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Table 1- Nano-Zinc oxide properties used

Weight
Purity
APS'
SSA?

Appearance

100 g
99 %
<30 nm
> 30 m? g!
Red powder

1- Average Particle Size

2- Specific Surface Area

oRlojl sl Joxe S o loud 650 348 Sluogad - Jgan
Table 2- Soil physico-chemical properties at depth of 0-45 cm

(%) s e BB s By Oje Calas o
Texture e $9) e & o SN (gl pdiged
o ek ) K Zn p ! pH (EC) Depth of
Absorbable  (PPm)  Absorbable  Ntotal ~ ©O-C sampling
Sand  Silt  Clay (ppm) (ppm) % % ECX10° (cm)
B 5 5 326.5 0.32 383 0.12 108 834 1.59 0-45
45 ¢
40 +
35+
30 +
25 +
20 +
15 +
10 -+ T
; N

May June

ERR%N mean high temprature (- ©

== mean monthlytemprature (- O

July Agust

EFZFA mean low temprature (- O

September

- -O- - mean percipitation (mm)
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Figure 1- Minimum and maximum temperatures and rainfall recorded
during the growth period of soybean in 2013 cropping season
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Table 4- Mean comparision of effects of nano zinc oxide and seed inoculation with PGPR and rhizobium on dry weight of
nodule, the number of pod and the number of grain per pod of soybean
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Wi 390 SR (mg) The number of grain
. The number of pod per
Treatment studied Dry weight of plant per pod
nodule
(2 2 £5) 9y 2S15L gghaws
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0.3 7.93 19.23 2.59
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LSD 5% 0.48 3.03 0.0702
ooy 9 PGPR (lagish b )k il
Seed inoculation with PGPR and Rhizobium
Without seed inoculation i, zal pac 6.47 16.304 2.29
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Pork prgil + obsagdge + pomgnly b,k gy
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rhizobium
LSD 5% 0.536 2.27 0.0784
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Figure 2- variation trend of grain filling rate of soybean at various levels of seed inoculation with rhizobium and PGPR,
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without nano zinc oxide (A), application of 0.3 (B), 0.6 (C) and 0.9 g.lit" of nano zinc oxide
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Introduction

Utilizing biological fertilizer is a proper and cheap method for crop production. Potentially, soybean can be
used as biological fertilizers and seed inoculation. Zinc is an essential element that have positive effects on plant
growth and its development. Canola, sunflower, soybean and safflower are the main cultivated oilseeds in Iran.
Soybean production in Iran is very low as compared to other countries. One of the most effective factor in
increasing the soybean yield is seed inoculation with plant growth promoting rhizobacteria (PGPR) and
application of Zinc fertilizer. Some of the benefits provided by PGPR are the ability to produce gibberellic acid,
cytokinins and ethylene, N2 fixation, solubilization of mineral phosphates and other nutrients (56). Numerous
studies have shown a substantial increase in dry matter accumulation and seed yield following inoculation with
PGPR. Seyed Sharifi (45) reported that seed inoculation with Azotobacter chroococcum strain 5 increased all of
the growth indices such as total dry matter, crop growth rate and relative growth rate. Increasing and extending
the role of biofertilizers such as Rhizobium can reduce the need for chemical fertilizers and decrease adverse
environmental effects. Therefore, in the development and implementation of sustainable agricultural techniques,
biofertilization has great importance in alleviating environmental pollution and deterioration of the nature. As a
legume, soybean can obtain a significant portion (4-85%) of its nitrogen requirement through symbiotic N,
fixation when grown in association with effective and compatible RhAizobium strains. Since there is little
available information on nano-zinc oxide and seed inoculation by plant growth promoting rhizobacteria (PGPR)
on yield in the agro-ecological growing zones of Ardabil province of Iran. Therefore, this research was
conducted to investigate the effects of nano-zinc oxide and seed inoculation with plant growth promoting
rhizobacteria application on yield, yield components and grain filling period of soybean.

Materials and Methods

In order to study the effects of Nano-Zinc oxide and seed inoculation with Brady rhizobium and plant
growth promoting rhizobacteria on yield and some agronomic characteristics of soybean, a factorial experiment
based on randomized complete block design with three replications was conducted in 2013 at the research farm
of the Islamic Azad University, Ardabil Branch. Factors were included foliar application of Nano-Zinc oxide at
four levels (Zero as control, 0.3, 0.6 and 0.9 g I'') and seed inoculation with Brady rhizobium and plant growth
promoting rhizobacteria at five levels (without inoculation as control, seed inoculation with Brady rhizobium
japanicum, seed inoculation with Brady rhizobium japanicum-+Azosprillum lipoferum strain OF, seed
inoculation with Brady rhizobium japanicum+Psedomonas putida, seed inoculation with Brady rhizobium
japanicum+ Azosprillum lipoferum strain OF+ Psedomonas putida.

Results and Discussion

The results of growth indices showed that the maximum total dry matter (530 g m™), crop growth rate (9.48
g.m?.day") and relative growth rate (0.1 g.g”.day™) were obtained at foliar application of 0.9 g 1" Nano-Zinc
oxidexseed inoculation with rhizobium+Azosprillum+ Psedomonas and the least of these indices were obtained
without of foliar application Nano-Zinc oxide % seed inoculation. The results showed that plant height, the
number of nodules per plant, the number of pod per plant, grain yield and grain 100 weight were significantly
affected by Nano-Zinc oxide, seed inoculation and interaction of Nano-Zinc oxidexseed inoculation. Maximum
of plant height, grain 100 weight, the number of nodules per plant and grain yield were obtained at foliar
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application of 0.9 g 1" of Nano-Zinc oxidexseed inoculation with rhizobium and PGPR. Dry weight of nodules
per plant, the number of pod per plant and the number of grains per plant inceased by increasing of Nano-Zinc
oxide application. Similar results were obtained in seed inoculation with rhizobium+PGPR. In order to increase
the grain yield, growth indices and some agronomic characteristics of soybean, it is suggested to apply 0.9 g 1!
of Nano-Zinc oxide and at seed inoculation with rhizobium and PGPR.

Conclusions

Based on the results, it was concluded that application of 0.9 g I"' of Nano-Zinc oxide and at seed inoculation
with rhizobium and PGPR can be recommended for profitable soybean production in the study area.

Keywords: PGPR, Seed inoculation, Soybean, Zinc oxide nanoparticles



