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Article Info ABSTRACT
Article type: Background and objectives: Beans are one of the most important
Research Full Paper food sources in many parts of the world due to their high protein

content. According to geographical conditions, drought stress in Iran
is one of the most important threats to agricultural products.
Disruption of photosynthesis, destruction of cell structures, reduction
of stomatal conductance and plant growth are among the effects of
drought stress. Today, the use of biofertilizers based on soil
microorganisms is one of the main goals of sustainable agriculture to
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Keywords: improve plant condition. In addition to improving soil structure,
Drought stress biofertilizers improve plant growth and yield under stress conditions
Malond}‘l‘?‘ldehyde by increasing root morphology, increasing nutrient uptake and
Przlci?lrr e increasing antioxidant power. Due to the negative effect of drought
Yield stress on crop yield, an experiment was conducted to investigate the

effect of biofertilizers on physiological characteristics and grain yield
of red beans in different irrigation regimes.

Materials and methods: This experiment was performed as a split
plot base on randomized complete block design with three
replications in the research farm of Yasouj University in 2016.
Experimental treatments include irrigation at three levels (normal
irrigation, irrigation cut-off at the beginning of flowering to the
beginning of podding and irrigation cut-off at the beginning of
podding to maturity) and biofertilizer at four levels (control or no
application), Biofertilizer (application of mycorrhiza fungus,
phosphorus solubilizing bacteria and combined application of
mycorrhizal fungus and phosphorus solubilizing bacteria). The red
bean seed (phaseolus vulgaris) used in this experiment was a
Derakhshan cultivar and the mycorrhizal fungus used was
Funneliformis mosseae. Phosphorus solubilizing bacteria (Phosphate
barvar2) base on Pseudomonas putida Strain P13 and Pantoea
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agglomerans Strain P5 were used as seed inoculation at planting
time. Sampling was done randomly at the beginning of podding stage
and in the middle of grain filling with respect to the marginal effect
in each block in order to measure percentage of electrolyte leakage,
leaf relative water content (RWC), content of photosynthetic
pigments, soluble sugars, proline and malondialdehyde (MDA).

Results: The results showed that different levels of irrigation were
significant for traits such as RWC, electrolyte leakage percentage,
MDA content, leaf proline content, leaf protein content, soluble sugar
concentration, total chlorophyll content and carotenoids. The effect of
biofertilizer was significant on all traits except the RWC. It should be
noted that the interaction of irrigation and biofertilizer was not
significant on any of the studied physiological traits except for MDA.
Irrigation levels and application of biofertilizers also had a significant
effect on grain yield, the combination of both biofertilizers was very
effective on grain yield, especially in stress conditions. The grain
yield was more than control in the case of irrigation cut-off in the
flowering stage and in the case of irrigation cut-off in the stage of
podding to maturity by 45 and 38%, respectively.

Conclusion: The results of this experiment showed that drought
stress in the form of irrigation cut-off reduced the concentration of
photosynthetic pigments, increased the levels of physiological
degradation and thus reduced the grain yield of red beans. In
conditions of drought stress application of mycorrhiza biofertilizers
and phosphorus solubilizing bacteria, by reducing the damage caused
by drought stress, prevented the reduction of bean yield. Also, the
application of biofertilizers in normal conditions significantly
increased the yield of red beans.

Cite this article: Tanhaei, R., Yadavi, A.R., Mvahhedi Dehnavi, M., Salehi, A., Rafiee, S., Hamidian,
M. 2022. The effect of mycorrhizal fungi and phosphorus solubilizing bacteria on
physiological traits and grain yield of red bean (Phaseolus vulgaris L.) in different irrigation
regimes. Crop Production Journal, 15 (4), 39-62.

oIS © The Author(s). DOI: 10.22069/¢jcp.2023.19247.2438
@ Bv. NG Publisher: Gorgan University of Agricultural Sciences and Natural Resources

<o



L/ =33 OBl s o [ﬂ;

L \ TeeA-Yrax: ale Ll T
du’fs Yook CE B eE,

YE-T 1 Sy mI Ll (O g b2

g1 SO oot 3 el pale Gandd

410 9 ;hos 9 939999 300 Slio 1 i OIS US> (53551 9132 3553bo T 56 6
SyWT Glio sy §y 30 (Phaseolus vulgaris L.) w 9 Wy

