platform and

developed a protocol to identify promising rootsiiagtion combinations of tomato for
optimization of water use.

Grafted Tomato Establishment in Shifting to Phenomics Maintaining soil moisture level by
Plant Greenhouse Facility Control Watering
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Fig. 18:Protocol for phenotyping ajrafted tomato plants under different soil moisture regimes in phonemics
facility.

iii. Phenomics for differentiating responses of chickpea plants tahe microbial
consortium

Beneficial microbes individually or in a consortium can be applied to improve the growth and
productivity of plants, with specifically to be used for drought tolerance. A solid understanding




Phenotyping of Pulses for Enhanced Tolerance to Drought & Heat

of the physiological and biochemical changes in plants inducételg beneficial microbes is
required. The present study was carried out to investigate the effect of microbial consortium
on the phenotypic changes in chickpea grown under drought stress conditions and their
association with drought tolerance by usinghhihroughput phenomics platform facilityhe
phenotype data from plants treated or not treated with microbial consortium were captured in
a nondestructive manner for quantitative studies of complex traits, such as growth, tolerance,
architectureand plysiology. The experiment was conducted with 8 treatments including the
uninoculated control. Chickpea seedlings were growra ishade net with uncontrolled
conditions inapot containing black soil fertilized with N:P 20:40 till 43 days in 12 replications.
Moisture content was maintained in all pots till the drought treatment started. All the pots were
then shifted tothe greenhouse in the phenomics platform with controttedditions and
irrigation was terminated in half of the pots of each treatment. Imaging (Visible/NIR/IR
spectral range) was carried out uthié 16" day of stress witlatotal of 11 observations. The
image data was then exported for analysis using Lennmer and saved the file @SV format.

A table lay out was made for the fast processing of each data set. Reduction in moisture content
during the stress period was recorded using the weight data from the ptemdatiorm

Digital volume estimated frorthe visible images exhibited the positive effect of microbial
consatium under drought conditions
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Fig. 19: Reduction in moisture content during the stress period
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hul | area mnwalsl areicoTde®lh dn ktehdai ge t al area (tor
hi gheer cihni ctkhpeawplt amitcsr otbrieaalt ecdoChosnopratcitunme s s e X |
visible images was found signifimanbhbbgulhatgé
controhndeT8rtreGancpy dti avaméinsat doae n5l ,AédwWer i n
T7 treatments compared to T8 under stress coc

resul ts ruwewdelwatdredtohddiars no significant difference between the
treatments but under stress conditionT1, T5,and T7 were better than T8.
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Fig. 21:Effect of water stress on shoot architecture as revealed by top convex hull area
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Fig. 22:Effect of water stress ahetop area of chickpea plants

iv.  Optimization of high throughput phenotyping protocol for heat tolerancei n
chickpea

Thee p e r iwase 0 h d u coptimidethéirmagebased phenotyping method for assessing
plantresponses to heat stress with 14 genotypes of chekpading local check Digvijay.
Plants initially grown under natural condit&in potsw e ishéfted toaplant phenomics facility
30 days after sowing (DAS) for phenotyping. Heat stress treatnanimposed at 30 DAS
by shifting one set of genotypesadeat chamber whei@n avelage 35 °C temperature was
maintained andhe other set was kept in normal condition maintained as control.-High
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resolution visible 4 0-D 0 1m), NIR (7 0-D 7 OnM), and IR camera sensors were used to
capture images of shoot image parameters in different patsa g e p sasigaifitantty e r
differentiate plant responses to heaessont op an d s Parametersyu ®elw as di gi
a r e abowndad/ point count B P ¢oyld differentiatehe responses of chickpea genotypes

more efficiently under heat stress. Genotype JG 16 shivedughest dgital area pixeland

boundary point count under heat stress condition

Mean Color Red
Mean Color Blue Excentricity

Fig. 24:1 ma-degved phenotypip a r a mdifferentiating plant responses to hefaéss on op and si de vi
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Fig. 26: Treatmentdaywise, and genotypic differencen digital area in chickpea genotype under control and
heat stress.
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control and heat stress.

