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Abstract 
The present investigation was executed at the experimental plot of Birsa Agricultural University, Kanke 
under the rainfed conditions of Jharkhand, India during kharif 2021 in the F7 generation seeds of the 
cross Pusa-1176 x BPT-5204 sown as panicle to progeny rows at two different dates as set I and set II 
with the interval of 15 days in order to study the influence of environment on the traits under study. The 
research has been chiefly emphasized on the study of genetic behaviour and segregation pattern of the 
awn characters in rice which includes presence of awns and awn colour. The observations were recorded 
morphologically in the F7 generation families of the cross Pusa-1176 and BPT-5204and thereafter, 
expected genetic ratios have been computed based on the observations recorded using chi-square test. 
The genetic ratios obtained from the segregating families were monogenic as well as digenic for both the 
awn characters concluding that it is governed by single gene or two genes depending on the segregation 
pattern. Hence, the results showed that family no. 42, 44, 62, 83 and 84 for the trait presence of awns and 
family no. 42, 44, 62, 72, 211, 288 and 309 for awn colour showed varied segregation pattern in set I and 
set II revealing the effect of changes in temperature and photoperiod. But the respective segregation ratio 
was found similar in the family no. 84 and 230 for the presence of awns and family no. 83, 84, 230 and 
275 for awn colour in both the sets concluding that the behaviour and expression of genes were persistent 
and remained unaffected by the environmental fluctuations. 
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Introduction 
Rice (Oryza sativa L.) is a monocot plant that belongs to Poaceae family. It is one of the major 
staple food crops for approximately 3.5 billion people who depends on this crop for nearly 
20% of their regular calorie intake and thereby considered as a lifeline for food and nutritional 
security (Ricepedia, 2020) [21]. It is basically cultivated under diverse ecosystems ranging from 
irrigated to rainfed upland to rainfed lowland to deep water. At the end of fiscal year 2020, 
India had approximately 44 million hectares of land area for cultivation of rice out of which 
the total area under rainfed lowland and upland rice is 14.4 and 6.3 million ha, respectively. 
This area under rice had been relatively consistent over during the past three years and it was 
the most produced food grain across the south Asian nation (Anonymous, 2021) [1]. The 
production of rice in India was estimated to be approximately 2.7 thousand kilograms per 
hectare. Although a consistent increase in the yield of rice was noted since fiscal year 1991 
(Anonymous, 2021) [1], the production and productivity is still thought to be enhanced in order 
to meet the demands of expected global population in future and perform better in reduced 
cultivable land. Therefore, the need of the hour is to increase the rice grain yield per unit area 
that is essentially crucial for ensuring food security, particularly in developing countries in 
Asia, such as in China and India. Nevertheless, yield of rice is contributed by several yield 
attributing traits such as traits number of plants per unit area, number of panicles per plant, 
grain number per panicle (GNPP) and grain weight etc. the present research work has been 
emphasized on the genetic studies of awn characters in rice plants that plays the least role in 
yield improvement. 
Awn is a characteristic of various plants and present in the species of poaceae family such as 
rice, wheat, and barley as well as for many forage grass species (Gu, et al. 2005) [8]. It is either 
a hair- or bristle-like appendage that typically extends from the lemmas of spikelets and varies 
in their rate of development, length, diameter and bristle length.  
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It is generally considered as a wild trait that has been reduced 
in the domesticated plants. In earlier period, presence of awns 
contributed to seed dispersal by wind and by sticking to 
animal’s fur promoting range expansion. Moreover, it 
protected the crop from predators thereby safeguarding the 
produces. Therefore, quality aspects associated to awn 
characteristics have been of interest primarily during 
domestication where short-awned or awnless species have 
been preferred because they were easier to handle and process 
(Yuo et al. 2012) [29]. 
Morphologically, awn is a triangular-shaped at its cross-
section, with the base oriented towards the rachis and 
containing vascular bundles and chlorenchyma cells with the 
potential to improve the photosynthetic capacity of the canopy 
(Yuo et al. 2012) [29]. The positive correlation between awns 
and yield-related traits such as grains per plant, grain size, and 
kernel weight has been reported in some cereal crops such as 
wheat and barley (Ntakirutimana et al. 2020) [19], whereas the 
contribution of awns to grain yield of rice is almost 
negligible. Awns are considered less important trait in rice 
crop for yield potential because through many studies it has 
been revealed that there were no significant differences 
between awned and awnless genotypes (Furuta et al. 2015; Jin 
et al. 2009) [6, 11]. However, the correlation between yield and 
development is not clearly recognized in rice. The genetic 
basis of the effect of awns on yield-related traits and their 
influence on grain yield is not well understood although 
several pathways involved in the development of awns have 
been characterized on molecular level in rice crop 
(Ntakirutimana et al. 2019) [18]. Recent studies have provided 
an overview on genes involved in the awn development 
(Mach et al. 2015; DeWitt et al. 2020) [14, 20] and several 
genes were identified that are involved in the development of 
awns in rice such as An-1 (Luo et al. 2013) [13], An-2 (Gu et 
al. 2015) [7], Laba1 (Hua et al. 2015) [9], Gad1 (Jin et al. 2016) 
[12] and RAE3 (Furuta et al. 2015) [6]. However, the current 
knowledge regarding interaction of these genes with yield and 
yield attributing traits such as grain number per panicle and 
kernel size and weight etc. is not satisfactory and the debate is 
still going on among scientists. (Huang et al. 2020, Bessho-
Uehara et al. 2016) [10, 2]. But the effect of the genes An-1, 
An-2, and Laba1 etc. was found to be neutral on grain yield 
and several molecular studies on these genes indicated that 
these genes were associated with reduced total grain yield as 
compared to their mutant alleles. 
The negative impact of awn development in rice on its yield 
have been reported by many researchers (Luo et al. 2013; Gu 
et al. 2015; Jin et al. 2016) [13, 12]. The reason behind the 
undesirable effect of awns in rice is lack chlorenchyma cells 
or contain only one vascular bundle (Luo et al. 2013) [13] and 
this explains why rice awns are not photo synthetically active 
and cannot contribute to photosynthesis (Toriba et al. 2010) 
[27]. However, in some landraces of rice (e.g., Tipakhiya, 
Sathi), the presence of awns helps in preventing water loss 
and moreover, the consequences of awn removal in these 
varieties leads to spikelet sterility and uneven or arbitrary 
distribution within the panicles (Singh et al. 2009) [25]. 
Therefore, the objective of the present research programme is 
to study the genetic behaviour of awn characters in rice crop 
i.e. presence of awns and awn colour and computation of the 
expected Mendel’s ratios in order to know the segregation 
pattern of the traits under study that would also illustrate that 
how many genes govern the traits. 

