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Introduction 

Maize (Zea mays L.) is a widely cultivated cereal crop of the Poaceae 

family that originated in Mexico approximately 6000-7000 years ago 

(1). It is the only species in the genus Zea with a 2n=20 chromosome 

number and its closest relatives are Teosinte and Tripsacum, with the 

former considered the closest. Maize is a monoecious annual grass 

varying in height from 1 to 4 m (2). It was predicted that by 2020 

maize would surpass wheat and rice to become the most widely 

grown cereal (3). This adaptability is largely attributed to climate 

change, as maize can thrive across a wide range of environments. In 

addition, its genetic diversity surpasses that of other cereal crops, 

primarily due to its high outcrossing potential (4). 

 Maize is widely grown in India, suggesting its wide 
adaptability and is the third most important cereal crop in India after 

rice and wheat. The worldwide production of maize exceeded 1067 

Mt in 2016. Globally, the area under maize cultivation covered about 

181.80 million ha and estimated production in 2017 was 
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Abstract  

Despite significant progress in maize improvement, information on the extent of genetic variability and trait relationships in Quality 
Protein Maize (QPM) germplasm under temperate conditions remains limited, constraining effective selection for yield and nutritional 

quality. The present investigation was conducted to assess genetic variability, heritability, character associations and genetic 

divergence among 50 QPM genotypes, including five checks. The experiment was laid out in an augmented block design (ABD) without 
replications at the Dryland Agriculture Research Station (DARS), Budgam and observations were recorded on 13 morphological and 

quality traits. A wide range of variability was observed for all traits. The phenotypic coefficient of variation (PCV) and genotypic 

coefficient of variation (GCV) were in a moderate range for most of the characters except for the number of days to maturity, shelling 

percentage and protein content. High heritability of characters like grain yield, kernels cob-1, number of cobs plant-1 and 100-seed 
weight, along with extensive genetic advance, suggests that additive gene effects are playing a predominant role and direct selection 

will be effective for improvement of these traits. After correlation analysis, it was observed that grain yield was robustly and positively 

allied with plant height, ear height, number of cobs plant-1, cob length, kernel rows cob-1, kernels cob-1 and 100-seed weight, whereas 

protein content showed negative association with yield. Genetic divergence assessed through Mahalanobis D² statistics classified the 
genotypes into eight clusters, with the highest inter-cluster distance observed between cluster IV and cluster VIII with 341.59, 

indicating scope for heterotic hybrid development. The mean grain yield was highest in cluster II, while superior protein content was 

observed in clusters III and cluster VIII. The current findings identified ten early-maturing genotypes with commendable yield and 

protein content, which can be effectively used in QPM breeding programs aimed at improving productivity and nutritional quality. 
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approximately 1031.86 Mt (5). In India, the harvested area for maize 

reached around 11.2 million ha in 2024-25, with production 

estimated at 42.3 Mt, reflecting a significant upward trend over 

previous years (6). In the Jammu & Kashmir region, the area under 

maize stands at 263000 ha with a production of 466000 quintals and 

a productivity of 1495 kg ha-1 (7). Maize is highly significant to Indian 

agriculture because of its numerous applications in human food and 

livestock feed. It also holds key industrial applications and a scope of 

diverse value-added products because of the enriched composition 

of starch, protein, fat, oil and sugars (primarily sucrose) in the seed.   

 Maize is an important source of macro (carbohydrates, fats 

and proteins) as well as essential micro (vitamins and minerals) 

nutrients. The kernel structure is comparable to other cereal grains, 

primarily comprising 82 % endosperm, 12 % germ and 6 % pericarp. 

The endosperm is primarily made up of starch, a complex 

carbohydrate that averages around 71 % of the grain and provides 

concentrated energy. While the majority of proteins in a mature 

maize kernel are distributed between the endosperm and the germ, 

the germ proteins are superior in both quantity and nutritional 

quality (8). The proteins are typically divided into four different 

groups based on their solubility as albumins (3 % soluble in water), 

globulins (3 % soluble in dilute salt solutions), zeins or prolamins      

(60 % soluble in 70 % ethanol) and glutelins (34 % soluble in dilute 

acids or bases) (9). 

 A natural mutation that resulted in soft, opaque kernels was 

discovered in a Connecticut maize field, USA, during the 1920s and 

subsequently brought to the Connecticut Agricultural Experiment 

Station (10). The mutant was later designated as opaque-2 (o2) by a 

researcher in Connecticut (11). In the 1960s, Dr. Oliver Nelson at 

Purdue University, USA, provided seeds of the opaque-2 maize to Dr. 

Edwin Mertz, enabling his research team to systematically evaluate 

maize accessions for enhanced protein quality (12). In 1961, 

researchers at Purdue University reported that maize homozygous 

for the recessive o2 allele (carrying two copies of the mutation) 

exhibited a markedly higher lysine content in the endosperm, with 

an increase of about 69 % compared to normal maize (13). Further 

investigations revealed that this genotype also exhibited a parallel 

increase in tryptophan content. The elevated levels of these two 

essential amino acids typically deficient in maize endosperm 

significantly enhanced the nutritional profile, effectively doubling the 

biological value of maize protein (14), with the considerably 

advantageous result that only half the amount of o2 maize (relative 

to normal maize) needs to be consumed to obtain the same 

biologically usable protein (15). 

