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Table 1- Soil chemical and physical characteristics of the research site
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Cm (%) (mg Kg™) (dS m™)
0-30 20 54 26 24.5 0.92 0.073 0.93 896 058 4.11 311 6 0.88

589 5y e S w8y S Ll o )l ine Cio cnl 555 2
(P=+/+8) 203,55 yl3 Hme o (nl 2 59y ) Jand 13 05, S
asllas 3590 0 5) 93 ) ag > UL S (1Ske |V Jgi2)
L 05 o8 5l cdo opl s las ol LS |y (gylo e cuglas
GMLEVY/Y 31 U (6)ds o5y 5l 48 5 Lols GME TYIY
sl 4y 5 3, 3 G5 ol e (Y Jp) o3 e
33y 5 7o bgpe SME DS 5 iy M5 (sl o) (nl (S5
S 25 ey 95 L5 F Jp2) less S0k anslin (1)
YEIO g YVIV (i dny iy 4 Znl g P2 jles 5l aigy jo GO
o Ve o YYIY bl jled U dulio o oS ud Juols M
Msine Civo cnl (595 32 G929 pmd Jlite g0y plis |y il
Ol 4 P2Zn1 Lo 5l dgy )0 BME slaai oy 5 iy 9 130,5
ladtl U zols ol (F Jodo) Ad Juols aig jo GO FO/YY
2 (V0) o)L g Mahmoud a5 ,> (VY) Khase-Sirjani
Slasws isl58l oyl cdyllas 3955 43 (V4 o)), 5 Yassin g Lo
Sloord 355 L 36 )3 (355 3,8 jlowd )3 &gy > SN
I olge lgime pbai S Sluogas dgu0 5l (56 Sl oo (P2)
O 9 el i ()9t ol 4 (o yid 3l
9 4y S Bkl Gl (Sea b g 28l Bpae oS polie
Dgd Ay 50 AL sl uli8l coge Sl polie Gia il

AL Hu dily ulaas

S mxe AWML 5ins sl )5 0 oolat wl b8y 93
o (Y Joda) ab samlie M 3 &by sl 3 (P>+/4Y)
a4 BME o 2 A FEY L (g)ho o8, 5l ME o il Sl yl5ee
S yiiio 0955 5 > Al dluad YA b 5 13, b S el cwd
ol a5l 5 S i ot ST Jyi2) 358,515 sl
Jssz) (P>+/+0) cuils cio ol 59y 32 )bisime b Jlos 9
O I gime 392 b ol (LS o (:Silee duolie Jga (g (Y
9 P2 )los M 3 &y 3lass o St o) 9 piad slojloss
aSads Juols BMe ja 10> b ¥/FY 5 ¥/0 500 4 i 4 Zn2
b g 58 5 S e el 0,8 S, 2 laleg S L 2
(Y Jods) Lol lis 1y (gl gime BV

@ P2 o 5l (Soiodom 3 )Sdas g ails 5 Shee (50 (5
A Cund S5 ol iS5 5,5 5LS AAY/Y 5 YYD )50
Byns (¥ Jodo) ol lis |y 0o pd YY/Q VA Linl3sl sals jlews
sl (So5gm 3Shas 5 4l 3 Slae (59 (s b stne U (5
YR lime 4 Zn1 les 510, Sles iSlis (Y Joda) (P>+/4Y)
I me MBI Z02 Jlas L oS ol s 4 )liSan 3 5l
Sl Cewd 4 Zn2 Hles 3l (S5edem 0 Sles Sl ol lis
54 3, Slos 1 59y 9 rhd Sbaylass Jlie 31V J5iz)
09rg 0l Lo (Y Jgiz) (P+1+0) 15 o inasSejglom 3,Sas
Ol & iy 4 (Sfglgm Sles g 4il 0 Sos Gline (p Pk
300)5 Jools P2Zn1 Loy 1,k 5 p)55lS ASYV/E 4 YOV
by L 1y (sdo)d SOIY 9 ¥Y/0 Liol38l el jlos 4y Camd oS
{V¥) ol)Len g Rudresh slamassl U gl opl (¥ Jois)
Yassing (Y#) Heijden 4 Scheublin (\Y) ,LSa» § Geneva
dg-reS dy ol plals gl ety cdills (V) o024
9 e 025 oLy & 42 b g(V)) 2,57 o0 e 5
G5 ol )3 () o) ol (i STy (59 395 Bpae 4 S
g 4l 3, Sloc (59 gy (i) 355 plgs Bpan A5 patito
ety Ln o alag5 s Goypao & o (55t (Sl 3,5k
2 ey Slid pgw (olend 395 Bpae e duslie iz en
2 p594550) P2 Lo L (LS 3 p)S9- LS 100) P1 jLogs
oiblS el o odlaiw]  Slawd ) slajles by olis (kS
P2 o 3,Skoe al3l) 3585 i (ploor 535S o
2 (0) (hlsSan s Azarmi gulo U gols ool (P1)les b duslio
ledsS oyl cedlles yd 5 (VA) o) Ken 9 Mirahmadi d 318
ol cobl (mli 8l egMe alllas () )3 o ool (s
o g3l plljdl eel (ol polie 103 5 ()95t piud
g4l 2, Slae b8y ol cblaio g 0u oS Sriwgid g Sy
PR (o ynd Gl Bl iy (S b Jgazme (SoSglgm 3 )Slee
258 1 Glall Al slaggeygn g5 5 (alie polis 4

