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Background and Objectives: Bean plant is very sensitive to water and soil
conditions and its yield is damaged even in short periods of stress. Water
shortage has very negative effects on grain yield and bean vyield
components. Due to the fact that drought stress is one of the most
important environmental stresses in the agricultural sector, many efforts
have been made to maintain crop yields under drought conditions.
Conditions are shortages or high water prices. Therefore, due to the
importance of this issue, this study was conducted to investigate the effect
of drought stress on vyield, yield components and radiation use efficiency
(RUE) in growing different types of beans in Mashhad climate.

Materials and Methods: To investigate the effect of irrigation treatments
on grain yield and yield components and radiation use efficiency in three
types of experimental beans in the form of split plots based on randomized
complete blocks in three replications in the spring of 2016-2017 and
2017-97 in the research farm of faculty of Agriculture, Ferdowsi University
of Mashhad was implemented. Experimental factors include normal
irrigation (irrigation based on 100 percent of plant water requirement) and
drought stress levels (irrigation based on 75 percent of plant water
requirement and irrigation based on 50 percent of plant water requirement)
as the main plot and three types of beans including red beans (Phaseolus
calcaratus) white beans (Phaseolus lanatus) and pinto beans (Phaseolus
vulgaris Pinto Group) were sub-plots. Data analysis was performed using
SAS software and comparison of the mean of treatments based on Duncan
test at a probability level of five percent.

Results and Discussion: The results showed that the interaction effect of
irrigation and bean type on grain yield, biological yield, harvest index,
number of pods per plant, number of seeds per pod and radiation use
efficiency (RUE) were significant. Because red beans were able to use the
light reaching the vegetation more efficiently, as a result, grain yield,
biological yield and harvest index (1421.44 and 4126.6 kg / ha and
35.76 percent) caused higher the amount of these traits (872.67 and 2225.5
kg / ha and 30.52 percent) in pinto beans were reduced. Based on the
results, normal irrigation treatment showed the highest grain yield,
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biological yield and harvest index (1602.28 and 4811.9 kg / ha and 39.24
percent) and the lowest grain yield, biological yield and harvest index.
(1093.222 and 3388.8 kg/ha and 33.06 percent) were obtained in drought
stress treatment (irrigation based on 50 percent of water requirement).
While normal irrigation increased the number of pods per plant in red
beans and white beans (13 pods per plant), this irrigation treatment (with a
reduction of 38.08%) reduced this trait in pinto beans (8.05 pods per plant).
In drought stress treatment (irrigation based on 50% of water requirement),
red beans and pinto beans had the highest (6.82 seeds per pod) and the
lowest (2.47 seeds per pod) number of seeds per pod, respectively. The
highest 100-seed weight was obtained in normal irrigation (28.39 g) and
drought stress (irrigation based on 50 percent water requirement) resulted
in the lowest amount of this trait (26.04 g). Among bean varieties, the
highest 100-grain weight (31.16 g) was obtained in red beans. As the
intensity of drought stress increased, the radiation use efficiency decreased
and the radiation use efficiency in normal irrigation conditions (1.8 g / mJ)
was higher than that in drought stress treatment (irrigation based on 50
percent of water requirement). Red beans (1.9 g / mJ) had higher radiation
use efficiency than white beans (1.6 g / mJ) and pinto beans (1.5 g / mJ).
Normal irrigation treatment (irrigation based on 100 percent of plant water
requirement) increased radiation use efficiency in red beans (1.3 g / mJ)
and drought stress (irrigation based on 50 percent of plant water
requirement) in white beans reduced this trait.

Conclusion: According to the results, normal irrigation and red beans seem
to be desirable to achieve higher yields.
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Table 3. Analysis of variance (mean squares) of seed yield, biological yield, harvest index, pod number in
plant, seed number in pod and 100 seed weight in bean.

a5 s Shas s Shas ™ e sl Sl sl
T _ PHER RN
= @L-‘ 5 &ls ) ol PEISH S s 100 seed
Source of variation Degree of Seed Biological Harvest No. of Pod Seed number weight
freedom yield yield index per plant per pod
L *x o
c 1 130832.67 965757.94 0.3952667 18.7384 1.01407 3.32518
Year
L 1S
J R) : \’( S 4 6984.70 92204.31 2.9364370 0.07025 0.1466 0.809048
X
S 2 484820.07 2419460.92 32791168  1.39985" 0.1849" 24.85521"
Drought stress
Cirosrx L
o xd 2 454.22 24530.45 0.6635056 0.09155 0.00071 0.00739
Year x Drought stress
[P
8 14358.593 184555.8 1.9534315 0.09377 0.07004 1.096742
Errora
L ; e s s o ok o
= & 2 2415084.79  33309489.19 356.29176 82.9596 76.6968 223.0348
Bean type
L X Sia o " "
=) o 4 69598.68 830596.73 3.77266 1.63097 0.74478 0.528483
Drought stress x Bean type
L 5 L .
= g J 2 77135 296858.07 4.89526 1.05214 0.00421 0.06847
Year x Bean type
Ldes e ax L
2 X S 4 646139 1231114  2.829905 0.18347 0.003107 0.02072
Year x Drought stress x Bean type
[P
24 39760.65 423143.34 4.61022 0.19555 0.01775 5.38902
Error b
G PO T
(h2) s 2 15.86 17.28 6.24 4.29 2.56 8.53

