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Abstract

Improving the root systems is one of the imporiunt sirategies 1o alleviate yield reduction
under droughl environments. In chickpes, the rooting profile influenced the seed yield under
terminal drought environments. Especially, root [ength density (RLD) in 15-30 em played
an lmpullml n:lc. and de:pumaym-t I:-d pasitive effects when the drought was severer.
A thodolagy for the chickpea root systems has
allawed us to :mdur.l large aculr: experiments, and & supreme genatype in terms of RLD
and rool depily, ICC 8261, was identified from the chickpea mini-core collection (n=211).
A genotype, ICC 4958 also wus confirmed as one of the most prulific und deep rooting.
These are [eading us to develap breading strategles for ing chickpea
drought avaidance through the root system improvement.

Introduction

In chickpeu, the lerminal droughe is one of the mujor abiotic consmaints limiting the
productivity. It is estimated that if the soil waler stress s alleviated, chickpea production
could be kmpraved up to 50% increment that is equivalent with approximately U.5.5 900
million (Ryan, 1997). A lot of research efforts, therefore, have been made to reduce the
yield loss of chickpea under terminal drought environments. However, a lot more issues
related to drought are yet to be resolved since drought is 2 highly complex phenamenon.
Considering the large guantitative and tensporal variations in soil moisture availability in
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the drought envi d to identify the rel tmits that could improve the adaptation
of chickpen to ils growing environment before developing the research strategies aimed at
improving the chickpes production under drought environments. The drought that the
chxcl:pu faces is wmwul draught with the soil meisture Iv.\*pe depleting progressively
under high ith narmally fess ornop during th

whese the uaup ly suffcrs from progressi Increasing soil moisture deficit
with advaneing growing time (Fig. 1). [CRISAT chickpea breeding team have been spplying
the drought escape hresding strategy 10 cope with the terminal drought, and relewsed soveral
popular chickpes genotypes that were early in malurity (Kumar er afi, 2001). However, the
early maturlng crop can not secumalate enovgh plant blomass due to reduced iotal
photosynihetic period compared to the relatively Jate maturing genotypes. Alternative
research stratzgies need ta be doveloped fo cope with this lssue. Koshiwagi o al. (2005)
reponted that prolific root systeus, especially in 13-30 cm in deplh, had positive effects on
the seed yield in chickpes under moderate drought intensity at ICRISAT, v the other hand
deeper root systems had the advantage in severer drought conditions. This suggests that
cohismcing the root systems would be ane of the promising spprowches to fmprove the drought
avoidance of chickpea under the terminal drought envirotments.
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Root Research
Conducting the research ou root lynﬁ:lm in u Geld is faidy laborious, mpm)n‘ and tim:
ing, In ICRISAT, ool extraction

method has been established allowing us to have u root xampling done approximately 3.3
wh"d-r‘ Ohvbﬂxmndnﬁnmmmﬁrdupm
Y 10 slmplify

mn:hi:kpnmwmummﬁhmmMMmm
pot grown plunts, When the plaots were grown in PVC eylinders with 18 ¢m in diameter
and 120 e height with sand-Vertisol mixture containing 70% field capacity, there was &
significant relutionship in the mot biomass betwoen the ficld and cylinder conditions (r =
Oﬁlﬂmhuﬂmhmﬂuﬁuyuﬂbwwywb
spprox. 25 worker™! day™!. In addition, by applying an image capturing snd analysis system,
we oould coaven the roat samiples to digitized images quickly (>150 samiples day™') before
they are decayed avd also anatyre mare than 500 of the images in u day. These are fairly an
important progress made towards establishing simpler root rescarch systems, viz., cylinder
culture method plus image capturing and analysis sysiom, becuuse it would allow us to
conduct larger scale rool research in chickpea.