Salient findings_Various Parametessu ¢ h a s  8@adurglaryt paiht coant, eompactness,
excentricity and variouscolourbased parameters couldifferentiate the responses of
pigeonpeaenotypes more efficientlzenotype JG 16 showed higher area pixel and boundary
point count under 35 °C, which can be tolerance to heat stress.

v. Leaf senescence pattern based phenomics approach fdifferentiating field
performance of chickpea genotypes

An experiment was conducted with 22 genotypes of chickpea with sufficient and depleting soil

moisture conditions in the Plant Phenomics facilitfhe responses of plant shoots were

captured regularlyvith high-resolution cameras during soil moisture depletion. Leaf colour

and RGB pixel values derived from images of plants were used to classify genotypes for

interpretation of their senescence pattgriK-mean clustering under drought stress. Variation

in the senescence pattern thie different groups were classified as G(lLate), G2 (Early) and

G3 (Moderate) senescing graaipnder water stress condit®rnGenotypes were grouped by

two different methods based on analysed imggeen and yellow leaf colour (Methddand

R, G and B Pixels of Images (Methdd, both methods could able to differentiatee

senescence pattern of chickpea genotypes under stress candhieihealf senescence pattern

was able to differentiate thetaal field performances of chickpea genotypes in terms of grain

yield under soil moisture stress conditions. phenotyping protocol for senescence patern

may be useful in predicting the field performance of breeding lines. This study can help in

screaing a large number of genotypes nowasively to identify potential genotypes of

chickpea that can perform better under drought conditions rapidly. Selecsathoriee further

validated before using them as donors of drought tolerance in chickpearsuitivbreeding

prograns for droughtprone areas.
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Fig. 29:Variation in Senescence pattern of different group G1(Late), G2 (Moderat&3Early) senescing
Group under water stress condition (Exp 01)
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Fig. 31:Six AICRPtrial locations yield data and establish a relationship between senescence patterns and yield
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vi.  Optimization of affordable phenotyping protocol for drought tolerancei different
legumes
An experi ment assessplantoresponsesttedeapleting soil moisture stress in 4
different legume species with 3 different genotypes in each by uamgmagebased
phenotyping method. Plants were initially grown under natural conditiggots and thew e r e
shifted toa plant phenomics facility 4 days of sowig (DAS) for phenotyping Water stress
treatment was imposed at 15 DAS by withholding water whereas optimum moisture was
maintained in the control. Soil moisture trends and digital biomass during the experiment
differentiated control and drought steetreatmentHigh-resolution visible4 0-D 0 rim) and
NIR (7 O-D 7 r@) sensors were used to capture images of shoot image parameters in different
pots. It was demonstrated that it is possible to use image parameters to differentiate drought
responses of legume crops.
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Fig. 33:Difference in Soil moisture trends and digital biomass during the experiment in control and drought
stress treatment
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Fig. 34:Digital area (Pixels)differentiating plant responsewta t seessa nabntrolc o n d in Blackgnam.
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Fig. 35:Digital area (Pixels)differentiating plant responsew/ta t stessa nabntrolc o n d in{Chickpea.
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Fig. 36:Digital area (Pixels)differentiating plant responsewta t sgessa nabntrolc o n d sirt Gowpera
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Fig. 37:Digital area (Pixels)differentiating plant responsewta t sgessa nabntrolc o n d s$irt mumghean

vii.  Assessment ofhe efficacy of affordable imagebased tools to differentiate drought
responses of pulse crops dhe seedling stage

