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Abstract 

Plant growth promoting fungi PGPF is considered a major biological technique 

that results in significant plant growth and yield. Use of high doses of chemical 

fertilizers increased cost of crop production and environmental pollution. PGPF 

could be a reliable alternative to reduce application of agrochemicals such as 

chemical fertilizers in modern agriculture. The present study evaluated the role of 

these fungi with chemical fertilizer of DAP applied through different doses in 

agronomic response of production of 2 varieties of Wheat (Ibaa99 and Rasheed) at 

2 agricultural seasons 2019-2020-2021. Field plots conducted during 2019-2020 

cropping season, to evaluate the role of adding fungal isolate called PGPF-AT with 

doses of DAP were (0, 50 and 100%) in 0, 120 and 240 Kg ha-1 respectively, 

compared with (Commercial Biofertilizer) called Natrusoil as positive control on 

wheat var. Ibaa99 to improve growth and yield attributes. The study was repeated 

in the 2020-2021 cropping seasons with var. Rasheed (to discover a variety of 

effects and confirm results). The results revealed that treatment PGPF-AT was 

exerted a highly significant increase without differences between doses of DAP 

120, and 240 Kg ha-1 compared to untreated plots for both Ibaa 99 and Rasheed 

varieties attributes: no. of plants m-2, plant height (cm), plant dry weight (g), no. of 

tillers plant-1, no. of spike plant-1, spike length (cm), spike weight (g), no. of seeds 

spike-1, weight of 100 grain (g) and grain yield Kg m-2 in addition to fertilizer use 

efficiency (Kg Kg-1) in both cropping seasons.  

 

Keywords  
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Introduction 

Some soil microbial, called plant growth promoting fungi PGPF, could be possible 

alternatives to increase agricultural productivity in low input systems (1). These 

fungi, which establish a positive interaction with plants in the rhizosphere, play 

important role in phytoremediation, phytostimulation and bio-fertilization (2). 

Research results are revealing the various mechanisms by which soil microbes can 

stimulate plant productivity (3). 

 In the sustainable agriculture, the PGPF provided a new vision to agro-

economy besides their direct benefits by reducing the use of chemical fertilizers 

and pesticides, as continuous application of these chemicals poses risks to other 

living things (4).   

 The system of wheat production in Iraq is recommended to apply about 

240 Kg ha-1 of phosphorus as formulation of DAP (Diammonium phosphate (NH-4)

2HPO4 P2O5:46; N:18), but the farmers apply more than the dosage recommended 

to increase yield. Using high fertilizer rates as fertilizer application methods, this 
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may be difficult for smallholder farmers, due to high fertilizer 

cost. 

 PGPF, in the sustainable agriculture production system, 

plays a significant role in increasing phosphorus solubilization 

and uptake of minerals such as phosphorus (P), nitrogen (N), 

calcium (Ca), sulfur (S), potassium (K) in addition to 

micronutrients by plants (5). 

 Numerous studies have reported that agricultural 

products can be increased through compensation application 

of essential chemical fertilizers by using beneficial microbes as 

bio-fertilizer, also combination of both bio and mineral 

fertilizers can increase the quality yield in comparison with 

mineral fertilizers applied alone (6, 7). It was reported that the 

use of PGPF could be a reliable alternative to reduce the 

application of agrochemicals such as chemical fertilizer in 

modern agriculture, because of its harmful effects on humans 

and the environment (8, 9).  

 The bio-fertilizer can reduce chemical fertilizer usage by 

about 20% and improve the restoration of the environment in 

some cases by leveraging agriculture beside increase crop 

production. Availablablity of many commercial fungal bio-

fertilizers are worldwide and consider environmentally friendly 

and alternative for chemical fertilizers but these produts are 

still used on a very small scale compared to chemical fertilizer 

compounds (10). It was reported that maximum grain yield 

was obtained from applied bio-fertilizers treatments: 

Natrusoil+25% chemical fertilizer CF 4.659 and B1+25% CF 

4.691as compared with untreated treatment 3.987 kg ha-1 (11). 

This study recommended using a combination of bio and 

mineral fertilizers to improve grain quality as a reselts of 

increasing yield by about 17-18%, which will lead to 

environment conservation achieved without a negative effect.    

 This study, therefore, aimed to obtain the role of plant 

growth promoting fungi compare with commercial product of 

bio-fertilizer as a positive control. Also use their efficiency with 

chemical fertilizer of DAP applied through two doses in 

agronomic response of production of 2 varieties of wheat at 2 

agricultural seasons.  

 

Materials and Methods  

The study was conducted at the College of Agriculture farm, 

Wasit University, Iraq (Latitude: 32°30′46″ N Longitude: 45°49′

05″ E). Fungal isolate called PGPF-AT were the best efficiency 

with wheat in the previous studies by (2, 9) supplied by 

mycology laboratory, plant protection Dept., College of 

Agriculture, Wasit university, Iraq, consist of Aspergillus niger 

isolate AD1 and Trichoderma hamatum isolate T-113, and 

Natrusoil (Commercial Biofertilizer compatible mixture of 

humic acid 1.5% and some Bacillus species recorded up to 10 

x1020 c.f.u. /mL.itfrom Vincula Industries, Inc., USA) as a 

positive control. The PGPF-AT and Natrusoil were used to 

evaluate the interaction with three levels of phosphate 

fertilizer (0, 50 and 100%). The mineral fertilizer that was 

applied is DAP Diammonium phosphate (NH-4)2HPO4 P2O5:46; 

N:18. The previous elements were used for maximum effect on 

growth and the yield of 2 varieties of wheat Ibaa99 and 

Rasheed. The experiment was performed in the first 

agricultural season with var. Ibaa99 in field plots during the 

2019-2020 and repetition in the 2020-2021 cropping seasons 

with var. Rasheed to discover variety effect in addition to 

confirm the results.  

