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Correlação e coeficiente de trilha de características fenológicas,
componentes de rendimento e de qualidade em trigo

Hamideh Semnaninejad2 , Ghorban Nourmohammadi2 , Valiollah Rameeh3*  & Ali Cherati4

ABSTRACT: This study was conducted to characterize the phenological traits, yield components and quality traits 
affecting wheat grain yield. Three wheat genotypes were evaluated during three planting dates (November 20, December 
5, and December 20) and at four seeding densities 300, 350, 400 and 450 seeds per m2 for two years. Multivariate analyses 
were conducted based on the interaction effects of planting date and seeding density (PS), planting date and genotype 
(PG) and seeding density and genotype (SG) mean values. The results of correlation analysis showed that grain yield 
was significantly and positively correlated with biomass yield (0.91**), days to spiking (0.81**), days to anthesis (0.83**), 
and days to maturity (0.57*) for PS; with biomass yield (0.94**), days to spiking (0.87**), days to anthesis (0.75*), and 
harvest index (0.83**) for PG; with gluten index (0.73**), harvest index (0.68*), and 1000-grain weight for SG. Path 
analysis revealed that biomass yield for PS and PG, harvest index for PG and SG, and gluten index for SG exhibited 
the highest positive direct effect. Stepwise regression analysis also revealed important effect of biomass yield, harvest 
index, and days to maturity for improving grain yield in different agronomical conditions.
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RESUMO: Este estudo foi conduzido para caracterizar características fenológicas, componentes do produção e 
características de qualidade que afetam o rendimento de grãos do trigo. Três genótipos de trigo foram avaliados em três 
épocas de plantio (20/11, 05/12 e 20/12) e em quatro densidades de semeadura (PS) de 300, 350, 400 e 450 sementes 
por m2 por dois anos. As análises multivariadas foram realizadas com base nos efeitos de interação dos valores médios 
da data de plantio e PS, data de plantio e genótipo (PG), e PS e valores médios de genótipo (SG). Os resultados da 
análise de correlação mostraram que o rendimento de grãos foi significativamente e positivamente correlacionado 
com o rendimento de biomassa (0,91**), dias para ‘spiking’ (0,81**), dias para antese (0,83**) e dias para maturidade 
(0,57*) para PS; com rendimento de biomassa (0,94**), dias para ‘spiking’ (0,87**), dias para antese (0,75*) e índice 
de colheita (0,83**) para PG; com índice de glúten (0,73**), índice de colheita (0,68*) e peso de 1000 grãos para SG. 
A análise de trilha revelou que rendimento de biomassa para PS e PG, índice de colheita para PS e PG, e o índice de 
glúten para SG exibiram o maior efeito direto positivo. A análise de regressão ‘stepwise’ também revelou importante 
efeito do índice de colheita de rendimento de biomassa e dias até a maturidade para melhorar o rendimento de grãos 
em diferentes condições agronômicas.

Palavras-chave: pão de trigo, análises multivariadas, data de plantio, densidades de semeadura

HIGHLIGHTS:
The results showed that with certain genotypes, different criteria should be considered for grain yield improvement in different conditions.
The highest grain yield was obtained for 350 and 400 (seeds per m2) across all planting dates and genotypes.
The delay in planting reduced most traits expected protein concentration and gluten index.
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Introduction

Wheat (Triticum aestivum L.) is a cereal staple food crop 
and the most important crop cultivated in the world (Hannachi 
et al., 2013; Yadi et al., 2016). Its unique gluten content and 
associated bread-making properties assure its relevance in 
society (Rathod et al., 2019).

Management practices such as planting date, seeding 
density, and cultivar selection play a very important role in 
determining the grain yield and end-use quality of bread wheat 
(Yadi et al., 2016). 

Different varieties of wheat vary in the range of 
adaptation, potential yield, growth type, and maturity group 
(NourMohamadi et al., 2015). Optimum plant densities vary 
greatly between areas, climatic conditions, sowing time, and 
varieties (Zecevic et al., 2014; Ghassemi et al., 2016).

