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Abstract

In order to investigate the effects of Barvar-2 phosphate biofertilizer and ni-
troxin biofertilizers on agronomical characteristics of sesame, an experiment
was carried out as factorial based on randomized complete block design with
three replications and two factors in Khoy city, northwest of Iran, in 2014
growing seasons. The factors were as follows: phosphorus fertilizer in three
levels (control, barvar-2 phosphate bio-fertilizer with 100 kg triple super-
phosphate per hectare and 200 kg triple superphosphate per hectare) and ni-
trogen fertilizer in four levels (control, nitroxin bio-fertilizer with urea at rate
of 100 kg-ha™, nitroxin biofertilizer with urea at rate of 150 kg-ha™ and urea at
rate of 200 kg-ha™). The results showed that a significant effect of nitrogen
and phosphate biofertilizer, on plant height, branches per plant, pods per
plant, seed in pod, oil percent, seed yield and harvest index. Maximum seed
yield of 1274.37 and 1232.5 kg-ha™ was obtained from treatments of 200
kg-ha™' triple superphosphate and barvar-2 phosphate biofertilizer besides 100
kg-ha™' triple superphosphate. For nitrogen biofertilizer, maximum seed yield
of 1264.83 and 1246.12 kg-ha™' was obtained from treatments of 200 kg-ha™
urea and nitroxin biofertilizer besides urea 150 kg-ha™ respectively. According
to the results of this experiment, consumption of chemical fertilizer of triple
super phosphate was reduced equal to 50% using Barvar-2 phosphate bioferti-
lizer and consumption of chemical fertilizer of urea was reduced equal to 25%
using nitroxin biofertilizer.
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1. Introduction

Sesame is a yearling plant and one of the oldest oilseed plants that is compatible
with hot and semi-hot areas and consists of a high-percent oil (45%) and protein
(19% - 25%) [1]. Today, one of the main bases in sustainable agriculture is ap-
plication of biologic fertilizers in agronomical ecosystems to reduce consump-
tion of chemical inputs so that they can guarantee production sustainability of
agriculture systems in some cases as a substitution and as a supplement in ma-
jority of cases for chemical fertilizers [2]. Biologic fertilizers consist of some
beneficial microorganisms that are produced for specific purposes such as ni-
trogen fixation, and releasing phosphate, potassium, and iron ions. These mi-
croorganisms usually are placed around the root helping the plant to nutrient
uptake through cohabitation [3]. These bacteria have more than one role so that
they not only help to uptake a specific element but also can absorb other ele-
ments, reduce illnesses, improve soil structure, more promote plant growth, in-
crease quantity and quality of product and increase plant tolerance against envi-
ronmental stresses [4]. [5] expressed that application of biologic fertilizers with a
low percent of chemical fertilizers on sesame significantly increased plant height,
seed yield, and oil. [6] stated that use of a combination of growth promoting
bacteria (nitroxin and phosphorus) with nitrogen in addition to reduction in use
of chemical fertilizers led to increase in nitrogen and phosphorus in sunflower
seed compared to treatment without using bacteria. [7] reported that application
of biologic fertilizers on sesame significantly increased plant height, branches
per plant, pods per plant, weight of one thousand seeds, and seed yield. [8] has
reported that biofertilizer can significantly improve yield and yield components
of fennel. [9] reported that integrated application of biological and chemical ni-
trogen fertilizer would increase yield and yield components of canola compared
to control treatment (treated plants with nitroxin without using chemical nitro-
gen fertilizer). Hence, it seems that efficiency of biological fertilizers will increase
at the presence of chemical fertilizer.

This study was conducted to investigate the effect of biological nitroxin, Bar-
var-2 phosphate fertilizers on increase in seed yield, and sesame oil in weather

conditions of Khoy Province.

2. Materials and Methods

This study was carried out in spring, 2014 in a farm located at 2 km distance of
south west of Khoy city, northwest of Iran, in 2014 growing seasons. The height
of this area from sea level is equal to 1175 meters with geographical characteris-
tics of eastern 44° and 23' and northern 38" and 18'. The place soil was tested
and recognized as loamy soil with pH about 7/6 (Table 1). The research was
conducted through two-factor factorial experiment in frame of Randomized
Complete Blocks with 3 replications. The factors were as follows: first factor was
phosphorus fertilizer at three levels (control, Barvar-2 phosphate biofertilizer
with 100 kg chemical fertilizer of triple super-phosphate per hectare, 200 kg

chemical fertilizer of triple super-phosphate per hectare) and second factor was
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Table 1. Physical and chemical characteristics of soil.

