


Relationship between Physiological and Yield Attributes of Wheat as affected by Application of Bio-fertilizer (N-fixer bacteria) with Nitrogen Fertilizer 
ABSRTACT
Triticum aestivum productivity can be significantly enhanced through integrated nutrient management involving bio-fertilisers, organic manures, and chemical fertilisers. Nitrogen-fixing and phosphate-solubilising bio-fertilisers improve growth, physiological traits, and yield components, with positive correlations observed between grain yield, leaf area, tiller number, and biomass, highlighting their critical role in sustainable wheat production. A multi-location experiment was carried out over two consecutive winter seasons (2017/2018 and 2018/2019) across three regions of the New Halfa scheme to evaluate the effects of bio-fertilizers—specifically nitrogen-fixing bacteria and phosphorus-solubilising bacteria—combined with nitrogen and phosphorus supplementation via chicken manure on the growth and performance of wheat plants. The results revealed that, addition of amended N or P to bio fertilizer causes significant positive correlation between  the grain yield of wheat with physiological traits like leaf area duration(LAD), net assimilation rate(NAR) and crop growth rate (CGR) and  most related characters  yield components (number of grains per plant,1000–grain weight, harvest index. Thus, the significant positive correlation between these traits and grain yield indicates their substantial contribution to the final yield.
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INTRODUCTION
Triticum aestivum (wheat) is one of the most widely cultivated crops globally. It is an annual cool-season species belonging to the family Gramineae (Wall et al., 2006). The integrated application of biofertilisers, organic manures, and chemical fertilisers plays a significant role in enhancing wheat productivity. Substantial evidence indicates that biofertilisers can stimulate plant growth and yield through the activity of plant growth-promoting bacteria, which possess capabilities such as nitrogen fixation, phosphate solubilisation, and the synthesis of plant growth-regulating hormones (Sahin et al., 2004). Contemporary agricultural practices increasingly emphasise the identification and adoption of viable alternatives to chemical fertilisers, driven by the escalating costs of procurement, environmental contamination, and the adverse effects associated with their improper application, particularly the progressive degradation of soil quality. In this context, the integrated use of inorganic, organic, and bio-fertilisers has emerged as a critical strategy for enhancing crop productivity while simultaneously sustaining soil fertility. Such integrated nutrient management approaches hold considerable promise for improving farm-level profitability and, consequently, increasing farmers’ income. Among bio-fertilisers, nitrogen-fixing bio-fertilisers (NFBs) play a pivotal role in maintaining soil nitrogen balance. Representative examples include Rhizobium spp., Azospirillum spp., Azotobacter spp., and various cyanobacteria (commonly referred to as blue-green algae). These microorganisms function by biologically fixing atmospheric nitrogen and converting it into organic, plant-available forms within the soil matrix or, in the case of symbiotic associations such as Rhizobium, within the root nodules of leguminous crops. Through this process, nitrogen is rendered accessible to plants, thereby reducing dependency on synthetic nitrogen inputs. Notably, nitrogen-fixing bio-fertilisers often exhibit a high degree of crop specificity, particularly in symbiotic systems, necessitating careful selection based on the target crop species to ensure optimal efficacy. (Choudhury and Kennedy., 2004). So application of biofertlizer to wheat plants  significantly increase  growth and yield attributes as reported by Ahmed et al,2023) Numerous studies have examined the relationships between grain yield and its constituent components [4, 5]. Positive correlations have been reported between grain yield and the number of productive tillers, above-ground biomass, and leaf area index (LAI) at the flowering stage. The LAI is recognised as a key biophysical parameter involved in various canopy functioning processes [6]. Several authors [7, 8] have also documented significant positive associations between grain yield and yield attributes, including the number of effective tillers, fertile spikelets, and grains per spike, all of which are enhanced by fertiliser application in wheat. Furthermore, Zorita [9] reported a strong relationship between wheat grain yield and nitrogen fertilisation. In addition, studies conducted in Sudan have shown that improvements in wheat grain yield are accompanied by increases in harvest index, grains per spike, and grain filling duration [10–12]. However, nutrient management, which is crucial for preserving a greater yield, is among the many causes, of low crop output (Wani et al,2023)Physiological traits like leaf area duration(LAD), net assimilation rate(NAR) and crop growth rate (CGR) were act synergistically together to explain much of the variation in yield components of wheat. These factors interrelate providing an important insight to the study causal relationships between growth and yield attributes due to application of bio-fertilizer to wheat in New Halfa  scheme determine the relationship between growth physiological and yield attributes.

