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ABSTRACT 

The primary focus of rice breeding research is now on developing high-yielding rice varieties with early 

maturing and physio-chemical features, such as improved cooking quality, aroma, and extra-long grain. This 

shift in focus is driven by the growing global demand for high-quality rice. Using traditional breeding methods 

to trait pyramid these extremely important traits while maintaining yield and quality is a challenging task. Good 

grain quality(aromatic), fertilizer responsiveness, and high-yielding varieties can help the farmers in Pakistan 

to increase their revenue despite global population growth and changing international market patterns. At the 

Rice Research Institute, Kala Shah Kaku (RRI KSK), new, improved, high-yielding, extra-long grain lines with 

the qualities of early maturity, small stature, and good cooking with aroma are being developed through 

traditional breeding methods. The present study aimed to assess the genetic variability of these lines in terms of 

paddy yield and to discover superior high-yielding cultivars suitable for widespread cultivation. There were 

notable variations in paddy yield among the different entries in the pooled analysis. The highest average paddy 

yield (5010 Kg/ha) was seen in entry 10640-10-1-1-1, followed by entry 10684-3-1-2 (4990 Kg/ha) and PK 

10434-6-2-1 (4550 Kg/ha) and suggested for general cultivation based on their mean paddy yield. A strong 

positive correlation was seen between the grain thickness grading of over 2.2 mm and the number of panicles 

per plant. Overall quality of the Uniform Yield Trials of Fine rice samples can be reported as excellent for PK 

10306-15-5, PK PB-8 and PK 10678-2-1-1 over check Basmati-515. here will be a simultaneous increase in 

grain yield with improvements in these qualities. 
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________________________________________________________________________________________ 

INTRODUCTION 

Rice, scientifically known as Oryza sativa L., is of 

utmost importance for human sustenance as it serves 

as a staple meal for over two billion individuals, which 

accounts for approximately 60% of the global 

population, as reported by the United States 

Department of Agriculture [1]. It has a higher caloric 

content compared to any other food crop [2]. Rice 

plays a significant part in Pakistan's economy as it is 

the second most important food crop after wheat and 

the largest agricultural product that earns foreign cash. 

It represents 3% of the value added in agriculture and 

0.6% of the gross domestic product [3]. Asia accounts 

for 90% of global rice production and consumption. 

India, Thailand, Vietnam, and Pakistan dominate 

international rice exports, collectively accounting for 

approximately 60-70% of the total global export [4]. 

Pakistan ranks fifth among the top 10 countries in 

terms of rice exports.During the 2023-2024 year, a 

total of 6.850 million metric tonnes (P) were 

produced. Out of this, 4.20 million metric tonnes were 

exported, resulting in substantial foreign exchange 

earnings of US$ 1.860 billion [3]. 

The amylose content is determined by a single gene. 

The amylose concentration can vary at several levels, 

such as 0 (waxy), very low, low, intermediate, and 

high. These variations are determined by numerous 

alleles at the waxy locus, which is situated on 

chromosome 6 [5]. Therefore, breeding for and 

improving these features is not difficult. However, 

aroma appears to be a quantitative trait, as segregants 

with varying levels of aroma are observed in the 

crosses between aromatic and non-aromatic rice. The 
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presence of aroma has been reported to have a 

monogenic [6] or digenic [7] character and a gene 

associated with fragrance has been identified using 

molecular markers [8]. It is possible that there is a 

single dominant gene responsible for fragrance, along 

with many modifiers or quantitative trait loci (QTL). 

There is a lack of knowledge regarding the heritability 

of longitudinal grain elongation. The expression of 

these features is significantly influenced by a strong 

gene-environment interaction [9]. The highest quality 

Basmati rice is cultivated in the northwestern region 

of India and the northern region of Pakistan, where the 

rice matures in the cool temperature conditions of 

October. The expression of Basmati quality is thought 

to be influenced by different soil types. 

Pakistan has been able to meet the increasing local and 

worldwide needs for rice through continuous 

advancements in rice breeding, production, and 

technology. The lack of fresh or high-quality seed, the 

slow pace of research, and a shortage of water are the 

main reasons for the country's significant annual 

variance in rice production.  In 2023, there was a 

decrease of approximately 14% in rice exports 

compared to the previous year. This decline can be 

attributed to high input costs, low output, and 

increased local consumption [5, 6]. Therefore, 

substituting low-yielding rice genotypes with 

potentially input-efficient and higher-yielding basmati 

cultivars can be a realistic strategy to obtain premium 

benefits. 

The conventional basmati varieties are prone to 

lodging, diseases, photoperiod, and temperature, but 

have high yields compared to non-basmati varieties 

with aroma and quality parameters [10].  In the 1920s, 

the basmati rice development effort was started at the 

Rice Research Institute KalaShah Kaku (RRI, KSK) 

in Pakistan [11]. We have been eagerly anticipating 

the development of new basmati cultivars with 

increased genetic yield potential, improved grain 

quality characteristics, resistance to lodging, and 

protection against several diseases. The previous 

endeavors encountered limited achievements because 

of insufficient infrastructure for assessing grain 

quality and clearly defined criteria for selection. The 

pure line selections resulted in cultivars that exhibited 

favorable cooking quality attributes but were 

vulnerable to lodging, diseases, and insects, and had a 

decreased potential for high yields [12, 13]. The 

primary challenge in the Basmati enhancement 

program is the combining of aroma and grain quality 

along with high yield. 