Investigating the relationships of the traits at different 
planting dates and densities provides a clear idea of which 
characteristics can be improved in different environmental 
conditions.

Wheat grain yield is determined by the integration of 
many characteristics that affect plant growth throughout the 
growing period, and each characteristic changes to a different 
extent and direction under the effect of environmental 
factors (SadeghGolMoghadam et al., 2011; Rymuza et al., 
2012; Farhadiannezhad et al., 2019). Therefore, toward a clear 
understanding of the type of plant traits, correlation and path 
coefficient analysis are logical steps (Kashif & Khaliq, 2004). 
Correlation studies along with path coefficient analysis offer 
a better understanding of the relationship between different 
traits and grain yield (Sharma, 1995). Correlation is valuable 
for revealing the magnitude and direction of the relationship 
between several yield component characteristics and grain 
yield. However, the path coefficient, is a standardized partial 
regression coefficient that identifies the direct effect of the 
predictor variable on its response variable, and the second 
component is the indirect effect of the predictor variable 
(Rajput, 2019). 

Indirect selection through traits related to grain yield is 
among the most important strategies in wheat breeding (Garcia 
Del Moral et al., 2003). Due to the significant and positive 
correlation of wheat grain yield with traits such as plant height, 
spikelets per spike, and spike length, these traits can be used as 
indirect selection criteria for grain yield improvement (Ohja 
et al., 2018; Devesh et al., 2019). 

Multiple statistical techniques of agronomic traits may be 
informative in a wheat breeding program because agronomic 
traits are a reflection of gene effects. The objective of this 
investigation was to associate some agronomic traits of wheat 
using correlation, path coefficient, and stepwise regression 

analyses in different crop management conditions including PS, 
PG, and SG, which afford valuable information selection criteria 
for breeding new high yielding wheat cultivars. 

Material and Methods

During 2016-2018, field experiments were conducted at 
Baikola Agricultural Research Station, located in Mazandaran, 
Iran (36º 46’ N latitude and 53º 13’ E longitude, 15 m above 
sea level). The experimental design comprised in randomized 
blocks in a split-split plot arrangement of treatments with three 
repetitions. The main plots were cultivated on the following 
planting dates, P1: November 20, P2: December 5, and P3: 
December 20, the subplots utilized the following seeding 
densities: S1:300, S2:350, S3:400, and S4:450 (seeds per m2), and 
the sub-sub plots utilized three wheat genotypes (G) including 
Morvarid, Gonbad, and Ehsan with enough genetic variation 
for days to maturity, yield components, and grain yield. The 
wheat cultivars were seeded by hand. Each experimental plot 
consisted of six rows with 6.6 m length at 20 cm spacing, with 
a space of 1.5 m between two sequential blocks serving as a 
corridor. The two sidelines were considered as margins, and 
four middle lines were used to determine all the traits. In the 
previous year of each experiment, the field experiment was 
cultivated with Canola. The soil physico-chemical properties 
were analyzed by sampling at depths of 0-30 cm and water 
analysis was conducted in a laboratory (Table 1).

Soil samples were found to have 45 kg ha-1 mineral nitrogen 
(N) in the upper 30 cm depth. The experiment received 50 kg 
ha-1 of P (111 kg of superphosphate with 45% of P2O5), 75 kg 
ha-1 of K (150 kg of potassium sulfate with 50% of K2O), and 
100 kg ha-1 of N (217 kg of urea with 46% of N).

At sowing, the pre-plant fertilizer including concentrated 
superphosphate (P), potassium sulfate (K), and a third of 
the urea (N) were broadcast and incorporated into the soil. 
The remaining urea fertilizer was divided into two equal 
parts; one part was topdressed at tillering and the other part 
was topdressed before the “boot stage”. All plant protection 
measurements were adopted to control the attack of insects. 

