
 
INHERITANCE OF PHYTIC ACID AND OTHER AGRONOMIC 

TRAITS IN BREAD WHEAT 
 
 

BY 
 
 

IJAZ AHMAD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DEPARTMENT OF PLANT BREEDING AND GENETICS 
FACULTY OF CROP PRODUCTION SCIENCES 

KHYBER PAKHTUNKHWA AGRICULTURAL UNIVERSITY 
PESHAWAR, PAKISTAN 

OCTOBER, 2011  



INHERITANCE OF PHYTIC ACID AND OTHER AGRONOMIC 
TRAITS IN BREAD WHEAT  

 
BY 

 
IJAZ AHMAD 

 
A dissertation submitted to the Khyber Pakhtunkhwa Agricultural University, Peshawar 

in partial fulfillment of the requirement for the degree of 
 

DOCTOR OF PHILOSOPHY IN AGRICULTURE 
(PLANT BREEDING AND GENETICS) 

 
Approved by: 
 
___________________________    Chairman Supervisory Committee 
Prof Dr. Fida Mohammad   

 
__________________________   Co-supervisor for Research 
Dr. Aurang Zeb   
Principal Scientist 
Nuclear Institute for Food and Agriculture 
 
____________________________    Member 
Prof. Dr. Hidayat-Ur- Rahman 
    
____________________________    Member 
Prof. Dr. Abdur Rab   
Deptt of Horticulture   
  
__________________________                       Chairman/Convener  
Prof. Dr. Fida Mohammad     Board of Studies  
           
 _____________________________    Dean  
Prof. Dr. Zahoor A. Swati    Faculty of Crop Production Sciences 

 
_______________________________  Director  
Prof. Dr. Farhatullah                Advanced Studies & Research 
          

 
DEPARTMENT OF PLANT BREEDING AND GENETICS 

FACULTY OF CROP PRODUCTION SCIENCES 
KHYBER PAKHTUNKHWA AGRICULTURAL UNIVERSITY 

PESHAWAR - PAKISTAN 
OCTOBER, 2011  

 



 
 
 

INHERITANCE OF PHYTIC ACID AND OTHER 
AGRONOMIC TRAITS IN BREAD WHEAT 

 
 

BY 
 
 

IJAZ AHMAD 
 
 
 
 
 
DISSERTATION APPROVED BY: 
 
 
 
 
 
 
 
 
 
 
EXTERNAL EXAMINER:  _____________________________ 

  Prof. Dr. Ze Pu Zhang 
  National Feed Quality Control Center 
  Chinese Academy of Agriculture Sciences 
  Beijing 100081 China  

 
 
 



 
 
 

INHERITANCE OF PHYTIC ACID AND OTHER 
AGRONOMIC TRAITS IN BREAD WHEAT 

 
 

BY 
 
 

IJAZ AHMAD 
 
 
 
 
 
DISSERTATION APPROVED BY: 
 
 
 
 
 
 
 
 
 
 
EXTERNAL EXAMINER:  _____________________________ 

      Prof. Dr. Kevan Mc Phee 
                                         Grain Legume Geneticist and  
                              Physiology Research 

       North Dakota State University (USA)  
 
 
 
 
 



ACKNOWLEDGEMENTS 
 

All glories are to Allah, Almighty, the Beneficial, and the most Merciful, Who 
enabled me to complete this project. 

I wish to express my thanks and appreciations to the followings: 

Prof. Dr. Fida Mohammad, Chairman Department of Plant Breeding and Genetics, 
Khyber Pakhtunkhwa, Agricultural University, Peshawar (AUP), the major supervisor 
under whose guidance, the project was planned and completed. He gave me useful 

and timely suggestions during the course of study.  

I am grateful to Prof. Dr. Zahoor Ahmad Swati, Dean Faculty of Crop 
production Sciences, Khyber Pakhtunkhwa, AUP, for their cooperation and assistance 
during the study. 

Cordial thanks are extended to Higher Education Commission (HEC) of Pakistan 
for the financial support of my study under the scheme of Indigenous Scholarship 
Project coordinator especially Ms. Saima Nurin sahiba and all members of the project 
respond timely and extended their financial support for my study. I couldn’t found 
words to express my thanks and feelings for HEC for its endeavors for the promotion 

of Higher Education in Pakistan. 

Cordial thanks are extended to Prof. Dr. Farhatullah Director Advanced 
Studies and Research and Director Teaching of Khyber Pakhtunkhwa Agricultural 
University Peshawar, for his support for my Japan study visit under the HEC funded 
project and also in finalizing of my project in each and every stage. 

I am grateful to Dr. Aurangzeb, Principal Scientist in Nuclear Institute of Food 
and Agriculture (NIFA), co-supervisor of my supervisory committee, for his thorough 

supervision and monitoring of my laboratory work.   

I wish gratitude to Prof. Dr. Hidayat-ur-Rehman, Department of Plant 
Breeding and Genetics, Khyber Pakhtunkhwa, AUP, member of my supervisory 

committee, for his thorough check up, supervision and monitoring of my field work. 

I am thankful to Prof. Dr. Abdur Rab, Chairman Department of Horticulture, 
Khyber Pakhtunkhwa, AUP, member of my supervisory committee, who extended me 

step-wise guidance and thoroughly monitored my work.  



I wish gratitude to Prof. Dr. Kevan Mc Phee Grain legume Geneticst of USA 
and Prof. Dr, Ze Pu Zhang of PR China for their through evaluation of my dissertation 
and their inputs and improvements.  

I am also thankful to Prof.Dr. Naqib Ullah Khan, Prof. Dr. Iftikhar Hussain 
Khalil, Prof.Dr. Razi Ud Din and all faculty members of PBG Department for their 

support and encouragement during my study.   

I am very thankful to Nabi Ullah, Nazif Ur Raman, Muhmmad Shaheen, 
Zamin Khan and Waheed khan of PBG department for their support and cooperation 
all the times during the study.  

Cordial thanks are to my friends Mansoor Iqbal, Shah Nawaz, Muhammad 
Fayaz, Arshad Iqbal, Ali Muhammad, Dr. Sultan Akbar Jadoon, Tariq Ahmad, 
Taimur Ahmad, Dr. Laiq Khan, Kalsoom (NIFA), Muhammad Saleem, for their 

valuable suggestions. 

Heartful thanks are extended to my Parents, Wife, brothers, sisters and all my family 
members for their support and prayers which was the main source of inspiration and 

encouragement for me 

          
         (Ijaz Ahmad) 

 



 

DEDICATION 
 
 

Dedicated to my PARENTS 
(Mother and late father), Elder 
brother Wilayat Shah and to my 

beloved Wife                   

 

                          IJAZ AHMAD 

 
 
 
  

 



 i

Table of Contents 
_______________________________________________ 
Contents               Page 
 
List of Tables                                                                                         ii 

List of Figures                                                                                              iv 

Abstract               v 

1. Introduction                        1 

2. Review of literature                                          5
     

i. Phytic acid                      5 

ii. Gene action and agronomic traits                                   19 

3.  Materials and methods                    31 

4. Results and discussions                    44 

iii. Analysis of variance                   44
  

iv. Diallel analysis                    52 

5. Summary                      99 

6. Literature cited                    102 

  
 
 
 



 ii

LIST OF TABLES 

No.  Description  Page No. 

1 Phytic acid concentrations in parental genotypes of bread wheat……………..… 32 

2 F1 hybrids developed and used in the experiment………………………………. 37 

3 Mean squares table for all traits ………………………………………….……… 48 

4 Means, grand mean, progeny mean and LSD for days to heading, flag leaf area 
(cm2), grain filling duration and plant height (cm)……………………………….

49 

   5 Means, grand mean, progeny mean and LSD for plant maturity, tillers plant-1, 
spike length (cm), spikelets spike-1 and grains spike-1………………………… 

50 

6 Means, grand mean, progeny mean and LSD for 1000-grain weight (g), 
biological yield (kg ha-1), grain yield (kg ha-1), harvest index and phytic acid  

51 

7 Scaling tests of the additive-dominance model for phytic acid and other 
agronomic traits in a 5 × 5 diallel of F1 wheat crosses during 2007-08 ………… 

72 

8 Means squares and degrees of freedom for the analysis of variance of 5 × 5 
diallel crosses for days to heading……………………………………………….. 

73 

9 Estimation of genetic components of variation for days to heading…………….. 73 

10 Means squares and degrees of freedom for the analysis of variance of 5 × 5 
diallel crosses for flag leaf area (cm2)……………………………………....  

74 

11 Estimation of genetic components of variation for flag leaf area (cm2)…………. 74 

12 Means squares and degrees of freedom for the analysis of variance of 5 × 5 
diallel crosses for grain filling duration…………………………………………..

75 

13 Estimation of genetic components of variation for grain filling duration……….. 75 

14 Means squares and degrees of freedom for the analysis of variance of 5 × 5 
diallel crosses for plant height (cm)……………………………………………... 

76 

15 Estimation of genetic components of variation for plant height (cm)…………… 76 

16 Means squares and degrees of freedom for the analysis of variance of 5 × 5 
diallel crosses for grains spike-1……………………………………..................... 

77 

17 Estimation of genetic components of variation for grains spike-1……………….. 77 

18 Means squares and degrees of freedom for the analysis of variance of 5 × 5     
diallel crosses for 1000-grain weight……………………………………………. 

78 

19 Estimation of genetic components of variation for 1000-grain weight…………..   78 

20 Means squares and degrees of freedom for the analysis of variance of 5 × 5 79 



 iii

 diallel crosses for tillers plant-1…………………………………………………..

21 Estimation of genetic components of variation for tillers plant-1………………... 79 

22 Means squares and degrees of freedom for the analysis of variance of 5 × 5  

diallel crosses for spikelets spike-1………………………………………………. 

80 

23 Estimation of genetic components of variation for spikelets spike-1…………….. 80 

24 Means squares and degrees of freedom for the analysis of variance of 5 × 5  

 diallel crosses for spike length (cm)…………………………………………….. 

81 

25 Estimation of genetic components of variation for spike length (cm)…………... 81 

26 Means squares and degrees of freedom for the analysis of variance of 5 × 5  

diallel crosses for biological yield (kg ha-1)……………………………………... 

82 

27 Estimation of genetic components of variation for biological yield (kg ha-1)…… 82 

28 Means squares and degrees of freedom for the analysis of variance of 5 × 5  

diallel crosses for grain yield (kg ha-1)…………………………………………... 

83 

29 Estimation of genetic components of variation for grain yield (kg ha-1)………… 83 

30 Means squares and degrees of freedom for the analysis of variance of 5 × 5 
diallel crosses for harvest index ….……………………………………................

84 

31 Estimation of genetic components of variation for harvest index ………………. 84 

32 Means squares and degrees of freedom for the analysis of variance of 5 × 5           
diallel crosses for phytic acid……………………………………………………. 

85 

33 Estimation of genetic components of variation for phytic acid………………….. 85 

  
                                                       



 iv

LIST OF FIGURES 

Figure                                   Description Page No. 

1(a) Vr/Wr graph for days to heading…………………………   86 

1(b) Vr + Wr/Pr graph for days to heading…………………… 86 

2(a) Vr/Wr graph for flag leaf area (cm2) …………………… 87 

2(b) Vr + Wr/Pr graph for flag leaf area (cm2) ……………… 87 

3(a) Vr/Wr graph for grain filling duration…………………… 88 

3(b) Vr + Wr/Pr graph for grain filling duration……………… 88 

4(a) Vr/Wr graph for plant height (cm) ……………………… 89 

4(b) Vr + Wr/Pr graph for plant height (cm) ………………… 89 

5(a) Vr/Wr graph for grains spike-1…………………………… 90 

5(b) Vr + Wr/Pr graph for grains spike-1……………………… 90 

6(a) Vr/Wr graph for 1000-grain weight (g) ………………… 91 

6(b) Vr + Wr/Pr graph for 1000-grain weight (g) …………… 91 

7(a) Vr/Wr graph for tillers plant-1…………………………… 92 

7(b) Vr + Wr/Pr graph for tillers plant-1……………………… 92 

8(a) Vr/Wr graph for spikelets spike-1………………………… 93 

8(b) Vr + Wr/Pr graph for spikelets spike-1…………………… 93 

9(a) Vr/Wr graph for spike length (cm) ……………………… 94 

9(b) Vr + Wr/Pr graph for spike length (cm) ………………… 94 

10(a) Vr/Wr graph for biological yield (kg ha-1) ……………… 95 

10(b) Vr + Wr/Pr graph for biological yield (kg ha-1) ………… 95 

11(a) Vr/Wr graph for grain yield (kg ha-1) …………………… 96 

11(b) Vr + Wr/Pr graph for grain yield (kg ha-1) ……………… 96 

12(a) Vr/Wr graph for harvest index ………………………… 97 

12(b) Vr + Wr/Pr graph for harvest index …………………… 97 

13(a) Vr/Wr graph for harvest phytic acid…………………… 98 

13(b) Vr + Wr/Pr graph for phytic acid………………………… 98 



 v

 
 

INHERITANCE OF PHYTIC ACID AND OTHER AGRONOMIC 
TRAITS IN BREAD WHEAT 

 
Ijaz Ahmad and Fida Mohammad 

   Department of Plant Breeding and Genetics,  
Faculty of Crop Production Sciences 
 Khyber Pakhtunkhwa Agricultural 

 University, Peshawar-Pakistan. 
October, 2011 

ABSTRACT 

Phytic acid (Myo-inositol 1, 2, 3, 4, 5, 6 hexa-kisphophate) is a storage form of 
phosphorus and can accumulate to levels as high as 35% in the wheat kernel. Phytic acid 
acts as an anti-nutritional macromolecule (anti-nutrient) in the wheat kernel. Due to its 
inhibitory role, a high concentration of phytic acid is undesirable as it hinders the 
bioavailability of some essential nutrients such as Fe, Mg, Ca, Zn and Cu, etc. To see the 
inheritance of phytic acid in wheat, phytic acid concentration was initially determined in 
kernels of 10 wheat genotypes to identify two contrasting genetic groups for diallel 
analysis. Based on pre-screening results of 10 wheat genotypes, five wheat genotypes (3 
with high and 2 with low phytic acid concentration) were crossed in all possible 
combinations during 2007-08 to generate a 5 × 5 full diallel set for studying the inheritance 
of phytic acid and other agronomic traits. All 20 F1 hybrids and five parental genotypes 
were planted using a completely randomized block design with 3 replications during 2008-
09 at Khyber Pakhtunkhwa Agricultural University, Peshawar. Variance analysis for all 
traits revealed significant differences, providing justification for diallel analysis. According 
to Hotelling’s t2 test and regression analysis, the model of additive-dominance was 
adequate for phytic acid, plant height, flag leaf area, tillers plant-1, grains spike-1, biological 
yield; partially adequate for days to heading, grain filling duration, spikelets spike-1,1000-
grain weight, grain yield, harvest index and inadequate for plant maturity. Values of D 
greater than H1 and H2 for flag leaf area and plant height indicated their additive nature, 
whereas values of D less than H1 and H2 for grain filling duration, grains spike-1, 1000-
grain weight, tillers plant-1, spike length, biological yield, grain yield, harvest index and 
phytic acid concentration accounted for non-additive control of these traits. The same 
results were confirmed by average degree of dominance calculations. The narrow and 
broad sense heritability estimates varied widely among traits - days to heading (0.07, 
0.32), flag leaf area (0.31, 0.55), grain filling duration (0.24, 0.91), plant height (0.12, 
0.28), spike length (0.17, 0.62), spikelets spike-1 (0.35, 0.74),  tillers plant-1 (0.05, 0.52), 
grains spike-1 (0.05, 0.68), 1000-grain weight (0.25, 0.68), biological yield (0.10, 0.89), 
grain yield (0.13, 0.98), harvest index (0.09, 0.64) and phytic acid concentration (0.01, 
0.86). The values for phytic acid concentration ranged from 0.56 to 3.43% among F1 
hybrids and 1.06 to 3.67% for parental genotypes. The following F1 hybrids, Ps-2005 × 
Ghaznavi (0.56%), AUP-4006 × Ps-2004 (0.74%), Janbaz × Ps-2004 (0.89%) and Janbaz 
× Ps-2005 (1.01%), had the lowest concentration of phytic acid. This research confirms 
that F1 hybrids with low phytic acid concentration could yield desirable segregants. 

Key words: wheat, phytic acid, diallel analysis, inheritance, heritability 
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I. INTRODUCTION 

 Wheat (Triticum aestivum L.) belongs to family Poaceae (Gramineae) of monocots 

and is one of the most important food crops covering two-thirds of the acreage of cereals 

in the world. It ranks first in terms of production and consumption in Pakistan and is one 

of the most abundant sources of carbohydrates. Wheat acts as an important food crop for 

the people of Pakistan and serves as a real backbone in the economy of the country. 

Although the total production of wheat in Pakistan has increased many fold over the past 

few decades and we have touched the level of self sufficiency in the recent past, yet we 

need to produce more wheat for export to earn foreign exchange. For export, we need to 

concentrate on nutritional quality of wheat grain in order to compete in the international 

market.  

 Phytate compound mainly stores phosphorus and thought to badly influence the 

bioavailability of certain necessary micronutrients such as Fe, Ca, Mn, Zn, Mg, Cu, etc. 

Therefore, we need to concentrate on improving the nutritional value of our wheat grains. 

   Phytic acid (Myo-inositol1, 2, 3, 4, 5, 6, hexa-kisphosphate) is a constituent of 

cereal grain and is abundantly located in the bran. Human nutrition which contained 

maximum phytate can extensively reduce the absorption of Fe from the flour (Brune et al, 

1992). The interaction of phytic acid with protein, vitamins and minerals are important 

factors which limit the nutritive value of wheat. Phytic acid forms complexes with divalent 

(Ca+2, Mg+2) and trivalent (Fe+3) metallic ions, which are not absorbed from the 

gastrointestinal tract and decrease the bioavailability of these elements leading to 

nutritional deficiency diseases (Walter et al., 2002). Higher temperature and longer 

fermentation period can decrease phytic acid contents tremendously (Bhatia and 

Khetarpaul, 2002). Sour dough fermentation leads improved Mg and P solubility by 

decreasing phytic acid through acidification (Lopez et al., 2001). Hydrothermal processes 

can significantly degrade phytic acid (Bergman et al., 2001). Phytase enzyme with added 

ascorbic acid and citric acid improves phytic acid degradation and improves Fe 

bioavailability (Porres et al., 2001). Iron deficiency causes anemia which results due to 

poor intake of diet and mal-absorption of nutrients (Souza, 1995). High phytic acid of diet 

is directly linked with Zn deficiency (Linnerdal, 2000).  
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The mal-absorption of micronutrients is mainly due to the presence of phytic acid 

in the diet, which reduces their bioavailability. It has been clearly demonstrated that wheat 

varieties differ in phytic acid accumulation. Maximum concentration of negatively 

charged phosphate faction, phytate makes extremely firm compounds with mineral ions 

exposed them unavailable for gastral absorption. In fact, the initial pace in mineral 

uptake needs that the mineral residue in the ionic status. Due to increase in phytate 

concentration of the diet, gastral intake of Zn, Fe and Ca lessened.  

Phytate is constantly there in vegetal medium made up of fiber, minerals, trace 

elements and other phyto-micronutrients (Walter et al, 2002). Phytic acid contents can 

be decreased by fortification which changed oxidation state of Fe (Rehman et al., 

2006). Phytate contents are negatively interrelated with Ca, Mg, Zn, Mn and Fe 

contents (Saneoka et al., 2006). Phytic acid is the main source of phosphorus in cereal 

grains and in bakery products (Reale et al., 2004). Phosphorus mainly stores in the form 

of phytic acid in seed and has a profound effect on the seed used as a food commodity. 

Absorption of trace elements and minerals is highly inhibited due to inhibitory effect of 

phtic acid being present in the seeds of legumes and cereal grains.  

Wide number of grains and seeds of various crops were used for the study of 

phytase activity increase and at the same time soaking and germination were also used 

for decreasing phytic acid content. Phytase activity increased 3 to 5 times by 

germination process the seeds of some leguminous and grains of cereal crops. Majority 

of the studied samples had no effect phytic acid content. Seeds buckwheat, triticale, rye 

and barley with zero testing were found with maximum phytase activity (Szkudelski, 

2005) 

 Total phosphorus quantity in plants increases with increase in plant desiccated 

mass (Sanoka, 2006). The kernel phosphorus concentration increases dramatically from 

stamens development, which is responsible for 35% allocation of phosphorus in grains 

in comparison of total phosphorus complete ripeness. Phytate contents are 

unenthusiastically connected by Ca, Mg, Zn, Mn and Fe stuffing in seeds, though the 

full amount phosphorus concentration in the seed is positively correlated. Human 

subject who are susceptible for glutein can used bread of rice as good substitute for 

bread made of wheat but it can decrease bioavailability of minerals due to incorporation of 

phytic acid which is antinutrtional factor (Kadan and Phillippy, 2007). 
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Transmission of genetic parameter under consideration to the coming progenies 

and selection of desirable progeny can be provided by the information of heritability 

estimates. Breeders used heritability estimates as an important tool in order to predict 

breeding materials for their genetic potential and to identify valuable and promising 

combinations. These approaches were used for the determination of efficient selective 

methods after the hybridization of good progenies. Higher genetic improvement and 

easy and short period of selection is possible when estimated heritability is higher 

(Allard, 1960). 

