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About 90% of chickpea (Cicer arietinumL.)in the world is grown rmder rainfd conditions whcre it
is subjected to heat shess. A field experiment was, therefore conductd to know the effect of high

tunpekture on growthrate oftwentychickpea genoqpes andthence to scrcen tolerantad srsceptible

g"rrotlrp"r grown under different planting dates. Pusa-I103 from north zone, KWRIO8 ftm east'

RSG-963 form west zone and BDG-72 from south zones showed higher leaf area index (LAI), crop

growthrates (CGR). Among the zonesnorth zone genoqpes comparativelyrequired less acctmrlated

heat units as compare to other zonal varieties. It means genoqpes from this z)ne ar€ carfy mdring
and have higher yield because of better utilization of accumulated heat uits.

Keywords : Accumulated heat units; Chickpea; Crop growth rate; GDD; kaf area index.

Introduction
ChiclEea (Cicer artefinumL.\ is the third most important

prlse crop in the world after dry beans and dry pea in the

global farming communityand is widelycultivated inWest

and South Asia and North African countries. It has been

golvn in semiarid regions,of the world for hundreds of
lcars. The major chickpea producels India, Pakistan and

Turkeycontribute 67.0, 9.5 and6.7%, respectivelyto the

urorld harvest. Iatest estimate for 2007-08 indicate that

6e production of pulses in the country is 16.@ million

tonnes from an area of 26.15 million heqtares. Inspite of
bving largest area under chickpea in the world India's

position in average productivity is yet to.*see major

irealttrougtr to me€t the per capita availability of 50 g

prlses/day to alleviate proteins energy malnutrition,

rtereas the situation is quite different and there was a

dccreasing per capita avaiiability of pulses from 69 g in

196l to 37 g in 20M.
In northern lndia, however, late planting of

chickpea is done after harvest of rice, early potato or

cooon- Under such situations the crop has to be sownup

rc rte end ofNovember to mid-December. Such late sown

chickpea crop experiences low temperahrre during

Edli;g establishment time and high temperature at the

cad of the cropping s€ason. Inw temperature at initial

nage of crop growth results in poor and slow vegetative

gt lth' wlrireas high temperanre at the end of cropping

season lead to problem of poor biomass and forced
maturityt. Strand2 r'eported that early sowing in wheat

increased the heat sum requirement by the cultivars
because of longer duration. Bishnoi and Tkmeja3 shourcd

that with the increase of average temperature in the crop

season, phonological stages are advanced rapidly due to
availability of higher thermal units over a short period of
time. this mayresult in forced maturitir. One, thus, d
a variety, which take less GDD forphpiological m*urity.
Ghadekar et al.a rcported that early sowing resulted in
highest accumulation ofheat sum and photothermal units

causing better growth and yielit. Therefore, it was aimed

to study the relative variation in leaf area development'

crop growttr rate of chickpea in twe,nty chiclpea g€,ootlp€s

grown under difrerent planting dates.

Material and Method
A field experiment was conductedat research field ofthe
Indian Agriculturp Research Institrte; New Delhi drning

2009-lO. The experiment ums laid out in IIBD design,

twenty chickpea getrot)?cs were groum under three dates

of sowing, i.e.2*d October, 2lst Norrcmber and lSth
December 2009. liotal 180 plots of 3 x l.E m'2 srea wtcr€

made and plants were grown at a distance of 30 cm

between rows and l0 cm within a row. Tbc plant sryles
were collected for the study of leaf area index at 30, 60,

90 and 105 and for crop growth rate between 30'60' 5&
90 and 90-105 days after sowing (DAS). The grou'ing
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Dble 2. Crop growth rate (g mi dayr) of chiclpea genotypes as influenced by the time ofplanting.
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?ffi

