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ABSTRACT 

BACKGROUND: Bio-fertilizers being essential components of organic farming play 
vital role in maintaining long term soil fertility and sustainability.  
OBJECTIVES: Study yield and growth indices of sorghum in response to consume 
chemical fertilizer and Nitroxin bio-fertilizer.  
METHODS: This research was conducted via split plot experiment based on com-
pletely randomized block design with three replications in research field of Ahvaz Is-
lamic Azad University. Pure nitrogen from urea source was used as the main plot in 
four levels (0, 50, 100, 150 kg.ha-1) and Nitroxin bio-fertilizer was used as sub plot in 
two levels (lack of use of bio-fertilizer and use of 1 L.ha-1 Nitroxin per 200 kg seeds).  
RESULT: According result of analysis of variance effect of different level of nitrogen 
and Nitroxin on seed yield, biologic yield and harvest index was significant at 1% 
probability level but interaction effect of treatments on harvest index was not signifi-
cant. Assessment mean comparison of different levels of nitrogen fertilizer indicated 
that the highest seed yield (341 g.m-2), biologic yield (1218 g.m-2) and harvest index 
(28%) belonged to the treatment with consumption of 150 kg.ha-1 nitrogen and the 
lowest amount of seed yield (200 g.m-2) biologic yield (1045 g.m-2) and harvest index 
(20%) was for non-consumption of nitrogen (control). Use 1 L.ha-1 Nitroxin led to 
achieve highest seed yield (324 g.m-2), biologic yield (1185 g.m-2) and harvest index 
(27%) compare to control treatment. The highest leaf area index was obtained in the 
application of bio-fertilizer compared to non-consumption (4.5), and the non-use of 
biological fertilizer with a maximum leaf index was 3.8. Net assimilation rate in the 
use of biological fertilizer at 25 days after planting the equivalent of 10 gr.m-2 per day 
started and in the 47 days after planting, it was 6.3. The non-use of biological fertilizer 
began at 8.1 after 25 days after planting and reached 6.1 in 47 days after planting.  
CONCLUSION: So finally consume 150 kg.ha-1 chemical nitrogen fertilizer with 1 
L.ha-1 Nitroxin bio-fertilizer advised for farmers.  
KEYWORDS: Dry matter, Leaf area index, Nitrogen, Yield.  
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1. BACKGROUND  
Sorghum is a widely grown cereal crop, 
particularly in Africa, sorghum ranks 5th 
in global cereal production. Seed sor-
ghum is a dominant summer crop in 
Sudan; many varieties are grown under 
rain-fed areas and under irrigation in 
some central states (Ali et al., 2015). 
Forage crops play an important role in 
supplying energy and protein to live-
stock (Eskandari et al., 2009). In breed-
ing of forage crops, increase of yield 
and forage quality are the main factors 
which play prominent role in the intro-
duction of new varieties. Forages with 
good quality should have high dry mat-
ter yield, energy, digestibility and low 
fiber for optimal fermentation in the silo 
and storage. (Curran and Posch, 1999). 
Sorghum is the fifth most important ce-
real crop grown for human consumption 
in the world being surpassed only by 
rice, wheat, barley and corn. Most of 
sorghum grown in Asia and the African 
tropics is used for human food and also 
fed to livestock or poultry (Gul et al., 
2005). Sorghum production in Iran has 
spanned almost 120 yr. The crop has 
served producers and end users well, as 
advancements in cultivar development 
have produced the high-performing, 
well adapted, premium quality cultivars. 
For example, screening of seven salinity 
tolerant and ten salinity sensitive sor-
ghum genotypes was reported (Chuck 
and Donnelly, 2014). Sorghum is a ver-
satile crop which is grown for human 
consumption, animal feeds, and poultry 
nutrition and for some industrial prod-
ucts (Amal et al., 2010). Grain sorghum 
as a staple food grain in several devel-
oping countries (Buah and Mwinkaara, 
2009) is an important crop in arid and 
semiarid regions, because of its envi-
ronmental adaptability. The productivi-
ty of grain sorghum could be increased 
by improving the cultural practices, 
such as irrigation regime, nitrogen ferti-

lizer and plant density. Sorghum is an 
important cereal grain due to its drought 
resistance and relatively low input 
costs. Worldwide, sorghum is ranked 
fifth among cereal grains in terms of 
quantity and importance (Rooney and 
Awika, 2005). Nutrient management is 
one of the most important factors that 
affect the growth and yield of maize 
(Verma, 2011). Fertilizer management 
is one of the most important factors in 
successful cultivation of crops affecting 
yield quality and quantity (Tahmasbi et 
al., 2011). A great attention has recently 
directed towards the application of bio-
organic farming to avoid the heavy use 
of agrochemicals that result in enor-
mous environmental troubles (Abd El-
Ghany, 2007). Organic manure contains 
higher level of relatively easily availa-
ble nutrient elements, which are essen-
tially required for plant growth. Moreo-
ver, it plays an important role to im-
prove physical soil properties (Amal et 
al., 2010). Many researchers investigat-
ed the nutrient value of organic manure 
and bio-fertilizers for crop production 
and indicated that it could be used suc-
cessfully. There exists a large volume of 
literature reporting the efficiency and 
effectiveness of the organic fertilizer 
nutrient sources in maintaining soil fer-
tility, improving crop yields and sus-
taining productivity and that display 
their increased potential when integrat-
ed with inorganic fertilizer (El-Mekser, 
2004). Bio-fertilizers are more envi-
ronmental friendly and in many cases, 
they have given the same or even better 
crop yields compared to mineral ferti-
lizers (Saghir Khan et al., 2007). Bio-
fertilizers are being essential component 
of organic farming are the preparations 
containing live or latent cells of effi-
cient strains of nitrogen fixing, phos-
phate solubilizing or cellulolytic micro 
organisms used for application to seed, 
soil or composting areas with the objec-
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tive of increasing number of such mi-
cro-organisms and accelerate those mi-
crobial processes which augment the 
availability of nutrients that can be easi-
ly assimilated by plants. Bio-fertilizers 
play a very significant role in improving 
soil fertility by fixing atmospheric ni-
trogen, both, in association with plant 
roots and without it, solubilize insoluble 
soil phosphates and produces plant 
growth substances in the soil. They are 
in fact being promoted to harvest the 
naturally available, biological system of 
nutrient mobilization (Venkatashwarlu, 
2008). Inoculation with Azospirillum 
and Azotobacter increases the absorp-
tion of K, NO3

