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Table 1. Meteorological data of the Tohan region of Jiroft city during bean growth periods
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Table 2. Chemical and physical characteristics of experiment soil
Soil texture Calcium  Absorbable Potassium  Absorbable Phosphorus — Total Nitrogen pH Electrical conductivity
(%) (ppm) (ppm) (%) (ds.m™)
=) 7 0.67 216 7.82 0.14 7.92 1.87
Clay loam
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Table 3. Average of consumed water amount per Irrigation frequency
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Table 4. Chemical analysis of irrigation water
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Table S. Analysis of variance of the effect of drought stress and nano fertilizer treatments on yield components of bean

Mean of Squares wls yo (il

oI5l azy0

S e Degrees of aslh Job £ 3 GBas L olass ag 50 SO olaws SME 5 Al Sloss
Source of variation freedom kol Number of Number of pods per Number of seeds per
Stem height branches plant pod
Bi)fk 2 25.008"* 3.210"* 3.128"¢ 0.550"*
S 2 805.812" 4.154" 4520" 8.554"
Drought stress
stel el 4 10.345 0.265 0.911 3.890
Main error
PHERON S . - *
L 2 482.101 1.133 2.212 6.817"*
Nano fertilizer
JJLM A 4 141.419™ 1.051" 1.996" 4551"*
Interaction effect
e el
Sub error 12 7.901 0.187 0.870 4.346
(1) &y gy
Coefficient of variation - 8.546 7.129 6.556 10.818

*0)

™" Significant at 5%, 1% levels, respectively; ": Non-significant
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Table 6. Analysis of variance of the effect of drought stress and nano fertilizer treatments on yield and protein content of

bean
~ Mean of Squares wlx yo yuiileo
SR ©olil az o ; ) R .
S ,....:: &= i Degrees of Y09 als 5 ,Slos 6‘"’]"’ °’g‘°‘ > oo G Wl (i gy 0 5K has
ource of variation freedom 100 _Seeds Seed yield Blol_oglcal Seed protein Seed protein yield
weight yield content
<
Blos(lsk 2 1.55n.s 12361.7 "¢ 6852690.63 " 1.30"s 12.52"s
i 2 8.22* 4123845.10°  19330644.27 * 19.77 ™ 198.21 ™
Drought stress
L
hel ol 4 224 9923.02 8020025.74 3.98 18.00
Main error
o 2 7.83 453868.92° 919629126 5,120 78.46
Nano fertilizer
JALM’ A 4 6.15* 148012'97 7572433.92" 431" 59.73"
Interaction effect
e el 12 113 456.30 6665415.90 3.79 11.49
Sub error
(1) & s oy
Coefficient of variation - 11.80 9.83 8.10 12.44 9.31

(%)

* ok,

: Significant at 5%, 1% levels, respectively; "*: Non-significant
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Fig. 1. Mean comparison for interaction of drought stress and nano fertilizer on stem height of bean plant
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Fig. 3. Mean comparison for interaction of drought stress and nano fertilizer on number of pods per bean plant
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Fig. 6. Mean comparison for interaction of drought stress and nano fertilizer on seed yield of bean plant
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S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, N3: 10 kg.ha* nano-iron chelate fertilizer

ol g il 5o b sl b adls ST 51 56 Wil
L Ylas! ol Sojles s slaal 3 o ol jaie aig
il (3l g I (Sajedg sl slaanld ud Jlad
g 98l oo 3Ll uwgid ol )8 Senps ol & 0 Wb ee
5 o d slaasls slacs iy gl aldl 4 e Lolys
SN 5l SBras Ll o Lag) So3glsn o Slos (Rl 38l