Traits such as days to spiking, days to anthesis, days to 
maturity, 1000-grain weight (g), grain yield (kg ha-1), protein 
(%), gluten index (%), and biomass yield (kg ha-1) were 
observed in each sub-sub plot. Harvest index was determined 
by using Eq. 1, according to White & Wilson (2006).

N – Nitrogen; K – Potassium; P - Phosphorus; OM - Organic matter; TNV - Total neutralizing value; EC - Electrical conductivity; ppm - Parts per million

Table 1. Soil physico-chemical properties of experimental location

( ) YHI % 1 00
BY

=

where:
HI  - harvest index, %;
Y  - economical or grain yield, kg ha-1; and,
BY - biomass yield, kg ha-1.

(1)
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The quantities of wet and dry gluten in the tested 
flour samples were determined by manual  washing  or  the 
Gluten Index Method (GIM), a fully automatic rapid method 
(Curic et al., 2001). In addition to wet gluten quantities, 
gluten index values for all samples were detected using the 
Glutamatic 2200 system (Perten Instruments AB, Stockholm, 
Sweden). Three replicates from each flour sample were analyzed 
three times, respectively. Total protein was determined by the 
Kjeldahl procedure (Curic et al., 2001; Wieser & Kieffer, 2001). 

The correlation coefficient, path coefficient, and stepwise 
regression analyses were estimated based on the interaction 
effect between planting date and seeding density (PS), planting 
date and genotype (PG), and seeding density and genotype 
(SG) mean values.

Path analysis was conducted using genotypic correlations 
considering grain yield as the response variable and days to 
spiking, days to anthesis, days to maturity, 1000-grain weight, 
protein (%) and gluten index, and biomass yield as predictor 
variables. 

All analyses were performed using MS-Excel and SAS 
software version 9 (SAS, 2004). The correlation diagram was 
prepared using the SPSS software.

Results and Discussion

Planting dates had a significant effect on the majority of 
traits (Table 2). These results corroborated the findings of 
other authors namely Rezaei et al. (2011), and Shirinzadeh 

et al. (2017), showing that planting dates have a significant 
effect on yield-associated traits. Delay in planting resulted in 
a decrease in phenological traits and 15-day delay in planting, 
led to six-day reduction of days to spiking (Table 3). 

The simple regression for grain yield and days to spiking in 
different planting dates (grain yield = - 18623 + 155.2 × days 
to spiking) which was calculated based on Table 3, indicated 
that one-day decrease in the number of days to spiking would 
result in a 155.2 kg ha-1 decrease in grain yield. Days to anthesis 
also decreased with delay in planting. The equation between 
grain yield and days to anthesis (grain yield = -32184 + 228.9 
× days to anthesis) for different planting dates, showed that 
one-day decrease in the mean value of days to anthesis results 
in a 228.9 kg ha-1 reduction in grain yield. Days to maturity 
ranged from 184 to 170 days for the first and third planting 
days, respectively. But Feyzbakhsh & Soqi (2017) reported that 
delayed planting was associated with increased days to anthesis 
and maturity. Grain yield was significantly affected by planting 
date and its mean value for the first, second, and third planting 
dates was 5442, 4043, and 3401 kg ha- 1, respectively. These 
results were supported by Farooq et al. (2016), who reported 
that in late planting, the economic yield decreased due to the 
short growing period. Biomass yield decreased by 20% from 
the first to the second planting date and 14% from the second 
to the third planting date. Late planting had a negative effect 
on yield contributing traits, therefore it caused a reduction in 
grain yield (Sasani et al., 2019). Harvest index mean values 
ranged from 37.01 to 33.39% for the first and third planting 

Rep (Year) - Blocks within years; PD - Planting date; SD – Seeding density; *, **, ns - Significant at p ≤ 0.05 and p ≤ 0.01, and not significant by F test, respectively

