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Effect of drought stress on osmotic adjustment, proline and soluble sugars in root
and shoot and relationship with drought tolerance in 12 genotypes of Chickpea
(Cicer arietinum L.)
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ABSTRACT

Environmental stresses such as drought have important effects on plant growth and development. In order to evaluate
the effect of drought tolerance, 12 chickpea genotypes were treated with drought stress in hydroponic condition in
greenhouses. Treatments were a control and two stress treatments -3 and -6 bar that was created with polyethylene
glycol in hydroponic condition. Two weeks after the stress treatments on the genotypes, moisture content, osmotic
potential, proline and soluble sugars were evaluated in their shoot and root. Results showed that drought stress
reduced moisture content in shoot, but moisture content in the root had no significant changes. On the other hand
amount of osmotic potential, osmotic compounds and proline increased in response to drought stress in shoot and
root. Drought tolerance index in genotypes showed positive significant correlation with amount of the root osmotic
compounds in -3 bar treatment. Despite the absence of significant changes in leaf soluble sugars, the amount of root
soluble sugars declined in stress treatments compared to control. In addition, the positive significant correlation was
observed between the drought tolerance index in -6 bar treatments and root soluble sugars of this treatment. Leaf and
root proline levels had not significantly correlation with drought tolerance in genotypes. Despite some correlations
between traits and drought tolerance index it seems that osmotic adjustment, moisture content, proline and soluble
sugars alone not to be a suitable indicator to evaluate drought tolerance in chickpea genotypes.

Keywords: chickpea, hydroponic, osmotic compounds, osmotic potential.
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Tablel. Used chickpea genotypes and their origin

No. Seed bank ID Origin Response to drought
1 MCC333 (Flip87-84c) ICARDA Drought Tolerant
2 MCC537 Iran Drought Tolerant
3 MCC544 Iran Drought Tolerant
4 MCC674 Iran Drought susceptible
5 MCC753 (Sel96TH11439) ICARDA Drought susceptible
6 MCC759 (Flip97-41c) ICARDA Drought susceptible
7 MCC760 (Flip97-43c) ICARDA Drought Tolerant
8 MCCT770 (Flip97-91c) ICARDA Drought Tolerant
9 MCCT773 (Flip97-97c) ICARDA Drought susceptible
10 MCC783 Flip97-120c) ICARDA Drought susceptible
11 MCCB806 (Flip97-196c¢) ICARDA Drought susceptible
12 MCC877 (ICC4958) ICRISAT Drought Tolerant

MCC: Mashhad Chickpea Collection
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Table 2. Effect of drought stress on plant height, main root length and branch number in 12 chickpea genotypes

Absolute value of

Leaf water percent

Leaf osmolyt (Mm.g-1 DW)

Genotype Mean Leaf osmotic potantioal (bar) Mean Mean
Control -3bar -6bar Control -3bar -6bar Control -3bar  -6bar

MCC333 792 737 779 76.9° 75 223 115 13.8° 1.26 273 170 1.89%1
MCC537 835 795 642 75.7° 9.8 95 20.6 13.3° 2.23 150 171 1.81%¢
MCC544 845 636 465 64.9° 7.4 375  67.7 37.6® 1.98 284 330 2.70°C
MCC674 80.2 742 516 68.6% 10.6 145 630 29.43¢ 1.80 179 283 2.14*
MCC753 782 797 720 76.6° 12.2 8.9 20.9 14.0° 1.79 139 218  1.79*¢
MCC759 86.0 733 49.1 69.5% 73 326 510 30.3*¢ 1.85 233 275 2.21%
MCC760 774 767 69.7 74.6° 10.6 184 355 21.5% 1.45 245 443 287

MCC770 76.2 456 58/0 60.3° 10.1 26.1 487 28.3%¢ 1.32 1.86 155  1.58¢

MCC773 78.4 831 480 69.8° 8.9 11.8 374 19.4° 1.33 241 239  2.04%¢
MCC783 83.0 70.0 670 73.3° 7.1 241 258 19.0° 1.44 212 199 185
MCC806 79.1 80.8 63.0 743" 73 138 39.0 20.0° 1.13 240 224  1.92%
MCC877 83.2 66.4 613 70.3® 7.4 60.5 518 39.9° 1.25 257 351 244
Mean 80.7% 72.3" 60.7° LSD=16.3 8.8° 233" 394* LSD=262 157° 220° 252* LSD=1.2

Qo3 0 sy bliie Sl Sle dvlie 612 LSD lie asy0 O mhaw ;o (Sl diels sz 5 55ks A lae o9y &b kel )....b OeSils Ao
Simple effect mean comparison base on Duncan’'s multiple-range test, significant difference at 5% level of probability. Interaction compare with LSD,

significant difference at 5% level of probability.
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Table 3. Drought Tolerance Index of 12 chickpea
genotypes and their ranking by Kmean

