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T h eh i id dpanmal 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.

Secondaryfunctions

& storageof Photoassimilates
& phytohormone synthesis
& Facilitates symbiosis
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5 Roots act as anstrumental sensors



Knowledge/ Researclgaps

C limited progress has been achieved in breeding for drought avoidance
through manipulation of root traits ddifficult to assessin the field .

C Linking root traits and yield in rainfed cotton cultivation

C Genetic diversity in root system developmental plasticity In response
to water stress

C Root growth dynamics in cracking clay soil (vertisol) in rainfed cotton

C Lack of simple, fast, precise and low-cost cotton root phenotyping
method for screening large number of germplasm accessionsin cotton .



U Water stress has impactson plant height, leaf areaindex, fibre quality, canopy and
root development(Lokaet al., 2011).

U Plant maintain WP mediated through their deeper and vigorous root system and
reducingtranspirationin cotton (Izanlooet al.,2008; Agbicodoet al.,2009.

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

U In cotton deep rooting has been associatedwith higher yield under dryland condition
(de Souzeet al., 1983 relative root weight (Eissaet al 1983).

U Droughtstressedcotton seedlingsshowedincreasein root length but reduceddiameter
(Paceet al., 1999 .

U Inadequatesoil moisture reducedcotton root elongation (Ball et al., 1994 and Prior et
al., 1995 .

U Reducedoot length densityat 42 and 70 daysafter emergence(Plautet al., 1996) .
U Effectof drought stresson root distribution in cotton (Malik et al., 1979) .

U Plantsgrown on heavy soils are lessaffected by moisture stress than those of lighter
soils ( Sadrasand Milroy,1996).

U Under high evaporative demand the cotton plant will experience short periods of
moisture stressevensoil at FC(Krieg2000).



McMichael (1990 : Variability for root weight and root/shoot ratios in a number of
exotic cotton accessions

Work by Cookand EFZik (1992: Suggestedhat cotton genotypeshaving deep roots
andincreasedateral 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
Increasesn root branchingand distribution) could resultin increasedn yield of cotton
under conditionsof a drying soil profile.

McMichaeland Quisenberry(1993: Twenty-five cotton genotypesrangingfrom exotic
accessionso commercialcultivars showed ssignificantvariability in the dry weights of
root systemsof sixty day-old plants.

Quisenberryet al. (1981): Significantvariability for taproot length and number of
lateral roots amongexotic cotton germplasmin greenhousegrown, 35-day-old plants.

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

Cookand EFzZik (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 Iin the heterogeneous soll
matrix and the abilty of the plant roots to obtain mobile

and immobile resources



Root System Architecture (RSA):

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

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 (soill
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



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

C Servingasthe interface betweenplant and soll

C Anchor the plant in the soill

C Taking up water and essentialnutrients

C Direct the developmentof the plant

C Must respondquickly to changingenvironmental (water
availability, salinity)

C Must interact with the surrounding environment and
Integrate diversesignals



Plants have several strategies to overcome stress

 /
Morphological Anatomical Functional
(Root length (Xylem diameter) (Transporters

Root diameter) Aquoporin)



Drought traits with adaptive significance

Traits associated with water relations

'

Water mining WU Water Conservation
Roots Chloroplast Waxes

|

® Morphological and Anatomical changes
® Aquaporins

&® Osmatic Adjustement (OA)

® Hormones: + ABA/ - CK, Ethylene



Physiology and breeding - Approach to “drought”

—— Roots critical under water stress
—— Need a dynamic assessment of water extraction

Leaf
Water loss

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

Root
Water uptake

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



Suggested role for root traits on water uptake under drought

Trait Trends observed Suggested function for water uptake under drought
Morphological
Lateral root formation increased lateral root formation with Improved contact with shrinking water columns in the soil,
drought stress differential conductivity due to differential anatomy'biochemistry
compared with coarse roots
Modal root diameter Decreased under drought Finer root formation to conserve resources
Anatomical

Proportion of root cross-sectional diameter
represented by stele

Diameter/number of xylem vesssls

Width offnumber of cells in the outer part
of the root

Sclerenchyma cell diameter

Subernzation of sderenchyma layer
Suberzation of endodermis
Aerenchyma formation

Functional

Aguapornn expression

Diurnal fluctuations in root hydraulic
conductivty and bleeding rate

Synchronization of diurnal changes in leaf water

potential and root hydraulic conductiviby

increased under drought

Decreased under gevers drought
Decreased under drought

Increased under drought

Decreased under drought stress

Increased under drought stress

Decreased under drought

Mid- and late-day decrease under drought

All genotypes showed reduced levels at night,

differential levels early and mid-day

Differential trends betwesn genotypes: Dular
was better synchronized than IRE4

Priontization of retaining water in vascular tissue rather than
reducing radial oxygen loss as drought ocours

Reduced risk of xylem vessel cavitation

Reduced impedance to water uptake from the =oil, and/or
senescence of outer cells due to stress

Tighthy packed cellz not needed for retention of ooygen as
drought occurs

Effect on water uptake not apparent: probably most important
for reducing radial oxygen loss under flooded conditions
Important for water transport through retention of water in
vascular cells duning drought, rather than for water uptake
Effect on water uptake not apparent: probably most important
for supplying meoygen under flooded conditions

Response to lowered transpirational demand, consenvation of
soil water

Genotypes that time water uptake and transport to the shoots
with periods of the day when transpiration is most efficient (.e.
moming) may have mone eficient water use

Synchronization of root and leaf function may allow for more
efficient water uss|

Amelia et al., 2013



. With the help of modern new screeningtechniquesto
understandcotton root system,studieson adaptiveroot architecture can be
Incorporated into most cotton research programs by taking advantage of
geneticvariability



Strategies and approaches for growing plants prior to root phenotyping.

