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The ñhiddenòpart of plant body that typically lies below the surface of the soil 

performs several very essential functions

Primary functions

absorption of water and inorganic nutrients

anchoring the plant body to the ground.

storageof Photoassimilates

phytohormonesynthesis.

Facilitatessymbiosis

Secondaryfunctions

Sensor of abiotic and biotic stresses

Roots act as a instrumental sensors 



Ç limited progress has been achieved in breeding for drought avoidance

through manipulation of root traits ðdifficult to assessin the field .

Ç Linking root traits and yield in rainfed cotton cultivation

ÇGenetic diversity in root system developmental plasticity in response

to water stress

ÇRoot growth dynamics in cracking clay soil (vertisol) in rainfed cotton

Ç Lack of simple, fast, precise and low-cost cotton root phenotyping

method for screening large number of germplasm accessionsin cotton .

Knowledge/ ResearchgapsKnowledge/ Researchgaps



üWater stress has impacts on plant height, leaf area index, fibre quality, canopyand
root development(Lokaet al., 2011).

üPlant maintain WP mediated through their deeper and vigorous root system and
reducingtranspiration in cotton (Izanlooet al.,2008; Agbicodoet al.,2009).

üMild and initial-stage drought stress enhancedroot length in cotton, but long-time
water deficit reducedthe root activity ascomparedto control plants(Luoet al. 2016) .

üIn cotton deep rooting has been associatedwith higher yield under dryland condition
(deSouzaet al., 1983) relative root weight (Eissaet al 1983).

üDrought-stressedcotton seedlingsshowedincreasein root length but reduceddiameter
(Paceet al., 1999) .

üInadequatesoil moisture reducedcotton root elongation (Ball et al., 1994and Prior et
al., 1995) .

üReducedroot lengthdensityat 42and70daysafter emergence(Plautet al., 1996) .

üEffectof drought stresson root distribution in cotton (Malik et al., 1979) .

üPlantsgrown on heavysoils are lessaffected by moisture stress than those of lighter
soils ( SadrasandMilroy,1996).

üUnder high evaporative demand the cotton plant will experience short periods of
moisturestressevensoil at FC(Krieg2000).

ImportanceImportance



× McMichael (1990) : Variability for root weight and root/shoot ratios in a number of
exoticcotton accessions.

× Work by Cookand El-Zik (1992): Suggestedthat cotton genotypeshavingdeep roots
and increasedlateral root productionwould be more drought resistant,

× Quisenberry and McMichael (1996): Indicated that genetic differences in rooting
potential wasrelated to plant productivity and that an increasein potential (primarily
increasesin root branchinganddistribution) could result in increasesin yield of cotton
underconditionsof a dryingsoil profile.

× McMichaelandQuisenberry(1993): Twenty-five cotton genotypesrangingfrom exotic
accessionsto commercialcultivarsshowedsignificantvariability in the dry weightsof
root systemsof sixty day-old plants.

ü Quisenberryet al. (1981): Significant variability for taproot length and number of
lateral roots amongexoticcotton germplasmin greenhouse-grown,35-day-old plants.

ü Basal et al. (2003): indicated that the day-neutral converted race stocks (CRS)
accessionshaveusefulgeneticvariability for root growth parameters.

ü Cookand El-Zik (1993): Incorporation of increasedseedlingvigor, rapid root system
establishmentand lower root-to-shoot ratios were recommendedto improve drought
tolerancein cotton.
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RSA : Root architecture is composed of a collection of

root phenes which determine the temporal and

spatial distribution of roots in the heterogeneous soil

matrix and the ability of the plant roots to obtain mobile

and immobile resources .



Root System Architecture (RSA):

The spatial distribution of all root traits in a particular environment is
collectively referred as root system architecture (RSA).

RSA is dynamic and affected by the external environment (soil
moisture, temperature, nutrients and pH).

Different root characteristics enable plants to respond, adapt and
thrive in different environments.

Robbins et al (2015 ) J.ex .Botany
Kell,D .B (2011 ) Ann .Bot

Root System Architecture (RSA) is highly plastic trait
(very variable)



Understanding roots is crucial, because healthy roots
enable plants to maximize their genetic potential

ÇServingasthe interface betweenplant and soil

ÇAnchor the plant in the soil

ÇTaking up water and essentialnutrients

ÇDirect the developmentof the plant

ÇMust respondquickly to changingenvironmental (water

availability, salinity)

ÇMust interact with the surrounding environment and

integrate diversesignals



Plants have several strategies to overcome stress

Morphological Anatomical Functional

(Root length
Root diameter)

(Xylem diameter) (Transporters
Aquoporin)



Drought traits with adaptive significanceDrought traits with adaptive significance

Traits associated with water relations

Water mining Water ConservationWUE

Chloroplast WaxesRoots

Morphological and Anatomical changes

Aquaporins

OsmaticAdjustement (OA)

Hormones: + ABA/ - CK, Ethylene
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Roots critical under water stress :
Need a dynamic assessment of water extraction

Drought stressis perceivedfirst by the root systems- the growth of lateral
roots issignificantlyreduced(Basuet al.,2016)

Hormonal cross talk
mediated by auxin,
CK,GA and ABA has
been implicated as a
chemical signal in
response to water
stress to modulate
RSA



Suggested role for root traits on water uptake under drought

Amelia et al., 2013



PHENOTYPING : With the help of modern new screeningtechniquesto
understandcotton root system,studieson adaptiveroot architecturecan be
incorporated into most cotton research programs by taking advantageof
geneticvariability.



