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Introduction
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Abstract

Chilling stress (<10 °C) is detrimental for chickpea, especially at the reproduc-
tive phase and loads to abartion of Qowers, pods and jwpaired seed Flling,
causing severe redustion in vield. The information o the effects of low tem-
eratars during differant pod-flling stoges on quality and quantity of develap-
ing seeds Is Jacking in chickpes and heuce this sudy. In this study, chickpes
plants grawing under warm condilions of the gasshouse were sabjected ra cold
canditiprs of the Reld at the two stages, (1) cady pod-6

pod-filling, and subsequently ar | for seress injury in G
leakage (EL), 23 5-tripkeny] tetrazolium chloride reduction, relative leaf water
cantens and total chlaropliyll content in the leaves of control znd cold-stressed
plants, Cold stress caused elevation of EL hut reduced all the other parameters,
Sucrose content decreased sipni the Teaves ol cold-stressed plants,
The differences between the effects of stress at twa stages on the total plant dry
weight were s he seed growth rate, seed fill duration,
sted number, and average seed welght and size decreuscd greatly in the plants
cold stressed at the fae pod-filling stage than thoss stressed at the easly
pod-filling stage, Greater reduction was abserved i starch, proreins, soluble
sugars, fat, crode fibre and storage protein factions in the seeds of she-plents
stressed at the late pod-filling stage. This coincided with a larger decrease
e, invertase and starch
d growth potentiel wiere,
s stressed at the carly

icently
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seed flling was roported to restrict the yield of chickpea
(lavies ct al. 1999}, beans (Boutran and Sanders 2001},
wheat (¥ang eral. 2001}, ricc (Yang etal 2001) and
barley (Samarah 20051, Sub- and supra-optimum tem-
peratures during seed filling hewe profound negative
effects in case of maize (Wilhelm et el 1999) and wheat
grains (Spierz et al. 2006). In gronndnus, Dvivedi &1 al.
{1996) observed o decrease in oil content but increase
in proteins in the seeds of water steessed plants. In
Brassica tiapus L, var ol Champolivier and Merrien
(1996} reporsed a reduction in the number of seeds per
plant and & marked decrease in oil concentration, while
glucasinolate concentration increased under water stress
Belboudian et al, (2001) found
that waler stress ducing seed development in chickpes
caused & mild increase i the nubiitive valves of seeds
reflected in the higher accumulation of sugars, amino
acids and proteins I the seeds of chickpea plants cold
stressed during seed develuprer var et al {3605)
crease in accumulation of sugars but decrease
ulation of storage proteins, starch and several
acids in chickpea seeds, In water-stressed Jupin,
» et al. (2005) observed that the protein content
affected but the oil content was reduced by

canditions. In chicky

was not
50 %

Coempantively fewer studies have analysed the effects
of ke temperaturss on seed development o pulses
(5chari etal. 1993}, especially in chick {Nauyyar et al,
2005, siress during the development of chickpea
seeds has detrimental effecrs on seed yield in bath Desi
aud Kabuli chickpea genolypes (Naypar ecal. 2007).
Information about bow, during different phases of pod
filling, are plants sensitive to cold siress in terms of its
effects on composition and yicld of the seeds docs not
exist in chickpea, Heuce, the objective of the present
study was to find ouc the relative ssneitivity of pod-flling
stages of chickpen to cold stress i terms of sced yicld
and qualicy of the seeds, which is hicherto unknawn, In
this study r was hypothesized that the sensitivity of pod-
Alling stages t cold stress might difer,

Materials and Methods

oype {GPF2), procured fram
Ludhiama, India were
25 disrmeter)

Ihe seeds of chickpea gen
Funjab  Agricultural erity,
raised I carthen pats (35 cn height,
having 2 mixtuze of air-dry soil - sand : farm yard in a
ratio of 2 1 e chickpea Suds were inaculpted
with Rhiza ds). Three seeds
were planted in the last weel of Octaher and after emer-
sence the plants were thinned o rwa 2 pot. The ported
plants viere rised in the warm conditians of the glasshouse
and night rempera-

1 {vivl

tures, tespectivelys 00 pmal m* 5! as lighr inten-

sity). At fhe podding smage, rwo ses of plarts were exposed
o the cald conditions ol the feld {12 £ 2 and 34 + 2 °C
as average day and night temperatures, respectivelys second
fortaight of December], one set at early pod-lling (about
three-fourth pods of ~0.6 cm size} and another set at late
pod-filing stages {aboul three-fourth pods. of ~1.2 cm
size], The pods were tagged according 1o the stage of their
development and at maturity the seeds were suljected to
analysis of verions pasimeters.