-\C’\i-o\-:o-" Aaeo seﬂ) 4-:6-« siﬂu &f‘ e"‘_g‘,&ﬁé‘_g-\.‘"’ﬂ a.w."u sﬁ“d}-\-’: qubjy‘-‘ )&L@—'J 4.;3)
roghayeh.tanhaie@gmail.com : La,l Ol izl ozl o215 (53, 5LE8 0aSls (UL Flal 5 eely3 058 )3 Al i)l gl 25l
yadavi@yu.ac.ir :4tLl, ol Tk b S (g3, 5LiS suSLils (LS clol 5 cels0s5 bl
movahhedi54@yahoo.com :wtLl, Ol ! Tk b S (g3, 5LiS suSLils (LS ol 5 celys0s 5 Glals”
aminsalehi@yu.ac.ir: :aslL1, o ! Tk b S (g3, 5LiS suSLils (LS clol 5 cels055 Glilst
s.r_1363@yah00.com :wsbll; 0l nl g sl ozl o2l (55558 0aSCiils (UL Aol 5 el 0,8 «oly5 DS (550558 (6553 g smtils’
arashhamidian9@gmail.com:asbl |, il oz sl g sl o213 ((5355L2S 0aSils Wbl FUal 5 oly5 05,5 (oS Sl 5 5 S5 it IS Smidlst

GJ:S.? dle olelbl
33 Sl gams oS g Julse L-ﬂj“(,.@,a)'\u_@ Sis 25Ol byl s 4y e g 25— ol JoS i

J._ﬁ)jé\d)'}) CA.lU.A u,';.kls géjlﬂ: 6&)[3}@ VJ“JPJ nk&;ﬁﬁ));}&?}‘)})@)w@
Q]JU"’[}J'.’JI’@:“‘;;'W{) du)ﬁ)‘eém..qle)jﬁl wléﬁ.}wullﬁlwﬂelﬁf

J..,aLJ« g_).).> u’:"l\fa‘ Al Léil)jjjﬁ)}‘ Q\Jxij‘dl} Ol S ¢ a}U.O 6)5[}

VEve/eA/NO ZC,.:QLL‘)é @‘;Lv
VEOVVYA 1S s b

) ) VENNY 2 g
Sde S ks 5 OlalS s Sas 5 Ui 35 s SIST ST o8 il

(SIS slassl
ol il Sy oo o8 g gails 5 Sas 5 K55 50 Slio 5 2o e S . é&?;:
A pl] P

3 Sdes

Bl oS b b B s edd s 5 Gl S O son (Tl il b, g 5l s Ladlga0 sl
Lol A L WAL Jle 3 7 gl oy Slido (saes50 53 1SS am b ol e sSile

L ol g0 s a3 (ol @b gome (511 o 4w 53 Ll Jols e
53 3 355 5 (Shs B (a0l 5505 s a3 (ol alad asaille 5,0
Aed o kiS o (8L 550k 2B 0,0 (s 38 5,08 pde b dald) s Sl
bl 53 eslial 3550 5y Gied oS o 5 ,5L 5 135Sk b (Ty" 508
sy S ol Sl g 5 2 0L s o8 (Phaseolus vulgaris) 5 3 L.,
ol (Yl olid) i eS| o S s s Funneliformis mosseae
&, 30w  Pantoea agglomerans Strain PS5 s Pseudomonas putida Strain P13
Ol haslyl 5 ol gy 0 Al e s S hges A el il Ol s Jbeyds
G s Sl e Sk e s el il b sl S s 4 4l

ijjﬁ ¢Jj.\>u: 6[.%.1.5 ‘LSJ.L'M"IB Lgl.hejsi.u Lg‘}:m ¢;§qu1 L;‘j;'}r.d c@.:‘}jlg‘

£



A el Sy a0 e

S o A Glme O Slio okl il o glan oS 5l 0L s tlaasily
cble (S s oS s Ol el (63 Ol Ol e e s SISl A s
S g e 355 2,08 s s e A5 5 S J5 IS sl s sl slad
e e 358 5 Sl ESer b s e S s O el Ole sz Slis
T 35 s e anllan 550 555 Sl Sl plS s ] (63 0l Ol
33 23,8 Gl (als (6l me U 50 ails 3 Shee s slas S 5,00 5 ol
3 Slas oS Gl S 4o p He sl 55 L0 s Lo pase oS 5 Ses s 5 S
s don i asolle U aalS gal> e 53 gl s Ll s e cnl 3wl

.>ﬁMu)u;5\;u;ﬁM)>rAdf%w)udw_auéwﬁ);@gdé@w

Sl ol ol i g a (S 5 a8 sl 0L ilesl ol el rs S A
2 8kes RalS s 53 5 St A e I s sl S, ke
515058k s glan S 508 (Ol wad) (it 25 Lol 0 s e B Lo sl
GRS Sl S e e (S 5 (U ol S L il eSS0
J=B Rl eel A O il s o slas S 5l mzman il Lol 5 Slas

