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Response of Chickpea Genotypes to Drought

K. E. McPHEE, A. Kahramai, M. Onde, E. CeyharandB. Tashtemiro

Abstract—Water is the main component of biological processes Drought is a widely distributed ecological

Water management is important to obtain higher getdity. In this
study, some of the yield components were investigadgether with
different drought levels. Four chickpea genotyp€®C Frontier,
CDC Luna, Sawyer and Sierra) were grown in poté \Bitdifferent
irrigation levels (a dose of 17.5 ml, 35 ml andridfor each pot per
day) after three weeks from sowing. In the reseaftowering, pod
set, pod per plant, fertile pod, double seed/ptemsdiameter, plant
weight, seed per plant, 1000 seed weight, seedad@mvegetation
length and weekly plant height were measured. QGpresly,
significant differences were observed on all thevestigated
characteristics owing to genotypes (except doubéelpod and stem
diameter), water levels (except first pod, seedghteand height on
3“9 week) and genotype x water level interaction (pkdest pod,
double seed/pod, seed weight and height).

Keywords—Agronomical characteristic€icer arietinum water
levels.

|. INTRODUCTION

problem
worldwide where water resources are limiting. Water
requirements may be supplied by precipitationgation or
both. Crop water requirement is driven by evapueatiemand
and may be quantified by pan-evaporation duringgifosving
season. Water is needed mainly to meet the demahds
evaporation (E), transpiration (T) and the metabaked of
the plant, which are together termed consumptive. us
Consumptive water use of the crop is less thanwitger
requirement. Water requirement includes lossesnduthe
application of irrigation water in the field (petaton,
seepage and runoff) and water required for spegafations
such as land preparation, transplantation and iegciCrop
water requirement depends on various factors imoiud
genotype, growth stage, crop duration, plant dgngitowing
season, soil factors (i.e. texture, structure, liepgind
topography) and climatic factors (rainfall, tempara,
relative humidity and wind velocity), as well asopr
management practices such as tillage and weedjng [5

EMAND for food has been increasing worldwide as Pulse crops are rich sources of plant proteins {8jckpea

populations continue to increase. Scientists se&och
solutions to agriculture production systems in fioreto meet
rising food needs. The solutions should be enviremsaly
friendly for sustainable agriculture [1]. Increasgeld can be

is traditionally a low-input crop and is grown exsévely in
moisture stressed environments. The global chickpea
production has increased only marginally, unlike thany
fold increase in cereal production over the lasydérs. There

realized through p|ant breed”']g and improved Croﬁre many constraints to pI‘OdUCtiOI’I from dlseaSEseCltS,

management [2]. Water is an important resource fags a
vital role in agricultural activities [3]. Researdfforts are
unable to change ecological situations; howevas, [tossible
to change some plant characteristics and develap/adeties
and regulate or eliminate some of the harmful egfeaf
environment on plant quality parameters. Knowled§ehe
effects of ecological conditions on plants will call
improvement of plant quality and productivity paeters [4].
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pests, soil problems, environmental stresses aneadoption
of modern management techniques [7].

Research focused on drought is needed to devehitpgies
to manage drought. The results of previous reseaittibe
useful to understand the response of the plandsatoght. The
objective of this study was to investigate and iifghe yield
components in different chickpea genotypes in teahshe
plant response to different levels of water shatag

Il. MATERIALS AND METHODS

The experiment was carried out to investigate ffexes of
drought on chickpea grown under different wateigation
conditions. The plants were grown under greenhouse
conditions on the campus of North Dakota State Ehsity,
Fargo, ND, USA.The experimental design was 3x4 factorial
with four replications. Plant materials comprisedurf
chickpea genotypes, CDC Frontier, CDC Luna, Saveyed
Sierra. Two seeds were sown in each 15cm pot on 16
December 2011. which contains the soil type LCIchEpot
was filled with 335 g of LC1 potting media (SunGro
Horticulture, Canada). Slow release fertilizer applied after
sowing immediately with a rate of % tea spoon ah@ath
fertilizer type. Water was applied at the rate 20 Inl per pot
from sowing to 2% day. The plants were thinned to one in
each pot. Application of three different water llsvgl7.5 ml,

35 ml and 70 ml to each pot/daily) was started f2@if day
to harvest.
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Each plant was harvested by hand at maturity. Apmate
pesticides were appliedduring the growth periodctmtrol
insects.

Flowering date, pod set date were calculated asfiademy
sowing date; pod per plant, fertile pod, doubledgeed and
seed per plant were determined by counting; steamelier
and seed diameter were measured using a micromcetper
device (mm); plant weight (air dried plants weré tam soil
level and then; leaves+stems+pods were weighedhegeat
harvest and 1000 seed weight were measured usingicgh
scale (g); plant height (from soil level to highdastminal
point) was measured weekly using a ruler (cm).

