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Farmers use seeds with good vigor as they guarantee 

a higher rate of emergence compared to less robust 

varieties to avoid replanting and the resulting delay 

in maturity or lower productivity due to poor plant 

density, caused mainly by their genetic makeup. This 

study investigated seed physiological activity and 

field performance of maize inbred lines and their 

different hybrids (single, double, and three-way 

crosses). Significant differences were detected 

among genotypes for all studied traits under both 

laboratory and field conditions. Inbred line 5012 

exhibited superior performance across multiple traits, 

including speed of germination (4 seeds/day), 

germination percentage 95%, seedling vigor 3702.0, 

root length 29.93 cm, and root fresh weights 3.47 g. 

However, inbred line kr640 surpassed in shoot fresh 

weight 4.296 g and shoot-dry weight 0.99 g. 

Backcross (5012 × 3007) 5012 demonstrated 

superiority in speed of germination 93.33%, seedling 

vigor 3464.67, and specific root length 115.58 cm/g. 

The study identified specific genotype combinations 

that exhibited high germination percentages up to 

93.33% and enhanced root and shoot development. 

Moreover, heterosis analysis revealed both positive 

and negative values for various traits, highlighting 

the potential for trait improvement through 

hybridization. In the field, the backcross (5012 × 

3007) 3007 exhibited the highest yield 7.93 ton/ha-1, 
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indicating its potential for commercial cultivation. 

Biplot provided insights into the grouping and 

correlation patterns among genotypes, facilitating the 

selection of superior parental lines for future 

breeding programs. This study provides valuable 

insights for maize breeders and researchers to 

optimize genotype selection and hybridization 

strategies for trait improvement and crop 

enhancement. 

Keywords: Hybrids, Seedling vigor, Root/shoot ratio, Specific root length, GT 

biplot. 

من الناحية الفسيولوجية والأداء الحقلي لأنواع مختلفة من    تقييم جودة البذور 
     هجن الذرة الصفراء 

  
  ساكار اسعد كاكةرةش

   كلية علوم الهندسة الزراعية –جامعة صلاح الدين 

 

الى:   الزراعية، جامعة  *المراسلة  الهندسة  علوم  كلية  الطبية،  والنباتات  الحقلية  المحاصيل  قسم  كاكةرةش،  اسعد  ساكار 
 .العراق ،صالح الدين، اربيل
 sakar.kakarash@su.edu.krd  البريد الالكتروني:

 الخلاصة

اعلى نسبة من   للحصول على  العالية كونها ضمان  القوة والحيوية  ذات  البذور  استعمال  المزارعون على  يركز 
البذور منخفضة القوة لأن ذلك سيحول دون أعادة الزراعة وما يترتب عليها البزوغ الحقلي أكثر مقارنة باستعمال  

من تأخير في النضج أو انخفاض في الإنتاجية بسبب رداءة الكثافة النباتية والذي يرجع بالأساس الى التركيب 
بالاعتماد على الوراثي للصنف. ومن هنا، أجريت هذه الدراسة لمقارنة تراكيب وراثية مختلفة من الذرة الصفراء  

العشوائية   القطاعات  بتصميم  التجربة  تنفيذ  تم  ومكوناته،  البذور  وحاصل  والمورفولوجية  الفسيولوجية  المؤشرات 
( ايار  RCBDالكاملة  شهر  من  الممتد  الزراعي  الموسم  خلال  مكررات  بثلاثة  ايلول    2020(  .  2021إلى 

اثية لجميع الصفات المدروسة في الظروف المختبرية وجود فروق معنوية بين التراكيب الور   أظهرت النتائج إلى
الفردية   السلالة  أظهرت  )  5012والحقلية.  الانبات  ذلك سرعة  في  بما  متفوقًا عبر عدة صفات،  بذرة/    4أداءً 

الانبات   ونسبة  البادرة  95يوم(،  وقوة  الجذر  %3702.0،  للجذر    29.93، وطول  الطري  والوزن    3.47سم، 
جرام والوزن الجاف للرويشة    4.296في الوزن الطري للرويشة    kr640ت السلالة الفردية  جرام. كذلك، فقد تفوق

0.99  ( الرجعي  الهجين  أظهرت  الانبات    5012(  3007×    5012جرام.  في سرعة  وقوة  93.33تفوقًا   ،%
النوعي  3464.67البادرة   الجذر  تراكيب وراثية معينة تظهر نسب   115.58، وطول  الدراسة  سم/جم. حددت 