An exper i men ctd deelep phenotyping protocols to assess drought responses

of different pulse crops dhe seedling stage using easily affordable sensors such as mobile

phones. Image acquisition protocols were opteeil to ensure the higluality repeatable

images of the plants grown in pots from top and side views simultaneously with mobile phones

fixed atthetop and side of the object (Plant)aatonvenient distance to covére whole plant

throughoutgrowth and development. For image analysigensource software ImageJ was

configured for deriving image parameters including digital area. The images were captured by

usingaphenomics facility and simultaneously by usihgmobile phonébased camerautside

the imaging chamber. The Phenomics images were analyzed using Lemnagrid software and the

imagederived parameters were extracted for further analydiseatsponse of pulse crop to

the moisture deficit duringhe vegetative stage. Further, digitabmass calculated by both

phenomics data and ImageJ data were validated for concluding that mobile -basexta

phenomics protocol can capture the response of pulse crop at par with phenomics. This

experiment validates the possibility of using mobile nEsas an affordable phenomics tool

for assessinthedigital biomass of legume crops.
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Fig. 38:Validation of Digital biomass analyzed from LemnaTg@blenomics and Mobilphonebased
Affordable Phenotyping tools

viii.  Optimization of protocol to predict seed yield of mungbean by employing pod
images

An attempt was made to develop and test high throughput phenotyping of pods and seeds of

mungbearby employinganimaging system that can be affordable and reliakie. maging

system was designed wicosteffective materials like Polystyrene (Thermocalpackground

luminescent light source, ardsmartphone witta high-resolution camera. This system could

enablethe acquisition of images of more than 300 pods and about 1500 seeds without any

backgound noise. Images were then analyzed by using Imagedsopere software. There

wasa significant association between the manually measured pod length and the digital pod

length as revealed by?Ralue of 0.98. Correlation analysis revealed that didgalures of

pods extracted from images could explain the number of seeds per pod and also the manually

measured seed weight per pod. Digital seed parameters were strongly correlatdte with

number of seeds per pod?R0.93); and seed weight per pod¥R.9); along with this, digital

pod parameters i.e. area, perimgded length were closely related with digital seed parameters

(R>> 0.8), seeds per pod #R0.7) and seed weight per pod$R0.82) Results from this

experiment could establish stromglation betveen pod geometry and seed yielkhis

experiment proves the potential utility af highly economic and nemvasive protocol

developed for accurate, reliabknd rapid phenotyping of at least 2000 pods of Greengram

within 4-5 hours.
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Fig. 39:Setup fortheacquisition of pod images
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Fig. 40:Optimisingprotocol for pod length by image analysis
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Fig. 41:Correlation between manually measured pod length and digital pod length

ix.  Optimization of in vitro phenotyping of root traits to differentiate PEG-induced
stress responses of chickpea seedlings

An experiment was conducted with 22 chickpea genotypes with local check Digwgagsh

tube In vitro culture using MS media. Osmotic stress was induced by 5% PEG 6000
(Polyethyleme glycol 6000) treatments. Morpipbiysiological parameters and root
observations were taken by imaging wikie high-resolution mobile camera up to 18 Days
after treatments. Chickpegenotype JGL6, the strestolerant genotype, had better root
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system lhan the local check Digvijay and this difference could be detected by the protocol
optimized forin vitro phenotyping.
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Fig. 42 Genotyplc Comparlson between dlfferent genotypes
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PROMISIN G SURROGATE TRAITS

I.  Cooler canopy leverages sorghum adaptation to drought and heat stress

In this study, individual and combinesffects of drought and heat stress were investigated on
key physiological parameters (canopy temperature, membrane stability index, chlorophyll
content, relative water content, and chlorophyll fluorescence) in two popular sorghum cultivars
(Phule Revati ah Phule Vasudha) during the seedling stage. Estimating canopy temperature
through pixelwise analysis of thermal images of plants differentiated the stress responses of
sorghum cultivars more effectively than the conventional way of recording canopy
tempeature. Cultivar difference in maintaining the canopy temperature was also responsible
for much of the variation found in critical plant physiological parameters such as cell
membrane stability, chlorophyll content, and chlorophyll fluorescence in plaptsek to

