
Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 65 Issue 09 | 2022 
DOI 10.17605/OSF.IO/F5ZU4 

 

Sep 2022 | 1 

 

EFFECT OF INTEGRATED USE OF CHEMICAL, ORGANIC AND 

BIOFERTILIZER ON GROWTH OF SPINACH (SPINACIA OLERACEA L.) 

 

IRUM NAZ 

PhD, Department of Botany, Hazara, University, Mansehra, Pakistan. Email:  enn.k2015@gmail.com 

ALIA GUL 

Lecturer, Department of Botany, Hazara, University, Mansehra, Pakistan.                                                                         
Corresponding author Email: aliagulbotanist@gmail.com.  

NOSHEEN SHAFQATH  

Assistant Professor, Department of Agriculture, Hazara, University, Mansehra, Pakistan.                                
Email: noshinshafqat@gmail.com   

MUHAMMAD ISLAM 

Assistant Professor, Department of Biotechnology and Genetic Engineering, Hazara, University, Mansehra, 
Pakistan. ORCID: 0000-0003-2514-1585 .Email: mislamhu@hu.edu.pk 

YASMEEN SHAKIR 

Department of Biochemistry, Hazara, University, Mansehra Pakistan. Email: yasmeenshakir@hotmail.com, 
y.shakir@bit.edu.cn 

Dr. FAZAL HADI 
Lecturer, Department of Botany, University of Peshawar, Pakistan. Email: hadibotany@uop.edu.pk 

TARIQ AZIZ 
MPhil Scholar, Department of Botany, Hazara, University, Mansehra, Pakistan.   
Email: tariqbot2018@gmail.com, tariqazizafdmdk@gmail.com 

ABDUL BASIT  

BS student Department of Botany, University of Peshawar, Pakistan. Email: abdulbasitraza440@gmail.com 

HINA GUL  
MPhil Scholar, Department of Botany, Hazara, University, Mansehra, Pakistan. 

WAQAR ALI  
PhD scholar, Department of Pharmacy, University of Peshawar, Pakistan. Email: aliwaqar241@gmail.com 

 
Abstract 

The present research work was done at NARC Islamabad, to search the potential of combine organic 
application, bio fertilizers & chemicals for improving micronutrient concentration in spinach. Different 
treatments were designed to compare with NP fertilizer, bio fertilizers and Organic fertilizer to observe 
micronutrient concentration in shoot and root at various stages of development & growth. Highest 
concentration of iron shoot was noted with isolates Azorhizobium, Rhizobium and PSM-Q. At different 
stages of growth & development. Maximum content of root Iron was noted with Azorhizobium and 
Rhizobium. Among the isolates, Azorhizobium, Rhizobium and PSM-QA performed relatively better in 
enhancing zinc content in spinach shoot at all the three stages of growth. Highest root zinc concentration 
was recorded with inoculum Azorhizobium and PSM-QA. The results suggested that bacterial inoculation 
significantly increased the micronutrient content of spinach as compared with the application of chemical 
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fertilizers, organic fertilizer and the control. We communicate sound proofs to recommend bacterial 
inoculation as a suitable and most reliable substitute of chemical fertilizers that promote/enhance the growth 
of spinach along with improving the rhizosphere for field crop production. As a result, it may be argued that 
microbial inoculation enhanced efficient nutrient uptake, resulting in higher-quality plants. 

Index terms: Integrated; Organic; Chemical; Bio fertilizers; Azorhizobium; Rhizobium; Spinach; 
Growth.   

 
1. INTRODUCTION 

Modern agricultural practices have emphasized the widespread use of fertilizer and this 
approach has certainly increased grain yields in many countries in the last three decades. 
But use of chemical fertilizers for a long term can led to decline fertility of soil and yield of 
crops in a cropping system. There is the evidence that both ground and surface water 
concentration were increased by different nutrients of plants due to over fertilization, 
therefore different health hazards were produce. Depending on their activity of mobilising 
different nutrients, biofertilizers offer a less expensive, low-capital, and environmentally 
friendly way to increase farm productivity. Integrated Fertilizer Management (INM) holds 
a lot of potential for meeting intensive agriculture's increased nutrient demands while also 
sustaining higher crop output and improving the quality of the resource base. Thus the 
combined use of fertilizer (bio & organic) can improved chemical fertilizers, which 
increase and maintain the fertility of soil and also improved production of crop. It makes 
the high productivity more sustainable mono cropping cereals [1]. Organic fertilizers have 
the ability to increase the fertility of soil due to their holding capacity and local availability 
[2]. Organic materials require to increase the fertility and quantity of soil under low input 
agriculture system [3]. Various types of microorganisms which convert unavailable 
elements to available by the biological processes is known as bio fertilizers [4]. They 
boost crop productivity by creating a key components of the nutrients supply system. 
Different types of bio fertilizers were developed i.e. potassium solubilizer, phosphate 
solubilizer, nitrogen fixer and arbuscular mycorrhizal [5]. Chelation, exchange reaction 
and acidification by phosphate solubilizing bacteria can convert insoluble phosphate to 
soluble phosphate [6].  