 Among these developments, the most significant was the 
creation of Quality Protein Maize (QPM) following the discovery of 

the opaque-2 mutant in the mid-1960s, which increased lysine and 

tryptophan levels in the endosperm protein. Tryptophan and lysine 

concentrations in maize have been found to be highly correlated 

(16). Lysine and tryptophan content, expressed as a percentage of 

total protein, in whole-grain flour of conventional and QPM (o2o2) 

maize genotypes (17). Mutations that affect grain protein synthesis 

also influence kernel texture. Early opaque-2 (o2) mutants exhibited 

reduced α-zein levels, leading to smaller, unexpanded protein 

bodies, whereas the o15 mutation, which decreases zein fractions, 

results in a reduced number of protein bodies (18). Other mutations, 

including floury-2 (fl-2), Mucronate (Mc) and defective endosperm (De 

B30), produce protein bodies with irregular shapes. In view of the 

above factors, the study was proposed with the objectives of 

characterizing QPM inbred lines and analyzing their variability and 

diversity.  

 

Materials and Methods 

The present study was conducted at Dryland Agricultural Research 

Station, Budgam, during Kharif, 2016. The experimental material 

was sown in an augmented block design (ABD) without replications 

(Table 1). The test inbred lines were sown in 5 blocks, with each block 

containing 9 inbred lines and 5 checks. The observations were 

recorded for 13 characters, viz., days to 50 % tasseling, days to 50 % 

silking, plant height, ear height, number of cobs-1, cob length (cm), 

kernel row cob-1, kernels cob-1, shelling percentage, 100-grain weight, 

grain yield (q/ha) and protein content (%). The grain protein content 

of inbred lines was estimated by NIR Technology instrument (Crop 

S. No. Pedigree Inbred lines 
1 (CLQ-RCYQ31xCLQ-RCYQ35) KDQPM1 
2 (CLQ-RCYQ46=(CML150xCL-03618) KDQPM2 
3 (CML161xCLQ-RCYQ31)-B-12 KDQPM3 
4 (CML165xCL-02843)-B-12-3-1-BB- KDQPM4 

5 (CML165xKI45)-B-11-3-BB-1-B*8 KDQPM5 

6 (CML165xKI45)-B-14-1-B*4-1-B*7 KDQPM6 

7 97P65BBB19BBB KDQPM7 

8 97P65BBB5BBB KDQPM8 

9 97P65BBB9BBB KDQPM9 
10 CLQ-6603-B-1-B*8 KDQPM10 
11 CLQRCWQ15B*6 KDQPM11 

12 CLQ-RCWQ50-B*12 KDQPM12 

13 VQL1 VQL1 

14 VQL17 VQL17 

15 CLQ-RCYQ40 KDQPM15 

16 CLQ-RCYQ54=(CML176xCL-G2501) KDQPM16 

17 CLQS89YQ04-B*8 KDQPM17 

18 CLQY36 KDQPM18 

19 CML137 KDQPM19 

20 CML153 KDQPM20 

21 VQL2 VQL2 

22 CML171 KDQPM22 

23 CML181 KDQPM23 

24 CML189 KDQPM24 

25 CML135 KDQPM25 

26 CML189BBB KDQPM26 

27 CML 196 KDQPM27 

28 CML136 KDQPM28 

29 CML137BB KDQPM29 

30 CML138BB KDQPM30 

31 CML140 KDQPM31 

32 CML144/CML176-B4-2-3-2B*6 KDQPM32 

33 CML153 KDQPM33 

34 CML154 KDQPM34 

35 CML161 KDQPM35 

36 CML161/CML165-BBB11BBB KDQPM36 

37 CML161/CML165-BBB12BBB KDQPM37 

38 CML161/CML165-BBB15BBB KDQPM38 

39 CML161/CML165-BBB16BBB KDQPM39 

40 CML161/CML165-BBB18BBB KDQPM40 

41 CML161/CML165-BBB7 KDQPM41 

42 CML161/CML165-BBB8BBB KDQPM42 

43 CML162 KDQPM43 

44 CML162-B*10 KDQPM44 

45 CML164-B*8 KDQPM45 

46 CML165BBB KDQPM46 

47 CML166 KDQPM47 

48 CML169 KDQPM48 

49 CML 163 CML163 
50 CML193 CML193 

Table 1. List of QPM inbred lines (50) including 5 checks  
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  Scan 200) in the seed processing unit in the division of Plant Breeding 

and Genetics, Sher-e-Kashmir University of Agricultural Sciences & 

Technology (SKUAST-Kashmir),  Jammu and Kashmir. 

 Analysis of variance was performed for all the characters to 

test variation among genotypes. Genotypic variance (19) and 

phenotypic variance were calculated (20). The magnitude of 

genotypic (GCV) and phenotypic coefficients of variation (PCV) for 

each trait was estimated (21). Phenotypic coefficient of variation and 

GCV were classified (22). Broad-sense heritability [H2(bs)], defined as 

the ratio of genotypic variance to phenotypic variance, was 

estimated (23). Genetic advance at a mean of 5 % (GAM) selection 

intensity was determined (24). 

 Correlation coefficients were calculated to assess the extent 

of association between traits and grain yield, as well as among yield 

components. Both genotypic and phenotypic correlation 

coefficients were estimated using variance and covariance 

components (19). Genetic divergence was computed (25, 26). 

Tocher’s method for grouping varieties into various clusters was 

adopted.  

 The average intra- and inter-cluster distances were 

calculated (26). Genetic divergence between genotypes can also be 

estimated using Mahalanobis’s D2 statistics. All the above 

computations were carried out using Windostat Version 9.1.  

