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To evaluate the effects of different drought stress levels on the morpho-
physiological responses of wild mustard and chickpea under interference
conditions, a factorial experiment was conducted in a completely
randomized design with three replications in the research greenhouse of
the Faculty of Agriculture, Ferdowsi University of Mashhad, during 2019.
The experimental treatments comprised five interference ratios of
chickpea/wild mustard (100/0, 75%/25%, 50%/50%, 25%/75% and
0/100%) and three drought stress levels (50%, 75%, and 90% field
capacity). Results indicated that increasing drought stress intensity (from
90% to 50% field capacity) reduced chickpea biological and grain yields
by up to 45% and 60%, respectively. Moreover, higher proportions of wild
mustard interference significantly decreased chickpea grain yield; grain
yield declined by 20%, 40%, and 65% as chickpea proportion decreased
from 100% to 25%. Physiological parameters of chickpea, including
stomatal conductance and net photosynthesis rate, were also markedly
influenced by both drought stress and competitive ratios. At 50% field
capacity, stomatal conductance and photosynthetic rate decreased by 35%
and 45%, respectively, whereas at 75% field capacity, reductions reached
50% and 60%. Increasing wild mustard interference exerted a pronounced
negative effect: In the 25%/75% mixture, stomatal conductance and net
photosynthesis were 30% lower than in the sole chickpea treatment. The
interaction between drought stress and interference ratio revealed that
under severe drought stress (50% field capacity) combined with the highest

wild mustard interference (75%/25%), chickpea yield declined by more
than 75%. Notably, severe drought stress appeared to attenuate the
competitive ability of wild mustard, thereby reducing its suppressive effect
on chickpea.
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Table 1. Physical and chemical properties of the soil used in the experiment.

N P K EC .
Texture ) ) ] . OC (/) Depth (cm
(mgkg") (mgkg!) (mgkg) (ds m™) pth (cm)
Loam-Silty 0.19 18.4 141 7.86 0.95 1.16 0-30
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Table 2. Results of the analysis of variance for the effects of different interference ratios and different drought stress levels

on chickpea growth and yield traits.

Mean Squares

(SSO (l;l;f)e s of Variation DF Plant Root dry s;;rsﬂ;zl; of 100-grain Seed Biological
height weight plant weight yield yield

Drought stress (A) 2 169" 0.318" 20.1" 15.0m 64.0" 217"

Interference ratio (B) 4 91.6" 1.16™ 36.6™ 1 248™ 804"

AXxB 8 18.0"  0.139™ 18.0" 107* 10.7* 97.9™

Error 30 23.8 0.018 1.25 6.25 2.98 24.5

CV (%) 9.68 9.89 17.6 5.83 9.21 13.5

i e w)gﬁjc;icly); Sol3stme (Sl e pide o T4 T 5

", " and ™ indicate non-significant and significant effects at the probability levels of 5% and 1%, respectively.
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Figure 1. Mean comparisons of the effects of drought stress (a) and interference ratios (b) on chickpea plant height. Means
sharing at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 3. Mean comparisons of the interaction effects between different levels of drought stress and various interference

ratios on chickpea growth and yield traits.

Drought stress  Interference Root dry Number of pods 100-grain  Seed Biological
(% FC) ratio weight (g) per plant weight (g) yield (g) yield (g)
0/100 2.00? 5.00 P 402 29.0* 51.3%
90 25/75 1.59b¢ 6.00 b-d 432 be 19.4¢ 40.6"
50/50 1.314 6.00 ¢ 448" 19.2¢ 36.604
75/25 1.04 12.7* 449" 16.6 < 30.4¢¢
0/100 1.67° 433 42 g b-d 24.6° 5122
75 25/75 1.54b¢ 4.67 ¢ 39.0 ¢ 18.5¢ 39.0°
50/50 1.284% 6.67"° 45.4P° 18.5¢ 36.7
75/25 1.03f 11.3* 39.4¢d 13.6¢ 27.4¢
0/100 1.61°¢ 5.33 b-e 34.6°¢ 23.1° 44.6 2
50 25/75 1.42¢4 4334 41.3bd 19.1¢ 38.1b¢
50/50 1.06°f 6.33%¢ 41.804d 15.34¢ 29.54e
75/25 0.537¢ 3.67¢ 574° 8.23 T 154fF

I (5l e Sl o3 ey ela )3 LSD 0 05T bl 0L 3 L S Kl (52 5 5
In each column, means with the same letter are not significantly different according to the LSD test at the 5% level.
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Table 4. Results of the analysis of variance for the effects of different interference ratios and different drought stress levels on
chickpea physiological traits.

Mean squares

Source of Variation DF RWC SPAD Photosynthesis ﬁranspiration Stomatal gl(t)ezrcellular
ate Conductance Concentration

Drought stress (A) 2 2376™ 1320  9.66™ 1.18" 0.164™ 5829™

Interference ratio(B) 4 21.4" 24.0™  0.285™ 0.060™ 0.008™ 1911*

AxB 8 1.6 1.81™  0.097™ 0.007*" 0.0008" 85.4™

Error 30 6.05 3.03 0.017 0.002 0.0009 160

C.V. (%) 3.73 4.40 6.28 7.74 13.8 341

sk % NS

..,\.ikigaw\..ap&{;_}G%claﬂ):d)bgw%;)bg;u(bgﬁijq P

n *and ™ indicate non-significant and significant effects at the 5% and 1% probability levels, respectively.
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Table 5. Mean comparisons of the effects of different drought stress levels and interference ratios on chickpea physiological
traits.