Micronutrients play an important role in vegetables production. Iron play important role in 
the formation of chlorophyll and process of photosynthesis [7]. Iron also required for 
photosynthesis, respiration and various cellular processes like synthesis of DNA, nitrogen 
fixation and production of hormone. Usually iron is abundant elements of nature but 
unavailable, because it insoluble in the complexes of ferric hydroxide [8]. Shortage of iron 
in plant can produce sickness plant called limited induced chlorosis. Shortage of iron also 
disturb deficiency of manganese.  Usually deficiency of iron in soil is rare, but not available 
for absorption due to the pH of soil between 5-6.5. Mostly deficiency of iron can produce 
when the pH of soil is above 6.5 (too alkaline). Over fertilization of soil can led iron 
deficiency [9]. Among micronutrients, zinc effect the auxin synthesis by disturbing 
tryptophane, but on other hand zinc also improve the height of plant [10]. Concentration 
of zinc were noted various in different plant material, like 169mg/kg were documented in 
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wheat, 24 & 63 mg/kg were reported in dry plants material [11]. Death of child (small than 
five years) was occur due to the deficiency of zinc [12]. 
 
2. MATERIALS AND METHODS 

The present research work was done in the Soil Biology & Biochemistry Group (SBB), 
Land Resources Research Institute (LRRI), and National Agricultural Research Centre 
(NARC) Islamabad. Spinach is noted as one of the important leafy vegetables, which 
produce worldwide and consumed through the year [13]. Spinach contain vitamins, iron 
and other health improving product that improve immune system and another biological 
functions [14]. During the research work sown the spinach on 15/11/2011 having average 
temperature was 1oC-36oC, with 430 mm total rainfall, 80% was relative humidity, 10-13 
hours’ average day length were noted. Limited period of the selected plant growth in the 
region is April and November. The research work was done in randomized complete block 
design (RCBD) having three replications.  

Treatments were as follow: 

T1= Uninoculated control 

T2= Azorhizobium 

T3= Tax-psm1 

T4= Rhizobium 

T5= PSM-QA 

T6= SP.OL 

T7= ½ NP@23:10Kg/ha 

T8= NP @46:20 Kg/ha 

T9= Humic Acid 

T10= Indole Acetic Acid 

2.1 Inocula preparation and Inoculation method   

Five different PGPR bacteria were isolated and cultured in the media, these isolated 
bacteria are as follow Rhizobium, Azorhizobium, P SM-QA, Tax PSM1 and SP.OL. 
Incubated culture about 2-3 days, until population of cells were reached 10x105-9 ml in 
every inoculum, maintained the above using spectronic having 550nm optical density. 
Then shifted the above culture into a bio fertilizers carrier (organic matter rich soil) at 
NARC. Coated the Spinach seeds with slurry (mixing the packet of bio fertilizers with ten 
percent sugar solution). PGPR and carrier Combination was made as desired in 
treatments. @6Kg h-1 was humic acid treatment, while the treatment of IAA was made by 
soaking the seeds in 0.01% for two hours.  
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Applied the above both fertilizers during sowing time. Applied single super phosphate 
(SSP) and urea as a source of P and N respectively. Collected the sample of above and 
below ground parts of plants for zinc and iron analysis at 70,110 and 130 days after 
emergence (DAE). Taken the sample of seed (0.25g) and other ground parts of plant, 
then added to mixed acid of 10 ml (nitric & perchloric acid 1:2). Then give 100-330 0C 
temperature till colorless of sample solution (2-3ml). Removed the flask and again gave 
cooling. Transferred the digest into volumetric flask of 50ml, and made a volume of 50ml 
with distilled water. Then determined both micronutrients in simple extract in Atomic 
Absorption Spectrophotometer.  