A e ) e s g S

R aJJJSJ;— 6,*5\;)@))5\{\.» GJDJ—JL (\i~\) r “)LL.L.‘@:- co ‘Lf':é-) o ‘L?JL.a ‘.r ‘6ﬂ3&5.b-}a ‘.C‘éj.li “) ‘&L&.‘; M|
OLalS )y aloes g Lol il sy s> (Phaseolus vulgaris L.) 5o 3 Ly «ls > Slas 5 K355 58 Slao
Y-y (&) Vo el

DOI: 10.22069/€jcp.2023.19247.2438

a5 © OB S b o 5 (355l psle oSl 1,20

£y



O)So 9 (S a8y [ Sy 5olg 3ud COlao i shund 2SS (535U 9 132,050 Lo g, 8 WU

laasl () K53 e il 63,les shabl
@1?15455\: OLLS (YY) UL 5 Soy5 s e
o 2B i el B s 1,500 206
5 Si gosle il bl el o, ol (sl o
2.0 s i i oo el s, Sl
SELPRIEPRRpIES Ols Sl (55 » 45 (gl g 2
Show 3 10/00 Jals el i i as
2o 2l Lal s 0l Sl (gadils 5 Shas
ils s, Shes [l Ecel HUSLlT 1, Sk
e ) S el (V0 u el o
et bl Sl esliad Sl 6555LES leelSs
A5 s lmiig sk 4 00y Dils g 5o
O A 2l s e S Lo
WS L llabs  oslle @3S (gladlS 15 S
38 Doge o LB Ssen s
=l ol Sl e g L colg s &S
S b Jemily G ol el (S S8
Gl ol 55158 (VD) s ol abele sl
oS J slags SL 5 155Gl 2 5,8 5.4l
j\rZUQ)LM}JASJaSMJJMJJM
a2 (W) diS e Jos BB g0 Dopso 4 AT
w&a}Q\ﬂ\);ﬁﬂw\@jp
b gl Oliad 53 olS pl S N Y e 51 i
OISl 555 3,5l COA) 655 5 Ol ) ool
B s Dlid eis f o sl s
o Sl A ool als sl w1500
S o 4 s opl ey Sl 50508 )
L 2l oo @) else 0l 2,08 e o)
Sl G 6 S Sl s (s
il slan 5y 53 a8 Lo olS 5 Shes Jonily

A plomil (g5l

&y

dodde

e B Lo ya Lo o dls 55, e
el a il UL caw M s ol ol
ol 5y JeSe Olgs 4 O 51 el Al
= Ol 53 (Y V) 5 S el Ol 5 o o1 o055
Sl paS e Sl St g w5 L
Sis s 5 i el 5 Sler S5l s
e iS 3 gdmen Jalse o Sage 3l Sa (25 (1) O
e S s s (8) el OLalS 5, Shas
o SAS 5 gladsl 5 ey (e slaslrle
dy 50, Jlil s 3 Jlde) s
(0) 553 o 335 ool Jad 5 nST laas S
O eSSl or o JUab 0351 sl S
Lyl b s dalisno Il W5 amss s olie 4
Sl e KA RS LS e (S A
GRS wmd 5 S a5 (R g e @

(V) 5535 0 Lugd 5o als O3 5 5 Shes (s
ok 5l Dlind oS > (6 S sl slassS
S ol b 5 bl 35 s bS50
5 M sl 5 Ol BLalS o s ol
LS iy s Sol oS sladsesn yo Ol s
L Lo ,Sh ol (8 A W) Wsd e 25 il 3
Corge pakle s JUsladel Gblis o 3T s
Ay 3y dmd 3 gl uolie Gl il
V) Wyt St i s oS
Sy I 4 il oS o lags Sl eslana
S S e Sl 5 S s Sl
OV W S 5 o olS ol s Sas Jials
slas S C\jj\ 51 S Funneliformis mosseae G)B
e pobe Sl RIB1G b 5S e ae
Sl ool i (Bl (055 25 5 ke L)
3 Sopi (SEF) 0k b S ol 5 e glis



Y€+) & D)Lou:} do 8,93 c‘;ﬂ)} ‘_,Léb.f .\AJQS

GNP LY el Yol Slind as
Pseudomonas putida Strain 4,1,) Sliws oS |~
~» 3 (Pantoea agglomerans Strain P5 4 P13
Al o I pames Sl o S

oslenl Jloyd sy Vool Dlind 558
35S (oS V0 0) wi Sl ke s S
se3,S Jom Ol ;md ss 50 Y a5l lind aess
ol Gl Jlows .3 S Gl 0T 0l > 5l A
odd (Sl o L Loy 503 S (6l Lo (555
L ais osls S, 8 by 9 dd bl o9 4
0 ol S 5SS gk L S S
s S eslanul Hdy 5350 5 oh b ekt eles
28 el Bl Slas