Table 2. Combined analysis of variance for measured traits of bread wheat genotypes in different planting dates and seeding 
densities treatments

P1 - November 20; P2 - December 5; P3 - December 20; Means in each column followed by the same letter were not significantly different at p ≤ 0.05 by Duncan’s test 

Table 3. Response of wheat to different planting dates across all the seeding densities and genotypes for yield and yield components

https://www.sciencedirect.com/science/article/abs/pii/S0733521000903850#!
https://www.sciencedirect.com/science/article/abs/pii/S0733521000903850#!
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dates, respectively. Protein concentration was not significantly 
affected by planting dates. The gluten index of the second and 
third dates was significantly higher than in the first planting 
across all seeding densities and genotypes.

Seeding densities had significant effect on all the traits 
(Table 4). Increasing the number of plants per unit area resulted 
in more competition for light among the plants and the wheat 
cultivars entered the reproductive phase quicker at higher 
densities. The number of days to spiking ranged from 150 to 
145 days for 300 and 450 seeds m-2, respectively.

Days to anthesis and days to maturity also decreased with 
an increasing number of seeds per unit area. The 1000-Grain 
weight was significantly affected by seeding densities as a large 
number of small seeds were formed at higher seeding densities. 
The highest grain yield (4486 kg ha-1) was produced from 400 
seeds m-2 and it was similar with 350 seeds m-2 and progressively 
reduced in 450 and 300 seeds m-2. These results also confirmed 
the findings of Li et al. (2016) who reported that a low and high 
density could decrease the effect on grain yield. 

High mean value estimates of biomass yield were related to 
seed density of 400 and 450 seeds m-2. The harvest index had 
a negative relation with biomass yield as the highest values 
for harvest index were obtained for 300 and 350 seeds m-2. 
Although protein concentration and gluten index were affected 
by seed quantity, their differences were not considerable at 
different seed levels. Also, the high mean values of these traits 
were related to lower seed density.

Figure 1A shows the correlation analysis for the interaction 
between planting date and seeding density mean values. 
Biomass yield significantly and positively correlated with days 
to spiking (0.64*), days to anthesis (0.65*), and grain yield 
(0.91**), indicating that increase in these traits would increase 
grain yield. Also, grain yield significantly correlated with days 
to maturity (0.58*) indicating that an increase in these traits 
would increase grain yield. Also, grain yield significantly 
correlated with days to maturity (0.57*). 

This indicates that these traits had the same trend of variation 
for different levels of planting dates and seeding densities. There 
was a significant correlation between gluten index and protein 
concentration (0.96**), which indicated the same trend of 
variation of gluten index and protein concentration (Figure 1B).

The correlation coefficients for days to spiking (0.87**), 
days to anthesis (0.76*), biomass yield (0.94**), and harvest 
index (0.83**) indicate the dependency of yield on these traits 
amongst the genotypes across the different planting dates. 
Figure 1C presents the correlation analysis of the interaction 
between seeding density and genotype (G) mean values. Grain 
yield significantly correlated with 1000-grain weight (0.62*), 
harvest index (0.68*), and gluten index (0.73**), therefore 
any variation of the mentioned traits will have a significant 

SD1 - 300; SD2 - 350; SD3 - 400 and SD4 - 450 seeds m-2; Means in each column followed by the same letter were not significantly different at p ≤ 0.05 by Duncan’s test

Table 4. Response of wheat to different seeding densities, across all the planting dates and genotypes, for yield and yield 
components

Figure 1. Correlation coefficients among measured traits for 
interaction between planting dates (PD) × seeding densities  (SD) 
(A), interaction between planting dates × genotypes (G) (B), and 
interaction between seeding densities × genotypes (C)

A.

B.

C.