 A diallel mating scheme was used for the mode of inheritance study. This 

scheme has been an important tool for genetic analyses and used all over the world by 

plant breeders. Researchers (Griffing (1956), Hayman (1954) and Mather and Jinks 

(1977) planned trials to investigate lines from all feasible crosses. The method 

comprised of diallel analysis of variance, calculations of genetic items of deviation, Vr, 

Wr (variance, covariance) graph and Vr + Wr/ Pr (variance + covariance/ parents) 

graph. Diallel analysis of variance and estimation of genetic components are concerned 

with the presence or absence and amount of additive, dominant, non-allelic, maternal 

and reciprocal gene effects. Vr, Wr graph explains variation of parents for the trait, 

parents with dominant genes and recessive genes for the trait and explains whether the 

trait is under the control of dominant or recessive genes. The Vr + Wr/Pr graph explains 

diversity.  

Identification of wheat with relatively low phytic acid would be a step towards 

development of wheat cultivars with low phytic acid. Keeping in view the importance of 

phytic acid as a potent inhibitor for the bioavailability of micronutrients viz. Fe, Ca, 

Mn, Zn, Mg, Cu, etc., as well as macronutrients to gastrointestinal tract a study was 

conducted. This study was initiated to cross two contrasting groups of wheat genotypes 

(2 with low and 3 with high phytic acid concentrations), selected on the basis of 10 

wheat genotype initial screening for phytic acid concentration in bread wheat.  

Therefore, dephytinizatoin of phytic acid is an essential step for the 

improvement of nutritional quality of bread wheat. Five wheat genotype were crossed 

in 5 × 5 diallel with the objective of developing low phytic acid segregants of wheat 

and decrease the inhibitory effect of phytic acid and enhance bioavailability of 
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micronutrients and macronutrients to humans.  The specific objectives of the present 

project were to:  

i)  Determine the phytic acid profile and other agronomic traits of different 

bread wheat genotypes,  

ii)  Determine the mode of inheritance for phytic acid accumulation and other 

agronomic traits in bread wheat genotypes, and  

iii)       Estimate heritability for phytic acid accumulation and other agronomic traits 

in bread wheat genotypes. 

   



 
 

5

II. REVIEW OF LITERATURE 

Phytic acid  
 

 Javed et al. (2010) conducted research on seven unlike types of themophilic fungi 

i.e. Aspergillus fumigatus, Humicola insolens, Rhizomucor miehei-I & II, Sporotrichum 

thermophile, Thermomyces lanuginosus-I & II and were separated from the compost of 

different locations. Amid all types, Sporotrichum thermophile was recorded as the best 

type for the phytase manufacturing. Six diverse categories of solid resources such as wheat 

bran, rice bran, rice husk, fish meal, corn seed and corn gluten, were selected as growth 

substrate for phytase manufacturing by Sporotrichum thermophile. Among all the 

materials evaluated, wheat bran supplemented with dilute containing (g/L); (NH4)2SO4; 

5.0, KH2PO4; 1.0, Yeast extract; 2.0 gave maximum production (4.16 U/mL/min) when 

4% volume of the 250 mL conical flask was used after 96 hrs conidial inoculation at 45C0 

using solid-state fermentation. 

 Mahmood et al. (2010) reported bread wheat as one of the most vital cereal crops 

in all South Asian countries particularly in India and Pakistan. Both the countries had a 

wide diversity in soil and agro-climatic circumstances which greatly affected the dietary 

and anti-dietary aspects of bread wheat. Wheat genotype for the research study were 

gathered from diverse agro-climatic regions of Pakistan. Phytic acid (Myoinositol hexa-

kisphosphate) was one of the main anti-dietary factors in bread wheat. Phytic acid was 

determined in all the samples gathered from different parts of the country, for the ease of 

plant breeders and agronomists, so that they would also think about the said agent during 

carrying out research works. Wheat genotypes were observed with diverse levels of phytic 

acid at diverse locations. Wheat genotype, Pari-73, showed the highest value of phytic 

acid (1.343%) at Islamabad and the same wheat genotype at Faisalabad showed lowest 

phytic acid (0.74 %). This highest diversity (44%) exhibited the integral role of change in 

location on phytic acid concentrations of wheat genotypes. It was principally due to 

presence of accessible phosphorus reserves in soil as phytic acid had direct relation to soil 

phosphorus. 

 Kadan and Phillippy (2007) reported that bread made of rice was a probable choice 

to wheat bread for individuals who were sensitive for gluten. When a flour of white rice 
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bran is mixed with breads of wheat it provides taste as well becomes causes for the 

addition phytate, by which minerals bioavailability decreases. From defatted brans and 

yeasts in different ratios breads were prepared for the study of their specific properties on 

phytate content and quantatity of minerals. Different levels for bran dry components of 

rice were 3.7%, 7.3%, and 10.5% during the study and levels like 1.6%, 3.2%, and 4.7% 

were used for yeast. Experiment was laid in factorial with complete randomization. 

Phytate contents up to 42% decreased by the enhancement of bran quantity to 10% at 

maximum, while no effect was observed due the quantity of yeast. Considerable amount 

of Mg, Zn and Fe were acquired from bran. Molar ratio of phtate and Zn was recorded 

between 5 and 10 in breads in which bran level was minimum and was responsible for 

average bioavailability of Zn.  

 Efficiencies of different cooking and procedures for breakdown and reduction of 

phytate in bread wheat were studied by Masud et al. (2007). Seven cultivars of wheat like 

N.R-234, Chakwal-97, Inqalab-91, Wafaq-2001, G.A-2002, N.R-231 and Margalla-99l 

were used in the experiment. All cultivars were used for phytiate content with zero 

treatment. Inqalab-91 showed 1.5% and N.R-234 with 1.2% phytate. Heat treatment, 

soaking and germination methods used to study their effect on phytate disintegration. 

Phytate disintegration was reported by all methods. The soaking method was very 

effective for maximum phytate decline 25.1% in Margalla-99 and Chakwal-94 with a 

smallest amount of 22.5% by soaking for 24 hours. Method of germination indicated 

maximum (48%) phytate reduction in Margalla-99 and minimum (37%) in N.R-234 after 

48 hours treatment. Heat treatment proved moderate phytic acid reduction between 

soaking and germination methods. Highest (37%) phytic acid reduction was recorded for 

wheat cultivar Wafaq and lowest (27%) in N.R-23 after 1 hour heat treatment. 

 Pedersen (2007) reported the cloning and categorization of matching 

deoxyribonucleic acid (cDNAs) programming for the phatse action as one of the enzymes 

along with phosphate phosphatases activity for inositol of manifold. TaPhyIIa1, TaPhyIIa 

2, TaPhyIIb and TaPhyIIc were 4 enzymes of wheat complementary deoxyribonucleic 

acids and 3 enzymes of Hordium vulgare were HvPhyIIa1, HvPhyIIa2 and HvPhyIIb 

complementary deoxyribonucleic acids were cut off. A range of 1548 to 1554 base pairs 

was recorded as open reading frame with a range of 90.5% to 91.9% similarity amid 

barley and bread wheat proteins. All cDNAs restricted Nitrogen incurable indication 
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protein bond indoctrination chain, and a KDEL-like sequence, (K-Lysine, D-Aspartic acid, 

E-Glutamic acid and L-Leucine) KTEL (K-Lysine, T-Tyrosine, E-Glutaamic acid and L-

Leucine), chain was found Carbon side, demonstrating that the enzyme was beleaguered 

and found inside ER. Enzymes of TaPhyIIa2 and HvPhyIIb in the body of Escherichia 

coli showed maximum phytase action of MINPPs with a fine substrate specificity for 

“phytic acid”. The pH value of 4.5 and temperature of 65 Celsius centigrade were 

observed for both enzymes, correspondingly, and the Km values of 246 and 334 µm for 

phytate were observed in wheat and barley recombinant enzymes, respectively. Enzymatic 

actions were controlled by many metal ions, especially Cu and Zn. The cDNAs exhibited 

appreciably diverse chronological and tissue exact appearance patterns in seed growth and 

germination. With the exemption of TaPhyIIb, the cDNAs were found in late seed 

development and germination. They bring to a close that MINPPs make up a major 

fraction of the endogenous phytase latent of the developing and germinating barley and 

wheat seeds. 

 Rehman et al. (2006) analyzed that mixture possessing folic acid, ethylenediamine 

tetra acetic acid and ferrous sulfate, (1.5:20.0:20.0 ppm) was applied for the fortification of 

intact wheat flour stored and stored for days (42) different temperature. Flour fortified 

with ferrous Fe at 0, 20, 40 and 60 ppm concentration was used for the preparation of flat 

bread (Naan) with 7 days interval. These breads tested for organoleptic characteristics and 

physicochemical constants. Flour with 60 ppm ferrous sulfate was found with maximum 

Fe contents. Full Fe in flour trials demonstrated no variation, whereas ferrous Fe 

considerably declined in Fe added samples from 0.53% to 3.08% while the flat breads 

with a range from 0.42% to 3.48% due to deterioration to ferric Fe throughout conditions 

of storing. Phytate matter dwindled (0.886-0.810%) radically in alike storage time. Iron 

levels exaggerated a few organoleptic characteristics with no change in aroma. Flat bread 

organoleptic features demonstrated that flat bread included 40ppm Fe+3 is more suitable 

compared to breads contained 60 ppm Fe+2. 

 Saneoka et al. (2006) carried out field experiment for the searching, phytate, P, 

Ca, Mg, K, Fe, Zn and Mn contents during the development of seed and growth of plant  

(Glycine max (L) Merr.) plants. According to their findings increase in dry weight of 

plant is concerned with the elevated level of total phosphorus. At the time of 

physiological maturity total phosphorus in grain reached to 35% as compared to total 
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absorbed phosphorus. Maximum increase in grain Phosphorus has been reported at the 

stamens development. Dry matter of flowers contains phosphorus in a level (5.62 g kg-

1) while in seed dry matter phosphorus ranges from 7.75 g kg-1 (30 days) to 9.59 g kg-1 

(75 days). At very early maturity time the amount of organic P and cellular P 

components is 80-90% in the kernels as compared to total P content, though it dwindled 

as seed ripeness occurred. During complete maturity 68% ratio was observed between 

phytate P of grains to total P content. There was negative relationship between the 

concentration of phytate and Fe Ca, Zn, Mn, Fe and Mg, contents in the seed. During 

early maturity of grains elements like Ca, Mg, Zn, Mn and Fe concentration increased 

greatly  but, phytate built up with the boost in total P deliberation with seed maturity. 

 Leah et al. (2005) reported that Philippine corresponding foods were largely 

plant based, with a low content of eagerly accessible Fe, Zn, Ca, and comparatively 

high quantity of phytate, an effective inhibitor of mineral absorption. Soaking can wash 

water soluble phytate. They studied in experiment the evaluation of Fe, Zn, and Ca, and 

predictable Fe and Zn bioavailability from the food maize and rice Philippine 

corresponding foods. Some foods were made by the mixing of chicken liver, small soft 

boned fish, egg yolk, and mung bean gravels and others without supplements of the 

former. Fe, Zn, and Ca analysis were executed by the use of spectrometry of atomic 

absorption, and high performance liquid chromatography for phytate determination. 

They also used molar ratios of Phy/Zn and Phy/Fe for the prediction of Fe and Zn 

bioavailability. Maize and rice dependent foods Fe and Zn concentrations were 

considerably improved by mixing of chicken liver, and then provided by egg yolk, 

Addition of small amount of dehydrated bony fish to the food improved Ca. Soaking 

method decreased ratios of Phy/Zn and IP5 + IP6 content. Maize based food molar 

ratios were high compared to rice. Molar ratio of Phy/Zn was greater than 15 for maize 

food which contained grits of mung bean. Maize and rice based food Fe, Zn, and Ca 

contends could be significantly boosted by the addition of animal protein or by soaking. 

 Theobald (2005) summarized calcium as a necessary element for the viability of 

cells of living things and is also compulsory so many definite functions of the body. 

Bone contained a huge amount of Ca (99%), whereas teeth are provided by lesser 

amount. Amount of Ca less than is located in fluids of the body and tissues of soft 

nature. On average 1200 g of Ca in the form of hydroxyl apatite is responsible for 
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making skeleton of adults. This compound is an inorganic crystalline structure. This is 

composed of Ca and Phosphorus with a molecular formula of [Ca10(PO4)6(OH)2]. For 

bone growth and mineralization Ca is compulsory. In order to gain bone mass and peak 

bone mass (PBM) an ample ingestion of Ca is needed  

 Foods poor in Ca is responsible for low bone mineral density. This condition 

has complications on health especially in old age in which osteoporosis occurs in the 

body and bone developed pores which are easily breakable. Calcium also plays role in 

the contraction of muscles (muscle of hearth), release of neurotransmitter for nerve 

impulse transfer, digestion of food and blood coagulation besides functions of skeleton. 

 Guttieri et al. (2004) reported phytic acids a plentiful storage type of P in seeds, 

but humans and non-ruminant livestock are unable to digest it. They described a wheat 

(Triticum aestivum L.) mutant with drastically low rank of seed phytate P but seed total 

P change was negligible, as reported for mutants of low phytate in cereals of other 

species. M2 line (mutant) was nonlethal and developed by mutagen EMS with a 

phenotype which contained high level of inorganic phosphate. M2 line was designated 

as Js-12-LPA homozygote phytate P was 48.2% of seed total P while in wild type, Js-

12-WT it was 74.7% the total P of seed. In Js-12-LPA portion of inorganic seed P was 

50.1% as compared to 9.1% in Js-12-WT which indicated increase of P in mutant. 

Wheat genotypes were same in respect of their weight distribution in different milling 

fractions. Trait of low phytate changed allocation total seed phosphorus and increased P 

concentration of endosperm while bran phyate was dropped. In bran phytate decreased 

43% and inorganic P was increased four times. Data of F2 and F4:6 families for 

inheritance was conflicting with a single gene mutation they recommended that LPA 

mutation is oligogenic or polygenic. LPA wheat mutant provided a good genetic 

resource for the investigation of seed biology. 

 Main source of phosphorus in the grains of cereals and baked products in the 

form of IP6 (Myo Inositol hexa kisphosphate) was reported by Reale et al. (2004). They 

used microorganism from various groups like Fungi (Yeast) and Bacteria (lactic acid 

bacteria) which had phytase enzymes wich could degraded IP6 in the breads prepared 

from the whole meal. Saccharomyces cerevisiae, Lactobacillus curvatus, Lactobacillus 

brevis and Lactobacillus plantarum were collected from sourdough of southern Italian 

in the experiment. A method of 31P NMR (Phosphorus 31 Nuclear magnetic resonance 
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spectrometry) was applied for assays of microorganisms. Lactic acid bacteria in 

sourdough method were recommended on the basis of research findings for the 

preparation of breads.      

 According to the study of Overturf et al. (2003) phosphorus is mainly stored in 

the form of phytate in the grains and it had insightful inference by using such food 

grains. Animals which showed no regurgitation are mainly affected by phytiate due to 

its unavailability. Minerals leaching occurred in the process of food assimilation and 

mainly lost during defecation. Due the said reason production of farm animals besides 

recent endeavors for the production of recyclable grain grains and products of legume 

mainly used in the preparation of feeds for fishes. The problems relating to diets and 

environments regarding phytate can be solved by the breeding of cereals varieties for 

low kernel phytate contents. Feces phosphorus was declined up to 50% by the 

maximum degradation of phytate which increased available phosphorus in kernels. It 

improved Ca uptake while Sulphur and Cu fall down. 

 Break down of phytate caused by phytase enzyme (EC 3.1.3.8) to inert 

phosphates and myo inositol during the formation of intermediate components of myo 

inositol phosphates was studied by Okot et al. (2003). Phytase enzyme from microbes 

was used to decrease the harmful possessions of phytate in cereal based nutritions, 

though, other sources like bread wheat, would be ordinary substitute. Exploration were 

then conducted for the determination of phytase action levels in different genotype and 

the extraction of the enzyme might be improved via buffers added by enzyme 

glycanases. They demonstrated on the basis of screening results of 23 genotype that 

bran of hard white wheat genotypes possessed comparatively minimum degrees of 

action and the range was from 1.5 to 2.5 FTU g-1 of bran. In the bran of hard red wheat 

the phytatse activity was maximum and its range was from 2 to 5.5 FTU g-1 of bran. By 

the use of Wgb glucanase (EC 3.2.1.6) and endo xylanase (EC 3.2.1.8) (Natugrain) 

enzymes these ranks up to 5 folds were increased. Enzyme glycanases effect was 

concentration and genotype dependent. The effect was also influenced by the exposure 

to temperature of the extraction buffers. Hard white wheat genotypes were found for 

maximum phytase activity as compared to hard red wheat genotyps. The extra value of 

enhancement grain based diets with glycanases for mono-gastric animals was argued.  
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 Centeno et al. (2003) investigated during germination of grain the alterations in 

acid phosphatase (AcPh) and wheat phosphatases and their substrates break down. 

Germinated grains were found with more phytic acid break down enzymes and were 

considered more important for the bioavailability of phosphorus in single stomachic 

animals. In one experiment, grains were imbibed for 1 and 14 hours and without the 

provision of gibberellic acid germination took three to five days. In other experiment, 

the grains were placed in water for 1 hour and germination took 1, 3 and 5 days with 

hormone. Phytase enzyme and acid phosphatase actions and IP6, IP5 and IP4 were 

found in dormant spring and winter wheat, correspondingly. A major boost of Phy and 

AcPh actions were recoded during germination of kernels of spring and winter wheat 

which caused a tremondous decline in the phytate phosphorus content correspondingly. 

During imbibitions period phytate phosphorus fraction of spring and winter wheat was 

affected. Germination finally, breaks down quickly IP6 and IP5 in winter wheat (62 and 

62%) as compared with wheat cultivar of spring (32 and 29%), and IP4 fraction was 

available for minimum time as intermediary, which was amplified during hydrolytic 

reaction and decomposed to IP3. Spring and winter cultivars of wheat ultimately 

showed a noteworthy increase of Phy and AcPh during the germination practice. This 

was responsible for a major fall of phytic acid phosphorus concentration and it was 

accompanied with the boost of lower inositol phosphates of kernels. 

  Anjum et al. (2002) investigated 6 Pakistani wheat genotypes, viz C-273, 

Inqulab-91, Pasban-90, Parwaz-94, Shahkar-95 and Rohtas-90 for phytic acid and other 

traits. The seed mass of the wheat genotype diverse from 31.43 to 36.76 g (“1000-grain 

weight”). Genotype Parwaz-94 was found with maximum and Rohtas-90 with 

minimum. Shakar-95 genotype test weight was 70.23 kg hL-1 while score of Pasban-90 

was 76.13 kg hL-1. Maximum amount (6.12%) of bran phytate was recorded for 

genotype C-273 which was chased by Inqulab-91 whole wheat flour with a score of 

(2.23%), while Parwaz-94 flour value was (0.24%). The phytate level was condensed 

during the baking of bread and chapati. Genotypes showed extensive variation for bread 

score and other characteristics regarding quality. Parwaz-94 was reported with a 

maximum bread score of 35.20-42.00 out of 50. Minerals concentration in different 

milling components of diverse wheat genotypes was reported with considerable 

variation. Cu with a concentration of (5.00-52.50 ppm), Fe (26-147.50 ppm), Mn (0.00- 

97.00 ppm and Zn (9.0-80.80 ppm) were reported unlike grinded parts genotypes. The 
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reported value of 22.40-24.20 out of 30 was for chapatti. Genotype like Rohtas-90 and 

Parwaz-94 showed least chapati score and Inqulab-91 with highest score.  

 Effect of fermentation on Doli ki roti was examined by Bhatia and Khetarpaul 

(2002).The bread is made by mixing of flour dough (wheat) with a mixture of pulses 

and spice in water by complete kneading and allowed for natural fermentation. Phytate 

concentration of unleavened bread was high and decrease up to 5-18% was observed by 

fermenting bread for 18-24 hours at a temperature of 35 C0 and 40 C0. Increase in the 

bioavailability of Ca (5 to 7%) and Fe (15 to 38%) was observed with the decline of 

phytate concentration. Fermentation with more time interval and high temperature had a 

significant (p < 0.05) effect on the decrease of phytate concentration which in turn 

enhanced minerals availability.  

 Erdal et al. (2002) analyzed seeds of 20 wheat cultivars in Zn scarce calcareous 

soil in Central Anatolia. They determined ranges for Zn, phytate, phytase action and. 