Materials and Methods 
The present investigation was carried out at the experimental 
plot of Birsa Agricultural University, Kanke under the rainfed 
conditions of Jharkhand, India during kharif 2021. The F7 
generation seeds of the cross Pusa-1176 x BPT-5204 was 
sown as panicle to progeny rows on the seed bed nursery and 
thereafter transplanted into the field. Sowing was done in at 
different dates as set I and set II with the interval of 15 days in 
order to study the influence of environment on the traits under 
study. However, to understand the genetic behaviour and to 
reveal out the gene action of awn characters in rice, 
observations were recorded based on the morphology of awn 
characters such as presence of awns and awn colour in 
progeny rows grown in the field. The variations in awn 
characters among the segregants were noticed due to the 
awning feature of one of the parents of the cross i.e. from 
Pusa-1176. Both the characters related to awns were classified 
into two distinct classes on the basis of presence of awns (awn 
present/awn absent) and colour of awns (awn coloured/awn 
colourless). From the first set of progeny rows that was sown, 
only 12 out of 43 families were observed to be segregating for 
the presence of awns and rest 31 families were found to be 
fixed. Furthermore, 22 families showed segregation for awn 
colour and the rest 21 were fixed. In the other set that was 
sown late i.e. after the interval 15 days, 13 out of 29 families 
were found to be segregating and rest seemed to be fixed for 
the presence of awns in progeny rows. However, 14 families 
segregated for awn colour and rest of the them were found to 
be fixed. 
Thereafter, expected genetic segregation ratio was calculated 
for both the traits i.e. presence of awns and awn colour in 
each of the segregating families and was tested for goodness 
of fit by using chi-square test (Pearson, 1900) with the 
formula given below. 
 