Drought Resistance Index

Genotype “3bar —6bar Group No.
MCC333 1.06 1.24 1
MCC537 1.01 0.91 2
MCC544 0.92 1.35 1
MCC674 1.33 1.26 1
MCC753 0.96 1.09 1
MCC759 0.76 0.64 3
MCC760 1.33 0.65 2
MCC770 0.79 0.88 3
MCC773 1.03 0.74 2
MCC783 111 1.38 1
MCC806 1.09 089 2
MCC877 0.46 0.36 3
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Table 4. Effect of drought stress on root water percent, absolute value of root osmotic potential and root osmolyte in 12

chickpea genotypes
Root water percent Absolute value of root Root osmolyt
Genotype Mean osmotic potantioal (bar) Mean (mM.g™ dw) Mean
Control -3bar  -6bar Control  -3bar  -6bar Control  -3bar  -6bar
MCC333 934 940 929 93.4® 8.2 8.6 9.6 8.8% 4.92 574 5.16 5.27°
MCC537  94.0 929 924 93.1° 6.8 104 9.8 9.0 4.41 561 491 4.98°
MCC544 945 94.6 94.0 94.4% 7.1 6.8 8.9 7.6° 4.85 5.14 5.73 5.24%
MCC674  93.6 94.0 920 93.2% 6.5 8.5 9.6 8.2*¢ 422 549 412 461°
MCC753  93.7 920 931 92.9° 75 9.6 10.0 9.0 459 457 522 479°
MCC759 94.1 935 9238 93.5® 7.4 7.9 10.0 8.5% 4.89 465 493 483°
MCC760 941 937 929 93.5% 79 79 79 7.9% 463 487 418  456°
MCC770  93.6 939 937 93.8 6.7 8.0 8.8 7.8%° 4.00 533 544 492°
MCC773 938 929 933 93.3® 6.2 7.1 11.7 8.3*¢ 3.80 381 530 430°
MCC783 934 925 939 93.3% 74 8.0 9.6 8.4*¢ 4.26 407  6.13 482°
MCC806 935 931 9238 93.1° 7.1 9.1 8.6 8.3*° 422 499  4.60 4.60°
MCC877 94.4 92.0 94.8 93.7% 6.3 8.5 8.1 7.7%¢ 4.37 4.13 6.26 4,922
Mean 93.8° 93.2* 93.2* 1.75=LSD 7.1° 8.4° 9.4% 1.92-LSD 443" 487® 517° 16-LSD

oy O s 5o Jilite &l 31 Sile dunsliia (515 LSD (50 o j0 O g 5o oSSl el sz Silee Ao (4903 &L Lol 1 (puSilio dlie
Simple effect mean comparison base on Duncan's multiple-range test, significant difference at 5% level of probability. Interaction compare with LSD,

significant difference at 5% level of probability.
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Table 5. Effect of drought stress on leaf and root soluble carbohydrat in 12 chickpea genotypes
Leaf Soluble carbohydrat (mg.gdw™) Root Soluble carbohydrat (mg.gdw™)

Genotype Control -3bar -6bar Mean Control -3bar -6bar Mean
MCC333 118.7 109.9 204.8 144 5% 237.0 209.5 161.9 202.8%
MCC537 1215 149.3 88.5 119.8* 143.0 316.1 95.2 184.8%¢
MCC544 85.0 110.4 97.0 97.5™ 113.9 81.8 69.4 88.3°
MCC674 110.5 129.0 95.2 111.6™ 160.9 139.0 51.0 117.0%°
MCC753 59.4 64.7 91.0 710.7° 200.0 258.0 115.9 191.3*¢
MCC759 139.7 145.4 89.8 125.0* 151.4 72.7 38.1 87.4°
MCC760 1475 165.4 179.4 164.1% 167.9 121.9 66.7 118.8"
MCC770 100.0 82.0 144.3 108.8™ 164.1 56.7 94.0 104.9%
MCC773 94.8 123.3 102.3 106.8™ 167.6 86.0 81.0 111.6%°
MCC783 120.5 129.6 87.9 112.7™ 148.7 87.7 13.4 124.6"
MCC806 174.4 133.2 93.9 133.8% 402.8 93.0 73.2 189.7%
MCC877 130.2 172.8 130.9 1447 169.7 92.6 50.4 104.3°
Mean 116.9% 126.3% 117.1° LSD=69 185.6° 134.6® 86.2° LSD=102

o0 B s o Jlie S Sl duglie (515 LSD e o j0 O mhans 10 5SGls diels iz (5 Sibe Al (yge3T &L (Lol 51 1 Skee duslie
Simple effect mean comparison base on Duncan's multiple-range test, significant difference at 5% level of probability. Interaction compare with LSD,

significant difference at 5% level of probability.
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Table 6. Effect of drought stress on leaf and root proline in 12 chickpea genotypes