They applied cultivars with Zn fertilizer at the rate of 23 kg Zn ha-1 and some were 

deprived from Zn fertilizer in a. In addition, grains of 4 wheat varieties were sown on 

55 diverse environments in Turkey and were studied for Zn, P, and phytate 

concentration. Study findings for Zn demonstrated a range between (7-11 mg kg-1) 

under Zn-depleted for 20 wheat lines. Grain Zn contents were (14-23 mg kg-1) under Zn 

fertilized circumstances. In all cultivars P and phytate concentration was declined by 

the addition of Zn. Zn addition caused an average decease of P (3.9-3.5 mg g-1) and 

(10.7- 9.1 mg g-1) phytate. Regard less of Zn fertilizer, grain phytate concentrations 

exhibited great genotypic variation (7-12 mg g-1) by applying Zn fertilizer and (8-13 mg 

g-1) without Zn application treatment. Due to drop off in phytate and raise in Zn 

concentrations by Zn fertilizer, phytate to Zn molar ratios in grains of genotype clearly 

diminished. Phytate: Zn molar ratios declined from (126-56) by Zn fertilizer on the 

average of all 20 genotypes. Their reports showed a decline in grain phytase action of 

all genotypes by Zn supply. From 55 diverse locations 4 cultivars grains were collected 

for Zn, P and phytate concentration. Zn with a concentration of (8-34 mg kg-1), P (2.1-

4.9 mg g-1) and phytate (5.8-14.3 mg kg-1) respectively was recorded. Their conclusion 

was that a very high phytate: Zn molar ratios would decrease bioavailability of Zn to 

humans to the maximum extent. 
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 Iron uptake from commercially and domestically prepared foods was studied by 

Hurrel et al. (2002). Radioactively Fe extrinsic label system was adopted for Fe Iron 

uptake 39 adult human beings. They were fed with grain porridges which were prepared 

by extrusion cooking or roller aeration. Pancakes, chappattis or breads were made in 

home from the same flour. In one set of grain porridges amylase was added before 

drying by roller. All foods showed very low range of Fe uptake. In rice absorption 

range was (1.8 to 5.5%), maize (2.5 to 3.5%), low extracted wheat (4.9 to13.6%) and 

value less than 1% for high extracted foods of wheat. Dry grain porridges indicated 

maximum phytate concentration and it was 1.20 in low extracted wheat, 1.70 in rice, 

3.20 in high extraction wheat and 3.30 mg g-1 in maize which could justify intrinsic Fe 

absorption. Roller dried and extruded cereals were found with iron or zero differences 

for Fe assimilation though prior amylase addition maximized Fe absorption up to 3 

folds in rice dried by roller. Phytate was not degraded but probably due to more liquid 

nature of the grain food as feed. Same findings were reported for Fe uptake between 

domestically prepared pancakes or chapattis and commercially manufactured foods. 

Bread prepared from low extracted wheat flour degraded phytate to zero which yielded 

13.6% increase in Fe absorption in all cereals under study. They finally came to the 

conclusion that minimum Fe absorption occurred from roller dried, home made cereals 

foods. They reported bread making as a more effective for Fe absorption as it degraded 

phytate in cereal porridges. 

 Lopez et al. (2001) studied the organoleptic characteristics of products prepared 

from wheat flour added by Fe and Zn. Humans were used as a taster for wheat bread 

and noodles fertilized with Fe (30 mg) in the form of FeSO4 mg kg-1 flour iron. Zn 

fortification of flour was done by 60 or100 mg of zinc kg-1 flour in the form of ZnSO4 

or ZnO as source of Zn. Hedonic scale of 9-points was used for the measurement of 

degree of liking (DOL) for flavor, texture, and overall acceptability for the humans. 

Fotfied breads were alike according to DOL score except noodles which were Fe and 

ZnO fortified were found with minimum DOL score compared to noodles fortified with 

Fe or Fe + ZnSO4. More acceptable foods are those which are prepared from wheat 

flour added with Zn. 

 High amount of negative charge on phosphate groups is responsible for the 

formation of phytate complexes which hinders the absorption of minerals for gastral 
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uptake as reported by Walter et al. (2002). Certainly, for the absorption of minerals, the 

first stair is that the mineral shuld be in the ionic phase. By increasing phtate content of 

the diet, gastral uptake of Zn, Fe and Ca reduces. The controlling property of phytate on 

Mg or Cu are more notorious. However, phytate did not present only in foods and was 

often addicted with a variety of compounds. Phytate along with other plant nutrients, 

trace elements and fibers is constantly present in vegetal matrix. For the evaluation of 

mineral absorption especially from those foodstuffs which contained maximum phytate 

it is a dire need to measure all ingredients of diet and food relations. Using phyate 

content as only measure would be hard to forecast mineral bioavailability in products.  

 Bergman et al. (2001) conducted hydrothermal treatments of complete seeds of 

Oryza sativa (Rice), Secale cereale (Rye) and Triticum aestivum (Bread wheat) for 

decreasing phytate concentration. The hydrothermal procedures used in the experiment 

consisted of irregular damp and dehydrated sudden intervals. Wet and dry steepings of 2 

and 3 were used in two hydrothermal processes for wheat and rye correspondingly. The 

method with 2 wet and dry steeping steps was optimized for phytate decline by 

considering temperature effect in the method and lactic acid concentration used in the wet 

steeping steps. Most favorable conditions for phytate disintegration in wheat and rye was a 

temperature of 55 C0 in complete method. Soaking was done in the solution of 1.3-1.5% 

lactic acid for wheat in wet steeping periods for rye 1.3% lactate solution was used. Wheat 

with 3 wet and dry steepings was used during hydrothermal process and the same for rye. 

Temperature effect during 3 damp and dry steepings revealed significant effect on phytate 

degradation of wheat and rye during these steps. During hydrothermal method there was a 

maximal phytate fall 94.4-95.6% in wheat while the value of 99.0-99.5% was found in 

rye. Phytate reduction up to 99.8% was observed for rice during hydrothermal method. 

 Lopez et al. (2001) designed comparative study for studying the effect of different 

leavens such as sourdough, yeast and combination of sourdough and yeast for the 

degradation of phytate. Phtate break down impact on Mg and P during bread preparation 

was evaluated. Decline in phytate contents of whole wheat grain was more prominent by 

the fermentation with sourdough than yeast. Lactic acid bacteria of sourdough were also 

responsible for enhancing acidification which in turn improved bioavailability of Mg and 

P. Incubated microorganisms for bran before bread preparation were found for maximum 

phytate degradation. Phtate break down by the said new method was maximum and near 
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to 90%. They concluded that extended sourdough fermentation enhanced acidification 

which was concerned with phytate decline and improved bioavailability of P and Mg 

contents.  

 Porres et al. (2001) established conditions for maximizing phytate disintegration in 

bread preparation from the flour of whole wheat and also reviewed the effects of inherent 

and fortified Fe in bread on dephytinization during dialyzability. Escherichia coli, 

Aspergillus niger and Aspergillus fumigatus were three different sources for the phytatse 

enzyme which was provided by diverse ranks of citric acid (0 to 6.25 g kg-1). Citric acid 

with the supplementation rate of 6.25 g kg-1 was used for flour of whole wheat catalyzed 

by inherent phytase from 42% in breads without treatment to 69% (P < 0.05) with 

treatment. Phytate decline up to 85% was observed by the supplementation of phytase 

with 285 units kg-1 with citric acid from 3.125 or 6.25 g kg-1 in the flour of whole wheat. 

An increase up to 12 folds was recorded for flour of whole wheat without any treatment 

and 15 folds by the addition of citric acid to flour during bread making. An increase of Fe 

up to 24% was noticed in breads prepared by the addition of phytase, ascorbic acid and 

citric acid to wheat whole flour during fortification. 

 Febles et al. (2000) determined the phytate concentration in gofio and frangollo 

which were manually prepared from different fractions of cereals for common 

consumption of Canary Islands.  They analyzed 380 samples (wheat 90, barley 110, rye 60 

and corn 120) for phytate concentration. Number of frangollo samples was 100 for  

phytate analysis. Gofio phytate concentration range was >3-12 mg g-1 frangollo was >3-9 

mg g-1. Gofio with a mean value of 6.97 mg g-1 and frangollo with a value 6.54 mg g-1 

were recorded in all studied samples. Each cereal on analysis for phytate concentration in 

gofio indicated considerable variations. Lowest phytate concentration was found in gofio 

made from corn as compared to those made from rye, barley and wheat. 

 Foods with high concentration of phytate were responsible for Zn deficit and 

there was negative relationship between phytate and Zn uptake in animals and humans 

as reported by Linnerdal (2000). Improper growth, abnormal gestation period, 

maximum death rate are the common disorders linked with poor Zn availability and 

there is dire need for maximum Zn uptake by the body. Zinc bioavailability can be 

increased by the decline in phytate concentration of foods. Baking, hydrothermal, 

fermentation and addition of maltase enzymes are the effective method in food 
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technology which activates seed intrinsic phytase for the reduction of food phytate 

concentration though commercial phytase can be added for the same purpose. Phytase 

is responsible for the conversion of hexa phosphate into inositols with minimum 

number of phosphorus during hydrolysis. Zinc absorption is hindered by IP5 and IP6 

phosphates so it was essential study different forms of phytate during analysis. Phytate 

had founded with zero inhibitory role for Cu, although maximum inhibition was 

reported for Mn. 

 Fredlund et al. (1997) reported that whole seeds of various grain crops had 

conventionally been prepared before dehulling by the addition of water and heat 

treatment though findings on the nutritional properties were inadequate. The study was 

designed with the objectives to reduce seed phytate by the use of hydrolytic reactions. 

Hulled and dehulled barley, wheat, rye, were provided by incubation temperature (55 

C0 for 24 h) along with water or acetate buffer (pH 4.8) and incubation temperature for 

oat was 37 C0. Acetate buffer reduced concentration of phytate (84-99%) in barley, 

wheat and rye and 46-67% by the addition of water. Very small 8-26% decline in 

phytate concentration in whole oats was observed but maximum fall (72-77%) while in 

(84-94%) in naked oats. Buffer of citrate and citric acid with wide range of pH was 

maintained in some research studies with negligible influence on phytate decline while 

buffer of lactic acid and acetate was more effective and efficient. Naked oat and barley 

with damp steeping in water for 20-30 minutes at a temperature of 53-57 C0 declined 

number of bacteria by 99.97% and during incubation bacterial growth was inhibited by 

the addition of acid. Their conclusion was hydrothermal method can produced low 

phytate contents in whole grains. 

 Turk et al. (1996) reported deviation in the activity of wheat phytase. They 

maintained a pH 5.0 (Optimum for phytase of wheat) by the addition of different type 

of acids in flour suspension. Whole bread of wheat was manufactured without the 

addition of any thing or acetic acid was used for the change of pH of dough or lingo 

berry with their corresponding initial phytae concentration of 64%, 96% and 83%. 

Under the situations of bread production (pH 5.3-5.8 and 30-37 C0) a minute but 

observable diversity amid breads was found with the addition of yeast while some 

samples were without yeast or with degenerate yeast which demonstrated the role of 

yeast for the phytase. Desirable pH 3.5 was observed for yeast phytase enzyme. 
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Inositols like 1,2,3,4,5-IP3 were produced by wheat phytase and l,2,4,5,6 and IP5 were 

the outcomes of yeast phytase. Findings of the study were that isomers of inositol 

penta-phosphate production was held responsible for decline in phytate contents in 

bread in contrast with whole meal flour was the outcome of both wheat and yeast 

phytase actions.  

 Phytate concentration and phosphorus allocation flaking of grin crops along 

with levels of some nutrients with ratios of molarity were studied and calculated by 

Gruner et al. (1996). Analysis of data showed zero variations between oats and wheat 

and between rye and barley concerning total amount of phosphorus. A ratio of 3 was 

recorded in wheat and oat for phytic/non-phytic phosphorus and almost 2 for the same 

barley and it was 13 for rye. Phytate concentration was not affected by the processing 

techniques. Flake molar ratio for phytic acid: zinc was smaller than whole grain which 

justified the processing techniques especially hydrothermal treatment and flaking, could 

not enhance bioavailability of Zn. 

 Jood et al. (1995) reported that polyphenol and phytic acid contents of wheat, 

maize and sorghum varied significantly and increased progressively with the levels of 

grain infestation (25, 50 and 75%) caused by Trogoderma granarium Everts and 

Rhizopertha dominica Fabricius separately and mixed population. Higher insect 

infestation (50 and 75%) of wheat and sorghum led to substantial increase (by weight) 

in polyphenol and phytic acid due to the selective feeding activities of the beetles. 

Feeding of both insect species on maize caused proportional increase in poly-phenol but 

decrease in phytic acid due to variation in the distribution of these compounds in seed 

components and also selective feeding habit of insects. Storage of un-infested cereal 

grains for upto 4 months did not cause appreciable change in the levels of these anti-

nutrients.  

 Mohammad and Rayas (1995) conducted research on Lupinus albus L.2043N. 

Overall carbohydrates concentration calculated by high pH anionic chromatography, 

(HPLC) and pulsed amperometric revealing (HPAC HPLC PAD) generated 5.3%. 

Carbohydrate found in more concentration was stachyose (2.8%), chased by sucrose 

(1.8%), raffinose (0.4%), and verbascose (0.3%). Verbascose + stachyose (3.1%) level 

was less as reported in literature for soybeans (4.6%). Lupinus albus L.2043N 

possessed little amount of phytate level (0.03%) in comparison for published values of 
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soybeans (1.54%). Uronic acid (12%) and whole nutritional filament (34.2%) counts 

were 3 folds more in the lupin samples than in hard red spring wheat and oats. In the 

samples simplest sugars were not found with the exception of small quantitative of 

fructose. Proximate calculations proved for L. albus mutant L.2043N with more protein 

(38%) and with small amount of complex carbohydrate (3%) as compared other 

nodulated crops. analysis of ash level (4%) revealed like levels the rest of lupin species.  

 Plaami and Kumpulainen (1995) used HPLC method in order to quantify 

contents of inositol hexa-, penta-, tetra-, and triphosphate in various bread, breakfast 

cereal, pasta, and rye flour samples collected from different sources. The highest 

contents in breakfast cereals (phytic acid>10 U mol dry wt) were found in whole-meal 

porridge flakes, followed by muslies. Inositol hexa-, penta-, tetra-, and triphosphate 

levels in rice crispies and corn flakes were consistency low. Inositol hexa-phosphate 

contents in pastas were about 5 U mol g-1 dry wt. The phytic acid contents in rye flours 

and whole-meal porridge flakes were on the same level and rye flours had only very 

low contents of inositol penta- and traces of inositol tetra- and triphosphates. The 

highest total inositol hexa-, penta-, tetra-, and triphosphate contents in breads were 

found in crispbreads, breads containing wheat and oat, and Finnish sour dough rye 

bread. Breads made predominantly of wheat had lower contents. Most of the inositol 

hexaphosphate in the various sourdough breads studied (rye breads, buckwheat, some 

domestic crispbreads, and a wheat and potato bread) had hydrolyzed, since the content 

of inositol hexaphosphate was low compared to that of inositol penta-, tetra-, and 

triphosphates. The average Finnish per capita intake of phytic acid from cereal products 

is roughly 370 mg day-1.  

 Kim et al. (1993) designed an experiment in order to find out the influence of 

stomachic sourness, phytate or Fe position extensively predisposed the effects that 

dietary components exerts Fe uptake. Test food was provided to rats composed of 

wheat crop, along with and without animal proteins (beef, pork, chicken, fish or egg 

white), by gavage. Effects for phytate and stomach sourness were examined by mixing 

sodium phytate test foods. Rats were also tested by cimetidine for controlling the 

creation of acid in stomach. Iron level was changed by food rules.  

Significant (P < 0.05) effects of the proteins were determined by the comparison of 

various protein containing nutrition to control meals of cereal or cereal + phytate, as 
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suitable.  Acidity of stomach, phytate and Fe position were inveterated as the main 

causes considerably disturbing Fe bioavailability. Meat in the form of beef, pork and 

chicken accelerated Fe assimilation, but only when phytate was mixed in foods and only 

in Fe scarce rats. Improvement by meat was ample to overcome the inhibition by 

phytate. Fish meat was considered both as stopper or accelerator in rats applied by 

cimetidine, Fe poor, depending on the nonexistence or existence of phytate, 

correspondingly.  

 Segueilha et al. (1993) verified that the phytase from Schwanniomyces castellii 

was able to hydrolyze the phytic acid in soft wheat bran and in glandless cotton flour, 

the ability of the strain to develop in a medium containing one of these two substances 

as sole phosphate source was tested. Growth was satisfactory in both cases, and 90-95% 

of phytic acid was hydrolyzed.  

Gene action and agronomic traits 

 Sener et al. (2000) studied 6 common wheat cultivars and lines and their half 

diallel crosses for inheritance of yield components and noted that epistatic effects were 

significant for 1000-grain weight and yield plant-1. Additive effects were significant for 

period of maturity, spikelets spike-1, and grains spike-1 while found dominance effects 

were significant for yield plant-1. They further reported that at least 4 pairs of genes 

were effective on spikelets spike-1; 2 pairs of genes were effective in yield plant-1 

 Maznevska et al. (1999) investigated fertile tiller plant-1 in parental cultivars 

with 21 F1 and F2 progenies by using 7 × 7 half diallel cross amongst wheat genotypes 

and breeding materials. Their report is concerned with the mechanism of heredity, 

separate calculations regarding every cross was diverse and was based on different 

ranks of dominance.  Estimated value for GCA in the report was greater as compared to 

SCA value, which is indicative of additive type gene action was more important for the 

heredity of parameter. They studied regression analysis which exhibited the lack of 

epistatic association for the parameter and also discussed form of heredity and recorded 

dominant for F1 hybrids while over dominant for F2. 

 Sangwan and Chaudhary (1999) used a 9 × 9 diallel cross for studying the 

combining ability examination in wheat. They concluded from their research, that non 
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additive gene action was key factor for grain yield plant-1. Effects of additive and non 

additive genes were equally important for tillers plant-1 and grains ear-1. 

 Wagoire et al. (1998) derived information on combining ability from the 

experimental data of 3 yield tools in 64 diverse breeding lines, which were generated by 

adopting 8 × 8 full diallel cross amongst 8 parental genotypes. According to their 

reported findings of the study, additive gene act was major factor for days to heading, 

plant height and grain yield. All traits were greatly influenced by the profound variation 

of G × E relations. 

 Vitkare and Atale (1997) studied gene action for harvest index (HI) in a 15 × 15 

diallel excluding reciprocals at two locations. They reported that non-additive gene 

action is mainly responsible for the inheritance of HI and thus selections based on HI 

alone may not be very effective. 

 Wang et al. (1997) carried out a study on the inheritance and correlation of 

spike-section characteristics in hexa-ploid wheat using a 6 × 6 diallel cross. They 

observed that spike length, spikelets spike-1, grains spikelet-1 and spike-1, 1000-grain 

weight and grain weight spike-1 all fitted an additive dominance genetic model, with 

dominant genes having positive effects and recessive genes having negative effects. 

Inheritance of spike length and spikelets spike-1 exhibited mainly additive effects, while 

1000-grain weight exhibited mainly dominant effects. Inheritance of number and 

weight of grains spike-1 exhibited both additive and dominant effects. Analysis of 

relationships among spike-section characteristics indicated that grains spikelet-1 was 

highly correlated with grains spike-1 and grain weight spike-1. 

 Vitkare and Atale (1996) studied 15 elite wheat (Triticum aestivum) varieties 

crossed in a diallel fashion (excluding reciprocals). They reported that expression of 

yield plant-1 was predominantly controlled by dominance genetic components, whereas 

for expression of ear length, ear weight, grain weight ear-1, grain number ear-1 and 

1000-grain weigh, additive as well as non-additive genetic variance components were 

important and recorded over dominance for most of the characters except ear weight. 

Estimates of narrow sense heritability were less than 0.5 for most of the characters, 

indicating a low response to selection. 
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 Lonc and Zalewski (1996) studied 21 F2 hybrids obtained from a diallel cross of 

7 lines. They reported that total and productive tillering was determined only by 

additive gene action. 

 Karam et al. (1996) evaluated 20 F1 hybrids derived from crosses of 10 diverse 

true breeding pure lines with 2 testers to determine combining ability and gene effects 

for yield and other quantitative traits. Study showed the actions of additive and non 

additive genes for biological yield plant-1 and grains spike-1, and over dominance type 

for grains spike-1, while opposite was true for number of spikelets spike-1 and days to 

flowering. Only non additive type of gene action for grain yield plant-1 and spikes plant-

1 and only additive type for 1000-grain weight, harvest index, flag-leaf area, peduncle 

length, plant height, days to maturity and reproductive phase were observed. 

 Dimitrijevic et al. (1995) studied number of spikelets ear-1 and number of grains 

ear-1 in 5 varieties and their hybrids from a diallel set of crosses. They reported that the 

mode of inheritance of these traits depended on the cross involved, dominance and 

intermediate inheritance being found for the former trait and dominance, intermediate 

inheritance and heterosis for the latter. Additive gene effects were the most important 

component of genetic variance for number of spikelets ear-1, while dominance effects 

were predominant for number of grains ear-1. 