2.2 Statistical analysis 

The obtained data of the selected work was analysed using STATISTIX, arranged as a 
randomized complete block (RCBD) and means were compared by LSD test at 5% (p< 
0.05) level of significance.  
 
3. Results 

In this study micronutrient concentration was significantly affected by bacterial inoculation 
treatments over chemical fertilizers and organic fertilizers.  

3.1 Different treatment effect on the concentration of iron at spinach shoot 

Diazotrophic bacteria namely Azorhizobium Rhizobium, and phosphate solubilizing 
bacteria PSM-QA, Tax-psm1, and SP-OL along with chemical fertilizers NP, ½ NP, and 
organic fertilizers Humic Acid & Indole Acetic Acid were analyzed from the spinach plants 
at active growth stage viz. 70 days after emergence for iron content, is shown in (Fig: 
01), there are various statistically values for different treatment (p 0.00). Maximum shoot 
Iron concentrations were recorded with Rhizobium (495.73mg kg-1) which was followed 
by PSM-QA (481.87 mg kg-1) with a significant difference. Azorhizobium (460.67mg kg-1) 
occupied the third position. Generally, significant differences were observed among the 
treatments Tax-psm1 (446.47mg kg-1), ½ NP (409.53 mg kg-1), Humic Acid (373.07mg 
kg-1), Indole Acetic Acid (339.53mg kg-1) except SP-OL (389.47mg kg-1) and NP 
(401.93mg kg-1) which had non-significant differences. The lowest content was observed 
with un inoculated control (344.47mg kg-1). Iron concentration by spinach at 110 DAE is 
shown in (Fig: 02). 

There are various statistically values for different treatment (p 0.00). The highest values 
of iron content were recorded in Azorhizobium (469mg kg-1), Rhizobium (454.47mg kg-1), 
PSM-QA (467.93mg kg-1), and Tax-psm1 (451.4mg kg-1) which had non-significant 
differences. In general, there were no significant differences across the treatment NP 
(361mg kg-1), ½ NP (370.8mg kg-1), Humic Acid (367.33mg kg-1), Indole Acetic Acid 
(358.67mg kg-1) and un inoculated control (364.13mg kg-1). The highest values of iron 
content were recorded in Azorhizobium (378.07mg kg-1) (Fig: 03) at 130 DAE. Rhizobium 
(306.33mg kg-1) & PSM-QA (307.73mg kg-1) ranked second with non-significant 
differences. Tax-psm1 (295.8mg kg-1) and SP-OL (285.93mg kg-1) occupied the third 
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position. In general, there were no significant differences across the treatment NP (282.53 
mg kg-1), ½ NP (274.6mg kg-1), Humic Acid (274.6mg kg-1), Indole Acetic Acid (276.07mg 
kg-1). The lowest content was observed with un inoculated control (222.27mg kg-1).  

Figure 01: Iron content (mg kg-1) of Spinach shoot as Affected by different 
inoculants at 70 DAE. Bars Sharing the same letter (s) are statistically non- 

Significant (≤ 0.05) 

 

 

 

 

 

 

 

 

    Figure 02: Iron content (mg kg-1) of Spinach shoot as Affected by different 
inoculants at 110 DAE. Bars sharing the same letter (s) are statistically non-

significant (≤0.05) 

                                              

 

 

 

 

 

Figure 03: Iron content (mg kg-1) of Spinach shoot as affected by different 
inoculants at 130 DAE. Bars the same letter (s) Are statistically non-significant (≤ 

0.05). Significant (≤ 0.05) 
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3.2 Different treatments effect on concentration of Zinc at spinach shoot 

The zinc analysis for spinach on the performance of biofertilizers in comparison with 
chemical fertilizers and organic crop was performed as in Figure 4. there are various 
statistically values for different treatment (p 0.00). The maximum values of zinc content 
at 70 DAE was observed in Azorhizobium (46.8 mg kg-1), Rhizobium (47.13mg kg-1) & 
PSM-Q (47mg kg-1) with non-significant differences (Fig: 04). Full dose of chemical 
fertilizers ranked second (46.13mg kg 1). Generally, significant differences were observed 
among the treatments Tax-psm1 (44.8mg kg-1), SP-OL (38.2mg kg-1), ½ NP (42.13mg kg-

1), Humic Acid (36.6mg kg-1), Indole Acetic Acid (38.2mg kg-1) and un inoculated control 
(41.46mg kg-1).  