% وتحسينًا في تطور الجذور والأجزاء الخضرية. علاوة على ذلك، أظهر تحليل 93.33انبات عالية تصل إلى  

https://orcid.org/0000-0003-3836-0784
mailto:sakar.kakarash@su.edu.krd
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خلال  من  الصفات  لتحسين  الإمكانات  على  الضوء  يسلط  مما  مختلفة،  لصفات  وسلبية  إيجابية  قيمًا  التغاير 
( الرجعي  الهجين  أظهر  الحقلية،  النتائج  اما  حاصل    3007(  3007×    5012التهجين.    7.93أعلى 

طن/هكتار، مما يشير إلى إمكانية زراعتها تجاريًا. قدمت تحليلات الرسم الثنائي حول تجميع التراكيب الوراثية 
وأنماط الارتباط بينها، مما يسهل اختيار السلالات الأبوية المتفوقة لبرامج التربية المستقبلية. تقدم الدراسة رؤى  

تحسين اختيار التراكيب الوراثية الجيدة واستراتيجيات التهجين لتحسين الصفات. أن  قيمة لمربي الذرة والباحثين ل
الوراثي   الهجين  5012التركيب  اظهر  حين  في  الحقلي،  البزوغ  مؤشرات  لمعظم  القيم  أعلى   الرجعي   أظهرت 

( أعلى القيم. هذا يؤكد الى ان التركيب 3007× 5012)  5012والهجين الرجعي    3007 (3007 × 5012)
 . هي المادة الوراثية الأفضل بين التراكيب الوراثية الداخلة 3007 (3007 × 5012)والهجين   5012الوراثي 

     .GTالهجن الذرة الصفراء، قوة البادرات، نسبة الجذر/الساق، طول الجذر النوعي،   كلمات مفتاحية:

Introduction 

Choosing high-quality maize hybrids is essential for increasing yield and quality 

in modern agriculture (18). Significant progress was made in genetic enhancement 

of maize between 1950 and 1990, leading to the release and commercialization of 

several open-pollinated varieties and tropical hybrids (11). Seed quality is a critical 

factor affecting the early performance and productivity of maize crops (8). It is 

influenced by the genetics of inbred lines, its chemical composition, and 

environmental conditions during seed production. The early selection of inbreds 

with high seed quality plays a beneficial role in improving germination and field 

performance (9 and 10). Seed and seedling vigor, important aspects of seed quality, 

significantly impact field establishment and overall crop productivity. Poor seedling 

establishment poses a challenge in the field, and is influenced by seed quality, 

climatic conditions, and field management practices (22). Seed quality encompasses 

various attributes that contribute to maximum germination capacity and the 

production of seedlings with rapid emergence and uniform growth (6). Standardized 

laboratory germination procedures have been criticized for their inability to 

accurately predict field performance, leading to suggestions for using diverse test 

conditions to determine the optimum for each seed lot. Vigor testing, such as 

growth, conductivity, cold test, accelerated aging, and brick grit tests, have been 

developed to predict the field emergence of seed lots (12). Vigorous seeds 

germinate, metabolize, and establish rapidly in the field, indicating their high seed 

vigor (5). To overcome the challenges in seed production of single-cross hybrids, 

breeding programs for tropical regions have developed double crosses, three-way 

crosses, backcrosses, and other methods. These approaches utilize the advantages of 

heterosis in commercial maize seed production, employing high-yield simple 

crosses as the female parent and inbred lines with good performance as the male 

parent and possess excellent general combinatorial ability and high pollen 

production. Evaluating agronomic traits is crucial in assessing hybrids for maize 

seed production (20). Although several studies have estimated seed yield in hybrids 

and their parents, continued assessment of the superiority of new hybrids across 
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different environments and years is essential for the benefit of seed producers (1, 2, 

4 and 16).  

Seed vigor, assessed through germination and vigor tests, including speed of 

germination, seedling emergence, seedling length, and primary root protrusion, plays 

a vital role in evaluating seed physiological potential (13). Seed traits, including seed 

vigor and storage conditions, significantly influence plant growth at the beginning of 

the vegetation period, particularly root morphology, length, weight, and the number 

of root tips and root hairs.  

Root morphology and physiology are affected indirectly by heterosis (8). The 

selection of the root system based on seedling stress tolerance has been supported by 

recent research. Seed and seedling traits provide valuable insights for the evaluation 

of seed and seedling characteristics after hybridization. (1) indicated that the superior 

maize F1 hybrid L1×T2 is recommended for large  scale multi  locational trials prior to 

commercial cultivation in the Kurdistan region.   

Therefore, this research studied seed physiological activity for different inbred 

lines and their hybrids, heterosis for the different hybrids, and biplot analysis to 

determine the relation between the genotypes and traits. 

Materials and Methods 

Four inbred lines were utilized to generate various maize hybrids (single, double, 

and three-way crosses) during the autumn season of 2020 at the Grdarash 

Agronomical Research Station, College of Agricultural Engineering Sciences, 

Salahaddin University-Erbil. The hybridization process resulted in the production of 

eleven hybrids, as illustrated in Table 1. 

