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Table 2. Mean comparison of phosphorus and zinc treatments on the seed yield and nutrient concentration of two
cultivars of bean
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Means in an each column and part by a different letter are significantly different at 0.05 probability levels by Duncan's Multiple range test.

C1: Talash cultivar, C2: Sadri cultivar, PO: Blank, P1: Use of 100 kg ha? TSP, P2: Use of 50 kg ha TSP + Phosphate bio-fertilizer P3: Use of
phosphate bio-fertilizer, Zny: Control, Zn;: 50 kg ha* ZnSO,7H,0, and Zn;: Use of Zn bio-fertilizer
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Table 3. Mean comparison of interaction effect of phosphorus and Zinc treatments on the nutrient concentration of two
cultivars of bean
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19.31cd 37.41a 28.05def 104.21a 2.02a 0.45a 3.87bcd 3313d P3sZno
19.90bcd 32.76a 32.77h 80.08a 2.28a 0.44a 3.84cde 3516b PsZn
21.45a 35.41a 31.04bc 91.18a 2.37a 0.42a 3.80cde 3457ch P3Zn;

sl (Sl (glasaloaiz yge3l 0o 0 B grhans [0 lo cire BN pae sz yLis gt o 50 aline By,
595 e Py Slind iy 065 olyed 4y Jou 5 Slid pygur JiSa 15 0 Fol SO+ e P fu 5 lind jge 1Ko 43 Sl e+ G pan Pr als Py 5,00 13,Co 33k 3,C1
89y o) 055 Zny 4 9y Dlidgu LS )5 6, 5LSD G pas ZNg wals :ZNg (Slawd s
Means in an each column by a different letter are significantly different at 0.05 probability levels (P < 0.05) by Duncan's Multiple range test.

C: Talash cultivar, C,: Sadri cultivar, Py: Blank, Py: Use of 100 kg ha™* TSP, P,: Use of 50 kg ha® TSP + Phosphate bio-fertilizer P3: Use of phosphate
bio-fertilizer, Zny: Control, Zn;: 50 kg ha™* ZnSO,7H,0, and Zns;: Use of Zn bio-fertilizer

ozlag oy 30 410 50 (IdE ol Cbloy Gl3ae 1 (595 3 i Syl 7T Clio (uSiles dumgliio -F Jour
Table 4. Mean comparison of phosphorus and zinc treatments on the nutrient uptake of two cultivars of bean

o P 89 Rel Uiy o 0395 Sloss
Cu Mn Zn Fe K P N Treatment
Kgha'! (;use ;0 0 ,59LS)
0.06b 0.10b 0.09b 0.27b 66.0b 8.90b 118.5b Talash x5 -Ct Cultivar -3
0.07a 0.12a 0.10a 0.32a 76.6a 9.75a 131.3a Sadri 5,00 -Cz =
0.057d 0.09¢c 0.07d 0.25¢ 54.0d 6.12d 103.5d Po
0.065c¢ 0.11b 0.09¢ 0.29b 68.8¢c 8.27¢ 120.4c P1
0.073a 0.13a 0.11a 0.33a 85.8a 12.10a 143.8a P2 P s
0.07b 0.12b 0.10b 0.31ab 76.6b 10.84b 131.7b P3
0.06b 0.11a 0.08b 0.32a 62.6¢ 9.52a 111.2¢ Zno
0.07a 0.11a 0.10a 0.27b 77.3a 9.524a 134.2a Zm ZNn s,
0.07a 0.11a 0.10a 0.3ab 74.0b 8.94a 129.3b Zn,

Wil oo do )0 O Jleiol mhaw jo (Sl 93] bl Slogime BB Al s I e B> G o Blas oS ole Sl (Jole jo 6l g g o 50
) 395 B pae P (Sland sy 995 ol ped 4y o i Sland pow (LS ;0 0 SelSB Brae P, ooy Sland jigw LSe 0 p Sl Bras P1 wals Py (S el C, (O o3, Ci
89y ) 555 Zn; 569y Dl LS o Plfjl.:fb'dfa.a ZN; wels :ZNg ‘LéLb....é
Means in an each column by a different letter are significantly different at 0.05 probability level (P < 0.05) by Duncan's Multiple range test.