Zinc concentration by spinach at 110 DAE is shown in (Fig: 05), there are various 
statistically values for different treatment (p 0.00). The maximum values of zinc content 
were noted with Azorhizobium (47.6mg kg-1), Tax-psm1 (46.86mg kg-1), Rhizobium 
(47.46mg kg-1), & PSM-QA (48.46mg kg-1) with non-significant differences. SP-OL 
(37.13mg kg-1), NP (32.66mg kg-1), ½ NP (37.86mg kg-1), Humic Acid (33.66mg kg-1), 
Indole Acetic Acid (35.93mg kg-1) and un inoculated control (37.53mg kg-1) had significant 
differences in zinc concentration at this stage. 

The highest values of zinc content were recorded in PSM-QA (37.2mg kg-1) whereas 
Azorhizobium (35.66mg kg-1) ranked second (Fig: 06), at 130 DAE with significant 
difference. There are various statistically values for different treatment (p 0.00). 
Rhizobium (34mg kg 1) ranked third. In general, there were no significant differences 
across the treatment Tax-psm1 (32.86mg kg-1), SP-OL (29.73mg kg-1), NP (30.66mg kg-

1), ½ NP (31.93mg kg-1), Humic Acid (27.26mg kg-1), Indole Acetic Acid (30.2mg kg-1) and 
un inoculated control (29.06mg kg-1). 

Figure 4: Zinc content (mg kg-1) of Spinach shoot as affected by different 
inoculations at 70 DAE. Bars sharing the same Letter (s) are statistically non-

significant ((≤ 0.05)) 
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Figure 05: Zinc content (mg kg-1) of Spinach shoot as   Affected by different 
inoculants at 110 DAE. Bars sharing the same letter (s) are statistically significant 

(≤ 0.05) 
 

 

 

 

 

 

 

 

 

 

Figure 06: Iron content (mg kg-1) of Spinach shoot as Affected by different 
inoculants at 130 DAE. Bars sharing the same letter(s) are statistically non-

significant (≤ 0.05) 

 

 

                                                                    

    

                                                                                      

 

 

3.3 Different treatments effect on Iron concentration in spinach root 

Fig: 07 showed that all treatments differ significantly with respect to Iron in spinach root 
at 70 DAE there are various statistically values for different treatment at (p 0.00). When 
compared to the Uninoculated control, all inoculation treatments considerably enhanced 
the iron content of the roots. However, the maximum iron concentration was obtained 
under Rhizobium (358.27mg kg-1), followed by Azorhizobium (320mg kg-1), with 
significant difference. Treatments PSM-QA (312.8mg kg-1), NP (318.87mg kg-1), & ½ NP 
(317.8mg kg-1) ranked next with non-significant differences. Tax-psm1 (309.93mg kg-1), 
SP-OL (287.47mg kg-1), Humic Acid (281.6mg kg-1), Indole Acetic Acid (277.27mg kg-1) 
and Uninoculated control (222.8mg kg-1) had significant differences in iron concentration 
at this stage. 
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Iron concentration by spinach at 110 DAE is show in (Fig: 8), there are various statistically 
values for different treatment (p 0.00). The maximum iron concentration was obtained by 
Azorhizobium (357.8mg kg-1), whereas Rhizobium (326.93mg kg-1), Tax-psm1 (320.13mg 
kg-1), & PSM-QA (319.93mg kg-1), ranked second with non-significants difference. 
Treatments SP-OL (218.2mg kg-1), NP (266.13mg kg-1), & ½ NP (242.6mg kg-1), Humic 
Acid (268.07mg kg-1), Indole Acetic Acid (242.4mg kg-1) and un inoculated control 
(225.07mg kg-1) had significant differences in iron concentration. 

Iron concentration by spinach at 130 DAE is show in (Fig: 9), there are various statistically 
values for different treatment (p 0.00). Azorhizobium (387.07mg kg-1) had highest iron 
content whereas Rhizobium (306.33mg kg-1) & PSM-QA (307.73mg kg-1) ranked second 
with non-significant difference. Tax-psm1 (295.8mg kg-1) & SP-OL (285.93mg kg-1) 
ranked third with non-significant difference. NP (282.53mg kg-1), ½ NP (274.6mg kg-1), 
Humic Acid (274.6mg kg-1) & Indole Acetic Acid (274.07mg kg-1) ranked next with non-
significant difference.  Un inoculated control (222.27mg kg-1) had lowest value for iron 
concentration at this stage. 