Treatments 

The PGPF-AT was inoculated with the sterilized Peatmos 

named KLASMANN (Germany) and used at a rate of 150 mL/m2 

(2) while used Natrusoil at a rate of 7ml/m2 based on the 

manufacturer's recommendation, Both of them were applied 

evenly on land just before sowing.  

 The field experiment was conducted in plots measured 

10 × 6 m in 3 replicates for each treatment. The treatments 

were distributed in a randomized completely block design 

(RCBD). Each plot was irrigated separately to avoid cross-

contamination. 

 Three doses of DAP fertilizer were added to each plot as 

a source of phosphorus. These doses were (0, 50 and 100% of 

the recommended dose) in 0, 120 and 240 Kg ha-1 respectively 

before planting, according to a recommendation of the 

national programme for the development of wheat in Iraq. The 

control treatment was uninoculated and unfertilized with DAP.    

 A dose of Urea, as a source of nitrogen (200 Kg ha-1), was 

added according to Iraqi agriculture recommendation to all 

blocks. The plots were planted with wheat seeds var. Ibaa99 

during 2019-2020 cropping season and repetition in 2020-2021 

season with var. Rasheed to confirm results. The seed was 

planted after it was treated with sodium hypochlorite 5% for 5 

min and washed with sterilized water. The rate of planting was 

160 kg seed ha−1 (12).  

Observations 

Application treatments were evaluated for maximum effect on 
growth and yield at the end of a planting stage. Samples were 

taken randomly from 1m2 for each plot in each replicate to 

measure growth attributes. These attributes were a number of 

plants m-2, plant height (cm), plant dry weight (g) and a 

number of tillers plant-1. The yield was evaluated at the 

maturity stage. Yield attributes were number of spike plant-1, 

spike length (cm)  ،Spike weight (g), number of seeds spike-1, 

the weight of 100 grain (g) and grain yield Kg m-2. 

 The fertilizer use efficiency (FUE),  ability of crops to 

take up and utilize nutrients for maximum yields,  was 

calculated as the difference in yield (kg ha−1) between 

treatment and the control divided by the amount of fertilizer 

applied (kg ha−1) (13).   

 
 Where FUEt- represent  the fertilizer use efficiency of 
treatment t; Yt- the grain yield of treatment t; Ct - the grain yield 

of the control treatment, while Ft -is the rate of fertilizer used 

for treatment t. 

Data Analysis 

All the data was analyzed using GenStat Discovery Edition 4 

statistical software and using ANOVA analysis of variance. The 
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significance of the treatment was determined using an F test 

followed by L.S.D. test at level (P < 0.05). 

 

Results  

The results indicate that in general all growth, yield and grain 

attributes of wheat varieties Ibaa99 and Rasheed was 

significantly influenced by the application of PGPF-AT and 

Natrusoil as well as combined with 3 doses of chemical 

fertilizer DAP application. 

Effect of PGPF-AT and Natrusoil, combined with chemical 

fertilizers on plant growth attributes 

The Data of growth attribute clearly indicated that the 

treatments exerted a highly significant increase (P<0.05), 

especially in PGPF-AT application compared to untreated 

plots for both Ibaa99 and Rasheed varieties in 2019-2020-2021 

cropping seasons.  

 The obtained data (Table 1) distinguishes that the full 

dose of DAP (240 kg ha-1) with PGPF-AT and Natrusoil has a 

positive effect on wheat growth attributes var.Ibaa99, which is 

somewhat normal, but the application of PGPF-AT treatment 

were the highest activity. However, there is no significant 

difference in the effect between 240 and 120 kg ha-1 of added 

doses, vis.21-23.33 for plants/m2, 20.94-25.62 g for plant dry 

weight, 83.53-86.37cm for plant high and a number of tillers 

plant1- were 4.17-4.57 compared to the control treatment were 

less pronounced were 11-13.67, 12.29-12.99, 67.63-74.73 and 

2.47-2.9 respectively in var. Ibaa99 in the 2019-2020 season.  

 The results (Table 2) were similar in effect for var. 

Rasheed during the 2020-2021 season, confirms the effect of 

both PGPF-AT and Natrusoil application compared to control 

treatment, with the distinction of PGPF-AT treatment under 

field conditions. With effects of.17.33-19.67 for plants/m2, 21-

25.82 g for plant dry weight, 83.53-86.37 cm for plant high and 

a number of tillers plant -1 were 4.17-4.57 compared to the 

control treatment were less pronounced were 10.67-12.33, 

12.97-13.35, 65.40-74.00 and 2.40-2.83 respectively.  