Hydroponics

Tuberosaet al., 2002, PlantMol Biol48:697-712

Non- destructive approaches

Sumanthkumar, 2012

Root trait variation after 20 DAS Rhizotron/soil columns/pipes systems



Techniques to quantify roots

Root pipes Root structure



Crop Canopy Temperature  

×CTat given leaf Area is dependenton the roots to meet evaporative

demand

×Differencebetween crop CTand air temp can be usedas alternative

approachto estimateroot traits

×Sig. corrln. Betn Deep root biomass and a cooler crop canopy

(ReynoldandTuberosa,2008)



Root development

TAPROOT : grows quickly and reaches to a depth of 20 -
25 cm even before seedling emergence .

Depth of root system usually reaches about 200 - 250 cm
depending : soil moisture, aeration, temperature and
genetic potential of variety .

Cotton plant's CHO energy is directed towards root
growth prior to the reproductive growth begins

Taproot

Lateral root



Early ïseason root development of Cotton (Oosterhuis, 1990 )

Fine root (< 2mm diameter)

Cotton has deep roots
(> 1 .5 m) .

McMichael et al ( 1985 ,1987 ) suggested that no of
vascular bundles in roots might be related to HC

Tap RootTap Root



Fig . 1. PVC tubes filled with soil, arranged in the pit .

Fig. 2. Cotton Seedlings growing in PVC tubes.

Cotton root screening in  PVC pipes



4 day old G.hirsutum plant 

10 day old G. arboreum  Phule  Dhanwantri  

Cotton root screening in  Acrylic sheet



G.hirsutumgermplam accession grown in  acrylic tubes.

Withholdingof water from 20th day 3 tubes
Withholdingof water from 30th day 3 tubes
Withholdingof water from 40th day 3 tubes

Normalstudy(dailywatering) 3 tubes

Total = 12 tubes

The experiment shall be continued till 50th

dayor 60th dayafter sowingaccordingto the
growthandcapacityof the acrylictubes.

Specification : Acrylic tubes 1 m in
length and 30 mm outer dia & 25
mm inner diameter .



Cotton root screening in acrylic tube



5 day old G.hirsutum plant grown in transparent acrylic

4 day old G.hirsutum plant 4 day old G.hirsutum plant



3 day old cotton plant
IC-359024

3 day old cotton plant
NH-615

15 day old cotton plant 20 day old cotton plant



G.arboreum



BT cotton Ajeet
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Cotton root variation in field condition



Physical constraints Area Main states affected 

Shallow depth 26.40 Maharashtra, AP, Gujrat, Kerala , W.B

Soil hardening 21.57 Maharashtra, AP, Bihar

High permeability 13.75 Gujrat, Punjab,TN, Rajasthan, WB

Subsurface hardpan 11.31 Maharashtra, Punjab, Bihar, Rajasthan,W.B, TN

Surface crusting 10.25 Punjab, Haryana, Gujrat, WB,Odisha

Temporary Waterlogging 06.25 M.P, Maharashtra, Gujrat,  Punjab, Kerala,Odisha

Indoria et al .,2017 , Current science 112 (12 ) : 2405 -2414

Table 1. Distribution of area (million ha ) affected by various soil physical

constraints in India ( Painuli etal.,1998)

90m haof the areain the countryexperiencessoilphysicalconstraints



Reorientation of Leavesand Stems

Adventitious Root Formation and Hypertrophy

Lenticel formation

FastShootElongation Under Water

BiochemicalChangesInduced by Flooding: low alcoholdehydrogenase(ADH) activity

Metabolic Adaptation

Waterlogged cotton plants had higher ADH activity in the roots compared to leavesand
shoot. ADH is a terminal enzyme in the ethanolic fermentation pathway

converting acetaldehyde to ethanol and regenerating NAD+ in the
process

devoid of oxygen (anoxic)/
less oxygen (hypoxia)

Adaptive Responses under Water logging stress

Rootgrowth isverymuchsensitiveto waterloggingat earlygrowth stagesup to
45daysof sowing.



Table.1 Impactof continuouswaterlogging(45 days)at different growth stages
(45and90 DAS)

Characters Waterloggingstress impose at 

45 DAS 90 DAS

Control Waterlogged Control Waterlogged

Plant Height (cm) 79 28 140 135

Leaf Area (cm2 ) 1192 265 2728 25.14

Above ground 
biomass (g)

19.5 6.2 41.0 36.5

Root biomass (g) 5.2 0.9 12.0 7.1

Seed Cotton Yield 
(g/plant)

19.0 0.0 19.0 15.4



Ethylene



RootlimitationðOxygensupply

üDue to soil water content and porosity - O2 must
diffuse to from surfacethrough open soil pores - if
closedby water loggingand soil compactionςreduce
root growth- plant canwilt anddie



Sectionof Normalareaof stem

Sectionof Lenticelareaof stem

Sectionof Normalroots Adventitiousroots werefound to havenitratereductaseactivity

andhencehavea rolein nitrogenuptake



Adventitiousroot formedobservedafter5-6 daysofwaterlogingconditionin the fieldconditionof few

G.hirsutumaccessions

Lenticelsformedobservedafter3-5 daysof waterlogingconditionin the fieldconditionof few

G.hirsutumaccessions



Lenticels formed observed
after 3-5 days of waterloging
condition in the field
condition of few G.hirsutum
accessions

5 days after continuous water logging lenticels formed in selected
G.hirsutum accessions

5 days after continuous water logging lenticels and adventitious
roots formed in selected G.hirsutum accessions