χ 2 = Ʃ (O – E)2/ E 
 
Where, ‘O’ is the Observed frequency and 
‘E’ is the Expected frequency 
 
Results 
The genetic ratios obtained after testing the goodness of fit 
have been presented in the table given below representing the 
genetic behaviour and the scenario of gene interactions for the 
awn characters i.e. presence of awns (Table I) and awn colour 
(Table II) of the F7 generation families sown in the first set 
and the second set sown after the interval of 15 days. 
For the trait presence of awns (Table I), first set of families 
sown revealed that family no. 95 and 230 exhibited 3:1 
(awned/awnless). The families that showed digenic ratio of 
9:7 (awned/awnless) were family no. 44, 84,455 and 323 but 
family no. 168 revealed reverse ratio i.e. 7:9 (awned/awnless). 
Family no. 42, 62 and 156 exhibited 15:1 (awned/awnless) 
and family no. 4 was observed to show the ratio of 1:15 
(awned/awnless). In the other set, 3:1 (awned/awnless) ratio 
was computed in the family no. 44, 72, 230 and 322 and the 
ratio of 9:7 (awned/awnless) was exhibited in the family no. 
82, 83, 84, 92, 309, and 321 but family no. 95 showed reverse 
ratio i.e. 7:9 (awned/awnless). The family no. 42 and 62 was 
found to be fit in the ratio of 13:3 (awned/awnless). 
The results of the trait awn colour (Table 2) for the first set of 
families sown showed 3:1(coloured /colourless) monogenic 
ratio in the family no. 42, 288 and 301 and 1:3 (coloured 

https://www.thepharmajournal.com/


 
 

~ 415 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
/colourless) was observed in the family no. 168, 230, 286, 309 
and 359. The ratio of 9:7 (coloured /colourless) was obtained 
only in the family no. 62 but 7:9 (coloured /colourless) ratio 
was computed in the family no. 44, 323 and 455. The family 
no. 156, 211 and 392 exhibited the ratio of 15:1 (coloured 
/colourless) and the genetic ratio of 1: 15 (coloured 
/colourless) was found to be observed in the family no. 4, 72, 
83, 84, 92, 95 and 275. The other set of the families revealed 
that family no. 71, 211 and 322 was found to be fit in the ratio 
of 3:1 (coloured /colourless) and family no. 72 and 230 

showed reverse of it i.e. 1:3 (coloured /colourless). The ratio 
of 9:7 (coloured /colourless) was computed for the family no. 
44, 309 and 321 and the ratio of 13:3 (coloured /colourless) 
was found to be obtained in the family no. 42, 62 and 288 but 
reverse ratio of 1:15 (coloured /colourless) was observed in 
the family no. 83, 84 and 275. 
Furthermore, number of families that showed segregation for 
the trait presence of awns (fig. 1) and awn colour (fig. 2) has 
been represented graphically according to their expected 
genetic ratios computed through chi-square test. 

 
Table 1: Expected genetic segregation ratios computed for the awn character (presence of awns) in F7 families of the cross Pusa-1174 and BPT-

5204 
 

Set I Set II 

S/ No. Family 
No. 

