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Table 2. The results of analysis of variance for the effects of cut-off irrigation and foliar application of micronutrients on yiel

d and yield components of red bean

P &33T 4o Sl o 5 SKile
S.0.V df Mean of squares
Sy gl Gpon Mol e pabals O dsb wbuw 0 4ls 3 Shes i s Ses Sl esls
Plant Pod number per  Grain number Pod 100-grain Grain yield Biological Harvest
height plant per pod length weight yield index
oS 2 167.37™ 2.86™ 4.28™ 4.137 65.37™ 156628.49™  1149397.59" 0.62™
Replication
ST s 2 2329217 206.6" 27.82° 8.64" 274.67°  3470033.65" 1737412127 5.73"
Cut-off irrigation
a s 4 36.91 1.36 1.68 0.11 20.09 43589.98 111761.88 21.12
mQOH. ANV Kk ek Kk ok ek ek ok
S5 J s 4 106.25 41.35 2.97 3.31 30.98 387343.63 1215215.66 6.44™
Foliar application
2 sl 5T o 8 9.34™ 0.93" 0.37™ 0.22% 1.09" 54907.04" 213350.57" 11.3™
Cut-off irrigation
xfoliar application
b s 24 5.67 0.31 0.44 0.31 1.2 22222.97 31860.47 5.86
Error (b)
s g 4.17 6.39 11.86 5.4 3.6 5.17 2.61 8.76
C.V. (%)

.(rnrr%tuuluocrfv_ﬂrkpurmg_u

ns, * and ** are not significant, significant at 5% and 1% levels of probability, respectively.
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Table 3. Mean comparison for the simple effect of cut-off irrigation and foliar application of
micronutrients on plant height, grain number per pod, length of pod and 100-grain weight of red
bean

bl &g C&I)l CoE > &l sl M J 4k Sls Lo 09

Treatments Plant height Grain number Pod length (cm)  100-grain weight
(cm) per pod (2

ST plad - sl
Cut-off irrigation
treatments
(el2) 5,10 ol i 68.5° 6.6° 11.2° 34.9°

Control
Ao o 53 )T ol 438° 40° 98" 26.3°¢
Ly
Cut-off irrigation
at flowering stage
Ao 53 T b 58.8° 6.2° 9.9° 30.4°
THE-gwes
Cut-off irrigation
at dough stage
S s
Foliar application
(2 Jsbous p) ol 52.7¢ 4.6° 9.5¢ 282°¢

Control
K 55.2°¢ 56° 10 30°

Mn
o 57.1°" 57° 10.2 % 30.2°

Zn
AT 58.5° 57° 107 31°

Fe
5Kt gyt T 61.8° 6.2° 11.1° 33.3°

Fe+Zn+Mn
e Loy 0 JL..::-lcla.u): o> gme Ol G LSD 0 505T bl s 0O g 2 55 &S e Cog o 6lyls glo u..i;l.n

sl

Means in each column followed by the similar letter(s) are not significantly different at the 5 %
probability level (LSD test).



J)wvfﬂb;ﬁgiﬁdb

23 Sl el § oS g 2 6L )
WL i 5 SEE ag gl il
5 S L s ;%% (Omidian e al, 2012)
sl Olyda V.M:Jﬁl:.» 03 s sla ri)ﬁ
oA W5 585wl Gladal S
Mustafavi) Cosl ol & o CLé:j e e
Sliw  Sowsen aallae (Rad ef al, 2008
1> e 3 ke daily 5 i) 0l 0L
(F Jada) Sals ails 5 Shee b (Lo ys AQ)
1ol oL ST plsl L ans s 5> ally B
C,élu.scb,.u bl nl 53 O s Sy e
Fowsd el g a8 Sl i )55 oS
35 o st YU Slas Colg 53 5 b
.(Loomis & Williams, 1969)
4y 30 I Sluw
PHSa il ls 4 2 s b ollas
0 pshe 5 O pan oS pole (AL o
sy doys gy Jlazl w53 (6,17
(Y Jsds) s 8 s ome w53 OOAE
e als Eel o, g ols Ol ol
3385 sb 4 s 5 w5y 55 CME sl s
ARl pl (2l e 3 )T ol ol
S ot dl o 53 5T sl e b s i 5o
soble a8l U Ll sy S3seie 4l
23 OO sl tals Cldl g (3 e rf
(o onl 03 5 S Ol L 5 ey 4y
O pan b nslin 53 olie 5l oS 5 5,08
sl YL sl (6 2t 30 6T 68 0
ole oS 5 5,58 sy wy 5 DM
038 sdalin (65LT ol pde 5 (gdiaj)

Lali 4 G shoys FAD Bl &

"

Amiri Dehahmadi) 45 8 dals 4 Cond 5 g
Ol s S5 ey o3 et al, 2010
0 p) %y gl (bl Aol il bosls
Nasiri) 3L 2alS gl gne Hsb 4 e
0L i3 gl (Dehsorkhi er al, 2018
Py il LT s b L sl
D5 ol 3 4S5k 4 oS Iy el
A3 PIVA dali & Lo 455 £ &5) V.QM
dald 4 Cod Ao )3 VY ks 55 5les 5o
LS il bl iz ol 3L _2alS”
Sy Slanl Al Zel o iws LB ST
G 2ol 5558 e aile sl Jlue)lgs
Saeidi) Sl alu O Js b (gl mle OT
.(Aboueshaghi et al., 2014
o 4 5 sdreg pele AL s
S G5 ) SR el s e
T om0 38 L Jls puts 4
2 ot ol pls 5l (sdiag, obe
Fobe ol 5 plaS a1 5,118 L s i
23 g e S sk 4 o S
L35 odaliis (sdinjy) polie (oS5 ol
IS e S gdeys WY LBl &S
o o 4y 1) (G5l Jshes pde) dald 4 S
RS RF B Y-Vt U PRES JUTP
4 5 5 655 AT pls B Jlme )
Mohammadzadeh Toutounchi) deT s
¢! ade Ll s 55 (& Amirinia, 2016
g 5o 3 5 s ol S LA
2 Ll5 (p G5 S e 5 Shas
Pl b ) Ak sl pesls nIl
s (Mataei et al., 2014) Ail S50 a5 o