EC Soil Silt Clay Sand ocC N P K (pH)
(ds/m) texture (%) (%) (%) (%) (%) (ppm) (ppm) P
0/6 loam 49 19 32 0/89 0/08 8/6 413/8 716

nitrogen at 4 levels (control, nitroxin biofertilizer with 100 kg chemical fertilizer
of urea per hectare, nitroxin biofertilizer with 15 kg chemical fertilizer of urea
per hectare, 200 kg chemical fertilizer of urea per hectare). Cultivation opera-
tions were conducted on May 15th, 2014. There are 108 Azospirillum and Azo-
tobacter per ml of nitroxin. The bacteria in nitroxin biofertilizer can develop ba-
lanced shoots and roots of plant by a growth promoting hormone, like Auxin,
and amino acid, this biofertilizer was produced by Mehr Asia Biotechnology
Company in Iran [10]. The Barvar-2 phosphate biofertilizer used for this expe-
riment was supplied by Green Biotechnology Company in Iran; Phosphate-
EBarvar2 consisted of two kinds of phosphate solubilizing bacteria, Pseudomo-
nas putida (strain p13) and Bacillus lentus (strain p5). Pseudomonas putida by
producing of organic acids caused released of the phosphates from inorganic
compounds whereas Bacillus lentus by producing of phosphatase enzyme causes
release of the phosphate from organic compounds (Raissi et al, 2012). Each ex-
perimental plot included 4 cultivation rows with 4 meters in length and 50 cm
distances in row and distance between plans in each row was 10cm. the seeds
were planted at 2 - 3 ¢ depth through dry soil with density of 20 plants per m*.
Different amounts of triple superphosphate chemical fertilizer was added to
soil before cultivation based on experimental treatment and different amounts of
chemical fertilizer of urea was added to experimental plot within two stages be-
fore cultivation based on experimental treatment at the time of flowering while
Potassium Fertilizer was not used due to high amount of potassium in soil.
1-liter Nitroxin biofertilizer was consumed as seed treatment per hectare and to
apply Barvar-2 phosphate biofertilizer, 100 g of this biofertilizer per hectare was
first solved in a 10-liter water then the sesame seeds were placed in water con-
tainers for 10 minutes before cultivation and stained with fertilizing solution (as
seed treatment) and then were planted. Irrigation was done though submerging
one every 10 days based on region tradition and green aphid pest was once de-
stroyed during growth season using Confidor Toxin with a half in thousand
concentration and weeds were pruned manually. In this study, plant height
traits, number of branches in plant, weight of one thousand seeds, the number of
pods per plant, the number of seeds per pod, seed yield, seed oil percent, and
harvest index were measured. Two side rows and half of meter of the beginning
and end of the middle row were eliminated for sampling due to marginal effects.
To determine plant height traits, number of branches in plant, number of pods
in plant and number of seeds in pod, 8 plants from each experimental Crete
were randomly chosen and their average was recorded as the mentioned traits.
Yield seed was calculated at a level equal to 2 m? after drying and reaching the

seeds moisture to 13 - 14 percent. Then data were analyzed by MSTATC soft-

K2
035: Scientific Research Publishing

103



A.N. Asl

ware and means compared with Duncan’s Multiple Range Test at 5% probability

level.

3. Results and Discussion
3.1. Plant Height

The effect of phosphor on plant height was significant at 1% prob level (Table
2). Treatments including complete use of triple superphosphate chemical ferti-
lizer and Barvar-2 phosphate biological fertilizer with 100 kg triple superphos-
phate chemical fertilizer per hectare assigned into a same statistical group in
terms of plant height and indicated the highest plant height (Table 3). This
matter is because of the beneficial role of phosphorus and biological fertilizers in
fertility of soil and improvement of plant root as well as plant growth. [11] [12]
declared after some experiments that solubilizing bacteria of phosphate not only
solve dissolved phosphates of soil by synthesis of growth promoting hormones
such as indole acetic acid and gibberellins but also increase product growth. [13]
conducted an experiment on sunflower in which, the highest plant height was
related to integrated treatments of phosphorus chemical and biological fertilizer.
[14] indicated in an experiment on fennel plant that use of biological phosphate
fertilizer had a significant effect on plant height. Plant height was affected by ni-
trogen fertilizer at probability level of 1% (Table 2). The highest plant height
was respectively observed through use of pure urea and 150 kg per hectare urea
with nitroxin and the lowest seed yield was observed in control mood (Table 3).
Regarding the effect of biological fertilizers on increase in plant height, it can be
stated that this matter is possibly caused by increase in nitrogen nutrient uptake
and its effect on improvement of photosynthesis and increase in plant growth as
a result. Vegetative characteristics of plants such as plant height are strongly af-
fected by nutrients and water. Enough water and nutrients (especially nitrogen)
are effective in increase in plant height through affecting cells’ division and en-
largement [15]. [16] expressed that application of biological fertilizers with a low
percent of nitrogen chemical fertilizers significantly increases plant height and
seed yield of sesame. [17] have stated that nitrogen chemical and biological ferti-

lizers have significantly increased plant height of medicinal plant of cumin.

