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Background and objectives: The mungbean (Vigna radiate L.) is one of
the most important species of legumes. The seeds are an excellent sources of
phosphorus. The phosphorus application to legumes have positive effect on
nodulation through enhance root proliferation and thus helps in increase
nitrogen fixation, So that Phosphorus deficiency is considered as one of the
major constraints to successful production of legume. Biofertilizers have
high potential for increasing the efficiency of Phosphorus, and ultimately
stimulate plant growth. Therefore, this study was conducted to evaluate the
biofertilizers in the release of soil insoluble phosphorus and to investigate
the effect of plant growth promoting bacteria, Mycorrhizal fungi on
photosynthetic pigmentation and nutrient elements during the period of
mungbean growth.

Materials and methods: To study the effect of different levels of
phosphorus and biofertilizers on photosynthetic parameters and seed yield of
Mungbean (Vigna radiata L.) a field experiment was carried out as a
factorial based on a randomized complete block design (RCBD) with three
replications at research field of the Faculty of Agriculture of Gorgoan
University in 2016-2017. The treatments of this research consisted of three
levels of phosphorus (Control, 150 Kg ha™! and 225 Kg ha!) and eight levels
of plant growth promoting bacteria and Mycorrhizal fungi (Control,
Azospirillum  lipoferum, Pseudomonas fluoresens, Glomus mosseae,
Azospirillum and Pseudomonas, Azospirillum and Glomus mosseae,
Pseudomonas and Glomus mosseae, and Azospirillum lipoferum,
Pseudomonas  fluoresens, Glomus mosseae). Measured traits were
photosynthetic  pigments, including chlorophyll a, chlorophyll b,
carotenoids, SPAD value (four leaves stage, flowering and pod filling stage),
grain protein and nitrogen content in plant aerial parts, leaf area index and
seed yield were recorded. Data were subjected to analysis of variance
procedure using the SAS statistical software and for the mean comparison,
the least significant difference (LSD) test method was used at 5%
probability level.

Results: The results showed that the effect of phosphorus fertilizer and Plant
growth promoting bacteria, Mycorrhizal fungi on photosynthetic pigments
(chlorophyll a, chlorophyll b, carotenoids), SPAD value, grain protein,




nitrogen content in plant aerial parts at different stages of plant growth, leaf
area index and seed yield were significant, but the interaction of phosphorus
fertilizer and plant growth promoting bacteria, Mycorrhizal fungi levels was
not significant on any of the studied traits. The results showed that the
highest amount of chlorophyll a, chlorophyll b, carotenoid, SPAD, grain
protein and nitrogen content in plant aerial parts, leaf area index and seed
yield were obtained at 225 Kg ha™! phosphorus fertilizer. Application of
Plant growth promoting bacteria, Mycorrhizal fungi led to increase in the
amount of photosynthetic pigments, seed protein and nitrogen content of
plant aerial parts, leaf area index and seed yield.

Conclusion: The results of this study indicated that the photosynthetic
pigments, seed protein, nitrogen accumulation in the plant and leaf area
index were increased by increasing the amount of phosphorus fertilizer.
Also, the optimal effect of Plant growth promoting bacteria and Mycorrhiza
on photosynthetic pigments and increasing the protein content of seeds and
nitrogen in different stages of plant growth which ultimately led to an
increase in seed yield.
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Table 1- Soil chemical and physical characteristics of the research site.
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Figure 2- The effect of phosphorus on photosynthetic pigments in four-leaf stage of mungbean (Means
by the same letter in each column are not significantly different according to LSD range tests (P<0.05)
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Table 2- Analysis of variance of photosynthetic pigments and SPAD in four leaf stage of mung bean under the levels
of biological fertilizers and phosphorus
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Table 3- Mean comparison of the effect of biofertilizer on photosynthetic pigments in four leaf stage of mungbean.
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G Sl e sl 1o 53 0 ezl a3 (LSD) s pxe Sl 3l Ol elsl i G glols (gla p Sils 02 o 3

Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
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Table 4- Analysis of variance of photosynthetic pigments Flowering stage and complete filling of pods stages of mungbean

AAS A Lol LS 04, al>
g
o v~ \%
2 E 4 %@ Y e 32 oy
E PN T 1 R U A
b2 ¥y E o E & 7 1o = & o & + P
e oA s ~ 2 2% g ~F S 2 @ a)
ks 3% 3= 33 3% 24 33 32 33 4z
2 8 wmE wmE ME 3 wE mS ME 33
g - S - B S B
° mE o wE 2 wE wE B
(Block) s 5k, 2 1.84ns 25208 225%s 13516 1.83"s 0.93"s (.58™s 8.88ns
A2 2 108.61™  47.56™ 32';‘2 183.34™  79.08™ 32.31"™ 23.64™ 151.22™
(Phosphorus)
&J:.
555 25 7 8.45" 7.68" 356 5429 937" 3.92™ 280"  54.16"
Biofertilizer
S5 355 X it
Biofertilizerx 14 5260 0.88"S  0.69™ 12,935 1.04"  0.30™s  0.21% 3,760
Phosphorus
(Error) Ua= 46 3.76 1.67 1.66 12.81 0.9 0.32 0.21 4.48

(Ao 3) Dl yets oy 12
(Coefficient of - 14.15 14.58 17.70 10.81 9.93 9.63 9.67 8.60

variation (%))

Ao s S o gy g 3 laame la s b S e e 5 % (LS
n.s, * and **: Non significant and significant P <0.05 and P < 0.01 respectively
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Figure 3- The effect of phosphorus on photosynthetic pigments in flowering stage of mungbean
(Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05)

il AUS Al e s (it Glae ST, 1 S5 s 358 Sl aglie —0 Ju
Table 5- Mean comparison of the effect of biofertilizer on photosynthetic pigments in flowering stage of mungbean.

a a5k b s ks £S5 S5 5508
bobes (0.5 55 S ) (0.5 55 S ) (05 5 Fa s S sae
Treatments Chlorophyll a Chlorophyll b Carotenoid SPAD
(mg/g) (mg/g) (mg/g)
(Control)ast 11.79b 7.09¢ 6.11b 27.64b
o5 pobss 14.33 2 8.94ab 7.59ab 34.78a
(Azospirillum lipoferum)
oo st g5 g
13.18 ab 8 be 6.81ab 31.76ab
(Pseudomonas fluoresens)
o sn g slS
14.01ab 9.02ab 7.65ab 33.35a
(Glomus mosseae)
L 51
ol 3 b 13.52ab 9.09ab 7.07ab 33.97a
(Azospirillum & Pseudomonas)
A 3 b 14.52 9.72 7.9 34.03
(Azospirillum & Glomus) o e 4 R
Y G
2 5 s 14.87a 9.96a 7.92a 35.48a
Pseudomona & Glomus
IS 5 bgesasm 5 05k s3]
(Azospirillum & Pseudomona & 13.38ab 9.17ab 7.15ab 33.75a

Glomus)
Gl e Sl o5 0 Jlazl a3 (LSD) s pxe il sl O3l bl i Gy glls (gla p Sibs Oy o 3
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).

Jﬂsdﬁﬁd}fjbﬁ)ﬁucjﬁjﬁjdf“ L&eb\bwl{)‘}qﬁ)‘yl}-@uaw
caH}ﬁ)éwpéuejﬁjwﬂdw sl SL g jais plead 58 1 as sl OLAS

AR



V€Y D)Lou:} Ak 8,9 c‘;ﬂ)} ‘_,LN.S .\AJQS

89S Sl o 055500 DU hd 5 5aS
Ol s opizmen (Y0) 3,106 Sl 56 S
S e \OIAV) @ S Ol 5 95
05 53 Sk VWb J35 IS (5 055 p S 3
(50355 0% p S ks 0/8V) A58 5 (5 03
CAJL)LM 53 (YW/AA) e kb s IS sae (pioman
Szt drgn posnslS B8 5 ol s il 6 S
AL slbes oS 5 L bl blad 5l o8 il
SALL il Jlad 5 555k 26 5 elise s s
Sl 5 sle oS 5 elisess s psl s T

