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The Effect of combined use of chemical fertilizer, Azetobacter, Azospirillum and
compost on seed yield and nutrient uptake of common bean (Phaseolus vulgaris L.)
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Table 1. Monthly precipitation and temperature from May to August for the 2015 growing season
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Months Precipitation (mm) Maximum Minimum Average
Culgn 351 (May) 29.4 26.6 20.1 23.35
315 3 (June) 116 30.38 22.8 26.59
5 (July) 98.3 31.9 25.6 28.75
313 » (August) 64 28.3 22 25.15
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Table 2. Soil Physical and chemical characteristics at experimental field
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(%) EC (cm)
152 15.8 037 1.09 0.48 49 7.8 flay' 0-30
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Table 3. Chemical properties of mushroom compost used in experiment

-y i SSTPS ST oS SN ol i
K (mgkg™) P (mgkg™) N (mgkg™) OC (%) EC @Sm™ pH
1532 896 3874 436 2.07 7.85
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2- Azospirillum lipoferum
3- Azotobacter chroococcum
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Table 4. Analysis of variance for the effect of biological treatment on leaf chlorophyll content and
number of root nodule under different levels of nitrogen fertilizer

(Mean Squares) Olx 0 Sk

a s A8 b Jis k5 JS Jes s a8 slus
Source df  Chlorophyll  Chlorophyll Total Number of root
a b chlorophyll nodule
(<
A 2 575™ 22.0m 822 6.80™
Replication
90 96.1n 143" 223" 1790"
Nitrogen (N)
Biological treatment 5 456 125 959 2509
(B)
R Y 85.0" 363" 396"
NxB 0 ’
U
3 38.9 11.5 53.6 22.2
Error 4
5 2
i 8.61 8.06 6.38 9.86
CV (%)

M)ségljc;,vdubic]a.w):)\:@mJ)ﬁ:sl>ﬁ3¢)l>@u;}?\5\:}?}C.A:—\T.:JJ:«.::.&-::U%LHS

ns,* and **: not Significant, Significant at 1% and 5% probability levels, respectively

0555 355 Caliman s p3 ks 0 8 ol 5 68 1 35 IS (lsme i3 JT 3150 31 (230 ilisls 425 —0 Uk
Table 5. Slice analysis of variance for the effect of biological treatment on leaf chlorophyll content
and number of root nodule under different levels of nitrogen fertilizer

STETNE a 5,5 b Jss 8 S5 s ks a0 8 sl
Urea levels (kg ha~  Chlorophyll ~ Chlorophyll Total Number of root
D) a b chlorophyll nodule
0 163™ 43.0" 195™ 1277*
75 441™ 160™ 681" 849™
150 378" 91.6™ 809" 1175™

10,385 5 gy Jlam o 3 Sl fme OV 5 s 5 gl ime Ve 3 gy ple 5 S sk 5 % IS

ns,* and **: not Significant, Significant at 5% and 1% probability levels, respectively
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Table 6. Mean comparison for the interaction effect of biological treatment x nitrogen fertilizer on
leaf chlorophyll content and number of root nodule

g
s . . .
_ a by 8 b Jss 5 S5 Jds S oy € slas
o)) e JI ol Chlorophyll  Chlorophyll Total )
Urea Biological treatment a b chlorophyll Number of root
level (mglith)  (mglth)  (mglit) nodule
s (kg
ha™!)
Control 7.30 3.98 11.6 34.6
Azotobacter 6.36 4.82" 11.1 72.8"
Azospirillum 7.44 5.03" 12.4" 73.4"
0 Compost 7.41 4.62" 12.0" 61.9"
Compost
+Azort)obacter 6.16 4.25 10.4 32.8
Compost « « "
+Azo€pirillum 197 452 12.4" 80.0
LSD (0.05) 0.54 0.56 0.602 8.19
Control 6.11 431 10.4 22.8
Azotobacter 7.98" 4.10 12.0* 41.3"
Azospirillum 7.93" 3.80 11.7 53.4"
75  Compost 8.26" 3.61 11.8 40.07
Compost "
+Azort)obacter 523 3.01 8.25 30.5
Compost * *
+Azo€pirillum 6.82 5.18 12.0" 70.0
LSD (0.05) 1.18 0.563 1.33 5.62
Control 5.23 3.08 8.31 20.5
Azotobacter 7.86" 4.63" 12.5% 62.8"
Azospirillum 8.04" 4.53" 12.5 67.5"
150  Compost 8.13" 4.19" 12.3 24.6
Compost « « "
+Azor;obacter 7.70 4.05 11.7* 40.0
Compost . X N
+Azol;pirillum 8.04 4.17 12.2" 32.3
LSD (0.05) 0.473 0.663 0.976 11.15

da a0 LSD 055057 3l oslizal L 1y dals SLes U ls e (oMl 50 g O 52 s

*

* In each column, there is a significant difference with control treatment according to LSD test.