-, H2PO4, so the root to 
stem ratio seems to increase. This 
makes the plant better deployed in the 
soil and access to limited resources of 
water and essential nutrients. Increasing 
the absorption of ions by inoculation 
can play an important role in increasing 
leaf growth. Also, the release of various 
phytohormones, such as auxin, cytokin-
in, gibberellin, and unknown com-
pounds by strains of these bacteria, in-
crease the cell proliferation and cell di-
vision, so increasing the leaf area index 
can be justified (Yazdani et al., 2009). 
Jafari Haghighi and Yarmahmodi 
(2011) by evaluate the effects of chemi-
cal and biological fertilizers on physio-
logical traits of corn under different ir-
rigation regime reported to achieve high 
yield use biological fertilizer cannot 
sufficient but integrated application of 
fertilizers (Biological and Chemical fer-
tilizers) became causes significant in-
crease in yield can be advised. Hokm 
Alipour and Hamele Darbandi (2011) 
reported application of nitrogen fertiliz-
er has positive effects on yield and 
physiological growth indices of maize 
cultivars, it can be suggested that use 
korduna cultivar with 180 kg N ha lev-
els. Nouraki et al. (2016) reported bac-
teria have positive role in the produc-

tion of bio-fertilizers and hormones 
which play a significant role in regulat-
ing plant growth while mixing them 
with chemical fertilizers as a supple-
ment the level and depth of the roots. 
This combination also increases the rate 
of water and nutrient absorbance which 
raise the rate of growth and photosyn-
thesis. These combination also increase 
the grain yield, yield components, and 
biological function, it has been found 
that bio-fertilizers can be combined 
with chemical fertilizers in a comple-
mentary way to reduce the excessive 
amount of chemical fertilizers used to 
grow corn. It was shown that the mixing 
of biological fertilizers with chemical 
fertilizers could reduce the needs of 
chemical fertilizers up to 25% and these 
results are comparable to the application 
of 100% chemical fertilizers. Therefore, 
the best hybrid maze is the single cross 
704 that has good yield potential when 
the chemical fertilizer is used at either 
25% or 50% of the current application 
when mixed with the bio-fertilizer. Rai 
and Caur (1998) studied Azotobacter 
and Azospirillum and double-
inoculation and alone inoculation ef-
fects on wheat growth and yield. Dou-
ble-inoculation of Azotobacter and 
Azospirillum had positive effects on 
plant height, spike length, grain yield, 
biological yield and harvest index in 
various wheat genotypes. It is proved 
that hormones such as oxine, giberline 
and cytokenine are synthesized by many 
Azotobacter spp (Singh et al., 2004). 
Nitroxin is an Azotobacter biological 
fertilizer which leads to higher quality 
yields (Kholdi et al., 2015). The Nitrox-
in biological fertilizer also contains ni-
trogen stabilizing bacteria, which is 
produced and supplied with the approv-
al of the country's research institutes 
(Asadi-Kupal and Zadeh Laserjan, 
2009). The bacteria in the Nitroxin bio-
logical fertilizer, in addition to stabiliz-
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ing nitrogen of the air and balancing the 
absorption of macro and micronutrient 
elements, stimulate growth of the hor-
mones by synthesizing and securing 
growth promoters such as hormones 
(Fulchirri and Frioni, 1994). Rahi 
(2013) reported that increase in Nitroxin 
also increased fresh and dry weights of 
leaf, stem, chlorophylls a, b, total carot-
enoids, and anthocyanin content of the 
plants linearly. Yield is a complex trait 
resulting from interaction of morpho-
logical, physiological and environmen-
tal parameters on the growth of plants. 
Identification of the variations of mor-
phological and physiological traits in-
fluencing the yield of a plant in a certain 
environment is an essential tool for se-
lecting and breeding of yield (Azarpour 
et al., 2014). Increasing leaf area deter-
mines the photosynthetic capacity of the 
plant. The variation in leaf area affected 
by genotype, plant density, and climate 
and soil fertility will also affect perfor-
mance (Nezarat and Gholami, 2008). 
High level of leaf area index increases 
mean growth rate (CGR) during plant 
growth period, which in the end results 
in increase of dry matter production 
(biomass) and increase of yield of prod-
uct. Research results of the researchers 
have shown that there is a positive cor-
relation between leaf area index and dry 
matter yield, so that the increase of leaf 
area index with increasing light absorp-
tion and thereby increasing photosyn-
thetic capacity will increase economic 
performance (Sajedi and ardakani, 
2007). Growth analysis is a way to as-
sess what events occurs during plant 
growth. Growth analysis is a suitable 
method for plant response to the differ-
ent environmental conditions during 
plant life (Tesar, 1984). Nitrogen is one 
of the important agronomy factors 
which has a significant impact on 
growth indices and by selecting the ap-
propriate amount of nitrogen, balanced 