Observed values Total 
population 

Expected 
genetic 
ratio 

Chi-
square 
value 

P-
value 

Family 
No. 

Observed values Total 
population 

Expected 
genetic 
ratio 

Chi-
square 
value 

P-
value Awn 

present 
Awn 

absent 
Awn 

present 
Awn 

absent 
1 95 109 49 158 03:01 3.046 0.081 44 50 24 74 03:01 2.18 0.140 
2 230 15 5 20 03:01 0 1.000 322 4 2 6 03:01 0.222 0.638 
3 44 6 4 10 09:07 0.057 0.811 72 2 1 3 03:01 0.111 0.739 
4 84 33 24 57 09:07 0.063 0.802 230 2 1 3 03:01 0.111 0.739 
5 455 13 11 24 09:07 0.042 0.838 83 73 58 131 09:07 0.015 0.903 
6 323 7 4 11 09:07 0.244 0.621 92 3 2 5 09:07 0.029 0.865 
7 168 2 3 5 07:09 0.029 0.865 309 1 1 2 09:07 0.032 0.858 
8 83 121 27 148 13:03 0.025 0.874 84 53c 37 90 09:07 0.255 0.614 
9 42 56 4 60 15:01 0.018 0.893 82 58 44 102 09:07 0.016 0.899 

10 156 25 1 26 15:01 0.256 0.613 321 8 6 14 09:07 0.005 0.944 
11 62 37 1 38 15:01 0.849 0.357 95 72 87 159 07:09 0.152 0.697 
12 4 2 25 27 01:15 0.062 0.803 62 8 1 9 13:03 0.345 0.557 
13 - - - - - -  42 30 5 35 13:03 0.458 0.499 

 
Table 2: Expected genetic segregation ratios computed for the awn character (awn colour) in F7 families of the cross Pusa-1174 and BP-T5204. 

 

Set I Set II 

S/ 
No. 

Family 
No. 

Observed values Total 
population 

Expected 
genetic 
ratio 

Chi-
square 
value 

P-
value 

Family 
No. 

Observed values Total 
population 

Expected 
genetic 
ratio 

Chi-
square 
value 

P-
value Awn 

coloured 
Awn 

colourless 
Awn 

coloured 
Awn 

colourless 
1 42 103 37 140 03:01 0.152 0.697 211 3 1 4 03:01 0.000 1.000 
2 301 8 2 10 03:01 0.133 0.715 322 4 2 6 03:01 0.222 0.638 
3 288 15 5 20 03:01 0.000 1.000 71 3 1 4 03:01 0.000 1.000 
4 309 25 59 84 01:03 1.016 0.313 72 1 2 3 01:03 0.111 0.739 
5 230 3 17 20 01:03 1.067 0.302 230 1 2 3 01:03 0.111 0.739 
6 359 3 7 10 01:03 0.133 0.715 309 49 25 74 09:07 2.987 0.084 
7 286 4 21 25 01:03 1.080 0.299 44 18 15 33 09:07 0.039 0.843 
8 168 1 4 5 01:03 0.067 0.796 321 8 6 14 09:07 0.005 0.944 
9 62 25 13 38 09:07 1.405 0.236 62 47 6 53 13:03 1.920 0.166 
10 44 11 14 25 07:09 0.001 0.975 42 20 7 27 13:03 0.913 0.339 
11 455 10 14 24 07:09 0.042 0.838 288 14 4 18 13:03 0.142 0.706 
12 323 4 7 11 07:09 0.244 0.621 83 3 41 44 01:15 0.024 0.877 
13 392 39 4 43 15:01 0.684 0.408 275 1 12 13 01:15 0.046 0.830 
14 156 25 1 26 15:01 0.256 0.613 84 6 76 82 01:15 0.159 0.690 
15 211 17 1 18 15:01 0.015 0.903 - - - - - -  
16 95 2 63 65 01:15 1.117 0.291 - - - - - -  
17 275 1 14 15 01:15 0.004 0.950 - - - - - -  
18 83 2 17 19 01:15 0.593 0.441 - - - - - -  
19 84 6 134 140 01:15 0.922 0.337 - - - - - -  
20 4 2 25 27 01:15 0.062 0.803 - - - - - -  
21 72 1 39 40 01:15 0.960 0.327 - - - - - -  
22 92 1 12 13 01:15 0.046 0.830 - - - - - -  
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Fig 1. Graphical representation of number of families segregating for the trait (presence of awns) and expected genetic ratios for the trait 
(presence of awns) computed through chi-square test in F7 families of the cross Pusa-1174 and BPT-5204. 