s.08

4.86

4.10

4.68

3.04

1.90

2.06

2.t:3

Fq
Znx-

Pusa-256

c-235
Pusa-362

Pusa-372

Pusa-1103

BG-3004

ZM

KWR-108
Radhey

Pant G-186

ZM

0.34

0.49

0.49

0.57

a.73

0.51

0.56

0.24

0.17

0.35

0.14

0.40

0.20

0.25

0.65

0.s9

0.98

0.67

0.91

0.66

0.76

0.50 0.28 1.27

0.35 0.18 0.81

0.41 0.17 0.88

0.42 0.21 0.99

0.64 0.17 0.73

0.39 0.16 0.72

1.45 0.26 1.25

1.09 0.14 l.l3
0.50 0.20 0.84

0.81 0.19 0.93

0.45

0.32

0.70

0.31

1.33

0.57

0.61

0.55

0.19
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0.83

0.48

1.25

1.06

t.l8
0.65

0.91

3.25

4.10

4.52

3.91

4.12

4.26

4.18
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n.32 2.54

6.46 4.39

9.00 4.26

7.99 3.93

7.n 4.22

6.00 4.27

5.19 4.41

7.22 4.22

5.66

3.72

9.78

6.73

n.42
1.07

6.40

5.58

4.00

4.26

4.52

5.39

4.88

4.10

4.61

4.13

3.67

3.74

4.36

3.81

6.77

3.79

4.49

5.19

434
5.98

5.17

4.39 s.89

4.59 5.50

4.56 5.56

4.92 5.06

4.s6 4.72

4.60 5.35

4.62

3.88

4.49

4.14

4.28

4.14

4.36

4.58

4.76

3.95

6.26

5.79

6.86

3.10

5.12

4.34

4.57

6.03

5.90

7.19

5.34

5.81

6.87

5.37

3.48

4.58

6.83

4.87

5.02

4.52 3.51

5.20 5.15

10.05 3.91

6.59 4.19

7.20 4.73

8.43 4.58

7.17 445
s.49 3.85

6.77 4.12

7.01 4.35

6.71

4.32

8.85

7.78

9.97

9.23

7.81

6.31

4.59

5.93

4.90

3.98
n))
4.21

4.64

5.01

5.61

4.24

.4.29
3.73

3.96

4.3 r

4.ll

5.60

4.73

4.60

4.74

5.99

4.84

4.98

4.07 4.03

5.03 s.tz
4.2r 6.06

4.43 5.07

4.28 5.40

4.30 s.77

4.75 5.46

3.65 4.33

3.29 4.73

4.05 5.14

4.36 5.22

3.M 4.56
.4.26 6.00

4.49 5.42

3.41 s.87

3;73 5.72

3.95 5.47

4.43

k
Zffi

RSG-143-I 1.37

RSG-888 1.59

RSG-963 2.04

Pusa-261 2.16

GNG-459 1.82

nd 1.80

ICCV-IO
Chaffa

BGD.72
JG-I1
Vijay
Phule-G f6006AI
Mean

S{udt

lffi
1.86

l.0l
2.78

2.63

2.02

1.20

1.92

1.77

CD at Plantingtime @) 0.052 0.187 0.224

Genoffis(G) 0.0s7 0.193 0.189

PxG 0.082 0.343 0.33

ts Oct. 23, II=Nov. 21, III=Dec.l8 planting date.

&gree days (GDD) and other growth parameters were

calculated by the following forrnulae:-

Tmax and Tmin represents the daily maximum and

minimuur temperatures and \ is the base temperature

and for chickpea \ considered as 50 C.

Results and Discussion
Leaf area index (LAI) - Aperusal of results revealed that

LAI increased with the advancement of the crop age.

Growthparameters Symbol Formula for mean value over Unit Reference

time interval (T, - T,)o

kaf area index
Crop growthrate

Growing degree days

L.Lr= [(Ln + L)/2] - (1/G)
ccR: (w, - wr)/ [(T, - Tr) . GA)]

GDD: >(T* + TJ2-TJ

LAI
CGR

Dimensionless
gm4dayt

Dimensionless

Watson, (1947)
Blaclmatetal.,
Black (1955)
Rajpug(1980)GDD

G^ = ground area. T: time, W: weight, A: area
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Fig.l. Growing degree days for different phenophages of chiclrpea genoqpes as influenced by date of planting.

Table 3. Crop growth rate (g/ur/GDD) of chickpea genobpes as inlluenced by date ofplanting.