Table 1: Sources of Inbred Lines and generated hybrids. 

No. Inbred line and Hybrid Source 

1 3007 Agri_Res_Cen. Baghdad 

2 Kr640 Poland 

3 5012 FAO 

4 MSI4279 FAO 

5 3007 × kr640  

6 (3007× kr640) 30007 

7 (3007 × kr640) Kr640 

8 5012 × 3007 

9 (5012×3007) 3007 

10 (5012×3007) 5012 

11 MSI4279 × kr640 

12 (MSI4279 × kr640) kr640 

13 (MSI4279 × kr640) MSI4279 

14 (3007 × kr640) 5012 

15 (MSI4279× kr640) × (5012×3007) 

During the 2020 autumn season, the seeds of the parents and hybrids were planted 

in plastic pots with a diameter of 30 cm. Five seeds of each genotype were planted in 

each pot. Upon seed germination, the emerged plants were thinned to three plants per 

pot. When the plants reached one month of age, the following seed germination 
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parameters and seedling physiological activities were evaluated using germination 

and vigor tests: standard germination (%), speed germination (first count) (%), 

seedling length (root and shoot) (cm), seedling weight (root and shoot) (dry and wet) 

(g), root/shoot ratio (Root/shoot ratio = root dry weight / shoot dry weight) (23), and 

specific root length - SRL which was calculated using the following equation: (SRL 

cm g-1) = root length in cm / root dry weight in g) (19). 

Field Experiment: In the following autumn of 2021, a comparative experiment was 

conducted under field conditions to evaluate and compare maize hybrids, including 

single crosses, double-crosses, and three-way crosses and their parental lines. The 

experiment followed a complete block design (RCBD). The field trial was conducted 

at the Grdarash Agronomical Research Station, College of Agricultural Engineering 

Sciences, Salahaddin University-Erbil. The specific traits assessed included: date to 

silking, plant height (cm), ear height (cm), ear length (cm), number of rows per ear, 

150 kernel weight (g), total yield (ton ha-1). The heterosis parameter was estimated 

according to (18).  

Heterosis = F1- mean of parents / mean of parents × 100  

The results obtained were subjected to statistical analysis using the analysis of 

variance (ANOVA) method. Mean comparisons were conducted using the Duncan 

multiple test at a significance level of 5%. The statistical analysis and mean 

comparisons were performed using the SAS program (17). In addition, the - XLSTAT 

program was used to show GT biplot analysis. 

Results and Discussion 

The mean values of physiological seedling traits for the 15 genotypes are shown in 

Table 2. Significant differences were observed among all inbred lines and hybrids for 

all the studied traits. The speed of germination was represented by the germination 

percentage at the first count (10). The inbred line 5012 demonstrated higher value for 

the most characters, namely speed germination seed/day, germination (%), seedling 

vigor, root length, root fresh and dry weight (g). while the inbred line kr640 had a 

higher value in the shoot fresh and dry weight (g) aspects. The hybrids had different 

attributes for each studied character. The backcross (5012 × 3007) 5012 surpasseds 

other hybrids for their speed germination seed/day, germination (%), seedling vigor, 

root length, shoot fresh weight (g), and specific root length cm g-1. Reasons for the 

backcross superiority can attributed to its better performance other inbred lines, thus 

improving the hybrid involved. The three-way cross (5012 × 3007) 5012, backcrosses 

(3007 × kr640) kr640 and both inbred line 5012 and kr640, recorded the highest 

speed values of 93.33%, 86.67%, 73.33%, and 73.33%, respectively.  

Most genotypes exhibited high germination percentages, except for the seeds 

resulting from the backcross and (MSI4279 × kr640) kr640 with values of 60% and 

63.33%, respectively. The backcross (5012 × 3007) 5012 recorded longer root length 

value of 25.873 cm. This is due to the inbred line 5012 which recorded the highest 

value of 29.93cm for root length. In contrast, the three-way cross (3007 × kr640) 

5012 and double cross (MSI4279 × kr640) × (5012 × 3007) had shorter root lengths 

of 12.61 and 13.11 cm, respectively. Inbred line 5012 showed high performance in 

most crosses, indicating its potential for increasing root length, particularly in dry 
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land regions. Crossing between the single cross (5012 × 3007) with the inbred line 

obtained the tallest shoot 9.50 cm which was a significant value when compared with 

other genotypes. We noticed the same case with the single cross (3007 × kr640) when 

we crossed with inbred lines 3007 and kr640 which gave the highest shoot length 

values of 8.25, 8.0, and 9.21 cm respectively. Among the inbred lines, 5012 showed 

the highest seedling vigor value at 3702.0, while MSI4279 had a lower value of 

2380.33.  