OV dsd) 5,106 Sl pme

— ®ooaghks
% 14 - Chlorophylla
2 g
Palip 12 -
5 3
v &
2 10
£
v n
~ ¥ 8 1
s QO
SE
\2‘/ 2 6 -
\\7,\ Q
o E 4
DA} E
:i >
< 0
g 2
<
o
O .

(control) aals

#

Chlorophyll b

Sl IS sde i 5 (WS e58 5b L, IS
dsdz) 35 Lls me o3 S C}“’” > (SPAD)
o 53 Laosls Sl gl I Jol il (8
Olime cp e 313 OLES Lale JalS Oud
(G 035 pS 3 oS Je VA A by JS
A 5 (05 53 eSS VYO D i S
JMWJ(HQJJDEJJDK&QO/%)
e 53 0SS YYO o 55 (YV/EV) jia b IS
Cslen ol s el sy Sid bt 55
o 355 G pme ol 5 (LS 5o 0 SikSV0Y)
Sl gy ol gme oW golel Ll 51 aud
S Ksges Ol (YVY) O 5 le (8 ISK2)
b L ts i

SNPBL)

Carotenoid

Vo

OSa/p S 4ks) Jins
Phosphorus(kg/ha)

Gl Plam O sa3l elod y alie oy, (slls O st 2 53) olo olS Glails alS 0Ul Al o )3 (g5t stb sbao S5, o ind -8 |52

(05 s e sl A p3 0 Jlaz] o s (LSD) ,ls sxs

Figure 4- The effect of phosphorus on photosynthetic pigments in full pod-filling stage of mungbean (Means by the
same letter in each column are not significantly different according to LSD range tests (P<0.05)
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Table 6- Mean comparison of the effect of biofertilizer complete filling of pods stage of mung bean

a Jos ks b sl SN
Loled (05 53 ¢ S ko) S e Ske) (5 58 ke Fedda S 2
Treatments Chlorophyll a Chlorophyll b Carotenoid SPAD
(mg/g) (mg/g) (mg/g)
(Control) sl 7.54d 4.60d 3.70d 19.67d
(2 ”J ot 9.75 abe 6.18 abe 5.04 ab 26.03 ab
(Azospirillum lipoferum)
sl ol g 53
- - 8.84 ¢ 5.46 ¢ 442¢ 23.07 ¢
(Pseudomonas fluoresens)
T
9.55bc 591 be 4.79 be 24.62bc
(Glomus mosseac)
L 51
b polss 9.47 be 5.90 be 4.79 be 25.06 be
(Azospirillum & Pseudomonas)
5255 5 o sk
(Azospirillum & Glomus) 10.87 a 6.77 a 547a 2798 a
Y G
S e 10.45 ab 6.37 ab 5.29 ab 25.96 ab
Pseudomona & Glomus
oS 5 plsess s 5 pshs ool
9.93 abc 6.25 ab 5.08 ab 24.50 be

(Azospirillum & Pseudomona &
Glomus)

L, s s gLl Jloz| chw 53 (LSD) s e Gllis! 310~ Oesl polal p wlie Gos o gls lanSils O g2 8 5o

Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
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Figure 5- The relationship between SPAD and chlorophyll content of mungbean under the levels of biological
fertilizers and phosphorus.
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Figure 6- Changes in Total chlorophyll during plant growth period of mungbean under the levels of phosphorus.
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Table 7- Analysis of variance seed yield, shoot nitrogen concentration in vegetative and reproductive stages and
protein content and Leaf area index of mungbean.