a5 g yo SIUL ulaas

Py 31 i j31al (Lis uib)ly 4520 Jod gls
(P>+/+0) yiud 3 o8) Jlite Sl g (P>+/41) (59, 9 yiamd Jilie



IFAF Sl dyl = (1905958 Yo ylods YA wler (S5 g ST 4y s VAL

i gl 05, 93 3o <13l 9 3,Shos 2 (595 9 (T lmd (unrj (5395 51 odlisunl 5 iyl 4525 G -Y Jgus
Table 2- Analysis of variance of the effects of phosphate and Zn bio-fertilizer on the yield and yield components of two
cultivars of bean

Al Yer 49 e > ail> Gg e SUjelem 3 Slos 4l >, Slas
100 seed weight  Seed per plant Pg?aﬁfr B'(yiz?écal Seed yield A JOves I 9+
REDION (Source of variance)
Ol o ile (Means of squares) ¢ ()Df)‘ )
626%* gk 3.1™ 1927666™ 591872%* 1 (Cultivar)s,

1.3% 0.97* 24.6" 4213760%* 167817 4 (Replication)(s3,) 1,55
24.6%* 0.67" 280%* 13313996%* 1019708 3 (A) (Phosphorus) ,i.é
87.5%* 0.51™ 517%* 10967300%* 509736%* 2 (B) (Zinc) s,
10.5%* 0.17" 54.0%x 1316801™ 29987 6 AxB (Interaction . |

AxB)
; s s s A) (Interaction ,au.sé X o

0.3" 0.05™ 28.7% 1506835™ 29005™ 3 (A) (Interaction 2.5 3,

CultivarxA)
0.6™ 0.13™ 15m 59600" 51084" 2 (B) (CultivarxB) s, X o,
0.2" 0.43" 2,15 849027" 9425" 6 B (CultivarxAxB) XA X 43,
2 0.29 10.4 942652 24173 4 (Error)s
3.7 12.6 3.6 13.7 4.8 CV%) () e 5 (

daoyd ) g0 o )0 5 xe g 413 Gxe pE iy A # g % g NIS
ns, * and **: Non significant and significant P <0.05 and P < 0.01 respectively.
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Table 3- Mean comparison of phosphate and Zn bio-fertilizers simple effects on the yield and yield components of two
cultivars of bean

Yoo 039 3 &l 3 Slos

ol ' gy 3 A Sl aild 3 Slos
100 seed Seed per Pod per Biological Seed yield (Cultivar) 5,
weight plant plant yield
(g) (Kg ha™)
34.4b 391a 33.7a 6884a 31287b oo =C, (Talash)
40.3a 4.62a 33.3a 7211a 3309a &30 —C; (Sadri)
36.1c 4a 28.5¢ 6031.7b 2915b Py
36.8bc 4.27a 32.6bc 6761.2ab 3150ab P,
38.8a 4.50a 37.7a 8057.2a 3445a P,
37.7b 4.27a 35.2ab 7340ab 3365a Ps
35.2¢ 4.12a 28.1b 626.7b 3056b Zn,
38.9a 4.27a 36.5a 7433.3a 3339a Zn;
37.8b 4.41a 35.8a 7442 3a 3260a Zn,
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Means in an each column and part by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.