stress. Hence, the combined stress of drought and heat was more adverse than their impacts.
The continued loss of water coupled with higinperature exposure exacerbated the adverse
effect of stresses with a remarkable increase in canopy temngerdbwever, Phule Vasudha,
being a droughtolerant variety, was relatively less affected by the imposed stress conditions
than Phule Revati. Besides, the methodology of measuring and reporting plant canopy
temperature, which emerged from this study, ediectively differentiate the sorghum
genotypes under the combined stress of drought and heat. It can help select promising
genotypes among the breeding lines and integrating the concept in the protocol for precision

water management in crops like sorghum
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Fig. 46:Schematic diagram of the impact of individual and combined effects of drought and heat stress on
canopy temperature and other critical physiological parameters in sorghum. Values repré2arstire
correlation coefficient between the resjpee pair of traits.

Il.  Physiological traits reveal the potential for identification of drought-tolerant
mungbean [Vigna radiata (L.) Wilczek] genotypes under moderate soihoisture
deficit
Canopy temperature is an important physiological trait used for screening drought tolerance in
several crop plants. Mungbean being often exposed teflpagring drought, we evaluated a
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set of 48 genotypes for variability in pdiiwering canopy temperature and its association
with root traits and other physiological parameters contributing to drought tolerance under soil
moisture deficit stress conditions. Oaltr canopy temperature depression reveaded
significant association with seed yield. Root traits Bkeumber of lateral branches and dry
root weight exhibitedh significant negative correlation with canopy temperature. Leaf SPAD
readings were positivelassociated with grain yield and most of the high SPAD genotypes
maintained hot canopies under drought. Some genotypes with contrasting \&imaS8&#AD

levels (DMG1050 and SML 1628) maintained their photosystem PSII health at par.
Moreover, cool carmy was no guarantee for better PSII health or vice versa. This study
identified some cool canopy genotypes (@C73C, IC-325770 and ME2082) and a genotype
(DMG-1050) with novel trait combinations like high SPAD and better PSII health despite high
canopytemperature which can be used as donors in mungbean breeding programs. Present
study explores genetic variation in these adaptation traits contributing to plant performance
under soHmoisture deficit stress conditions and potential of physiological brgegiproaches

for genetic enhancement of this legume crop.
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Fig. 47:CT comparison of selected mungbean genotypes. (a) Comparison of CT of cool canopy genotypes with
high SPAD genotypes during crop season of 2014 and (b) 2015. Error bars indicate stewiddiah with n=
15. Means with same letters are not significantly different at p < 0.05

[l Identification of promising image-basedtraits

Attempts were made to analyse about 36000 data set for different image parameters recorded
to assess response of mungbean genotypes to soil moisture stress. This experiment was
conducted during previous year. The objective was to identify promising paranist
employing machine learning algorithms. A total of 19 image parameters were assessed for their
effectiveness in explaining the variation in area of the images at different growth stages.

Salient finding: convex hull area, absolute z rotation secmminent, minimum rectangle area
was found to be importaim mungbean

IV. Ascorbic acid rich chickpeacultivars as a source of drought tolerance for genetic
improvement of chickpea

An experiment was conducted to optimize phenotyping protocol to assess genetic variation in

endogenous ascorbic acid with 106 genotypes of chickpea. Dynamics of ascorbic acid

accumulation in the fresh leaves of popular cultivars of chickpea were measdetdrimine

the appropriate time and level of soil moisture to collect sample for ascorbic acid during soil

moisture depletion. Experiments revealed that ascorbic acid accumulation reached its peak

when the soil moisture reached 30 % field capacity. Thisrptotocol was employed to screen
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106 diverse chickpea genotypes for genetic variation in ascorbic acid accumulation in response
to depleting soil moisture. High resolution visibke @-D 0 Om) and NIR T 0-D 7 Onfh)