Table 2. Analysis of variance effects of phosphate and nitrogen biofertilizers on different traits of sesame.

Replication

Phosphate

S.0.V

Nitrogen
NxP
Error

CV (%)

df

Branches
in plant

0/267
1/10*
1/02*
0/107
0/228
10/34

Means of squares

Plant Pods in Seeds 100 seeds

height plant perpod  weight (gr) Seed yield Oil percent HI
132/92 0/267 9/29 7/27 2967/68 1/02 7/62
598/38* 23/86* 81/17** 1/19 59310/79** 2/78** 42/95*
629/34** 45/67** 124/29** 3/21 38100/39** 5/34** 48/82*
133/01 1/51 25/93 2/72 8840/19 1/12 3/85
46/5543 5/09 16/88 3/85 8780/36 0/52 14/49
8/81 13/89 10/34 6/74 15/47 2/79 8/24

*, ** = Significant at 5% and 1%, respective.
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Table 3. Comparison of mean effects of phosphate and nitrogen biofertilizers on different traits of sesame.

. Plant height Branches Pods in Seedsin 1000 seed Seed yield Oil percent
Experimental factor . . o HI
(cm) in plant plant pod weight (gr) (kg-ha™) (%)
trol (lack of usi
Control ( ac orusing 61/73 b 3/89b 24/95b 21/09 b 4/01 904/29 b 44/83 b 31/96 b
fertilizer)
Phosphat Biophosphate + 100
osphate - Blophosphate 66/59ab  5/92a 35/71a  26/56ab 4/06 1286/5a  45/65a  33/2a
fertilizer ~ kg/h™' superphosphate
200 kg/h™
70/09 a 6/07 a 36/74 a 29/02 a 4/13 1310/37 a 45/73 a 34/02 a
superphosphate
Control (l,a,Ck of using 55/32 ¢ 4/81b 23/05 ¢ 21/46 b 3/06 820/1 ¢ 44/86 b 31/02 ¢
fertilizer)
I;““Tgen Nitroxin + 100 kgurea  63/74b 5/24 ab 30/74b 23/52b 3/12 1171/46b  46/32a  32/73b
ertilizer
Nitroxin +150 kg urea 71/62 a 5/52a 37/73 a 28/04 a 3/18 1317/12 a 45/84 ab 34/72 a
200 kg urea 74/14 a 5/58a 38/35a 28/76 a 3/23 1332/83 a 44/62b  33/76 ab

Dissimilar letters in each column indicate significant differences at the 5% level.

3.2. Number of Branches per Plant

The effect of phosphorus fertilizer on number of branches per plant was signifi-
cant at probability level of 5% (Table 2). The largest number of branches per
plant was observed in treatments including 200 kg per hectare of triple super
phosphate and biological phosphorus with 100 kg per hectare triple superphos-
phate (Table 3). Seemingly, bio-fertilizer strengths plant growth through in-
creasing free phosphorus of soil so that more photosynthetic materials are pro-
duced in plant, the growth of vegetative buds is promoted and the number of
branches in plant is increased. [18] declared that under the circumstances of
phosphorus shortage, increase in activities of some hormones such as ethylene
would prevent from growth of Falcaria vulgaris of plant and the activity of some
hormones such as Cytokinin, that plays a vital role in cellular division and de-
velopment in meristematic areas, will be reduced under such circumstances
while the activity of such hormones is increased leading to improved plant or-
gans’ growth when phosphorus exists. [19] examined the effect of phosphorus
and nitrogen biologic fertilizers on quantitative and qualitative traits of Echium
Plant and concluded that the studied treatments had a significant effect on plant
height, number of branches, yield of flowering shoot, percent and yield of Echi-
um essence.