b 5 s Sla S s be sk«
S (g, S =T e Slae e SL
S a5 @L:.}\ Jadar 55 s (615 50l 5as
S s leesbel Sllas .l 0l 6351
¢L>_L}\ Sooslas Slsl 3l eslewl b ool cigus )l
Sl g J e sl 5 g 258
e 0 dsb 4 ciS bt bls oS el bl
ol s s S b s e Sle 00 salsls
(C.szﬂ,; Wy b)) e Sle 0 s, g, baa sy
27 Dl e 35S (S Ogesl a5 Loy
Ol s 4y 0l JJS))L:.(.AﬁCJf}L:SVO Ol &
Q..';lSQLU'):ml;-J»):):)L:KA);pf}L"S\H
W S )5 sl 54 JAM g Sk 50 5
L Sl Sl (¢ Se3lll 6 (5 S e g
iy 53 OLalS Ll sl gledl- Gl cols,
5 P g0 gal e 5 5o SHb e s b
A plal @l 0Ly el

£¢

g, 9 dlge

Glass S &y smn \TAE Jle s ilesT ol
L Bslas llS slas 4l leo A [E PP e
oA Lils Sl (gas )50 5o Ol S5 A
0V oLl Jyb L sl oKl (g5o5li8
Vo pWlar e (Bh e YT e
3h e YAV Cl_;i_?)\) Sl gaids YA 5 a5
(olel bels bl gl s 121 Lo o
k> o s bl plas ¢ JalS oD Tl 4w o
| tla_“a (—assle g5 b auls gars
3255 5 (Shes B o0l g5, sal> 5
G)l_“e s ,ls L(&AJJJS r.)&) Jaly) cb.w BIVENgE
elom 3 LS 5 i edsS o (o SL Sl
s Gied oS - 6 SL s sl 6
—p o L&.Qﬂ); ole .l 5,0
o=l o Olis s o) «(Phaseolus vulgaris L.)
OV ) sadme Ay 5 odli] &y ¢ shls o
o 5 Ay a3 e gl YO-£ CL&J)\ BEWRPLY
5 Asl s Diio-iv Gl Ao O Gy 0=V
Los) Joome Silise s s Solon 4n o
i o Sl s —— 5 BCMV)
Sl Slse rons & Cand 5 pslie BYMV)
08) sl olem 4 ( CMV)

Lacia gl Ul 15,00 g
S 1sSle B slad Sl 5 ad e
SedS 3l s augs) Funneliformis mosseae
i (Olian Uil Sliw g Sol8) i 5alS
e YYY 20 gsl>) S s Dijlﬁsm Ol jas
<=l_5 Loy aS15,0le 35S 4l ges D_?J_A):
Slid s 255 5 (CiS ond o st a8
Ol3om 40 (e 55 3 S5 3l ok ) Y
555 .ob S 5 esla :))»)L:.(A)_smf\n



O)So 9 (S a8y [ Sy 5olg 3ud COlao i shund 2SS (535U 9 132,050 Lo g, 8 WU

as e S plad 5 (b Slio & o) Jor

Table 1- Some soil physical and chemical properties of the plot.
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Table 9- Mean Comparison the effect of biofertilizers at each irrigation level for red bean seed yield.

ol 7 olaw Biofertilizer levels OeSa 1 0,5 5k8) wils 5,
Irrigation levels i) Se3SS s Grain yield (kg.ha'!)
sz Control 2888.33d
o i oS |= clae s, Phosphorus solubilizing bacteria 3585.00c
So .
> ) ) ) 15,55 Mycorrhiza 3819.17b
Normal irrigation o . i
Phosphorus solubilizing bacteria + Mycorrhiza 3999.17
DussSile + aed 058 - slais S e
il e 53 s astz Control 1130.83c
s Sl b as IS i oS |= s s, Phosphorus solubilizing bacteria 1495.83b
Irrigation cut-off in ;2,554 Mycorrhiza 1460.83b
flowering to Phosphorus solubilizing bacteria + Mycorrhiza
podding stage 150 5Soke + id 0138 o (sla s 5L 1635.83a
) Lz Control 1532.5¢
st 2 Ll B Phosphorus solubilizing bacteria
Sy b sl i o5 o slngs S 2004.17b
Irr(li%ia'ltlon cut-off in sl Mycorrhiza 2055ab
t turit
PO m%t;g;na ity Phosphorus solubilizing bacteria + Mycorrhiza 212,50

o5l + jind oS Jo slas SL

il o LSD 05051 a5 0 Jlazl o 53 s me sl BB oS 2 G5 S BBl (sl (slacSSLa

The averages with at least one common letter have no significant difference in the 5% probability level of LSD test.

oSl s gl S adl s LS
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