Shoot proline (mg.gdw™)

Root proline (mg.gdw™)

Genotype Control -3bar -6bar Mean Control -3bar -6bar Mean
MCC333 5.2 28.1 74.5 35.9%°¢ 1.70 3.66 151 2.29°
MCC537 4.9 12.3 65.3 27.5% 157 2.23 2.09 1.96°
MCC544 7.0 76.5 76.4 53.3° 2.09 2.93 3.11 2718
MCC674 4.4 43.4 60.7 36.2%° 1.69 2.83 1.73 2.09°
MCC753 3.6 13.2 63.4 26.0™ 1.61 3.99 2.06 2.55°
MCC759 75 59.6 82.2 49.8%¢ 1.94 3.40 1.64 2.33°
MCC760 24 68.9 65.6 45.6%¢ 1.99 2.43 4.48 2.97°
MCC770 3.8 62.3 110.7 59.0% 2.23 3.44 2.86 2.84%
MCC773 3.7 14.8 46.2 21.6™ 3.18 1.40 2.12 223
MCC783 4.2 33.6 47.3 28.4™ 1.96 2.17 1.55 1.89°
MCC806 2.7 22.5 59.3 28.2 1.34 2.21 2.71 2.09°
MCC877 4.0 78.3 82.9 55.1*°¢ 1.63 1.97 3.94 2528
Mean 45° 42.8° 69.6° LSD=58 1.91% 2.72% 2.48° LSD=1.98

Aoy 0 mhw o hliie Sl 5. Ske duglie 5l LSD lyee wo j0 O o ;o SSls dls wiz (ke Ao de)"l LL ol Sl 5Sle Ao
Simple effect mean comparison base on Duncan’s multiple-range test, significant difference at 5% level of probability. Interaction compare with LSD,

significant difference at 5% level of probability.
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Table 7. Correlation matrix of chickpea properties in total (above diagonal) and control (lower diamond)

No. Traits 10 9 8 7 6 5 4 3 2 1
1 Absolute value of LOP 024" 060" 0437 001 002 085 020 0.18 0.60" 1
2 Leaf osmolyte 027" 0477 032" 014 001 019 025" 017 1 0.55™
3 Absolute value of ROP 001 034" 014 010 044" 020 0557 1 024  0.09
4 Root osmolyte 032" 028" 020 010 048" 016 1 0.66™  0.08 0.2
5 Leaf water percent 015 053" 040 013  0.05 1 0.17 023 063" 021
6  Root water percent 031" 012 009 001 1 006 059 017 0.16 013
7 Leaf soluble carbohydrat 0.03 0.02 0.24" 1 0.08 0.06 0.23 0.24 0.11 0.14
8  Root soluble carbohydrat 001 0417 1 028 0.20 010 051" 042" 018 0.12
9  Leaf proline 0.16 1 031 033 020 0.02 015 040" 001 0.04
10  Root proline 1 0.35 010 007 036* 0.22 0.05 022 0527 042

*, **: Significant coloration at 5 and 1% levels of probability, respectively.

LOP (Leaf osmotic potential), ROP (Root osmotic potential)
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Table 8. Correlation matrix of chickpea properties in -3 bar (above diagonal) and -6 bar (below diagonal)

No. Traits 10 9 8 7 6 5 4 3 2 1
1 Absolute value of LOP 028 0537 037 032 039 083 013 028 0457 1
2 Leaf osmolyte 0.04 033 030 017 022 0.04 0.19 0.06 1 062"
3 Absolute value of ROP 0.12 008 042" 017 032 025 0477 1 021 020
4 Root osmolyte 054" 0.09 032 002 065" 003 1 0.30 0.12 0.3
5  Leaf water percent 0.27 043" 025 043" 026 1 0.05 0.11 0.10 0.797
6  Root water percent 045" 013 002 017 1 002 0.60" 0547 018  0.08
7 Leaf soluble carbohydrat 041" 0.17 0.22 1 0.11 0.09 0.12 0.04 037 0.15
8  Root soluble carbohydrat 023 046" 1 0.27 010 058" 0.0 0.43" 026 0517
9  Leaf proline 0.13 1 031 008 0.0 0.30 0.19 022 043" 045
10  Root proline 1 0.02 013 043" 035 0.09 0.19 029 0.65" 0.20

*, **: Significant coloration at 5 and 1% levels of probability, respectively.

LOP (Leaf osmotic potential), ROP (Root osmotic potential)
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