Variability and Gene Components s

It is pecessary lv understand the range of genetic diversity of the target traits 1o identify the
suitable research/brocding materials. ICRISAT genebank haw developed a chickpes mini-
core germplasm collection (n = 211) that maintains the genetic diversity of impartant
mmnfﬂtmud:dwdl-ﬂnwad 2001; Upadhyaya snd
Ortiz, 2001) but no ind ‘This mini-core germplasm colloction
‘would be the best suitsd material to investigate the variation of the roof traits. In 2003, the
penctic diversity of root irmits amang chickpea mini-core collection was investigated in wo.
Uifferent seasons in the cylinder systems, Although a significant G x S interactinn was
oberved, it was minor snd not & cross-over type. Morcover, there was significantly large
enough varisbility for all roat traits such ax root length density (RLD), root dry weight
(RDW), rooting depth (RDp) 2ad oot 1 total plant weight ratio (R/T) (Kashiwagi e al.,
2005). An sceession, ICC 4958, that has been previously used as the key donor parent and
almast the only breeding matcrial for drought avoidance improvement in chickpea was
onee again confirmed a4 one of the best accessions for most prolific and deepest root systems
among the mini-core collection. In addition, an accession, ICC 8261 was alsonewly identified
as the ane with the most prolific and deeper root systems umony the chickpes mini-con
collection (Fig. 2). These would be imponant baseline informution for further rescarch on
the root traits in different research area oo chickpea.

It was felt nevessary 0 estimate the gene effects so that a proper breeding sirategy
would be devsloped before initiating large scale breeding program on rool traits. In this
canfext, twe crosses, Le. one with parenis [CC 281 (smaller roots) x ICC §261 (larger rooks)
and the other with IOC 4958 {larger ronta) X ICC 1882 (smaller roots), were made for the
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Fig. 2. Ranking distribution on the mean of 211 mini-core germplasi ples 5 cultivars on (A]
root length density (RLD). (8) root depth (RDg) In 2 different seasons a1 35 days after
‘sowing. SEd of RLD = 0.022, and ROp = 12.95

estimation of gene efficts (hrough generation mean wnlysis. The results showed ihal the

adilitive gene efliect and the additive x sdditive gene interaction did cemiribute to the vaciatlon

in the oot biomass, and the directlon of the gene elTect was comsistently towards incroasing

RLD excep! for 30-60cm and 60-90cm depth in ICC 4958 » ICC 1882, These reaults suggest

mnmwuummﬂnuwﬂdhnwmunhﬂnfmw
in the RLD since the po Frelavely lag

of dominunce and epistusis cifocts.

New Technology Applications 2
The vigorously developing molscular techniques can by wsed as 3 powerful tool o sereen
mmmmmmlmyhmmumm-um
mh-
c.g., the laborious and time-consuming mh processes. However, MAS could be
employed only when two critical huniles have been clanred, that is, [) identification of
adequate molecular markers that show polymorphism smong the entries chosen for the
ing, and 1) quick #ystcms for the tangel traits 10 cope
with the lurge scale phenotyping, In chickpen, there ks »400 mofecalar markers availuble to-
h&mﬂmnﬁhhkwhhummmmumwm
s ( hand, enough itis dam have proving
Wquhﬂu-mwnmmh&emﬁndmm
thut sre availahle and the suitability of parcntal lines tuat were chosen, we were sbie
identify n relatively powerful marker, Taal 70 which could explain abour 3% of the rotal
varintion of root biomass such ns root length snd root dry weight by using a RIL mapping
population derived from cross between [CC 4958 (large root) and Annigeri (intermedinle
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roots) (Chandra o af.. 2004). Currently, two new RIL mapping populatians (1CC 289 x 1CC
B261, and 10 4958 x 1CC 1882) are being phenotyped for establishing the robusi MAS,

Conclusions
In chickpea, adeguare baseline lnfurmatlon has already been generated in lerms of suitsble
sereening il and i ol ¢ parental materinl. However more

need 1o be dune 1o improve the methodology employed for sereening and to increase the
genotic diversity of the selections as contrasting genatypes o accessions. Genetic control
of drought avoidance root traits has been established allowing further breeding towards
increased deought adaptation, Further ressarch, hawever, is needed to identify suitable regions
where the technology of raat avoidanco can be applied to alleviate the yield reduction in
chickpeu due (0 the drought. One of the approaches that need fo be pursued nest is (o
conluet multi-lovationul evatuation of the newly-bred lincs over several years and to conclude
the agro-elimaic regions and soil types when the impraved root system can result in betler

draught ylelds.
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