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ABSTRACT 

The development of high-yielding and resource-efficient wheat cultivars through breeding programs is 

crucial for sustainable agriculture and ensuring global food security. To achieve this objective, present 

investigation was carried out at S. D. Agricultural University, Sardarkrushinagar, Gujarat during rabi 

2022-23 by taking 28 bread wheat genotypes (including 7 parents and 21 F₁s) and grown in split plot 

design under two nitrogen level i.e., N0 (no nitrogen condition) and N+ (optimal dose of nitrogen). 

Analysis of correlation coefficients revealed that grain yield per plant showed significant positive 

correlations with spike length, biological yield per plant (in N0 and N+ conditions), grains per spike (in 

N0 condition), and nitrogen use efficiency, as well as number of tillers per plant and harvest index (in N+ 

condition). Path analysis showed that biological yield per plant, harvest index, nitrogen content in grain, 

and nitrogen use efficiency had the highest positive effects on grain yield under respective nitrogen 

conditions. These traits can be prioritized for direct selection to enhance grain yield and nitrogen use 

efficiency in wheat breeding programs. 
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Introduction 

Wheat is one of the extremely important cereal 

crops worldwide and used as a staple food for more 

than one-third of the world population. Wheat 

(Triticum aestivum L. 2n = 42) is a self-pollinated crop 

of the member of Poaceae family. It is known for its 

remarkable adoption to a wide range of environments 

and its role in world economy. It has been described as 

the “King of cereals” because of the acreage it 

occupies, high productivity and the prominent position 

it holds in the international food grain trade. The grain 

yield of wheat has remained suboptimal and much 

lower than varietal potential, which contributes to food 

and nutritional insecurity. The decreasing area of 

agricultural land due to human settlements triggered by 

the skyrocketing increase in the global population, and 

the worsening scenario of climate change along with 

abiotic stresses have been projected to adversely affect 

C3 cereals productivity (Afzal et al., 2015, Iqbal et al., 

2018, El Sabagh et al., 2019). Among abiotic stresses, 

suboptimal plant nutrition seriously compromises the 

growth and development of wheat plants, which leads 

to a significant reduction in yield despite the presence 

of favourable agro-climatic conditions. Wheat is 

regarded to be comparatively more sensitive to 

suboptimal plant nutrition, which significantly hampers 

the vegetative growth of crop plants, thereby inducing 

suppressed reproductive growth phases (Iqbal et al., 

2018, Siddiqui et al., 2019). 

As land and water resources are becoming limited, 

the increase of wheat production can be achieved only 

by increasing the average yield. This can be 

accomplished by an increase of the efficiency of 

fertilizer. Indeed, nitrogen fertilizer constitutes one of 
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the most important agronomic practices in cereals, 

particularly since the elimination of crop rotations 

(Crews and Peoples, 2004). The worldwide, synthetic 

N fertilizer consumption is projected to reach 105 Tg N 

by 2030 and 135 Tg N by 2050. The N fertilizer 

consumption has grown dramatically in Asia, about 17-

fold in the last 40 years (Pathak et al., 2008). Nitrogen 

constitutes the most important fertilizer for sustaining 

growth and improving the economic yield in bread 

wheat (Pang et al., 2013). Wheat cultivars respond 

differently to fertilization regimes, and it has been 

inferred that superior genotype selected on the basis of 

better resource use efficiency might facilitate attaining 

food security and curbing nutrient losses (Siddiqui et 

al., 2019). Iqbal et al., (2021) also reported similar 

findings whereby wheat genotypes performed 

differently under varying doses of N and concluded 

that wheat genotypes performed differently in terms of 

the NUE and grain yield of wheat owing to the varied 

genetic potential, which was manifested through 

superior agro-botanical traits. 

For improving yield potential with good nitrogen 

use efficiency Correlation analysis is used as effective 

tools to determine the relationship among different trait 

in genetic diverse population for encashment of crop 

improvement process (Dhami et al., 2018). Correlation 

coefficient provides a better understanding of the 

different traits with grain yield. The study of 

association among various traits is useful to breeders in 

selecting genotypes possessing groups of desired traits. 