The effect of nitrogen fertilizer on number of branches per plant was signifi-
cant at prob level of 5% (Table 2). The largest number of branches per plant was
respectively observed in consumption of 200 kg per hectare urea and 150 kh per
hectare urea with nitroxin and the lowest number of branches per plant was ob-
served in control mood (Table 3). Nitrogen could promote vegetative growth of
plant through increasing soil fertility so that the number of branches increased.
[20] indicated that biological fertilizers with nitrogen fixator bacteria help the
plant to uptake more nutrients so that Arial organs are grown and side branches
of plan are increased.

[21] expressed that nitrogen fertilizers have significant effect on number of
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branches and the largest number of branches in sesame plant was observed in
integrated application of 50% chemical fertilizer + nitroxin and lowest number
was also observed in combination of 25% chemical fertilizer + nitroxin. [22] ex-
pressed that the largest number of branches in fennel has been obtained from
50% chemical fertilizer + biological fertilizer and this results is matched with
present experiment. [23] observed that consumption of nitrogen biofertilizer in
fenugreek plant increased growth and number of branches and leafs of this

plant.

3.3. Number of Pods per Plant

The effect if phosphorus fertilizer on number of pods per plant was significant
(Table 2). The largest number of pods per plant was observed in treatments in-
cluding 200 kg per hectare triple superphosphate and biophosphor with 100 kg
per hectare triple superphosphate and lowest number of pods per plant was be-
longed to control treatment (lack of using fertilizer) (Table 3). Since the number
of branches per plant was large in both of these fertilizing treatments and there
is a direct relation between number of pods and branches, the number pods in
plant has been increased. [24] declared through an experiment that there is a
positive and significant correlation between number of pods and branches per
plant. Another study was conducted by [25] on peanut with the aim of substi-
tuting biofertilizer with chemical fertilizer and it was revealed that the increase
in number of pods per plant was related to treatments had received 25% chemi-
cal and 75% biologic fertilizers.

The effect of nitrogen fertilizer on number of pods per plant was significant
(Table 2). The largest number of pods per plant was respectively observed thro-
ugh using 200 kg per hectare urea and 150 kg per hectare urea with nitroxin and
lowest number of pods per plant was observed in control mood (Table 3). This
matter might be because of the effect of nitrogen on more vegetative growth of
plant and increase in photosynthesis as well as producing more photosynthetic
material so that the percent of florets loss might be reduced and number of pods
per plant increased. [26] stated that application of nitrogen at flowering stage
would increase number of pods per canola plant due to reduction in flowers’ loss
percent. [27] conducted an experiment and eventuated that nitrogen fertilizer
would promote vegetative growth of plant, increase leaf area and leaf area dura-
tion in plant community. More photosynthesis material was produced in plant
and the number of pods in plant of sesame was increased under the effect of the
mentioned fertilizer. [28] reported that application of biologic fertilizers in se-
same plant significantly increased plant height, number of branches per plant,

number of pods per plant, and 1000 seed weigh, and seed yield.

3.4. Number of Seed per Pod

The effect of phosphate fertilizer on number of seeds per pod was significant at
1% probability level (Table 2). The largest number of seeds per pod was ob-

served in treatment including 200 kg per hectare triple superphosphate and low-
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est number of pods per plant was belonged to control treatment (lack of using
fertilizer) (Table 3). Phosphorus is effective factor in improvement of reproduc-
tive characteristics of plant causing to increase in number of flower, seed, and
fruit [25] [26]. [15] conducted an experiment and expressed that Barvar-2 phos-
phate biofertilizer significantly increased number of seeds in sunflower.

The effect of nitrogen on number of seeds per pod was significant at 1% pro-
bability level (Table 2). The largest number of seeds per pod respectively obser-
nved through using 200 kg per hectare urea and 150 kg per hectare urea with ni-
troxin and lowest number of seeds per pod was observed in control mood (Table
3). [12] conducted an experiment and declared that increase in soil nitrogen pre-
vented from plant aging, increased photosynthesis duration of plant, more pho-
tosynthetic materials transferred to pods and more number of seeds formed in
pod under the effect nitrogen. [10] reported that application of chemical and bi-
ological fertilizers increased physiologic and metabolic activities in sesame ac-
cumulating more dried materials in plants and number of seeds per pod.

[22] reported that use of nitrogen biofertilizer significantly increased yield and

yield components of canola.

3.5.1000 Seed Weight

The effect of phosphate and nitrogen fertilizers and their mutual effects on 1000
seeds weight were not significant. It seems that 1000 seed weight is more affected
by genotype; hence, fertilizing could not significantly increase 1000 seed weight.
[14] conducted an experiment and reported that 1000 seed weight of sesame is

affected by genetic control.