Oct.23 Nov.2l Dec. 18 .,:

30-60 DAS Mean

Date of planting

Oct.23 Nov.2l Dec. 18

60-90 DAS Mean

Oct.23 Nov.2l Dec. 18

90-105 DAS Mean

Oec.18

GDD for physiological maturity

Check

North

East

West

South

Mean

C.D.(5olo)

0.180 0.078 0.100 0.119 0.261

0.194 o.tzg 0.096 0.140 0.509

0.311 0.093 0.070 0.158 0.641

0.244 0.184 0.057 0.162 0.699

0.264 0.137 0.059 0.153 0.587

0.239 0.124 0.076 0.539

(P) (z) Pxz (P)

0.016 0.075 0.081 0.021

0.407 0.835 0.501

0.62s 0.7s5 0.630

0.635 0.820 0:699

0.584 0.909 0.731

0.689 0.876 0.717

0.588 0.839

(Z) PxZ

0.015 0.019

0.521 0.437 0.398

0.381 0.320 0.346

0.289 0.342 0.336

0.290 0.316 0.334

0.341 0.311 0.366

0.364 0.345

(Z) PxZ

0.0t2 0.014

0.237

0.336

0.378

0.397

0.447

0.359

(P)

0.008

Wlrcre ts Planting time and Z= Zonal mean
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Significant differences were recorded in first planting

followed by second and third planting at 30 DAS. The

overall mean varied from 0.70 to 0.164. Regarding zonal

mean west zone genoqpes showed highest LAI (0.124)

followed by south (0.112), than north (0.107) and least by
€ast zone (0.106). Among the genotlpes significantly
higher LAI were recorded in genotlpes Vijay (0.164),

Pusa- I I 03 (0. I 48), BGD -7 2 (0.1 40), RSG- 1 43- 1 (0. I 33)

anJ KWR-I 08 (0. 124) in comparison to Fusa-256 (0.097). -
While at 60 DAS, the overall mean value varied from 0.243

to 0. 1 04 and zonal mean from 0. I zl4 to 0. I 82 respectively.

Sipificant differences were also observed among all the

twenty genoqpes under study. At 105 DAS, the mean

nalue of leaf area index ranged from 1.357 to 1.134

respectively. However, among three different planting
conditions higher LAI was recorded in first planting
(1.375) followed by second (1.15S) and third planting
(t.113). $mong the genotlpes, Pusa-1103 (1.357) from
mrth zone, KWR-108 (1.250) and Radhey (1.241) from
cast zone, RSG-963 from west zone aud B GD -7 2 ( I .280)

and Vijay (1.276) fiom south zoire were having
co,ryaratively more leafare index than their corresponding

zonal meanln gener-al genotypes Pusa-l103, KWR-108,
Radhey, RSG-143-1 atdBGD-T2recorded high leaf area

index and C-235 showed least LAI than national check

Pusa-256 at all the growth stages andplanting times. The
gsnotypic differences, uihich expressed more clearly under
vaious planting conditions in the present study are in the

tine with the observation reported by Hsiaos, Boyet',

'tggarwal 
and Koundaf ,Rangdale a al.8 and Singh er c/.e

Cmp growth rate (CGR) - Asindicated from the data CGR
value increased progressively with the advancement of
6e crop ageunder all the tbreeplanting conditions. During

3(160 DAS overall mean values indicated wi$e variations

foi crop growth rate ranging from 0.48 in Clxiffa to 1.27 in
KWR- 108 whereas, highest CGR was recorded in the first
phting (1.81 gm{ dayt), intermediate in second (0.61

!B-' day') and least in the third planting (0.21 gm{
day'). As far as genotlpes are concerned significant
diftrrences were recorded among all the tw'elrty genoqpes

odied. Among the zonal mean significant variation uras

ren betweenNorth andEast zone however, between west

d south zones variabilitywas relativelynarrow i.e. A.93

h West and 0.9 I in South zone. Between 60-90 DAS, the

mn value of CGR ranges from 3.10 to 6.86 gm{ day'r.

Yhereas among the planting conditions significantly
ligh€r CGR was recorded in first (6. l0) followed by third
phnting (4.47) than second planting (4.30). All the

S@t5/pes except Phule-G 96006 exhibited significantly
tglcr CGR as compared to national check Pusa-256.

Regarding zonal.mean it was formd maximrm in rtst zone

followed by east, then south and lowest in nor& zone.