complex of growth indices will be cre-
ate in canopy which lead to yield im-
provement since the most indicators of 
growth are related to leaf area index in 
some way. Leaf area index changing 
through alteration in nitrogen fertilizer 
levels is one of the most practical ways. 
In every region, leaf area index which 
produces the maximum yield is differ-
ent and it should be obtained by the lo-
cal research (Azarpour et al., 2014). 
Identification of growth physiological 
indices in analysis of factors affecting 
yield and its components has a great 
importance and its stability determines 
the dry matter production which is a 
criterion of yield components and in 
this regard leaf area index (LAI), total 
dry weight (TDW) and leaf dry weight 
(LDW) should be measured in periodic 
intervals during the growing season 
(Gardner et al., 1985). The above indi-
ces plus crop growth rate (CGR), rela-
tive growth rate (RGR), net assimilation 
rate (NAR), leaf area duration (LAD), 
leaf area rate (LAR), leaf weight rate 
(LWR) and specific leaf area (SLA) are 
indices which often use for evaluation 
of plant productivity capability and en-
vironmental efficiency (Anzoua et al., 
2010). Leaf area index (LAI) and dry 
matter production is the main growth 
factor which may directly reflect to cot-
ton yield. Growth analysis parameters 
like crop growth rate (CGR) are product 
of LAI. Relative growth rate (RGR) 
measures the increase in dry matter with 
a given amount of assimilatory material 
at a given point of time (Rajput et al., 
2017). Sharifi et al., (2014) reported 
that during plant growth stages RGR 
values are interrelated to dry matter ac-
cumulation and crop growth rate. The 
amount of growth and photosynthetic 
translocation is related to nutrients 
availability (Munir et al., 2012). Dwyer 
and Tewart (1986) reported that leaf 
area index is major factor determining 
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photosynthesis and dry matter accumu-
lation. Crop growth rate is related to 
leaf area index, for this reason that crop 
growth rate changes is depended to two 
parameters: namely leaf area index and 
net assimilation rate. Leaf area index is 
the component of crop growth analysis 
that accounts for the ability of the crop 
to capture light energy and is critical to 
understanding the function of many 
crop management practices. Leaf area 
index can have importance in many are-
as of agronomy and crop production 
through its influence on: light intercep-
tion, crop growth weed control, crop-
weed competition, crop water use, and 
soil erosion. To measure LAI, scientists 
generally have cut a number of plants at 
the soil surface, separated leaves from 
the other plant parts, and measured the 
area of individual leaves to obtain the 
average leaf area per plant. The product 
of leaf area per plant and the plant 
population gives the LAI. Alternatively, 
LAI could be measured none destruc-
tively with this procedure if area of in-
dividual leaves was determined by some 
combination of leaf length and width 
measurements (Shirkhani and Nasro-
lahzadeh, 2016).  
 
2. OBJECTIVES  
This research is aimed to examine the 
changes of yield and growth indices of 
sorghum by using Nitroxin bio-
fertilizer.  
 
3. MATERIALS AND METHODS  
3.1. Field and Treatments Information  
In order to study evaluation of yield and 
growth indices of sorghum in response 
to Nitroxin bio-fertilizer, this research 
was carried out according split plot ex-
periment based on completely random-
ized block design with three replications 
in the research field of Ahvaz Islamic 
Azad University. Pure nitrogen from 
urea source was used as the main plot in 

four levels (0, 50, 100, 150 kg.ha-1) and 
Nitroxin bio-fertilizer was used as the 
sub plot in two levels (lack of use of 
bio-fertilizer and use of 1 L.ha-1 Nitrox-
in per 200 kg seeds).  
 
3.2. Farm Management  
Urea and triple super phosphate were 
the sources of chemical fertilizers of 
nitrogen and phosphorus used in the 
experiment. Potassium fertilizer was not 
used due to high level of absorbable po-
tassium. 1 liter of Nitroxin bio-fertilizer 
was used before planting as mixed with 
the seeds. The required amounts of ni-
trogen fertilizers were identified after 
the soil analysis and the needed fertiliz-
er for each plot was calculated with re-
gard to the plot size and the levels of 
studied treatments and 25% of pure ni-
trogen as the base fertilizer was added 
to the land before planting and 75% was 
added at 8-leaf stage. There were 8 plots 
in each block. The space between each 
sub plot from the other one was as one 
non-planting line and the space between 
every two main plots was as two non-
planting lines. There were 6 planting 
rows in each plot and the space between 
the rows was 75 cm and over the rows 
was 12 cm. Cultivar seeds were used. 
The seeds were planted at the end of 
July as ridge and furrows at the depth of 
3-4 cm. in seed mixing method, after 
blending the seeds they were dried in 
shadow and immediately planted. After 
sowing the seeds, the field was irrigat-
ed. During the growth stage, growing 
operations such as irrigation, thinning 
and controlling the weeds (at 4-leaf 
stage) were done.  
 
3.3. Measured Traits  
In order to determine the yield two 
planting lines from each plot and after 
the removal of marginal effect were car-
ried to the laboratory and were placed in 
the oven at 75°C for 48 hours and after 
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ensuring that the samples were com-
pletely dry, they were weighed and fi-
nally the total yield was measured. By 
measuring three factors including leaf 
area, leaf dry weight and total body 
weight, the physiological parameters of 
growth including LAI, NAR, and CGR 
were obtained using the following equa-
tions. To determine the leaf area of the 
linear relationship S= K. L.W was used 
in which S, L and W were the leaf area, 
L and W respectively, the maximum 
length and width of each leaf and K= 
0.75 correction coefficient. The LAI 
was calculated from leaf area ratio to 
ground level. CGR and net assimilation 
rate was measured according fallowing 
formula (Buttery, 1970; Enyi, 1962):  
Equ.1. CGR (gr.m-2.day-1) =W2-W1/T2-T1  

W1= Primary dry weight (g)  
W2= Secondary dry weight (g)  
T1= initial sampling time  
T2= Secondary sampling time  
Equ.2. NAR (gr.m-2.day-1)= CGR × LnLA2 

- LnLA1/LA2-LA1  
CGR = Growth rate in gr.m-2  
LA1 = Initial leaf area  
LA2 = Secondary leaf area  

3.4. Statistical Analysis  
The data related to studied traits were 
analyzed with using SAS software 
(Ver.10) and data were compared by 
using Duncan test at 5% probability 
level. Excel software (Ver.2010) was 
used to draw diagrams and curves.  
 
4. RESULT AND DISCUSSION  
4.1. Seed Yield  
The seed yield is a complex feature 
whose emergence depends on the func-
tion of the reactions of many physiolog-
ical combinatorial processes, in particu-
lar the limiting components that change 
with the varieties. According result of 
analysis of variance effect of different 
level of nitrogen, Nitroxin and interac-
tion effect of treatments on seed yield 
was significant at 1% probability level 
(Table 1). Mean comparison of different 
levels of nitrogen fertilizer indicated 
highest seed yield (341 g.m-2) belonged 
to the treatment with consumption of 
150 kg.ha-1 nitrogen and the lowest one 
(200 g.m-2) was for non-consumption of 
nitrogen (control) (Table 2).  