 

Results and Discussion  

Analysis of variance and components of variability 

Analysis of variance for an experiment involving 50 QPM inbred lines, 

including five checks, across 13 quantitative traits revealed highly 

significant mean squares for all characters, indicating substantial 

variation among the genotypes (Table 2). Analysis of variance for 

dispersion of QPM inbred line genotypes revealed a highly significant 

mean sum of squares for genotypes (Table 3).  In the present study, 

45 maize genotypes were evaluated to determine their genetic 

potential for yield and its components. Analysis of variance revealed 

significant variation among the genotypes. The significant mean 

squares observed for all the studied traits were comparable with the 

results of previous studies (27, 28). 

Mean performance of the genotypes  

A wide range of variability was observed among the genotypes for all 
the studied traits, with their mean and range tabulated in Table 4. 

The mean value for days to 50 % tasseling was 77.91 days, with 

genotype KDQPM35 (68.33 days) being the earliest and KDQPM26 

(82.66 days) being the latest. Similarly, for days to 50 % silking, 

genotype KDQPM35 (71.33 days) was the earliest and KDQPM44 

(87.00 days) was the latest. For agro-morphological traits, the 

average value for plant height was 136.82 cm, with the VQL1 (154.00 

cm) genotype being the tallest and KDQPM38 (92.33 cm) being the 

shortest. Ear height ranged from 46.66 cm (KDQPM38) to 77.66 cm 

(KDQPM35), with an average of 69.28 cm. Cob length averaged 15.11 

  Mean Sum of Squares 

Source of 
variation 

Degree 
of 

freedom 

Days to 50 
% tasseling 

Days to 
50 % 

silking 

Plant 
height 

(cm) 

Ear 
height 

(cm) 

No. of 
cobs 

plant-1 

Cob 
length 

(cm) 

Kernel 
rows 
cob-1 

Kernels 
cob-1 

Shelling 
% 

100-
seed 

weight 
(g) 

Grain 
yield 

(q/ha) 

Days to 
maturity 

Protein 
content 

Block 4 12.89 12.69 363.6** 103.99** 0.03588*
* 

3.664** 2.721** 586.5 15.970** 15.768** 11.473 21.0 0.039164 

Genotypes 49 29.14** 33.85** 135.0** 37.83** 0.02612*
* 

3.945** 2.097** 7109.8** 8.635** 7.395** 16.589
* 

89.3** 0.184744*
* 

Treatment: 
Check 

4 74.24** 62.50* 85.4** 21.43** 0.03040*
* 

2.730** 4.267** 20.29113 9.047** 14.466** 29.103
* 

368.6** 0.1681885 

Treatment: 
Test and 

Test\check 
45 25.13** 31.31** 139.4** 39.29** 

0.02574*
* 

4.053** 1.904** 14.69* 8.599** 6.766** 
15.477

* 
64.5** 3.19** 

Residuals 16 7.61 8.11 3.6 1.12 0.00440 0.106 0.322 285.9 0.779 0.808 6.794 12.9 0.019644 

Table 2. Analysis of variance for different morphological, maturity and yield component traits in maize  

 * Significant at 5 % level; ** significant at 1 % level 

Parameters 
Plant 

height 
(cm) 

Ear 
height 
(cm)  

Day to   
50 % 

tasseling 

Days to 
50 % 

silking 

No. of 
cobs 

plant-1 

Cob 
length 

(cm) 

Kernel 
rows cob-1 

kernels 
cob-1 

Shelling 
percentage 

100 
grain 

weight 
(g) 

Grain 
yield 

(qha-1) 

Maturity 
days 

Protein 
content 

( %) 

Mean 136.82 69.29 77.91 82.11 0.52 15.11 14.08 298.33 73.95 21.91 20.99 146.75 12.38 

Range 
(92.33-
154.0) 

(46.67-
77.67) 

(68.33-
82.66) 

(71.33-
87.0) 

(0.40-
1.0) 

(7.87-
19.67) (12.0-18.0) 

(120.0-
461.34) 

(65.80-        
79.60) 

18.16-
28.29 

11.58-
29.89 

135.33-
153.66 

11.20-      
13.13 

PV 171.08 49.46 21.19 24.93 0.028 5.47 2.89 6157.18 9.69 7.9447 16.59 31.12 0.25 

GV 144.58 39.48 19.18 23.17 0.026 0.59 1.67 5654.04 9.26 7.3977 14.40 28.92 0.19 

PCV 9.56 10.15 5.91 6.08 32.56 15.48 12.08 26.30 4.21 12.8655 19.41 3.80 4.08 

GCV 8.79 9.07 5.62 5.86 31.31 11.91 9.18 25.20 4.12 12.4147 18.08 3.66 3.54 

H2(b) 0.90 0.93 0.84 0.80 0.92 0.59 0.59 0.91 0.96 0.93 0.87 0.93 0.75 

GAM 11.00 11.64 16.64 16.69 62.02 18.88 14.39 49.75 08.29 24.68 34.69 7.28 6.34 

Table 4. Estimates of mean, range, phenotypic and genotypic variance, phenotypic and genotypic coefficient of variation for different mor-
phological and quality component traits in maize 

Source of variation Degree of freedom Mean squares 

Genotypes 49 12.45** 

Error 107 2.16 

Total 161 0.00 

Table 3.  Analysis of variance for dispersion of QPM inbred lines 

* Significant at 5 % level; ** significant at 1 % level (Wilk’s criterion = 
129.5) 
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cm, varying from 7.87 cm (KDQPM38) to 19.66 cm (KDQPM2). The 

mean number of cobs per plant was 1.35, with a range of 1.10 to 1.60. 