 Yildirim et al. (1995) evaluated the parents and their 15 F1 progeny from a 6 × 6 

diallel cross for harvest index and 6 other yield related traits. They reported that 

inheritance of harvest index was under the control of additive and partially dominant 

gene action and found positive and significant associations between harvest index and 

yield, 1000-grain weight, spike length and number of tillers. 

 Petrovic and Cermin (1994a) using a graphic analysis of the complete diallel 

crossing of wheat during two years evaluated plant height, fertile tillers plant-1, grain 

weight spike-1, grains spike-1, and 1000-grains weight. They reported additive gene 

action for grain weight spike-1, grains spike-1 and 1000-grain weight. Over dominance 

was observed for plant height. The number of grains spike-1 indicted an incomplete 

dominance. 
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 Knezevic and Kraljevic Balalic (1993) studied gene effects on weight of kernels 

spike-1 in a diallel cross of wheat and concluded that dominant genes primarily 

controlled the trait. They further established that the inheritance of this trait include 

both additive and non additive gene action. 

 Lonc et al. (1993) used full diallel crossing of 6 different lines of wheat to 

evaluate some agronomic and yield characters. They observed that plant height and 

spikes lengths were determined by the additive action of genes. Total and productive 

tillers, flag leaf area, grain number and grain weight spike-1, 1000-grain weight and 

grain yield plant-1 were determined by different degree of partial dominance. Dominant 

genes increased plant height whereas grain yield plant-1 and flag leaf are by the 

recessive genes. 

 Prodanovic (1993) in a study of economic traits, including yield components, in 

hybrids from a 5 × 5 diallel cross, reported that tiller number, grain number spike-1, 

1000-grain weight and grain yield were conditioned mainly by dominance gene effects. 

Over dominance was found for some traits, such as grain number spike-1 and grain 

yield. High narrow sense heritability estimates were noted for spike length (94.7%) and 

plant height (82.6%). The parents with high values for traits generally had high GCA 

for these traits. 

 Srivastava and Nema (1993) performed graphical analysis of physiological traits 

and yield in bread wheat and reported that epistasis was absent for flag leaf area and 

grain yield and these two traits were controlled by partial dominant type of gene action. 

 Asad et al. (1992) studied a 5 × 5 complete diallel cross of spring wheat. They 

reported significant mean squares for SCA in case of spike length and number of grains 

spike-1. Additive effects were more important for yield plant-1, spike length and number 

of grains spike-1 and non-additive for number of spikes plant-1 and 1000-grain weight. 

 Bebyakin and Starichkova (1992) studied F2 hybrids from a 7 × 7 diallel set of 

crosses between varieties grown at two sites in European Russia and reported that 

number of fertile tillers, grains ear-1 and 1000-grain weight were controlled by additive, 

dominance and espistatic gene effects, while the number and weight of grains plant-1 
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were conditioned by additive and dominance effects. Additive and epistatic genes 

controlled grain weight ear-1. Additive effects predominated in the inheritance of yield. 

 Chowdhry et al. (1992b) studied genetic architecture of grain yield and retain 

other traits in bread wheat. The results suggested that plant height and 1000-grain 

weight expression was influenced by partial non-additive genetic effects. Epistatic 

effects were significant for plant height. 

 Iqbal et al. (1991) studied full diallel 5 × 5 analysis for bread wheat and 

recorded major distinctions between phenotypes concerning plant height, flag leaf area 

and spike length. According to their recorded findings plant height, and flag leaf area 

traits were controlled by dominance of partial dominance and spike length expression 

was monitored by over dominance type of gene effect. Interallelic association was 

found for spike length and plant height traits. 

 Mandal et al. (1991) after analyzing data derived from 10 characters in wheat 

reported high estimates of heritability for 1000-grain weight, spikelets ear-1 and height, 

indicating large heritable variances. 

 Rasal et al. (1991) evaluated 6 genetically diverse wheat varieties and their F1’s 

for combining ability studies. They reported that additive gene effects were 

predominant for spikelets spike-1, grains spike-1 and plant height. 

 Alam et al. (1990) from a study of 6 × 6 diallel cross of wheat accomplished the 

role of additive type of gene action for flag leaf area and thousand kernel weight by 

fractional domination though tillers plant-1 and yield plant-1 were controlled by over 

dominance type of gene action. 

 Bebyakin and Korobova (1989) recorded data for grain yield and its 

components in a study of combining ability and gene action in wheat. They reported 

that mainly additive gene effects conditioned number of grains ear-1, plant height by 

epistasis and dominance effects and grain weight plant-1, number of productive tillers 

plant-1 and grain weight ear-1 by additive and non-additive gene interactions. Over 

dominance was found for plant height. 
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 Ma (1988) evaluated a complete diallel cross for combining ability and 

heritability for plant height, spike length, grains spike-1, 1000-grain weight, grain 

weight plant-1 and heading date of 7 cultivars of spring wheat in China. The average 

values for broad sense heritability for the 7 characters were 82.9, 72.7, 48.3, 32.5, 66.7, 

10.7 and 60.4 respectively. 

 Singh et al. (1987) studied the genetic architecture of ear emergence in wheat 

and observed that both, additive and non-additive, gene effects were important in the 

inheritance of time of heading. 

 Gill et al. (1983) presented data on genetic components of variance for grain 

yield and its components in the parental and F1 generations of an 8 × 8 diallel cross in 

wheat. They reported that dominance variance was more impotent than additive 

variance for grain yield, grain weight and spikes plant-1, while additive variance was 

more important for grains spike-1 and spike length. 

 Hayman (1954a), Jinks (1950) and Whitehouse et al. (1958) established a very 

simple method for gathering information by using a diallel cross for constructing 

covariance (Wr) of every array opposite its variance (Vr). Regression line and position 

of slope which is lying to the array points inside a limiting parabola (Wr2 = Vp.Vr), 

specifies an extent of dominance and also shows existence or lacking of gene effect. 

Regression line which contains points of array is used for measuring comparative 

incidence of recessive and dominant genes in each group. Study also provided 

significance of the comparative incidence of recessive and dominant genes in each 

group. Findings of the research indicated that yield plant-1 was  under the control of 

over dominance type of gene activity and the interaction of genes participate in gigantic 

function for the appearance the trait under consideration. 

 Hayman (1954b) affirmed the formulae of Jinks and also investigated more 

complex genetic system suggesting, that the organism in question must have diploid 

segregation composition, absence of variation amid reciprocals, sovereign act epistasis, 

lack of polygenic effect, genetically homozygous parents and separate gene allocation 

among parental genotypes. Numerical values collected from hybrids after calculations 

granted approximation for an overall level of domination for the parental genotypes and 
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equilibrium gene allotment. Graphical presentation was made for the expression of 

dominance relations. 

 In spring wheat 8 × 8 diallel cross was used by Akram et al. (2011) for the study 

of combining abilities and yield components and traits concerning quality. All traits 

showed significant combining abilities except days to maturity while specific 

combining ability were significant with exception of spikelets spike-1, protein contents, 

flag leaf area and grain yield. Variance component due to GCA was less than SCA 

indicating the importance of non-additive gene action. Best general combiners parental 

cultivars were Kohistan 97 and Chakwal-97 amid all parental cultivars for most of the 

traits. Better combiner for tillers m-2, plant height and grains spike-1 was Shahkar-95. 

Parental genotype was reported as best general combiner for the trait of protein. 

Maximum SCA value for the trait of 1000 grain weight and protein contents was found 

in the cross Pothowar 93 × Kohistan 97 gave the highest SCA values for 1000 grain 

weight. A cross of Pak 81 × Kohistan 97 was found best for grain yield plant-1 due to its 

maximum SCA values.  

 Khalil et al. (2010) reported about the heritability studies. They pleaded about 

those traits which are transferable from parental generation to F1s and later generation 

that these can provide valid information. Plant breeders are benefited from such type of 

studies by the prediction of desirable cross with high heritability transfer to offspring 

and helpful in the transfer of traits to the offspring. A cross of wheat between HT5 

(maternal parent) and HT 37 (paternal parent) was used for the study of heritability. The 

calculated genetic parameters were, broad sense heritability in percentage (h2%), 

genetic advance (GA), genetic variance (Vg), heritability coefficient (H) and 

environmental variance (Ve). Traits like spike length (79.3%), main spike yield (69.5%) 

and grains spike-1 (54.5%) were recorded for maximum heritability. Maximum genetic 

gain of 2.8, 22.8 and 1.5 was found for spike length, grains spike-1 and main spike yield 

respectively. Traits of peduncle length (48.75%) and grains spikelet-1 (47.2%)  were 

recorded for moderate to high heritability and with a high genetic gain of 2.3 and 0.68 

peduncle length and grains spikelet-1. Heritability values of acceptable range war 

calculated for awn length and plant height. These results advocate the successful 

transmission of yield related traits. The information provided in the present study can 
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be used for identification of breeding materials in advanced generation and selection of 

desirable lines from the breeding materials. 

 Latafat et al. (2010) cultivated 13 spring wheat genotypes in two years in five 

different localities Khyber Pakhtunkhwa for study of stability analysis for the traits of 

such as tillers m-2, 1000-grain weight and grain yield. Pooled analysis for the variation 

discovered noteworthy differences between sites, years and site × year relations for the 

said parameters in wheat. Cultivar × year relation was recorded very much significant 

(p=0.01) for the traits of 1000-grain weight and grain yield, whilst cultivar × location 

relation was reported extremely different for productive tillers m-2. However, cultivar × 

location × year interaction existed for all traits (p=0.01). Maximum number of 

productive tillers 410 m-2 was developed in wheat genotype Dirk which was chased by 

Fakhre Sarhad (396 tillers m-2) and Nowshera-96 (395 tillers m-2). Two genotypes viz 

Dirk and Nowshera-96 did extremely well for 1000-grain weight (43 g). Nowshera-96 

was found with outstanding performance for grain yield of 4259 kg ha-1 and it was 

pursued by Fakhre Sarhad (4183 kg ha-1). A very diverse range of stability statistics 

was recorded amid breeding lines of wheat for traits of interest. No genotype of wheat 

scored b value near to one for number of tillers m-2, 1000-grain weight or grain yield, 

except Pirsabak-85, Bakhtawar-92, Nowshera-96 and Fakhre Sarhad which were 

considered good genotypes based on broad mean yields and stability factors viz., 

regression coefficients. 

 Riaz et al. (2010) conducted an experiment on 10 wheat genotypes namely, 

Manthar, 00125, GA-2002, 00055, 01180, Inqilab-91, Ufaq-2002, AS-2002, 99022 

00183 and 99022. All genotypes were sown under normal planting during November, 

2003 and late planting in January, 2004 in Faisalabad (Wheat Research Institute). They 

studied the consequences of temperature during developing and making stages of seed. 

Genotypes varied significantly for all the recorded parameters demonstrating large 

fraction of difference amongst genotype for all traits in standard and delayed 

circumstances. In delayed sowing conditions highest decrease with a value of 53.75% 

was reported for grain yield whereas tillers m-2 demonstrated a smaller decline 

(15.38%). Intensity of heat shock was elevated (0.538), which in turn resulted in 

lowering grain yield in delayed sowing circumstances. Among genotypes one variety 

AS-2002 proved a little (0.86) heat vulnerability index for grain yield. In normal 
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sowing circumstances, wheat genotypes Inqilab-91, 00125, 00180, and 00183 

performed superior for yield. For the traits of grain filling duration, grains spike-1, 

1000-grain weight and grain yield plot-1 maximum genotypic of variability (GCV), 

phenotypic coefficient of variability (PCV), heritability in broad sense (h2), genetic 

advance as percentage of mean (GA%) were recorded in standard and delayed 

environments. Genotypic correlation coefficient was normally in the same direction as 

phenotypic correlation coefficient but advanced in amount in both planting situations. 

At genotype level 1000-grain weight was extensively and completely linked with 

harvest index. Grain yield plot-1 indicated significant and positive genotypic correlation 

coefficients with biomass plot-1 and harvest index in delayed sowing circumstances. 

Traits presenting tough relationship with grain yield demonstrating selection for these 

traits are predictable to produce effect in yield development in standard and delayed 

sowing situations. 

 Hassan and Khaliq (2008) conducted an experiment on a 7 parent diallel (7 × 7 

diallel cross) involving spring wheat varieties/lines, Faisalabad-85, Pujab-96, MH-97, 

Uqab-2000, 6500, 6142 and 7086-1 to study gene action for traits like flag leaf area, 

stomatal frequency, stomata size, epidermal cell size and leaf venation. All these 

attributes were conditioned by over dominance type of genetic effects at both 

population density regimes. The heritability in narrow sense was highest (61%) for 

stomata size at both plantings while lowest (12%) for leaf venation at high population 

density, whereas, heritability in broad sense was maximum for epidermal cell size 97% 

followed by 94% at high and low population densities, respectively. 

 Sidiqui et al. (2008) conducted an experiment on seed viability of the conserved 

plant genetic resources under optimal storage conditions. Seeds of some plant species 

lose viability faster than others. Artificial seed ageing was used with the objective to 

determine its effect on seed viability, while outlining the contribution of different 

factors like temperature and moisture towards seed deterioration in two wheat varieties 

viz., Margala-99 and Wafaq-2001; seeds having two types of initial moisture contents 

(low and high), were experimental materials. Three temperature regimes (40, 50 and 60 

C0); four incubation durations (24, 48, 72 and 96 h), under two types of relative 

humidity (low or high) were the treatments compared with control at 25 C0. Seed 

viability after artificial ageing was determined by germination at 25 C0 (±2) under light 
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conditions. Germination behavior of artificially aged seeds of both wheat varieties 

indicated that, the viability decreases with the increase in ageing incubation 

temperature. Incubation of seeds under high relative humidity has more pronounced 

effect in decreasing the seed viability than low relative humidity. Seeds incubated under 

high relative humidity, the viability decreases with increase in incubation period. 

Variation in germination behavior among varieties warrants study on a larger varietal 

group. 

 Muhammad et al. (2008) conducted a research study to know the association 

among yield components and their direct and indirect influence on the grain yield (GY) 

of bread wheat in 144 advance lines tested in partially balance lattice design during 

2002-03. Analysis of variance for individual plant characters revealed the existence of 

genetic variability among the genotype for all the characters studied. Genotypic 

correlation of plant height (PH), biological yield (BY), harvest index (HI), thousand 

kernel weight (TKW), number of spikes m-2 and hectoliter weight (HLW) were positive 

and significantly correlated with grain yield (GY) under normal and late planting 

respectively. However, non-significant correlations were observed for BY and TKW in 

genotype planted late. Phenotypic correlation revealed that PH, BY, HI, TKW, number 

of spikes m-2 and HLW were also positive and significantly associated with GY under 

normal and late planting respectively. Strong positive and highly significant 

correlations of GY were detected with HI, BY and HLW under normal planting while 

in late planted genotypes. HI showed strong positive and highly significant association 

with grain yield. Path coefficient analysis revealed that HI and BY had the highest 

positive direct effect on GY under both normal and late planting. In addition, some 

other yield components had positive direct effect on grain yield. According to the 

magnitude of the direct effects on GY, the order of various characters was DH > TKW 

> DM. The increase in GY can be achieved, if the selection is based on HI, BY and 

HLW under both normal and late planting. 

 Syed et al. (2007) used 4 wheat (Triticum aestivum L.) genotypes viz., Rawal-

87, Inqalab-91, Potohar-93 and Chakwal-97 and  were grown under pre-anthesis, post-

anthesis and terminal drought stress in comparison to the unstressed condition in 

lysimeters to study the adaptability of crop in different drought environments on the 

basis of yield and yield components. Gypsum block method was used to monitor 
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drought stress in the soil. The performance of yield components attributable to grain 

yield were assessed and it was found that number of grains spike-1 and biological yield 

were positively and significantly correlated to the grain yield. Harvest index and 

thousand grains weight were also correlated positively but the former was significant at 

5% only and the later had non-significant correlation. It was also found that number of 

spikelets spike-1 was negatively and non-significantly correlated with the grain yield of 

wheat under drought stress conditions imposed during this study. Present study revealed 

that grain yield of wheat crop under water deficit conditions can be improved by 

selecting the genotype having more number of grains spike-1 and biological yield. 

Chakwal-97 had highest mean during both the years but regression coefficient closest to 

one was for Inqalab-91 grains spike-1. On the basis of grains spike-1 Inqalab-91 

remained most stable for the year 2002-03 and Chakwal-97 for 2003-04. Inqalab-91 

also exhibited stability for both these years on the basis of thousand grains weight. 

Similarly, on the basis of the major parameter judging for stability, the grain yield, 

Inqalab-91 with highest mean for both years and with regression coefficient closest to 

unity in one of the years (2003-04) looked to be the most stable genotype. Deviation 

from the regression fit is the measure of genotypic stability over a set of environments. 

Inqalab-91, with highest mean in yield and yield components and smaller deviation 

from the regression fit, was relatively stable in drought stress environments. Inqalab-91 

with almost 90% of coefficient of determination in all the regression of yield 

components looked to be the best, although other varieties had higher coefficient of 

determination than that of Inqalab-91 in some of the yield components. 

 Masood et al. (2005) collected a total of 298 wheat landraces from Baluchistan 

province of Pakistan and were used to estimate genetic variation for 12 quantitative 

characters. Substantial amount of genetic diversity was displayed for most of the 

characters studied. Mean values of landrace genotype were compared with three 

improved cultivars. The landraces were, on average, later in days to heading, having 

more leaf area, and taller than the cultivars but had lower values for grain filling period, 

spike length, spikelets spike-1, biological yield, grain yield and chlorophyll content. 

Days to heading correlated positively with days to physiological maturity, plant height 

and number of spikelets spike-1 but negatively with 1000-grain weight, biological yield 

and grain yield. The important trait i.e. grain yield was negatively correlated with all the 

characters in this study except 1000-grain weight and biological yield. 
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 Sial et al. (2005) bred 12 wheat genotype for yield and quality traits at Nuclear 

Institute of Agriculture (Tandojam-Pakistan) and assessed them at two planting dates, 

normal (18th November) and late sowing (11th December) at two sowing dates. From 

the month of December to February there was a normal temperature and laer on there 

was variation in temperature which expressed in March in the form of heat stress (35 

0C). Delayed planting of crop strongly affected organs development and translocation 

of photosynthate from manufacturing area to consumption area. This in exerted a 

negative effect on plant height which remained short, decline in number of internodes, 

grain filling period, days to maturity and days to heading. All these traits were 

responsible for reducing yield and yield components. Due to less grain weight protein 

content of the genotype was more in late planting conditions and it would short active 

season.  
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III. MATERIALS AND METHODS 

 The experiment on the “Inheritance of phytic acid and other agronomic traits in 

bread wheat” was conducted in the Department of Plant Breeding and Genetics, Khyber 

Pakhtunkhwa Agricultural University, Peshawar- Pakistan during 2007-08 to 2008-09. 

Ten wheat genotypes, Uqab, Tatara, AUP-5006, Ghaznavi, Saleem-2000, Pirsabak-2004, 

Fakhre Sarhad, Pirsabak-2005, Janbaz and AUP-4006 were screened for phytic acid 

concentration in 2007 at the Nuclear Institute for Food and Agriculture (NIFA) Peshawar.  

 Grain sample (10 g) of each genotype was finely grinded by grinder and a fine 

grade of flour was obtained. A small quantity of flour (0.06 g) was weighed by electronic 

balance from each genotype and was placed in a screw cap test tube (15 ml). Sample was 

digested by the addition of 10 ml HCl in to the test tube and shaking for one hour. From 

the extracted sample, 0.5 ml was transferred to a screw cap test tube in duplicate and 1 ml 

of ammonium iron III sulphate solution   (concentration = 23 ug ml-1 or 23 ppm solution) 

was added to the extract. Test tubes were heated in a water bath for 30 minutes.  