EL, relative leaf water conten
content

chloraphyll and sucrase

These traits were sxemined [rom the uppermost leaves col-
Lected] Lo the control snd swessed plants between 10:00
and 11:00 bours. EL was measured according to Lutts et al.
(1998} a5 follows, The samples {1 g) were washed wit
deionized water 1o remove surface-adhered electrolytes.
These were pliced in closed visls containing 10 ml of
zedl water and incubated at 25 °C on 4 rotry shaker
d subsequently cloctrical conductivity of the
) was deter
at 1200 °C for 20 min and the final electrical condue-
wits ublained afier equilibration at 25 *C. The
lectrolyte leakage (%) was calcnlated a3 (Ly/Ly) % 100,
The relative leal wales conleal (RLWE)
per tae method of Bares and Weatherly {1962).

ed, Samples were then anto-

The redue:
tion asay for 3,3,5-wiphenyltetrazolium chlocide (TTC)

was performed for each teeatment {control and cold stress)
wsing ¢ix replicates (Stepankns and Lonphoar 1967), The
samples (1 g1 collected from control and swressed plants
were wat three times with sterile distilled water and
Elotted with fiter paper, Three replicates of each teealment
were incubated far 2 miu in 1 ml of water at 95 °C {heated
sumples). All the six replicates were then placed in ghss
tubes canteining 4 ml of 50t phosphate bulfer (pH 7.4]
with 0.4 % {w/v) TTC. These were incubated for 20 h at
28 “C in derkawess. The sulution was drained, the segments
were vaashed nwice, 4 ml of ethanol was added and the
rubes were vigorously shaken, Tl
mazan formed in vive was recorded at 485 nm. The TTC
eeduction wis expressed in terms of per cent ability, based
upan the fallowing squation:

absarhance due ta for-

TTC reductian (%) = (T, — T2}/ {C: — Ca) % 100,

where T, is for trested \s'up];s T; for ‘heated’ treated

armples and Gz for heated 'can-
chlor c:ph‘,l\ and sucrase cantents were
4 (19493 and
shorated clse-

trol sample:
measured accarding to the methads of Avn
Liv ard van Staden (2000),
2005},

respectively,

wl
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Assays of enzymes

The enzynes {sucrase synrhase, soluble starch synthase
and invertase) were assayed Fom freshly harvested seeds
fiom the pods coliected from the upper three pades wf
the pluns. The activity of the enzymes was assayed by
homegenizing samples in e presnce of dec-cold
200 my of HEPES/KOH buffer (pH 7.8} containing
S af  ethylenediamineretraacetic  acid  (EDTA)-
Mey2HLO, 3 mm of magnesiun acetate, 10 mu of d
iotheeitol  {DTL) and 1% {wivd of polyvinyl
pyrolidone (PVP). The homogenate was centrifuged
(8400 g) for 20 min ac 4 °C and the supernatant wis
used ditectly as the enzyme and protein source, The
activity of igvertase (EC 3.2.1.26) was soluble starch
synthase (EC.2..1.21] assayed per the method of Xu
eal (1996 thal of sucrose synthase (O
24.018) was assayed according lo Sung et al. (1959
The assays were performed at 25 °C in o final valume
of | ml as explained earlier (Nayyar et al. 2005).