Material and Methods 

A total of forty-seven potential varieties of high-

quality rice, in addition to one standard variety, were 

evaluated in the uniform yield trials. The nursery of 

high-quality rice genotypes, namely, were planted in 

June. The nursery, which was thirty days old, was 

transplanted in the field with a plant spacing of 20 

cm×20 cm. The experiment was conducted using a 

Randomized Complete Block Design (RCBD) with 

three replications. Upon reaching maturity, data were 

collected for both the quantity and quality of the paddy 

crop. The data received were subjected to Analysis of 

variance [14]. The trials included measurements of 

various agronomic traits such as yield, maturity days, 

height, panicle, grain shape (length, width, thickness 

of both grain and paddy), as well as cooking quality 

parameters such as boiled kernel length, cooked grain 

length, and elongation ratios. Additionally, milling 

parameters including husk %, bran %, total recovery 

%, head rice recovery %, and broken % were 

measured. Nutritional parameters such as amylose 

contents, alkaline spread value, and aroma were also 

evaluated to assess the consistency and uniformity of 

these traits in successive generations. A quality index 

has been calculated to evaluate and compare the 

overall quality of the newly developed rice variety 

with that of the existing rice types used as standards. 

Table 1. Description of varieties used in the study 

Sr. No. Genotypes Sr. No. Genotypes 

1 11369-8-1 26 PK 10434-6-2-1 

2 10975-25-1-1 27 PK 10683-12-1 

3 10680-3-6-2-1 28 PK 9832-4-1 

4 10640-10-1-1-1-1 29 PK 10350-7-2-1 

5 10684-3-1-2 30 PK 10419-2-1-1 

6 10686-2-1-1 31 PK 9847-10-1 

7 PK 10938-3-1-1 32 PK 10437-14-2-1 

8 PK 10358-7-2-1-1 33 PK 10436-2-1-1 

9 PK 10461-7-2-1-2 34 PK 10324-1-1 
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10 PK 10424-4-2-1-2 35 PK 10029-13-2-1 

11 PK 10677-3-1-1 36 PK 9966-10-1 

12 PK 10678-2-1-1 37 PK 10306-15-5 

13 PK 10684-6-1-1 38 PK PB-8 

14 PK 10816-5-3-1 39 PK 9444-8-1-2 

15 PK 10824-9-1-3 40 PK 10161-1-5-1 

16 PK 10824-9-1-5 41 PK 10969-39-1 

17 PK 10825-5-1-4 42 PK 9533-9-6-1-1 

18 PK 10825-13-1-1 43 PK 10967-30-1 

19 PK 10835-9-1-1 44 PK 10101 

20 PK 10843-7-2-2 45 PK 10198-7-2 

21 PK 10845-6-2-2 46 PK 10749-18-1-1 

22 PK 10663-6-1-2-1 47 Super basmati 

23 PK 10436-4-2-2-1 48 PS2 

24 PK 10495-7-3-1 49 Basmati-515 

25 PK 10355-13-2-1   

RESULTS AND DISCUSSION 

The entries had a substantial impact (p<0.05) on the 

paddy yield of aromatic rice (Table 3). The highest 

average paddy yield (5010 Kg/ha) was seen in entry 

10640-10-1-1-1, followed by entry 10684-3-1-2 (4990 

Kg/ha) and PK 10434-6-2-1 (4550 Kg/ha). The lowest 

average paddy yield (2650 Kg/ha) was noticed in PK 

9533-9-6-1-1. All candidate varieties exhibited higher 

paddy yield compared to the check Basmati-515. 

Based on the pooled analysis of paddy yield conducted 

at Rice Research Institute, Kala Shah Kaku, it is 

suggested that the following entries should be 

considered for extensive cultivation: 10686-2-1-1, PK 

10436-4-2-2-1, PK 10434-6-2-1, and PK 10663-6-1-

2-1. 

Among all samples, six samples had shown maximum 

quality index for the studied traits due to good, cooked 

kernel length, elongation ratio, zero bursting and well 

separated cooked kernels. Regarding cooking quality 

of all samples is O.K. (L/l = > 1.5). However, overall 

quality of the Uniform Yield Trials of Fine samples 

can be reported as excellent for PK 10306-15-5, PK 

PB-8 and PK 10678-2-1-1 over check Basmati-515 as 

control. Brusting ratio was least for 10640-10-1-1-1-1 

followed by 10684-3-1-2, PK 10324-1-1, PK 10029-

13-2-1 and PK 9966-10-1. 

Rice with a lower gelatinisation temperature tends to 

have a softer texture and undergoes less retrogradation 

compared to rice with a higher gelatinisation 

temperature. The alkali spreading method is 

commonly used to quantify gelatinisation.  