Cy: Talash cultivar, C,: Sadri cultivar, Po: Blank, P1: Use of 100 kg ha* TSP, P,: Use of 50 kg ha* TSP + Phosphate bio-fertilizer P3: 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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Marschner & Dell, «lidé=s mls L sp,050 sla
Mader et al, .Amirabadi et al, (2009) .(1994)
Ol ol sl casllas Azarmi et al, (2015) 4(2011)
B 7B e b ) i e 4wl e
SU5g s 5 Bland o3l collad Gl Jod 5 (S5l
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(Wu et al., 2005; Marschner & Dell, 1994)

655 5 ol sSes Sz B l3dles ST BYs 51 (S
o i o 4 olae ol cuslsy jo Azotobacter
ilen posd 0y HlalS )0 (g S g 0 eSS o
5o)jJLusoL5M)6|fﬁ_~d@l5)|mLu51)a
wlidss (Bhat et al., 2011) cul 5,958 (595 Cais
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) St g Sy S pgidges sl aile Gitnn (sl
Zaidi et al., 2004 «Abbaszade et al., 2012) o5 ls
(Sarathamblam et al., 2010 ‘Malviya et al., 2012
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& yamd 535S S G ae (Ahmad et al., 2006) aus
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saSolil 5 > slapaslS Iy S (Malakouti, 2014)
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(LN Lasd) 555 sy Jlord Bpan b S 50 09250 (59,
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Sarathamblam et al, (2010) Savaghebi, (2012)
Abbaszade et al, (2012) 4Mader et al, (2011)
as ZNo [Less o ool cdlo g cdale ol o)l callae
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3 ol el slool, 51 S5 (zadeh & Savaghebi, 2012
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Table 5. Mean comparison of interaction effect of of phosphorus and Zinc treatments on the nutrient uptake of two cultivars

of bean
o P 9 ool iy o 039545 ]
Cu Mn Zn Fe K P N Sl

1 ~ Treatment

Kgha™ (;Lss 53 0 ,55LS)
0.050g 0.081d 0.060g 0.26a 43.40g 5.34a 84.0h PoZno
0.063ef 0.010c 0.077f 0.21a 59.68f 6.43a 115.6ef PozZny
0.061f 0.102¢c 0.083f 0.27a 58.64f 6.00a 111.0fg PozZn;
0.063ef 0.125ab 0.080f 0.30a 61.24f 8.29a 106.3g P1Zno
0.068de 0.118b 0.105d 0.28a 74.62cd 8.50a 135.8b P1Zny
0.064ef 0.097c 0.095e 0.29a 70.68ed 7.30a 119.0de P1Zn;
0.065def 0.124ab 0.097e 0.37a 78.64ch 12.24a 126¢d P2Zng
0.080a 0.135a 0.133a 0.30a 94.68a 12.40a 145.0a P2Zny
0.076ab 0.133a 0.124b 0.31a 84.34b 12.15a 155.7a P2Zn;
0.064ef 0.124ab 0.093e 0.34a 67.24e 11.20a 128.4bc P3Zng
0.070cd 0.115b 0.115¢ 0.28a 80.61b 11.16a 135.3b P3Zny
0.074hc 0.122ab 0.107d 0.31a 82.16b 10.50a 131.6hc P3Zn;

il e doyo O Jleiml o 10 (S5l (g0l oll 5o lo sime M 03 ¢ Jole j2 (glys g g o 50 aslie By,
s 955 B ran P3 land w955 olyom a4 J 5 Slind g LS 10 0SS B pas Po o5 Slind pgw iSe 10 6 Sl e G pas Pr wals Po s jas o8, Co (22 o8, C1

855 ety 255 N2 5 55, Dlilges 1S )3 0SSO b e 2Ny alis ZNg ( Silind

Means in an each parameter by a different letter are significantly different at 0.05 probability level by Duncan's Multiple range test.
Ci: Talash cultivar, C,: Sadri cultivar, Py: Blank, P;: Use of 100 kg ha™* TSP, P,: Use of 50 kg ha® TSP + Phosphate bio-fertilizer P3: Use of phosphate bio-
fertilizer, Zno: Control, Zn;: 50 kg ha? ZnSO,7H,0, and Znz: Use of Zn bio-fertilizer

o=l slasLs 51 .(Abbaszade et al., 2012 2011
&9y 9 9=l YU Ll (59, @l S Gliae g s Sl
ookl B e O jgots g S (pl )3 (6355 Jolxe
S ASL 5l eslaul g, ol 51 (Malakouti, 2014) o1 )0
$9) iz SRl )0 0l e 59y SlaS 5 eaiS o sle
S9y Sbloy 1o oS (69, b Haud Jled blite Jlasl e

\YY

ooliiwl 1 0 Gz (pl )0 (59, 9 o] Cblop il

31 s=3b Wy o (ZN2 5P3. P2 (slajlod) (s sloles
S gy b g el ()8 cae by JLA]
O3l g egeicdsS Ll 090 9 (595 9 ool slajdg e
Zaidi et al., ) o il acy, jawgy, ;0 paie 50 opl sonl)
Mader et al., :Sarathamblam et al., 2010 2004
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Introduction