Coefficient variation (%)

Jlb&.’uﬁ.&ns AM)buQ)CuJLaJ}‘C)Lé)bJMWfMK E)

* ** gre significant at 5 and 1% probability levels, ™ Non-significant

Logd o5 dls o O ccadls 5 Lasla (aau) s Shes il 5 Shes p (Si5 i 31 -F Jgds

Table 4. The effect of drought stress on seed yield, biological yield, harvest index and 100 seed weight in bean.

s

£

5 4l 5> Shes St 3 Shas Cdls y yetls als Ao O3
ook _ _ _ _
Irrigation GESs 53 ¢55k5) Ol 52 ¢ 5545 (o) ¢
Seed yield (kg/ha)  Biological yield (kg/ha)  Harvest index (%) 100 seed weight (g)
uj BRI a a a a
1421.44 4126.6 35.76 28.39
100 percent of water requirement
T 5L Aoy VO
o O e 1254.89° 3777.1%® 34.26 % 27.14°
75 percent of water requirement
(I )3 O
ot S e 1093.22 ¢ 3388.8° 33.06° 26.04°

50 percent of water requirement
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Table 5. The effect of bean type on seed yield, biological yield, harvest index and 100 seed weight in bean.

$ls 5> Shas e 3 Sas il el als e O3y
sl g5 B _ . .
Bean type ObSa 53 0 S5k O s £S5 5S) (As,3) ()
Seed yield (kg/ha) Biological yield (kg/ha) Harvest index (%) 100 weight seed (g)
d 1602.28 2 4811.9° 39.24° 31.16°
Red bean
e 1294.61" 4250 33.29° 26°
White bean
o 872.67° 22255 3054 ¢ 24.43°
Pinto bean
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Table 6. The effect of drought stress X bean type interaction on pod number per plant and seed number per

pod in bean.
b Ly g5 S 55 BN sl CME s s sl
Irrigation Bean type Pod number per plant Seed number per pod
> ’; 13° 6.27"
Re
vj _)L:-l Loy Vou i
) 13° 5.96 °
100 percgnt of water White
requirement
o 8.05 % 3.07°
Pinto
F’: ’; 12.66 6.44
e
oj BIIRWERTRYA " i
- Cc C
75 percent of water . 10.06 6.18
. White
requirement
A.;ﬁ 826 d 288 de
Pinto
F’: J; 12.09° 6.82°
e
uj )L:, Loy O il ; ;
i 9.29 © 6.6°
50 percent of water White
requirement
i 8.66 ¢ 247°
Pinto

Logd oo ls o 035 5 Bl g LS (G 3, Nhes (il 3 Shas G Kiwmed il g =V gk
Table 7. Correlation coefficients between on seed yield, biological yield, harvest index and 100 seed weight in bean.

) DX . . 5 e sl e s Gls slaws Sls Ao O
&l s Sae R AW \;w::bﬂ u.a;‘-L; R 2 2
Seed yield Blol_oglcal Harvest index No. of Pod per Seed number per 100_seed
yield plant plant weight
PHE >j§LJ« 1
Seed yield
GHeid 2y 0.96" 1
Biological yield
%] =L ok ek
o -0.44 -0.67 1
Harvest index
5 4 35 slies s ok *k
I 0.89 0.85 042 1
No. of Pod per plant
.\j\—.‘ \ 1-'\&? *k Kk k% *k
SRR 091 0.87 -0.44 0.96 1
Seed number per plant
Is do O *k ' *k sk sk
S 05 -0.6 0.64 -64 -0.66 1
100 seed weight

Jlbwj:&ns 4M)>QQJ@JW‘CP_A6)|JJM@JJMK»}

*, ** are significant at 5 and 1% probability levels, ™ Non-significant
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Table 8. Analysis of variance (mean squares) of radiation use efficiency (RUE) in Bean.

gy CL.A d;lﬂ a5y
Source of variation Degree of freedom

Sla e Sk
Mean of Squares

E Sl o 2
Coefficient variation

L
J 1
Year
s LIS
Jle s P 4
RxY
Six s ,
Drought stress
Sis s Xl 9
Year x Drought stress
Uas
8
Errora
s es 2
Bean type
bl g X S 4
Drought stress x Bean type
L 3% Jle
2 g% J 2
Year x Bean type
Lsh g X (S s X e 4
Year x Drought stress x Bean type
Ua
24
Error b

0.00518
2.0444
0.3209 16772.4366"
1.9136 0.0027
0.0068 7.1618
0.1434 19255.8549"
0.0377 4506.2003"
7.4512 0.00128
8.3664 0.00144
0.00781759 6.5864

).J@mxéns ‘,\.pﬁ&w@JL‘,;;-!th@l;w%Js@“,

;’é

* ** are significant at 5 and 1% probability levels, ™ Non-significant
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Fig. 2. The effect of drought stress on radiation use efficiency (RUE) (A) and the effect of bean type on
radiation use efficiency (RUE) (B).
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Fig. 3. The effect of drought stress x bean type interaction on radiation use efficiency (RUE).
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