Analysis of variance was performed using
computerized statistical program.

I1l.  RESULTS AND DISCUSSION

Results of statistical analysis are presented bierh 1l and
Ill, respectively. Summary of genotypes x water elev
interactions are given below.

The shortest time (42 days) from sowing to startofg
flowering was obtained from'Gl X W3” [Genotype 1
(Sierra) X Water level 3 (17.5 ml/dayjhile “G3 X W3 and
G4 X W1” had the longest time to flowering (58.78ysd).
Ganjeali, Porsa and Bagheri [8] reported that, daydirst
flower in chickpea genotypes ranged from 42.7-58dlys
under stress conditions, and ranged from 45.3 t@ G@der
non-stress conditions.

Furthermore, “G1 X W3” had the shortest time (6¥g)an
terms of pod set and “G3 X W3” had the longest ti{@i&25)
to pod set. It was reported that days to floweriragies
between 60 and 101 days in chickpea [9].

Number of total pods per plant ranged from 2 (GIVX and
G4 X W2) to 34 (G1 X W1). It was reported that nienlof
pods per plant varies between 3 and 46 per pl&jt [1

There were differences for. The overall mean numtfer
fertile pods per plant across genotypes and wete ranged
from 0.5 to 24. The results of the research weracitordance
with previously reported results [11].

Water level had significant effects on number ofipavith
two seeds for all the genotypes except the genaty(®ierra).
The highest value (1.75) was recorded for the “G3VX”
treatment. Liu, Gan, Warkentin and McDonald

There were large differences for number of seedpiaat.
The highest vyield (25) was recorded for the “G1 X
W1"treatment. The interaction of “G4 X W2” had 0.86ed
per plant. It was previously reported that the nemiif seeds
ranged from 15 to 40 per plant in different chickgenotypes
[15].

The interaction of genotype X water level for 108€ed
weight was not significant. Mean 1000 seed weigtitged
from 110 g (G1 X W2) to 533 g (G2 X W1). A previostsidy
reported that the weight of 1000 seeds ranged fr6to 289
g in several genotypes of chickpea [8]. Anothedgtshowed
that, the weight of 1000 seeds ranged from 1678® & in

“JUMP’several genotypes of chickpea [16].

Mean seed diameter was greatest (9.1 mm) for the XG
W1" treatment and lowest (2.3 mm) for the “G4 X W2"
treatment. Means were significantly different at 06 level
of probability. Cubero [17] reported that seed diten
changed from 4 mm to 8 mm in chickpea.

Days to maturity varied widely from 97 days (G3 X3W\o
112 days. A previous study revealed that days teuritg
ranged from 103.0 to 132.6 days in chickpea gerastyp8].

Plant height was lowest for the “G2 X W3” treatmeuttile
“G4 X W1" had the greatest value. Plant height atvhst
ranged from 38.7 cm to 64.8 cm in terms of genotypeater
level interaction. Upadhyaya [18] reported that Height of
chickpea varies from 18.4 cm to 103.8 cm in chiekpe
genotypes.

APPENDIX

The results of variance analysis were given in &abl 2
and three, respectively.
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determined that more than 96 % of the chickpea pods

contained one seed.

Significant differences were not detected amongoggres
for stem diameter. The highest value was 0.49 mmGzh X
W1” while the lowest value was 0.33 cm and 0.34atrd was
observed for the 17.5 ml water treatment. Previ@sgarch
revealed that stem diameter varied from 0.451 58©0.cm in
chickpea [13].

Genotype X water level interaction had a significaffect
on plant weight during harvest and varied widelyoam the
genotypes and also water levels. The highest v@laes g)

was obtained from “G3 X W1” while “G4 X W3” had the

lowest value (5.6 g) for plant weight. McPhee, Spaand
Muehlbauer [14] reported
availability) in the upper and lower slope posisowere
important for seed and residue production.

that differences (i.e. ewat
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TABLE |
ANALYSIS OF VARIANCE FOR THE INVESTIGATED CHARACTERISTICS
P

