


Relationship between Physiological and Yield Attributes of Wheat as affected by Application of Bio-fertilizer (N-fixer bacteria) with Nitrogen Fertilizer 


ABSRTACT
Multi locations experiment was conducted or two consecutive winter seasons (2017/ 2018 and 2018/ 2019), at three regions of New Halfa scheme to study the effect of bio-fertilizers (namely N–fixing Bacteria and P–solubilizing Bacteria) with N and P amended with chicken manure on 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 characters and yield indicated their unlimited contribution, to final grain yield.  
INTRODUCTION
Wheat (Triticum aestivum L.),  is one of the famous crops in the world, it is an annual  cool-season plant which is belonged to family graminae. (Wall et al., 2006). Application of bio fertilizer with organic manure and chemical fertilizer can play an important role in improving wheat productivity. There are some evidences in support of bio-fertilizers including; that plant growth and yield increase may be stimulated by plant growth promoting bacteria due to their ability of N-fixing, phosphate solubility and production of plant growth hormones (Sahin et al., 2004). However, current trends in agriculture are focused on search for alternative to chemical fertilizer due to huge cost of procurement, contamination of environment, and couple with improper application leading to the degradation of soil quality. Integration of inorganic, organic and bio-fertilizers play a vital role in enhancing crop productivity and sustaining soil fertility, this proves great promise for increasing farmer’s income. So application of biofertlizer to wheat plants  significantly increase  growth and yield attributes as reported by Ahmed et al,2023) Numerous researchers have studied relations between yield and different yield components [4, 5]. They noticed positive correlation between number of productive tillers, aerial biomass and leaf area index (LAI) at flowering stage with grain yield. The mean and range for leaf area index (one of the most important biophysical index involved in several canopy functioning processes [6]. Many authors [7, 8] observed positive correlation between grain yield and yield components like number of effective tillers, fertile spikelets and grains per spike which were increased due to  application of fertilizer to wheat. Also,  Zorita [9] obtained a strong correlation between wheat grain yield and N fertilization. Many authors [10, 11, 12] reported that the progress in grain yield of wheat in Sudan was accompanied with the increase in harvest index, grains per spike, and grain filling duration. 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

MATREIALS AND METHODS
Multi locations experiment was carried out  for two winter seasons (2017/2018 and 2018/ 2019), at three regions  of New Halfa scheme to study the effect of bio-fertilizers with N fertilizer on wheat performance and causal relationship between physiological characters and yield attributes . Three  locations (sites) Hajer (L1), Faculty of Agriculture (L2) and Shebaik (L3)  were chosen as experimental sites.  A randomized complete block design (RCBD) with three replicates was used  to conduct this experiment. The bio fertilizers treatments were inoculation with N-fixing Bacteria (FB) Azotobacter chroococcum) solely or with 43 kg, 86 kg N hectare in addition to control treatment.  A wheat cultivar; Bohain was used in this study .  The   analysis correlation was performed using the  means of  the following physiological and yield attributes  parameters:- shoot dry weight(DWT), Leaf area (LA),Leaf area duration (LAD)  while yield attributes Include grains number and weight per plant, spike length, number of grains per plant, 1000–grain weight, harvest index(HI)  and grain yield/ha. Data was statistically analyzed using Statistix software package, version 10 for RCBD. Correlation analysis was carried out by using SPSS computer software package version27.

Results and discussion 	Comment by Maher: very brief. you have to add more details
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] found positive correlation between LAD and number of grains in wheat plants, positive correlation of dry weight with spike length, number of grains per spike and grains yield per plant.  Also, [18] who observed a positive correlation between dry matter, number and weight of grains per plant. However, Pyruvic [15] and [16] concluded that number and weight of grains per plant,  grain yield per hectare were highly positive correlated. While Sultana et al.; [14] concluded that number of grains per spike significantly had positive correlation with spike length, biomass and grains yield per unit area. White and Wilson [22] found positive correlation between number of grains per spike, HI and grains yield. Also, in this respect, Gorjanovic and Marija [24] reported that the number of grains per spike had significant positive correlation with HI and grain weight per spike. 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.



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


Abbreviations as in (table 1A)
  
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*


 
Abbreviations as in (table 1A)

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**













Abbreviations as in (table 1A)

.	Comment by Maher: Why are there no conclusions?
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