Effect of PGPF-AT and Natrusoil, combined with chemical 

fertilizers on plant yield attributes. 

The results of treatment effect on yield of wheat Ibaa 99 and 

Rasheed varieties showed a significant effect (P <0.05) in 

increasing wheat yield, especially in PGPF-AT application 

treatment compared to untreated plots in 2019-2020-2021 

seasons. 

 The data of bio-effects of PGPF-AT application 

treatment on wheat yield attributes in var. Ibaa99 (Table 3) 

revealed no significant difference in the effect between 240 

and 120 kg ha-1 of fertilizer DAP doses, leading to the highest 

number of spikes per plant 2.83-3.60, 7.79-9.83 cm for spike 

length, 5.17-6.34 g for spike weight and 47.07-50.10 for a 

number of seeds per spike respectively. 

 The results (Table 4) showed a remarkable effect of 

application treatments on wheat yield attributes in var. 

Rasheed during 2020-2021 cropping season as there were 

in var. Ibaa99, compared to control treatment, with the 

highest effect of PGPF-AT application treatment under 

field conditions. The data also revealed similar effect 

between 240 and 120 kg ha-1 of fertilizer DAP doses, 

Application 
Treatment 

Fertilizer 
dose 
DAP 

Kg ha-1  

No. of 
plants  

m-2 

Dry 
weight 
Plant 

 g-1  

Plant 
high 
cm 

No. of 
tillers 
plant-1 

Control 
(un-

inoculated) 

0 7.33 4.08 56.87 2.17 

120 11.00 12.29 67.63 2.47 

240 13.67 12.99 74.73 2.90 

PGPF-AT 
 (150 ml m-2) 

0 17.33 13.34 72.63 2.87 

120 21.00 20.94 83.53 4.17 

240 23.33 25.62 86.37 4.57 

Natrusoil 
(7 ml m-2) 

0 14.67 9.40 74.30 2.07 

120 16.00 12.53 79.61 3.60 

240 19.67 20.12 82.97 4.30 

L.S.D 0.05 1.924 3.830 3.688 0.735 

Table 1. Growth attributes of wheat var. Ibaa99 with an application of PGPF-
AT and Natrusoil in 3 doses of fertilizer DAP in 2019-2020 cropping season 

Table 2. Growth attributes of wheat var. Rasheed with an application of 
PGPF-AT and Natrusoil in 3 doses of fertilizer DAP in 2020-2021 cropping 
season 

Application 
Treatment 

Fertilizer 
dose 
DAP 

Kg ha-1  

No. of 
plants 

m-2 

Dry 
weight 
Plant 

g-1  

Plant 
high 
cm 

No. of 
tillers 
plant-1 

Control 
(un-

inoculated) 

0 6.33 2.40 59.00 2.10 

120 10.67 12.97 65.40 2.40 

240 12.33 13.35 74.00 2.83 

PGPF-AT 
(150 ml m-2) 

0 14.67 14.40 70.60 2.76 

120 17.33 21.00 82.23 3.96 

240 19.67 25.82 88.23 4.46 

Natrusoil 
(7 ml m-2) 

0 12.67 11.56 78.64 2.03 

120 15.00 13.63 80.40 3.30 

240 17.00 22.60 85.13 3.90 

L.S.D 0.05 1.809 3.199 4.828 0.387 

Table 3. Yield attributes of wheat var. Ibaa99 with an application of PGPF-AT 
and Natrusoil in 3 doses of fertilizer DAP in 2019-2020 cropping season 

Application 
Treatment 

Fertilizer 
dose 
DAP 

Kg ha-1 

No, of 
spike 
plant-1 

Spike 
length 

cm 

Spike 
weight 

g 

No. seed 
spike-1 

Control 
(un-

inoculated) 

0 1.03 3.63 2.22 17.77 

120 1.33 5.23 3.52 37.33 

240 1.43 6.10 4.12 43.33 

PGPF-AT 
(150 ml m-2) 

0 1.40 6.83 3.76 44.83 

120 2.83 7.79 5.17 47.07 

240 3.60 9.83 6.34 50.10 

Natrusoil 
 (7 ml m-2) 

0 1.23 5.87 2.53 31.0 

120 2.07 6.23 3.13 39.30 

240 3.03 8.10 4.37 44.97 

L.S.D 0.05 0.315 1.210 0.652 5.224 
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leading no significant difference, with highest number of 

spikes per plant 2.70-2.83, 7.56-8.83 cm for spike length, 

4.30-5.48 g for spike weight and 46.07-49.43 for a number 

of seeds per spike respectively. 

Effect of PGPF-AT and Natrusoil, combined with chemical 

fertilizers on grain yield and fertilizer use efficiency (FUE) 

The efficacy results of used PGPF-AT and Natrusoil on grain yield of 

wheat Ibaa 99 and Rasheed varieties revealed a significant 

interaction in increasing grain yield and fertilizer use efficiency 

(FUE) compared to untreated plots in the 2019-2020-2021 seasons. 

 The application treatment with PGPF-AT was statistically 

higher than other treatments, this interaction reflects on grain yield 

attributes. However, application of 240 and 120 kg ha-1 doses of 

fertilizer DAP improved grain yield over control, but without any 

significant differences between them in the effective application 

treatment.  

