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Evaluation of drought stress tolerance and its effects on growth characteristics in
some accessions of colocynth (Citrullus colocynthis (L.) Schrad)
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ABSTRACT

Colocynth is one of drought tolerant species, which is widely distributed in desert regions of Iran. The experiment was
performed in research field of University College of Agriculture and Natural Resources, University of Tehran placed in
Karaj, as a split plot based on randomized complete block design which irrigation levels were as main plot in two levels
(100% and 60% field capacity) and accessions were as sub plot in seven levels (Kerman, Sistan and Baluchestan,
Khuzestan, Yazd, Hormozgan, Bushehr and Isfahan). At the end of growth period, yield, yield components and indices of
drought resistance were evaluated in two stress and non-stress conditions for screening of colocynth accesstions. The highest
yield in stress and non-stress conditions belonged to Kerman (5.73 kg/plant) and Isfahan (2.54 kg/plant) accessions,
respectively. Yield components of Isfahan accession showed the lowest variation percent in stress and non-stress drought
conditions. Investigation of drought resistance indices and correlation between yield and these indices and principal
components analysis showed that Isfahan accession was tolerant with sustainable yield, Yazd and Hormozgan accessions
were semi tolerant with relative sustainable yield and Kerman accession had high yield in non- stress and stress drought
conditions. Khuzestan and Bushehr accessions were low yield and high sensitivity to drought stress and Sistan and
Baluchestan accessions were low yield and relative tolerant to drought stress. Generally Isfahan accession had high tolerant
to drought stress and useful for commercial watermelon breeding programs.
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. Tolerance index (TOL)

. Mean productivity (MP)

. Stress susceptibility index (SSI)

. Stress tolerance index (STI)

. Geometric mean productivity (GMP)

. Harmonic mean (HARM)

. Stress non-stress production index (SNPI)
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Table 1. Some soil chemical properties of experiment site

Sampling depth H EC CaCO; Total N Organic P K Fe Zn Mn Cu
(cm) P (ds/m) (%) (%) carbon (%) (mglkg soil)
0-30 7.7 142 8.7 0.09 53.1 390 7.5 234 232 2.28
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Table 2. Some soil physical properties of experiment site

Gravimetric water content

Sampling Bulk apparent . Soil
At 0.33 At 0.5 Atl At 15 - 3 Sand  Clay Silt
depth (cm) atmospheres atmospheres atmospheres atmospheres (density glcm’) textures
0-30 213 194 17.7 114 141 36 30 34 clay loam
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Table 3. Results of analysis of variance for drought stress effect on some morphological traits in colocynth

Means Square

S.0.V. df Yield Fruit Meaq fruit Large_st fruit Shoot_ fresh Pl_ant

number weight weight weight height

Replication 2 097™ 606.6"™ 774.6™ 1804.2"™ 2.05™ 1950.2"™
Drought stress 1 100.2" 17486.9” 4297.8" 8268.4 162.7" 81664.3™
Error (a) 2 032 189.45 63.71 302.57 0.393 296.17
Accession 6 1.48™ 21145™ 2469.3" 5499.1™ 2.21™ 2072"™
Drought stress x Accession 6 0.86™  1046.4™ 611.1™ 2419.1™ 2.88™ 3083.2™
Error (b) 24 1.03 317.1 242.4 1048.2 2.70 2953.1

Slsge BB g2 pac g Jlaiol do )0V 5 0 o )5 lo e OS] D925 5 43 NS g ek o
*, %% ng: significantly difference at P < 0.05 and P < 0.01 probability levels and non-significantly difference, respectively.
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Table 4. Mean comparison and percentage of mean traits changing in non-stress and stress conditions in seven
accessions of colocynth

Shoot fresh weight (kg)

Yield (kg per plant)

Plant height (cm)

Accession Non- Stress Changing Non- Stress Changing Non- Stress Changing
stress percent stress percent stress percent

Esfahan 6.54cd 3.99a 38.9 4.63c 2.54a 45.1 273bc 214hc 21.7
Bushehr 6.32cd 2.6hc 59.1 4.40c 1.27¢ 71.1 260c 193.3de 25.6
Khuzestan 7.82ab 3.02b 61.4 4.69bc 1.53c 67.4 340a 229.3b 32.6
Kerman 8.78a 2.4c 72.7 5.73a 1.49c 73.9 337.3a 178.7e 47.1
Sistan o Baluchestan 5.36d 3.01b 43.8 3.54d 1.38c 61.1 278bc 260a 6.5