sensors were used to capture shoot image parameters. Two distinct sets of genotypes differing
in levels of ascorbic acid were selected based on the experiments conducted for evaluating their
yield performance in field. The field trial revealed thaghhiascorbic acid accumulating
genotypewiz., BDNG-201815, PG120120, G19315, G19186, BDNG2017, PG101215,
C-19190, CG19291 exhibited more drought tolerance with minimum reduction in yield
attributes when compared with popular cultivars. These higtogenous ascorbic acid
accumulating chickpea genotypes can serve as potential genetic resource for breeding program
that aim at improved chickpea cultivars for drought prone areas.
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Fig. 49:Determined appropriate soil moisture level for determinatiofiscorbic acid in different chickpea
genotypes.
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Fig. 52:Genetic variation in drought stress responses of chickpea genotypes as revealed by digital area.
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V. Evaluation of pod pedicel as a component trait to facilitate photosynthate supply to
developing grains during soil moisture depletion in chickpea
An experiment was conducted with 35 chickpea genotypes to study the genetic variation in
contribution of noHeaf green parts to grain yield under soil moisture stress and to assess the
association of pogedicel features with grain size. In general, |saaesthe principal sites of
photosynthate production. However, nteaf green organs (NLGO) can be photo
synthetically active to some extent, and their contribution to developing grains cannot be
ignored, particularly during stress imposed due to ledis nsoisture. Investigating and
increasing the photosynthetic ability of NLGOs, especially under stress conditions, is a novel
way to increase the photosynthetic ability of the whole plant and finally increase the grain
yield. In this experimentve investgated the role of pedicel that connects pods and the branch
of plant Phenomics approach was adopted to extract features of pedicel and then to correlate
with seeds of different genotypes. The experiment revealed genetic variation in pedicel
parametersinde both water stressed and welatered conditions. Perimeter and seed weight
were found to be correlated giving an indication that the pedicel can play a crucial role in
determining yield of chickpea.
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VI.  Deciphering endurance capacity of mango tree (Mangiferandica L.) to desiccation
stress based owefficiency of PSII

Capacity of mango tree to withstand drought (absence of soil moisture) can be attributed to
stress resilient physiological processes inside the cell and also at whole plant level. To test this
hypothesis, photosynthetic traits were recorded over the period of time. Further, desiccation
tolerance of photosystem Il (PSIl) in excised mango leaves were measured by employing
chlorophyll fluorescence imaging system. Beside this, the capacity of maegto tkeep its
canopy cool was monitored in every 10 min interval throughout the day during dry and rainy
season in the field by employing thermal imaging system. Finally, phenomics platform was
used to monitor depletion of tissue moisture level as vgetthmnges in structural attributes
during desiccation in excised shoots of the tree. It was inferred that mango tree can maintain
its carboxylation efficiency over the period of time. IR studies confirmed that mango tree
maintained its canopy coolness dgridry season. In addition, the chlorophyll fluorescence
experiments revealed that mango leaves retained 50% of initial PSII efficiency for as many as
4 days after desiccation and chlorophyll fluorogram also depicted the observations. Phenomics
studies cooluded that mango twig retained tissue water content even up to the 164 h of
desiccation with gradual decrease in canopy area. Hence, it is interprethis thlaysiological
resilienceare amongst the various reasons for evergreen feature of mangohtobehas
tendency to survive severe soil moisture deficit particularly during the summer in tropical and
subtropical regions, which has been revealed for first time using phenomics platform.
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VII.  Desiccation tolerance of Photosystem Il in dryland fruit crops
Dryland fruit crops are highly prone to stresses caused by depleting soil moisture coupled with
high ambient temperatures, particularly during summers. This is more conspicuous and seldom
deleterious during droughts, which recur periodically. However, sdrties crops sustain and
recover their growth after the drought. Since desiccation of leaf is one of the consequences of
depleting soil moisture and high temperature, we predicted that those crops that can maintain
their photosynthetic efficiency duringeh stresses could outperform others. We hypothesised
that the variation exists in the sensitivity pfioto system Il (P$l) component of the
photosynthesis system among the dry land fruit crops. A series of experiments were conducted
for assessing the diecation responses of leaves of six fruit crops by employing chlorophyll
fluorescence imaging, which reveals -PSfficiency. As expected, there was a drastic
reduction in the maximum quantum efficiency ofP8)Ymax) of leaves of all the fruit crops
with the decrease in tissue water content. However, there were significant differences among
the crops in their responses to the desiccation of leaves. THE t®I8rance to tissue
dehydration observed in karond2afissa carandak) and sweet orang€{trus sinensis was
higher than that of mangdéngifera indical) and grape\(itis viniferaL). This study reveals
the method to assess the sensitivity of fruit crops to desiccation, which can be useful in water
management, and in assessing the efficacyowél chemicals for alleviating abiotic stresses
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VIII. Canopy temperature depression (CTD) and canopy greenness associated with
variation in seed yield of soybean genotypesder soil moisture stress
The methodo measure canopy temperature depression (CTD) by empltfiagnal imaging
system for crops like soybean, which is sensitive to low soil moisture has not been
standardised/optimised. Hence, the present study was conducted to optimise the thermal
imaging method and evaluated the CTD along with canopy greeimasss physiological
traits in screening/selecting soybean genotypes suitable foraseh@nvironment. The CTD
and canopy greenness were measured six to eight times during different growthstageses/
using infrared (IR) and visible cameras mounted on a-setomatic trolley that allowed rapid
acquisition of high quality thermal and visible images, respectively. The CTD measured at the
reproductive stage explained a major proportion of thetiamian grain yield under both well
watered and watestressed conditions. This could be attributed to close association between
plant's capacity to keep its canopy cooler (low canopy temperature) and canopy greenness
(higher chlorophyll content) as indieal by efficient photosynthesis which leads to grain yield.
These results indicated that in addition to assess stay green features, CTD along with canopy
greenness can also be used as a key trait of leaves in the selection of soybean genotypes for
higher alaptability to low soil moisture stress conditions, a common feature exists under semi
arid regions.