 Test tubes were removed from water bath and placed in test tube stand for bringing 

to room temperature. Test tubes were placed in refrigerator for 15-20 minutes and were 

brought to room temperature after pulling out from refrigerator. From the stock solution 

(concentration = 1% 2, 2 bipyridine solution) of 2, 2 bipyridine, 2 ml was added to 

reaction mixture and reading (optical density) was recorded at 510 nm by 

spectrophotometer. Based on the results (Table 1) of preliminary study two contrasting 

groups (one group with high phytic acid genotype i.e. Pirsabak-2005, Janbaz and AUP-

4006 and the other group with low phytic acid genotype i.e. Pirsabak-2004 and Ghaznavi) 

were identified. These five genotype were crossed in all possible combinations in 2007 to 

generate a 5 × 5 full diallel (Table 2).  
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Table 1: Phytic acid concentrations in different parental genotypes of wheat 

S. No. Genotypes Phytic acid % 

1 AUP-5006 2.75 

2 Ghaznavi 1.06 

3 Saleem-2000 2.43 

4 Uqab 2.20 

5 Tatara 2.40 

6 Pirsabak-2004 1.77 

7 Fakhre Sarhad 1.64 
8 Pirsabak-2005 2.89 

9 Janbaz 3.67 

10 AUP-4006 2.83 

 

 At least 15-20 spikes of each genotype were manually emasculated and bagged in 

order to prevent contamination by foreign pollen. At the time when ovaries became 

receptive the emasculated female spikes were pollinated by applying fresh pollen from the 

desirable male spike in 2007. By this method 20 F1 hybrids (10 direct and 10 reciprocal) 

were generated with enough seed for planting experiment in 2008. All F1 hybrids along 

with parental genotype were planted with a plant to plant and row to row space of 25 cm 

to maintain 160,000 plants per hectare to investigate some of the important physiological, 

morphological and agronomic traits. The experiment was laid down in randomized 

complete block design with three replicates. Each replication was assigned with 20 F1s and 

5 parental genotypes. Each entry consisted of one row with a row length of 3.75 m. Plant 

to plant and row to space of 25 cm was maintained. Fertilization of experimental field was 

done with Urea and DAP at the rate of 120 and 60 kg ha-1, correspondingly to plants for 

the maintenance of soil standard nutrients status. Half quantity of urea fertilizer and whole 

quantity of DAP were added during seed bed preparation whereas left over half quantity of 

urea was added along with first irrigation. Hoeing, weeding and irrigation practices were 

done for the experimentation to diminish experimental inaccuracy. 
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Observations 

 Data were recorded on 5 randomly selected plants for each population for the 

following parameters.  

1. Days to heading  

 Days to heading were recorded from the date of sowing to the date of heading 

based on the emergence of 50% heads by an entry in each replication. The stage when 

spikes emerged fully after the unfolding of the flag leaf was regarded as heading stage. 

2. Flag leaf area (cm2) 

 For the calculation of flag leaf area (cm2) in each entry, length and width of intact 

flag leaves on five randomly selected plants were measured by ruler and it was calculated 

by using the formula proposed by Muller (1991) i.e. maximum width × length × 0.74. 

3.  Grains filling duration 

 Grain filling duration was determined by subtracting days to anthesis from days to 

maturity for each entry. 

4. Plant height (cm)  

       Plant height (cm) of five randomly selected plants was recorded from the ground 

level to the tip of the main spike (excluding awns) by a meter rod at the time of 

physiological maturity for each entry.  

5. Spike length (cm) 

 Spike length (cm) of five randomly selected spikes was measured from the base of 

first spikelet to the tip of last spikelet by measuring scale at the time of physiological 

maturity excluding awns in each entry. 
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6. Days to maturity 

 Days to maturity were recorded on five randomly selected plants in each entry 

from the date of sowing to the date of physiological maturity. Brittleness of spikes was the 

indication of physiological maturity. 

7. Spikelets spike-1 

 Spikelets spike-1 was counted for five randomly selected spikes at the time of 

physiological maturity for each genotype and subsequently means were computed for each 

entry.  

8. Tillers plant-1 

 Data regarding tillers plant-1 was recorded by counting all tillers of five randomly 

selected plants in each entry and their mean was worked out. 

9. Grains spike-1 

 Grains of each spike of the five randomly selected spikes from each genotype were 

counted after harvesting the crop at maturity and means were computed for each entry. 

10.    1000-Grain weight (g) 

 After manual threshing, a representative sample of 1000-grains was hand counted 

from each entry in each replication and weighed with the help of electronic balance for 

recording 1000-grain weight. 

11. Biological yield (kg ha-1) 

 Biological yield (kg ha-1) was recorded at the time of harvesting by sickle at 

physiological maturity and bundles were sun dried. Whole bundle was weighed for each 

entry by physical balance and was then converted into yield in kilograms hectare-1 by 

adopting formula as given below. 

Biological yield (kg ha-1) =           Biomass (Produce) in kg plot-1        × 10,000 
                      Area harvested (meters) 
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12. Grain yield (kg ha-1) 

 Grain yield (kg ha-1) was recorded after manual threshing for each entry by 

physical balance and was then converted into yield in kilograms hactere-1 by adopting 

formula as given below. 

 Grain yield (kg ha-1) =           Grains plot-1           × 10,000 
     Area harvested (meters) 

13. Harvest index      

 Harvest index was computed as the ratio of grain yield to biological yield, by 

means of formula as given below. 

 HI (%) =   Grain yield plot-1 (kg)       × 100 
        Biomass plot-1 (kg) 

14. Phytic Acid 

 After threshing grain samples were drawn from each entry of experiment for 

phytic acid determination. For the determination of phytic acid in the whole wheat flour 

samples, the sensitive method of Haug and Lantzsch (1983) was adopted. 

Determination of phytic acid 

The sample was extracted with 0.2 N HCl and heated with an acidic iron-III 

solution of known iron content. The decrease in the iron content was the measure of 

free phytic acid in supernatant. 

Reagents 

 Phytic acid reference solution: Sodium salt of phytic acid (C6 H6 O24 P6 Na12) 

was used for reference. Stock solution was prepared by dissolving 0.15 g sodium 

phytate in 100 ml distilled water. The reference solution was prepared by diluting the 

stock solution with HCl in a range from 3 to 30 micro-grams (ug ml-1) phytic acid 

phosphorus. 
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Ferric Solution 

 Ammonium Iron-III Sulphate.12 H2O. Ferric solution was prepared by 

dissolving 0.2 g of Ammonium Iron-III sulphate.12H2O in 100 ml of 2 N HCl and the 

volume was made upto 1000 ml with distilled water. 

2, 2-Bipyridine Solution 

 Ten grams of 2, 2-bipyridine and 10 ml of Thioglycolic acid was dissolved in 

distilled water and the volume was made upto 1000 ml. 

Protocol 

 The defatted and finely ground wheat flour sample (0.06 g) was weighed and 

added in dry and clean screw cap test tube. Sample was extracted with 10 ml of 0.1 N 

HCl for 1 hour shaking in shaker. From this extract 0.5 ml in duplicate was taken into 

dry and clean screw cap test tubes. Ferric solution (1 ml) was added to these test tubes 

and closed by screw caps. These tubes were heated (105 0C) in boiling water bath for 

30 minutes and were allowed to cool at room temperature. Reaction mixture was 

provided by 2 ml of 2, 2-biphyridine solution and mixed thoroughly by shaking. 

Reaction mixture was transferred to cuvet of spectrophotometer and optical density 

(OD 510 nm) was recorded. The absorbance was measured within 4 minutes. A 

standard curve was made in phytic acid and was determined by the following formula: 

Phytic acid = Phosphorus phytic acid× 4.97 

Whereas 4.97 is ratio of phosphorus (Atomic weight = 31) to the phytic acid (Formula 

weight = 924) 

 Formula of sodium salt of phytic acidC6H6O24P6Na12 = 924 (Formula weight of sodium 

salt of phytic acid)  

         924/186 = 4.97 (Phosphorous phytic acid-1) 
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Table 2:     List of F1 cross combinations developed and used in the study 

S.No Combinations  

1 Ghaznavi × Janbaz 

2 Janbaz × Ps-2004 

3 Ps-2004 × Ghaznavi  

4 AUP-4006 × Ps-2004 

5 AUP-4006 × Janbaz 

6 Ps-2004 × Janbaz 

7 Ps-2004 × Ps-2005 

8 Janbaz × Ps-2005 

9 Ghaznavi × Ps-2005 

10 Janbaz × AUP-4006 

11 Janbaz × Ps-2005 

12 Janbaz × Ghaznavi 

13 Ps-2005 × AUP-4006 

14 Ps-2005 × Ghaznavi 

15 Ps-2005 × Ps-2004 

16 Ps-2004 × AUP-4006 

17 Ps-2005 × Janbaz 

18 AUP-4006 × Ghaznavi 

19 Ghaznavi × AUP-4006 

20 Ghaznavi × Ps-2004 
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STATISTICAL ANALYSIS  

A. Analysis of Variance 

 Data were subjected to analysis of variance (Steel and Torrie 1980) using 

Stateview software version 5, developed by SAS Institute Inc. USA. The statistical 

model is as follows: 

 Yijk =  + Tij + bk + (bT)ij.k 

Where, 

 Yijk = jth observation on ith genotype in kth block  

  = the general mean 

 Tij = the effect of i  jth genotype 

 bk = the effect of kth block 

 (bT)ij.k = the error effect 

B. Diallel Analysis 

 To accomplish a biometrical genetic analysis for genetic information and to find 

out the sufficiency of the genetic model, it is necessary to collect data from a number of 

consecutive generations or from unlike mating systems. When adequate number of 

inbred lines is available then according to Mather and Jinks, (1971, 1977 and 1982) an 

alternative approach is possible where inbred lines are crossed in all possible 

combinations including selfing and mutual crossing. Thus, n number of lines crossed in 

this manner will give up n2 descendant families. This method, called complete diallel 

cross, allows a genetic analysis to be carried out after one generation and provides test 

of the competence of the model. 

 The variation in a diallel cross can be attributed to the differences among 

maternal parents, paternal parents or due to the interaction between them. These 

variations can be recognized by the analysis of a diallel table. Diallel table is the array 

in which data is gathered from n2 offsprings. This table is made up of n number of rows 

and columns. Common female parent is present in each row while a common male 
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parent is located column wise and the selfed fertilized crosses are present in a diagonal 

position of the table. 

 Diallel analysis was done by using a software Dial-98 (Yasuo Ukai 2007). The 

theory of diallel was developed by Hayman (1954a, b), Hayman (1957) and Jinks 

(1954) and it was brought in to operation by Whitehouse et al. (1958) and Mather and 

Jinks (1971, 1977 and 1982). As there is no boundary on the number of parental inbred 

in an indeterminate diallel analysis (when the variations amongst the parental genotype 

are undefined), five parents were employed to carry out suitable diallel analysis. 

 Diallel analysis was carried out only after rejection of the null hypothesis that 

no variation between the genotype in the ANOVA when the observed F statistic 

(variance ratio) significantly differed from the hypothetical F ratio for the character 

under consideration. 

 The analysis of the diallel table provided prelude information about the presence 

of significant additive or non-additive difference. Principal things in favor of variation 

amid like group of genotype were calculated when barriers like cytoplasmic effects 

yield approximations of the identical constituent of difference which will be the 

variation due to additive genes. Mather and Jinks (1982), reported additive dominance 

and additive environmental models were sufficient and variation by reciprocal 

combination was existing, and majority of items, mean squares in the analysis of 

variance can be deduced relatively uncomplicated language. According to them genetic 

component a checks importance of additive effects genes and article b is used for the 

analysis of total dominance action. Non-significant value of item b means that a entity 

is responsible for variation due to additive genes. Mean variation of the F1s from their 

mid parental values is testing by item b1. Significant value of item b1 indicates 

dominance divergence of genes is principally in one way, i.e., which means that it is 

measure of directional dominance outcome. In order to estimate mean dominance 

difference of the F1 hybrids in comparison of their average parental values within each 

array differs over arrays by component b2. This situation arises when some parents 

possessed significantly extra dominant alleles as compared to the rest of parents. 

Dominance deviation linked specifically with every F1 combination was tested by 

genetic entity b3. According Griffing (1956) for a fixed model where the inbred lines 

are vanished from the analysis, item b3 is equal to specific combining ability.  



 
 

40

 Information about gene action was inferred by plotting the covariance (Wr) of 

each array against its variance (Vr). The slope and position of the regression line fitted 

to the array points within the limiting parabola indicated the degree of dominance and 

the presence or absence of gene interaction. 

 The points of the limiting parabola (Wri) were obtained as under; 

 Wri = (Vp  Vri)1/2 

 Where, Vp = Parental variance, and Vri = Array variance 

 Array variances and covariance were used to draw a regression line within the 

limiting parabola. The distance between the origin and the point where the regression 

line cuts the Wr-axis provides a measure of average degree of dominance: 

i. Partial dominance: Intercept with a positive value  

ii. Complete dominance: Regression line is passing from the origin 

iii. Over dominance: Intercept with a negative value, and 

iv. No dominance: Regression line when touching limits of parabola. 

 The order of array points represented the allotment of dominant and recessive 

genes amongst the parents. Points for most dominant in the parents are existing near the 

origin on graph while the parents contained most recessive genes are located away from 

the origin. Parents with equal frequencies of dominant and recessive genes had their 

points in the middle. 

 In addition to Wr/Vr graphs Wr + Vr/P graphs were also formed by adopting the 

method of Mather and Jinks (1982). The standard error of the regression line slope was 

estimated according to Askel and Johson (1963). 

Assumptions of diallel analysis and tests for their validity  

Diallel analysis is based on the assumptions as described by Hayman (1954b). These 

include as given below  

 Normal diploid segregation,  

 Absence of reciprocal effects,  
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 Homozygous parents,  

 Absence of epistasis,  

 No multiple allelism and  

 Independent gene distribution. 

 Although hexaploid wheat contains the diploid chromosomes complement of 3 

diverse genomes (A, B, D), but the assumption of normal diploid segregation is assured 

by the fact that Triticum aestivum cytogenetically behaves as a diploid due to the 

presence of a dominant gene Ph on chromosome 5B which inhibits pairing between 

homologous chromosomes. For removing reciprocal differences the values in the off 

diagonal cells of the diallel table were replaced by the means of direct and reciprocal 

cross prior to analysis. The parental genotypes included in the study are selected 

varieties or advanced lines which are selfed every year to ensure true-to-type and 

homozygosity, hence the material satisfied the assumption of homozygous parents. 

 To fulfill the assumptions of absence of epistasis, no multiple allelism and 

independent gene distribution, data were subjected to two tests. The first test was the 

uniformity of Wr and Vr test (t2), which indicates the validity of assumptions made by 

Hayman (1954). The significance of t2 value indicates failure of hypothesis (Singh and 

Chaudhary, 1985). The second test for the adequacy of additive dominance model is the 

analysis of regression coefficient. Variances (of each array) and covariances (array with 

its parental values) were estimated from the mean diallel table, then the regression of 

covariance on the variances was computed. According to Mather and Jinks (1982) the 

regression coefficient is expected to be significantly different from zero, but not from 

unity. Failure of this test means that non-allelic interaction (epistasis) is present or 

genes are not independent in their action or show non-random association among 

parents. 

 Failure of both the tests completely invalidates the Additive-Dominance model. 

While, Additive-Dominance model was considered partially adequate if any of the 

assumption fulfils. Johnson and Askel (1964), Wilson et al. (1978) and Azhar and 

McNeilly (1988) have also estimated the components of variance for such type of 

partially adequate models. 
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C. Genetic components of variation  

 The genetic components of variation were calculated by using the procedures 

given by Hayman (1954), and Mather and Jinks (1982) and as cited by Singh and 

Chaudhary (1985). The genetic parameters and their formulae are as follows: 

Additive Variation (D) 

 D = Vp-E 

 Where, Vp = Variance of the parents  

 E = Environmental constituent of variation  

Variation due to dominant effect of genes (H1) 

 H1 = Vp - EnnvrWr ]/)23[(44   

 Where, vr  = mean of the array variances, Wr  = mean of the co-variances 

between parents and arrays, and   n = number of parents. 

Variations due to dominant effect of genes correlated for gene distribution (H2) 

 H2 = vr4  - 4Vr – 2E  

 Where, Vr= variance of the mean of arrays. 

Relative frequency of dominant and recessive alleles (F) 

 In the presence of unequal gene frequencies, the sign and magnitude of F 

determines the relative frequency of dominant and recessive alleles in the parental 

population and the variation in the dominance level over loci. F is positive whenever 

the dominant alleles are more than the recessive ones, irrespective of whether these are 

increasing or decreasing in their effect. It was calculated as: 

 F = 2Vp - E
n

n
Wr

)2(2
4
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Overall dominance effect of heterozygous loci (h2) 

 h2 = 4(ML1 ML0)2 - E
n

n
2

)1(4 
 

 Where, (ML1 ML0)2 = [1/2 × {(G. T/n) -  Parental values)}]2 

 G.T = Grand total of all the observations. 

Environmental variance (E) 

 E = [(Error SS+Reps. SS)/(Error df + Rep. df)]  No. of Rep. 

 Where, Error SS = Error sum of square and Rep. SS = Replication sum of 

square in the analysis of variance. 

Average degree of dominance  

 = “(H1/D)1/2” 

Proportion of genes with positive and negative effects in parents 

 = H2/4H1 

Proportion of dominant and recessive genes in parents 

 
])4[(

])4[(
2/1

1

2/1
1

FDH

FDH




 

 

Heritability (h2) 

 h2
bs

 = 
EFHHD

FHHD




5.025.05.05.0

5.025.05.05.0

21

21  

h2
ns

 = 
EFHHD

FHHD




5.025.05.05.0

5.05.05.05.0

21

21  
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IV. RESULTS AND DISCUSSION 

Data of important agronomic traits and phytic acid for five parental genotypes 

and all possible crosses were subjected to biometrical analysis for getting genetic 

information about various aspects. The null hypothesis for equality of means was tested 

through F-distribution of Steel and Torrie (1980) in analysis of variance. In case of 

rejection of null hypothesis further evaluation of means and diallel analysis (Hayman, 

1954) was studied. The results of analysis of variance and diallel analysis are presented 

and discussed. 

Mean performance of F1 and parental genotypes 

A; Analysis of variance 

 Analysis of variance revealed that genotype had significant differences for all 

traits (Table 3). Means of the genotype (parents + crosses) for the traits studied are 

presented (Tables 4-6).  

Parental genotype Ps-2004 took maximum number of days to heading, followed 

by Janbaz and Ghaznavi while AUP-4006 appeared with less number of days to 

heading. Among F1 crosses, AUP-4006 × Ps-2005 scored maximum number of days to 

heading while Ghaznavi × Janbaz appeared with minimum value (Table 4). Rest of the 

F1 crosses were at par with one another. These results are in agreement with those of 

Mohammad et al. (2001), Ahmad et al. (2003, 2006 and 2009), and Anwar et al. (2009) 

who also reported significant differences amid wheat genotype for days to heading. 

Analysis of variance regarding flag leaf area (cm2) revealed significant 

differences (Table 4). Parental genotype Ps-2005 appeared with larger flag leaf area 

while Ghaznavi with small flag leaf area (cm2). Among F1 hybrids, Ghaznavi × Ps-2005 

showed flag leaves with large size whereas Ghaznavi × Ps-2004 appeared with small 

size leaves. Flag leaf area is vegetative trait and highly affected by light and other 

abiotic environmental conditions. Maximum photosynthates to grains are supplied by 

flag leaf. A bigger flag leaf area therefore, will increase the size of grains by storing 

more food and thus will increase grain yield. Flag leaf area has a direct relationship 

with yield and yield related traits (Riaz, 2003).    
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Statistical analysis for grain filling duration showed (Table 4) that parental 

genotype AUP-4006 took more time for grain filling, whereas short grain filling 

duration was recorded for Ps-2005. Among F1 hybrids, Ghaznavi × AUP-4006 and 

Ghaznavi × Ps-2004 appeared with extended grain filling duration while cross Janbaz × 

Ps-2005 exhibited short grain filling duration. This trait is directly linked with 

temperature of the environment. Low temperature could extend grain filling duration.  

Data pertaining to plant height (cm) showed (Table 4) that parental Ps-2005 

appeared with tall stature by gaining more height while Ghaznavi with short stature by 

scoring less height. F1 crosses like Ps-2004 × Ps-2005 and AUP-4006 × Ps-2005 

appeared with maximum plant height (cm) while cross AUP-4006 × Ghaznavi showed 

short stature by scoring less plant height value. Crosses like Janbaz × Ps-2005, Janbaz × 

Ghaznavi, Ghaznavi × AUP-4006 and Ghaznavi × Ps-2004 were at par with one 

another.     

Data regarding plant maturity is presented in Table 5 which showed that among 

the parental genotype, AUP-4006 took maximum number of days for maturity while 

Ps-2005 minimum number of days for the said trait. Among the F1 hybrids, AUP-4006 

× Ps-2004 and Ps-2005 × Janbaz showed late maturity by taking more number of days 

for maturity whereas Ps-2004 × Ghaznavi showed early maturity by taking less number 

of days for completing life span. Main purpose in many plant breeding programs is to 

develop wheat cultivars with optimum days to maturity which can reduce fertilizer and 

irrigation application cost (Khan and Khalil, 2006).     

Data concerning tillers plant-1 showed (Table 5) that among parental 

genotypePs-2004 produced more tillers plant-1 while less tillers plant-1 was recorded for 

parental genotype AUP-4006. Ghaznavi × Janbaz appeared with maximum tillers plant-

1 while cross Ps-2005 × Janbaz with minimum tillers plant-1 among the F1 crosses. 

Among F1 crosses Ps-2004 × Ghaznavi, AUP-4006 × Ps-2005, Janbaz × Ps-2004, 

Ghaznavi × Ps-2005 and Ghaznavi × Ps-2004 were at par for tillers plant-1. 

Data regarding spike length revealed (Table 5) that parental genotype Janbaz 

appeared with long spike followed by Ghaznavi while Ps-2005 and Ps-2004 yielded 

short spikes. Long spikes were produced by cross Ghaznavi × Janbaz while short spikes 

by Ps-2005 × AUP-4006 among the F1 hybrids. Some F1 crosses like AUP-4006 × Ps-
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2004, Ps-2004 × Ps-2005, AUP-4006 × Janbaz and Janbaz × Ps-2004 were at par for 

the said trait.  