CP,;«;\;;JSL.&,@Q;)S%;JSL;“:){);«ul;,gwal.\,;j&_ﬁ;ghty;\@%;ﬁ&u,a_kg—/\J,,\?

S5 25

Table 8. Slice analysis of variance for the effect of biological treatment on number of pod and seed/plant,
biological yield and seed yield under different levels of nitrogen fertilizer

| &g 53 M sl & g5 4l sl 5P 3 Shas als s Shese
‘Jﬁb}fC}l““ Number of Number of Biological yield Seed yield
umber o umber o iological yie eed yie
Urea levels (kg ha™) pod plant™! seed plant ! (ki hef‘l})/ (kg hya*I)
0 63.4" 1654™ 3158474™ 2780314
75 39.8" 1328™ 2589223 2233070"
150 45.05™ 1182* 2907799 1988557™

M);iﬂj@Jb\cb.u):)lswQ)\:&l:g,;)l;@»g})\:&l;Rjrdp%;gsﬁﬁja&ms

ns,* and **: not Significant, Significant at 5% and 1% probability levels, respectively
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Table 9. Mean comparison for the interaction effect of biological treatment X nitrogen fertilizer on number of
pod and seed/plant, biological yield and seed yield

a))la}fc}la.w s ST 5l g0 Gy ONe sl G abalin i e wls s Shee

Urea levels (kg Biological Number of Number of  Biological yield Seed yield
ha™! treatment pod plant™! seed plant™! (kg ha™! (kg ha™!
Control 5.26 17.55 2726 719
Azotobacter 6.06 21.72 3669" 890
Azospirillum 14.36" 65.49" 3289" 2685"
0 Compost 13.30" 56.66" 4371" 2323"
Compost * # * *
+Azotobacter 14.23 66.71 5009 2735
Compost * * * "
+Azospirillum 15.80 68.50 5141 2808
LSD (0.05) 2.10 14.4 538 351
Control 5.56 20.4 3509 839
Azotobacter 6.13 20.2 3893" 830
Azospirillum 8.73" 34.0" 5402" 11917
75 Compost 6.73 22.8 5238" 938"
Compost * * « *
+Azotobacter 10.8 39.5 5961 1620
Compost * * * *
+dzospirillum 15.1 74.8 5985 3067
LSD (0.05) 3.14 12.7 246 104
Control 5.90 17.18 3386 704
Azotobacter 5.50 18.25 4126" 748
Azospirillum 8.80" 32.14" 3060 949"
150 Compost 9.23" 33.89" 3772° 1389"
Compost X * * *
+Azotobacter 13.2 62.32 4654 2555
Compost * * * *
+dzospirillum 14.6 57.02 5595 2338
LSD (0.05) 3.43 13.8 441 226

a3 on DL LSD & ga3T 51 eslizad b 1y sl jles b Ll sie oDl 3 m 5 O gt 2 3

* In each column, there is a significant difference with control treatment according to LSD test.

2 . a 0.5 a 25 .
£ 1.8 » 0 o045 < _
5 16 - c 04 . s, .

] c
s 14 ‘= 0.35 K] —
5 ¢ u ) ® be bc
g 1.2 £ 0.3 \ :1'5 c
o 1 30.25 |5
o c \ 3
0.3 g 0.2 § €1
° (5]
2 06 20.15 § o
-
=04 g o1 § gos
02 ©0.05 \ 2
0 0 0
T1 T2 T3 T4 T5 0 75 15( TL T2 T3 T4 TS
Biological treatments Urea levels (kg ha) Biological treatments

ST 8130 00l 1 (pSilo dwlin = JK5  glaw odle 51 puSlo duglio =1 K IT 3lg0 08bw 1 paSilio duglio =1 5