25,5 o ol

Biological yield (k

(S wgid olge falS Jodo o Sis 25 Ll e

9 S 518 sl ol g whoe GRalS g S 59
039 olae (p yition cnlpbis 9,00 S5 4 g ol Lad>
uw—’ 09 byl 4y Cod (550eS 0D jgyaz 0y SaS
B U .)..3‘93‘5_.6 izt unl S ol & Cewddy
Lo g Laads) Cow 2y oS (S5 00950 flin (arads
A2l fiwgid (205 L g Jodg S e el 51 0
s NS 5 Lawgs o ,Slos 39040 (Khoshvaghti, 2006)

ab a
b
c ¢ ¢
2500 -
2000 -
1500 -
1000 -
500 -
0 -

SIN1 SIN2 SIN3 S2N1 S2N2 S2N3 S83N1 S3N2 S3N3

Drought stress x Nano fertilizer treatments

o y3lug) oL Syjalon 5,5 hos o 1 il 395 5 (S A ilie 51 (uilen i -V JSC
Fig. 7. Mean comparison for interaction of drought stress and nano fertilizer on biological yield of bean plant
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Fig. 9. Mean comparison of interaction effect of drought stress and nano fertilizer on seed protein yield of bean plant

u.af\ Q)lsjalm; )t;S.b)a l°)§5l‘35\ * :N3 O :Nz o :N1 ‘wl)m) :\.L'>).n)¢ L).....1 :53 ‘é_fﬁjm) Ab]o)b u......? :Sz ‘U""‘J 9N :Sl
S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, N3: 10 kg.ha* nano-iron chelate fertilizer
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Introduction

Bean (Phaseolus vulgaris L.) is the second most important legume plant after soybean, accounting for a
major share of the diet of more than 300 million people worldwide. However, bean cultivation is always
faced with several limitations, among these production limited factors, drought stress is the most important
factor and has a considerable effect in reducing the production of this crop. One of the harmful effects of
drought stress is disturbing the nutritional balance in the plant, so that due to drought stress, the mobility of
nutrients in the soil is reduced and the absorption and transfer of substances to the plant is impaired. Studies
show that nano-iron chelate fertilizer has a moderating effect against changes in drought, salinity, acidity and
temperature and leads to improved plant growth. Hence, the present study was conducted to investigate of
the role of nano fertilizer on increasing drought resistance of bean in Jiroft region.

Materials and Methods

A split-plot layout based on a randomized complete block design with three replications conducted in a
farm located in Tohan village of Jiroft city during 2015-2016. The main factor was the drought stress with
three levels included: no stress, stress in vegetative growth stages and stress in reproductive growth stages.
Sub-factor consisted of different amounts of nano-iron chelate fertilizer at three levels of 0, 5 and 10 kg.ha™.
In this study, stem height, number of branches per plant, number of pods per plant, number of seed per pod,
100 seeds weight, seed yield, biological yield, seed protein content and protein yield traits were measured.
The obtained data were exposed to analysis of variance (ANOVA). Means comparison was done using
Duncan's multiple range test using SAS software. Correlation coefficients between traits were calculated
with SAS software.

Results and Discussion

According to the results, no stress treatment and application of 10 kg.ha? of iron nano-chelate fertilizer
led to the highest value of stem height, number of branches per plant, number of pods per plant, 100 seeds
weight, seed yield, biological yield, seed protein content and protein yield. However, for the above traits, no
statistically significant difference was observed between 10 and 5 kg.ha? of fertilizer in no stress condition.
Also, the occurrence of stress in both stages of vegetative and reproductive growth reduced the studied traits,
so that the lowest value of stem height, number of branches and number of pods per plant were obtained
from the occurrence of stress in vegetative growth stage, and the lowest amounts of number of seed per pod,
100 seeds weight, seed yield, biological yield and seed protein yield were obtained from the occurrence of
stress in the reproductive growth stage. Among the studied traits, only the percentage of seed protein with
stress treatments showed a significant increase that this increase was greater in stress in the reproductive
growth stage. It should also be noted that the application of 10 and 5 kg.ha* of iron nano-chelate fertilizer,
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respectively, in comparison with the treatment without fertilizer, in the occurrence of stress in both stages of
plant growth moderates the effects of stress for all traits except seed protein percentage.

Conclusion

The results of this study showed that stress occurrence at any stage of growth reduces the growth and
yield of the bean plant. This reduction will be more on the seed and biological yield of the plant if occurrence
of stress is in the reproductive stages of the plant. Application of nano-chelate fertilizers in each one of the
conditions without stress, stress in vegetative growth stage and stress in reproductive growth stage in
comparison with not using this type of fertilizer will have a positive effect on growth characteristics and
plant yield. There was no statistically significant difference between the application of 10 and 5 kg.ha™ of
iron nano-chelate fertilizer for seed and biological yield of bean in each one of the no stress and stress
conditions.
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