Bean (Phaseolus vulgaris L.) is one of the richest seeds in legumes. Scientific and correct use of bio and
organic fertilizers are a strategy to reduce the accumulation of chemical materials in agricultural products,
soil and water resources and living organisms. Mycorhizal fungi, Phosphate and Zn solubilizing bacteria are
the sample of these bio fertilizers. The most important beneficial effects of mycorrhizal symbiosis is increase
the nutrient uptake, water use efficiency, productivity, improve plant nutrition and resistance to
environmental stresses. The results of mycorrhizae symbiosis research in different plants show that the
increase uptake of nitrogen (N), Phosphorus (P), Potassium (K), Iron (Fe), Zn, Copper (Cu) and Manganese
(Mn). Mycorrhizal fungi and plant growth promoting rhizobacteria (PGPR) such as Azotobacter spp., and
Pseudomonas spp. are able to increase uptake of nutrient elements particularly when they are applied with
others. Phosphate and Zinc solubilizing bacteria facilitate uptake of slowly diffusing nutrient ions such as P,
Zn, Fe 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. The main objective of this farm study was to evaluate the effect of using of P
and Zn chemical and bio-fertilizers on yield, concentration and uptake of nutrient elements for the first time
in two cultivars of bean in the Chaharmahal-va- Bakhtiari province.

Material & Methods
This field experiment was carried out as a factorial based on 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 (Po: Control, P;: Chemical fertilizer on the basis of soil test, P2: 50
percent of recommended P + bio-fertilizer (P), and Ps: bio-fertilizer (P)), three levels of Zn (Zno: Control,
Zni: 50 kg ha Zinc sulphate, and Zns: bio-fertilizer (Zn)). Bio-fertilizer (P) treatment consisted of using
inoculum of P solubilizing bacteria from Azotobacter chroococcum strain 5 and three species of mycorrhizal
fungi from Glomus species (Clariodeoglumus etunicatum, Rhizophagus intraradices and Funneliformiss
mosseae). Zn bio-fertilizer treatment consisted of using inoculum of Pseudomonas aeruginosa strain MPFM
and Pseudomonas fluorescent strain 187. Chemical fertilizers were applied from TSP at a rate of 100 and 50
kg ha'l in P, and P, respectively, 50 kg ha* ZnS04.7H,0 in Zn;. After harvesting the seed yield and nutrient
concentration were measured. The nutrient uptake was measured by multiple seed yield on nutrient
concentration. Statistical analysis was done with SAS statistical software. Duncan’s multiple range test was
used to compare means.

Results & Discussion

The results of this experiment showed that there were significant difference between two cultivars on
seed yield, nutrient concentration and nutrient uptake. The maximum values of studying parameters were
obtained for Sadri cultivar (table 2 and 4). The effect of P treatment was significant on studying parameters,
in a way P, treatment in comparison with control treatment caused to increase seed yield (29%) Nitrogen
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(39%), P (98%), K (59%), Fe (32%), Zn (57%), Mn (45%) and Cu (22%) Uptake (Table 2 and 4). These
results were agreement with findings of other researches. The effect of Zn treatment was significant on seed
yield and nutrient concentration except Mn and nutrient uptake except P and Mn. The maximum nutrient
uptake and bio enrichment except Fe was obtained from Zn; (Table 2 and 4). Bean is one of the sensitive
plants to Zn deficiency. In this study, the response to using Zn fertilizer was showed because of low soil Zn
content. The antagonistic effect between P and Zn caused to decreasing concentration and uptake of P in Zn;
and Zn,. The interaction effect between P and Zn was significant on seed yield, nutrient concentration and
uptake except P and Fe uptake. The maximum of studying parameters was obtained from P.Zn; (Table 3 and
5). In this study, the dual inoculation with phosphate and Zn bio-fertilizers caused to increase nutrient
concentration and uptake and improve seed enrichment especially elements with slowly diffusion ions such
as P and Zn. It can be done with increasing mycorrhizal symbiosis, root colonization, phytosiderophores
secretion, organic acids and chelated compounds production.

Conclusion

The results of this research revealed that individual and dual use of phosphate and Zn bio-fertilizers
caused to increase seed vyield, nutrient concentration and uptake in two studied cultivars of bean.
Microorganisms used in biological treatments caused to increase the availability, concentration and uptake of
nutrient elements. It can be done with increasing mycorrhizal symbiosis, root colonization and enhance
secretion of siderophore compounds, organic acids and chelate compounds. Also, plant hormones and
enzymes promoting growth increased with using of these bio treatments. In this research, the best treatment
was using of mycorrhizal fungi with Azotobacter inoculant and 50 kg ha® TSP and 50 kg ha* ZnSQ..7H:0.
(P2Zn; treatment). With using integrated bio and chemical-fertilizers of P and Zn in addition to reduce
chemical P fertilizers application can be produce health grain with high quality and rich of nutrients.
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