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ABSTRACT

A comprehensive study in grain yield potential is crucial in the selection among wheat
genotypes. Grain weight alone doesn’t decide the portion of economic yield in a harvest index
as grain yield is the subtractions of many yield components. Information of associations among
traits and yield implies their relative importance for selection in yield improvement. Correlation
study is a widely used measure to determine the degree of relationship between various traits.
The path analysis is a powerful measure which partitions the correlation coefficient and deals
with the relative importance of yield contributing traits on yield. The correlation and path
coefficient analysis of grain yield in wheat is reviewed in the paper.
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Wheat (Triticum aestivum L.) is a staple food to 40% of the world’s population which
provides calories and 20% of daily dietary protein more than any other cereal (LACC/IGW,
2018). With increasing population, individual per capita income and alternative uses of grain the
demand of grain has increased (CGIAR, 2020). The expected increase in global demand of
grains between 2005-07 and 2050 is 44% (Fischer et al., 2014). So raising the potential yield
through breeding is critical to match the global demand (CGIAR, 2020). Grain yield is a
polygenic trait. Knowledge of the mutual association among grain yield and yield attributing
traits are important for selection of traits in yield improvement (Baye et al., 2020). Selection
based on yield components is deemed to be more effective rather than yield alone (Shamsuddin
& Ali, 1989). This paper reviews on the correlation and path coefficient analysis of yield.

Correlation coefficient analysis of yield. Correlation coefficient analysis is the
measurement of the direction and degree of relationships between various traits. It is a widely
used measure (Schober et al., 2018). A Pearson correlation is a measure of a linear association
between two normally distributed random variables. It is simple, intuitive and is a very popular
tool for analyzing data in many scientific disciplines like agriculture, biology, medical sciences,
and earth sciences. Correlation study between different characters may help the plant breeder
to know how the improvement of one character will bring simultaneous changes in other
characters (Sabit et al., 2017). Degree of correlation is categorized as weak (0-0.3), moderate
(0.3-0.7) and strong (0.7-1.0). Highly significant correlation among vyield attributing traits
indicates that, the unit increment in one of the traits will cause a unit increment in the other
associated traits.
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Grain yield has positive and highly significant relationship with biological yield followed by
harvest Index, thousand kernel weight, number of effective tillers, and spike per meter square
whereas grains per spike, flag leaf area, days to maturity, spike length, have positive and
significant correlation (Dayem et al.,2021; Maurya et al.,2020; Upadhyay, 2020; Ojha et al.,
2019, Joshi et al., 2008, Pandey et al., 2017, Ayer et al., 2017, Kandel et. al., 2018, Khanal et
al., 2020, Yadav et al.,, 2018, Sharma et al., 2017, Ojha et al., 2018, Sharma et al,. 2017,
Poudel et al., 2017, Sharma, 1993, Adhikari et al., 2018, Nepali et al., 2018, Shahi et al., 2018).
Similarly, days to heading, days to flowering, and days to booting have negative and significant
correlation with grain yield (Khanal et al., 2020, Sharma et al., 2017, Adhikari et al., 2018,
Nepali et al., 2018, Shabhi et al., 2018).

Correlation between yield and plant height. Plant height is one of the most important
phenotypic traits in wheat due to its involvement in plant architecture and ultimate grain yield
(Bellucci et al. 2015; Hassan et al. 2019). Taller plants capture more radiation for the
photosynthesis and also provide shade for avoiding the soil evaporation. Improved
photosynthetic ability and radiation use efficiency are regarded as the important trait in other
countries for the grain yield (Shearman et al., 2005). There is parabolic relationship of yield with
plant height thus there is a range of plant height (0.7-1m) that delimits the grain yield. But the
high yielding wheat genotypes have already attained the height that favours the grain yield.
After attaining certain height the further increase in the plant height decreases the grain yield. It
may be because of decrease in mobilization of the carbohydrates towards the reproductive
organ for seed formation (Poudel et al., 2017).

Correlation between yield and phenological characters. Wheat has remarkable genetic
potential to synchronize its flowering time with favourable environmental conditions which is its
key factor for global adaptability. This enables wheat plants to produce satisfactory grain yield
under very diverse temperature and soil moisture conditions (Kamran et al., 2014). Early
flowering time and a shorter vegetative phase can be very important to escape the impending
terminal drought. This can minimize exposure to dehydration during the sensitive flowering and
post-anthesis grain filling periods. Under favorable conditions, a short vegetative phase can
result in reduced plant biomass due to the reduction in time available for photosynthetic
production and seed nutrient accumulation. However, high yield potential has been reported for
the development of both shallow and deep roots, representing plasticity in response to drought
in combination with the early flowering trait (Shavrukov et al., 2017).

Grain yield has a highly significant and positive correlation with the number of effective
tillers. Tillers are formed in a specific development sequence (Darwinkel, 1978; Power and
Alessi, 1978; Simons, 1982). Those formed at later stages may die prematurely. Such tillers and
the non-reproductive tillers may have negative effects as they compete for assimilates and plant
nutrients (Langer and Dougherty, 1976). Among yield attributing components, productive tillers
are very important because the final yield is mainly a function of the number tillers bearing spike
per unit area (Pandey et al., 2017).

Moreover, the negative correlation between days to heading and grain yield and the
positive correlation between days to maturity and grain yield both could be attributed to the
longer grain filling period which is permitted by early heading and late maturity. Grain filling
period is an important phase in the life cycle of a wheat plant. It is the duration of the
reproductive phase when the accumulation of photosynthate and its partitioning into grain is
determined (Sharma 1994). During this period photosynthetic component remain green;
improving the grain filling because the contribution of post anthesis assimilates is important to
grain yields in cereals.