 
Table 1. ANOVA results of studied traits in response to different level of nitrogen and Nitroxin  

S.O.V df 
Seed  
yield 

Biological 
yield 

Harvest  
index 

Replication 2 51.73ns 36.34ns 21.78ns 
Nitrogen 3 248.27** 389.63** 68.7** 
Error I 6 48.46 44.70 19.2 

Nitroxin 1 230.58** 581.58** 60.4** 
Nitrogen*Nitroxin 3 245.29** 299.45** 28.3ns 

Error II 8 54.68 50.53 22.11 

CV (%) - 9.38 12.29 9.10 
ns, **, *: Mean of squares of treatments respectively non-significant, significant at 1% and 5% probability levels.  

 
Table 2. Mean comparison effect of different level of nitrogen fertilizer on studied traits  

Treatment 
Seed yield  

(g.m-2) 
Biological yield  

(g.m-2) 
Harvest index 

(%) 
Nitrogen     
Control 200*d 1045c 20d 

50 kg.ha-1 231c 1117b 21c 
100 kg.ha-1 304b 1176b 25b 
150 kg.ha-1 341a 1218a 28a 

*Similar letters in each column show non-significant difference at 5% probability level in Duncan test.  
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It seems like that the increase of seed 
yield is due to the positive effect of ni-
trogen and receiving light and the in-
crease of photosynthesis, crop growth 
rate, leaf area index, and leaf area dura-
tion. The results are consistent with the 
findings of (Nawas et al., 2005). In an-
other study conducted by (Garg et al., 
2005) increasing nitrogen to soil in-
creased the plant photosynthetic effi-
ciency and ultimately increased the seed 
yield and growth rate. On the other 
hand, since the rate of light absorption 
by leaves and converting it into photo-
synthetic materials are the other factors 
affecting the plant growth and produc-
tion, the increase of leaf area in the farm 
leads to the increase of light absorption 
and ultimately leads to the increase of 
seed yield. Application of inorganic fer-
tilizers along with bio-fertilizer signifi-
cantly increased maize yield (Abou El-
Magd et al., 2006). Manure application 
has also been reported to increase the N 
and exchangeable cation levels in the 
soil (Boateng et al., 2006). Nitroxin bio-
logical fertilizer contains the most ef-
fective nitrogen fixation bacteria of 
Azotobacter and Azospirillium, which 
stabilizes the nitrogen, balance absorp-
tion of micronutrient and macronutrient 
rate needed by plant, as it causes growth 
and development of root and shoots of 
plant by synthesis and excretion of 
stimulants of plant growth such as types 
of regulating hormones such as Oxine, 
and also production of different amino 
acids and types of antibiotics, Cyanide 
hydrogen, Siderophore, etc, and causes 
increase of quality and quantity of 
product by protecting root such as ter-
restrial pathogenic agents (Cardoso and 
Kuyper, 2006). According result of 
mean comparison of different level of 
Nitroxin maximum seed yield (324 g.m-

2) was obtained for use 1 L.ha-1 Nitroxin 
and minimum of that (214 g.m-2) was 
for control treatment (Table 3). Useful 

soil bacteria, by facilitating elements 
uptake, atmospheric nitrogen fixation, 
plant hormone production such as auxin 
and gibberellin, increase the yield com-
ponents and the seed yield, ultimately 
(Gary et al., 2005). Hamidi et al. (2007) 
examined the effect of growth enhancer 
bacteria on post-mature hybrids of 
maize in an experiment and reported 
that application of such bacteria in-
creased the seed yield. Assessment 
mean comparison of interaction effect 
of treatments revealed the highest rate 
of seed yield (349 g.m-2) was noted for 
treatment of 150 kg.ha-1 nitrogen ferti-
lizer with 1 L.ha-1 Nitroxin and the low-
est rate (207 g.m-2) belonged to the 
treatment without consumption of the 
nitrogen and Nitroxin bio-fertilizer (Ta-
ble 4).  
 
4.2. Biologic Yield  
Result of analysis of variance revealed 
effect of different level of nitrogen, Ni-
troxin and interaction effect of treat-
ments on biologic yield was significant 
at 1% probability level (Table 1). Mean 
comparison of different level of nitro-
gen indicated the maximum biologic 
yield (1218 g.m-2) was obtained for 
consumption of 150 kg.ha-1 nitrogen 
and minimum of that (1045 g.m-2) was 
for control treatment (Table 2), so due 
to increase leaf area index and plant 
growth, and positive effect on foliage 
development and seed yield due to ni-
trogen application. According result of 
mean comparison of different level of 
Nitroxin maximum biologic yield (1185 
g.m-2) was obtained for use 1 L.ha-1 Ni-
troxin and minimum of that (1092 g.m-

2) was for control treatment (Table 3). 
Bio-fertilizer seems to increase the effi-
ciency of nitrogen absorption and in-
crease the number of aerial parts and 
consequently increase biological yield.  
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Table 3. Mean comparison effect of use or nonuse of Nitroxin on studied traits  

Treatment 
Seed yield  

(g.m-2) 
Biological yield  

(g.m-2) 
Harvest index 

(%) 
Nitroxin     

Control 214*b 1092.4b 20b 

1 L.ha-1  324a 1185.6a 27a 

*Similar letters in each column show non-significant difference at 5% probability level in Duncan test.  
 

Table 4. Mean comparison interaction effect of different level of nitrogen and Nitroxin on stud-
ied traits  

Nitrogen  Nitroxin  
Seed yield  

(g.m-2) 
Biological yield  

(g.m-2) 

Control 
Control 207g 1004*f 

1 L.ha-1  217f 1011e 

50 kg.ha-1  
Control 233e 1074d 

1 L.ha-1  258d 1133c 

100 kg.ha-1 
Control 275c 1186b 

1 L.ha-1  296b 1234ab 

150 kg.ha-1 
Control 317b 1204b 
1 L.ha-1  349a 1266a 

*Similar letters in each column show non-significant difference at 5% probability level in Duncan test.  
 