Data pertaining to spikelets spike-1 showed highly significant differences. 

Maximum spikelets sipke-1 was observed for parental genotype (Table 5), Janbaz and 

Ghaznavi whereas less spikelets spike-1 was recorded for parental genotype Ps-2005. 

Among the F1 progenies two crosses i.e. AUP-4006 × Janbaz and Janbaz × Ps-2005 

yielded maximum spikelets spike-1 whereas minimum spikelets spike-1 was shown by 

cross Ps-2005 × Ps-2004. Some F1 crosses like AUP-4006 × Ghaznavi, Janbaz × Ps-

2004, Ghaznavi × AUP-4006, Ghaznavi × Janbaz and Ghaznavi × Ps-2004 were at par 

for spikelets spike-1.  

Data about grains spike-1 is presented in Table 5. Among the parental genotypes, 

maximum grains spike-1 was shown by Ps-2004 while minimum grains spik-1 was 

recorded for parental genotype Ps-2005. Among the F1 crosses Ghaznavi × Ps-2004 

produced more grains spike-1 while cross Ps-2004 × Ps-2005 with less performance for 

the trait of grains spike-1.  

Data relating 1000-grain weight indicated highly significant differences (Table 

6). Among the parental genotype maximum 1000-grain weight (g) was recorded for Ps-

2005 followed by Ghaznavi, whereas Ps-2004 appeared with minimum score for the 

same trait. Among the F1 crosses, Ps-2005 × Ghaznavi, Ps-2005 × Ps-2004 and 

Ghaznavi × AUP-4006 appeared with maximum 1000-grain weight while minimum 

was recorded for Janbaz × Ps-2005 and Ps-2004 × Janbaz. Crosses like Ps-2004 × Ps-

2005, AUP-4006 × Janbaz and AUP-4006 × Ps-2005 were at par for the said trait.   

Data pertaining to biological yield revealed highly significant variations. 

Parental genotype Ghaznavi produced maximum biological yield whereas minimum 

biological yield was recorded for parental genotype Ps-2004 (Table 6). Among the F1 

progenies AUP-4006 × Ps-2004 produced maximum biological yield, followed by Ps-

2005 × AUP-4006, Ps-2004 × AUP-4006, Ghaznavi × AUP-4006 and Janbaz × AUP-

4006 whereas AUP-4006 × Janbaz was recorded for low biological yield (Table 6).  

Data relating to grain yield revealed highly significant differences. Among the 

parents maximum grain yield was recorded for Ghaznavi followed by Janbaz while 
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minimum grain yield was recorded for AUP-4006. Among the F1 hybrids, maximum 

grain yield was recorded for Janbaz × Ps-2004 and Ps-2005 × AUP-4006 while 

minimum grain yield was shown by Ghaznavi × Ps-2005 (Table 6). F1 crosses like 

AUP-4006 × Janbaz, AUP-4006 × Ghaznavi, AUP-4006 × Ps-2005, Janbaz × Ps-2004 

and Ghaznavi × Ps-2004 were at par for biological yield.     

Analysis of variance showed highly significant differences for harvest index. 

Ghaznavi showed maximum harvest index followed by AUP-4006 whereas Ps-2005 

appeared with minimum score for harvest index. Cross combination, Janbaz × Ps-2005 

revealed highest value and Janbaz × AUP-4006 with low score for harvest index among 

the F1 hybrids (Table 6). Majority of the F1 hybrids were at par for harvest index.  

 Phytic acid concentration was determined by the sensitive method of Haug and 

Lantzsch (1983). Analysis of variance showed highly significant differences. Maximum 

phytic acid concentration was found in AUP-4006 while minimum in Ghaznavi among 

the parental genotype (Table 6).  F1 hybrids showed a wider range for phytic acid. 

Highest phytic acid concentration was observed in cross combination Ghaznavi × AUP-

4006, followed by AUP-4006 × Janbaz whereas lower concentration was recorded for 

Ps-2005 × Ghaznavi and AUP-4006 × Ps-2004 among the F1 hybrids. Many genotypes 

among the F1 hybrids were at par for phytic acid concentration.      
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Table 3: Mean squares for Phytic acid and other agronomic traits in bread 
wheat 

Traits Df MS Rep Df MS 
Days to heading 24 6.11** 2 0.53 NS 
Flag leaf area 24 40.89** 2 24.26*

Grain filling duration 24 27.71** 2 1.56* 
Plant height  24 114.77** 2 6.34 NS 
Spike length 24 3.72** 2 15.34 NS 
Plant maturity 24 10.99** 2 3.41 NS 
Spikelets spike-1 24 6.41** 2 2.09* 
Tillers plant-1 24 7.43** 2 0.36 NS 
Grains spike-1  24 266.59** 2 65.88* 
1000-grain weight  24 16.84** 2 5.32 NS 
Biological yield  24 29851605** 2 10451666 NS 
Grain yield  24 139959** 2 56189 NS 
Harvest index  24 12.72** 2 1.36* 
Phytic acid 24 1.651** 2 0.32NS

          *, ** indicates significance at 0.05 and 0.01, respectively; NS shows non-significant 
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Table 4: Means of Parents and F1s for days to heading (HD), flag leaf area 
(FLA), grain filling duration (GFD) and plant height (PH) in 5 × 5 
diallel cross of bread wheat 

 
 

S. No Genotypes HD FLA (cm2) GFD PH (cm) 

1 AUP-4006 128.67 43.77 41.67 103.73 

2 Janbaz 132.00 36.39 35.00 109.70 

3 Ghaznavi 132.00 34.60 34.33 89.00 

4 Ps-2004 132.33 41.20 34.67 102.80 

5 Ps-2005 131.00 47.09 32.67 114.80 

6 AUP-4006 × Ps-2004 131.33 35.69 37.33 101.26 

7 Ps-2004 × AUP-4006 130.00 32.60 40.00 105.45 

8 Ps-2004 × Ghaznavi 130.00 41.49 34.00 99.40 

9 Ps-2004 × Ps-2005 132.67 41.70 35.33 111.47 

10 AUP-4006 × Janbaz 131.00 39.30 38.00 105.67 

11 AUP-4006 × Ghaznavi 132.00 37.94 39.00 96.00 

12 AUP-4006 × Ps-2005 134.00 37.34 31.33 116.00 

13 Janbaz × AUP-4006 130.00 41.60 37.00 106.80 

14 Janbaz × Ghaznavi 130.00 37.99 33.67 102.30 

15 Janbaz × Ps-2004 129.67 38.84 41.00 109.00 

16 Janbaz × Ps-2005 129.67 42.81 38.67 100.20 

17 Ghaznavi × AUP-4006 131.67 36.60 43.00 100.93 

18 Ghaznavi × Janbaz 129.00 38.05 34.66 106.30 

19 Ghaznavi × Ps-2005 131.00 45.81 34.33 103.80 

20 Ghaznavi × Ps-2004 133.33 31.41 43.00 100.60 

21 Ps-2004 × Janbaz 132.33 37.70 34.33 112.80 

22 Ps-2005 × AUP-4006 132.00 35.84 34.33 110.30 

23 Ps-2005 × Janbaz 132.00 38.71 40.00 99.73 

24 Ps-2005 × Ghaznavi 130.00 40.70 35.67 99.73 

25 Ps-2005 × Ps-2004 132.00 37.67 36.67 111.07 

 Grand mean 131.86 38.91 36.78 104.75 

 Parent mean 131.20 40.61 35.66 104.00 

 Progeny mean 131.18 38.48 37.06 104.94 

 LSD 2.38 5.47 2.55 4.23 
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Table 5:  Means of Parents and F1s for plant maturity (PM), tillers plant-1(TP-1),   
spike length, (SL), spikelets spike-1(SSP-1), grains spike- 1(GSP-1) in 5 × 5 
diallel cross of bread wheat 

S.No Genotypes PM TP-1 SL(cm) SSP-1 GSP-1 

1 AUP-4006 170.67 7.87 9.00 23.67 88.67 

2 Janbaz 170.66 11.57 11.67 24.67 72.00 

3 Ghaznavi 169.66 10.06 11.13 24.67 77.66 

4 Ps-2004 169.00 11.92 9.00 24.00 94.67 

5 Ps-2005 167.33 10.80 9.00 23.00 69.00 

6 AUP-4006 × Ps-2004 170.33 8.33 12.40 22.33 69.00 

7 Ps-2004 × AUP-4006 167.00 9.00 11.30 22.00 57.67 

8 Ps-2004 × Ghaznavi 164.00 11.73 11.13 23.33 77.00 

9 Ps-2004 × Ps-2005 167.00 9.67 12.60 22.00 64.00 

10 AUP-4006 × Janbaz 165.00 9.13 12.20 26.33 84.00 

11 AUP-4006 × Ghaznavi 167.00 7.93 11.80 25.00 80.00 

12 AUP-4006 × Ps-2005 170.00 11.67 11.73 26.00 75.33 

13 Janbaz × AUP-4006 170.00 10.57 11.00 23.00 75.33 

14 Janbaz × Ghaznavi 164.66 10.40 11.33 26.00 73.00 

15 Janbaz × Ps-2004 165.66 11.67 12.60 25.33 78.00 

16 Janbaz × Ps-2005 170.66 8.20 11.60 26.33 74.00 

17 Ghaznavi × AUP-4006 170.33 9.06 11.00 25.00 92.33 

18 Ghaznavi × Janbaz 165.66 13.60 13.40 25.00 66.00 

19 Ghaznavi × Ps-2005 166.33 11.13 11.93 24.00 95.00 

20 Ghaznavi × Ps-2004 166.00 11.93 10.73 25.00 85.33 

21 Ps-2004 × Janbaz 167.66 8.77 12.27 23.00 71.00 

22 Ps-2005 × AUP-4006 167.33 10.76 10.53 24.00 70.33 

23 Ps-2005 × Janbaz 171.00 7.66 11.56 23.66 78.66 

24 Ps-2005 × Ghaznavi 170.00 10.60 11.80 23.33 79.66 

25 Ps-2005 × Ps-2004 168.00 11.37 10.47 21.66 69.00 

 Grand mean 168.03 10.26 11.32 24.09 76.66 

 Parent mean 169.46 10.44 9.96 24.00 80.40 

 Progeny mean 167.68 10.59 11.66 24.15 75.32 

 LSD 2.19 2.068 2.15 1.94 2.505 
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Table 6:  Means of Parents and F1s for 1000-grain weight (TGW), biological 
yield (BY) (kg ha-1) grain yield (GY) (kg ha-1), harvest index and 
phytic acid percentage (PA%) in 5 × 5 diallel cross of bread wheat 

S. No Genotypes TGW (g) BY (kg ha-1) GY(kg ha-1) HI% PA% 

1 AUP-4006 32.33 6958.90 1833.00 29.47 3.42 

2 Janbaz 32.00 6668.03 2381.68 27.96 1.61 

3 Ghaznavi 37.00 7278.08 2476.74 29.88 1.25 

4 Ps-2004 31.00 6194.52 2138.61 25.62 1.66 

5 Ps-2005 41.00 6593.21 1919.25 25.38 2.48 

6 AUP-4006 × Ps-2004 36.00 8877.16 1838.31 28.91 0.74 

7 Ps-2004 × AUP-4006 34.00 8485.38 2146.77 27.96 2.60 

8 Ps-2004 × Ghaznavi 38.00 8296.81 1994.63 25.94 2.48 

9 Ps-2004 × Ps-2005 35.00 7428.31 1892.37 28.09 1.46 

10 AUP-4006 × Janbaz 35.00 6513.24 2443.89 26.60 2.83 

11 AUP-4006 × Ghaznavi 39.00 7527.39 2220.89 27.17 2.81 

12 AUP-4006 × Ps-2005 35.00 7575.34 2149.51 25.76 2.55 

13 Janbaz × AUP-4006 40.00 8478.99 1926.66 25.15 2.65 

14 Janbaz × Ghaznavi 36.70 8278.53 1956.16 27.68 1.63 

15 Janbaz × Ps-2004 36.00 8098.32 2737.12 31.52 0.89 

16 Janbaz × Ps-2005 31.00 7836.53 2330.82 31.65 1.01 

17 Ghaznavi × AUP-4006 40.70 8173.97 2056.21 26.02 3.43 

18 Ghaznavi × Janbaz 39.00 7962.92 2166.66 27.64 1.52 

19 Ghaznavi × Ps-2005 36.33 8377.16 1818.32 29.40 2.81 

20 Ghaznavi × Ps-2004 38.70 7834.74 2435.75 28.86 2.32 

21 Ps-2004 × Janbaz 31.00 8391.32 1882.05 30.13 2.53 

22 Ps-2005 × AUP-4006 38.33 8668.69 2530.95 28.64 2.83 

23 Ps-2005 × Janbaz 35.00 7191.32 2058.31 28.58 2.77 

24 Ps-2005 × Ghaznavi 40.70 7734.10 2068.21 26.90 0.56 

25 Ps-2005 × Ps-2004 40.70 7616.43 2023.61 25.46 1.58 

 Grand mean 36.37 7721.43 2137.05 27.85 2.16 

 Parent mean 34.66 6738.54 1919.25 25.38 2.48 

 Progeny mean 38.80 7967.33 2133.86 27.90 2.18 

 LSD 3.291 4852 7.33 0.10  
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B. Diallel Analysis 

 Data collected for all agronomic traits and phytic acid were subjected to analysis 

of variance following Steel and Torrie (1980) before conducting diallel analysis by 

using Stateview software version 5, developed by SAS Institute Inc. USA. Significant 

genotypic differences were found for all the traits (Table 3) which provided justification 

for diallel analysis.  Diallel analysis was conducted for all traits except plant maturity 

which was found inadequate after; t2; and regression analysis (Table 7). Diallel analysis 

was carried out in three steps. In the first step formal 5 × 5 diallel analysis was carried 

out using software Dial-98. By adopting the method of Hayman (1954a) in the second 

step, collected data was subjected to graphical analysis. All genetic parameters were 

calculated in the third and last step. Results of the studied traits are presented and 

discussed. 

Days to heading  

Complete diallel analysis for days to heading was carried out using statistical 

package Dial-98 (Table 8), which revealed that item a which was the measure of 

additive gene effect was significant and made a maximum contribution towards the 

whole variation. Overall dominance constituent b, with much significant value, 

exhibited the vital responsibility of dominance. The value of b1 was also highly 

significant which showed the existence of directional genes for days to heading. Highly 

significant value of item b2 accounted for the distribution of asymmetrical genes among 

parents whereas non-significant value of b3 was accounted for the absence of specific 

gene effect. The value of c (maternal effect) was non-significant and therefore there 

was no need for retesting of component a. Retesting of b, b1, b2 and b3 was not 

performed due to non-significant value of reciprocal effect (d). 

Additive dominance model was found partially adequate for days to heading 

after subjecting data to scaling tests (Table 7). For days to heading estimates of genetic 

components D, H1, H2, F and h2 were non-significant while environmental component 

was significant which played greater role in the manifestation of said trait. However, D 

was greater than H1, H2 components and the trait was controlled by additive type of 

gene action. Greater value of H1 than H2 indicated that positive and negative genes were 

not equally distributed as also confirmed by the ratio of H2/4H1 (0.88). Average degree 
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of dominance (0.13) was less than unity which confirmed additive type of gene action 

for days to heading (Table 9). Non-significant value of h2 showed the absence of overall 

dominance effect due to heterozygous loci in the expression of the said trait. Narrow 

and broad sense heritability estimates were 0.07 and 0.32 respectively, (Table 9) for 

days to heading.  

Placement of array points displayed (Figure 1a) for the trait of days to heading 

that it was controlled by dominant genes with partial effect. Parental genotype 

Ghaznavi, AUP-4006, Janbaz and Ps-2004 contained large number of dominant genes 

for trait of days to heading as the occupied close position with origin whereas genotype 

Ps-2005 possessed less number of dominant genes due their far existence from origin.  

For establishing the relationship between dominant genes and the phenotype of 

common parent, values of Wr + Vr arrays were designed against the parental values 

(Figure 1b). Correlation with negative value (-0.995) evidently illustrated that the 

parents with early flowering contained bigger values of Wr + Vr and thus contained 

minor number of dominant genes. In contrast to this the genotype with late flowering 

had lowest value of Wr + Vr and contains maximum number of dominant genes for 

days to heading. Additive gene action for days to heading had also been reported by Al-

Saheal (1985), Maloo (1987), Singh and Paroda (1988) and Chaudhry et al. (1994). 

Flag leaf area  

Diallel analysis for flag leaf area showed that item a (measure of additive gene 

effect) was highly significant and responsible for a high proportion of the overall 

variation (Table 10). Overall dominance component b, was significant, indicating the 

important role of dominance. The value of b1 appeared with non-significant differences 

which pointed out the lack of directional genes for flag leaf area. Asymmetry of genes 

allotment among the parental genotype was clear by the significant value of item b2 

while on the other hand non-significant value of b3 was held accountable for the 

absence of specific gene effect. The values of c (maternal effect) and d (reciprocal 

effect) were significant and due to this reason they were retested against items a and b1 

which become non-significant. 
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Adequacy tests of Additive-Dominance model revealed adequate for flag leaf 

area (Table 7). The genetic components of variance for flag leaf area revealed that 

additive-dominance and environmental variation were significant while H1, H2 and F 

were non-significant (Table 11). Value of additive dominance showed that flag leaf was 

under the control of additive type of gene action and environmental component also 

played a major role for the expression of the said trait. Difference in the numerical 

values of H1 and H2 pointed out about the allotment of positive and negative alleles in 

uneven frequencies. However the variation was small. This was supported by H2/4H1 

(0.17) ratio which showed the distribution of positive and negative alleles in different 

frequencies. Value of F genetic item was positive and non-significant which showed the 

occurrence of dominant genes but dominant to recessive genes (0.80) genes ratio did 

not support as it was less than unity. The value of average degree of dominance 

(H1/D)1/2 was less than 1 which supported partial dominance type of gene action of 

additive nature for flag leaf area. Estimated values of narrow and broad sense 

heritability were being 0.31 and 0.55, respectively, for flag leaf area (Table 11). 

Regression line of Wr, Vrgraph showed the presence of partial dominance with 

additive gene action for flag leaf area (Figure 2a). Assignment of array points for 

parental genotype (Ps-2004) indicated the presence of most dominant genes for flag leaf 

area due to its position near to the origin in graph followed by Janbaz whereas genotype 

Ps-2005 was present far away from origin which showed about the existence of lesser 

number of dominant genes. Rest of the genotype AUP-4006 and Ghaznavi experienced 

for mediator position demonstrating equal share of dominant and recessive genes in 

them for flag leaf area. 

In order to obtain response from correlation of dominant genes with the 

phenotype of common parent, values of Wr + Vr arrays were plotted against the 

parental values (Figure 3b). Correlation with a positive value (0.139) visibly illustrated 

that the parents with large size flag leaf provided with larger values of Wr + Vr which 

is the indication of lesser number of dominant genes. From the Fig. 3b it was evident 

that parents Janbaz and Ps-2004 had less value of Wr + Vr and thus have more 

dominant genes for flag leaf area. Dominant alleles accounted for the trait of flag leaf 

area. Our results are in line with those of Masood et al. (2005) who also reported 
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parallel findings for flag leaf area and other agronomic traits in bread wheat. Findings 

of our research are also supported by those of Hassan and Khaliq (2008). 

Grain filling duration 

Diallel analysis of variance for grain filling duration (Table 12) revealed 

significant differences for genetic components a and b which were the measure of 

additive gene effect and overall dominance, respectively. Genetic item b1 showed non-

significant value which indicated the lack of directional genes for grain filling duration 

among parental genotypes. Highly significant value of genetic component b2 accounted 

for the preponderance distribution of asymmetrical genes among parental genotype 

whereas b3 genetic component which was the measure of specific gene effect (b3) 

yielded highly significant value for grain filling duration. Maternal effect (c) showed 

highly significant differences which allowed retesting of additive gene effect (a). After 

retesting highly significant value of (a) was remained significant which showed that 

maternal effect did not suppress the additive gene action. The values of genetic 

components b, b2 and b3 were retested against the reciprocal effect (d) which was 

significant and hence b and b3 became non-significant while b2 maintained its 

significant value. 

Additive dominance model was fully adequate for grain filling duration (Table 

7). The estimates of genetic components of variance for D, H1, H2, and F showed 

significant differences (Table. 13). Significant values of both D and H1, H2 genetic 

components showed that additive gene effect and dominance effect are involved in 

grain filling duration of wheat kernels. Long grain filling duration means more grain 

yield. Genetic component F was also significant and positive which showed 

relationship between the allelic frequencies of dominant and recessive. The value of F 

showed that dominant genes are concerned with the control of grain filling duration. 