The number of kernel rows per cob varied from 12.00 to 18.00, with 

KDQPM8 recording the highest and KDQPM24, KDQPM26 and 

KDQPM27 the lowest values. The mean value for the number of 

kernels cob-1 was 298.33 with a wide range of 120.00 (KDQPM37) to 

461.33 (KDQPM33). The mean value for shelling percentage was 

73.95 %, with a range from 65.80 (KDQPM38) to 79.60 % (KDQPM19).  

The mean value for 100-seed weight was 21.90 g, with a range from 

8.16 (KDQPM36) to 28.29 g (KDQPM16). Days to maturity averaged 

146.74 days, with KDQPM35 (135.33 days) being the earliest to 

mature and VQL17 (153.66 days) being the latest. Grain yield varied 

significantly from 11.58 q/ha (KDQPM4) to 29.89 q/ha (VQL1), with a 

mean yield of 20.99 q/ha. The quality trait, i.e., protein content, 

varied from 11.20 (KDQPM38) to 13.13 % (KDQPM8), with an average 

value of 12.37 %. These results confirm significant genetic variation 

that can be utilized for yield and quality improvement. 

Genotypic coefficient of variation, PCV, heritability (broad 

sense) and genetic gain 

The results revealed for all the traits studied, phenotypic variance 

exceeded genotypic variance, indicating that environmental factors 

exert a considerable influence on the expression of these traits. 

Some characters like plant height, days to 50 % tasseling, days to     

50 % silking, days to maturity and shelling percentage along with 

protein content, showed low GCV and PCV (<10 %). In contrast, 

characters like number of kernels cob-1, number of cobs plant-1, grain 

yield, cob length, 100-seed weight, number of kernel rows cob-1 and 

ear height showed moderate variability ranging from 10 to 40 %. 

Among these, the highest levels of genetic variability were seen in 

number of kernels cob-1, number of cobs plant-1, grain yield, 100-seed 

weight and cob length, highlighting these traits as strong candidates 

for improvement through direct selection, while characters like 

shelling percentage, protein content and days to maturity showed 

the lowest levels of genetic variability;  these were in conformity with 

the findings of earlier studies, suggesting a predominance of non-

additive gene action (29-31). 

 Heritability measures varied from 57 to 93 %, with very high 

values (over 90 %) for 100-seed weight, silking days, maturity, 

number of kernels cob-1 and tasseling days, indicating that additive 

gene effects are more influential for governing these traits. 

Characters like grain yield and plant height also exhibited high 

heritability (86 and 84 % respectively), but moderate levels of 

heritability were reported for protein content, shelling percentage 

and number of cobs plant-1. The largest genetic advance (as a 

percentage of mean) was reported for the number of kernels cob-1, 

the number of cobs plant-1 and grain yield, further strengthening the 

evidence for the potential role of additive gene action for governing 

these traits, which is consistent with earlier reports (32-34). High 

heritability together with high genetic advance in these traits 

suggests that selection would be very effective. However, high 

heritability with low genetic advance as reported in traits like 

flowering and maturity points toward strong environmental 

influence, which should be carefully considered when planning 

selection strategies. 

Estimates of genotypic correlation coefficients 

A critical analysis of the correlation results revealed several key 
associations between yield and yield-attributing traits (Table 5,         

Fig. 1). A detailed examination of genotypic correlations among 13 

traits highlighted several key relationships that impact grain yield. 

Grain yield per ha showed a strong positive correlation with 100-seed 

weight, followed by days to maturity, number of cobs plant-1, cob 

length, number of kernel rows cob-1, ear height and kernels cob-1. 

This result suggests that these traits are crucial targets for breeding 

programs aiming to enhance yield. Similar findings have been 

reported earlier for cob length (32), plant height (35), ear height (36) 

and 100-seed weight (37). Days to 50 % tasseling was significantly 

positively correlated with days to 50 % silking, days to maturity, plant 

height and ear height but showed a significant negative correlation 

with cob length, grain yield, kernels cob-1 and kernel rows cob-1. 

 

Fig. 1. Genotypic correlation coefficients for morphological and quality component traits in maize (Zea mays L.). Strong positive correlations 
appear in deep red, while strong negative correlations are shown in deep blue. 
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Similarly, days to 50 % silking correlated positively with maturity 

days but negatively with grain yield, cob length and kernel rows     

cob-1. Ear height exhibited strong positive correlations with 

important yield components, such as cob length, kernels cob-1, 

kernel rows cob-1 and 100-seed weight. Interestingly, shelling 

percentage and protein content generally did not show correlations 

with most traits. However, grain yield was negatively correlated with 

protein content, which aligns with earlier findings (38). Overall, these 

correlations indicate that traits like cob length, kernels cob-1 and 

seed weight directly enhance yield potential and should be 

emphasized in maize breeding efforts. 

Estimation of genetic divergence 

Grouping of genotypes into different clusters (D2 analysis) 

Based on the performance of the genotypes, fifty genotypes 

(including checks) were grouped into 8 clusters (Table 6, Fig. 2) as per 

the Mahalanobis D2 analysis (25). Cluster I was the largest, having 23 

genotypes indicating genetic similarity among them, followed by 

cluster II with 16 genotypes and cluster IV with 6 genotypes. Custer III, 

V, VII and VIII each contained 1 genotype.  

 The 45 maize inbred lines were classified into eight clusters. 

