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Abstract
In order to study the effect of different levels of triple super phosphate chemical fertilizer and biological
phosphate fertilizer (fertile 2) on the yield components of corn (SC 407), this research was carried out in Shahid
Salemi field located in Ahvaz in 2002 as a factorial experiment in randomized complete block design with 7
replications. The experiment included two factors: first, biological phosphate fertilizer (fertile 2) at three levels of
0, 000, 200 g/ha; second, triple super phosphate chemical fertilizer at three levels of 0, 00, 00 kg/ha of pure
phosphorus (P2O5). The obtained results indicated the increase of biological yield, harvest index, grain yield and
yield components of corn in the interactive treatments of biological phosphate fertilizer (fertile 2) and triple
super phosphate chemical fertilizer. P2B2 treatment (000 g/ha biological phosphate fertilizer (fertile 2) and 00
kg/ha triple super phosphate fertilizer) had the highest biological yield and grain yield. Generally, it could be
said that the increase of yield and elements uptake by the plant is related to the increase of soluble phosphorus in
soil so that phosphorus plays an important role in root development and prevention of the accumulation of
phosphorus compounds and their negative effects on the absorption of some elements by the soil. With regard to
the results obtained it seems like that the decrease of application of triple super phosphate chemical fertilizer to
less than a half together with the use of biological phosphate fertilizer (fertile 2) is particularly important to
achieve more grain yield in Ahvaz weather conditions. The results showed that phosphate (fertile 2) significantly
increased the grain yield.
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Introduction

and increase the phosphate uptake by plants. . (Turan

In today’s world, producing sufficient food is one of

et al, 2000; Rodriguez et al, 0000). Toro et al. (0004)

the most important priorities for human beings. What

showed that the use of phosphate solubilizing bacteria

agriculture particularly agronomy is responsible to do

increased

is to produce more and better crops in order to

phosphorus in vegetative organs in comparison to the

remove hunger and poverty (Noor Mohammadi et al.,

control treatment without using them. In an

0004). Due to limited arable lands, increasing the

experiment, Peix et al. (2000) reported that the use of

yield per area unit is one of the most important

phosphate solubilizing bacteria caused the increase

solutions to meet the need for food which requires the

solubility of insoluble phosphorus, increase of

use improved farming and breeding techniques in

phosphorus uptake, and significant increase of yield

order to take advantage of maximum potential per

in barley and peas. Sylvia et al., (0001) concluded that

area unit. Corn is one of the most important and

in treatments which used phosphate biological

suitable cereal crops for human nutrition, but it is

fertilizer, the concentration of phosphorus and copper

mainly used for feeding the livestock as fresh and

increased in corn’s shoots and seeds. Goenadi et al.

silage forage (Noor Mohammadi et al., 0004).

(0002) reported that the use of bio-fertilizers and 50-

Phosphorus is one of the main elements required by

45% chemical fertilizer led to a yield similar to the

plants which has a basic role in the formation of seeds

yield of the consumption of 000% chemical fertilizer.

and is found in large quantities in fruits and seeds.

This research was carried out based on achieving the

However,

of

goals of sustainable agriculture and decreasing the

phosphorous fertilizers has unfortunately imposed

use of chemical fertilizers and also examining the

deleterious

community

effects of phosphate bio-fertilizer (fertile 2),as an

(Karimian, 2000). Nutrients imbalance in plants and

economically and environmentally efficient and a

the decrease of crop yield are among these effects

healthy fertilizer source, on the yield and yield

(Hossein Safari et al., 2005). Even though the

components of corn.

unusual
effects

and
on

inappropriate
agricultural

use

the

concentration

of

nitrogen

and

application of such fertilizers is necessary to provide
nutrients, biological fertilizers could be used as

Materials and methods

supplement to reduce chemical fertilizer consumption

This research was carried out in Shahid Salemi field

(Heidary et al., 2000). Biological fertilizers are made

10 km away from northeast of Ahvaz at latitude 10°

up of useful bacteria and fungi each of which is

10´ and longitude 72° 51´ and 50 m above the sea

produced for a particular purpose. Such bacteria are

level. The kind of soil used in the experiment was clay

usually settled around the roots and help absorb a

loam with pH=4.2 and EC=0.4.