 

Figure 07: Iron content (mg kg-1) of Spinach root as Affected by different 
inoculants at 70 DAE. Bars Sharing the same letter (s) are statistically non- 

Significant (≤ 0.05) 

 

Figure 08: Iron content (mg kg-1) of Spinach root as   affected by different 
inoculants at 110 DAE. Bars sharing the same letter (s) are statistically non-

significant   (≤ 0.05) 
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Figure 09: Iron content (mg kg-1) of Spinach root as affected by Different 
inoculants at 130 DAE. Bars sharing the same letter (s) are statistically non-

significant (≤ 0.05) 

 

 

 

 

 

 

 

3.4 Different treatments effect on Zinc concentration in spinach root 

The zinc analysis for spinach root was performed as in (Fig: 10). There are various 
statistically values for different treatment (p 0.00). The maximum values of zinc content 
at 70 DAE was observed in Azorhizobium (36.2mg kg-1), whereas Rhizobium (33.6mg kg-

1) & Tax-psm1 (33.73mg kg-1) ranked second with non-significant difference. Chemical 
fertilizers NP (32.6mg kg-1), & ½ NP (32.8mg kg-1) ranked next with non-significant 
difference. In general, there were no significant differences across the therapies PSM-QA 
(31.26mg kg-1), SP-OL (25.06mg kg-1), Humic Acid (27.46mg kg-1), Indole Acetic Acid 
(27.26mg kg-1) & UN inoculated control (28.73mg kg-1) at this stage of growth.  

Zinc concentration by spinach root at 110 DAE is show in (Fig: 11), there are various 
statistically values for different treatment (p 0.00). Highest concentration of zinc was noted 
with PSM-QA (36.73mg kg-1), whereas Azorhizobium (34.6mg kg-1) & ½ NP (34.8mg kg-

1) ranked second with non-significant difference. Rhizobium (32.86mg kg-1), PSM-QA 
(36.73mg kg-1) & Indole Acetic Acid (32.06mg kg-1) ranked third with non-significant 
difference. Full dose of chemical fertilizers (30.46mg kg-1) and Humic Acid (31.2mg kg-1) 
ranked next with non-significant difference. In general, there were no significant 
differences among the treatments SP-OL (24.13mg kg-1) and un inoculated control 
(28.8mg kg-1).  

The highest values of zinc content were recorded in PSM-QA (37.2mg kg-1), whereas 
Azorhizobium (35.66mg kg-1) ranked second and Rhizobium (34 mg kg-1) ranked third 
(Fig: 12), at 130 DAE with significant differences. there are various statistically values for 
different treatments (p 0.00). In general, there were no significant differences among the 
treatments Tax-psm1 (32.86mg kg-1), SP-OL (29.73mg kg-1), NP (30.66mg kg-1), & ½ NP 
(31.93mg kg-1), Humic Acid (27.26mg kg-1), Indole Acetic Acid (30.2mg kg-1), & 
Uninoculated control (29.06mg kg-1), at this stage of growth. 
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Figure 10: Zinc content (mg kg-1) of Spinach root as affected by different 
inoculants at 70 DAE. Bars sharing the same Letter (s) are statistically non-

significant (≤ 0.05) 

 

 

 

 

 

 

 

Figure 11: Zinc content (mg kg-1) of Spinach root as Affected by different 
inoculants at 110 DAE. Bars sharing the same letter (s) are statistically non- 

significant (≤ 0.05) 

 

 

 

 

 

 

 

Figure 12: Zinc content (mg kg-1) of Spinach root as affected by different 
inoculants at 130 DAE. Bars sharing the same letter (s) are statistically non-

significant (≤ 0.05) 
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4. DISCUSSION 