 

 
 

Fig 2. Graphical representation of number of families segregating for the trait (presence of awns) and expected genetic ratios for the trait 
(presence of awns) computed through chi-square test in F7 families of the cross Pusa-1174 and BPT-5204. 

 
Discussion 
The study of genetic ratios was accomplished in the 
segregating families by using chi-square test and discovered 
both monogenic as well as digenic ratio among the F7 
families. Expected genetic ratios have been computed for 
each segregating family in order to know the segregating 
pattern in terms of Mendel’s ratio which would determine the 
interaction of two or more genes that controls the trait under 
study i.e. presence of awns and awn colour. Several kinds of 
genetic ratios have been obtained among the F7 generation 
families for both the traits. Monogenic ratio of 
3:1(awned/awnless) indicated that the trait is governed by 
single dominant gene and reverse of this ratio i.e. 1:3 
indicated that the trait is governed by recessive gene. Similar 
results which showed awn development as dominant trait 
were reported by Bharadwaj et al. (2007) [3], Tomar et al. 
(2000) [26] and Deepak et al. (2016) [4] for the awn character. It 
is also supported by Hoshino (1915), Nagao (1936) [17] and 
Yamaguti (1926) [28]. However, Nadaf et al. (1995) [16] 
reported awning behaviour as recessive trait. The results in 
the present research work also exhibited several forms of

digenic ratios such as 9:7, 15:1, 13:3 and even reverse of 
these ratios which indicated that the trait under study is 
governed by two genes. Among the digenic ratios mentioned, 
the ratio 9:7 indicated complementary gene action in which 
recessive alleles at either of the two loci can mask the 
expression of dominant alleles at the two loci, the ratio 15:1 
indicated duplicate gene action in which a dominant allele at 
either of two loci can mask the expression of recessive alleles 
at the two loci and the ratio 13:3 indicated inhibitory gene 
action in which a dominant allele at one locus can mask the 
expression of both dominant as well as recessive alleles at 
second locus. These results were supported by Shobha Rani et 
al. (2005) [24] and showed that expression of awned trait was 
governed by complementary genes with a dihybrid 
segregation ratio of 9:7 (awned/awnless) in F2 generation. 
The genetic ratio of 15:1 was reported by Mitra and Ganguli 
(1992) [15]. Sahu et al. (2018) [22] reported that segregation 
ratio of awn closely fitted with 13: 3 digenic ratio. For the 
awn character, trigenic ratios (63:1) have also been reported 
by Deepak et al. (2016) [4] and Sethi (1997) [23] but it was not 
found in the present study. 
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Conclusion 
Thus, the above obtained results exhibited that family no. 42, 
44, 62, 83 and 84 for the trait presence of awns and family no. 
42, 44, 62, 72, 211, 288 and 309 for awn colour showed 
varied segregation pattern in set I and set II that displayed the 
influence of changes in temperature and photoperiod. But the 
respective segregation ratio was found similar in the family 
no. 84 and 230 for the presence of awns and family no. 83, 
84, 230 and 275 for awn colour in both the sets concluding 
that the behaviour and expression of the concerned genes 
were found persistent in both the sets sown and remained 
unaffected by the environmental fluctuations. 
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