Hamidi et al. (2007) also investigated 
the effect of plant growth stimulating 
bacteria on the yield of corn, and con-
cluded that growth promoters signifi-
cantly increased the biological yield of 
corn, which was consistent with the re-
sults of this research. Evaluation mean 
comparison of interaction effect of 
treatments revealed the highest rate of 
biologic yield (1266 g.m-2) was noted 
for 150 kg.ha-1 nitrogen fertilizer with 1 
L.ha-1 Nitroxin and the lowest one 
(1004 g.m-2) belonged to treatment 
without consumption of nitrogen and 
Nitroxin bio fertilizer (Table 4).  
 
4.3. Harvest Index  
According result of analysis of variance 
effect of different level of nitrogen and 
Nitroxin on harvest index was signifi-
cant at 1% probability level but interac-
tion effect of treatments was not signifi-
cant (Table 1). Mean comparison of dif-
ferent levels of nitrogen fertilizer indi-
cated that the highest harvest index 
(28%) belonged to the treatment with 
consumption of 150 kg.ha-1 nitrogen 

and the lowest one (20%) belonged to 
the treatment without consumption of 
nitrogen (control) (Table 2). The varia-
bility of the harvest index in the plants 
depends on the difference in the produc-
tion of the assimilates during the seed 
filling and re-transplantation of the as-
similates before the pollination of each 
genotype and the strength of the reser-
voir (Nour mohammadi et al., 2001). 
The results show that the increase in 
nitrogen increases the biological yield 
and, in due proportion, increases the 
distribution of photosynthetic material 
to the reproductive organs in the plant. 
Also, use or nonuse of Nitroxin had the 
highest and lowest harvest index with 
average of 27 and 20%, respectively 
(Table 3). Han and Lee (2006) attribut-
ed the increase in corn harvest index in 
bio-fertilizer treatment to better absorb 
nutrients. Because the plant with better 
absorption of nutrients and increasing 
leaf area index can use better solar radi-
ation and send more photosynthetic ma-
terials to seed and thus increase dry 
matter.  
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4.4. Leaf area index (LAI)  
In this study, leaf area index (LAI) 
changes were evaluated based on the 
effect of Nitroxin and pure nitrogen fer-
tilizer. Fig. 1 and 2 shows variation of 
leaf area index from the beginning of 
the growing season to the last stage of 
sampling under the influence of Nitrox-
in bio fertilizer and pure nitrogen ferti-
lizer, the LAI at the beginning of the 
season growth was an increasing trend 
and continued up to 40-50 days after the 
planting, after declining contraction.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Effect of nonuse and use of Nitroxin 
biofertilizer (B1 and B2 respectively) on leaf 
area index.  
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Effect of different level of nitrogen 
fertilizer (N1:0, N2:50, N3:100 and N4: 150 
kg N ha) on leaf index.  

 
This trend is also consistent with the 
results of other researchers (Raker, 
2004). The highest leaf area index was 
obtained in the treatment of biological 
fertilizer application (4.5), and the non-
use of biological fertilizer with a maxi-

mum leaf index was 3.8 (Fig. 1). The 
results showed that the effect of biolog-
ical fertilizers on the increase of leaf 
area index was significant. This is due 
to the fact that Azospirillum and Azoto-
bacter bacteria, by providing nitrogen, 
improve the vegetative growth and leaf 
development, followed by the increase 
of leaf area index. Considering that the 
main factor influencing the growth and 
production of arable crops is the absorp-
tion of light by leaves and its transfor-
mation into photosynthetic materials, 
increasing the amount of leaf area in the 
field increases the amount of light ab-
sorption that leads to increased yield. 
About the different levels of fertilizer, 
leaf area index in the control treatment, 
50 kg, 100 kg, 150 kg of pure nitrogen 
fertilizer was respectively 3.1, 3.5, 3.8, 
4 (Fig. 2).  
 
4.5. Crop Growth Rate (CGR)  
Growth rate of crop growth in early 
stages of growth due to sufficient vege-
tation and increased leaf area, resulting 
in better sunlight production, increased 
dry matter production per unit area, and 
consequently the growth rate of crop 
growth has been increasing. The 
amount of product growth rate has 
peaked at the earliest stages of seed fill-
ing. At this time, the plant had the max-
imum leaf area index. As the plant 
reaches the ultimate height of growth 
due to shadowing of the upper limbs on 
the shrubs, decreasing the plant's photo-
synthetic capacity, aging and leaf loss, 
the growth rate of the crop has been 
greatly reduced. According to the figure 
3, in the application of biological ferti-
lizer, the maximum crop growth rate 
was obtained with a numerical value of 
25 gr.m-2.day-1 in the 46 days after 
planting, which compared to the non-
consumption of 21 g.m-2.day-1, which 
was still maximal growth at 46 days af-
ter planting (Fig. 3).  



Charkhab and Mani Mojaddam, Investigation Growth Indices Analysis and Sorghum…               10 

0

5

10

15

20

25

30

35 49 63 77

Days after plant

C
G

R
 (

g
.m

-2
.d

a
y

-1
)

B1

B2

0

5

10

15

20

25

30

35 49 63 77

Days after plant

C
G

R
 (

g
.m

-2
.d

a
y

-1
)

N1

N2

N3

N4

0

2

4

6

8

10

12

35 49 63 77

Days after plant

N
A

R
 (

g
.m

-2
.d

a
y

-1
)

B1

B2

 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect of nonuse and use of Nitroxin 
biofertilizer (B1 and B2 respectively) on Crop 
Growth Rate (CGR) 

 
The reason for this can be explained by 
the fact that biological fertilizers with 
the ability to stabilize nitrogen, expand 
the root surface, help to optimally ab-
sorb water and nutrients, and produce 
growth hormones and some vitamins, 
plant growth rate amplifies; strengthens; 
intensifies. Comparing the rate of 
growth of the product of treatments 
with different amounts of applied ferti-
lizer, the growth rate of the product in 
the treatment of 150 kg of chemical fer-
tilizer with a value of 28 gr.m-2.day-1 
which was obtained 46 days after plant-
ing which was superior to other treat-
ments. The next treatment was the ap-
plication of 100% chemical fertilizer, 
which was obtained again 46 days after 
planting and at 27 gr.m-2.day-1 (Fig. 4). 