The value of average degree of dominance (H1/D)1/2 was more than one (1.91) which 

supported dominance type of action of additive nature for grain filling duration in F1 

hybrids. Value of (H2/4H1) was smaller than 0.25 which showed the presence of 

positive and negative alleles in different frequencies. Non-significant value of Genetic 

item h2 was non-significant which indicated absence of overall dominance effect due to 

heterozygous loci concerning grain filling duration. Environmental genetic component 

was significant which played greater role in the manifestation of grain filling duration. 
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Regression line of Wr, Vr graph for grain filling duration was above the origin 

which showed that grain filling duration was under the control of partial dominant type 

of gene action with additive type of gene action (Figure. 3a). Parental genotype (Ps-

2005) possessed huge amount of dominant genes for grain filling duration as it was 

located close to the starting point followed by Janbaz whereas genotype AUP-4006 

contained small number of dominant genes due its far away occupied position from 

origin. Ps-2004 and Ghaznavi occupied position between two extremes and showed 

equivalent input of dominant and recessive genes in them for grain filling duration. 

To see whether the distribution of dominant genes was correlated with the 

phenotype of common parent the values of Wr + Vr were located with the array points 

of common parents which showed (Figure 3b) that parental genotype Ps-2005 had the 

maximum dominant genes for grain filling duration being with lowest value of (Wr + 

Vr = 0.012) followed by genotype Janbaz with a value of (Wr + Vr = 0.992). Parental 

genotype (Ps-2004) appeared with fewer numbers of dominant genes. Rest of the 

parental genotype Ghaznavi and AUP-4006 located on mediator point presenting 

identical role of dominant and recessive genes in them. Our experimental findings are 

in close agreement with those of Masood et al. (2005) who also reported similar results 

for grain filling duration and also stated that extended grain filling duration was directly 

related with more grain yield of the crop. 

Plant height  

Analysis of variance for plant height revealed (Table 14) that item a was 

significant and it was responsible as a principal contributing factor of the whole 

variation due to additive gene effect. Genetic component b which was the measure of 

the whole dominance founded with significant differences, showing the fundamental 

role of dominance for plant height. Value of b1 appeared with significant differences 

which revealed the presence of directional genes for plant height. Asymmetrical genes 

distribution among the parents was apparent from the significant value of item b2. 

Absence of specific gene effect was directly linked with the non-significant value of b3. 

The values of c (maternal effect) and (d) reciprocal effect were non-significant and thus 

there was no need for retesting of item against b, b1, b2 and b3 respectively. 
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By subjecting data to adequacy tests for additive dominance model it was found 

adequate for plant height (Table 7). Estimates of genetic components D, H1, H2, F and 

h2 for plant height in F1 progenies were non-significant while environmental component 

was significant which played bigger part in the appearance of the said trait. However, D 

was greater than H1 and H2 indicating the trait was controlled by additive gene action. 

Greater value of H1 than H2 indicated that positive and negative genes were not equally 

distributed and also got confirmation from the ratio of H2/4H1 (0.83). Average degree of 

dominance (0.77) was less than unity which confirmed additive gene action for plant 

height (Table. 15). Overall dominance (h2) effect due to heterozygous loci was non-

significant which showed lack of overall dominance for expression of plant height. 

Genetic component F with the score of positive and non-significant indicated absence 

of dominant genes and confirmation was obtained from the ratio of dominant to 

recessive genes (0.17) which was less than unity. Environmental component was the 

measure of the environmental variation and composed of many components was 

significant which supported the vital effect of the environment on the performance of 

genotypes. Less than 1 value of the average degree of dominance (H1/D)1/2 pleaded for 

the partial dominance with additive gene effect for plant height. Estimates of narrow 

sense heritability 0.12 and broad sense heritability were 0.28 respectively (Table 15) for 

plant height. 

Graph between variance and covariance (Vr and Wr) showed (Figure. 4a) that 

among the parent genotypes, AUP-4006 possessed maximum dominant genes for plant 

height as it occupied position closest to the origin followed by Ps-2004 which was 

closer to the origin while parent Ps-2005 was away from origin which pleaded about the 

presence of recessive or the least dominant genes for plant height. Remaining genotypes 

adopted position between two extremes and showed equal contribution of dominant and 

recessive genes in them. 

For finding out the correlation response of the dominant genes with the 

phenotype of common parent, Wr + Vr values of the arrays were plotted against the 

parental values (Figure. 4b). A negative correlation (-0.828) clearly showed that the tall 

parent had larger values of Wr + Vr except two parents which had smaller values of Wr 

+ Vr. Smaller value in this case accounted for the existence of more dominant genes in 

the parental genotypes. These results agree with those of Rasal et al. (1991), who 
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reported additive gene effect for plant height and other agronomic traits. Iqbal et al. 

(1991), on the other hand reported partial dominance from their studies for plant height.   

Grains spike-1  

  Diallel analysis revealed that item a which was the measure of additive gene 

effect for grains spike-1 was non-significant (Table 16). Overall dominance component 

b, was highly significant, expressing the fundamental role of dominance for the said 

trait. Non-significant value of b1 showed the absence of directional genes for grains 

spike-1. The value of genetic component b2 was highly significant and accounted for the 

distribution of asymmetrical genes among parents. Significant value of component b3 

was held responsible for the existence of specific gene effect. The value of c (maternal 

effect) appeared with non-significant score and there was no need to test it against 

component a. Reciprocal effect (d) was significant and hence retesting of b, b2 and b3 

was performed which rendered them non-significant except b2 which became 

significant. 

Adequacy tests for additive dominance model showed adequacy of the data for 

grains spike-1 (Table 7). Genetic components, estimated values of variations (Table 17) 

discovered with non-significant for D and h2 for grains spike-1 while H1, H2, F and E 

were significant which played greater role in the demonstration of the said trait. The 

value of H2 was greater than H1 which exhibited the existence of positive and negative 

alleles in imbalanced frequencies. However, the variation in the values was large which 

indicated a greater role of H2 for grains spike-1. Our result was equipped with the 

H2/4H1 ratio which showed the existence of positive and negative alleles in imbalanced 

frequencies because its value was smaller than 0.25. Asymmetric gene distribution was 

assumed amid the parents. Significant and positive value of genetic component F 

accounted for the occurrence of more dominant genes for grains spike-1. Mean degree 

of dominance (H1/D)1/2 was greater than 1 (1.72) which showed that grains spike-1 was 

controlled by over dominance type of gene action. Item h2 with non-significant value 

supported the absence of overall dominance effect due to heterozygous loci for the 

appearance of grains spike-1. The environmental component E played a larger role in 

the manifestation of grains spike-1. Estimates of narrow sense heritability were 0.05 and 

that of broad sense heritability 0.68 for grains spike-1 (Table 17).  
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Regression line was below the origin and supported the over dominance type of 

gene action for grains spike-1. A graph between variance (Vr) and covariance (Wr) was 

constructed by plotting the values of Vr against Wr which showed (Figure. 5a) that 

among the parental genotypes, Janbaz exhibited maximum value for the presence of 

dominant genes for grains spike-1 as it was located closest to origin while Ps-2004 

parental genotype was positioned far from origin which indicated that this parent had 

least number of dominant genes for grains spike-1. Rest of the 3 parental genotype 

occupied position between two extremes indicated equal contribution of dominant and 

recessive genes for grains spike-1. 

The graph between Vr + Wr and Pr showed (Figure. 5b) a positive correlated 

response (r = 0.665) for grains spike-1. It was evident from graph that parent genotype 

Janbaz had a minimum value of Vr + Wr and thus contain maximum number of 

dominant genes distribution for grains spike-1  whereas Ps-2004 had highest value of Vr 

+ Wr and the dominant genes were least for grains spike-1. The results of this 

experiment are in close agreement with those of Lonc (1986), who had reported various 

degrres of dominance for grains spike-1, plant height and 1000-grain weight. 

Prodanovic (1993) had also reported dominance type of gene effect for grains spike-1, 

and 1000-grain weight. On the contrary Lonc (1989) had observed partial dominance 

for grains spike-1, 1000-grain weight, plant height and other agronomic traits.  Li et al. 

(1991) reported additive type of gene action for grains spike-1 which may be due 

changes in genetic material and environment. 

1000-Grain weight 

Diallel analysis for 1000-grain weight showed that item a appeared with highly 

significant value which accounted as major contributing factor for the total variation 

due to additive gene action (Table 18).  Genetic components b, b1, b2, b3 were also 

highly significant and concerned with overall dominance, directional genes among 

parents, asymmetrical genes distribution in parents and specific gene effect, 

respectively for 1000-grain weight. The value of c (maternal effect) was significant and 

it was required for retesting of component a. After retesting highly significant value of 

(a) was remained significant showing that maternal effect did not suppress additive 

gene effect. Genetic component d (measure of reciprocal effect) was highly significant 
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and hence retesting of b, b1, b2 and b3 was conducted which made them non-

significant. 

Scaling tests of adequacy for additive dominance model appeared with full 

adequacy for1000-grain weight (Table 7). Estimation of genetic components D, F, H1, 

H2, h2 and E for 1000-grain weight were calculated (Table 19). Genetic component D 

which was measure of additive variation due to additive gene effect was significant 

(Table 19) and it suggested that 1000-grain weight was under the control of additive 

genes. The value of H1 was non-significant, which indicated that variation due to 

dominant genes was absent. Non-significant value of H2, accounted for variation due to 

dominant genes distribution. Positive and non-significant value of genetic component F 

was responsible for the existence of more dominant genes than recessive. Positive and 

non-significant value of h2 was held responsible for the lack of overall dominance effect 

due to heterozygous loci for 1000-grain weight. Significant value of environmental 

variance appeared for the said trait which indicated predominance role of environment 

in the expression of the said trait. Mean degree of dominance (H1/D)1/2 was greater than 

unity, indicating over dominance type of gene action of additive nature for 1000-grain 

weight. Narrow and broad sense heritability estimates were 0.25 and 0.66, respectively, 

for 1000-grain weight (Table 19).  

Regression line was crossing Wr axis which showed over dominance type of 

gene action of additive type for 1000-grain weight. Constructing graph of array points 

exhibited (Figure 6a) that Janbaz included more dominant genes for 1000-grain weight 

due to its proximal position to origin followed by Ghaznavi occupying position nearer 

to origin whereas genotype Ps-2005 enclosed few dominant genes by its distal position 

from origin. Genotypes AUP-4006 and Ps-2004 were present between two extremes 

showing same involvement of dominant and recessive genes in them for 1000-grain 

weight. 

For finding the response of correlation between dominant genes and phenotype 

of common parent, values of Wr + Vr arrays were sketched against the parent values 

(Figure 6b). A positive correlation (0.999) clearly indicated that 1000-grain weight was 

under the control of dominant genes. Our results are supported by Bebyakin and 

Starichkova (1992) who recorded gene action of additive type for 1000-grain weight. 

These results were contradictory with Asad et al. (1992) who reported non-additive 
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gene action for 1000-grain weight. Contradictory results were also reported by 

Chowdhry et al. (1992 b) also stated that the said trait is under the control of partial 

dominance. Lonc et al. (1993) also reported partial dominance for 1000-grain weight.   

Tillers plant-1 

Analysis of variance for 5 × 5 diallel cross for tillers plant-1 revealed (Table 20) 

non-significant differences for genetic constituent a which accounted for the 

measurement of additive gene effect. Genetic component b, which was considered as 

direct measure of overall dominance was highly significant and thus the said dominance 

effect was preponderant for tillers plant-1. Genetic component b1 appeared with non-

significant value which showed the presence of directional genes for the concerned trait 

among parents. Highly significant value of genetic component b2 was responsible for 

the preponderance distribution of asymmetrical genes among parents whereas specific 

gene effect (b3) yielded significant value for tillers plant-1. Maternal effect (c) showed 

significant differences. Reciprocal effect (d) appeared with significant value and was 

used for retesting of genetic components b, b2 and b3 which maintained their original 

status of significance. 

When data was subjected to scaling tests for adequacy for the trait it was found 

adequate for tillers plant-1 (Table 7). Estimates of genetic components of variations D, 

F, H1, H2, h2 and E are presented in Table 21. Non-significant differences were found 

for D. Both H1, H2 genetic components showed non-significant differences; however, 

their values were greater than D which showed that the trait was under the control of 

dominant genes. The difference between the values of H1, H2 was small. The ratio of 

H2/4H1 (0.19) depicted asymmetrical distribution of positive and negative alleles in 

unequal frequencies. It was suggested that genes were not equally distributed in parents. 

Genetic component F was positive and non-significant which indicated the occurrence 

of dominant genes and it was also confirmed by the ratio of dominant to recessive 

genes (0.75) which was less than unity. Non-significant value of h2 showed lack of 

overall dominance effect due to heterozygous loci affecting the expression of tillers 

plant-1. Average degree of dominance (H1/D)1/2 was greater than unity which supported 

over dominance type of gene action for the said trait. Environmental component was 

significant which played greater role in the expression of tillers plant-1. Estimated 
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values of narrow sense heritability were 0.05 and broad sense heritability 0.52, 

respectively for tillers plant-1 (Table 21). 

Regression line was below the Wr axis which showed over dominance type of 

gene action for tillers plant-1.  For relationship between variance and covariance array 

points were placed which showed (Figure. 7a) that AUP-4006 and Ghaznavi had the 

maximum dominant genes for tillers plant-1 as both of the parent genotype were nearest 

to the origin followed by Janbaz whereas the other two parental genotype Ps-2004 and 

Ps-2005 had the least dominant genes being farthest from origin. Slope of regression 

line was below the origin which indicated that tillers plant-1 was under the control of 

over dominance type of gene action.  

To find out correlated response of the dominant genes with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure. 7b). A positive correlation (0.847) obviously showed that the dominant genes 

are more frequent for tillers plant-1. Our results are supported by Bebyakin and 

Starichkova (1992) who reported dominance type effect for tillers plant-1. Prodanovic 

(1993) had also reported dominance type of gene action for tillers plant-1. Over 

dominance type of gene effect has been reported by Lonc (1989) and Alam (1990) for 

tillers plant-1 which is in contradiction with the present results.  

Spikelets spike-1 

Formal diallel analysis for spikelets spike-1 was conducted by using Dial-98 

software which revealed (Table 22) significant differences for item a which was the 

measure of additive gene effect and accounted for high proportion of the total variation. 

Genetic component b which was used for the direct measurement of overall dominance 

was also highly significant, expressing the fundamental contribution for dominance. 

Non-significant value of b1 genetic component showed the lack of directional genes for 

spikelets spike-1. Highly significant value of component b2 was held accountable for the 

allocation of asymmetrical genes among parents whereas significant value of b3 

accounted for the existence of specific gene effect. The value of c (maternal effect) was 

highly significant and it necessitates for retesting of component a. After retesting highly 

significant value of a decreased to non-significant level showing that maternal effect 

suppressed the additive gene effect. Reciprocal effect (d) was significant and hence was 
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used for the retesting of b, b2 and b3 genetic components which rendered them non-

significant. 

Data of spikelets spike-1 was found partially adequate after subjecting to 

adequacy tests of “additive dominance model” (Table 7). Estimates of genetic 

components of variations (Table 23) for spikelets spike-1 in F1 hybrids revealed non-

significant value for D component which showed that spikelets spike-1 was not 

controlled by additive gene effect. Significant value of H1 was responsible for 

dominance due to dominant genes.  Unequal values of H1 and H2 exhibited the 

existence of positive and negative alleles in unequal frequencies but the difference was 

small. This was supported by H2/4H1 ratio which was 0.18 and pleaded for the presence 

of positive and negative alleles in unequal frequencies. It was suggested that genes were 

unequally distributed in parents. Positive and significant value of genetic component F 

indicated presence of dominant genes for the said trait. Item h2 appeared with non-

significant value which showed the lack of overall dominance effect due to 

heterozygous loci affecting the expression of spikelets spike-1. The environmental item 

showed significant differences for the said trait and played a major role in its 

expression. The average degree of dominance (H1/D)1/2 value was 1.69 indicating over 

dominance type of gene action for spikelets spike-1. Heritability estimates in narrow 

sense were 0.35 and that of broad sense were 0.74 and for spikelets spike-1 (Table 23).    

Regression line was below the origin which supported the over dominance type 

of gene action for the trait of spikelets spike-1. In order to study the proportionate 

contribution of dominant and recessive alleles for spikelets spike-1 a graph was plotted 

between the array points of variance and covariance which displayed (Figure 8a) that 

parental genotype Janbaz was the possessor of maximum dominant genes followed by 

AUP-4006 for spikelets spike-1 as they were located closest to the origin, whereas 

genotype Ps-2005 had the least dominant genes being farthest from origin. Genotype 

Ghaznavi and Ps-2004 occupied the intermediary position displaying equal contribution 

of dominant and recessive genes in them for spikelets spike-1. 

To find out the correlated response of dominant genes with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure 8b). A negative correlation (-0.628) clearly depicted that the parents with more 

spikelets spike-1 had smaller values of Wr + Vr and thus had more number of dominant 
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genes for the trait. So spikelets spike-1 was under the control of dominant alleles. These 

results are in line with Iqbal et al. (1991), who had reported over dominance type of 

gene action for spikelets spike-1. Rasal et al. had reported additive type of gene action 

for spikelets spike-1.   

Spike length 

Complete analysis of variance for 5 × 5 diallel cross was carried out for spike 

length which indicated (Table 24) that item a which was the measure of additive gene 

effect appeared with significant differences and thus considered as a major contributing 

factor towards the total variation due to additive gene effect. Genetic component b 

which was used for the measurement of overall dominance also yielded significant 

variation, showed the important role of dominance. Highly significant differences in the 

value of b1 indicated the presence of directional genes for spike length. Asymmetrical 

genes distribution among the parents was supported by the non-significant value of b2. 

Specific gene effect was lacking due to non-significant value of b3. The values of c 

(maternal effect) and reciprocal effect (d) were non-significant and thus there was no 

need for retesting against genetic components a, b, b1, b2 and b3. 

Regression analysis and t2 tests of adequacy showed that the data was adequate 

for diallel analysis for the trait of spike length (Table 7). For spike length, genetic 

component, H2, F, h2 and E revealed significant differences whereas additive effect and 

dominance effect were non-significant (Table 25). Additive effect was little bit smaller 

than H1 and H2 which showed the crucial role of additive genes of partial nature. Value 

of H1 was non-significant and H2 significant but the difference between H1 and H2 was 

small. H1 and H2 showed partial dominance for spike length. The value of H2/4H1 was 

0.25 and it supported that positive and negative alleles are in equal frequencies. It was 

suggested that genes are equally distributed in parents. Genetic component F was 

positive and significant for the said trait and indicated the presence of more dominant 

genes. Positive and significant value of h2 accounted for the presence of overall 

dominance effect due to heterozygous loci affecting the expression of spike length. 

Genetic item E which was the measure of environmental variation and composed of 

many components was significant and showed a vital role of the environment in 

controlling spike length. Average degree of dominance (H1/D)1/2 was less than unity 

and supported partial dominance with additive gene effect for spike length. Estimated 
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values for narrow sense and broad sense heritability were 0.17 and 0.62, respectively, 

for spike length (Table 25). 

Slope of regression line was above the origin which indicated that spike length 

was under the control of partial dominance type of additive gene action. Placement of 

array points indicated (Figure 9a) that parental genotype Janbaz had the maximum 

dominant genes for spike length being nearest to origin whereas genotype Ps-2004 had 

the least dominant genes being farthest from origin. Genotype Ghaznavi, AUP-4006 

and Ps-2005 occupied the intermediary position displaying equal share of dominant and 

recessive genes in them for spike length. 

To determine correlated response of the dominant genes with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure 9b). A positive correlation (0.957) clearly depicted that spike was under the 

control of dominant genes. These results are in line with those of Lonc (1986) who 

reported recessive genes for spike length. Li et al. (1991) reported additive gene action 

for spike length. Equal et al. (1991) on the other hand reported contradictory findings 

that spike length was under the control of over dominance type of gene action.   

Biological yield   

  Diallel analysis for biological yield showed highly significant differences for 

item a (Table 26) which was the measure of additive gene effect and concerned with a 

high proportion of the total variation. Overall dominance component b, was also highly 

significant, exhibiting the important role of dominance. Highly significant value of b1 

showed the existence of directional genes for biological yield. Highly significant value 

of item b2 accounted for the distribution of asymmetrical genes among parents whereas 

the significant value of b3 was held responsible for the existence of specific gene effect. 

The value of c (maternal effect) was highly significant and it was required for retesting 

of component a. After retesting highly significant value of a remained significant 

showing that maternal effect supported the additive gene effect. Reciprocal effect (d) 

was significant and hence retesting of b, b1, b2 and b3 was carried out which maintained 

their significance. 
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Due to non-significant values of adequacy tests (t2 test and Regression analysis) 

for the data of biological yield it was confirmed that it was adequate for diallel analysis 

(Table 7). The estimates of genetic components D, H1, H2, F, h2 and E showed 

significant differences for biological yield (Table 27).  Additive genetic component was 

significant and was little bit smaller than the values of both H1 and H2 components 

which suggested more role of dominance for biological yield. Unequal values of H1 and 

H2 exhibited the existence of positive and negative alleles in unequal frequencies. 