IR Sl IV auls =Y o)las =YW o 95« £105 SO 7 S pdg R 4 phdn

AL 53 s s Dlho i Soean ul 5 F Ui

Table 4. Correlation coefficients for the investigated traits of red bean

1 2 3 4 5 6 7 8
Gy gl =) 1
1- Plant height
@ g0 OO sl Y 0.91 1
2- Pod number per
plant
ONe s als sl ¥ 0727 0707 1
3- Grain number per
pod
OB Jsb-f 0.54"  0.657 056" 1
4- Pod length
65 A 0550 076" 079" 0777 077" 1
5- 100-grain weight . . . . .
Sls 5 Shas -5 089" 0947 0.697  0.69 0.78 1
6- Grain yield
S Sasy 0957 0907 0767 0.657 0797 090" 1
7- Biological yield
0.13™ 033" 0.02® 027" 0.16™ 047"  0.06™ 1

CJ\:,: ua;-L;: -A

8- Harvest index

il ()Mtan pAe 1S 5 A3 5) Jlaid a5 (6 olibine SOy i a3 5

** and * indicate significant correlation at the %1 and %5 probability levels, respectively and ns:

non-significant.
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Fig 1. Interaction effects of cut-off irrigation and foliar application of micronutrients on number of
pod in red bean
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Extended Abstract
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trients (iron, zinc and manganese) on yield and yield components of Red Bean (Phaseolus vulgaris L.)
under cutting irrigation conditions
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Introduction:

Red bean is an annual legume which has high nutritional value for human
consumption. The yield of this plant is greatly reduced in arid and semi-arid regions
due to water deficit stress. One of the negative impacts of drought stress is the
reduction of micronutrient absorption by the plant root. Provision of micronutrients
under drought stress conditions can greatly increase plant resistance to stress. In
this regard, the aim of this research was to study the effects of foliar application of
micronutrients (Fe, Zn and Mn) on yield and yield components of red bean under
drought stress conditions.

Materials and Methods:

The experiment was laid out in a split plot scheme based on a randomized
complete block design with three replications in a field located in Mobarakeh
city, during the growing season of 2016-2017. Water stress consisted of control
(no water stress), cutting of irrigation at flowering and dough stages), which were

assigned to the main plots and micronutrients foliar application was comprised
Email address of the corresponding author: abasnasiril 10@yahoo.com
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of five levels of treatments: 1-control (no use of micronutrients), 2- manganese,
3- zinc, 4- iron and 5- mixture of the three elements, which were allocated to the
sub-plots. The investigated traits were plant height, pod number per plant, grain
number per plant, pod length, 100-grain weight, grain, biological yield and harvest
index. Statistical data analysis was performed with statistical software MSTATC.
Significant differences between the means were separated by LSD test at the
probability level of 0.05. Simple correlation between traits was computed using
SPSS version 16 software.

Results and Discussion:

The results indicated that cut-off irrigation caused a significant decrease in
the all studied traits, but the negative effects of it at flowering stage was more
pronounced than those of dough stage. Cutting irrigation at flowering stage reduced
the plant height, grain number per pod, length of pod and 100-grain weight by
36.1,39.4, 12.5 and 24.7 percent compared with control treatment, respectively. In
this regard, researchers reported that irrigation cessation at vegetative growth and
flowering stages caused a significant reduction in plant height, number of seed in
capsule and 1000-seeds weight of mung bean (Jafar dokht ez al., 2015). Our results
suggested that the foliar spraying of micronutrients increased the plant yield and
yield components. The effect of mixture of the three elements was greater than the
sole application of the elements. The combined use of micronutrients increased
the plant height, grain number per pod, pod length and 100-grain weight by 17.2,
34.7, 16.8 and 18 percent in comparison to control treatment, respectively. The
maximum pod number, grain and biological yield were obtained from normal
irrigation and combined use of micronutrients, whereas the minimum values of
the traits were observed in cut-off irrigation at flowering stage and foliar spraying
with water. The combined application of three elements under drought stress at
flowering and dough stages resulted in significant biological yield decreases of
34.1 and 17.3 percent compared with control treatment, respectively. In this regard,
Varnaseri Ghandali & Nasiri Dehsorkhi (2017) reported that foliar application of
micronutrients (Zn and Fe) under irrigation cut-off conditions at flowering and

podding stages caused a significant rise in growth characteristics and yield of
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cowpea. Also, Nasiri Dehsorkhi ef al, (2018) reported that water deficit decreased
the yield and yield components of cumin but foliar application of Fe chelate in
nano and common forms increased the yield attributes. No significant differences
were detected between the combined application of micronutrients under irrigation
cut-off conditions at dough stage and control (no foliar application and normal
irrigation) treatment. Also the results indicated that among the investigated traits,
the maximum correlation of grain yield was observed with pod number per plant
(0.94%%),

Conclusion:

Based on the results, it seems that in the studied region conditions, terminating
irrigation at dough stage and combined use of micronutrients can give yields
similar to normal irrigation. Among the micronutrients used in this study, iron and
zinc elements had a greater positive effect on yield and yield components than
manganese.

Keywords: Dough stage, foliar application, legume, water deficit stress, 100-grain

weight
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