 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Effect of different levels of nitrogen 
fertilizer (N1:0, N2:50, N3:100 and N4: 150 
kg N ha) on Crop Growth Rate.  

Wu et al. (2005) also reported that in-
oculation of corn grains with biological 
fertilizers increased the growth rate of 
crops. The researchers reasoned this by 
increasing the availability of nutrients 
and improving the absorption of nutri-
ents by the plant. Hokm Alipour and 
Hamele Darbandi (2011) reported nega-
tive values of crop growth rate and rela-
tive growth rate are due to loss of leaves 
at the end of the growing season. So 
with increasing nitrogen levels at all of 
the corn cultivars plant height was sig-
nificantly increased. Clarke and Simp-
son (1978) stated that simultaneously 
the maximum growth rate of the prod-
uct was due to the increase in the dura-
bility of photosynthetic organs, which 
increased in the presence of biological 
fertilizers. Many researchers have stated 
that biological fertilizers alone cannot 
provide the total nitrogen needed by the 
plant, and the positive effects of biolog-
ical fertilizers on the availability of oth-
er elements such as phosphorus through 
increased solubility and absorption and 
the production of various growth-
promoting hormones (Vessy, 2003).  
 
4.6. Net Assimilation Rate (NAR)  
In Fig. 5 and 6, at early growth of 
plants, the net absorption rate was max-
imal in net due to the fact that the whole 
surface of the leaves was exposed to 
sunlight and actively photosynthesized.  
 

 
 
 
 
 
 
 
 
 
 
Fig. 5. Effect of nonuse and use of Nitroxin 
biofertilizer (B1 and B2 respectively) on Net 
Assimilation Rate (NAR).  
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Fig. 6. Effect of different levels of nitrogen 
fertilizer (N1:0, N2:50, N3:100 and N4: 150 
kg N ha) on Net Assimilation Rate (NAR).  
 

So the trend is declining over time. 
Main reasons for decrease in rate of net 
absorption at end of growth period is 
shading on same time, increasing aver-
age age of leaves and consequently, de-
creasing photosynthetic efficiency of 
leaves. The rate of pure assimilation in 
use of biological fertilizer in the 25 days 
after planting began at 10 gr.m-2 and in 
47 days after planting was 6.3, and to 
avoid using biological fertilizer within 
25 days after planting from 8.1 Begin-
ning and in the 47 days after planting it 
has reached 6.1 (Fig. 5). Pure absorp-
tion rate in nitrogen application due to 
the lack of application of any food-
stuffs. The slope of curve was decreased 
due to loss of leaves and lack of materi-
al from plant and rapid entry of plants 
in this treatment into reproductive 
phase. Pure absorption rate at end of 
growth season it is more negative than 
information obtained from other growth 
curves. In treatments 150 kg fertilizer, 
due to presence of food stuffs less than 
control treatment, leaf loss was less and 
curvature drop was lower (Fig. 6).  
 
4.7. Total Dry Matter (TDM)  
As shown in Fig. 7 and 8, TDM chang-
es were increasing at the beginning of 
the growth, and this trend continued un-
til 63 to 70 days after planting, followed 
by a downward trend it took itself.  

 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Effect of nonuse and use of Nitroxin 
biofertilizer (B1 and B2 respectively) on 
Total Dry Matter (TDM).  
 

High performance is conditioned by the 
production of high dry matter per unit 
area. The results of this study showed 
that the dry matter accumulation pro-
cess varies during different stages of 
growth, but the three major stages of 
growth can be distinguished in the Fig. 
7 and 8. The first stage, the slow growth 
stage, which is not very much produced 
when the plant is still growing, so the 
production of dry matter is low. The 
second stage is a rapid growth stage due 
to the photosynthesis of leaves and ma-
terialization, the dry weight of the plant 
increases. The third stage, at this stage, 
simultaneously with the transfer of ma-
terials from organs to seeds, the accu-
mulation of dry matter in the plant was 
fixed due to shading, aging and inade-
quate photosynthesis and material for-
mation due to leaf loss.  
 
 
 
 
 
 
 
 
 

 
Fig. 8. Effect of different levels of nitrogen 
fertilizer (N1:0, N2:50, N3:100 and N4: 150 
kg N ha) on Total Dry Matter (TDM).  
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In Fig. 7, Nitroxin administration was 
superior to non-consumption. In Fig. 8, 
it is also shown effect of 150 kg.ha-1 
fertilizer chemical fertilizer was higher 
than other fertilizer levels and in com-
parison with control treatment.  
 
5. CONCLUSION  
Maximum seed and biological yield be-
longed to treatment with consumption 
of 150 kg.ha-1 chemical nitrogen ferti-
lizer and also to the treatment with con-
sumption 1 L.ha-1 Nitroxin bio-
fertilizer. The highest amount of LAI 
was obtained in the application of bio-
fertilizer treatments compared to the 
non-consumption (4.5), and the non-use 
of biological fertilizer with a maximum 
LAI was 3.8. NAR in the use of biolog-
ical fertilizer at 25 days after planting 
the equivalent of 10 gr.m-2.day-1 started 
and in the 47 days after planting, it was 
6.3. Non-use of biological fertilizer be-
gan at 8.1 after 25 days after planting 
and reached 6.1 in 47 days after plant-
ing. Finally use 150 kg.ha-1 chemical 
nitrogen fertilizer with 1 L.ha-1 Nitroxin 
bio-fertilizer advised for farmers.  
 
ACKNOWLEDGMENT  
Authors thank all colleagues and partic-
ipants, who took part in the study.  
 