The soil bacteria not only use in biogeochemical cycle but also play important role in 
production of plants. These bacteria also improve growth of plant due to their colonization 
in the rhizosphere [15]. The proper applications of rhizobia along with PGPR/PGRs is 
effective and also an approach of environmental friendly, which usually improved the yield 
of crops under suitable condition [16]. Inoculations of bacteria were also improved the 
total uptake of zinc per pot (52.5%), concentration of methionine in grain (38.8%) [17]. 
Usually rhizobacteria promote plant growth by various mechanism (direct or indirect), like 
fixation of nitrogen (N2), solubilisation of phosphate and production of phytochrome [18]. 
As we know that bio fertilizers are eco-friendly with nature, but on other hand we can get 
higher productivity and yields [19]. Our present research work is similar to [20], they also 
documented the growth and survival of rhizobial bacteria in the soil. Therefore, root 
system was enlarged due to fabrication of hormones by improving uptake of nutrients. 
According to [21], rate of root elongation, various minerals like K, P, N and absorption of 
other micronutrients were improved due to inoculation of microbial. Application of A. 
chroococcum and PSM were increased the uptake of few trace elements like Zn and Fe, 
and also the production of plant growth promoting elements [22]. Our present work is also 
similar to those of [23], they documented that culture of Rhizobium were increased the 
uptake of Zn, Mn and N in urd bean. Isolation of PGPR were also positive effect on the 
uptake of plant micronutrient such as Fe, Zn, Mn and Cu on the shoot and root growth of 
Triticum “[24, 25]”. Reduction of Fe3+--Fe2+ due to Rhizospheric bacteria. Uptake of Iron 
in Oryza sativa were increased by 15-64% due to rhizobial inoculation [26]. Rhizospheric 
bacteria were also effect the availability of iron, manganese and sulphur due to redox 
reaction [27]. According to [28], PGPR improved the uptake of Zn, Mn and Fe in 
Healianthus species.  

 
5. CONCLUSION AND RECOMMENDATIONS 

Comparison of NP fertilizer, bio fertilizers and Organic fertilizer for micronutrient 
concentration in different stages of growth and development in spinach resulted highest 
shoot Iron concentration with isolates Rhizobium, Azorhizobium and PSM-QA. While 
maximum root Iron content was recorded with Rhizobium and Azorhizobium. Among the 
isolates, Azorhizobium, Rhizobium and PSM-QA performed relatively better in enhancing 
zinc content in spinach shoot at all the three stages of growth. Highest root zinc 
concentration was recorded with inoculum Azorhizobium and PSM-QA. It was concluded 
that bacterial inoculation significantly increased the micronutrient content of spinach as 
compared with the application of chemical fertilizers, organic fertilizer and the control and 
recommend bacterial inoculation as a suitable and most reliable substitute of chemical 
fertilizers that promote/enhance the growth of spinach along with improving the 
rhizosphere for field crop production. Therefore, it can be concluded that microbial 
inoculation facilitated efficient nutrient’s uptake which ultimately produce plants of 
superior quality. 
 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 65 Issue 09 | 2022 
DOI 10.17605/OSF.IO/F5ZU4 

 

Sep 2022 | 12 

 

Acknowledgment  

The authors wish to thank Chairman Department of Botany, NARC Islamabad for providing necessary 
facilities for this work. No grant was received for this work. 

 

References  

[1] P. Rajendra, S. Singh, and SN. Sharma, “Inter-relationships of fertilizer use and other agricultural inputs 
for higher crop yields,” Fert. News; pp. 35-40, 1998. 

[2] A. Khaliq, M.K. Abbasi, and T. Hussain, “Effects of integrated use of organic and inorganic nutrient 
sources with effective microorganisms (EM) on seed cotton yield in Pakistan,” Bioresour. Tech, pp. 967-
972, 2006.  https://doi.org/10.1016/j.biortech.2005.05.002 

[3] Z. Naureen, S. Hameed, S. Yasmin, K.A. Malik, and F.Y. Hafeez, “Characterization and screening of 
bacteria from maize grown in Indonesian and Pakistani soils,” J. Basic Microbiol, pp. 447-459, 2005. 
DOI: 10.1111/j.1440-6055.1994.tb01238 

[4] J.K. Vessey, “Plant growth promoting rhizobacteria as biofertilizers,” Plant Soil, pp. 571-586, 2003. 