Analysis of seed reserves

The seed reserves were analysed lrom the pods locr
at branches at the upper threc nodes that had been
tagged ot two stages {ewrly pod-filing and late pod
fillingl. The marure seeds (including the seed caats) of
the contral and the steessed plants were subjected 1o
enalysis of varions seed reserves, The stixch and soluble
sugars were extracted with 309 perchloric acid {v/v)
and 95 % ethanol (wv), respectively. Both the compo-
nents were quentified by the phenol-sulphuric a
method of Dubois et al. (1936) using glucose as a stan-
dard. The stendard AQAC procedures were used for
measuring the ash contens, <rude protein, crade fat and
crude fbie {Helrich 1590].
messured as pee the methad of Liu and van Staden
(2001), The protein fractions albumms. globuling, pro-
lamins and gluteling) were sequentially extracted from
seadds (along with sced coars) sccording ta the method
af 000}, T
tion was determined accarding to Lowry el al

The sucrose content was

i et al.

: protein coutent of each foc-
{1951),

Culd Stress Injury durlng Pod-Filling in Chickpea

Seed growth rate and filling duration

Twenty plants grawing under control and steessed condi-
tions were used fof this purpose. The pods at the early-
(illing stege and those at the lite-filling stage (pod size a5
above) were tagged and followed until physiological
matuzity of the seeds. The dry weight of the seeds was
recorded at 4 days (for eacly pod-filling stage) and 9 days
(for lste poc-filling stage) and at physiological marurity.
Theretter, the seeds were vven-deied at 45 °C for 5 days,
and the difference in their initial and final weight divided
by the number of days indicated the seed yrowth rate.
Tie duration [days) requiced to complete sed filling was
noted in the tagged pods,

Yield parameters

“I'he number of pods was recorded fram 20 control and
stressed plants. The ceed weight por plant, seed weight
and seed sire were recorded in 100 pods of each treat-
meat. ‘The absereations were replicated thrice and the
were statistically anelysed for standard evror and by
Buisesimei ple range test,

Germination and seedling growth

The mature seeds harvested from the plants were used for
alservations on germination wnd seedling growth, The
sceds were surface sterilized with 0.1 % marcuric chloride
for 2 min and subsequently washed twice with distilled
witer, The seeds were germinated in glass Pecri dishes
(@ cm) lined with double-layered blatsers. Germination
count was taken after 48 b and seedling growth was mea-
sured after 7 days, The vigour index was measured as Gl
(48 i 3¢ rout length tems 7 days old).

Results

leves of the coldstressed planss shawed increase in
EL in leaves at both the pod £liin s withaut any sig-
5 the stages (Table 1], The TTC
percentage. BLWE, total

sty

¢hlorophyll and

Table 1 Eftects of celd st an
<hickpes guring early and late pod-

Stressed at eady Stressad at fate

Fing stages on electolte lekage " N Cantel pod-fifing stage podfling stage
@, 34 5upben (b0 | gy BEsilb s6iwd2e s31:36a
chloride (ITE) recction, i 7 reducion (%) [T 83xzab 0826
Igal -water LS, ol %) MEr25a BTE+E1h EFy e
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i Inaves.
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Table 2 tHects of i siess on

e s Samn e o, ikaea uting early 30d Gt god-
arameter control early podfling stage et ot g S99 fling ages on yild comrbuting
Total dry weight per ular'fy\ ray2s 10220 2 MALdés s
:Ee.)’e”'\rnl-, 5540288 42:z01b 31=0%c

B04C40a 7E£0540 B=045c

92:12a 4512k MNéx13c

133s31a 106234k S2+23c
Average sea) e v GE20218 6120240 s2enste
s i 1 mratia [ERPERTY 1544136

Walues represent masn & 5.6, Veluss 1n & row follzwad by the same ettar are o s

from esch other (F = 0.0%

sucrose conlent showed marked decrease in the leaves of
the streased plants because of stress, with litde vaziation
etween the plants subjected 10 stress at both the stages.