PSRRI e al e o ol
PR ) Six-leaf Flowering $ls S P w2 Sas
Source df stage stage Protein of g
of variation O3 O35 Seed Leaf area .
) ) index Seed yield
Nitrogen Nitrogen
(Block) 5L 2 0.05"s 0.17" 8.67° 0.047" 48830.26"
(Phosphorus) 4.3 2 2.43™ 0.84™ 172.41™ 0.73" 1997005.93*
S 2 7 0.29" 0.08™ 2447 0.17" 241255.36™
Biofertilizer
Sedsh 355 X i
Biofertilizerx 14 0.03 ns .02 ns 1.97ns 0.02ns 17882.51 "%
Phosphorus
(Error) U 46 0.027 027 2.04 0.03 17899.46

O )
Coefficient of - 8.64 11.13 8.30 13.68 8.04

variation (%)

Aeops S5 o gy e 3 slame laas b S5 4 R 5 (IS
n.s, * and **: Non significant and significant P <0.05 and P < 0.01 respectively

e oS S e el 5wy 55 A3 (I3 5 hass dle e s lse ol G5 ke wls s Slas  jaud 38 3 Ko alis —A sl
Table 8- Mean comparison of the effect of phosphorus on seed yield, shoot nitrogen concentration in vegetative and
reproductive stages , protein content and Leaf area index of mungbean.

s el 035 %0 s el 035 %5 als 5 Slas
" P . s S L
. -y (ho,3) (S 5 A o (he)2) (AU b e 2SS :)v

ObSe 50 05 obS) nitrogen nitrogen (4202) (ksa S gk
Phosphorus concentration Six- concentration in Protein of . Leaf area

(Kg/ha) in leaf stage Flowering stage Seed (%) Seed yle)ld index

(%) (%) (kg/ha

0 1.65¢ 1.37b 15.72b 1450.42 b 1.18b

150 1.78 b 1.38b 15.62b 1549.04 b 1.28b

225 2.26a 1.70a 20.31a 19922 1.52a

L1 s ine osli10 ezt o 53 (LSD) Sl pme Sl 3l O3l bl i Gy glls (gla p Sibs Oyt o 3
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
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Table 9- Mean comparison of the effect of Biofertilizer on seed yield, shoot nitrogen concentration in vegetative and
reproductive stages, Leaf area index and Protein of Seed of mungbean.

S Al RIS e
. . Qls Sy als 3 Slas P
i Six-leaf stage  Flowering stage S
bootes L L (42,9) OB 3 550
v_ilya(mlu)ﬁj:f v_ilya(mlu)ﬁj:f ) )
Treatments Protein of Seed yield Leaf area
(42)2) (42)2) Seed (%) (kg/ha! index
Nitrogen (%) Nitrogen (%)
(Control).sts 1.53d 1.27b 13.75d 1336.56d 1.02b
5 :7
i poloms 1.92 abc 1.50 a 18.04 ab 1720.56 ab 1.40 a
(Azospirillum lipoferum)
s plE iz 52 5
Pseudomonas 1.79 ¢ 1.45 ab 16.22 ¢ 1546.67 ¢ 1.33a
(fluoresens)
A g0 A,'A/}J}K
1.88 be 1.51a 17.34 abc 1655 be 1.31a
(Glomus mosseae)
lisnsasee 5 pak s jT
(Azospirillum & 1.91 abc 151a 17.05 be 1652.33 be 132a
Pseudomonas)
st s s 2.09 1.59 19.11 1863.78 1.48
(Azospirillum & Glomus) A 7 e rea woa
I~ 3 o
s s 2.07 ab 1.56 18.35 ab 1797.56 ab 142a
Pseudomona & Glomus
5 bz s pslpes i
sl 2 abc 1.47 ab 17.88 abc 1738.11 ab 1.34a
(Azospirillum &

Pseudomona & Glomus)

L, s s gLl Jloz| chw 53 (LSD) s e Gll! 310~ Oesl olal p wlie Gos o gls lanSils O g2 8 5o

Means in each column, followed by the same letter are not significantly different at the 5% probability level-using

LSD, Range Test
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Table 10- Simple correlations index between traits with grain yield.
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