certain element and cause the absorption of other

experiment as randomized complete block design

elements and plant further growth (Yong et al.,

with 7 replications and two factors. The first factor

2005). One of these fertilizers is phosphate bio-

included biological phosphate fertilizer (fertile 2) at

fertilizer (fertile 2). Its high capability as a solvent for

three levels of 0, 000, 200 g/h and the second factor

phosphate, climatic adaptability, stability during the

included triple super phosphate chemical fertilizer at

storage, easy consumption, cheap transport, and

three levels of 0, 00, 00 kg/ha of pure phosphorus

compatibility with other fertilizers and pesticides are

(P2O5). The needed corn seeds were moistened by a

mentioned as the features of this kind of fertilizer

little water before planting and were mixed by the

(Hashemi, 2002). Jat and Shaktawat showed that

contents of a 000-g package of phosphate biological

phosphate bio-fertilizer in comparison to triple super

fertilizer (fertile 2) as the desired factors in the

phosphate fertilizers considerably increased the yield.

experiment and then after complete drying of the

Phosphate solubilizing bacteria secrete phosphatase

seeds in the shade, they were planted manually by

and organic acids and thus make phosphate solution

considering the density of 45000 plants per hectare in
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a space of 02 cm from each other on one side of the

results showed that the highest grain yield by 0022.20

stack. The seeds were planted in early August. Each

g/m2 belonged to the treatment with 00 kg/ha triple

plot contained 0 planting lines as long as 5 m and as

super phosphate chemical fertilizer and the treatment

distant as 45 cm from each other. Nitrogen was used

with 0200.02 g/m2 phosphate bio-fertilizer (fertile 2)

from urea source as much as 020 kg in two stages, so

by 000 g/ha. (Table 2). The highest rate of grain yield

that 00 kg was used during the planting and the rest

by 0151.02 g/m2 belonged to P2B2 treatment (000

was added then as the head. Triple super phosphate

g/ha phosphate fertilizer (fertile 2) and 00 kg/ha

fertilizer was used to provide the needed phosphorus

triple super phosphate) and the lowest rate belonged

according to each treatment need.

to P0B0(without phosphate fertilizer (fertile 2) and
triple super phosphate) by 007.42 g/m2. It seems like

Studied Traits

that the solubility of insoluble phosphates by

In this experiment traits such as biological yield,

microorganisms via producing organic acids and

harvest index, grain yield, number of grains per row,

making oxoacids out of sugars and exchanging

number of grains per corn and 0000-grain weight

reactions in roots growth environment are other

were examined.

mechanisms

of

microorganisms

in

increasing

nutrients uptake and consequently increasing the
The harvest index was calculated through the

grain yield (Zaidi et al., 2007). On the other hand, it

following formula:

could be concluded that the photosynthetic capacity

HI=(EY/BY).000

of the plants treated with phosphorus solubilizing

In which Hi: the harvest index

microorganisms

EY : economic yield

phosphorus feeding and also the weight of grains has

BY : biological yield

increased due to further assimilate mobilization to

has

increased

due

to

further

the seeds. Moreover, the studies done by Ortas (0000)
Data Analysis

showed that such microorganism would increase

The experiment data were analyzed by means of SAS

nutrition uptake and grain yield through decreasing

software and in order to draw the diagrams Excel

soil pH. To explain this point, Tohidi Moghadam et al

software was used and Duncan’s multi range test was

(2004) showed that the grain yield was more in

used to compare the means.

treatments

in

which

biological

fertilizers

and

appropriate amount of phosphate chemical fertilizers
Results and discussion

were used. Mahdavi Damghani et al. (2002) reported

Grain Yield

that the interactive application of bio-fertilizers and

The effect of phosphate bio-fertilizer (fertile 2), triple

chemical fertilizers increased the grain yield and

super phosphate and their interactive effect on grain

decreased the consumption of chemical fertilizers.

yield was significant (Table 0). The mean comparison
Table 1. The ANNOVA results of grain yield and other traits of corn.