The data indicates that Mahalanobis D² values serve as a strong 

indicator of genetic diversity among the experimental plant material. 

The genotypes were distributed randomly across different clusters, 

suggesting that the genetic variation is not solely associated with the 

geographical origin of the plants. Instead, factors such as genetic drift 

and various forms of selection, both natural and human-driven, as 

well as the exchange of genetic material, have likely played 

significant roles in creating this diversity. Prior research has produced 

similar conclusions (39). 

Mean intra- and inter-cluster distance  

The distances between genotypes within the same cluster (intra-

cluster distances) were smaller than the distances between 

genotypes from different clusters (inter-cluster distances). This 

depicts that genotypes grouped in the same cluster were more 

similar to each other and had less diversity. Table 7 shows that 

cluster IV had the largest intra-cluster distance value of 73.15, 

indicating higher diversity within that group. This was followed by 

cluster II with 59.26 and cluster I with 43.47 respectively. The inter-

cluster distance (D2) value was highest between cluster IV and cluster 

VIII with a distance of 341.59, followed by cluster VII and cluster VIII 

with 321.49, cluster III and cluster VIII with 270.51, cluster I and cluster 

VIII with 245.63, cluster IV and cluster V with 226.51 and cluster IV and 

cluster VI with 191.40, suggesting more diversity in the genetic 

makeup of the genotypes included in these clusters. The minimum 

inter-cluster distance was observed between cluster V and cluster VI 

with a distance of 45.60. 

 Statistical distance measures how genetically different 

clusters are from one another. The smallest distance between 

clusters was found between clusters V and VI, suggesting that these 

groups of genotypes are genetically quite similar and share many 

common traits. On the other hand, the greatest genetic distance was 

recorded between clusters IV and VIII, indicating that these clusters 

are the most genetically distinct. Selecting parents from such diverse 

clusters for hybridization programs can facilitate the development of 

novel recombinants. Previous findings also followed a similar trend 

(40). The highest genetic diversity within clusters, as indicated by the 

maximum intra-cluster distance, was found in cluster IV, followed by 

clusters II and cluster I. This pattern may be due to limited gene flow 
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or selective breeding practices focusing on diverse traits within these 

groups of genotypes. 

Cluster means for morphological and quality component traits in 

different clusters 

The evaluation of mean values for different morphological and 

agronomic traits showed significant variation among the eight 

identified clusters, as shown in Table 8. Most genotypes were 

included in cluster I, with moderate values for most of the traits, 

including grain yield (20.91 q/ha), plant height (135.68 cm) and 100-

seed weight (23.32 g). Only sixteen genotypes were included in 

cluster II and recorded the highest grain yield (22.50 q/ha) and the 

highest number of cobs plant-1 (1.56). Only a single genotype was 

included in cluster III, which excelled in cob length (16.95 cm), kernel 

rows cob-1 (18.00), kernels cob-1 (450) and protein content (13.13 %), 

making it a strong candidate for enhancing yield and quality traits. 

Cluster IV, comprising six genotypes, was notable for early flowering 

and maturity, a high shelling percentage (77.27 %) and a significant 

kernel number (375.22). Despite having the lowest kernel count and 

grain yield (15.17q/ha), cluster V recorded the highest 100-seed 

weight (25.20 g).  

 Only a single genotype was included in each of the 

remaining clusters VI, VII and VIII and they showed distinct extremes; 

the poorest results for grain yield (11.58 q/ha) and ear traits were 

shown by cluster VI, whereas the shortest plants (92.33 cm) and the 

lowest shelling percentage (65.80 %) were presented by cluster VIII, 

suggesting poor yield potential. Cluster VII showed a favorable mix of 

grain yield (20.01 q/ha), seed weight (24.25 g) and plant height 

(145.67 cm). It is pivotal to recognize that cluster averages may 

obscure outstanding individual genotype performance. Hence, 

parent selection for crossing programs should be based on both 

Cluster 
Number of genotypes in the 

cluster Variety/accession number of the genotypes 

1 23 
KDQPM 17, KDQPM 37, KDQPM 42, VQL1, KD QPM 41, KDQPM 12, KDQPM 21, KDQPM 16, CML193, 

KDQPM 43, KDQPM 9, KDQPM 24, KDQPM 28, KDQPM 11, KDQPM 7, KDQPM 6, KDQPM 31, KDQPM 18, 
KDQPM 2, KDQPM 44, VQL3, KDQPM 47, KDQPM 48 

2 16 
KDQPM 3, KDQPM 5, KDQPM 23, KDQPM 32, KDQPM 34, KDQPM 36, VQL2, CML163, KDQPM 46, KDQPM 

30, KDQPM 39, KDQPM 40, KDQPM 25, KDQPM 29, KDQPM 1, KDQPM 27 

3 1 KDQPM 8 

4 6 KDQPM 35, KDQPM 45, KDQPM 15, KDQPM 19, KDQPM 10, KDQPM 33 

5 1 KDQPM 26 

6 1 KDQPM 4 

7 1 KDQPM 22 

8 1 KDQPM 38 

Table 6.  Distribution of different QPM genotypes into clusters based on D2 statistics 

 

Fig. 2. Distribution of different QPM genotypes into clusters. 