Group: PD x SD

Group: PD x G

Group: SD x G
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effect on grain yield. Mecha et al. (2017) and Chitralekha et al. 
(2018) reported a strong positive correlation of total biomass 
and harvest index on grain yield. Other researchers indicated 
a positive correlation between grain yield and other traits such 
as harvest index, days to maturity (Rathod et al., 2019; Dabi et 
al., 2016), and 1000 grain yield (Singh et al., 2012). Sukhpreet 
& Gill (2018) stated that grain yield showed a significant and 
positive association with biological yield and grain protein 
concentration. 

For PS mean values, days to spiking, days to anthesis, and 
days to maturity had a positive direct effect on grain yield and 
also indirect effect via biomass yield on grain yield (Table 5). 
In different planting dates and seeding densities, the direct 
effect of 1000-grain weight and harvest index on grain yield 

GY - Grain yield; *, ** - Significant at p ≤ 0.05 and p ≤ 0.01 by F test, respectively; 
PS - Planting dates and seeding densities interaction effect; PG - Planting dates and 
genotypes interaction effect; SG - Seeding densities and genotypes interaction effect

Table 5. Path coefficient analysis among measured traits 

Continued in the next column

Continuation of Table 5

was positive and insignificant, but its indirect effect via biomass 
yield on grain yield was positive and high in magnitude.

Biomass yield had a positive direct effect on yield for (PS 
and PG). Protein concentration had a negative direct effect on 
grain yield for PS. The direct effect of gluten index on grain 
yield was negative and insignificant. For PG mean values, 
days to spiking, days to anthesis, days to maturity, and harvest 
index had a positive direct effect on grain yield. The genotypic 
correlation of 1000-grain weight with grain yield was low, but 
its indirect effect via biomass yield on grain yield was high in 
magnitude. Significant and positive direct effects of harvest 
index on grain yield (0.803**) were determined. For SG mean 
values, the direct effects of days to spiking, days to anthesis, 
days to maturity and protein concentration on grain yield 
were positive and not significant. The 1000-grain weight and 
gluten index had positive direct effects on grain yield, but 
also its indirect effect via biomass yield and harvest index was 
positive and high in magnitude. For SG, the harvest index had 
positive and significant direct effects on grain yield. Also, its 
indirect effect through biomass yield on grain yield would be 
effective for grain yield improvement. Days to maturity, and 
days to heading recorded a maximum positive direct effect on 
grain yield (Avinashe et al., 2015; Dabi et al., 2016). Days to 
maturity, 1000-grain weight, and biological yield had a positive 
direct effect on grain yield (Singh et al., 2012).

Stepwise regression analysis revealed different results for 
PS, PG, and SG mean values (Table 6). For PS, the traits biomass 
yield, harvest index, and days to maturity, and also for PG 
and SG, biomass yield and harvest index recorded important 
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effects on grain yield. Due to their low relative contributions, 
the other traits were not included in the models. A positive 
regression coefficient of variables implies that defining a 
logical index selection with these variables, considering their 
correlation coefficients with grain yield, might be an adequate 
strategy for increasing wheat grain yield (Ashraf et al., 2014; 
Chamkouri, 2015). Zarei et al. (2013), Hannachi et al. (2013), 
Kohan et al. (2016), and Mansouri et al. (2018) reported that 
biomass yield and harvest index are the most important grain 
yield predictors. 

Conclusions

1. The relationships between grain yield and its components 
and plant traits were different.

2. Grain yield had a significant positive relationship with 
days to maturity for the interaction effects of planting dates 
and seeding densities, 1000-grain weight, and gluten index 
for the interaction effects of seeding densities and genotypes.

3. Days to spiking, days to anthesis, and biomass yield 
significantly and positively correlated with grain yield for PS 
and PG mean values, and harvest index for PG and SG mean 
values.

4. Biomass yield for PS and PG, and harvest index for PG 
and SG exhibited the highest positive direct effect, and these 
traits had an indirect positive effect on grain yield.

5. Biomass yield, harvest index, and days to maturity for 
PS, biomass yield, and harvest index for PG and SG were 
more important than other measured traits for the grain yield 
prediction model.
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