C;: Talash cultivar, C,: Sadri cultivar, Py: Blank, P;: Use of 100 kg ha™! TSP, P,: Use of 50 kg ha! TSP + Phosphate bio-fertilizer Ps:
Use of phosphate bio-fertilizer, Zny: Control, Zn;: 50 kg ha™ ZnSO,7H,0, and Zns: Use of Zn bio-fertilizer
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Table 4-Effect of experiment treatments on the yield and yield components and mean groups

Al Yeer oyig A > &ild g > A N9 am 3 Nlos &y 3 Slos (Treatment)

100 seed weight Seed per plant Pod per plant Biological yield Seed yield e
© (Kg ha)

33.94¢g 391a 23.34h 5248.3a 2648.8a PyZny
36.64def 3.83a 29g 6548.3a 3096a PyZn,
37.80cd 4.33a 33.16efd 6298.3a 3026.8a PyZn,
35.72f 4.16a 28.20g 5411.1a 2987.6a P\Zny
37.61d 4.41a 33.83ced 7386.3a 3315.5a P\Zn,
37de 4.25a 35.84cbd 7486a 3146a P\Zn,
35.17fg 4.25a 29.50fg 743.6a 3339.3a P,Zn,
42a 4.67a 45.33a 8671.6a 3520.1a P,Zn,
39.21bc 4.60a 38.34b 8063.3a 3477.3a P,Zn,
36.20edf 4.16a 31.67efg 6971a 3251a P3Zn,
39.57b 4.16a 37.83cb 7126.7a 3392.6a PyZn,
37.41d 4.5a 36.16¢bd 7921.6a 3451.3a P3Zn,
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Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.

C,: Talash cultivar, C,: Sadri cultivar, Py: Blank, P;: Use of 100 kg ha! TSP, P,: Use of 50 kg ha! TSP + Phosphate bio-fertilizer
P;: Use of phosphate bio-fertilizer, Zny: Control, Zn,: 50 kg ha™! ZnS0O,7H,0, and Zns: Use of Zn bio-fertilizer
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Table 5- Analysis of variance of the effects of phosphate and Zn bio-fertilizer on shoot nutrient concentration of two cultivars

of bean
o e gy bl peely hed Oj9s
Cu Mn Zn Fe K P N (Source of variance) <! puas sl
Ol o Sl (Means of squares) (DF) ol3f as 3

38" 8" 145% 435" 0.22%* 0.001™ 0.32%* 1 (Cultivar)3,

6.5™ 75" 23™ 132 0.02™ 0.001™ 0.004™ 4 (Replication)(s3,) 1,55
246%*  1745%%  407** 11877 0.75%* 0.05%* 4.5%* 3 (A) (Phosphorus) ya.é
121%* 258™ 484 793kx  (46%* 0.02%* 1.2%* 2 (B) (Zinc) 9,
18.5" 125" 163™ 225" 0.0.7**  0.003™ 0.04™ 6 AxB (Interaction AxB) |lie il
4.4™ 255% 232" 147™ 0.11%* 0.006* 0.4%* 3 (A) (CultivarxA) ,aus x 3,
57.7 120™ 97"  36.2™  0.07**  0.009%* 0.18™ 2 (B) (CultivarxB) ¢4, X o8,
317" 194" 17" 74" 0.02" 0.003™ 0.05" 6 B (CultivarxAxB) xA x .3,
22.6 89 30.6 111 0.01 0.001 0.06 4 (Error)las

10 10.8 12 5.7 5.6 11.5 7 () &5 ey (CVY%)

Do Y g 0 e 3 )b xe g 40 dze pE )i s g s o NS

ns, * and **: Non significant and significant P <0.05 and P < 0.01 respectively.
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Table 6- Mean comparison of phosphate and Zn bio-fertilizers simple effects on shoot nutrient concentration of two cultivars

of bean
ome Pe 4, ool ooy Sud 595
Cu Mn Zn Fe K P N 2, (Cultivar)
(mg kg™) (%)

28.8a 87a 44.8b 182a 2.4b 0.35a  3.6b o8 -C; (Talash)
3022  87.5a  47.6a 183.5a 2.5a 0.36a  3.8a e —C, (Sadri)
25¢ 75.6b 41d 172.3b 2.2¢ 029c  3.1d P,