The highest seedling vigor 3464.67 was for the backcross (5012 × 3007) 5012, 

followed by the single cross (MSI4279 × kr640) at 3149.33, whereas, the lowest 

value was observed in the single cross (5012 × 3007) 1408.67. Significant differences 

were observed in traits of the root fresh and dry weights, with the inbred line 5012 

giving the highest root fresh weight 3.47 g and lowest dry weight 0.39 g which means 

that where an opposite correlation between fresh and dry weight. As for hybrids, the 

single cross (MSI4279 × kr640) and their backcross and three-way cross (3007 × 

kr640) 5012 had the highest root dry weight at value 0.69, 0.66, 0.71, and 0.60 g 

respectively. The backcross (3007 ×kr640) kr640 significantly exceeded other crosses 

in terms of shoot fresh and dry weight, with values of 4.296 g and 0.99 g, 

respectively. This reflects the superiority of the kr640 hybrid over the rest hybrids.    

The backcross (MSI4279 ×kr640) kr640 significantly exceeded other hybrids in 

terms of root shoot ratio, with a value of 2.62, which did not differ from the three-

way cross (3007 × kr640) 5012 that recorded 2.11, for specific root length the lowest 

SRL was demonstrated by the three-way cross (3007 × kr640) 5012 at 21.02 cm g-1, 

followed by the backcross (MSI4279 × kr640) kr640 at 27.20 cm g-1 with the 

backcross (5012 × 3007) 5012 recording the highest value at 115.58 cm g-1. (17) 

obtained that the hybrid seeds have higher germination rate 100%, and the seedlings 

were more vigorous compared to the parents. 
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Table 2: Means of seed physiological quality traits for each genotype. 

Genotypes Speed 

germin

ation 

seed/d

ay 

 

Germi

nation 

% 

Root 

lengt

h 

(cm) 

Shoot 

lengt

h 

(cm) 

Seedling 

vigor 

Shoot 

fresh 

weig

ht 

(gm) 

Root 

fresh 

weig

ht 

(gm) 

Shoot 

dry 

weig

ht 

(gm) 

Root 

dry 

weig

ht 

(gm) 

Root 

shoot 

ratio 

Specifi

c root 

length 

(cm 

gm-1) 

3007 46.67 

b-e 

100.00 

a 

22.22 

bcd 

6.90 

def 

2911.67 

abc 

3.21 

a-e 

1.94 

bcd 

0.83 

abc 

0.35 

bc 

0.93 

cde 

75.36 

a-f 

Kr640 73.33 

abc 

100.00 

a 

18.45 

def 

6.60 

ef 

2505.33 

c-f 

3.90 

abc 

1.63 

cd 

0.92 

ab 

0.24 

bc 

0.26 e 83.85 

abc 

5012 73.33 

abc 

100.00 

a 

29.93 

a 

7.09 

c-f 

3702.00 

a 

3.88 

abc 

3.47 a 0.88   

ab 

0.39 

b 

0.45 e 76.73 

a-f 

MSI4279 60.00 

a-d 

100.00 

a 

14.74 

fg 

9.06 

ab 

2380.33 

c-f 

3.36 

a-e 

1.49 

d 

0.66 

a-e 

0.28 

bc 

0.71 

de 

100.07 

ab 

3007 × kr640 23.33 

de 

76.67 

bcd 

15.68 

efg 

8.25 

a-e 

1835.27 

efg 

3.95 

ab 

2.02 

bcd 

0.87 

ab 

0.28 

bc 

0.33 e 59.18 

b-g 

(3007× kr640) 3007 23.33 

de 

60.00 d 15.25 

efg 

8.00 

a-e 

1408.67 

g 

3.13 

b-e 

2.19 

bcd 

0.73 

a-d 

0.23 

bc 

0.34 e 67.91 

a-g 

(3007 × kr640) Kr640 86.67 

ab 

100.00 

a 

18.83 

c-f 

9.21 

ab 

2804.00 

bcd 

4.29 a 2.51 

bc 

0.99 a 0.30 

bc 

0.30 e 65.73 

a-g 

5012 × 3007 16.67 

de 

63.33 

cd 

14.11 

fg 

6.16 f 1283.60 

g 

2.57 

de 

2.33 

bcd 

0.72 

a-d 

0.17 c 0.25 e 82.71 

a-d 

(5012×3007) 3007 53.33 

a-e 

83.33 

abc 

23.33 

bc 

9.50 a 2785.50 

bcd 

3.56 

a-d 

2.75 

ab 

0.45 

cde 

0.30 

bc 

0.69 

de 

77.66 

a-e 

(5012×3007) 5012 93.33 a 100.00 

a 

25.87 

ab 

8.77 

abc 

3464.67 

ab 

4.30 a 2.36 

bcd 

0.58 

b-e 

0.24 

bc 

0.43 e 115.58 

a 

MSI4279 × kr640 60.00 

a-d 

100.00 

a 

22.83 

bcd 

8.66 

a-d 

3149.33 

abc 

2.95 

b-e 

2.55 

bc 

0.42 

de 

0.69 a 1.66 

a-d 

33.00 

d-g 

(MSI4279 × kr640) 