Cluster Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 

1 43.47 95.06 58.08 78.35 127.42 117.67 66.71 245.63 

2   59.26 111.28 122.90 102.00 91.93 142.05 148.97 

3     0.00 74.41 171.15 132.57 70.31 270.51 

4       73.15 226.51 191.40 109.09 341.59 

5         0.00 45.60 165.93 81.00 

6           0.00 162.71 82.25 

7             0.00 321.49 

8               0.00 

Table 7. Average inter-cluster (above diagonal) and intra-cluster (diagonal) D2 values among different maize genotypes 

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

inter-cluster distances and divergence in specific traits to identify 

promising combinations for yield and quality enhancement in 

maize. 

Contribution of different characters towards divergence 

The trait-wise percentage involvement to overall genetic divergence 

(Table 9) depicted that grain yield (q/ha) was the major factor for 

variation (26.21 %), followed by kernel rows cob-1 (16.40 %), cob 

length (11.35 %) and 100-seed weight (9.39 %). Moderate 

contributions were noted for days to 50 % tasseling (7.1 %), days to 

maturity (6.45 %) and number of cobs plant-1 (6.29 %). Minimal 

contributions were reported from shelling percentage (4.49 %), days 

to 50 % silking (3.59 %), plant height (2.78 %), kernels cob-1 (2.17 %), 

protein content (1.96 %) and ear height (1.82 %). 

 Priority should be given to traits that contribute the most to 

Mahalanobis D² values when selecting clusters for further breeding 

and choosing parents for hybridization. In this study, the traits with 

the highest contribution to genetic divergence were the grain yield 

(q/ha), kernel rows cob-1, cob length, 100-grain weight, days to 50 % 

tasseling, days to maturity and number of cobs plant-1. Earlier reports 

also support these findings (41, 42).  

Conclusion  

More than 70 % of the total genetic divergence was accounted to 

yield-contributing traits, highlighting their significance in breeding 

strategies. After evaluating maturity, yield and protein trait 

performance, genotypes KDQPM35, KDQPM48, VQL17, KDQPM46 

and KDQPM33 were distinguished as promising candidates for 

further genetic enhancement. The results thus provide a useful 

genetic base for developing high-yielding, nutritionally improved 

QPM hybrids suited to temperate climates. Future studies should 

focus on multi-location evaluation of these promising lines, 

validation through molecular markers and their use in hybridization 

programs to combine yield and quality traits. In addition, integrating 

climate-resilient and biofortification traits will help develop stable 

QPM hybrids adaptable to changing environmental conditions. 

 

Authors' contributions 

AAL and MWA carried out the experiment, collected observations 

and analysed the data. AAL guided the research by formulating the 

research concept; ZAD and AAL approved the final manuscript. AAL 

participated in the design of the study and performed the statistical 

analysis. BD, S, VMD, AT, AL, DP, SJ1, VDC and SJ2 contributed by 

conducting the experiment and helped to edit, summarise and 

revise the manuscript. All authors read and approved the final 

manuscript (SJ1 stands for Shourabh Joshi and SJ2 stands for Sapna 

Jarial). 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interests 

to declare. 

Ethical issues: None 

 

References 

1. Amanjyoti, Singh J, Sowdhanya D, Rasane P, Singh J, Ercisli S, et al. 
Maize. In: Singh J, Kaur S, Rasane P, Singh J, editors. Cereals and 

nutraceuticals. Singapore: Springer Nature Singapore; 2024. p. 47–80. 
https://doi.org/10.1007/978-981-97-2542-7_3  

Clusters 
Day to    
50 % 

tasseling 

Days to 
50 % 

silking 

Plant 
height 

(cm) 

Ear 
height 

(cm) 

No. of 
cobs 

plant-1 

Cob 
length 

(cm) 

Kernel 
rows 
cob-1 

kernels 
cob-1 

Shelling 
percentage 

Test 
weight 

(g) 

Grain 
yield 

(qha-1) 

Maturity 
days 

Protein 
content 

1 79.88 84.10 135.68 68.75 0.43 15.78 14.03 314.72 75.02 23.32 20.91 148.10 12.46 

2 76.06 80.17 138.60 70.33 0.66 14.23 13.79 261.79 72.31 20.51 22.50 145.58 12.33 

3 79.33 84.33 149.00 74.67 0.40 16.95 18.00 450.00 75.25 18.26 21.88 147.67 13.13 

4 73.22 77.17 142.94 73.89 0.40 16.38 15.44 375.22 77.27 20.91 20.76 141.94 12.14 

5 82.67 86.67 139.00 72.00 0.73 13.05 12.00 124.00 66.77 25.20 15.17 152.67 12.37 

6 79.33 84.00 119.00 59.33 0.40 9.30 12.67 113.60 68.55 18.53 11.58 151.33 12.43 

7 78.33 83.67 145.67 61.67 0.40 15.59 13.33 309.33 75.42 24.25 20.01 145.33 11.83 

8 82.33 86.67 92.33 46.67 1.00 7.87 12.00 120.00 65.80 19.30 15.43 153.00 12.50 

Table 8. Cluster means for morphological and quality component traits in different clusters of maize genotypes 

Traits 
Number of times 
appearing first in 

ranking 

Percent contribution 
towards total 

divergence 

Day to 50 % 
tasseling 7 0.52 

Days to 50 % silking 177 13.09 

Plant height (cm) 154 11.39 

Ear height (cm) 58 4.28 

No. of cobs plant-1 37 1.99 

Cob length (cm) 267 19.75 

Kernel rows cob-1 135 9.99 

Kernels cob-1 74 5.47 

Shelling percentage 51 3.78 

Test weight (g) 43 3.18 

Grain yield (qha-1) 27 22.12 

Days to maturity 299 2.74 

Protein content (%) 23 1.70 

  1352 100.00 

Table 9.  Percentage contribution of individual traits towards total 
divergence in maize (Zea mays L.) 

https://doi.org/10.1007/978-981-97-2542-7_3


AJAZ ET AL  8     

https://plantsciencetoday.online 

2. Sleper AD, Poehlman JM. Breeding field crops. 5th ed. Ames (IA): 

Blackwell Publishing; 2006. p. 277–96. 