 The maximum effect (Table 5) was in PGPF-AT application 

treatment with application of 240 and 120 kg ha-1 doses of fertilizer 

DAP vis. 4.40-4.43 g and 0.39-0.40 kg m-2 for the weight of 100 g of 

grain and grain yield respectively.  

 In the same sense, the results (Table 6) showed the 

corresponding effect of application treatments on wheat 

grain yield attributes in var. Rasheed during 2020-2021 

cropping season with 240 and 120 kg ha-1 doses of fertilizer 

DAP vis. 4.49-5.18 g and 0.35-0.41 kg m-2 for the weight of 

100 g of grain and grain yield respectively.  

 The fertilizer use efficiency (FUE) with 120 and 240 

kg ha-1 doses of fertilizer DAP was decreased with 

increasing fertilizer rates with significant differences for 

both PGPF-AT and Natrusoil application treatments (Table 

5, 6).  

 The FUE was higher regarding fertilizer doses in 

PGPF-AT in both Ibaa99 and Rasheed varieties with 8.27, 

5.12 and 7.65, 4.81 kg kg-1 respectively, in addition to less 

in Natrusoil were 5.68, 3.95 and 3.58, 2.72 kg kg-1 

respectively (Fig. 1). 

 

Discussion 

Using plant growth promoting fungi (PGPF) in improving 

plant growth with less economic inputs is still a major 

challenge that would reduce applying of chemicals such as 

fertilizer. The present study findings are in line with an 

earlier reported that the beneficial effects of plant growth-

promoting fungi (PGPF) and plant growth-promoting 

bacteria (PGPB) on the growth and yield of wheat under 

field conditions (14). 

Application 
Treatment 

Fertilizer  
Dose 
DAP 

Kg ha-1 

No, of 
spike 
plant-1 

Spike 
length 

cm 

Spike 
weight 

g 

No. 
seed 

spike-1 

Control 
(un-

inoculated) 

0 1.00 3.73 1.92 21.33 

120 1.23 4.66 3.33 30.73 

240 1.33 5.13 3.77 37.90 

PGPF-AT 
(150 ml m-2) 

0 1.26 6.40 2.42 38.67 

120 2.70 7.56 4.30 46.07 

240 2.83 8.83 5.48 49.43 

Natrusoil 
(7 ml m-2) 

0 1.16 6.03 2.53 32.67 

120 2.16 6.53 3.20 35.20 

240 2.26 7.83 4.64 44.70 

L.S.D 0.05 0.208 0.585 0.475 4.502 

Table 4. Yield attributes of wheat var. Rasheed with an application of PGPF-
AT and Natrusoil in 3 doses of fertilizer DAP in 2020-2021 cropping season 

Applica-
tion  

Treatment 

Fertilizer 
dose 
DAP 

Kg ha-1 

Weight of 
100 g grain 

Grain yield 
Kg m-2 

 FUE Kg 
Kg-1 

Control 
(un-

inoculat-
ed) 

0 2.54 0.07 - 

120 3.16 0.18 3.95 

240 3.53 0.23 2.90 

PGPF-AT 
(150 ml m-

2) 

0 3.90 0.16 - 

120 4.40 0.39 8.27 

240 4.43 0.40 5.12 

Natrusoil 
(7 ml m-2) 

0 3.32 0.11 - 

120 3.78 0.26 5.68 

240 3.89 0.23 3.95 

L.S.D 0.05 0.459 0.053 1.649 

Table 5. Grain of wheat var. Ibaa99 with an application of PGPF-AT and 
Natrusoil in 3 doses of fertilizer DAP in 2019-2020 cropping season 

Application 
Treatment 

Fertilizer dose 
DAP 

Kg ha-1  

Weight 
of 100 g 

grain 

Grain 
yield 

Kg m-2 

FUE 
Kg Kg-1 

Control 
(un-

inoculated) 

0 2.45 0.06 - 

120 2.83 0.16 3.46 

240 3.50 0.27 3.83 

PGPF-AT 
(150 ml m-2) 

0 3.87 0.15 - 

120 4.49 0.35 7.65 

240 5.18 0.41 4.81 

Natrusoil 
 (7 ml m-2) 

0 4.35 0.13 - 

120 3.61 0.23 3.58 

240 3.86 0.28 2.72 

L.S.D 0.05 0.690 0.043 1.304 

Table 6. Grain of wheat var. Rasheed with an application of PGPF-AT and 
Natrusoil in 3 doses of fertilizer DAP in 2020-2021 cropping season 

Fig. 1. Fertilizer Use Efficiency (FUE ) with doses of fertilizer DAP for wheat 
varieties with an application of PGPF-AT and Natrusoil in 2019- 2020-2021 
cropping seasons 
Samples were taken randomly from 1m2 for each plot in each replicate, 3 
replicates for each treatment. 
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 Wheat-PGPB (/PGPF)-fertilizers establish several 

relationships that facilitate beneficial interactions. Several 

studies confirmed the positive effects of this cooperation 

by stimulating the proliferation of plant cells, improving 

the nitrogen-fixation in the roots of wheat, facilitating the 

uptake of nutrients (15-21). 