kr640 

26.67 

de 

100.00 

a 

17.33 

efg 

8.10 

a-e 

2543.33 

c-f 

2.94 

b-e 

2.34 

bcd 

0.34 

de 

0.66 a 2.62 a 27.20 g 

(MSI4279 × kr640) 

MSI4279 

36.67 

cde 

100.00 

a 

19.83 

cde 

6.58 

ef 

2640.67 

cde 

2.81 

cde 

2.50 

bc 

0.37 

de 

0.71 a 1.98 

abc 

27.92 

fg 

(3007 × kr640) 5012 56.67 

a-d 

100.00 

a 

12.61 

g 

7.82 

a-f 

2042.67 

d-g 

2.44 

de 

2.07 

bcd 

0.30 e 0.60 a 2.11 

ab 

21.02 g 

(MSI4279× kr640) × 

(5012×3007) 

10.00 e 86.67 

ab 

13.11 

g 

7.49 

b-f 

1774.07 

fg 

2.40 e 1.48 

d 

0.33 

de 

0.32 

bc 

1.00 

b-e 

41.53 

c-g 

The agronomical character of inbred lines and hybrids are summarized in Table 3, 

which show highly significant differences among the studied traits. For the inbred 

lines, kr640 showed the highest plant and ear heights of 165.8 and 91.07 cm 

respectively, and a higher number of row/ear 18.40 While 5012 recorded 14.67 cm 

for ear length and gave the highest yield 5.24 t. ha-1. For the hybrids, the backcross 

(MSI4279 × Kr640) MSI 4279 requireds more days for silking (54.67 days) 

compared to other hybrids, while three way cross (3007 × Kr640) 5012 and double 

cross (MSI4279 × Kr640) (5012×3007) both required 44.33 days. The single cross 

(5012 ×3007) and (5012 × 3007) 3007 three-way cross had higher plant heights at 

187.9 and 185.55 cm, respectively, and the backcross (5012 ×3007) 3007 had 103.4 

cm for ear height. The three-way cross (3007 × Kr 640) 5012 recorded 37.71 g for 

150 kernel weight and single cross (MSI4279 × Kr640) gave 51.04 g. The highest 

yield/ha-1 was found in the backcross (5012 × 3007) 3007 at 7.93 ton.h-1. This 
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demonstrates that the inbred lines 3007 and 5012 can increase yields for most 

hybrids. 

Table 3: Means of some growth and yield component traits for each genotype. 

Genotypes Silking 

period 

(days) 

Plant 

height 

(cm) 

Ear 

height 

(cm) 

Ear 

length 

(cm) 

No_ of 

rows/ear 

150 kernel 

weight 

Yield t 

ha-1 

3007 53.33 a 160.73 d 81.07 bcd 13.07 f 13.47 

ef 

39.07 bc 3.40 

bc 

Kr 640 48.33 

dc 

165.80 

bcd 

91.07 abc 14.07 

def 

18.40 

ab 

40.89 abc 4.89 

bc 

5012 49.00 

bcd 

164.00 d 81.77 bcd 14.67 

d-f 

17.67 

ab 

36.93 bc 5.24 

abc 

MSI 4279 53.57 

ab 

151.37 d 65.87d e 12.99 f 13.00 

ef 

45.38 abc 2.53 c 

(3007 × Kr 640) 47.00 

ed 

179.67 

abc 

100.20 ab 16.23 

a-e 

16.10 

bcd 

44.86 abc 5.95 

ab 

(3007 × Kr 640) 3007 51.00 

abc 

171.80 

abc 

91.00 abc 15.20 

b-f 

16.13 

bcd 

47.57 ab 4.45 

bc 

(3007 × Kr 640) Kr 

640 

51.67 

abc 

150.90 d 54.37 e 13.60 

ef 

13.20 

ef 

47.06 abc 2.61 c 

(5012 × 3007) 48.00 

dc 

187.90 a 93.03 abc 16.43 

a-e 

15.33 

cde 

43.97 abc 5.73 

ab 

(5012 × 3007) 3007 48.67 

dc 

185.50 ab 103.40 a 16.27 

a-e 

19.17 

a 

39.99 bc 7.93 a 

(5012 × 3007) 5012 53.00 

ab 

163.23 d 81.00 bcd 14.17 

d-f 

14.93 

cde 

45.23 abc 3.87 

bc 

(MSI 4279 × Kr 640) 49.50 

bcd 

180.23 

abc 

88.93 abc 17.10 

abc 

16.83 

bc 

51.04 a 4.91 

bc 

(MSI 4279 × Kr 640) 