MATREIALS AND METHODS
A multi-location field experiment was conducted over two winter seasons (2017/2018 and 2018/2019) across three regions of the New Halfa Scheme to evaluate the effects of biofertilisers in combination with nitrogen fertiliser on wheat performance, as well as to examine the causal relationships between physiological traits and yield components. The study was carried out at three sites: Hajer (L1), the Faculty of Agriculture (L2), and Shebaik (L3). At each location, the experiment was arranged in a randomised complete block design (RCBD) with three replications. The biofertiliser treatments consisted of inoculation with nitrogen-fixing bacteria (FB), specifically *Azotobacter chroococcum*, applied either alone or in combination with 43 kg N ha⁻¹ or 86 kg N ha⁻¹, alongside an untreated control. The biofertiliser inoculum was sourced from the Institute of Ecology and Natural Resources, Khartoum, Sudan. A single wheat cultivar, Bohain, was utilised throughout the study.
 
Faculty of Agriculture (L2) soil type:The profile was described as AC- profile, in accordance with the horizon denomination applied in USA to the great soil group or the vertisols, to which all Khashm el Girba clay soil series belongs to Khashm el Girba soils were described adequately as AC profiles(Ali,2002).
Hajer (L1) soil type (Asupri Series ):This series differs from Khash el Girba series in the substratum which is free of gypsum. also calcium corbonate concentration are sometimes abundant, not seldoin cementing the soil together(Ali,2000).
Shebaik (L3) soil type (Sabaat series):The series is very distinguished of high coarser textured soil, with tock presence on moderately deep phase. Solum and substratum  are very resemblance of Asupri series(Ali,2002)
Ten plants were randomly selected and appropriately labelled within each plot for the assessment of the following parameters:-
Physiological attributes parameters:- shoot dry weight(DWT), Leaf area (LA),Leaf area duration (LAD)  were measured.
Also, the following yield attributed were measured.
Spike length (cm): the average length of spike was measured using a meter tap.
Number of grains plant-1per spike  was determined. 
1000-grain weight (g): From each subplot, a random sample of 1000 grains was collected and weighed using a precision balance to estimate the mean 1000-grain weight.
Grain yield (kg ha⁻¹): In each subplot, all plants within an area of 1.7 m², located in the two central ridges, were harvested, air-dried, and weighed to determine the average grain yield per unit area.
Harvest index: The harvest index (HI) was calculated as the ratio of grain yield to total above-ground biomass, expressed as:
HI = Grain yield / Biological yield.
Correlation analysis was performed using the mean values of the measured physiological and yield-related parameters. Statistical analysis of the data was conducted using the Statistix software package (version 10) appropriate for a randomised complete block design (RCBD). Additionally, correlation coefficients were computed using the SPSS software package (version 27).

Results and discussion 
At Hajer site, all physiological traits (LAD) had significant positive correlation with with LA, dry weight and all yield attributes in this study. The positive stronger significant correlation was observed with  dry weight, grain number, and grain yield was observed (table 1A). Also, the yield components i-e- grain number, grain weight per spike had positive stronger positive correlation with grain yield and HI. As shown in table 1B, the positive significant correlation relationships were observed between all characters in this location. However, the stronger significant positive correlation was observed between LA,LAD and DWT with each other and with grain number, grain weight/spike and grain yield/ha. Also, the later traits were positively correlated with stronger positive relationship between each others. The stronger positive significant correlation was observed between dry weight, NAR with grain number, grain wet/spike, 1000-grain weightt, straw and grain yield  per unit area (table 1C). Also straw and grain yield /ha had significant positive stronger correlation with grain number and grain yield/spike and with each other as observed in ( table 1C). 