 A higher dramatic yield (5-30%) due to Plant Growth 
Promoting Bacteria (PGPB) inoculation (22). Reports are 

pointed out that PGPB significantly increase the grain yield 

of wheat (16, 23-25). Similarly, it was revealed that the 

combination of fertilizer and PGPB improved the growth, 

yield and nutrient use efficiency of wheat (15). Inoculation 

of wheat using PGPB significantly enhanced grain weight 

per spike, shoot and root dry weight, shoot and root 

length, shoot and root nitrogen content (20). It was 

reported that the combination of PGPB and chemical 

fertilizers improved wheat agronomic response (plants 

number, tillers number, spikes number per plant, spike 

length, spike weight, seeds number per spike and grain 

yield, grain protein concentration) (18, 19, 26-31).  

 Treatment inoculated with PGPF will enhance vigor 

index, seed germination and emergence index in wheat 

(32, 33). An increase in growth responses of PGPF-treated 

wheat was detected at different stages (seedling, 

vegetative, pre-flowering, flowering and seed maturation) 

of plant growth and development (34). It was reported that 

a combination of microbes will have multiple positive 

effects and could be more beneficial for increasing growth 

and yield and may provide plant protection under different 

conditions (35). 

 It was revealed that PGPF augmented the growth 

and development of shoot in wheat (13, 36). Similarly, soil 

treatment with PGPF increased dramatically number of 

seeds per fruit, fruit weight, number of fruits per plant and 

dry weight of 100 seeds (37). It was also revealed that PGPF 

contribute significantly to improvement of wheat yields 

(36, 38). Some previous works have reported the positive 

effect of PGPF-fertilizer interactions in improving the 

growth and physiology of wheat plants (39, 40).   

 Irrespective of differences in agro-ecological 

conditions in the study sites which inoculated with PGPF, 

all the fertilizer rates in banding were increased yields 

compared to uninoculated treatment. This reveals that 

wheat production is needed for applying fertilizer but low 

doses. The efficient method of the application that is with 

a smaller amount of fertilizer is what is most important for 

farmers. This method will have a high potential to increase 

farmers’ interest besides economic sustainability 

concerning applying fertilizer to wheat. In this respect, 

results showed that the half dose of fertilizer application 

(120 kg ha-1 ) were found to improve wheat growth and 

yields with smaller quantities of fertilizer full dose (240 kg 

ha-1).  

 The small dosing of applying fertilizers can be 

considered as an alternative to what has been 

recommended through the national extension system. The 

small dosing application consists of small quantities of 

fertilizer in the planting station at planting; this will 

enhance fertilizer use efficiency and improves yields while 

minimizing input cost and improving return on investment 

(41, 42). This indicates that the smallest dosing application 

rate is more efficient than the highest dosing rate. This 

advantage by using plant growth-promoting fungi (PGPF) 

can be improved wheat production either under normal or 

stress conditions (43).  

 

Conclusion  

The study concludes that wheat growth and yield 

responses to biofertilizers alone or in combination with 50 

% of the fertilizer recommended dose were clearly 

positive. The biofertilizer increases both growth and yield 

components of wheat,. Among the benefits of using -PGPF 

as biofertilizers can be reduction in cost as compared with 

the use of a full dose of chemical fertilizer. Hence, Efforts 

should be strengthened to improve the efficacy and 

commercialization of PGPF. 

Acknowledgements 

The authors would like to thank chief of Mesopotamia 
Seed Company in wasit province, Iraq for technical 

support by providing seeds of wheat varieties. Also, the 

authors extend their sincere appreciation to Dr. Karar 

Hameed in collage of economy, University of Wasit, Iraq for 

checking similarity index. 

 

Authors contributions   

AH conducted the study and wrote a part of the 

manuscript. NK analyzed the data and contributed in 

paper writing. AA supervised the work and approved the 

final manuscript. AR performed the statistical analysis. The 

authors read and approved the final manuscript. 

 

Compliance with ethical standards   

Conflict of interest : Authors do not have any conflict of 

interests to declare.  

Ethical issues : None   

 

References 

1. Lekberg Y, Koide RT. Is plant performance limited by 
abundance of arbuscular mycorrhizal fungi. A meta-analysis 
of studies published between 1988 and 2003. New 

Phytologist. 2005;168:189-204. https://doi.org/10.1111/j.1469
-8137.2005.01490.x PMID: 16159333 

2. Al-Taie AH, Al-Zubaidi NK, Javid A. Methods of plant growth 
promoting fungi application to enhance the growth and yield 
of wheat var.Ibaa99.Malaysian Journal of Microbiology. 

2022;18 (6):pp.670-76. http://dx.doi.org/10.21161/Malaysian 
jjournal of micrbiology.221425 

3. Van der Heijden MGA, Bardgett RD, Van Straalen NM. The 
unseen majority: soil microbes as drivers of plant diversity 
and productivity in terrestrial ecosystems. Ecology Letters. 