Hormozgan 7.95ab 3.7a 535 5.38ab 2.00b 62.8 320a 206.7cd 354
Yazd 7.13bc 3.65a 48.8 5.47a 2.01b 63.3 308ab 217.7bc 29.4

Values with the same letters are non-significantly different at P < 0.05.
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Continued table 4. Mean comparison and percentage of mean traits changing in non-stress and stress conditions in
seven accessions of colocynth

Fruit number (per plant)

Mean fruit weight (kg)

Largest fruit weight (kg)

Accession Non- Stress Changing Non- Stress Changing Non- Stress Changing
stress percent stress percent stress percent
Esfahan 46.67e  41.7b 10.7 101b 63b 37.6 137.2bc 122.8a 104
Bushehr 80.67c  27.6cd 65.7 56d 47d 16.1 116.4cd 75.3d 35.3
Khuzestan 128.7a 48a 62.7 36e 37e -2.8 84.9f 51.3e 39.6
Kerman 48.33e 23.3d 51.7 121a 63b 47.9 209.3a 108.3bc 48.3
Sistan o Baluchestan 47e 25.7d 45.4 79c 53c 329 110.6de 107.3bc 29
Hormozgan 96.3b 32.6¢ 66.1 62d 57c 8.1 87.3ef 86.1c 13
Yazd 62.33d 25.3d 59.4 87c 80a 8.0 151.2b 113.2b 25.1

Values with the same letters are non-significantly different at P < 0.05.
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Table 5. Estimation of mean indices of drought stress tolerance in seven accessions of colocynth

Drought tolerance indices Hormozgan Sistan o Baluchestan Bushehr ~ Esfahan  Yazd  Kerman Khuzestan
Yp 5.38 3.54 4.40 4.36 5.47 5.73 4.69
Ys 2.00 1.38 1.27 2.54 2.01 1.49 153
TOL 3.38 2.15 3.14 2.09 3.46 4.25 3.16
MP 3.69 2.46 2.84 3.59 3.74 3.61 311
GMP 3.28 221 2.36 343 331 2.92 2.68
SSI 0.46 0.21 0.24 0.50 0.47 0.36 0.31
STI 0.98 0.95 111 0.71 0.99 1.16 1.05
SNPI 3.61 249 2.34 4.69 3.63 2.78 2.79
HARM 2.92 1.99 197 3.28 2.94 2.36 2.31

i S g S gy Jal i s ez gl diglais o Sles g (S il sl e ld o (Sies ol o £ g0
Table 6. Correlation coefficients between drought stress indices and yield of colocynth under non stress and drought
stress conditions

Yp Ys TOL MP GMP SSI STI SNPI HARM
Yp
Ys 0.304
TOL 0.819™ -0.297
MP 0.899™ 0.690" 0.486
GMP 0.699" 0.892" 0.164 0.941"
SsI 0.295 -0.817" 0.788" -0.151 -0.470
STI 0.663" 0.911" 0.115 0.921" 0.998™ -0.509
SNPI 0.309 0.999™ -0.291 0.694" 0/891" 0.909™ -0.814™
HARM 0.493 0.976™ -0.094 0.822" 0.967" 0.978" -0.677° 0972

Sl gae WS 8525 pae g Jlaizl do )0V 50 mhaw )0 Jls gae ST 5925 5 4y NS g ek
*, ** ns: significantly difference at P < 0.05 and P < 0.01 probability levels and non-significantly difference, respectively.
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Table 7. The amounts of two first components for drought stress indices and yield of colocynth in non-stress and
stress conditions

Component Total Cumulative Yo Ys TOL MP GMP SSI STI SNPI HARM
variance proportlon
1 68.59 68.59 047 098 -012 081 096 -0.69 0.97 098 0.99
2 31.21 99.80 0.88 -0.18 099 058 028 071 023 -0.18 0.03
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Figure 1. Biplot for drought tolerance indices in seven accessions of colocynth based on first two
components
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