General correlation as combined for all sites
The stronger  positive significant correlation was observed between  LA with dry weight and with LAD. Also, similar  relationships were observed  between  grain number/spike with grain wt/spike, yield/ha and HI. Also, the moderate positive significant correlation  was observed between grain yield, straw and HI with most of physiological trait LAD and with yield components (Table 2).
 The results indicated that LAD, NAR and CGR had  strong correlation  with yield traits because   dry matter accumilation, grain filling, and overall productivity  were directly influenced by these physiological characters,  as  longer duration of active leaf area correlates with higher grain filling and yield, efficiency of biomass assimilation strongly correlates with grain number and spike fertility and faster growth rates during critical stages (tillering, heading, grain filling) correlate with higher spike density and grain yield.These might explain the results obtained in this study. Also, Supporting evidences were reported by(Acreche et al., 2009; Kumar et al.,2021 ;  Hossain  et al.,2021) who concluded that, LAD, NAR and CGR were strongly correlates with  grain number, spike fertility .higher grain filling, yield  and  1000-grain weight. Moreover,  Petcu et al. [17] reported a positive correlation between leaf area duration (LAD) and the number of grains in wheat plants, as well as a positive association of dry weight with spike length, the number of grains per spike, and grain yield per plant. Similarly, [18] observed a positive correlation between dry matter accumulation and both the number and weight of grains per plant. In contrast, Pyruvic [15,16] concluded that the number and weight of grains per plant, together with grain yield per hectare, were highly positively correlated. Sultana et al. [14] further demonstrated that the number of grains per spike exhibited a significant positive correlation with spike length, biomass, and grain yield per unit area. Moreover, White and Wilson [22] reported a positive correlation between the number of grains per spike, harvest index (HI), and grain yield. In line with these findings, Gorjanovic and Marija [24] also indicated that the number of grains per spike was significantly positively correlated with both HI and grain weight per spike, emphasising the pivotal role of spike characteristics in determining overall yield performance. In essence, wheat breeding programs often select for physiological traits that enhance resource use efficiency and stress tolerance, since these traits consistently show strong correlations with yield attributes.
Continues and stable supplying of N to plants due to bio fertilizers activity could increase growth attributes in  plants and increase days to leaf area duration.
In this respect, Jsrailove et al. (2023) reported that high nitrogen levels adequately met the plant’s requirements for growth and development, enabling the production of a greater number of grains and increasing the weight of individual organs, which in turn contributed to a positive enhancement of grain yield. These observations support the findings of the present study, in which inoculation with nitrogen-fixing bacteria resulted in a significant increase in both grain yield and its associated components, highlighting the critical role of nitrogen availability in optimizing crop performance.
Conclusion
In general, the results indicated that the possibility of partial or total compensation of mineral fertilizer (N) by bio fertilizers from a known source of nutrients content, and specification in order to obtain high wheat grain productivity.
[bookmark: _GoBack]From the present study it could be concluded that the application of bio fertilizer with N, greatly increased growth and yield of wheat due to increase syntheses of carbohydrates and absorption of essential nutrients.
The results indicated that inoculation grains of wheat using N- fixing Bactreia Bacteria enhanced wheat growth and yield at all location in both seasons 
The positive effects N fertilizer with bio fertilizers significantly increased grain yield of wheat (particularly at northern site (Hajer) of new Halfa scheme) which was associated with significant increases in most yield related characters (RGR, LAD, LA, dry weight) and yield components (number of yielded tillers, grains per plant and 1000- grain weight) thus the significant positive relationship between these characters and yield indicated their unlimited contribution to final grain yield.

Table (1A): Correlation coefficient between means of some growth, physiological attributes and yield components of wheat plant as combined of   two seasons Hajer site (L1) 
	Hajer
	LA
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1-DWT
	0.51**
	
	
	
	
	
	
	
	
	
	

	2-LAD
	0.67**
	0.52**
	
	
	
	
	
	
	
	
	

	3-NAR
	0.25*
	081**
	0.07NS
	
	
	
	
	
	
	
	

	4-RGR
	0.19 NS
	0.37**
	0.04NS
	0.68**
	
	
	
	
	
	
	

	5PKlntgh
	0.03 NS
	0.29**
	0.09NS
	0.28*
	0.05 NS
	
	
	
	
	
	

	6-Grnspk
	0.58**
	0.88**
	0.55**
	0.68**
	0.29**
	0.38**
	
	
	
	
	

	7grnpnt
	0.47**
	0.89**
	0.49**
	0.77**
	0.30**
	0.34**
	0.96**
	
	
	
	

	8-000grn
	0.47**
	0.62**
	0.44**
	0.42**
	0.19 NS
	0.13 NS
	0.64**
	0.64**
	
	
	

	9-strwyld
	0.47**
	0.62**
	0.44**
	0.43**
	0.20 NS
	0.13 NS
	063**
	0.59**
	0.90**
	
	

	10-yeild
	0.49**
	0.90**
	0.57**
	0.66**
	0.22*
	0.33**
	0.92**
	0.91**
	0.55**
	0.53**
	

	11-HI
	0.37**
	0.86**
	0.52**
	0.60**
	0.16 NS
	0.38**
	0.85**
	0.86**
	0.53**
	0.51**
	0.92**



 Abbreviations: Leaf area (LA), shoot dry weight(1-DWT), Leaf area duration (2-LAD), Net assimilation rate (3-NAR ), Relative  growth rate (4-RGR) , spike length  (5-pklngh),grains number per spike(6-Grnspk), weight per plant(7-grnwtpk), 1000–grain weight(8-1000grn), straw yield(9-strwyld) , grain yield/ha(10-yeild) and harvest index(11-HI)






Table (1B): Correlation coefficient between means of some growth, physiological attributes and yield components of wheat plant as combined of  two  seasons at Faculty site (L2) 
	Faculty
	LA
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1-DWT
	0.35**
	