2008;11:296-310. https://doi.org/10.1111/j.1461-
0248.2007.01139.x PMID: 18047587 

4. Bhandari G, Zomer P, Atreya K, Mol HGJ, Geissen V. Pesticide 
residues in Nepalese vegetables and potential health risks. 

https://doi.org/10.1111/j.1469-8137.2005.01490.x%20PMID:%2016159333
https://doi.org/10.1111/j.1469-8137.2005.01490.x%20PMID:%2016159333
http://dx.doi.org/10.21161/Malaysian
https://doi.org/10.1111/j.1461-0248.2007.01139.x
https://doi.org/10.1111/j.1461-0248.2007.01139.x


 6    AL-TAIE  ET AL 

https://plantsciencetoday.online 

Environmental Research. 2019;172:511-21. https://

doi.org/10.1016/j.envres.2019.03.002 

5. Kumar A, Maurya BR, Raghuwanshi R, Meena VS, Islam MT. Co
-inoculation with Enterobacter and rhizobacteria on yield 
and nutrient uptake by wheat (Triticum aestivum L.) in the 

alluvial soil under Indo-Gangetic Plain of India. Journal of 

Plant Growth Regulation. 2017;v.36:608-17.  http://
dx.doi.org/10.1007/s00344-016-9663-5. 

6. Ahmed M, Hussein A, Zakhtar MF, Zafar-U-Hye M, Iqbal Z, Naz 

T, Iqbal MM.  Effectiveness of multi-strain biofertilizers in 
combination with organic sources for improving the 

productivity of Chickpea in drought ecology. Asia Journal 
Agriculture and Biology. 2017;5(4):228-37.  

7. M,  Ahmad K, Mussarat W,  Tanveer A.  Bio-fertilizers, 

substitution of synthetic fertilizers in cereals for leveraging 
agriculture. Crop and Environment. 2012;3(1-2):62-66. 

8. MeenaVS, Maurya BR, Verma JP, Meena RS. Potassium 

Solubilizing Microorganisms For Sustainable Agriculture. 
Springer, India. 2016. http://dx.doi.org/10.1007/978-81-322-

2776-2. 

9. Al-Taie AH, Matrood AA, Al-Asadyi M. The influence of some 
fungi bio-genic on promoting growth and yield of wheat-var. 

Ibaa99. International Journal Of Current Microbiology 
Applied Science. 2016;5(11):757-64. https://doi.org/10.20546/

ijcmas.2016.511.087 

10. Sarma BK, Yadav SK, Patel JS, Singh HB. Molecular 
mechanisms of interactions of Trichoderma with other fungal 

species. Open Mycology Journal. 2014;8:140-47. https://
doi.org/10.2174/1874437001408010140 

11. Hadwan HA, Francis AJ, Rafal EM, Muntaser MH. Effect of 

biofertilizers on yield and yield components of wheat 
(Triticum aestivum L.) under Iraqi conditions. International 

Journal of Applied Agricultural Sciences. 2019;5(2):pp.45-49. 
doi: 10.11648/j.ijaas.20190502.13. 

12. Alyounis AA. Field Crops Improving and Production. Dar 

Alkottob for publishing Baghdad. 1993. 

13. Sime G, Jens BA. Maize response to fertilizer dosing at three 
sites in the Central Rift Valley of Ethiopia. Agronomy. 

2014;4:436-51. doi:10.3390/agronomy4030436 

14. Glick BR. Plant growth-promoting bacteria: mechanisms and 
applications. Scientifica. 2012;1-15.  https://

doi.org/10.6064/2012/963401 

15. Shaharoona B, Naveed M, Arshad M, Zahir ZA. Fertilizer-
dependent efficiency of Pseudomonads for improving growth, 
yield and nutrient use efficiency of wheat (Triticum aestivum 

L.). Applied Microbiology and Biotechnology. 2008;79(1):147-

55. https://doi.org/10.1007/s00253-008-1419-0 

16. Smyth E, McCarthy J, Nevin R, Khan M, Dow J, O’Gara F et al. 
In vitro analyses are not reliable predictors of the plant 

growth promotion capability of bacteria; a Pseudomonas 
fluorescens strain that promotes the growth and yield of 

wheat. Journal of Applied Microbiology. 2011;111(3):683-92. 
https://doi.org/10.1111/j.1365-2672.2011.05079.x 

17. Gujar PD, Bhavsar KP, Khire JM. Effect of phytase from 

Aspergillus niger on plant growth and mineral assimilation in 
wheat (Triticum aestivum Linn.) and its potential for use as a 

soil amendment. Journal of the Science of Food and 
Agriculture. 2013;93:2242-47. https://doi.org/10.1002/

jsfa.6032 

18. R, Turan M, Gulluce M, Sahin F. Rhizobacteria for reduced 
fertilizer inputs in wheat (Triticum aestivum spp. vulgare) and 

barley (Hordeum vulgare) on Aridisols in Turkey. 
International Journal of Plant Production. 2014;8(2):163-82. 

19. Jog R, Pandya M, Nareshkumar G, Rajkumar S. Mechanism of 

phosphate solubilization and antifungal activity of 

Streptomyces spp. isolated from wheat roots and rhizosphere 

and their application in improving plant growth. 
Microbiology. 2014;160(4):778-88. https://doi.org/10.1099/

mic.0.074146-0 

20. Majeed A, Abbasi MK, Hameed S, Imran A, Rahim N. Isolation 
and characterization of plant growth-promoting 

rhizobacteria from wheat rhizosphere and their effect on 
plant growth promotion. Frontiers in Microbiology. 