Kr 640 

53.00 

ab 

161.43 d 78.20 cd 15.73 

b-f 

13.87 

def 

50.78 a 4.94 

bc 

(MSI 4279 × Kr 640) 

MSI 4279 

54.67 a 146.97 d 62.93 de 18.10 

ab 

12.53 f 46.35 abc 4.63 

bc 

(3007 × Kr 640) 5012 44.33 e 176.15 

abc 

75.62 cd 18.33 a 13.11 

ef 

37.71 bc 4.35 

bc 

(MSI 4279 × Kr 

640)(5012×3007) 

44.33 e 171.30 

abc 

76.00 cd 16.67 

a-d 

12.93 

ef 

44.00 abc 4.03 

bc 

Heterosis values for all crosses are presented in Table 4 where negative and 

positive values were recorded for all studied traits. The highest heterosis for speed 

germination (germination % at first count) was found in the single cross (MSI4279 × 

Kr640) (271.46) followed by back cross (3007 × Kr640) 3007 (99.97) and TC (3007 

× Kr640) 5012 (80.12). Negative heterosis was shown by the backcross (MSI4279 × 

Kr640) Kr640 (-72.96) followed by the backcross (5012 × 3007) 5012 (-60.00). 

These cross combination with negative heterosis decrease in trait values to the lower 

parent.  

For germination traits, the backcross (MSI4279 × Kr640) Kr640 and (5012 × 

3007) 3007 had the lowest values of heterosis at -0.36 and -0.23, respectively. The 

higher heterosis was recorded for backcross (3007 × kr640) 5012 (48.45) followed by 

backcross (3007 × kr640) Kr640 (42.23) for seedling vigour. The negative heterosis 

indicated a decrease in seedling vigour. The backcross (MSI4279 × Kr640) kr640 had 

a higher negative value of heterosis (-53.79) followed backcross (5012 × 3007)5012 

(-32.46).  
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Positive heterosis was recorded for shoot length of the single cross (MSI4279 × 

Kr640) (30.99) followed by three way cross (3007 × Kr640)5012 (19.18). These 

hybrids can be used in the selection program to increase shoot length.  conversely, the 

backcross (MST 4279 × Kr640) Kr640 and the backcross (3007 × Kr 640) Kr640 

recorded highly negative heterosis (-12.91, -17.29) indicating that these hybrids may 

decrease these trait values in the next generation. 

High positive heterosis was found in most crosses, except for four hybrids that 

exhibited negative heterosis for root length (Table 4). The three-way cross (3007 × 

Kr640) 5012 showed the highest positive heterosis value 48.58, followed by the 

backcross (MSI4279 × Kr640) MSI4279 (46.10) and the backcross (3007 × Kr640) 

Kr640 (42.36). The backcross (MSI4279 × Kr640) Kr640 displayed the highest 

negative heterosis value for root length (-27.00). 

Table 4: Heterosis values for seedling physiological quality traits for all 

genotypes. 

Genotypes Speed 

germinati

on (first 
count) 

Germinati

on  

% 

Seedling 

vigour 

Shoot 

length 

(cm) 

Root 

length 

(cm) 

Shoot 

fresh 

weight 
(gm) 

Root fresh 

weight 

(gm) 

Shoot dry 

weight 

(gm) 

Root dry 

weight 

(gm) 

Root 

shoot ratio 

Specific 

root 

length (cm 
gm-1) 

(3007 × 

Kr640) 

47.36 0 19.48 -6.02 19.47 11.84 -20.24 134.60 -48.46 -59.70 173.43 

(3007 × 
Kr640) 

3007 

99.97 0 -6.71 -17.29 -6.68 120.11 -23.65 56.30 -53.35 -84.96 63.51 

(3007 × 
Kr640) 

Kr640 

75.97 0 42.23 5.20 42.36 82.64 56.20 45.75 -25.98 -68.84 48.56 

(5012 × 

3007) 

43.98 0 -1.45 13.81 -1.53 25.20 -32.60 113.33 -11.41 -70.12 75.90 

(5012 × 

3007) 

3007 

-46.15 -0.23 -25.11 -4.89 -2.23 25.53 5.59 74.00 -48.07 -80.76 29.90 

(5012 × 
3007) 

5012 

-60.00 -0.4 -32.64 -6.26 11.55 8.07 23.17 52.08 -67.35 -85.59 296.85 

(MSI4279 
× Kr640) 