Path coefficient measures the magnitude of direct and 

indirect contribution of the components characters to a 

complex character and it has been defined standardized 

regression coefficient which split the correlation 

coefficient in to direct and indirect effects. Path 

coefficient analysis has been used by plant breeders to 

assist in identifying traits that are useful as selection 

criteria to improve yield (Dewey and Lu 1959, Ahmed 

et al., 2003). The aim of the study is to analyze the 

relationships among various traits and their direct and 

indirect effects on grain yield to enhance yield 

potential with improved nitrogen use efficiency. 

Material and Methods 

The present investigation was carried out at the S. 

D. Agricultural University, Sardarkrushinagar. The 

parental lines received from Wheat Research Station, 

Vijapur, Gujarat, were crossed in diallel design 

excluding the reciprocals during rabi 2021-22. During 

rabi 2022-23 the twenty-eight entries including 7 

parents and 21 F₁s were grown in Split Plot Design 

with three replications under two nitrogen level i.e., N0 

(no nitrogen condition) and N+ (optimal dose of 

nitrogen). Each parent and F1s were sown in two rows; 

each row was two meter long; spacing between rows 

were 22.5 cm and 10 cm between plants. All other 

agricultural practices were done according to the 

recommendation of Ministry of Agriculture for 

growing wheat. 

Observations were recorded on various characters 

viz., days to flowering, days to maturity, plant height, 

peduncle length, spike length, grains per spike, number 

of tillers per plant, 1000 grains weight, leaf chlorophyll 

content, grain yield per plant, biological yield per 

plant, harvest index, nitrogen content in leaves, 

nitrogen content in grain, protein content in grain, 

canopy temperature after 5 days and 15 days of 

anthesis, nitrogen use efficiency. The trait nitrogen use 

efficiency (NUE) was calculated as per formula 

suggested by Gohain et al. (2020). 
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Where, N+ is the grain yield per plant at 120 kg 

N/ha, N0 is the grain yield per plant at 0 kg N/ha, and 

Na is the quantity of nitrogen applied, i.e., 120 kg/ha. 

The mean values of all characters were subjected 

to statistical analysis using different approaches. The 

Correlation coefficients between different characters 

were estimated according to Karl Pearson's (1896) 

method and path coefficient analysis was carried out 

according to Dewey and Lu (1959). 

Result and Discussion 

Correlation coefficients 

The relationship between yield and its 

contributing traits was examined through correlation 

analysis. Genotypic and Phenotypic correlation 

coefficients among the eighteen traits of 28 wheat 

genotypes under varying nitrogen conditions presented 

in Table 1 and 2 respectively. Correlation analysis 

revealed that, under both nitrogen (N0 and N+) 

condition, the values of genotypic correlations were 

higher than their corresponding phenotypic correlations 

for most of the traits under study. It indicated that there 

was a high degree of association between two 

respective variables at genotypic level, while its 

phenotypic expression was deflated by the influence of 

environment. The phenotypic correlation coefficients 

in very few cases were higher than their corresponding 

genotypic correlation coefficients which might be due 

to the non-genetic causes; probably environment 

influenced the value of phenotypic correlation.  
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Under N0 condition 

In N0 condition, grain yield per plant was highly 

significant and positively correlated with spike length 

(rg = 0.842** and rp = 0.498**), grains per spike (rg = 

0.685** and rp = 0.485**) and biological yield per 

plant (rg = 0.611** and rp = 0.716**) at genotypic and 

phenotypic levels. These observations are in agreement 

with the earlier reports of Aga et al., (2022). On the 

other hand, nitrogen use efficiency showed negative 

and significant correlation with plant height (rg = -

0.415* and rp = -0.384**) at both levels, this inverse 

relationship indicating that selection of those 

genotypes which showed low plant height leads to 

increasing the nitrogen use efficiency and vice-versa.  

In addition to this, spike length showed a highly 

significant and positive correlation with grains per 

spike (rg = 0.842** and rp = 0.498**), biological yield 

per plant (rg = 0.787** and rp = 0.465**) at genotypic 

and phenotypic levels. It revealed that as length of 

spike increase the numbers of grains per spike and 

biological yield per plant were also increased thereby 

plant will have a positive impact on grain yield. Grains 

per spike had a positive and highly significant 

association with biological yield per plant (rg = 

0.679** and rp = 0.555**), nitrogen content in leaves 

(rg = 0.456* and rp = 0.372**) at both genotypic and 

phenotypic level. These advantageous association 

indicates higher grains per spike contribute positively 

to overall yield, biomass production and nutrient 

accumulation in leaves, highlighting their importance 

in enhancing crop yield and nutrient uptake efficiency.  