2015;6:198. https://doi.org/10.3389/fmicb.2015.00198 

21. Guda T, Mtaita TA, Mutetwa M, Masaka T, Samkaange PP. 
Plant Growth Promoting Bacteria-Fungi as Growth Promoter 

in Wheat Production. Journal of Asian Scientific Research. 
2020;10(3):141-55. https://doi.org/10.18488/

journal.2.2020.103.141.155  

22. Okon Y, Labandera-Gonzalez CA. Agronomic applications of 
Azospirillum: an evaluation of 20 years worldwide field 

inoculation. Soil Biology and Biochemistry. 1994;26(12):1591-
601. https://doi.org/10.1016/0038-0717(94)90311-5 

23. Shaharoona B, Jamro G, Zahir Z, Arshad M, Memon K. 

Effectiveness of various Pseudomonas spp. and Burkholderia 
caryophylli containing ACC-Deaminase for improving growth 

and yield of wheat (Triticum aestivum L.). Journal of 
Microbiology and Biotechnology. 2007;17(8):1300. 

24. Rosas SB, Avanzini G, Carlier E, Pasluosta C, Pastor N, Rovera 

M. Root colonization and growth promotion of wheat and 
maize by Pseudomonas aurantiaca SR1. Soil Biology and 

Biochemistry. 2009;41(9):1802-06. https://doi.org/10.1016/
j.soilbio.2008.10.009 

25. Zahir ZA, Ghani U, Naveed M, Nadeem SM, Asghar HN. 

Comparative effectiveness of Pseudomonas and Serratia sp. 
containing ACC-deaminase for improving growth and yield of 

wheat (Triticum aestivum L.) under salt-stressed conditions. 
Archives of Microbiology. 2009;191(5):415-24. https://

doi.org/10.1007/s00203-009-0466-y 

26. Saubidet MI, Fatta N, Barneix AJ. The effect of inoculation 
with Azospirillum brasilense on growth and nitrogen 

utilization by wheat plants. Plant and Soil. 2002;245(2):215-
22. https://doi.org/10.1023/A:1020469603941 

27. Ozturk A, Caglar O, Sahin F. Yield response of wheat and 
barley to inoculation of plant growth promoting 
rhizobacteria at various levels of nitrogen fertilization. 

Journal of Plant Nutrition and Soil Science. 2003;166(2):262-
66. https://doi.org/10.1002/jpln.200390038 

28. Mehboob I, Zahir ZA, Arshad M, Tanveer A, Azam F. Growth 
promoting activities of different Rhizobium spp. in wheat. 
Pakistan Journal of Botany. 2011;43(3):1643-50.  

29. Rana A, Saharan B, Joshi M, Prasanna R, Kumar K, Nain L. 
Identification of multi trait PGPR isolates and evaluating 
their potential as inoculants for wheat. Annals of 

Microbiology. 2011;61(4):893-900. https://doi.org/10.1007/
s13213-011-0211-z 

30. Turan M, Gulluce M, Şahin F. Effects of plant-growth-
promoting rhizobacteria on yield, growth, and some 
physiological characteristics of wheat and barley plants. 

Communications in Soil Science and Plant Analysis. 2012A;43
(12):1658-73. https://doi.org/10.1080/00103624.2012.681739 

31. Turan M, Gulluce M, von Wirén N, Sahin F. Yield promotion 
and phosphorus solubilization by plant growth-promoting 
rhizobacteria in extensive wheat production in Turkey. 

Journal of Plant Nutrition and Soil Science. 2012b;175(6):818
-26. https://doi.org/10.1002/jpln.201200054 

32. Vujanovic V, Goh YK. qPCR quantification of Sphaerodes 
mycoparasitica biotrophic mycoparasite interaction with 
Fusarium graminearum: in vitro and in planta assays. 

Archives of Microbiology. 2012;194(8):707-17. https://

doi.org/10.1007/s00203-012-0807-0 

https://plantsciencetoday.online
https://doi.org/10.1016/j.envres.2019.03.002
https://doi.org/10.1016/j.envres.2019.03.002
http://dx.doi.org/10.1007/s00344-016-9663-5
http://dx.doi.org/10.1007/s00344-016-9663-5
http://dx.doi.org/10.1007/978-81-322-2776-2
http://dx.doi.org/10.1007/978-81-322-2776-2
https://doi.org/10.20546/ijcmas.2016.511.087
https://doi.org/10.20546/ijcmas.2016.511.087
https://doi.org/10.2174/1874437001408010140
https://doi.org/10.2174/1874437001408010140
https://doi.org/10.6064/2012/963401
https://doi.org/10.6064/2012/963401
https://doi.org/10.1007/s00253-008-1419-0
https://doi.org/10.1111/j.1365-2672.2011.05079.x
https://doi.org/10.1002/jsfa.6032
https://doi.org/10.1002/jsfa.6032
https://doi.org/10.1099/mic.0.074146-0
https://doi.org/10.1099/mic.0.074146-0
https://doi.org/10.3389/fmicb.2015.00198
https://doi.org/10.18488/journal.2.2020.103.141.155
https://doi.org/10.18488/journal.2.2020.103.141.155
https://doi.org/10.1016/0038-0717(94)90311-5
https://doi.org/10.1016/j.soilbio.2008.10.009
https://doi.org/10.1016/j.soilbio.2008.10.009
https://doi.org/10.1007/s00203-009-0466-y
https://doi.org/10.1007/s00203-009-0466-y
https://doi.org/10.1023/A:1020469603941
https://doi.org/10.1002/jpln.200390038
https://doi.org/10.1007/s13213-011-0211-z
https://doi.org/10.1007/s13213-011-0211-z
https://doi.org/10.1080/00103624.2012.681739
https://doi.org/10.1002/jpln.201200054
https://doi.org/10.1007/s00203-012-0807-0
https://doi.org/10.1007/s00203-012-0807-0