Char acteristic Genotype Water level Interaction
Flower (day) <0.01 <0.01 <0.01
Flower-Pod (day) <0.01 ns <0.01
Pod set (day) <0.01 ns ns
Total pod/Plant (number) <0.01 <0.01 <0.01
Fertile pod (number) <0.01 <0.01 <0.01
Double seed/Pod (number) ns <0.01 ns
Sem diameter (mm) ns <0.01 <0.01
Plant weight (g) <0.01 <0.01 <0.01
Seed/Plant (number) <0.01 <0.01 <0.05
1000 seed weight (g) <0.01 ns ns
Seed diameter (mm) <0.01 <0.05 <0.05
Vegetation (day) <0.01 <0.01 <0.01
Height (3" week) (cm) <0.01 ns ns
Height (4™ week) (cm) <0.01 <0.01 ns
Height (5™ week) (crm) <0.01 <0.01 ns
Height (6™ week) (cm) <0.01 <0.01 ns
Height (7 week) (cm) <0.01 <0.01 ns
Height (8™ week) (crm) <0.01 <0.01 ns
Height (9™ week) (crm) <0.01 <0.01 ns
Height (10" week) (cm) <0.01 <0.01 ns
Height (11™ week) (cm) <0.01 <0.01 ns
Height (12" week) (cm) <0.01 <0.01 ns
Height (13" week) (cm) <0.01 <0.01 ns
Height (14™ week) (cm) <0.01 <0.01 ns
Height (15" week) (cm) <0.01 <0.01 ns

ns: non-significant
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TABLEII
MEANS OF THE INVESTIGATED CHARACTERISTICS AND DUNCAN GROUPS
Means of Means of
Water Levels Genotypes
Characteristic

70 ml 35ml 17.5m Frontier Luna Sawyer Serra

(W) (W2) (W3) (G1) (G2) (G3) (G4)
Flower (day) 48.56a 46.38b 47.63a 47.17b 45.50c 48.33ab | 49.08a
Flower-Pod (day) 14.88b 16.75a 15.38ab 15.25b 17.67a 17.00ab | 12.75c
Pod set (day) 63.44 63.13 63.00 62.42b 63.17b 65.33a 61.83b
Total pod/Plant (number) 21.44a 5.38b 3.13b 14.58a 6.50b 12.17a 6.67b
Fertile pod (number) 16.5a 3.44b 2.69b 10.17a 5.75b 8.92a 5.33b
Double seed/Pod (number) 119 0.44b 0.00b 0.83 0.58 0.75 0.00
Sem diameter (mm) 0.468a 0.379b 0.334c 0.394 0.398 0.382 0.400
Plant weight (g) 18.25a 9.31b 5.97c 10.58b 9.75b 13.83a 10.54b
Seed/Plant (number) 17.56a 3.81b 2.31b 11.00a 6.33b 9.67a 4.58b
1000 seed weight (g) 391.42 322.45 353.80 144.34c 503.17a | 442.42ab | 333.64b
Seed diameter (mm) 8.46a 6.57b 7.62ab 7.13ab 8.64a 8.54a 5.88b
Vegetation (day) 108.38a | 106.63b 102.00c 108.50a 104.75¢c 102.25d | 107.17b
Height (3 week) (cm) 32.32 32.63 32.06 28.23c 26.22d 35.94b | 38.96a
Height (4™ week) (cm) 4424a | 42.49ab | 40.63b 34.94b 3531b | 49.50a | 50.07a
Height (5™ week) (cm) 50.60a | 47.04b 43.94c 38.98b 42.16b 540la | 53.62a
Height (6™ week) (cm) 53.07a | 48.48b 45.33c 40.60b 4355b 55.87a | 55.81a
Height (7" week) (cm) 55.14a | 49.13b 45.65¢ 42.15b 44.84b 56.50a | 56.40a
Height (8™ week) (cm) 56.10a | 49.79 4591c 43.01b 45.46b 57.06a | 56.88a
Height (9™ week) (cm) 57.19a | 50.29 46.43c 44.54b 45.77b 57.55a | 57.35a
Height (107 week) (cm) 57.8la | 50.58b 46.58¢c 45.06b 45.96b 57.84a | 57.76a
Height (11" week) (cm) 58.13a | 50.84b 46.65¢c 45.66b 46.08b 57.88a | 57.87a
Height (127 week) (cm) 58.40a | 51.13b 46.76¢C 46.27b 46.12b 58.0la | 58.00a
Height (13" week) (cm) 58.68a | 51.23b 46.81c 46.68b 46.12b 58.13a | 58.02a
Height (14" week) (cm) 59.16a | 51.41b 46.83c 47.48b 46.12b 58.18a | 58.09a
Height (15" week) (cm) 59.51a | 51.50b 46.83c 47.83b 46.20b 58.27a | 58.15a