IX. Relative tolerance of photosystem Il in spike, leaf, and stem bfead and durum
wheat under desiccation

In dryland regions, soil moisture stress oftendéedo desiccation and causes injury to
photosynthetic machinery. Recently, chlorophyll fluorescence (&idb¢d assessment of
photosynthetic efficiency under drought stress is gaining attention due to advances in
instrument development and methodologyimization Our study was designed to explore the
use of spike photosynthetic efficiency as a trait to differentiate drought responses in wheat.
Bread and durum wheat were assessed for spike, stem, and leaf tissue photosynthetic efficiency
in response to pgressive desiccation using ChlF imaging. Results showed that durum wheat
had higher quantum efficiency and lower photoinhibition of PSII relative to bread wheat across
spike, stem, and leaf. Rate of decline in maximum photochemical efficiency of PSIl with
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increased desiccation was seen higher in bread wheat spikes as compared to durum wheat. Our
investigation clearly demonstrated that ChIF imaging could be effectively deployed as
phenotyping tool to differentiate wheat genotypes for their photosynthetamance under
desiccation.

CHLOROPHYLL FLUORESCENCE IMAGING OF WHEAT UNDER DESICCATION

Durum Bread Durum Bread

Bread

Durum

TIME AFTER DESSICATION []

Fig. 57: Chlorophyll fluorescence images of initial fluorescence (F0) (A), maximum fluorescence (Fm) (B), and
maximum photochemical efficiency of PSII (Fv/Fm) (C) in spikes of bread (HI1531) and durum wheat (HI8498)
over thed h of desiccation. Pixel value images of Fv/Fm were displayed as a false colour code ranging from red,
through green and yellow to blue. The scale ranged from 0 (red) to 300 (blue) for FO; from red (0) to blue (1,000)
for Fm, and from 0.35 (red) to 0.8Bl¢e) for Fv/Fm.
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SCREENING OF GERMPLASM ACCESSIONS FOR
VARIOUS ABIOTIC STRESSES