7 

Plant Science Today, ISSN 2348-1900 (online) 

33. Islam S, Akanda AM, Prova A, Sultana F, Hossain MM. Growth 

promotion effect of Fusarium spp. PPF1 from Bermuda grass 
(Cynodon dactylon) rhizosphere on Indian spinach (Basella 

alba) seedlings are linked to root colonization. Archives of 
Phytopathology and Plant Protection. 2014;47:2319-31. 

https://doi.org/10.1080/03235408.2013.876745 

34. Hyakumachi M. Plant-growth promoting fungi from turf grass 
rhizosphere with potential for disease suppression. Soil 

Microorganisms. 1994;44:53-68.  

35. Meena SK, Rakshit A, Singh HB, Meena VS. Effect of nitrogen 
levels and seed bio-priming on root infection, growth and 

yield attributes of wheat in varied soil type. Biocatalysis and 
Agricultural Biotechnology. 2017;12:172-78. https://

doi.org/10.1016/j.bcab.2017.10.006 

36. Shivanna MB, Meera MS, Hyakumachi M. Role of root 
colonization ability of plant growth promoting fungi in the 

suppression of take-all and common root rot of wheat. Crop 
Protection. 1996;15(6):497-504. https://doi.org/10.1016/0261

-2194(96)00004-X 

37. Srivastava PK, Shenoy BD, Gupta M, Vaish A, Mannan S, Singh 
N et al. Stimulatory effects of arsenictolerant soil fungi on 

plant growth promotion and soil properties. Microbes and 
Environments. 2012;27(4):477-82. https://doi.org/10.1264/

jsme2.ME11316 

38. Shivanna MB, Meera MS, Hyakumachi M. Sterile fungi from 
zoysiagrass rhizosphere as plant growth promoters in spring 

wheat. Canadian Journal of Microbiology. 1994;40:637-44. 
https://doi.org/10.1139/m94-101 

39. Sundaria N, Singh M,Upreti P, Chauhan R, Jaiswal JP, Kumar 

A. Seed priming with iron oxide nanoparticles triggers iron 
acquisition and biofortification in wheat (Triticum aestivum 

L.) grains. Journal Plant Growth Regulation. 2019;38:122-31. 
https://doi.org/10.1007/s00344-018-9818-7 

40. Merinero M,  Alcudia A, Begines B, Martínez G, Martín-Valero 

MJ, Pérez-Romero JA et al. Assessing the biofortification of 
wheat plants by combining a plant growth-promoting 

rhizobacterium (PGPR) and polymeric Fe-nanoparticles: 
Allies or Enemies. Agronomy. 2022;12:228. https://

doi.org/10.3390/agronomy12010228     

41. Hayashi K,  Abdoulaye T, Gerard B, Bationo A. Evaluation of 
application timing in fertilizer micro-dosing technology on 

millet production in Niger, West Africa. Nutrient. Cyclic. 
Agroecosyst. 2008;80:257-65. https://doi.org/10.1007/s10705-

007-9141-3 

42. Tabo R, Bationo A, Maimouna KD, Hassane O, Koala S. 
Fertilizer micro-dosing for the prosperity of small-scale 

farmers in the sahel; Final report. P.P. Box 12404; 
International Crop Research Institute for the Semi-Arid 

Tropics: Niamey, Niger. 2005;p.28. 

43. Tarroum M, Romdhane WB, Al-Qurainy F, Ali AAM, Al-Doss A, 
Fki L, Hassairi A. A novel PGPF Penicillium olsonii isolated 

from the rhizosphere of Aeluropus littoralis promotes plant 
growth, enhances salt stress tolerance and reduces chemical 

fertilizers inputs in hydroponic system. Front Microbiol. 2022 
Oct 27;13:996054. https://doi.org/10.3389/fmicb.2022.996054 

View publication stats

https://doi.org/10.1080/03235408.2013.876745
https://doi.org/10.1016/j.bcab.2017.10.006
https://doi.org/10.1016/j.bcab.2017.10.006
https://doi.org/10.1016/0261-2194(96)00004-X
https://doi.org/10.1016/0261-2194(96)00004-X
https://doi.org/10.1264/jsme2.ME11316
https://doi.org/10.1264/jsme2.ME11316
https://doi.org/10.1139/m94-101
https://doi.org/10.1007/s00344-018-9818-7
https://doi.org/10.3390/agronomy12010228
https://doi.org/10.3390/agronomy12010228
https://doi.org/10.1007/s10705-007-9141-3
https://doi.org/10.1007/s10705-007-9141-3
https://doi.org/10.3389/fmicb.2022.996054
https://www.researchgate.net/publication/378278120