271.46 0.07 21.16 30.99 14.34 64.80 26.13 181.71 -42.52 -79.65 89.26 

(MSI4279 

× Kr640) 

Kr640 

-72.96 -0.36 -53.79 -21.91 -27.00 -28.12 -6.98 16.41 -74.95 -82.23 197.03 

(MSI4279 

× Kr640) 

MSI4279 

10.33 -0.16 32.43 13.67 46.10 6.58 37.34 -15.53 3.06 5.70 44.80 

(3007 × 

Kr640) 

5012 

80.62 0 48.45 19.18 48.58 10.01 18 2.85 -40.57 -17.95 139.84 

(MSI4279 
× Kr640)× 

(5012×30

07) 

-18.17 0 35.79 -5.16 36.01 -22.89 27.81 -24.05 141.25 229.36 -60.19 

The heterosis of some agronomical characters and yield components of hybrids is 

showen in Table 5. The negative heterosis for silking period means early hybrids 

which need less days to silking. The three way cross (3007 × Kr640) 5012 was the 

earlier hybrid (-8.8), while positive heterosis was found in the backcross (5012 × 

3007) 5012 at 8.71. the backcross (5012 × 3007) 3007 exceeded other hybrids for 

plant and ear heights, number of row/ear and grain yield. Further, the double cross 

(MSI4279 × Kr640) × (5012 × 3007) hybrid gave a negative heterosis for six out of 

seven studied characters. The negative and positive heterosis show the high 

combination among the inbred line, which provided the opportunity to make the 
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selection for different characters, high yield, early or late hybrids according the 

combining ability of some inbred lines.   

Table 5: values of heterosis for yield and components. 

Genotypes Silking 

period 

(days) 

Plant 

height 

(cm) 

Ear 

height 

(cm) 

Ear 

length 

(cm) 

Number 

of row/ear 

150 

kernel 

weight 

Yield 

t.ha-1 

(3007 × 

Kr640) 

7.66 11.65 12.13 19.69 1.06 6.30 17.39 

(3007 × 

Kr640) 3007 

1.49 3.33 2.50 3.82 9.15 16.65 7.50 

(3007 × 

Kr640) 

Kr640 

8.07 -6.27 -42.03 -10.17 -23.47 12.90 -46.40 

(5012 × 

3007) 

-6.79 3.41 14.27 18.54 -1.47 15.73 32.63 

(5012 × 

3007) 3007 

-5.41 17.80 18.79 10.31 33.19 -3.66 73.90 

(5012 × 

3007) 5012 

8.71 -0.65 -7.31 -8.88 -9.46 11.81 -29.56 

(MSI4279 × 

Kr640) 

-2.75 4.52 13.34 26.47 7.19 18.33 32.07 

(MSI4279 × 

Kr640) 

Kr640 

8.38 -13.78 -13.10 0.96 -21.29 10.48 2.04 

(MSI4279 × 

Kr640) 

MSI4279 

5.82 -9.62 -18.68 20.34 -15.96 -3.87 24.79 

(3007 × 

Kr640) 5012 

-8.80 4.69 -15.15 18.71 -22.33 -5.06 -14.03 

(MSI4279 × 

Kr640) × 

(5012×3007) 

-9.74 -1.66 18.77 -0.53 -19.58 -7.36 -24.10 

Biplot analysis used to compare the inbred lines based on multiple traits to classify 

inbred lines that are good in positive aspects. The relative performance of each inbred 

line and hybrids were compared simply by the length of their projections on the 

vector of a specific variable. The inbred lines and their hybrids were classified into 

four different groups based on seed and seedling physiological activity. Inbred lines 

and hybrids in Group 1 (TZS, FZO, BC2, and BC4) were found to have speed 

germination, SG- germination (%), seedling vigor, shoot length, root length, shoot 

fresh weight, and root fresh weight. Inbred lines and hybrids in Group 2 were found 

to have root/shoot and root dry-weight. Inbred lines and hybrids in Group 3 did not 

share any of the measurements. Inbred lines and hybrids in Group 4 revealed high 

shoot dry weight and specific root length. In the biplot, the approximate correlation 

coefficient is the cosine of the angle between any two or more trait vectors. Acute 

angles of less than 90° indicate a positive correlation, obtuse angles exceeding 90° 

indicate a negative correlation, and right angles, which are equal to 90° indicate no 

correlation. The trait might not be correlated with other traits if the vector is small 

(14). This demonstrates that the inbred lines and hybrids belong to different heterotic 

groups. It is suggested that the inbred lines selected from these different heterotic 

groups be utilized as parents in crosses for producing new corn hybrid varieties 

having good or bad traits. 
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Figure 1: Principal component analysis (PCA)-biplot of 15 maize inbred lines 

and their hybridizations based on the variance in 11 seed and seedling morpho-

physiological traits Bar plots (B) with variations above represent the 

contribution of each PC to the total variation. 