Under N+ condition 

In N+ condition, grain yield per plant and nitrogen 

use efficiency were highly significant and positively 

correlated with spike length, number of tillers per 

plant, biological yield per plant and harvest index. In 

addition to this, grain yield per plant and nitrogen use 

efficiency were also exhibited highly significant and 

positive correlation (rg = 0.970** and rp = 0.959**). 

This result highlights the critical role of nitrogen use 

efficiency in achieving higher grain yield per plant, 

emphasizing the need for targeted efforts in crop 

breeding to optimize nitrogen utilization and improve 

yield potential. 

Spike length expressed highly significant and 

positive association with biological yield per plant (rg = 

0.962** and rp = 0.334**), grains per spike (rg = 

0.664**), number of tillers per plant (rg = 0.666**), 

nitrogen content in leaves (rg = 0.608**). Which 

reveals that increase in spike length also increase 

grains per spike and biological yield per plant which 

ultimately gives positive impact on grain yield per 

plant. Similar results were observed in the work of 

Biradar et al. (2024). 

Grains per spike expressed positive and highly 

significant association with nitrogen content in grain 

(rp = 0.301**) whereas negative significant association 

nitrogen content in leaves (rp = -0.268*) at phenotypic 

level. This interrelationship indicated that higher grains 

per spike may be associated with enhance nitrogen 

content in grain with reduced nitrogen content in 

leaves, possibly indicating nutrient redistribution 

towards grain development. Number of tillers per plant 

showed highly significant and positive correlations 

with biological yield per plant (rg = 0.776** and rp = 

0.622**) at both levels, highlighting their importance 

in enhancing crop yield. 

Path coefficients  

Coefficient of correlation measures the degree and 

association between two characters. However, this may 

not give true picture under complex situation. Under 

such conditions, path coefficient analysis provides a 

means of measuring the direct as well as indirect effect 

via other variables on the end product by partitioning 

correlation coefficients. The direct and indirect effects 

on grain yield were estimated for all characters under 

study, which provided a better index for selection. 

(Kumar et al., 2018). 

The results show that under N0 condition, highest 

positive direct effect towards the grain yield per plant 

was observed by biological yield per plant followed by 

harvest index and nitrogen content in grain. Similarly 

in N+ condition, biological yield per plant has highest 

direct and positive effect followed by harvest index 

and nitrogen use efficiency on grain yield per plant. 

Biological yield per plant indirectly contributes to 

grain yield per plant through positive effects on spike 

length, number of grains per spike, number of tillers 

per plant and nitrogen content in leaf under both 

nitrogen conditions (N0 and N+). Additionally, it 

influences grain yield via chlorophyll content under N0 

conditions and nitrogen use efficiency under N+ 

conditions. The residual effect determines how best the 

causal factors account for the variability of the 

resultant factor, the yield per plant. In the present study 

the residual effect was 0.00 and 0.01 (N0 and N+ 

respectively) was considerably low, indicating an 

appropriate explanation of the characters under study 

and a high contribution of independent traits to the 

dependent traits (grain yield per plant) as shown in 

table 3 and 4. These findings are in confirmation with 

Baye et al. (2020), Tarkeshwar et al. (2020), Saha et 

al. (2018), Alemu et al. (2020) and Choudhary et al. 

(2021). 
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Conclusion 

The overall results revealed that at both genotypic 

and phenotypic level, significant positive correlation 

was observed for grain yield per plant with spike 

length, biological yield per plant under both N 

condition (N0 and N+). Additionally, number of grains 

per spike in N0 and nitrogen use efficiency along with 

number of tillers per plant and harvest index in N+ also 

showed positive significant correlations with grain 

yield. This result suggested that these characters can be 

improved simultaneously with grain yield per plant by 

direct selection. The interrelationship among yield 

components traits would helpful in future breeding 

programmes for increasing the grain yield levels with 

nitrogen use efficiency 

From path analysis we concluded that some traits 

viz., biological yield per plant, harvest index, nitrogen 

content in grain and nitrogen use efficiency exhibited 

highest positive effect on grain yield under respective 

nitrogen conditions and therefore, more emphasis 

should be given to these component traits while 

implementing selection criteria for crop improvement 

programme in bread wheat. 
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