Nevertheless, advancements in technology have 

enhanced the ability to assess this characteristic as 

well. The entry 10640-10-1-1-1-1, 10684-3-1-2 and 

10686-2-1-1 had shown best elongation ratio along 

with alkali spread ratio. 

 

Table 3 Mean Performance of the entries of Fine Rice samples in uniform yield trials 

SOV D.

F 
PH TPP MTD YPP AGL WP TP CGL BR ASV 

Block 
2 

27.6 
2.475

9 

2.475

9 
0.09327 0.04 202 0.003 

0.433

9 
0.0212 0.0313 

Treatm

ent 
48 692.7

*** 

27.6*

** 

27.6*

** 

1.90318

*** 

0.628

*** 

199.00

*** 

0.024

*** 

7.423

*** 

0.1046

*** 

11.625

*** 

Residu

als 
96 

21.17 2.31 
1  

2.31 
0.036 2 0.06 199.7 8 0.00 0.038 6 0.00 0.008 
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Sov= Sources of Variation, D.F= degrees of freedom, PH= plant height, MTD= 50% days to maturity, YPP= 

yield per plant, AGL= Average grain length, WP= Average grain width, TP= average grain thickness, CGL= 

cooked grain length, BR= Brusting ratio, ASV= Alkali spreading value 

Correlation Coefficient Analysis of Fine Rice 

samples in uniform yield trials 

A strong positive correlation was seen between the 

grain thickness grading of over 2.2 mm and the 

number of panicles per plant, with a correlation 

coefficient of 0.722 (Fig.2). In addition, there were 

substantial negative correlations between the 

thickness of the grains (ranging from 1.8-2.0 mm, 1.6-

1.8 mm, and less than 1.6 mm) and the number of 

panicles per plant. The correlation coefficients for 

these relationships were -0.806, -0.828, and -0.796, 

respectively. Except for a single positive link 

observed between grain thickness grading exceeding 

2.2 mm and yield per plant, all other grain thickness 

exhibited a negative correlation. The correlation 

coefficients between the yield per plant and grain 

thickness are greater than 2.2 mm and range from 1.8 

to 2.0 mm. The findings indicated a strong and 

statistically significant correlation between grain yield 

and number of panicles per plant. 

Similiar results were shown by Zahid et al., 2020; 

Wattoo et al., 2010; Minnie et al., 2016 and Tahir, 

2014 [15, 16, 17, 18]. Furthermore, findings of 

Buckley et al., 2020 and Keith, 1980 also supported it 

[19, 20]. In contrast to Bordolui et al., 2006, this data 

demonstrates a negative correlation with yield per 

plant [21]. The results indicate a positive and 

substantial link between grain yield and average grain 

length. This suggests that an increase in grain length 

leads to an increase in grain yield. The experiment 

conducted by Islam et al., 2016, Fahliani et al., 2011, 

Yousafzai et al., 2010, Arminian et al., 2019 and 

Limochi and Eskandari, 2013 revealed similar results 

[22, 23, 24, 25, 26]. The same results were also 

supported by the findings of Abarshahr et al., 2011, 

Blackmer et al., 1995, Maiti et al., 2006, Warren et al., 

2021, Kishore et al., 2015 and Yadav et al., 2015 [27-

32]. The findings were additionally supported by 

Panwar and Mathur, 2007, Divya et al., 2015 and 

Wattoo et al., 2010 [33, 34, 35]. The correlation 

coeffecient analysis revealed that there is a positive 

association between grain yield and average grain 

length, however this correlation is not statistically 

significant. Experiments carried out by Kishore et al., 

2015, Roy et al., 2014, Saif et al., 2003 and Das Saif 

et al., 2005 provided comparable findings [36-39]. 

The report was provided by Bishwas, and the result 

was supported by a study conducted in 1993.  

According to Madhavilatha and Suneetha, (2005), 

there was a positive but non-significant correlation 

between days to maturity and grain yield [40]. The 

number of panicles per plant was found to 

positive correlation with grain yield per plant. 

Comparable findings were discovered in the study 

conducted by Hairmansis et al., 2017 [41]. The study 

revealed a positive correlation between the number of 

panicles per plant and grain yield, however, this 

correlation was not statistically significant Limbani et 

al., 2017, Bhadru et al., 2012, Kalyan et al., 2017 and 

Nayak et al., 2003 [42, 45] all had similar results. The 

investigation revealed a negative and statistically 

insignificant correlation between plant height and 

grain yield. The same result was discovered by Eidi-

Kohnaki et al., 2015 [46]. However, Steel et al., 1997 

discovered a correlation between plant height and 

grain yield that contradicts this finding [47]. 
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Fig. 2 Correlation Coeffecient analysis 

CONCLUSION 

The results indicated that there was a positive 

correlation and positive direct effect between average 

grain length, number of panicles per plant, maturity 

days on yield. Thus, in rice breeding programs, these 

features can be directly selected for. There will be a 

simultaneous increase in grain yield with 

improvements in these qualities. 
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