	
	
	
	
	
	
	
	
	

	2-LAD
	0.44**
	0.15
	
	
	
	
	
	
	
	
	

	3-NAR
	0.35**
	0.42**
	0.02
	
	
	
	
	
	
	
	

	4-RGR
	0.18
	0.48**
	0.18
	0.67**
	
	
	
	
	
	
	

	5-PKlntgh
	0.09
	0.06
	0.20
	0.04
	0.02
	
	
	
	
	
	

	6-Grnspk
	0.11
	0.05
	0.82**
	0.15
	0.10
	0.11
	
	
	
	
	

	7grnwtspk
	0.18
	0.06
	0.87**
	0.25*
	0.20
	0.11
	0.89**
	
	
	
	

	8-1000grn
	0.04
	0.01
	0.17
	0.12
	0.19
	0.07
	0.35**
	0.18
	
	
	

	9-strwyld
	0.02
	0.06
	0.42**
	0.09
	0.01
	0.08
	0.45**
	0.48**
	0.16
	
	

	10-yeild
	0.16
	0.02
	0.81**
	0.21
	0.18
	0.28*
	0.79**
	0.89**
	0.06
	0.47**
	

	11-HI
	0.03
	0.05
	0.26*
	0.09
	0.11
	0.09
	0.29**
	0.24*
	0.22*
	0.18
	0.11


  
Table (1C): Correlation coefficient between means of some growth, physiological attributes and yield components of wheat plant as combined of two seasons at Shebaik site (L3)
 
	Shebaik
	LA
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1-DWT
	0.51**
	
	
	
	
	
	
	
	
	
	

	2-LAD
	0.67**
	0.52**
	
	
	
	
	
	
	
	
	

	3-NAR
	0.26*
	0.39**
	0.42**
	
	
	
	
	
	
	
	

	4-RGR
	0.25*
	0.81**
	0.05
	0.68**
	
	
	
	
	
	
	

	5-PKlntgh
	0.10
	0.37**
	0.04
	0.28*
	0.05
	
	
	
	
	
	

	6-Grnspk
	0.03
	0.29**
	0.09
	0.68**
	0.29**
	0.31**
	
	
	
	
	

	7grnwtspk
	0.58**
	0.88**
	0.55**
	0.74**
	0.30**
	0.34**
	0.96**
	
	
	
	

	8-1000grn
	0.47**
	0.89**
	0.49**
	0.43**
	0.19
	0.13
	0.64**
	0.59**
	
	
	

	9-strwyld
	0.47**
	0.62**
	0.44**
	0.66**
	0.22*
	0.33**
	0.92**
	0.91**
	0.55**
	
	

	10-yeild
	0.49**
	0.90**
	0.57**
	0.65**
	0.16
	0.38**
	0.85**
	0.85**
	0.53**
	0.91**
	

	11-HI
	0.37**
	0.85**
	0.52**
	0.43**
	0.22*
	0.06
	0.54**
	0.53**
	0.36**
	0.56**
	0.26*


 

Table (2): Correlation coefficient between means of some growth, physiological attributes and yield components of wheat  plant as combined of   two seasons as combined for all sites


	All sites
	LA
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1-DWT
	0.62**
	
	
	
	
	
	
	
	
	
	

	2-LAD
	0.70**
	0.27**
	
	
	
	
	
	
	
	
	

	3-NAR
	0.06
	0.62**
	0.16**
	
	
	
	
	
	
	
	

	4-RGR
	0.09*
	0.24**
	0.29**
	0.49**
	
	
	
	
	
	
	

	5-PKlntgh
	0.10
	0.09
	0.09
	0.05
	0.23**
	
	
	
	
	
	

	6-Grnspk
	0.16*
	0.31**
	0.31**
	0.39**
	0.29**
	0.05
	
	
	
	
	

	7grnwtspk
	0.31**
	0.44**
	0.43**
	0.42**
	0.28**
	0.02
	0.87**
	
	
	
	

	8-1000grn
	0.17**
	0.05
	0.19**
	0.26**
	0.09
	0.25**
	0.37**
	0.16*
	
	
	

	9-strwyld
	0.17**
	0.37**
	0.23**
	0.24**
	0.25**
	0.07
	0.52**
	0.57**
	0.06
	
	

	10-yeild
	0.34**
	0.36**
	0.45**
	0.21**
	0.31**
	0.13*
	0.61**
	0.77**
	0.25**
	0.58**
	

	11-HI
	0.53**
	0.36**
	0.41**
	0.09
	0.06
	0.09
	0.12*
	0.06
	0.44**
	0.08
	0.28**
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