Toral plant weight {without pods) was found to have
decreased when campared with the control plants by
17 % and 20 % in the plants stressed av early and lare
pod-filling stages, sespeciively; the differences berween the
stages were insignificant {Table 2). Seed vield per plaat
decrensed by 43 % in plants cold-stressed at late flling

ages and by 23 % in those cold stressed at early pod
filling stage when compared with control

Seed growsh rate decreased due to cold siress waen
compared with conteal by 14 % in plants siressed at early
stage and by 23 % ante stressed al late pod filling
stage, with & significant differeace between tae two stages
(Table 2). Conpared with contrals, the seed- l\]ling_ dur
tion was reduced by 3.4 days in plants steessed at carly
pod-filling stage and by 8.1 days ot late pod- ﬁUU\g stage
because of cold stress. The seed number per 100 pods
came dovn from 118 in control plas w 50 and 103 in
plants steessed at early- anet ar-late flling stages, respec-
tively The averoge seed weight decreased from the control
plants £133 mg) by 27 and 41 mg at early und at lete
poc-filling stages, respectively. The average seed sioe
deereased to & grewier extent in plants stressed e the late
pod-filling stage (23 % over contral] then these siessed
at the early pod-filling stage {10 % over conlrl). The
number of pods showed a 23 % and 15 % decresse in
plants cold-stressed ot early and late pod-filling stages,
tespectively, when compared with conteols., This wis due
o greater abonian of pads in plants stressed at the early

Seed reserves

Compared willh canteol plants, the sceds of the plants cald
stressed at (he Jace poc-filling stage shows] geeater reduc
tion in contents of stacch (32 %), proteins (36 %6}, soluble
sugars (3193}, fat (33 %), libres 126 %) and ash conent

260

1y different

Table 3 Effects of ol e or chickpea during
pod-fillng stages on varisus seed reserves {9 100 57 %)

Stiessest 4 early  Stressed ot lote

Paraieto Control pord-lling stage  pod-filing stage
W3e136 ieldc
FSE 1452 14c
40206 352052c
30:03b 26493¢
482030 #1203c
1220340 1E2031¢

VaLLeS FEITSENT M = 5 Wil i o fov Toiomed
Miter e vt significantyy diftesent frov cach ther (P <

{38 %) than the plants stressed at carly pod-filling stage,
which showed a decrease of 24 %, 11 5, 21 %, 20 %, 14 %
and 26 % n:ipccn‘w:h- {Table 3). The storage proteins like
albmins, gladuling, gluteling and prolamins experienced a
veduction of 31 95, 39t 289 and 35 %, respectively,
aver controls in seeds of plants stressed at the late podl-
filling stage compared with o decreuse of 17 %, 22 %, 16 %
and 25 5, respectively, in seeds of plants stressed at the
pod-lling stage { Table 41.

The sucrose content (Tabie 5) in the seeds decreased 1o
& greater extent in sseds of plants cold-stressed at the late
pod-filling stige (38 % over contral) compared with
those stieseod a1 the early pocd-flling stage {25 % over

Table 4 Effects of cold swess on chickpes auing early and late
poAiling 7aes on protein frattions (%)

Stressad ot late
n

el a stane

Whitls  Beslab [EERED

5132122 4914 14b 15¢
Glueins  1BE212a  186+14b 134+ 14c
Polemins 432034 12:05b 28203¢

allios 1o eant mea 2 5 €, Valles [0 row followed by the same
Iatter are ot sqnificanty different fiom cach other (7 < 0.05)
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Coid Stress Injury during Por-Filling In Chiccpea

Table § Fffects of con stress on
chitkpzea during zarly and lzte pod

sriessed at late

flng g on sy coren Conre _ meikling sl post g sae
nd attes o erzymes i seeds ; e T
Sucrzne symhasz 84127 R FIRRS |
Rl prateint
Sulubk starch »/rmq:&z 1808 = 105 15882 115
{renol min * g protein
Irvertase 1856 = 16.2 13272143 1Ns6=123
{nmol min* g protain;

Waltes sepresen: inean = S.E
from each other (F = 0,05

control). The activity of sucrose spnthase decreased aver
conlzol and was observed to be lesser i seeds of plants
cold-stressed at the late pod-filling stage than at the eacly
pod-flling stage. The activity of invertase decressed when
compared with control by 28 % and 40 % a1 early and
late pad-filliug stges, respectively, Soluble starch synthese
activity ko reducec Lo & higher extent (22 % ower cou
tral) in seeds of plants cold-stressed at late pod-filling
stage compared with those stressed @t eacly pod-filling
stage {11 ¥ over consrall.

