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MCC4 (Nehbandan land race) :)loigs egr 0355
MCC358 (Karaj cultivar) z,5 o8,

MCC76 (Gonabad land race) LS eg o395
MCC392 (Kermanshah land race) oliile,S seg: 005
MCC30 (Sabzevar land race) |y o 0555
MCC361 (Jam cultivar) o> o3,
MCC405 (Gaen land race) ;8 og 0055
MCC447 (Kalat land race) <S" og: 0345
MCC426 (Gazvin land race) cyg58 g 084
MCC126 (Un known) aseiel
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' Total Root Length (TRL)

% Number of Lateral Root (NLR)

* Root Area (RA)

* Taproot Length (TL)

> Root Volume (RV)

® Root Dry Weight (RDW)

7 Root Dry weight / Shoot Dry weight (Root / Shoot)
¥ Root Dry Weight / Root Volume (RDW / RV)
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Table 2. Mean values for root characteristics of chickpea genotypes in first experiment (seedling stage)
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(S lgpelul Root dry ) Root Number of 7 7 Genotype
. Root volume Total root Tap root
RDW/RV Root/Shoot weight 3 area lateral
(cm’) 2 length (cm)  length (cm)

(g/em®) (mg) (em”) roots
0.105b 0.87 be 37 ab 0.35bc 3.55bc 10.89 be 36.57 be 8.60 a-c* MCC4
0.094 b 1.05 ab 67 a 0.71a 6.94 a 16.13 ab 80.77 a 1538a MCC358
0.096 b 0.94 ab 54 ab 0.56 a-c 5.90 a-c 9.33 bc 7753 a 9.55 a-c MCC76
0.092 b 0.75 be 38 ab 0.41 a-c 430 a-c 14.00 ab 49.03 a-c 11.25 ac MCC392
0.010b 1.35a 56 ab 0.56 a-c 4.48 ab 13.33 ab 73.12 ab 10.45 a-c MCC30
0.098 b 0.94 ab 54 ab 0.55a-c 5.80 a-c 16.68 a 75.78 ab 10.50 a-c MCC361
0.077b 0.47 ¢ 24b 031c 3.89 be 16.33a 44.85 a-c 6.75¢ MCC405
0.093 b 0.73 be 28b 0.30¢ 3.18¢ 9.70 be 28.22 ¢ 6.75¢ MCC447
0.070 b 0.84 be 46 ab 0.65ab 5.12 a-c 11.67 a-c 57.70 a-c 11.52 ac MCC426
0.155a 1.21 ab 56 ab 0.36 bc 4.74 a-c 6.33 ¢ 46.13 a-c 8.36 be MCC126

355,085 b (gl e BN 0= 0.05 zxlas )0 wiyls S e B G Pl gt 12 0 a8 Sla Sk ¥
Means within each column with a letter in common are not significantly different at a= 0.05.
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Table 3. Mean values for root characteristics of chickpea genotypes in second experiment (flowering stage, after 750
GDD) in stress and non stress condition