[5] S.C. Wu, Z.H. Cao, Z.G. Li, K.C. Cheung, and M.H. Wong, “Effects of biofertilizers containing N-fixer, P 
and K solubilizers and AM fungi on maize growth: a greenhouse trial,” Geoderma, pp. 155-166, 2005. 
https://doi.org/10.1016/j.geoderma.2004.07.003 

[6] H.J. Son, G.T. Park, M.S. Cha, and M.S. Heo, “Solubilization of insoluble inorganic phosphates by a 
novel salt-and pH-tolerant Pantoea agglomerans R-42 isolated from soybean rhizosphere,” Bioresour Tech, 
pp. 204-210. 2006 https://doi.org/10.1016/j.biortech.2005.02.021 

[7] J.L. Havlin, J.D. Beaton, S.L. Tisdale, and W.L. Nelson, “Soil Fertility and Fertilizers. An Introduction to 
Nutrient Management 6th Ed. Prentice Hall, New Jersey,” 1999. 

[8] M.L Guerinot, Y. Yi, Iron, “Nutritious, noxious, and not readily available,” Plant Physiol. pp. 815–820, 
1994. doi: 10.1104/pp.104.3.815 

[9] Schuster James, “Focus on plant problems-chlorosis University of Illinosis at Urbana,” Champaign; 
Retrieved. pp. 12-22, 2008. 

[10] M. Shanti, B.P. Babu, B.R. Prasad, and P.S. Minhas, “Effect of zinc on blackgram in rice-Blackgram 
cropping system of coastal saline soils,” Legume Res, pp. 79-86, 2008. 

[11] S. Kulandaivel, B.N. Mishra, B. Gangiah, P.K. Mishra, “Effect on Levels of Zinc and Iron and Their Chelation 
on Yield and Soil Micronutrient Status in Hybrid Rice (Oryza sativa)—wheat (Triticum aestivum), Cropping 
System,” Indian J. Agron, Vol. 49, no. 2, pp. 80–83, 2004. 

[12] I. Cakmak, W.H. Pfeiffer, and M.C. Clafferty, “Biofortification of durum wheat with zinc and iron,” Cereal 
Chem, pp.10-20, 2010. https://doi.org/10.1094/CCHEM-87-1-0010 

[13] Z. Chen, Y. Han, K. Ning, C. Luo, W. Sheng, and S. Wang, “Assessing the performance of different 
irrigation systems on lettuce (Lactuca sativa L.)  in the greenhouse,” PLOS ONE, Vol. 14, no. 2, 2019. 
https://doi.org/10.1371/journal.pone.0209329 

[14] M.J. Kim, Y. Moon, J.C. Tou, B. Mou, and N.L Waterland, “Nutritional value, bioactive compounds and 
health benefits of lettuce (Lactuca sativa L.),” Journal of Food Composition and Analysis, pp. 19–34, 2016. 
https://doi.org/10.1016/j.jfca.2016.03.004 

[15] S.M. Kang, A.L. Khan, M. Hamayun, Z.K. Shinwari, Y.H. Kim, G.L. Joo, and I.J. Lee, “Acinetobacter 
calcoaceticus ameliorated plant growth and influenced gibberellins and functional biochemical,” Pak. J. Bot, 
pp. 365-372, 2012. http://www.pakbs.org/pjbot/PDFs/44(1)/55.pdf 

https://doi.org/10.1016/j.biortech.2005.05.002
https://doi.org/10.1016/j.geoderma.2004.07.003
https://doi.org/10.1016/j.biortech.2005.02.021
https://dx.doi.org/10.1104%2Fpp.104.3.815
https://doi.org/10.1094/CCHEM-87-1-0010
https://doi.org/10.1371/journal.pone.0209329
http://www.pakbs.org/pjbot/PDFs/44(1)/55.pdf


Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 65 Issue 09 | 2022 
DOI 10.17605/OSF.IO/F5ZU4 

 

Sep 2022 | 13 

 

[16] M. Naveed, I. Mehboob, M.B. Hussain, and Z.A. Zahir ZA, “Perspectives of Rhizobial Inoculation for 
Sustainable Crop Production Plant Microbes Symbiosis,” Applied Facets, pp. 209-239, 2015. 