3. M’mboyi F, Mugo S, Mwimali M, Ambani L. Maize production and 
improvement in Sub-Saharan Africa. Nairobi: African Biotechnology 
Stakeholders Forum; 2010. p. 34–45. 

4. Flint-Garcia SA, Buckler ES, Tiffin P, Ersoz E, Springer NM. Heterosis 
is prevalent for multiple traits in diverse maize germplasm. PLoS 
One. 2009;4(10):e7433. https://doi.org/10.1371/

journal.pone.0007433 

5. Anonymous. World corn production; 2017. Available from: http://
www.worldcornproduction.com  

6. Anonymous. Jammu and Kashmir Department of Ecology, 
Environment and Remote Sensing; 2016.  

7. Anonymous. United States Department of Agriculture. 2016. 

8. Prasanna BM, Vasal SK, Kassahun B, Singh NN. Quality protein 
maize. Curr Sci. 2001;81:1308–19. 

9. Zhang W, Sangtong V, Peterson J, Scott MP, Messing J. Divergent 

properties of prolamins in wheat and maize. Planta. 2013;237
(6):1465-73. https://doi.org/10.1007/s00425-013-1857-5  

10. Vietmeyer ND. A drama in three long acts: the story behind the story 
of the development of quality-protein maize. Cereal Foods World. 

2000;16:29–32. 

11. Zhang S, Zhan J, Yadegari R. Maize opaque mutants are no longer 
so opaque. Plant Reprod. 2018;31(3):319-26. https://

doi.org/10.1007/s00497-018-0344-3  

12. Nedi G, Alamerew S, Tulu L. Review on quality protein maize 
breeding for Ethiopia. J Biol Agric Health. 2016;6:84-96.  

13. Chand G, Muthusamy V, Zunjare RU, Mishra SJ, Sharma G, Mehta 
BK, et al. Molecular analysis of opaque2 gene governing 
accumulation of lysine and tryptophan in maize endosperm. 

Euphytica. 2024;220(10):155. https://doi.org/10.1007/s10681-024-
03414-2  

14. Kaur R, Kaur G, Vikal Y, Gill GK, Sharma S, Singh J, et al. Genetic 
enhancement of essential amino acids for nutritional enrichment of 
maize protein quality through marker assisted selection. Physiol 

Mol Biol Plants. 2020;26(11):2243-54. https://doi.org/10.1007/
s12298-020-00897-w  

15. Hossain F, Sarika K, Muthusamy V, Zunjare RU, Gupta HS. Quality 
protein maize for nutritional security. In: Reddy MS, Yadav RC, 
Mishra JS, editors. Quality breeding in field  crops. Cham: Springer 

International Publishing; 2019. p. 217–37. https://

doi.org/10.1007/978-3-030-04609-5_11  

16. Kumar R, Singh V, Das AK, Chaudhary DP, Chikkappa GK, Singh A, et 
al. Genetic variation for methionine, tryptophan and lysine in maize 
(Zea mays L.) inbred lines. Indian J Genet Plant Breed. 2025;85(1):87

-94.  

17. Vivek BS, Krivanek AF, Rojas NP, Afriyie ST, Diallo AO. Breeding 
quality protein maize (QPM): protocols for developing QPM 

cultivars. Mexico: CIMMYT; 2008. 

18. Zhang S, Zhan J, Yadegari R. Maize opaque mutants are no longer 
so opaque. Plant Reprod. 2018;31(3):319–26. https://

doi.org/10.1007/s00497-018-0344-3  

19. Al-Jibouri H, Miller PA, Robinson HF. Genotypic and environmental 
variances and covariances in an upland cotton cross of interspecific 

origin. Agron J. 1958;50(10):633–6. https://doi.org/10.2134/
agronj1958.00021962005000100020x 

20. Warner JN. A method for estimating heritability. Agron J. 
1952;44:427–30. 

21. Burton GW. Quantitative inheritance in grasses. In: Proceedings of 
the VI International Grassland Congress; 1952. p. 277–83. 

22. Sivasubramaniam S, Madhava Menon P. Heterosis and inbreeding 

depression in rice. Madras Agric J. 1973;60:1339. 

23. Allard RW. Principles of plant breeding. New York: John Wiley & 

Sons; 1999. p. 485. 

24. Johnson HW, Robinson HF, Comstock RE. Estimates of genetic and 
environmental variability in soybeans. Agron J. 1955;47(7):314–8. 
https://doi.org/10.2134/agronj1955.00021962004700070009x    

25. Rao CR. Advanced statistical methods in biometric research. New 
York: John Wiley & Sons; 1952. p. 357–63. 

26. Singh RK, Chaudhary BD. Biometrical methods in quantitative 
genetic analysis. 2nd ed. New Delhi: Kalyani Publishers; 1981. p. 304. 

https://www.cabidigitallibrary.org/doi/full/10.5555/19801689021  

27. Suresh Handi SH, Sasidharan N, Chakraborty S, Patel JN, Trivedi R, 
Panwar BS, et al. Genetic analysis and character association studies 

for yield and phenotypic characters in maize (Zea mays L.). Int J 
Plant Sci. 2012;7:341–50. 