LSD =) 4l 5 jud cdalé g s by ) 039 g CdAlE g 059y B9 LSD =) olgn plosl jhud cdalé » )
0.119 (LSD = 0.085) 0.106
Figure 2. Mean comparison of effect Figure 1. Mean comparison of Figure 3. Mean comparison of effect of
of biological treatment on root P effect of N fertilizer on root N biological treatment on shoot P
concentration concentration concentration
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Table 10. Analysis of variance for the effect of biological treatment on concentration of root P,
root N, shoot P, shoot N, seed P, shoot K and seed protein under different levels of nitrogen

fertilizer
(Mean Squares) Ol yo pSbo
. . o ks
S.0.V df T pons asgwas Do g, T
.0. . . ‘
= - Shoot N Shoot P Seed  geed P S
RootP  RootN protein Shoot K
<
AR 2 0.012™ 0.027™ 0.0171 0.075" 6.92" 0.010™  0.0013™
Replication
e 2 0.085™ 0.075" 0.442™ 0.052"s 683"  0.394™  0.650™
Nitrogen (N)
td ST ol
Biological 5 0463 0.017™ 0.334™ 0.115" 155™ 0.864  0.186™
treatment (B)
Slge X 059 58
s T 10 0.088™ 0.013" 0.173™ 0.060" 39.8"  0.309™ 0.170™
N xB
s
34 0.087 0.02 0.032 0.041 2.03 0.031 0.0054
Error
O kS o 2
S e 19.2 25.1 5.11 11.9 6.35 13.8 13.58
CV (%)

w,;&,@dwncu)g,b@”qmuﬁ,‘,ugngml;ﬁ,r.u&,_;;@w,emns

ns,* and **: not Significant, Significant at 5% and 1% probability levels, respectively

(2l 38 I S ol g8 oI 05 5wty 5 O3 A ety Shed CBIE g5 (T lss ST 83 eilols 2 =YY s
Q)L)J::JJ;JJ:SAC)Ja..u)é&‘ﬁc‘&|ﬁgﬁd\:y‘4\:wﬂ}ﬁ:
Table 11. Slice snalysis of variance for the effect of biological treatment on concentration of root
P, root N, shoot P, shoot N, seed P, shoot K and seed protein under different levels of nitrogen

fertilizer
o O35 5% e
031355 7 sk I s iy, s i 3 s stlom gl ol
| Ry} i
Urea leYle Is (kg ot e Seed Protein Seed P Prptem Shoot K
ha™) Shoot N yield
0 0.271* 73.1* 0.634™ 292786™ 0.198"
75 0.170* 94.5™ 0.398™ 294609" 0.121*
150 0.198" 67.9" 0.450™ 193371 0.207"

105388y 5 gy Jle o 53 s gme I 3 5 s e (3 3 g pude T 4 e 5 2 IS

ns,* and **: not Significant, Significant at 5% and 1% probability levels, respectively
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Table 12. Mean comparison for the interaction effect of biological treatment on biological

treatments X nitrogen fertilizers on concentration of root P, root N, shoot P, shoot N, seed P, shoot
K and seed protein

Y <
.:; lea..» ) >
| B Concentration R
l;” s S als Gl 1 055 Wl 55 s s Wbl goog
le\fee:?s Biological treatment Shoot N Seed protein Seed P Seed K protein
) yield
(kg ha™') (%0) (kg ha-1)
Control 2.45 18.77 0.826 1.25 135
Azotobacter 2.82" 18.04 0.906" 1.417 159
Azospirillum 3.07" 28.39" 1.630" 151" 761"
0 Compost 2.90" 26.64" 1.736" 1.72" 619"
Compost * * * 5 *
tAsotobacter 2.74 29.06 1.723 1.90 807
Compost * * * * *
+Azospirillum 3.09 27.12 1.880 1.96 767
LSD (0.05) 0.241 2.79 0.210 0.104 219
Control 2.45 14.37 0.856 0.982 119
Azotobacter 2.72* 19.22" 0.913 1.10 174
Azospirillum 2.74" 22.72" 0.973 1.29™ 210"
75 Compost 3.07" 18.04" 1.203" 1.34" 180
Compost * * * * *
tAvotobacter 2.90 20.72 1.386 1.51 369
Compost * * % * *
+Azospirillum 3.82 30.93 1.810 1.53 950
LSD (0.05) 0.214 2.93 0.314 0.143 120
Control 2.45 15.25 0.850 0.982 107
Azotobacter 2.62" 18.77" 0.890" 1.23" 140
Azospirillum 2.82" 19.22° 0.980" 1.53" 182
150 Compost 2.74" 23.04" 1.223" 1.57" 319"
Compost * * * * *
tAsotobacter 3.07 27.12 1.636 1.46 690
Compost * * * * *
+Azospirillum 3.52 26.77 1.743 1.78 624
LSD (0.05) 0.193 1.69 0.343 0.186 128