[17] S.K. Vaid, B. Kumar, A. Sharma, A.K. Shukla, and P.C. Srivastava, “Effect of Zn solubilizing 
bacteria on growth promotion and zn nutrition of rice,” J. Soil Sci. Plant Nutr, 2014. 
http://dx.doi.org/10.4067/S0718-95162014005000071  

[18] Z.F.A. Aziz, H.M. Saud, K.A. Rahim, and O.H. Ahmed, “Variable responses on early development of 
shallot (Allium ascalonicum) and mustard (Brassica juncea) plants to Bacillus cereus inoculation,” 
Malaysian J. Microbiol, pp.47–50, 2012. http://dx.doi.org/10.21161/mjm.33711 

[19] S.H. Tummaramatti, L. Hegde, and C.P. Patil, “Effect of Bio - Fertilizers on Growth, Yield and Quality 
of Buckwheat,” J. Agric. Life Sci. p. 2375-4214, 2014. ISSN : 0970-0420  

[20] J.M. Barea, M.J. Pozo, R. Azcón, and C. Azcón-Aguilar, “Microbial co-operation in the rhizosphere,” J. 
Exp. Bot, pp. 1761-1778, 2005. https://doi.org/10.1093/jxb/eri197 

[21] S. Dobbelaere, and Y. Okon, “The plant growth promoting effect and plant responses, Kluwer Academic 
Publishers,” The Netherlands; pp.1-26, 2007. DOI: 10.1007/1-4020-3546-2_7 

[22] A. Zaidi, and M.S. Khan, “Interactive effect of rhizospheric microorganisms on growth, yield and nutrient 
uptake of wheat,” J. Plant Nutr, pp. 2079-2092, 2005. https://doi.org/10.1080/01904160500320897 

[23] K. Khan, and V. Prakash, “Relative Effect of Rhizobium Zinc and Molybdenum on Nodulation, Yield 
Nutrient Uptake and Nutrient Restoration of Summer Urdbean (Vigna mungo L.) in Gangetic Alluvium of 
Eastern Plain Zones of Uttar Trends in Biosciences,” pp.1682-1686, 2014. 

[24] W. Hassan, M. Hussain, S. Bashir, A.N. Shah, R. Bano, and J. David, “ACC-deaminase and/or nitrogen 
fixing rhizobacteria and growth of wheat (Triticum aestivumL.),” J.Soil Sci. Plant Nutr, 2014. 
http://dx.doi.org/10.4067/S0718-95162015005000019 

[25] W. Hassan, J. David, and F. Bashir, “ACC-deaminase and/or nitrogen fixing rhizobacteria and growth 
response of tomato (Lycopersicon pimpinellfolium Mill.),” J. Plant Interact, pp.869-882, 2014. 
https://doi.org/10.1080/17429145.2014.964785 

[26] J.C. Biswas, J.K. Ladha, and F.B. Dazzo, “Rhizobia Inoculation Improves Nutrient Uptake and Growth 
of Lowland Rice,” Soil Science Society of America J, pp. 1644-1650, 2000. 
https://doi.org/10.2136/sssaj2000.6451644x 

[27] N.W.O. Vega, “A review on beneficial effects of rhizosphere bacteria on soil nutrient availability 
and plant nutrient uptake. Rev. Fac. Nal. Agr.Medellín,” pp. 0304-2847, 2007. ISSN 0304-2847 

[28] M. Shirmardi, G.R. Savaghebi, K. Khavazi, A. Akbarzadeh, M. Farahbakhsh, F. Rejali, and A. Sadat, 
“Effect of Microbial Inoculants on Uptake of Nutrient Elements in Two Cultivars of Sunflower (Helianthus 
annuus L.) in Saline Soils,” Not Sci Biol, pp. 57-66, 2010. DOI: https://doi.org/10.15835/nsb234678 

 

http://link.springer.com/search?facet-creator=%22Muhammad+Naveed%22
http://link.springer.com/search?facet-creator=%22Ijaz+Mehboob%22
http://link.springer.com/search?facet-creator=%22M.+Baqir+Hussain%22
http://link.springer.com/search?facet-creator=%22Zahir+Ahmad+Zahir%22
http://link.springer.com/book/10.1007/978-81-322-2068-8
https://www.cabdirect.org/cabdirect/search/?q=sn%3a%220970-0420%22
https://doi.org/10.1093/jxb/eri197
https://doi.org/10.1080/01904160500320897
http://dx.doi.org/10.4067/S0718-95162015005000019
https://doi.org/10.1080/17429145.2014.964785
https://dl.sciencesocieties.org/publications/sssaj
https://doi.org/10.2136/sssaj2000.6451644x
https://doi.org/10.15835/nsb234678