205007.00 n.s
520100.25**
41452.04 n.s

Experimented traits
Grain yield
Number of grains Number of grains 0000-grain
per corn
per row
weight
147.14 n.s
2.40 n.s
07044.44*
077.12 *
**
**
**
542712.04
05212.20
00.00
22270.22**
07.01 n.s
00102.40**
0200.72**
0200.04**

12.01 n.s

005014.00 n.s

02504.40**

2401.57**

4.01 n.s

122.02 n.s

7

20.24

70000.17

2000.25

210

5.57

042.00

00

Harvest
index
12.0 n.s
702.00**
010.00*

Biological yield
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triple super phosphate) and the lowest number by the
average of 20.00 belonged to P0B0 (without fertile 2

Number of Grains per Row

phosphate fertilizer and triple super phosphate). It

The effect of phosphate bio-fertilizer (fertile 2) by

seems like that this matter is due to more absorption

itself and the interactive effect of phosphate bio-

of

fertilizer (fertile 2) and triple super phosphate on the

microorganisms and provision of better nutrition

number of grain per row were not significant. Of

conditions such as the increase of nitrogen absorption

course, the number of grains per row was significantly

by plant during the differentiation of spikelet and

affected by triple super phosphate chemical fertilizer

consequently the decrease of spikelet abortion and

by itself (P≤0.00) (Table 0). The mean comparison

the increase of grains.The findings were consistent

results showed that the highest number of grains per

with the results obtained by Zahir et al, 2007) and

row by the average of 10.57 belonged to the treatment

(Rodriguez et al, 0000). The results were also

by 00 kg/ha triple super phosphate chemical fertilizer

consistent with the findings of Yazdani et al. (2004)

and by the average of 11.54 grains per row belonged

who showed that the use of phosphorus solubilizing

to the treatment by 000 g/ha phosphate bio-fertilizer

bacteria and growth enhancer bacteria (with enough

(fertile 2) (Table 2). The highest number of grains per

input of NPK) increased the number of grains per

row by the average of 17.05 belonged to P2B2

row.

phosphorus

by

phosphorus

solubilizing

treatment (000 g/ha fertile 2 phosphate and 00 kg/ha
Table 2. Mean comparison of the effects of triple super phosphate and fertile 2 phosphate biological fertilizer on
grain yield and other traits of corn.
Harve
st
index
(%)

Biologica
l
yield
(g/m2)

Grain
yield
(g/m2)

Number
grains
corn

of
per

Number
grains
row

of
per

0000-grain
weight (g)

treatment

52.4 b
50.0 a
51.40 b

0450.70 a
0220.02 a
0022.02 a

400.40 c
0022.20 a
0000.17 a

104.57 c
705.07 a
750.40 a

24.24 c
10.57 a
20.52 b

252.21 c
122.4 a
120.27 a

74.45 c
50.27

0022.15 c
0400.20 b

020.54 c

700.00 c
720.40 a

20.05 c
11.54 a

100.11 c
157.51 a

Triple super phosphate
fertilizer
P0)0 kg/ha(
P2)00 kg/ha(
P1)00 kg/ha(
Fertile
2
phosphate
biological fertilizer
B0)0 g/ha)
B2)000 g/ha)

740.21 a

20.21 c

112.00 b

B1)200 g/ha)

a

52.27

2010.5

a

0200.02a
0011.20 b

a

Number of grains per corn

the average of 720.40 grains in the treatment with

The number of grains per corn was significantly

000 g/ha fertile 2 phosphate bio-fertilizer (Table 2).

affected by fertile 2 phosphate bio-fertilizer alone and

The highest rate of the number of grains per corn by

also by triple super phosphate chemical fertilizer .

the average of 504.07 grains, belonged to P2B2

The interactive effect of fertile 2 phosphate bio-

treatment (000 kg/ha triple super phosphate) and the

fertilizer and triple super phosphate on the number of

lowest rate was related to P0B1 treatment (200 g/ha

grains was significant at 0% probability level (Table 0).

fertile 2 phosphate bio-fertilizer without triple super

The mean comparison results showed that the highest

phosphate) by the average of 100.07 grains. The

number of grains per corn by the average of 705.07

increase of the number of grains per corn is due to

grains was observed in the treatment with 00 kg/ha

more phosphorus uptake by phosphorus solubilizing

triple super phosphate chemical fertilizer and also by

microorganisms

and

provision

of

appropriate

nutritional conditions such as the increase of nitrogen
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uptake by plant during the spikelet differentiation

the

and the growth of flowers and consequently the

solubilizing microorganisms increases due to more

decrease of spikelet abortion and the increase of the

phosphorus nutrition. Due to more assimilates

number of grains and leaf area and the improvement

distribution to grains the weight of grains increases,

of

too (Koide, 0001).