Laboratory Greenhouse

Tub

Sumanthkumar, 2012

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



Root pipes

IR64 Kinandang Patong IR64-homo KP-homo

Dro1, a major QTL involved in deep rooting of rice under
upland field conditions

Yusaku Uga'*, Kazutoshi Okuno™t and Masahiro Yano'




Crop Canopy Temperatu

x CTat givenleaf Areais dependenton the roots to meet evaporative
demand

x Differencebetween crop CTand air temp can be used as alternative
approachto estimateroot traits

x Sig corrin. Betn Deep root biomass and a cooler crop canopy
(Reynoldand Tuberosa2008



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




Fine root (< 2mm diameter)
14 inches

Cotton has deep roots
> 1.5m).

16 inches

50 days
Early 7T season root development of Cotton (Oosterhuis, 1990 )

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



Cotton root screening in PVC pipes

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

Fig. 2. Cotton Seedlings growing in PVC tubes.




Cotton root screening in Acrylic shee

10 day oldG. arboreunPhule Dhanwantr



G.hirsutungermplam accession grownaarylic tubes.

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

Withholdingof water from 20" day  3tubes
Withholdingof water from 30" day  3tubes
Withholdingof water from 40h day  3tubes

Normalstudy (dailywatering) 3tubes

Total = 12tubes

The experimentshall be continued till 500
day or 60" day after sowingaccordingo the
growth and capacityof the acrylictubes




Cotton root screening in acrylic tub

g

s




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

5 day old G.hirsutum plant grown in transparent acrylic



3 day old cotton plant
|IC-359024

15 day old cotton plant 20 day old cotton plant

3 day old cotton plant
NH-615



G.arboreum




BT cotton Ajeet
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Cotton root variation in field conditig




Table 1. Distribution of area (million ha) affected by various soil physical
constraintsin India ( Painuli etal.,1998

Physical constraints Main states affected

Shallow depth 26.40 Maharashtra, AR>ujrat Kerala , W.B

Soil hardening 21.57 Maharashtra, AP, Bihar

High permeability 13.75 Gujrat Punjab,TNRajasthan, WB
Subsurface hardpan 11.31 Maharashtra, Punjab, Bih&ajasthanW.B, TN
Surface crusting 10.25 Punjab, Haryan&;ujrat WB,Odisha

TemporaryWaterlogging 06.25 M.P, MaharashtraGGujrat PunjabKerala,Odish

90 m haof the areain the country experiencesoil physicalkconstraints

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



Adaptive Responses under Water logging stregs

® Reorientation of Leavesand Stems

& Adventitious Root Formation and Hypertrophy

® Lenticel formation

® Fast ShootElongation Under Water

& BiochemicalChangeslnduced by Flooding: low alcoholdehydrogenas€ ADH) activity

Metabolic Adaptation
@ Waterlogged cotton plants had higher ADH activity in the roots comparedto 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)

Rootgrowthis very muchsensitiveto waterloggingat early growth stagesup to
45 daysof sowing.



Tablel Impactof continuouswaterlogging(45 days)at different growth stages
(45and90 DAS)

Waterlogging stress impose at

45 DAS 90 DAS
Control Waterlogged  Control Waterlogged

Plant Height (cm) 79 28 140 135
Leaf Area (cr) 1192 265 2728 25.14
Above ground 19.5 6.2 41.0 36.5
biomass (Q)
Root biomass (g) 5.2 0.9 12.0 7.1
Seed Cotton Yield 19.0 0.0 19.0 15.4

(g/plant)



Ethylene

Ethvle ne
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Plant Growth Regul i .
DOI 10.1007/s10725-015-0037-y Activation of SEMCSOEOE TESPONSEe
ORIGINAL PAPER abscission zone | photosynihesis, | sugars

Aminoethoxyvinylglycine (AV(G) ameliorates waterlogging-
induced damage in cotton by inhibiting ethylene synthesis

b v !

and sustaining photosynthetic capacity o
A bscisgion Fewer new
Ullah Najeeb + Brian J. Atwell + Michael P, Bange * - L -
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Lower yield

Fig. 7 Poscible mechanism of ethylkene-indwced yield reduction in
cotton under watedogged envinonmsent



Rootlimitationd Oxygersupply

U Due to soil water content and porosity - O, must
diffuse to from surfacethrough open soll pores - if
closedby water loggingand soil compaction¢ reduce
root growth- plant canwilt anddie



Sectionof Lenticelareaof stem

Sectiomof Normaloots  Adventitiousroots werefoundto havenitratereductaseactivity
andhencehavearolein nitrogenuptake



Adventitiousoot formedbserveafters-6 daysof waterlogingonditioim the fieldconditionffew
G.hirsutunaccessions

Lenticelsformedbbservedfter3-5 daysof waterlogingonditiomn the fieldconditiorof few
G.hirsutunaccessions



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