28b 82.5b  44.2¢c 183.23a 2.4b 0.33b  3.5¢ P,
23.5a 95a 52a 192a 2.7a 0.41a 4.2a P,
3132 95.8a  47.6b 183.5a 2.5ab 0.39a 4b P;

27b 84b 41b 186.2a 2.3c 0.39a  3.5b Zn,
30.8a  90.5a  49.5a 186a 2.6a 0.34b  3.9a Zn,
30.9a  87ab 48a 176b 2.5b 034b  3.8a Zn,

Asb oo a0 )3 B Jlain] gdaw 1 S geil oll o 4l gixe BMS) 181 win S yiitio By o 0 JBlas Cond o 13 85 Sl Sile Coond g o )y
(Pl G 295 Bypao P3 o land s 365 olyan a1 S5 Sliud g 1S )3 p SIS B0 e P (5 Slid g 1S 3 2SS N1+ B Pl P cisy00 08 1Co (5 3, Cy
89y (s 055 Zn, 5 59y Olgw ;LS )3 p)S5lS 0+ B pas Zn; wals Zng
Means in an each column and part by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
Cy: Talash cultivar, C,: Sadri cultivar, Py: Blank, Py: Use of 100 kg ha’! TSP, P,: Use of 50 kg ha!' TSP + Phosphate bio-fertilizer P;: Use of phosphate
bio-fertilizer, Zny: Control, Zn,: 50 kg ha" ZnSO,7H,0, and Zn;: Use of Zn bio-fertilizer.

2 bg) o 93 (o2lg eIl lié polis CBIE p pbulesl (sl lo 5T -V Jgur
Table 7- Effect of experiment treatments on shoot nutrient concentration of two cultivars of bean

o e &9 ool powlly  hed ek
Cu Mn Zn Fe K P N slowd Treatment)
(mg kg™ )
22.2a 72a 35.6a 172.6a 2d 0.34a 2.8a PoZng
25a 78.4a 45a 180.3a 2.3¢ 0.29a 3.2a PyZn,
28a 76.2a 42a 164a 2.2¢ 0.25a 3.3a PyZn,
25.2a 8la 37a 192a 2.3¢ 0.34a 3.2a P1Zn,
29.7a  89.6a 48.6a 180a 2.4bc 00.32a 3.7a PiZn,;
29.6a  76.8a 47a 177.8a 20.4bc 0.3.4a 3.5a P1Zn,
31.5a 89a 49a 190a 2.4bc 0.46a 3.9a P,Zn,
36.8a 100.8a 53.4a 202a 3a 0.38a 4.4a P,Zn,
32.2a 95a 53.5a 184.3a 20.6b 00.39a 4.4a PyZn,
28.8a  93.6a 42.6a 190.4a 2.4bc 0.42a 3.9a P3Zn,
3172 93.2a S5la 181.5a 20.6b 0.38a 4.2a P3Zn,
33.6a 100a 49.5a 178.5a 20.6b 0.37a 4.1a P3Zn,

ol (Sl (glaials bz y905] 2o y> B prbans 53 3 ime CEMS pae oaimd Ui ygtar yb )3 liie gy
D9§ bl)a.b 4 J:.’J‘): Slawd 2o )l.'fsda » F;#()' L$).».4‘o :Pz AJ.AJ)J Slawd o )L’.‘S\h » H§5LS Voo d)..a.n :Pl Wald ZPO Syl pé) ZC2 ‘QLM; pé):Cl
89) ) )9{ Zn, 989 ul.a)}u )L‘&m 2 P;}LS RS d)m Zn; wals Zng sdw ) )9{ d)m P su_i[n.».& )
Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.