photosynthesis

and

better

distribution

of

plants

which

are

treated

by

phosphorus

assimilates in grains. The results were consistent with
the findings of Zahir et al. (2007), Swedrzynska and

Biological yield

Sawicka, (2000), Sturz et al. (2001), Rodriguez et

According to table (0) the simple effect of triple super

al.(0000).

phosphate fertilizer on grain yield

was significant

(P≤0.00), but the simple effect of fertile 2 biological
1000-grain weight

phosphate fertilizer and the interactive effects of

With regard to table (0) the simple effect of fertile 2

fertile 2 phosphate bio-fertilizer and triple super

phosphate bio-fertilizer or triple super phosphate on

phosphate was not significant. The mean comparison

grain yield

the

results showed that the highest biological yield by the

interactive effects of fertile 2 phosphate fertilizer and

average of 0022.02 g/m2 belonged to the treatment

triple super phosphate was not significant. The mean

with 00 kg/ha triple super phosphate chemical

comparison results showed that the highest weight of

fertilizer and the treatment with 200 g/ha fertile 2

0000-grain by 122.40 g belonged to the treatment

phosphate bio-fertilizer by 2010.5 g /m2 (Table 2).

with 00 kg/ha triple super phosphate chemical

The highest rate of biological yield by 2240.04 g/m2

fertilizer and also the treatment with 000 gr/ha fertile

belonged to P2B2 treatment (000 g/ha fertile 2

2 phosphate bio-fertilizer by 157.51 g (Table 2).

phosphorus fertilizer and 00 kg/ha triple super

Moreover, the highest rate of 0000-grain weight by

phosphate) and the lowest rate was related to

100.11 g, was related to P2B2 treatment (000 g/ha

P0B0treatment (without triple super phosphate and

fertile 2 phosphate bio-fertilizer and 00 kg/ha triple

fertile 2 phosphorus fertilizer) by 0041.50 g.

was

significant

(P≤0.00), but

super phosphate) and the lowest was related to P0B0
treatment (without triple super phosphate and fertile

The findings of Subramanian et al. (0004) showed

2 phosphate bio-fertilizer) by 210.00 g. this might be

that the simultaneous use of chemical fertilizer and

due to useful effects of bio-fertilizer on the increase of

bio fertilizer, affects the plants physiology through

root growth, appropriate nutrients supply, leaf area

increasing

increase, and photosynthesis improvement and better

assimilates in stems and roots and also absorbing

distribution

of

grains.

the

flow

of

Some

minerals from soil. It seems like that the increase of
plants biomass in appropriate nutritional conditions

weight is due to the release of phosphorus and its

and plants access to sufficient water and nutrients

absorption by phosphorus solubilizing microorganism

especially phosphorus and nitrogen have been very

(Khaliq and Sanders, 2000). Also, it has been

affective in the increase of plant height via influencing

reported that the assimilates exchange would increase

the cells division and growth. Moreover, the solubility

in inoculated plants (Auge et al., 2000). According to

of insolvable phosphates by phosphorus solubilizing

Sanchez Diaz et al. (0005) biological coexistence

microorganisms and the secretion of growth enhancer

increases the number of chloroplasts. The studies

hormones such as auxin, gibberellin, and cytokinin by

carried out by Ruiz Lozano and Azcon, (0005) showed

these microorganisms increased the growth of the

that

roots and the plants (Sattar and Guar, 0024). In

with

in

changing

researchers believe that the increase of 0000-grain

coexistence

assimilates

assimilates,

phosphorus

microorganisms

increased

photosynthetic

phosphorus

the

solubilizing

efficiency

of

different studies it has been observed that interactive

consumption

in

treatments have increased the vegetative growth of

comparison to non-symbiotic plants. Therefore, it

plants and consequently the yield of cereal crops and

could be concluded that photosynthetic capacity of

legumes have increased under farming conditions
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Int. J. Biosci.