28. Nayak VH, Singh R, Potla KR. Genetic variability analysis of yield and 
yield-related traits in inbred lines of maize (Zea mays L.). Environ 
Ecol. 2013;31:1669–71. 

29. Gupta SP, Salgotra RK. Variability and correlation studies in Zea mays 
under intermediate zone of Jammu. Environ Ecol. 2004;22:554–57. 

30. Sofi PA, Rather AG. Studies on genetic variability, correlation and 
path analysis in maize (Zea mays L.). Int J Agric Sci. 2007;3:290–3. 

31. Bartaula S, Panthi U, Timilsena K, Acharya SS, Shrestha J. 

Variability, heritability and genetic advance of maize (Zea mays L.) 
genotypes. Res Agric Livest Fish. 2019;6(2):163-69. 

32. Ababulgu D, Shimelis H, Laing M, Amelework B. Phenotypic 

characterization of elite quality protein maize (QPM) inbred lines 
adapted to tropical highlands and the association studies using SSR 

markers. Aust J Crop Sci. 2018;12(1):22-31. 

33. Rafique M, Hussain A, Mahmood T, Alvi AW, Alvi MB. Heritability and 
interrelationships among grain yield and yield components in 

maize (Zea mays L.). Int J Agric Biol. 2004;6(6):1113-14. https://
www.cabidigitallibrary.org/doi/full/10.5555/20053026671  

34. Umakanth AV, Satyanarayana E, Nagesh Kumar MV. Correlation and 

heritability studies in Ashwini maize composite. Annu Agric Res. 
2000;21:328–30. 

35. Sadek SE, Ahmed MA, Abd El-Ghaney HM. Correlation and path 
coefficient analysis in white maize (Zea mays L.) single crosses 

developed in Egypt. J Appl Sci Res. 2006;2(3):159–67. 

36. Singh D, Kumar A, Kumar R, Kushwaha N, Mohanty TA, Kumari P. 
Genetic variability analysis of QPM (Zea mays L.) inbreds using 

morphological characters. Int J Curr Microbiol Appl Sci. 2020;9

(2):328-38. https://doi.org/10.20546/ijcmas.2020.902.042   

37. Tulu BN. Correlation and path coefficients analysis studies among 
yield and yield related traits of quality protein maize (QPM) inbred 
lines. Int J Plant Breed Crop Sci. 2014;1(2):6-17.  

38. Reddy YR, Ravi D, Reddy CR, Prasad KV, Zaidi PH, Vinayan MT, 
Blümmel M. A note on the correlations between maize grain and 
maize stover quantitative and qualitative traits and the implications 

for whole maize plant optimization. Field Crops Res. 2013;153:63-

69. https://doi.org/10.1016/j.fcr.2013.06.013  

39. Begna T, Begna T. Role and economic importance of crop genetic 
diversity in food security. Int J Agric Sci Food Technol. 2021;7(1):164
-69. https://dx.doi.org/10.17352/2455-815X.000104  

40. Miranda GV, Coimbra RR, Godoy CL, Souza LV, Guimarães LJ, Melo 
AV. Potential for breeding and genetic divergence in popcorn 
cultivars. Pesqui Agropecu Bras. 2003;38:681–88. https://

doi.org/10.1590/S0100-204X2003000600003 

41. Khumkar MS, Singh RD. Divergence analysis of elite inbred lines of 
maize (Zea mays L.). Ann Agric Res. 2002;23(4):595–601. 

42. Beyene Y, Botha AM, Myburg AA. A comparative study of molecular 
and morphological methods of describing genetic relationships in 

traditional Ethiopian highland maize. Afr J Biotechnol. 2005;4(7):586

–95. https://doi.org/10.5897/AJB2005.000-3107 

https://plantsciencetoday.online
https://doi.org/10.1371/journal.pone.0007433
https://doi.org/10.1371/journal.pone.0007433
http://www.worldcornproduction.com
http://www.worldcornproduction.com
https://doi.org/10.1007/s00425-013-1857-5
https://doi.org/10.1007/s00497-018-0344-3
https://doi.org/10.1007/s00497-018-0344-3
https://doi.org/10.1007/s10681-024-03414-2
https://doi.org/10.1007/s10681-024-03414-2
https://doi.org/10.1007/s12298-020-00897-w
https://doi.org/10.1007/s12298-020-00897-w
https://doi.org/10.1007/978-3-030-04609-5_11
https://doi.org/10.1007/978-3-030-04609-5_11
https://doi.org/10.1007/s00497-018-0344-3
https://doi.org/10.1007/s00497-018-0344-3
https://doi.org/10.2134/agronj1958.00021962005000100020x
https://doi.org/10.2134/agronj1958.00021962005000100020x
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://www.cabidigitallibrary.org/doi/full/10.5555/19801689021
https://www.cabidigitallibrary.org/doi/full/10.5555/20053026671
https://www.cabidigitallibrary.org/doi/full/10.5555/20053026671
https://doi.org/10.20546/ijcmas.2020.902.042
https://doi.org/10.1016/j.fcr.2013.06.013
https://dx.doi.org/10.17352/2455-815X.000104
https://doi.org/10.1590/S0100-204X2003000600003
https://doi.org/10.1590/S0100-204X2003000600003
https://doi.org/10.5897/AJB2005.000-3107


9 

Plant Science Today, ISSN 2348-1900 (online) 

 Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

 

https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