3.6. Seed Yield

The effect of phosphate seed yield was significant (Table 2). The most seed yield
was observed in treatment including 200 kg per hectare triple superphosphate
and biophosphate with 100kg/h™ triple superphosphate and lowest seed yield
was belonged to control treatment (lack of using fertilizer) (Table 3). Barvar-2
phosphate biofertilizer has increased seed yield with dissolution of phosphorus
compounds in soil and facilitating its absorption by plant. [7] reported that use
of biofertilizer fertilizer and a collection of phosphate solubilizing bacteria and
biophosphorus in sesame plant would significantly increase seed yield and bi-
ologic yield as well as yield components compared to control treatment (lack of
using fertilizer).

[28] [29] reported that integrated application of biological and chemical ni-
trogen fertilizer would increase yield and yield components of canola compared
to control treatment (treated plants with nitroxin without using chemical nitro-
gen fertilizer). Hence, it seems that efficiency of biological fertilizers will in-
creases at the presence of chemical fertilizer. [30] [31] came to conclusion that
phosphate-solubilizing microorganisms would affect the growth of chickpea
plant through producing Auxin hormone and increase growth and yield indexes.

The effect of nitrogen fertilizer on seed yield was significant (Table 2). The
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most seed yield was observed respectively in use of 200 kg/h™ urea and 150
kg/h™ urea together with nitroxin and lowest seed yield was observed in control
mood (Table 3). Nitrogen chemical and biologic fertilizer has a significant effect
on increase in yield components such as number of pods in plant and number of
seeds in pod of plant through increasing soil fertility; hence, seed yield is also in-
creased. [32] [33] conducted an experiment and reported that different levels of
nitrogen chemical and biological fertilizer produced the highest biomass and

seed yield in medicinal plant of Basil (Ocimum basilicum L.).

3.7. Harvest Index

The effect of phosphate on Harvest Index was significant (Table 2). Fertilizing
treatments assigned to a same statistical group in terms of Harvest Index and in-
dicated the most Harvest Index while the lowest Harvest Index was observed in
control treatment (Table 3).

Phosphate fertilizer increased seed yield compared to biologic yield and Har-
vest Index was increased under its effect. [32] conducted a study and reported
that use of phosphate solubilizing bacteria increased Harvest Index of Corn due
to increasing seed yield compared to biologic yield.

Regarding nitrogen fertilizer consumption, treatment of 150 kg/h™" urea to-
gether with nitroxin included the highest Harvest Index and lowest Harvest In-
dex was observed in control treatment (Table 3). It seems that an equivalent lev-
el of nitrogen has been used in this treatment and bio-fertilizer gradually has
transferred nitrogen to plant so that exorbitance vegetative growth was pre-
vented and Harvest Index was increased while vegetative growth has been pro-
moted within high-amount nitrogen treatment and this has reduced Harvest In-
dex. According [33], consumption of high amounts of nitrogen led to reduction

in sesame Harvest Index.

3.8. Seed 0il Percent

The effect of phosphorus on seed oil was significant (Table 2). The highest seed
oil percent was observed in treatments including 200 kg/h™ triple superphos-
phate and biophosphate together with 100 kg/h™ triple superphosphate and
lowest seed oil percent was belonged to control treatment (lack of using fertiliz-
er) (Table 3). [34] conducted an experiment and reported that phosphorus has
an important affect cultivation of canola so that severe shortage of phosphor can
reduce oil percent from 33 to 23 percent.

The effect of nitrogen fertilizer on oil percent was significant at 1% level
(Table 2). The highest oil percent was observed in treatment including nitroxin
biofertilizer with 100 kg per hectare urea fertilizer and the lowest oil percent was
belonged to treatment with 200 kg/h™" urea chemical fertilizer (Table 3). See-
mingly, seed protein percent is increased and seed oil percent is decreased with
an increase in nitrogen chemical fertilizer. However, nitroxin biologic fertilizer
would increase plant growth with gradual increase in nitrogen so that photo-

synthetic severity of plant is increased and seed oil percent is increased by its ef-
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fect. [35] has expressed that application of biologic fertilizers with a low percent
of chemical fertilizers on sesame plant could significantly increase seed oil per-

cent.

4. Conclusion

According to the obtained results of experiment, use of nitroxin and Barvar-2
phosphate biofertilizers with 50 - 70 percent of recommended nitrogen and
phosphate fertilizers can be a solution to reduce consumption of chemical ferti-
lizers; meanwhile, biological destruction and pollution resulting from the use of

these chemical inputs are prevented.
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