Scad germination and vigour

The germimtion percentage decreased significantly when
compared will control in seeds of plants stressed at bath
the sages with greater reduction at eacly pod-filling stage
compured with late pod-filling swage (Table 6. Seeds
stiessed at the early pod-flliog stage ako showed higher
decrease fn vigour index when corupaced with controls.
In root length, 4 decrease of 28 % and 16 % oceurred in
seeds stressed b early pod-filling and fate pod-flling
stages when compared with controls, respectively. Shout
acowth showed reduction of similar extent

Discussion

Ihe chickpen plants exaosed 1o low lemperature co;
lians of te feld during both early as well as late pod-
flling stages rsulted in significant increase in electrolyte
¢ (EL}, which is an indicator of membrane danige

Teaca

ales i o ren follonved by the ssme fetior 4o o 5ign

tly different

1o the stressedl plants (Murats et al. 1992). These findings
are in accordance with the eardier findings reporting the
eftacts of cold stress on membiane injury {Bertin et al.
1996}, The decrease in TTC reduction percentage implied
loss of mitochondrial stebility {Leopold and Musgrave
1978} i eald-stresaed plants and i consitent with provie
aus findings (Chen et al. 20000, The RLWC decreased
passibly due o reduced watee uptake in stressed plants
iMcWilliam ef sl 19823, The chlorophyll loss might have
wccurred possibly due to cold-induced photo-oxidation of
is pigment (Wise 1995), which matches the caclier find-
ings on chilling injury (Mayyar of el 20071 It was notice
able that compared with controls, the cold stress at buth
e pod-hllisg stages caused chenges i the sbove-stated
trite almost Lo the same sxient, implying simila cold
ages but differcnces existed
betwezn the response ol seeds, as discussed helow.

There was @ significant fall in the total plant weight,
quanity 1 well s quality af the seeds of the cold-stressed
plants, The decrease in toral dry weight of the plast
occurred die 1o seduction in vegetative growth by low
perature, which is in aeeordunce with the earlier stud-
ickpea on this aspeet (Srinivasan et ol 1998,
Chere was no significant difference
een the twa stages for plant dry weight, saggesting
lar impact of the <old stress on vegetative growth at
On the other hand, differences existed in
seed vield in herween the plants suressed #0 o stages.
The seed number in our stadics declined primarily due
o reduction T the numher of pods beeause of their

sensitivity of Jeaves al these

Table 6 ek of rold skess 00

chickpea dureg eary and late ped- airessed at early Stremed 41 late
filng stage on gemination (%), (AT s ol st sed-ling stag
ois index, rout arl SIGCTIEGHT G st paftar a8 b WoLEES BaETC 792580
7 seatls Vigaur inzex fafter 7 da [0e7da 1Be66c 1B £B1b
Rot fength (o 2na01: 15=071¢ 212023b
Swnt ngth ievs e 12e0120 [ESFREN [EFEAL

Vialuzs reprasant moan = S B Yslues in 3 row folowes

from eah ot
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abortion and infertility caused by cald stress. Seed weight,
a function of rate and duration of filling, reduced in
cold-stressed plants becavse of decresse in Lotk the:
paruncters, resulting in smuller sized sceds. These absec-
varians are in line with he previous ceports about low
temperature effects in chickpea (Nayyar et al. 2007) and
other plant species {Judd etal. 1982, Fgli eral 20051,
The seed yield was effecied (0 a greuter extent in sceds
stressed at late pod-filling stage then at carly pod-flling
b may be related ra lager deccease in seed
rate and seed [l duration at the former stage
This was manifested in reduced seed weight and seed sice
t late pod-filling 5

"The onsiderable decrease in seed reserves of
The decrease in seed reserves due o chill-
ing in chickpea s in sccordance with eadlier observarians
on cold stress effects an chickpen (Nayyer of al 20081
and other plat species (Ying etk 2000}, Some previous
findings on the effects of envirunmental constraints i
drought and high tempersture on seed development are
aiso Indicarive of impairment in seed-filling provesses
causing poar quality af sceds [Fribot et al, 2000, Nayyar
and Walia 2004; Larmure et al, 200;