Regarding genoqpes Pusa-362, Pusa-1103 from nortb,
KWR- I 08 from east, RSG- 143- l, RSG-963 ftoE urcst md
Vijay, BGD-72 from south zone we,re baving higb€r CGR
values compare to zonal mean-

With regard to CGR mearu dudng 9G'105 DAS
it varies from 4.03 (KWR-108) to 6.u6 (PaDS l8O. Itr
different planting conditions it shoun similar trends as

observed during 30-60 DAS r.e. significandyhigb€rCcR
was recorded in first planting (6.75) followed by second
(4.71) and third planting (4.17) respectivety. Whereas' in
the genotlpes studied, higher CGR was recorded in Pant

G- I 86 (6.06) followed by B GD-7 2 (6.00) aod Pusa- I I 03
(5.99) whereas least was recorded in KWR-108 (4-03). In
general Pusa- I 1 03 from north zone, Pant4 I 86 ftoE east

zone, RSG-143-1, RSG-888, RSG-963 from urest zm
and BGD-72, Yijay from south zone, retained
comparatively higher CGR values than natiomal chck in
all successive growth stages in comparison to other
varieties. This positiveassociation betweca leaf rca indor
and crop growth rat€ was also reported by Srrmnerfield
et al.to,Boyef, 6d $ingh et al.e.

Accumulated heat units (GDD)- The Accumlat€d heat
units or GDD taken to attain different phe,rrological phree,

i.e. 50 per cent floweriag, 50 per cent pod formation od
maturity by chiclqea genotypes grown in different zoncs

arepresented inFig. l. Ingeneral the growingdegree dan
(GDD) require4ent for50per cent flowering 50peroent
pod formation and maturity were higher in first plenting
followed by second qpd third planting. The genotpes fiom
southzone require less GDD during Istplantingshereas
in IInd planting north zone varieties and in IIIrd national
check (Pusa-256) required less GDD during 50%
flowering stagc. However, for 50o/o pod formatioo aod

forphysiological matritynorth zone g€,lrot5[ros relatively
required less GDD as compared to otherzonal nrietics,
These low acctrmulated heat units were associatod with
earlyattaiment ofphenophases 66 highyield in diftrcm
crop plants. Similar observations urcre also rccordcd by
Ghadekar et al.a, Lama et a/.rr and Paikaray and
Chakravartir2, Singh et al.e,In the prese,nt imrcstigation
all the phenophase in the south aod north zorc wtre attaip
early. This clearly shou,s that the gpoot)"es from these

zones are relatively faster in growth than other ?ppal
varieties.
Crop gtowth rate per GDD - Grouflt rate psr GDD of
twenty chickpea genobpes as hfluenced by date of
planting prese,nted in Table 3. On fu basis of the data

recorded, it was obsorved that groqdh ratepcrGDD was

t@

I

*!,#
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sigrrificantly higher in 23rd October planting (0.239e)
followed by 2lst November planting (O.Qad and l8th 4.

Decemberplanting (0.0769) during 30-60 DAS. Between

60-90 DAS sipificant differences were recorded between

all the three dates ofplanting, while at during 90- 105 DAS

sigrrificant differences were recorded in 21st Novernber
planting (036ag) followed by 23rd October planting 5.

(0.359g) and l8thDecemberplanting (0.2399). The higher
growth rate per GDD was recorded in early maturing and - . 6.

high yielding genoqpes. Similar observations were also

recorded by Bishnoi and Taneja3, Sharma and Sonakiyar3,

Ghadekar et al.a, Lama et al.tt and Paikaray and 7.

Chakravarty'2 in dif[erent crops. After national check,

north zone genoqipes showed significantly lower growth

rate per GDD during 30-60 DAS and 60-90 DAS.
Between 90-105 DAS west zone geno$ryes recorded 8.

significantly lower growth rate per GDD among all the

zones. In general mean values of the growth rate per GDD
was sigrrificantly higher in west zone between 30-60, 60-

90 and south during 90-105 DAS. This clearly indicated 9.

that growthrate perGDD ofwest zone genotJpes are faster

than genotlpe from other zones. It means they are eady
maturing and high yielding because of better utilization of
accumulatedheatunits. 10.

This study indicated that chickpea genot5pes

Pusa-1103 from north zone, KWR-108 from east zone,

RSG-963 from west zone and BGD-72 from south zone

showed higher LAI, CGR per day at all the growth stages

and planting dates. However, Pusn -261 showed least value

of above three traits also need more GDD. It confirms
that genotlpes which have higher LAI, CGR per day and

per GDD are better for increasing the chickpea
productivity under stress environrnent. It means short
duration/early maturing genoqpes should be developed
for such conditions.
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