333



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612
Vol:6, No:6, 2012

uonzeRIu| =X pAs| BEM =M 8dAl0ueD =,9
2088'€S as.'ss R ) 0EY'ES 48895 ESC) je18¢e 3pg9'Sh aszvs P8z TY pogL’ Ly asy s (wo) (feem ,GT) YBIOH
asg’es a5.'sS ©59'19 oqEY'ES g88'98 ©GZ'9 8€/'8¢ PS9'Sy as6'€s apgz Ty poge’ Ly g8.'eS (wo) (ieem ,T) WoeH
ass'es as.'ss BEY'Y9 ase'es 8895 ©gT'y9 ER:) IR ass'es apEZ T pog'9y 205225 (wo) (eem ,ET) BRH
ass'es YR egey9 asT'es a88'9G e86'€9 3€/°8€E pogL sy as8'es opsz Ty POET' 9y oqr' 1S (wo) Beem ,2T) 1BleH
ass'es a5's§ ©EZY9 asoes 4995 ©g6'€9 8€/'8¢ pos. Gy a8l €S apeE6 oY pog'Gy 205505 (wo) (>ieem ,TT) WoeH
208'€S 055G ©e0'r9 a0 4995 ©E6'E9 159°'8¢ ap§L 'S 2087'€S 98801 PPS 7y pog 6t (wo) (feem ,0T) YBIOH
20G/'€S qsT'ss EEE) 20625 geT’9S ©E9'E9 485°'8€ 9pEY'SY o0T'ES PG OV PPST 7Y pogs'gy (wo) Oeem ,6) WBBH
asz'es ag9vs ©EL'Z9 a9'zs as9°'ss ©E6'29 Pas'se 26E'Sk asv'zs PaT'6€E pogs'ey 28Z°9 (wo) (pem 8) bR H
asT'es asz vs ©g/'19 as0es a6'vS ©ES'Z9 psy8e oL v ase'TS p6'8e pos9'zy B (wo) (em ) WBBH
205225 ars ©89°09 205025 2086°€S ©ga'T9 J8z'8¢ SPET 7Y pogz'sy jez8e P8TY P8LTY (wo) (eem ,9) WBPH
poz'TS 6'TS eSL.S pogz' 0 20£9°25 ©GT'6g Bigy'L€ PEY apoy Begog Bioeg or b1 6 (wo) (em ,G) 1y H
qee0’6 qeg0’6l ©GgT'ZS aez’ly qe/ 8y ©g85'Zg peLze poT'9e oT'L€e poss'ee POET'9E PoST'GE (wo) (em i) WbBH
o0eSZ'8E ©EB'6E qe/'8€ o0eED'LE 9GZ'GE 20GG°GE 8G6'GZ 859'Ge 8ps0’/Z 8pe0’.z P89'6Z apg6’Lz (wo) (dieem ,,€) Wb H
Crans ezrt pPS'L6 PS.°96 [ ©zZIT PSL'L6 as+0t Erans 2G'T0T Crans ezrT (Rep) uonerbo \
a6z'9 20€C ©90'6 qese's e69'8 LS8 qeor'8 19’8 ez6'8 qeey’, e89'9 qeoe’, (ww) epWwelp pas
qezoe 20z8T ©gsY ©0SY el ©/0f B6iy ©gzs BEES ST 201T 2069T (6) wybBem psss 000T
posz'T psz 0 asezt posz'e 2G6/°G e0z pog posz'e as.zt pog.T 29 ee'sz (Joquinu) Jue|d/pses
P9's psL qee'sT ps9 2€°GT BG6T p8's psL 209T p8's P89 ec6T (6) bem 1Ue|d
peeo 28£°0 ©617°0 pre0 2820 qev’o pre0 28€0 40 [340) 28€°0 e8y0 (ww) eRWelp Wels
20 20 20 20 2050 'GLT 20 20520 ST 20 o0t ST (Joquinu) pod/pess 8|gnoq
apsLZ 850 26721 apsz'e pse's asz'8t ape ape 952°TT apsLT apg ©G/'€T (Jeguinu) pod 813,04
a5ze az 96/ ¥T oy apg asve ES B pog.°Zt 852’z apsLL ©S/ € (Joquinu) Jue|d/pod elo L
poas. 19 962 19 paasZ9 esz’/9 S v9 o0eSZ 9 poqz9 poge9 S 9 P19 Pogs. €9 paaSZ9 (Aep) 185 pod
poLT poasLt Bss€ 158 a0eSZ 02 ©GZ'Ze PoG. 9T 8pSZ'ST etz o0eSZ 6T apyT 8GZT (Rep) pod-femo|4
9G/ aposL ey ©G/'85 ©G/'85 posz vz apzy 2GZ'Sk asl'ly 9PO0GEY 3G/ as. 6y qos (Rep) oMol
EMXYD ZMXYD TMXYD EMXED ZMXED TMXED EMXZO ZMXZ9O TMXZO EMXTO ZMXTD | T«MXT+D
ol1s1eRe YD

pAa| Jore M X adA1ouas) Jo sues A o renbs 1sea]

SdNOYD) NVYONNQ ANY 13AITTIILVAA X IdALONID 4O SNVIN

1nr31avi

480

334