Early heading and late maturing genotypes have longer grain filling period but these only
influence kernel weights. Sharma et al. (2017) reported that the lines with long grain filling
period always had higher average kernel weight and harvest index. But they reported that some
lines with long GFP and low yield which could be due to differential grain filling rate. Extended
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pre heading period would be better for increasing grain yield than extended grain fill period
(Karaki, 2012). The competition for assimilates between stem and spike is reduced and there is
greater partitioning of grain yield to the spike (Gonzalez et al. 2003a; Gonzalez et al., 2003b).
Spikelet fertility is closely associated with period of spikelet initiation to heading (stem
elongation). So the longer stem elongation phase increase number of grains per spike.

Correlation between yield and yield related traits. Grain yield was strongly correlated with
spike per m? but not with grains per spike. Spike per m? represent the spike present in an area
of one meter and is also a clear indication of the spike density which is directly proportional with
the grain yield. Spike density influences the total dry matter of wheat than average kernel
weight. Donald (1962) first defined the harvest index as the economic yield of a wheat crop
expressed as a decimal fraction of total biological yield. Thus crop yield can be increased either
by increasing the total dry matter accumulation or by increasing the proportion of economic yield
in whole fraction of biological yield. Harvest index can also be referred as migration coefficient.
It refers to how much of dry matter accumulated is mobilized or migrated towards the kernels
(Taiz et al., 2015).

Sharma (1993) conducted a study to determine the response to selection for high and low
biomass yield in eight genetically diverse populations of spring wheat under two production
systems. Based on their biomass vyield, the 30 highest and 30 lowest scoring F3 lines were
selected and they were tested in F4 under a high and a low fertility production system. Grain
yields of the high and low biomass selection groups differed in each population under both
production systems. Within a given climatic zone, harvest index has been found to be a stable
feature of wheat and barley cultivars, in the absence of severe stress or abnormal chemical
treatments (Gallagher & Biscoe, 1978b). Despite a theoretical upper limit (0.62; Austin et al.,
1980), it appears difficult to achieve HI of values higher than 0.50 (Fischer & Edmeades, 2010).
Hence, future genetic gains in grain yield would depend on increasing biomass production while
maintaining HI.

Path coefficient analysis. Path coefficient is a standard partial regression analysis that
partitions the correlation coefficient into direct and indirect effects (Falconer and Mackay, 1996).
The concept was first used in plant selection by Dewey and Lu in 1959 but the concept was
originally developed by Wright in 1921. It has emerged as powerful and widely used measure to
understand the relative importance of different parameters as selection criteria for yield (
Maurya et al.,2020; Upadhyay, 2020). Grain yield is a complex quantitative trait hence multiple
traits are needed to be considered for its improvement. Since correlation study alone doesnot
depict the clear picture of the relationship among traits and path coeffficient analysis serves as
an important tool for formulating efficient selection strategy. Correlation provides linear
relationship which shows degree and direction of relationship between paired values in a
sample. But path analysis shows the direct and indirect effects of independent variables on
dependent variables (Upadhyay, 2020).

Studies have reported that plant height, flag leaf area, days to flowering, 50% heading,
days to maturity, peduncle length, spike length, spike per meter, number of spikelets per spike
grain-filling periods, grain weight per spike, biological yield, and harvest index had positive direct
effect on grain yield indicating the relationship between these traits as good contributors to grain
yield (Dayem et al., 2021; Baye et al., 2020 ; Sabit et al., 2017 and Mecha et al., 2017 ).Harvest
index had the highest positive direct effect on grain yield followed by biomass yield (Dayem et
al., 2021; Abinasa et al.,, 2011; Leilah and Al-Khateeb 2005 and Dutamo et al.,2015). Selection
based on these traits may be effective for yield improvement in bread wheat.

Days to maturity and thousand seed weight had negative direct effect on grain yield
(Wolde et al., 2016; Baye et al.,2020; Kotal et al. 2010, Dabi et al. 2016, and Sabit et al. 2017).
However, these contradicted the results of Mecha et al. (2017) and Khan et al., (2013) as they
reported positive direct effect of both days to maturity and thousand seed weight on grain yield.
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This implies that the effect of yield-related traits on grain yield may be influenced by
environment (Baye et al., 2020).

Dayem et al., (2021) reported days to maturity via plant height, number of spikes via
number of kernels/spike had indirect positive effects on grain yield. In contrast Maurya et al.,
(2020) reported direct positive effect of days to maturity. Similarly, spike length, number of
spikes/m?® and thousand kernel weights had the positive direct effect (Kumar et al., 2014; Dayem
et al., 2021; Maurya et al., 2020).

CONCLUSION

Effective selection is important for yield improvement in plant breeding. Information of
associations among traits and yield clarifies their relative importance for selection in yield
improvement. Test weight, days to maturity, spike per meter square, effective tiller, and days to
flowering and heading, biomass and harvest index are correlated with yield so can be
considered as the good estimates for effective selection of high yielding wheat genotypes. Path
analysis showed that plant height, flag leaf area, days to flowering, 50% heading, days to
maturity, peduncle length, spike length, spike per meter, number of spikelets per spike, grain-
filing periods, grain weight per spike, biological yield, and harvest index had positive direct
effect on grain yield. These traits could be considered as good contributors to grain yield.
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