2014

(Hoflich et al., 0007). Moreover, phosphorus has
increased nitrogen uptake and plants resistance to
diseases and has controlled the negative effect of
additional

nitrogen

and

also

has

improved

Conclusion

photosynthesis and assimilates production due to the

The obtained results indicate the significant role of

increase of leaf area, increase of chlorophyll in leaves

phosphorus in increasing biological yield, grain yield,

and increase of macro and micro elements absorbed

and generally, the improvement of corn production.

by the plant roots. More importantly, more expansion

On the other hand, interactive treatments of fertile 2

and better continuity of leaf area induced sufficient

phosphate bio-fertilizer and triple super phosphate

strong physiological sources for receiving maximum

chemical fertilizer increased the yield and yield

light and producing dry matter. The results were

components of corn. In this regard, P2B2 treatment

consistent with the findings of Kazemi Posht Mesari

(000 g/ha fertile 2 phosphate bio-fertilizer and 00

et al. (2004) who showed that the highest rate of

kg/ha triple super phosphate fertilizer) had the

biological yield was achieved by consuming bio-

highest yield of total dry matter and grain yield. On

fertilizers. Also, the results were consistent with the

the whole, it could be said that the increase of yield

findings of Cavaglieri et al. (2007).

was related to the increase of consumed phosphorus
by plant and also to the important role of this element

Index harvest

in

The simple effect of fertile 2 phosphate bio-fertilizer

accumulation of phosphorus combinations and their

at 5% level and the simple effect of triple super

negative effects on the absorption of some elements

phosphate at 0% level on the harvest index were

in soil. Nutrients availability to plants largely depends

significant. However, the interactive effect of fertile 2

on

phosphate bio-fertilizer and triple super phosphate on

Phosphorus chemical fertilizers fixation under the soil

the harvest index was not significant (Table 0). The

existing conditions and changing them to forms

mean comparison results showed that the highest rate

which are not accessible for plants is the main

of harvest index by 50.0 was observed in the

problem. Therefore, fertile 2 phosphate bio-fertilizer

treatment with 00 kg/ha triple super phosphate and

in combination with appropriate amount of triple

also in the treatment with 50.27 fertile 2 phosphate

super phosphate chemical fertilizer reduces the need

bio-fertilizer by 000 g/ha (Table 2). The highest rate

to phosphorus chemical fertilizers and increases their

of harvest index by 01.04 belonged to P1B2 treatment

efficiency by releasing phosphorus gradually and

(000 g/ha fertile 2 phosphate fertilizer and 00 kg/ha

changing it to absorbable form by plant.in fact, by

triple super phosphate) and the lowest rate belonged

settling in rhizosphere area, microorganisms use the

to P0B0 treatment (without fertile 2 phosphate bio-

roots exudates and provide the conditions for

fertilizer and triple super phosphate) by 72.00.

transforming insoluble phosphorus to usable form by

Insignificant

interactive

for plants by changing pH or secreting enzymes.

treatments of chemical and bio-fertilizers in this

Moreover, such microorganisms have an important

research could lead to the conclusion that under

role in increasing correlation between the absorption

appropriate

of some elements like phosphorus, potassium,

harvest

nutritional

index

of

the

conditions,

the

matters

developing

soil

the

biological

and

nitrogen.

and

preventing

chemical

Phosphate

the

conditions.

produced in total plant organs were more; however,

calcium,

the use of bio-fertilizer in comparison to the

bacteria in fertile 2 phosphate bio-fertilizer, by

treatment without chemical and bio-fertilizer reduced

releasing organic acids and phosphatase acid, will

the harvest index by affecting plant dry matter

cause enzymatic analysis of organic compounds and

distribution and allocating less dry matter to the

nutrients solution in soil and increase nutrients

grain. The results were consistent with the findings of

absorption in soil. Therefore, the importance of such

Cavaglieri et al. (2007).

microorganisms is not only due to their contribution

154 Araei et al.
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to the absorption of certain elements but also other
elements uptake and improvement of soil structure

Noormohammadi GH, Siadat SA, Kashani A.

are the positive consequences of fertile 2 phosphate

0004. Cereal crops agriculture, 0st volume, Shahid

bio-fertilizer and thus the increase of phosphorus

Chamran University Publications, Ahwaz, 102-125 p.

which is available for plants. Moreover, by using

7 -01-0400-007.Code(Book):011 .

biological fertilizer in this experiment, the rate of
phosphorus fertilizer consumption decreased as much

Hashemi A. 2002. Irrigated and rain-fed wheat

as 50% without the significant decrease of the yield

farming using fertile 2 phosphate bio-fertilizer,

which

summer.

is

economically

and

environmentally

considerable.
Yazdani

M,

Pirdashti

HA,

Ismaeili

MA,
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