ady ) JBz dly ) SUS 59 ada ) px> ol ada ) Job
(caSo yio il p p,8) o plasl  ady ;) o (05 o) (oo yio Hilw) (0 s55Lw) i g5 ol
RDW/RV Root/Shoot Root dry weight Root volume Tap root length Treatment /Genotype
(g/em’) (ng) (cm®) (cm)
:Drought Stress s s
0.19 ab 1.46 ab 427.7 ab 2.50 b-f 88.00 a-c* MCC4
0.19 ab 1.07 b-d 549.2 ab 3.33 a-e 80.67 a-d MCC358
022a 1.56a 469.3 ab 233 ¢cf 74.00 a-e MCC76
0.17 a-d 1.08 b-d 426.8 ab 3.16 a-f 51.67¢ MCC392
0.19 ab 1.29 a-c 572.8 ab 3.83a-d 83.00 a-d MCC30
0.15b-d 1.10 b-d 410.8 ab 3.00 b-f 64.00 a-¢ MCC361
0.18 abc 1.03 b-e 383.2 ab 2.50 b-f 72.33 a-e MCC405
0.18 abc 0.96 c-¢ 517.3 ab 333 a-e 92.33 a MCC447
0.19 ab 0.99 c-¢ 544.0 ab 3.66 a-¢ 90.67 ab MCC426
022 a 1.20 a-c 567.2 ab 342 a-e 90.00 ab MCC126
:Non Stress cugb, onl,8
0.12b-d 0.58 ef 184.0b 1.50 f 62.00 b-e MCC4
0.16 a-d 0.96 c-e 576.7 ab 3.50 a-e 88.00 a-c MCC358
0.14 b-d 1.14 a-d 507.3 ab 3.50 a-e 72.25 a-e MCC76
0.12b-d 051f 308.5 ab 2.50 b-f 84.00 a-d MCC392
0.11 c-d 091 c-f 470.8 ab 4.00a-c 83.50 a-d MCC30
0.14 b-d 0.68 d-f 351.5ab 2.05 b-f 75.50 a-e MCC361
0.15b-d 0.84 c-f 317.5 ab 2.75 b-f 72.00 a-e MCC405
0.10d 0.59 e-f 306.3 ab 3.00 a-f 57.50 b-e MCC447
0.14 b-d 0.97 c-e 634.8a 575a 92.75a MCC426
0.19 ab 0.99 c-¢ 525.5 ab 2.75 b-f 69.00 a-e MCC126

358,085 b (6l e BN 0= 0.05 zlas )0 i yls S e By G Plos gt 12 0 a8 Sla Sl ¥
Means within each column with a letter in common are not significantly different at a= 0.05.
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Table 4. Mean values for root characteristics of chickpea genotypes in third experiment (podding stage, after 1100
GDD) in stress and non stress condition

) JB |
o) 0 &y Ca 2y S 059 25 > hol aday Job o
o il wlap el (P55 k) (aSco yin 5luw) (o s3lw) w935 Hlesd
{(exfo o o8 Ro.;) ¢/Shoot Root dry weight Root volume Tap root length Treatment /Genotype
RDW/RY (mg) (em’) (cm)
(g/em’)
i G
:Drought Stress
0.10 c-f 0.55 de 265.5 ab 2.52 be 96.37 ab* MCC4
0.17 a-d 1.00 a-d 510.2 ab 3.13 be 92.00 ab MCC358
0.16 a-e 1.45a 562.8 ab 3.35bc 99.00 ab MCC76
0.09 d-f 0.51 de 236.7b 2.58 be 94.05 ab MCC392
0.14 a-f 0.87 b-e 370.3 ab 2.49 be 97.17 ab MCC30
021a 1.02 a-d 507.8 ab 2.75 be 96.00 ab MCC361
0.14 a-f 1.26 ab 450.5 ab 3.00 be 88.67 ab MCC40
0.13 a-f 0.93 b-e 391.3 ab 2.83 be 94.67 ab MCC405
0.13 a-f 0.67 c-e 318.2 ab 2.63 be 85.67 ab MCC447
0.19 ab 1.11 a-c 515.2 ab 0.07 ¢ 90.40 ab MCC126
Caghy (onl )3
:Non Stress
0.12 b-f 0.84 b-e 568.5 ab 4.77 a-c 99.67 ab MCC4
0.11 b-f 0.88 b-e 6743 a 8.00 ab 84.00 ab MCC358
0.11 b-f 0.85 b-e 484.3 ab 10.67 a 75.75b MCC76
0.10 b-f 046¢e 3153 ab 3.067 be 89.67 ab MCC392
0.08 e-f 044 e 389.8 ab 4.52 ac 87.33 ab MCC30
0.08 e-f 0.56 de 524.8 ab 7.00 ab 87.33 ab MCC361
0.15 a-f 0.66 c-e 401.3 ab 3.83 a-c 90.67 ab MCC405
0.18 a-f 0.93 b-e 521.5 ab 442 ac 86.33 ab MCC447
0.12 b-f 0.79 b-e 539.7 ab 6.60 a-c 87.00 ab MCC426
0.07 f 0.50 de 583.3 ab 8.00 ab 106.0 a MCC126
K085 b (gl sme IS 0= 0.05 zrhas jo s S i B S JBlos gt 0 0 a8 ole Sl ¥
Means within each column with a letter in common are not significantly different at a=0.05.
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Table 5. Mean values for root characteristics of chickpea genotypes in fourth experiment (seed filling stage, after 1650
GDD) in stress and non stress condition