Figure 1 Principal component analysis (PCA)-biplot of 15 maize inbred lines and 

their hybridizations based on the variance in 11 seed and seedling morpho-

physiological traits Bar plots (B) with variations above represent the contribution of 

each PC to the total variation. Red dashed lines (C, D) in the bar plots denote 

reference lines, and the variable bars above the reference lines are considered most 

important in contributing to the PC1 and PC2.  Speed germination, SG- % 

germination, GP- seedling vigor, SV- shoot length, PL- root length, RL- shoot fresh 

weight, FWP- root fresh weight, FWR- shoot dry weight, DWP- root dry weight, 

DWR- root/shoot, RS- SRL, SRL.   3007, TZS:  Kr640, KRS- 5012, FZO- MSI4279, 

MSI- 3007 × kr640, SC1- (3007× kr640) 30007, BC1- (3007 × kr640) Kr640, BC2- 

5012 × 3007, SC2- (5012×3007) 3007, BC3- (5012×3007) 5012, BC4- MSI4279 × 

kr640, SC3- (MSI4279 × kr640) kr640, BC5- (MSI4279 × kr640) MSI4279, BC6- 

(3007 × kr640) 5012, BC7- (MSI4279× kr640) × (5012×3007), DC. 

Principal component analysis (PCA) was performed on a dataset consisting of 4 

maize inbred lines and 11 different hybridizations to determine any potential 

correlations existing between the measured characteristics in this study (Figure 2). 

PC1 and PC2 were projected based on the first two principal components obtained 

from the correlations between traits and inbred lines and their hybrids. As the first 

two PCs accounted for the highest proportion of variance (65.55%), the PCA-biplot 

was produced with PC1 (49.27%) and PC2 (16.28%). The results of the biplot show 

all characteristics except El (ear length) clustered in the leftmost region and rightmost 

part of the biplot. All the inbred lines and their hybrids except FZO, DC, and BC7 

gathered into two groups in the rightmost area (under normal conditions). Similar 

results were shown by (14 and 15) The singular value decomposition biplot analysis 

confirmed the findings by grouping the inbred lines into five main categories based 

on their agronomic traits. 
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Figure 2: principal component analysis (PCA)-biplot of 15 maize inbred lines 

and their hybridizations based on the variance in 7 field morpho-physiological 

traits. 

Figure 2 principal component analysis (PCA)-biplot of 15 maize inbred lines and 

their hybridizations based on the variance in 7 field morpho-physiological traits. (B) 

Bar plots with% variation above represent the contribution of each PC to the total 

variation. (C, D) Red dashed lines in the bar plots denote reference lines. The variable 

bars above the reference lines are considered most important in contributing to the 

PC1 and PC2. flowering plant length (day), FPL- plant height(cm), PH- ear height 

(cm), EH- ear length (cm), EL- number row, NR- 150 weight (g), SW- Yield(t.ha-1) 

,YD. 3007,TZS-  Kr640,KRS:  5012,FZO:  MSI4279,MSI- 3007 × kr640, SC1- 

(3007× kr640) 30007, BC1- (3007 × kr640) Kr640, BC2- 5012 × 3007,SC2- 

(5012×3007) 3007, BC3- (5012×3007) 5012, BC4- MSI4279 × kr640, SC3- 

(MSI4279 × kr640) kr640, BC5- (MSI4279 × kr640) MSI4279, BC6- (3007 × kr640) 

5012, BC7- (MSI4279× kr640) × (5012×3007) DC. 

Conclusions 

 Significant variations were seen in seed physiological activities and field 

performance for 15 genotypes. Inbred line 5012 was selected as a genotype for 

enhancing seedling vigor and root development, while kr640 exhibited good shoot 

characteristics. Among the hybrids produced, backcross (5012 × 3007) 5012 

demonstrated robust performance in multiple traits, underscoring the importance of 

parental selection in hybrid breeding. Heterosis analysis revealed both positive and 

negative values among the hybrids, indicating the potential for trait improvement 

through hybridization. In the field, specific hybrids, such as backcross (5012 × 3007) 

3007, exhibited high yield potential, providing valuable insights for commercial 

cultivation. Biplot analysis were represented by four different groups among 

genotypes and traits for both lab and field experiments. The result indicate the 

superiority of parental lines for future breeding efforts aimed at developing high-

yielding and resilient maize varieties. Overall, the study provides valuable insights 
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for maize breeders and researchers to optimize genotype selection and hybridization 

strategies for trait improvement and crop enhancement. 
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