Stomatal Conductance Intercellular CO:

RWC (%) SPAD (mol. m2. s Concentration (mmol. m?2. s)

Drought stress (%FC)

90 77.8% 50.6*  0.3242 3922

75 69.7° 38.1"  0.232° 373b

50 50.4¢ 29.8°  0.092¢ 348¢

Interference ratio

0/100 64.4¢ 37.4¢  0.182¢ 3500

25/75 64.9P¢ 39.1°  0.202% 3712

50/50 66.120 40.5%  0.223% 3782

75/25 68.4? 41.1* 0.256* 384®

i (6l mn 3l LD 8503 sl LSy o b (sl ibon 0 gt o
In each column, means with the same letter are not significantly different according to the LSD test at the 5% level.
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Figure 2. Mean comparisons of the interaction effect of drought stress and interference ratios on net photosynthesis rate in

chickpea plants. Means sharing at least one common letter are not significantly different according to the LSD test at the
5% probability level.
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Figure 3. Mean comparisons of the interaction effect of drought stress and interference ratios on transpiration rate in chickpea

plants. Means sharing at least one common letter are not significantly different according to the LSD test at the 5% probability
level.
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Table 6. Results of the analysis of variance for the effects of different interference ratios and drought stress levels on

wild mustard growth traits.

Mean squares

Source of Variation (SOV) DF Plant height Shoot dry weight  Root dry weight
Drought stress (A) 2 18741 76.2" 0.839™
Interference ratio (B) 4 941™ 3.21™ 0.035™

AxB 8 149™ 0.956™ 0.011™

Error 30 5.22 0.022 0.0002

C.V. (%) 297 3.26 2.12

.J\:ﬂk{gﬁM))ii;_}@éﬂ.a):6)'}@#‘6)\)@#(49%}45**}*35

" *and ™ indicate non-significant and significant effects at 5% and 1% probability levels, respectively.
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Table 7. Mean comparisons of the interaction effects between different levels of drought stress and various interference

ratios on wild mustard growth traits.

Drought stress (% FC)  Planting ratio Plant height Shoot dry weight Root dry weight
(cm) (g (®
100/0 99.0¢ 6.03¢ 0.891¢
90% 75/25 109° 6.60° 0.950°
50/50 117* 7.07% 0.999*
25/75 120* 7.28% 1.02#
100/0 62.0¢ 3.69¢ 0.645°¢
75% 75/25 85.04 4.634 0.7444
50/50 97.7¢ 6.05¢ 0.893¢
25/75 100¢ 6.13¢ 0.902¢
100/0 29.0h 1.72f 0.439f
50% 75/25 33.0¢ 1.79f 0.446f
50/50 34.0¢ 1.80f 0.446f
25/75 39.0f 1.90f 0.458f

A gyl e gl LSD O}AijLﬂ‘jOLm{: JFLLgud:i;L_.A RPN

In each column, the means with the same letter are not significantly different according to the LSD test.
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Table 8. Results of the analysis of variance for the effects of different interference ratios and drought stress levels on wild

mustard physiological traits.

Mean squares

Sources of .. Intercellular

variation DF RWC  SPAD Net ) Transpiration Stomatal CO,
Photosynthesis  Rate Conductance .

Concentration

Drought stress (A) 2 1413*  276™ 5.45™ 0.386™" 0.0810™ 2206™

g)erference ralo oy 7t 113t 0.05° 0.032" 0.0020*" 186"

AxB 8 8.67" 330"  0.016™ 0.017* 0.0007* 19.8ms

Total error 30 11.7 3.58 0.019 0.003 0.0002 59.7

CV (%) - 4.68 7.15 6.95 9.48 7.52 1.93

sk % NS

.v\.ivl.:ksﬂu\-.ﬂjl&_’@c’dﬂ)b&)\b&n(é}b&nr&&ﬁ:;&: 9

M *and ™" indicate non-significant and significant effects at the 5% and 1% probability levels, respectively.
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Table 9. Mean comparisons of the effects of different drought stress levels and interference ratios on wild mustard

physiological traits.

RWC (%) SPAD

Net Photosynthesis  Intercellular CO:
(umol m? s

Concentration (mmol m~2 s™)

Drought stress

90 83.22 31.2°
75 74.3b 26.7°
50 61.6° 21.6¢
Interference ratio

100/0 68.2¢ 25.1°
75/25 72.6" 26.0%
50/50 74.620 26.92
25/75 76.9° 27.82

2.75% 4112
1.70° 404>
1.49¢ 385¢
1.91° 393P
1.93b 401%P
2.01% 4022
2.07* 4042

A or b 5l gme sl LD g0 5T bl y 0SS o b (sla 8ol 052 2 53
In each column, means with the same letter are not significantly different according to the LSD test.
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Figure 4. Mean comparisons of the interaction effect of drought stress and interference ratio on transpiration rate in wild

mustard plants. Means sharing at least one common letter are not significantly different according to the LSD test at the 5%
probability level.
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Figure 5. Mean comparisons of the interaction effect of drought stress and interference ratio on stomatal conductance in wild

mustard plants. Means sharing at least one common letter are not significantly different according to the LSD test at the 5%
probability level.
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