FOOTNOTES  
AUTHORS’ CONTRIBUTION: All 
authors are equally involved.  
CONFLICT OF INTEREST: Authors 
declared no conflict of interest.  
FUNDING/SUPPORT: This research 
was done by support of Department of 
Agronomy, Islamic Azad University, 
Ahvaz Branch.  
 
REFRENCES  
Abd El-Ghany, H. M. 2007. Wheat 
production under water-limited sandy 
soil conditions using bio-organic ferti-
lizer. Egypt. J. Agron. 29(1): 17-27.  

Abou El-Magd, M. M., A. M. El-
Bassiony. and Z. F. Fawzy. 2006. Ef-
fect of organic manure with or without 
chemical fertilizers on growth, yield and 
quality some varieties broccoli plants. J. 
Appl. Sci. Res. 2(10): 791-798.  
Ahmed, A., S. Orabi. and A. M. 
Gomaa. 2010. Bio-Organic farming of 
seed sorghum and its effect on growth, 
physiological and yield parameters and 
antioxidant enzymes activity. Res. J. 
Agri. Biol. Sci. 6(3): 270-279.  
Ali, S. A. M. and A. Y. Idris. 2015. 
Response of sorghum cultivars to salini-
ty levels at early growth stages. J. 
Agric. Sci. Eng. 1(1): 11-16.  
Anzoua, K. G., K. Junichi, H. 
Toshihiro, I. Kazuto. and J. Yutaka. 
2010. Genetic improvements for high 
yield and low soil nitrogen tolerance in 
rice (Oryza Sativa L.) under a cold envi-
ronment. Field Crops Res. 116: 38-45.  
Asadi-Kupal, P. and Q. E. Zadeh-
Laserjan. 2009. Effect of bio-fertilizers 
and soil texture on rice growth. 1st Reg. 
Conf. Water Res. Manage. It’s Role in 
Agri. IAU. Shahreh-Ghods Iran. (Ab-
stract in English)  
Azarpour, E., M. Moraditochaee. and 
H. R. Bozorgi. 2014. Effect of nitrogen 
fertilizer management on growth analy-
sis of rice cultivars. Intl. J. Bio-Sci. 
4(5): 35-47.  
Boateng, S. A., J. Zickermann. and 
M. Kornahrens. 2006. Poultry ma-
nure effect on growth yield of maize. 
West Afr. J. Appl. Ecol. 9: 1-11.  
Buah, S. S. J. and S. Mwinkaara. 
2009. Response of sorghum to nitrogen 
fertilizer and plant density in the guina 
Savana zone. Agron. J. 8(3): 124-130.  
Buttery, B. R. 1970. Effect of variation 
in leaf area index on the growth of 
maize and soybean. Crop Sci. 10: 9-13.  
Cardoso, I. and T. W. Kuyper. 2006. 
Mycorrhizas and tropical soil fertility. J. 
Agri. EcoSys. Environ. 116: 72-84.  



Journal of Crop Nutrition Science, 4(3): 1-14, September 2018                                                            13 

Chuck, C. J. and J. Donnelly. 2014. 
The compatibility of copper potential 
with saline water in sorghum cultivars. 
Apply of Energy. 120: 245-252.  
Clarke, J. M. and G. M. Simpson. 
1978. Growth and analysis of Brassica 
napus cv., Tower. Canadian J. Plant Sci. 
58: 587-595.  
Curran, B. and J. Posch. 1999. Agro-
nomic management of silage for yield 
and quality (silage cutting height). J. 
Crop Insights. 10: 48-57.  
Dwyer, L. M. and D. W. Stewart. 
1986. Leaf area development in field-
grown maize. Agron. J. 78: 334-343.  
El-Mekser, H. K. A. 2004. Response of 
maize to effective micro organisms fer-
tilization under different levels of nitro-
gen fertilization in soils of North Africa. 
Ph. D. Thesis. Inst. Afr. Res. Studies. 
Cairo Univ. Egypt.  
Enyi, B. A. C. 1962. Comparative 
growth rates of upland and swamp rice 
varieties. Ann. Bot. 26: 467-487.  
Eskandari, H., A. Ghanbari. and A. 
Javanmard. 2009. Intercropping of ce-
reals and legumes for forage production. 
Notulae Sci. Biol. 1: 7-13.  
Fulchirri, M. and I. Frioni. 1994. 
Azospirillum inoculation on maize: ef-
fect on yield in a field experiment in 
central argentine. J. Soil Biol. Bio-
Chem. 26: 921-923.  
Gardner, F., R. Pearce. and R. L. 
Mitchell. 1985. Physiology of crop 
plants. Iowa State Univ. Press. USA.  
Garg, B. K., S. Kathju. and S. P. 
Vyas. 2005. Salinity-fertility interaction 
on growth. Photosynthesis and nitrate 
reductase activity in sesame. Indian J. 
Plant Physiol. 10: 162-167.  
Gray, E. J. and D. L. Smith. 2005. In-
tracellular and extracellular PGPR: 
Commonalities and distinctions in the 
plant- bacterium signaling processes. 
Soil Biol. Bio-Chem. J. 37: 395-412.  
Gul, I., V. Saruhan. and M. Basbag. 
2005. Determination of yield and yield 