I.  Genetic variation in physiological responses of mungbean to drought

Mungbean is a relativelgroughttolerantleguminous crop with a short life cycle. Using leaf
water loss (LWL) as a screen for drought tolerance, two mungbean genotypes exhibiting more
than twoi fold variation in leaf water loss were explored for the genetic variation in their
physiological and mlecular responses to drought. Efficient stomatal regulation together with
better photosynthetic capacity constituted an important trait combination for drought
adaptation in water saving low LWL genotype. The stomatal closure under drought was
accompaniedvith a concomitant downegulation of farnesyl transferase gene. However,
cooler canopy temperature, a well branched root system coupled with a relatively higher
proline accumulation in water spending high LWL genotype constituted another set of adaptive
traits operating when exposed to deficit soil moisture conditions.
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Fig. 58: Changes in gene expressmnsmru n g b exposédsto drought treatmeaflranscript accumulation

of VrFT, VrbZIP andVrP5CSgenes in high and low LWL type mungbean genotypes in response to drought
stress.b Semiquantitative RPPCR revealing dowanegulation ofVrPDH expression upon drought stress in high
and low LWL genotypes Sequence alignment ®rPDH amplicons amplified from cDNA (cDNA_seq) and
genomic DNA (gDNA seq) of mungbeamskigure showing identification of intron in the genomic DNA
sequence ofrPDH.

. Responses of chickpea genotypes to soil moisture deficit imposed under field
condition
This exgeriment was conducted with two level of soil moisture stress created by varying
number of irrigations. The wellatered plants had two irrigations while stressed plots had only
one irrigation. Each of the treatment had three replications and each replibatl 78
genotypes including a local check named Digvijay. Sowing was carried ouf INd\52018.
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The irrigated treatment received the last irrigatiorB0rth Dec.2018 while the stressed plots

did not receive any irrigation till the harvest. There weoerains during the experiments.
Experiment was conducted with Randomized Block design and with 1.8 m x1.5 m plots. Crop
was provided with 2@0-00 Kg/ha of NP-K as basal doze. Most of the time the soil upto 30
cm was dry with only about 8% moisture siressed plots and about-18% moisture in
irrigated plots.
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Fig.59: (a) View of field experiments conducted with 78 genotypes and (b) the soil moisture levels at 15 and
30 cm during the experiments.
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Fig. 60: (a) Variation in canopy temperature, (b) biomass (c) seed yield per plant in chickpea genotypes tested
under field conditions.

Conclusions Early flowered genotypes D13, D1530& D31 maintained cooler canopy &
high Vegetative index than Digvijay, the Bccheck. GenotyelCE15654A, ICE15654B,
IPCO611 & ICE15660 revealed high Vegetativandex aswell as maintained their canopy
cooler than Digvijay. Genotypes Such as D24, D5, D15, IPTI0&ndICE15654B had high

seed yield and could maintaimeir canopy cooler in stress condionduced by soil moisture
deficit. Higherbiomass accumulation was observed among D24, D15, D5, D22 and ICE 10294
under well water conditiswhile D22, D29 and ICE 15654B under water stress condgion

[I. Responses opigeon pea genotypes to soil moisture deficit imposed under field
condition

Experiments conducted with genotypes obtained from VNMKYV, Parbhani Pulse Research
Station, Badnapur were considered for detailed analysis. How the plants responded to soll
moistue stress and how it was reflected by different image parameters were investigated.
Water consumed by each of the genotypes ve@adysed. Attempts were made to assess
potential of different image parameters to differentiate the 24 genotypes of pigeon pea.
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Fig. 61: (a) Trend in soil moisture depletion and (b) Genetic variation in soil moisture depletion by pigeonpea
genotypes

These experiments were conducted&riow thetrend in depletion of soil moisture stress and
genetic variation among the genotypes in utilization of soil moisture.
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Fig. 62: Digital Biomass and (b) NIR Intensity in Pigeonpea genotypes
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Fig. 63: Water consumption of different genotypes of pigeonpea
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Fig. &4: Significant difference in image parameters (a) Excentricity (b) Center of mass X (c) Circumference and
(d) NIR intensity between stable group (R\285, AKT9913) and unstable grouBgnnur Local, BDN 2008
12, ICP 7366, WRH) of genotypes tested across the environments.