The seed starch content possibly decreased because of
testrictions in assimilate supply to the developing seeds as
indicared by lowered sucrose content in the leaves and
seeds of the sressed planis [n cereal grains developing
under the influcnce of water siress, the decrease in starch
content was alleibuted 1o the reduced capacity of the
endosperms because of the decling in the number of amy-
loplusts (fones et al. 1956); @ similor possibility might
exist in our e foo that needs o be examined. We
obscrved reduced activites of invertase and sucrose syn-
thase {sucrolytic cnsymes) thae might decresse the avail
ability of phiwcase precursors for starch syathesis. This
prohably also decreased the activity of soluble starch syn-

@ wis

thase in cold-stressed seeds abserved here, These findings
are similar 1o those of Hawker and Jenner (1993),
vities of starch hwesizing
emrpmes in wheat grains exposed to heat stress during
gain filing,

Uhe ceduction in protein and fat contents in the cold
siressed seeds matches with the findings of Triboi et al
12000} and Champolivier and Merrien (1996}, respec.
tively. The seed protein content i cur studies might have
deceeased because of reduction in allocation af nitragen
by the stress 1o the developing secds, as reparted in pess
{Larmure et al 2005} Carvalha et al, {2005) noticed
sbout 50 % reduction in protein and oil content of lupin
seeds developed under water stress conditions.

The sucrose content dropped in the lenves and seeds al
cold-stressed plants that was refleciive of impairment in
its production in leves and reduced teansport 1o the

252

developing seeds. Previous studies also report decrease iu
sucrnse conrent because of limitations in the photosyn-
thesis and sucrase biosynthesis in other cases {Perz et al
2001). Coupled with the decrense in sucrnse was the
decline in the uclivities of sucrose synthase and invertase
enzymes that night have pecorred due o reduced avail-
ability of the substrates o effects of cold stress por se on
enzy se findings get suppart from the
st studies invalving chilling effects on maize that
decrewse in ectiviey of sucrose merabolise:
enzymes and inbibitzd transport of sucrose because af its
resteictions fn loadiag (Sowinski et al. 1999),

he reduction in the performance of the cold-stressed
chickpea seeds in terms of germination potential and vig-
our of the seedlings muy be avwibuted to impaired
embrya growth and decreased accumulation
reserves. The germination, vigaur il prowth were inhib-
ited 1 & Jarger extent in plants cold-stressed at the early
poc-flling stage. 1t was expected since the embryy growth
is active during early stage of seed filling. These findings
previous ones un saybean that
reported the adverse effects of abiotic stresses on seed
quality in tenns of nuiritional components and growth
patential of seecls {Dombos and Mullen 1991 Egli et al.
2003,

The present studies indicated that slthongh membrane
damage. chlorophyll loss, snd decrease in RLWC and
the Jeaves ol wold-stressed planes
aceurred fo a similar extent at bath the stages, varia
existed in the quality end quantity of the seeds produced
by the plasts siressed st carly and Iate pod-filling stages.
The lurger deerease in the quantily and qualiey of seeds at
the Lt pod-Alling stage might have oceurved because
af the geeater eifect of cold stress on sead-filliug processes
al this stage. This was indjcaied by Uhe significantly low
content of sucrose and aclivities of enzymes pertaining 1o
ch syuthesis wnd sucrose hydrolysis i the seeds
streised at the late pod-filling stage than at the early pod-

liing stage. This imokied that these variations might arise
fom the g fects of strzss on metebolism o the
seadls rather than that of leaves, Our findings alse indi-

t cold stress ai the early pod-filling stage had a
higher inhibitory eflect un the germination and gewwth of
the seeds. These observations suggested that sucrase
mebilization and its utilization in the seeds rather than
the sucinse product ves might ba a key deter
minant it deciding the seasitivity of the seed develup-
ment phases Jn cald-steessed plants.

e activities.

showed

of seed

sucrose  Jevels

s

cated

ot i1 the §
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