components and relationship among the 
components of grain sorghum cultivars 
grown as main crop. Asian J. Plant Sci. 
4: 613-618.  
Hamidi, A., A. Asqarzadeh, R. 
Chokan, M. Dehghan Shoar, A. Gha-
lavand. and M. Jafarmalakoti. 2007. 
Study of plant growth promoting ri-
hizobacteria (PGPR) biofertilizers ap-
plication in maize cultivation by ade-
quate input. J. Environ. Sci. 4: 1-20.  
Han, H. S. and K. D. Lee. 2006. Effect 
of inoculation with phosphate and po-
tassium solubilizing bacteria on mineral 
uptake and growth of pepper and cu-
cumber. Plant, Soil and Environ. 52: 
130-136.  
Hokm Alipour, S. and M. Hamele 
Darbandi. 2011. Physiological growth 
indices in corn cultivars as affected by 
nitrogen fertilizer levels. World Appl. 
Sci. J. 15(12): 1800-1805. IDOSI Pub.  
Jafari Haghighi, B. and Z. Yar 
mahmodi. 2011. Effects of bio fertilizer 
on physiological characteristic on yield 
and its components of corn under 
drought stress. Intl. Conf. Food Eng. 
Bio-Tech. IACSIT Press. Singapore.  
Kholdi, A., Sh. Sedaghathoor. and E. 
Poursafarali. 2015. Effect of Nitroxin 
humic acid on yield and its components 
F. bean. J. Agri. Sci. 60(3): 361-367.  
Munir, A., S. Kaleem, A. Qayyum, M. 
Ahmad. and M. N. Abbas. 2012. As-
similate utilization wheat crop as influ-
enced by varying nitrogen levels in 
rainfall area. Life Sci. Intl. J. 6(4): 
2659-2662.  
Nawas Nazanat, G., M. Sawar, T. 
yousaf. and A. Nasseb .2005. Yield 
and yield component of sunflower as 
affected by various NPK levels. Asian 
J. Plan Sci. 2(7): 561-562.  
Nezarat, S. and A. Gholami. 2008. 
Evaluation of Azospirillium and Pseu-
domonoas on maize growth. 2nd Natl 
Cong. Ecol. Agri. Iran. pp. 2037-2049. 
(Abstract in English)  



Charkhab and Mani Mojaddam, Investigation Growth Indices Analysis and Sorghum…               14 

Noormohammadi, G. A., A. Siadat. 
and G. Fathi. 2001. Seed farming. 
Chamran Univ. Press. pp: 468.  
Nouraki, F., M. AlaviFazel, A. 
Naderi, E. Panahpoor. and Sh. Lack. 
2016. Effects of integrated management 
of bio and chemical fertilizers on yield 
of maize hybrids. J. Exp. Biol. Agri. 
Sci. 4(4): 421-426.  
Rahi, A. R. 2013. Effect of Nitroxin 
bio-fertilizer on morphological and 
physiological traits of A. retroflexus. 
Iranian J. Plant Physiol. 4(1): 899-905.  
Rai, S. N. and A. C. Caur. 1998. Char-
acterization of Azotobacter Spp. and 
effect of A. lipoferum on the yield and 
N-Uptake of wheat crop. J. Plant and 
Soil. 109: 131-134.  
Rajput, A., S. R. Sujit. and J. Girish. 
2017. Physiological parameters; LAI, 
CGR, RGR and NAR of different varie-
ties of rice grown under different plant-
ing geometries and depths in SRI. Intl. 
J. Pure App. Bio-Sci. 5(1): 362-367.  
Rakir, R. 2004. Effect of water stress at 
different development stages on vegeta-
tive and reproductive growth of corn. 
Field Crops Res. 89(1): 1-16.  
Rooney, L. W. and J. M. Awika. 
2005. Specialty sorghum for healthful 
food and feed. In: Specialty grain for 
food and feed; Abdel-Aal, E. and P. 
Wood. Inc. St. Paul. MN. pp. 283-312.  
Saghir Khan, M., A. Zaidi. and A. 
Parvaze Wani. 2007. Role of phos-
phate-solubilizing micro organisms in 
sustainable agriculture, A review. 
Agron. Sust. Develop. Springer Verlag. 
Sci. 27(1): 29-43.  
Sajedi, N. and Ardakani, M. 2007. 
Effect of different amounts of nitrogen, 
zinc and iron fertilizers on physiological 
indices of forage corn in Markazi prov-
ince. Iranian J. Crop Res. 6(1): 99-110.  
Sharifi, R. S., Y. Raei. and W. Wei-
sany. 2014. Study of physiological 
growth indices in maize hybrids under 

different plant densities. Intl. J. Bio-Sci. 
5(3): 100-109.  
Shirkhani, A. and S. Nasrolahzadeh. 
2016. Vermicompost and Azotobacter 
as ecological pathway to decrease 
chemical fertilizers in maize. Bio-Sci. 
Biotech. Res. Comm. 9(3): 382-390.  
Singh, R., R. K. Behl, K. P. Singh, P. 
Jain. and N. Narula. 2004. Perfor-
mance and gene effects for wheat yield 
under inoculation A. mycorrhiza and A. 
chroococcum. Haryana Agri. Univ. In-
dia. Plant Soil Environ. 50(9): 409-415.  
Tahmasbi, D., R. Zarghami, A. V. 
Azghandi. and M. Chaichi. 2011. Ef-
fects of Nano silver and Nitroxin biofer-
tilizer on yield and yield components of 
potato mini tubers. Intl. J. Agric. Biol. 
13: 986–990.  
Tesar, M. B. 1984. Physiological basis 
of crop growth and development. Am. 
Soc. Agron. USA. pp: 291-321.  
Venkatashwarlu, B. 2008. Role of bio-
fertilizers in organic farming: Organic 
farming in rain fed agriculture. Central 
institute for dry land agriculture. Hy-
derabad. India. pp. 85-95.  
Verma, N. K. 2011. Integrated nutrient 
management in winter maize sown at 
different dates. J. Plant Breed. Crop Sci. 
3: 161-167.  
Vessy, K. 2003. Plant growth promot-
ing rhizobacteria as bio-fertilizer. J. 
Plant and Soil. 255: 571-586.  
Wu, S. C., Z. H. Caob, Z. G. Lib, K. 
C. Cheunga. and M. H. Wong. 2005. 
Effects of bio-fertilizer containing N-
fixer, P and K solubilizes and AM fungi 
on maize growth: a greenhouse trial. 
Geoderma. J. 125: 155-166.  
Yazdani, M., M. A. Bahmanyar, H. 
Pirdashti. and M. A. Esmaili. 2009. 
Effect of phosphate solubilization mi-
croorganisms and plant growth promot-
ing rhizobacteria on yield and yield 
components of corn. Inter. J. Biol. Life 
Sci. 1: 2-10.  

 