C;: Talash cultivar, C,: Sadri cultivar, Py: Blank, P;: Use of 100 kg ha™ TSP, P,: Use of 50 kg ha™ TSP + phosphate bio-fertilizer Py:
Use of phosphate bio-fertilizer, Zn,: Control, Zn;: 50 kg ha™ ZnSO,7H,0, and Zns: Use of Zn bio-fertilizer
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Introduction: Use of unbalanced chemical fertilizers especially P, having low absorption efficiency and low
solubility compounds with soil components, has resulted in the production and use of bio-fertilizers (17, 23 and
29). Bio-fertilizer is a preservative material consisting of one or several specific beneficial micro-organisms or
their metabolic products used to supply plant nutrients and development of root systems (29). There are a lot of
micro-organisms in soil capabling help to plant nutrition and uptake of nutrient elements in different ways that
can be mentioned by the dual symbiotic relation between micro-organism and plant. Mycorrhizal fungus and
plant growth promoting rhizobacteria (PGPR) such as Azotobacter and Pseudomonas are able to increase uptake
of nutrient elements particularly when they are applied with others and hence they increase the yield of different
crops (12, 14; 24 and 30). P solubilizing fungus and bacteria facilitate uptake of slowly diffusing nutrient ions
such as P, Zn and Cu and increase their availabilities usually by increasing volume of soil exploited by plants,
spreading external mycelium, secreting organic acids, production of dehydrogenase and phosphates enzymes and
reducing rhizosphere acidity (9, 15, 19, 23 and 26). The main beneficial use of micro-organism is increasing of
host plant growth. It can be done with increase of nutrient elements uptake. The main objective of this study was
to evaluate the effect of P and Zn bio-fertilizers on yield, yield components and shoot nutrient elements in two
cultivars of bean for the first time in the Chaharmahal-va- Bakhtiari province.

Material and Methods: This field experiment was carried out as a factorial in a randomized complete block
design (RCBD) with three replications. The treatments of this research consisted of two cultivars of Chiti bean

(Talash and Sadri), four levels of P (Py: Control, P,: Chemical fertilizer on the basis of soil test, P,: 50 percent of
recommended P + bio-fertilizer (P), and Ps: bio-fertilizer (P)), three levels of Zn (Zn,: Control, Zn;: 50 kg ha™'
Zinc sulphate, and Zns: bio-fertilizer (Zn)). Bio-fertilizer (P) treatment consisted of mycorrhizal and five strains
of Azotobacter chroococcum. Bio-fertilizer (Zn) treatment consisted of Pseudomonas aeruginosa strain MPFM
and Pseudomonas fluorescent strain 187. Grain inoculation (5%) was done in shadow and after drying,
inoculated grains were immediately cultivated. Two g of mycorrhizal fungus was applied at the base of the grain
hole just prior to sowing. Chemical fertilizers were applied from TSP at a rate of 100 and 50 kg ha™ in P1 and P2
respectively, 50 kg ha-1 ZnSO4.7H20 in Znl and 50 kg ha-1 urea as a starter before planting. The size of each
plot was 3 x 4 meters. Statistical analysis was done with SAS) statistical software. Duncan’s multiple range test
was used to separate means.

Results and Discussion: The results revealed that there were significant differences between the two
cultivars on seed yield, number of seeds per pod, 100 seed weight and concentrations of nitrogen (N), potassium
(K), and Zn, but there was no significant difference between the other parameters. P treatment showed a
significant effect on the examined parameters except the number of seeds per pod. The highest content of yield
(3446 kg ha™') was observed in P, treatment (18.5% seed yield increase). Zinc treatment also had a significant
effect on the parameters being studied except the number of seed per pod and manganese (Mn) concentration.
The maximum seed yield (3339 kg ha-1) was monitored in Zn, and Zn, treatments. The effect of interactions
between P and Zn was significant on the number of pods per shrub, 100 seed weight and K concentration, but it
was not significant on the other parameters. However the highest content of seed yield (3520 kg ha-1) was
obtained from P,Zn, (32.5% seed yield increase) treatment. Our results were similar to findings of other
researchers (1, 3, 12, 15, 17, 26 and 30). They reported that dual inoculation increases plant productivity. In this
study, phosphate and Zn bio-fertilizers caused an increase in yield, yield component and shoot nutrient by
increasing nutrient uptake, photosynthesis, growth hormones and creating favorable growth conditions. Also
results showed that the consume of P fertilizers were decreased (50 percent) with proper integration of chemical
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and bio-fertilizers. These results correspond with the results of other researchers (17, 22, 23, 24 and 27).

Conclusion: In this research proper integration of bio- and chemical fertilizers was shown to increase yield
and yield components with increasing and improving P and other nutrients’ uptake in both bean cultivars. The
result also indicated that combining bio and chemical phosphate fertilizers increased the efficiency of phosphate
fertilizers by 50 percent. Sadri cultivar is a suitable cultivar for Chaharmahal-va- Bakhtiari province and regions
with a similar climate.

Keywords: Phosphorus, Zinc, Mycorrhizal fungi, Bean (Phaseolus vulgaris L.), Insoluble phosphorus and
zinc solubilizers