ada S Ay y S 059 gy x> ol alay Job
(S yio il g p,5)  wstlgppldl & aldy ; Connd (55 o) (S0 o i) (o s5Lw) G5 lesd
RDW/RV Root/Shoot Root dry weight Root volume Tap root length Treatment /Genotype
(g/em) (mg) (em’) (cm)
S s
:Drought Stress
0.09 b-d 0.54a 1713 a 1.92 ef 86.67 c-e* MCC4
0.11b-d 049a 230.8 f 2.002 ef 53.67f MCC358
0.11 b-d 0.87a 324.8 ef 2.752 ef 86.33 de MCC76
0.11b-d 0.57a 238.7f 2.17 ef 75.67 ef MCC392
0.11 b-d 0.50a 221.7f 2.00 ef 93.00 c-e MCC30
0.19 ab 049a 234.7f 1.75f 87.67 d-e MCC361
0.11 b-d 044 a 270.8 f 233 ef 86.33 c-e MCC405
0.11b-d 049a 2923 f 2.50 ef 87.33 c-e MCC447
0.11 b-d 044 a 353.5d-f 3.25ef 67.99 c-e MCC426
0.11b-d 0.62a 2743 f 2.50 ef 92.97 c-¢ MCC126
Cagb ool
: Non Stress
0.10 b-d 0.74a 1360 a 13.00 a 95.00 c-e MCC4
0.05 cd 040 a 944.2 be 11.75 ab 125.5a MCC358
0.08 cd 0.84a 655.7 bed 9.87 abc 126.5a MCC76
0.14 a-d 0.75a 652.5 bed 7.12 b-d 111.5ac MCC392
023a 0.55a 629.8 cde 4.87 d-f 102.5 b-d MCC30
0.08 c-d 032a 972.0b 10.75 ab 105.0 a-d MCC361
0.04d 020a 800.5 be 8.00 b-d 113.0 a-c MCC405
0.15a-c 0.71a 771.5 be 8.75 a-c 114.0 a-c MCC447
0.11 b-d 048a 1342 f 1338 a 125.0a MCC426
0.14 a-d 0.53 a 655.0 bed 6.00 c-¢ 119.5 ab MCC126
W 08 b (sl gire IS 0= 0.05 mhans jo i ls Syide By S PBlas gt 0 50 a5 ole Sile ¥
Means within each column with a letter in common are not significantly different at o= 0.05.
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Abstract

In dry region, root systems play a major roll in controlling plant growth and yield due to their
importance in absorbtion of water and nutrients. In order to evaluate the morphological characteristics of
root chickpea and obtaining proper morphological makers for screening drought resistant genotypes, four
experiments were conducted in different phenological stages of growth including, seedling, flowering,
podding and seed filling stages. Ten conventional Iranian genotypes of chickpea with different geographical
regions were selected from Mashhad Chickpea Collection. Except in seedling stage, genotypes were grown
in drought stress (25% field capacity) and control (field capacity) conditions. Experiments were arranged in a
factorial based on randomized complete block design with three replications. In seedling stage, significant
differences were found among genotypes for root traits. The value of RA, RV, RDW and TRL was highest in
MCC358 genotype, however R/S ratio was highest in MCC30 genotype. Despite that drought and genotype
intraction had not significant effects on tap root length in flowering and podding stages but in seed filling
stage, drought stress decreased tap root length significantly compared to control. R/S ratio increased up to
flowering stage in response to drought stress. This result was related to decrease in shoot growth compared
to the root. We didn’t find uniform changes for root traits at different growth stages among the genotypes for
introducing high performance genotypes throughout the growing season. So, in order to screen, selection
must be done at the phenology of growth, which is most effective.
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