a3 ga DL LD & 5057 5 oslizal L 1y Aali jloi 1 ine CSest 5 gm s O gty 55

* In each column, there is a significant difference with control treatment according to LSD test.
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chemical fertilizer, Azetobacter, Azospirillum and compost on seed yield and nutrient uptake of common
bean (Phaseolus vulgaris L.)
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Introduction: The common bean (Phaseolus vulgaris L.) is an important crop
both in temperate and tropical climates and is an excellent source of protein. It is
well established that depletion in nitrogen availability strongly affects rhizobial
populations in the rhizosphere of legumes (Padilla et al., 2015). Nitrogen (N) is a
major nutrient for plant growth and development and affects the seed yield more
than other nutrients. Excessive application of nitrogen fertilizer increases nitrogen
loss through leaching (water contamination) and sublimation (air pollution) (Zaidi
et al., 2017). Biological fertilizers, which are a mixture of microorganisms, can be
partial substitutes for chemical fertilizers. The ability of several bacterial species
such as Azospirillum and Azotobacter in providing a large portion of the plant’s
demanded nitrogen through biological fixation has been proven. Also, mushroom
compost, which is one of the side—products of the edible fungus industry, can play
an important role in increasing plant nitrogen uptake as a quality modifier. The
present study is based on the assumption that the application of mushroom compost
and biofertilizers can improve, in addition to seed yield, the seed quality of bean as
compared to chemical nitrogen.

Email address of the corresponding author: mansari@jiaurasht.ic.ir
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Material and Methods: A field experiment was conducted in Rasht, North
of Iran, as factorial based on a randomized complete blocks design with three
replications during the grown season 2015. The experimental factors consisted
of chemical nitrogen (0, 75 and 150 kg urea ha') and biological treatments
(Azospirillum lipoferum, Azotobacter chroococcum, mushroom compost (2 t ha
"), mushroom compost + Azospirillum, mushroom compost + Azotobacter and a
control). A local cultivar of bean “Pach Baghala” which was obtained from Guilan
Agricultural and Natural Resources Research and Education Center was used in this
experiment. The measured traits included chlorophyll content, the concentration
of N and phosphorus (P) (root, shoot and seed) and potassium (K) of seed, yield
components and seed yield. The statistical analysis was conducted using the SAS
9.2 software.

Results and Discussion: The results showed that inoculation of the bean plant
with the biological agents under all levels of chemical nitrogen fertilizer increased
leaf chlorophyll content, number of pods per plant, number of seeds per plant and
biological yield as compared to the control. Also, the application of biological
treatments in the presence of 0, 75 and 150 kg of nitrogen raised bean seed yield
by 19 — 63%, 10 — 74% and 5 — 65%, respectively, and the highest seed yield
(3067 kg ha™") was obtained from Azospirillum + mushroom compost treatment at
75 kg nitrogen ha™'. Almost all the biological treatments used in this study led to
decreased N and P concentrations of seed and shoot and K concentration of seed
with increasing nitrogen fertilizer and the highest shoot N (3.82%), seed protein
(30.93%), seed P (1.880%), seed K (1.96%) and protein yield (950 kg ha™) were
observed with Azospirillum + mushroom compost treatment. We found that when
the bacteria, especially Azotobacter, were applied individually, they did not have a
pronounced effect on the most of the traits of bean, but when used simultaneously
with mushroom compost, they significantly augmented the plant nutrient uptake and
seed yield. The Azospirillum, both individually and in combination with compost
resulted in more bean N and P uptake, biological and seed yield than Azotobacter.
Under the inoculation of biological agents, bean plant, when supplied with 150 kg
nitrogen ha”!, produced yield which was less than or equal to 75 kg nitrogen ha™'.
Therefore, the use of mushroom compost in combination with biofertilizers can
reduce the requirement of chemical nitrogen fertilizer by up to 50%. The use of
growth promoting bacteria can induce greater allocation of dry matter to different
plant organs, which may result in increased vegetative development, making it
possible for plant to capture more light and consequently increase its photosynthetic
rate, ultimately leading to enhanced grain yield (Chauhan and Bagyaraj, 2015)

Conclusion: According to our results, application of Azospirillum + mushroom

5



«Applied Research in Field Crops» Vol 30, No. 3, 2017

compost (2 t ha-1) under 75 kg nitrogen ha-1 can be considered as one of the

suitable treatments for obtaining the highest seed yield and quality in common

bean in Rasht region.
Keywords: Chlorophyll, Organic fertilizer, PGPR, Phosphorus, Potassium,

Protein.
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