However the difference was small. This was also supported by H2/4H1 ratio which was 

0.23 and indicated occurrence of positive and negative alleles in different frequencies. 

Average degree of dominance (H1/D)1/2 was 3.37 which clearly indicated that biological 

yield was controlled by over dominant type of gene action. Genetic component F was 

positive and significant which indicated that dominant genes are more frequent than 

recessive for the said trait. Significant value of h2 showed the presence of overall 

dominance effect due to heterozygous loci affecting the expression of biological yield. 

Estimated values for narrow sense and broad sense 0.10, 0.89 heritabilities, 

respectively, were for biological yield (Table 27).  

Regression line of Vr, Wr graph was below the origin with negative intercept 

which indicated over dominance type of gene action. For the determination of 

relationship between variance and covariance array points were placed which indicated 

(Figure 10a) that among the parent genotype maximum dominant genes for biological 

yield were shown by parental genotype Ghaznavi being nearest to origin whereas 

genotype Ps-2004 possessed least dominant genes being farthest from origin. 

Remaining parental genotypes occupied intermediate position which pleaded for the 

equal distribution of dominant and recessive genes in them. 

To calculate correlated response of the dominant genes with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure 10b). A negative correlation (-0.897) clearly depicted that biological yield was 

under the control of dominant genes. These results are in accordance with those of 

Prodanovic (1993) who had reported over dominance type of gene action for biological 

yield. Bebyakin and Starichkovs (1992) had reported dominance type of gene effect for 

biological yield. Lonc (1989) had reported partial dominance for the said trait. Asad et 
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al. (1992) had reported additive type of gene action for biological which is in 

contradiction to the present study.   

Grain yield     

 Diallel analysis of 5 × 5 diallel cross for grain yield showed (Table 28) 

significant differences for item a which was the measure of additive gene effect and 

accounted for a major proportion of the total variation. Overall dominance component 

b, was also highly significant, showing the important role of dominance for grain yield. 

Highly significant value of b1 showed the existence of directional genes for the said 

trait. Highly significant value of genetic component b2 accounted for the distribution of 

asymmetrical genes among parents whereas b3 appeared with significant value which 

accounted for presence of specific gene effect. The value of c (maternal effect) was 

highly significant and it was necessary for retesting of component a. After retesting 

highly significant value of a was decreased to non-significant level showing that 

maternal effect suppressed the additive gene effect. Reciprocal effect (d) was 

significant and hence retesting of b, b1, b2 and b3 was preformed which assigned them 

with non-significant except b which maintained its original value after retesting by d. 

Additive-Dominance model was found adequate for grain yield due to non-

significant values of t2 test and regression analysis (Table 7). The estimates of genetic 

components D, H1, H2, F, h2 and E showed (Table 29) significant differences for grain 

yield. Value of additive effect was smaller than H1 and H2 which indicated the vital role 

of dominance for grain yield. Highly significant differences of D and H1 and H2 showed 

that the said trait is controlled by additive genes of dominant nature. Difference in the 

values of H1 and H2 exhibited that positive and negative alleles existed in unequal 

frequencies. This was supported by H2/4H1 ratio which was less than 0.25 which 

confirmed the presence of positive and negative alleles in unequal frequencies. Positive 

and significant value of genetic component F accounted for the occurrence of dominant 

genes for grain yield. Average degree of dominance (H1/D)1/2 was 6.98 which clearly 

showed that grain yield was controlled by over dominant type of gene action of additive 

nature. Dominance due to heterozygous loci affecting the expression of grain yield was 

evident from the significant value of h2. Environmental variance was significant for 

grain yield and played its crucial role in controlling the trait. Estimated values of 
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narrow and broad sense 0.13 and 0.98 heritability respectively were found for grain 

yield (Table 29).  

Regression line was below the Wr axis which showed that grain yield is 

controlled by over dominant type of gene action of additive nature. Placement of array 

points displayed (Figure 11a) that Ghaznavi had the maximum dominant genes for 

grain yield being proximal to the origin whereas genotype Janbaz had the least 

dominant genes being distal from origin. Genotype AUP-4006, Ps-2005 and Ps-2004 

occupied the intermediary position displaying equal contribution of dominant and 

recessive genes in them. Our present results are in agreement with those of Prodanovic 

(1993) who had reported over dominance type of gene action for grain yield. Bebyakin 

and Starichkovs (1992) had reported dominance type of gene effect for grain yield. 

Lonc (1989) had reported partial dominance for grain yield. All the above mentioned 

reports indicating various degree of dominance which is confirmation for the control of 

grain yield by dominant genes. Asad et al. (1992) had reported additive type of gene 

action for grain yield which goes in contradiction of the present study.   

To get correlated response of the dominant genes with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure 11b). Parents with less value of Wr + Vr had more number of dominant genes. 

So grain yield was under the control of dominant alleles. 

Harvest index  

Diallel analysis for harvest index showed highly significant differences for item 

a (Table 30) which was the measure of additive gene effect and concerned with a high 

proportion of the total variation. Overall dominance component b, was also highly 

significant, exhibiting the importance of dominance. Highly significant value of b1 

showed the existence of directional genes for harvest index. Highly significant value of 

item b2 accounted for the asymmetrical genes distribution among parents whereas the 

significant value of b3 was held liable for the existence of specific gene effect. The 

value of c (maternal effect) was highly significant and it is required for retesting of 

component a. Retesting by c changed highly significant value of a in to non-significant 

level showing that maternal effect suppressed the additive gene effect. Reciprocal effect 

(d) was non-significant and hence retesting of b, b1, b2 and b3 was not compulsory. 
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 Adequacy of additive dominance model for harvest index was confirmed by the 

non-significant values of t2 test and regression analysis (Table 7). The estimates of 

genetic components D, F and h2 were non-significant while H1, H2 and E revealed 

significant differences (Table 31). Values of H1 and H2 differed from one another. The 

difference between H1 and H2 was small and both indicated that the said trait was under 

the control of dominant genes. Unequal values of H1 and H2 exhibited the existence of 

positive and negative alleles in different frequencies. The above statement was also 

confirmed by H2/4H1 ratio which was less than 0.25 which was the confirmation for the 

presence of positive and negative alleles in unequal frequencies. It was suggested that 

genes were unequally distributed in parents. Genetic component F was positive and 

non-significant. Significant value of h2 showed the presence of overall dominance 

effect due to heterozygous loci affecting the expression of harvest index. Narrow sense 

0.09 and broad sense 0.64 heritability estimates were found respectively for harvest 

index (Table 31).  

Regression line was below the origin of Wr and Vr graph which indicated over 

dominance for harvest index. For the determination of relationship between variance 

and covariance array points were placed which indicated (Figure 12a) that among the 

parental genotype maximum dominant genes for harvest index were shown by parental 

genotype Ghaznavi being nearest to origin whereas genotype Ps-2004 had the least 

dominant genes being farthest from origin. Remaining parental genotypes occupied 

intermediate position which pleaded for the equal distribution of dominant and 

recessive genes in them. 

 To study correlated response of the Wr, Vr with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure 12b). A positive correlation value (0.61) was observed between Wr + Vr which 

indicated the role of dominant genes with negative effect for harvest index. Additive 

gene action for harvest index got support from the findings of Farshadfar et al. (2000) 

which are contradictory to the present results, whereas Vitkare and Artale (1997) 

observed that non-additive gene action is mainly responsible for harvest index.  
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Phytic acid  

Results were presented (Table 1). Two contrasting groups (one group with high 

phytic acid genotypes i.e. (Pirsabak-2005 (2.89%), Janbaz (3.67%) and AUP-4006 

(2.83%) and other group with low phytic acid genotypes i.e. (Pirsabak-2004 (1.77%) and 

Ghaznavi (1.06%) were identified on the basis of preliminary study.  

Diallel analysis for 5 × 5 diallel cross was carried out by using Dial-98 

statistical package for phytic acid which revealed (Table 32) non-significant variation 

for genetic component a which is the of measure of additive gene effect. Genetic 

component b, for over all dominance was highly significant, indicating the importance 

of dominance Genetic component b1 accounted for directional genes distribution among 

parent was also found significant for the said trait. Distribution of asymmetrical genes 

(b2) among parents and existence of specific gene effect (b3) for phytic acid were also 

recorded with significant differences. Maternal effect (c) and reciprocal effect (d) score 

was also significant for phytic acid. 

Additive dominance model was adequate for phytic acid due to non-significant 

values of t2 test and regression analysis (Table 7). Estimation for genetic components of 

variations, D, H1, H2, F, h2 and E revealed significant differences (Table 33).  Variance 

of additive gene effect was significant, but its value was less than both H1 and H2 

indicating a lesser role of additive genes than dominance for phytic acid. Value of H1 

was a little bit greater than H2 indicating more contribution of dominant genes. Value of 

F genetic item was significant and positive showing the existence of dominant genes for 

controlling phytic acid. Mean degree of dominance (H1/D)1/2 was equal to 1.65 which 

was clear confirmation that phytic acid concentration in wheat kernels was under the 

control of over dominant type of gene action. Significant score of h2 indicated existence 

of overall dominance effect due to heterozygous loci supporting that phytic acid was 

under the control of dominant genes. Narrow sense 0.01 and broad sense 0.86 

heritability estimates were found for phytic acid (Table 33).  

Regression line was below the origin of Vr, Wr graph which indicated that of 

phytic acid was controlled by over dominance type of gene action. Placement of array 

points displayed (Figure 13a) that AUP-4006 had the maximum dominant genes for 

phytic acid being proximal to the origin whereas genotype Ghaznavi had the least 
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dominant genes being distal in position from origin. Genotype Janbaz, Ps-2005 and Ps-

2004 occupied the intermediary position displaying equal contribution of dominant and 

recessive genes in them for phytic acid. 

To find out the correlated response of the dominant genes with the phenotype of 

common parent, Wr + Vr values of the arrays were plotted against the parental values 

(Figure 13b). Parents with less value of Wr + Vr had more number of dominant genes. 

So phytic acid was under the control of dominant alleles. 

 These results are in close agreement with the findings of Masud et al. (2007) 

who had reported variation in phytic acid concentrations levels in different cultivars of 

bread wheat and same cultivar of bread wheat at different locations.  
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Table 7: Scaling tests of additive-dominance model for phytic acid and other agronomic traits in bread 
wheat for 5 x 5 diallel cross.  

 

Parameters t2 
Regression analysis 

(t value of b) Conclusions 

b = 0 b = 1 
Phytic acid -0.065 ns 0.98* 1.64 ns Model was adequate 

Plant height 0.032ns 9.09* 1.18 ns Model was adequate 

Days to heading 0.236 ns 1.82ns 0.21 ns Model was partially 
adequate 

Days to maturity 9.15* 
 

2.17 ns -1.20 ns  Model was inadequate 

Flag leaf area 0.042 ns 5.30* -0.34 ns Model was adequate 

Grain filling duration 0.004 ns 0.46ns 1.31 ns Model was partially 
adequate 

Tillers plant-1 0.012 ns 3.59* 0.71 ns Model was adequate 

Spike length 0.002ns 3.60* -0.02 ns Model was adequate 

Spikelets spike-1 -0.052 ns 1.64 ns 1.54 ns Model was partially 
adequate 

Grains spike-1 0.07 ns 5.08* 0.46 ns Model was adequate 

1000-kernel weight 0.28 ns 0.02 ns 2.32 ns Model was partially 
adequate 

Biological yield 0.35 ns 4.89* 2.37 ns Model was adequate 

Grain yield 3.55 ns 1.17 ns 4.19 ns Model was partially 
adequate  

Harvest index 0.12ns 1.96 ns 4.06 ns Model was partially 
adequate 
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Table 8: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for days to heading 

Sources Df Ms F Retesting against 

c d 

a 4 403.5 3.29*   

b 10 395.38 3.22**   

b1 1 901.33 7.34**   

b2 4 758.46 6.18**   

b3 5 4.12 0.03 NS   

c 4 0.47 0.00 NS   

d 6 9.08 0.07 NS   

P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect, b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene c = 

maternal effect d = reciprocal effect 

 

Table 9: Estimates of genetic components of variation for days to heading 

 

Components MS SE 

D 306.19NS ±180.90 

H1 213.79 NS ±230.43 

H2 114.84 NS ±149.76 

F 388.58 NS ±240.90 

h2 147.61NS ±215.57 

E 77.54 * ±15.53 

(H1/D)1/2 0.13  

H2/4H1 0.88  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.87  

Heritability (ns) 0.07  

Heritability (bs) 0.32  

r(Wr+Vr/VP) -0.995  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 10: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for flag leaf area (cm2) 

Sources Df Ms F Retesting against 

c d 

a 4 92.17 10.44 ** 1.71NS  

b 10 39.78 2.04*  0.83NS 

b1 1 0.05 0.05NS   

b2 4 54.65 2.81**  1.14NS

b3 5 35.82 1.84 NS   

c 4 53.67 2.76**   

d 6 47.77 2.45**   

*P 0.05  **P 0.01 

a=additive gene effect,b=dominance gene effect,b1=directional dominance deviation 

b2=genes distribution among parents, b3=effect of specific gene c=maternal effect d = 

reciprocal effect 

 

Table 11: Estimates of genetic components of variation for flag leaf area (cm2) 

 

Components MS SE 

D 35.26* ±17.12 

H1 20.57NS ±19.20 

H2 14.05 NS ±13.46 

F 32.61NS ±20.90 

h2 3.72 NS ±6.26 

E 6.49* ±1.35 

(H1/D)1/2 0.76  

H2/4H1 0.17  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.80  

Heritability (ns) 0.31  

Heritability (bs) 0.55  

r(Wr+Vr/VP) 0.139  

*= Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 12: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for grain filling duration  

Sources Df Ms F Retesting against 

c d 

a 4 37.3 15.47** 2.6*  

b 10 41.64 17.02**  0.63 NS 

b1 1 5.88 2.40NS   

b2 4 83.52 34.14**  10.11* 

b3 5 15.28 6.25**  1.8NS

c 4 14.28 5.84**   

d 6 8.26 3.37**   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene,  c = 

maternal effect, d = reciprocal effect 

 

Table 13: Estimates of genetic components of variation for grain filling 

duration 

Components MS SE 

D 11.60* ±3.30 

H1 42.34* ±7.26 

H2 26.19* ±4.50 

F 23.10* ±5.88 

h2 0.78 NS ±1.79 

E 0.81* ±0.15 

(H1/D)1/2 1.91  

H2/4H1 0.15  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.76  

Heritability (ns) 0.24  

Heritability (bs) 0.91  

r(Wr+Vr/VP) 0.99  

*= Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table     14: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for plant height (cm) 

Sources Df Ms F Retesting against 
c d 

a 4 394.83 3.61*   

b 10 269.05 2.46*   

b1 1 1028.23 9.41**   

b2 4 340.41 3.12*   

b3 5 60.13 0.55NS   

c 4 84.41 0.77 NS   

d 6 85.67 0.78 NS   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect, b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene, c = 

maternal effect, d = reciprocal effect 

 

Table 15:     Estimates of genetic components of variation for plant height (cm) 

Components MS SE 

D 138.50NS ±119 

H1 82.19NS ±157.04 

H2 57.32NS ±111.14 

F 141.23NS ±148.8 

h2 182.74 NS ±198.04 

E 63.56* ±12.74 

(H1/D)1/2 0.77  

H2/4H1 0.17  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.83  

Heritability (ns) 0.12  

Heritability (bs) 0.28  

r(Wr+Vr/VP) -0.82  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 16: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for grains spike-1 

Sources Df Ms F Retesting against 

c d 

a 4 153.83 2.10NS   

b 10 361 4.91**  1.27NS 

b1 1 254.47 3.53NS   

b2 4 541.26 7.36**  1.91*

b3 5 237.52 3.23*  0.84NS

c 4 118.28 1.61NS   

d 6 282.28 3.48**   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect, b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene c = 

maternal effect, d = reciprocal effect 

 

Table 17:    Estimates of genetic components of variation for grains                      

         spike-1 

Components MS SE 

D 95.32NS ±60.82 

H1 285.26 * ±111.63 

H2 193.70 * ±75.20 

F 178.13 * ±92.26 

h2 41.22 NS ±65.71 

E 24.52 * ±5.00 

(H1/D)1/2 1.72  

H2/4H1 0.17  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.76  

Heritability (ns) 0.05  

Heritability (bs) 0.68  

r(Wr+Vr/VP) 0.66  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 18: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for 1000-grain weight 

Sources Df Ms F Retesting against 

c d 

a 4 19.72 5.01** 1.92*  

b 10 13.65 3.47**  0.80NS 

b1 1 20.80 5.28*  1.23 NS 

b2 4 13.91 3.53*  0.82 NS 

b3 5 12.01 3.05*  071 NS 

c 4 10.25 2.60*   

d 6 16.86 4.28**   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 19:   Estimates of genetic components of variation for 1000-grain weight 

Components MS SE 

D 7.91* ±3.69 

H1 8.47NS ±4.57 

H2 6.58* ±3.34 

F 7.50NS ±4.57 

h2 3. 68 NS ±4.06 

E 1.31* ±0.27 

(H1/D)1/2 1.05  

H2/4H1 0.19  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.73  

Heritability (ns) 0.25  

Heritability (bs) 0.66  

r(Wr+Vr/VP) 0.99  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 20: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for tillers plant-1
 

Sources Df Ms F Retesting against 

c d 

a 4 4.88 1.74NS   

b 10 8.30 2.95**  2.14* 

b1 1 5.94 2.11NS   

b2 4 9.01 3.20*  2.32* 

b3 5 8.20 2.92*  2.11*

c 4 8.61 3.06*   

d 6 3.87 1.38NS   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 21: Estimates of genetic components of variation for tillers   

  plant-1 

Components MS SE 

D 0.33NS ±1.28 

H1 3.73NS ±2.24 

H2 1.30 NS ±2.12 

F 4.89NS ±3.06 

h2 0.72 NS ±1.89 

E 0.93 ** ±0.18 

(H1/D)1/2 3.80  

H2/4H1 0.19  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.75  

Heritability (ns) 0.05  

“Heritability (bs)” 0.52  

r(Wr+Vr/VP) 0.84  

*= Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 22: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for spikelets spike-1
 

Sources Df Ms F Retesting against 

c d 

a 4 11.21 8.18** 1.75NS  

b 10 5.68 4.14**  1.27 NS 

b1 1 1.47 1.07NS   

b2 4 6.25 4.56**  1.40 NS 

b3 5 6.06 4.42**  1.36 NS 

c 4 6.38 4.66**   

d 6 4.44 3.24**   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 23:  Estimate of genetic components of variation for spikelets          

       spike-1 

Components MS SE 

D 1.43NS ±0.98 

H1 2.90 * ±1.26 

H2 1.09 NS ±1.29 

F 3.84 * ±1.74 

h2 0.05 NS ±0.72 

E 0.45 * ±0.09 

(H1/D)1/2 1.69  

H2/4H1 0.18  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.61  

Heritability (ns) 0.35  

Heritability (bs) 0.74  

r(Wr+Vr/VP) 0.62  

*= Value is significant when it exceeds 1.96 after dividing by its standard error
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Table 24: Mean squares and degree of freedom for the analysis of variance 

  of 5 × 5 diallel for spike length 

Sources Df Ms F Retesting against 

c d 

a 4 5.33 3.58*   

b 10 5.05 3.40**   

b1 1 34.54 23.24**   

b2 4 1.60 1.08NS   

b3 5 1.92 1.29NS   

c 4 2.68 1.80NS   

d 6 1.12 0.76NS   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 25: Estimates of genetic components of variation for “spike length” 

 

Components MS SE 

D 1.26NS ±1.00 

H1 2.40NS ±1.36 

H2 2.41* ±1.20 

F 0.79* ±1.15 

h2 7. 8* ±3.09 

E 0.49* ±0.10 

(H1/D)1/2 1.37  

H2/4H1 0.25  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.61  

Heritability (ns) 0.17  

Heritability (bs) 0.62  

r(Wr+Vr/VP) -0.95  

*= Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 26: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for biological yield (kg ha-1) 

Sources Df Ms F Retesting against 

c d 

a 4 9235520 5.93** 8.2*  

b 10 2452982 15.75**  15.75* 

b1 1 17649870 113.34**  113.33* 

b2 4 705571 4.53**  4.5* 

b3 5 811531 5.21**  5.21*

c 4 1124303 5.01**   

d 6 155731.50 7.22**   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect, b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene, c = 

maternal effect, d = reciprocal effect 

 

Table 27: Estimates of genetic components of variation for biological yield (kg ha-1)  

 

Components MS SE 

D 144228NS ±103889 

H1 1641443* ±300437 

H2 1535619* ±269391 

F 151804* ±146298 

h2 3735413. 8* ±697825 

E 51910* ±10516 

(H1/D)1/2 3.37  

H2/4H1 0.23  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.57  

Heritability (ns) 0.10  

Heritability (bs) 0.89  

r(Wr+Vr/VP) -0.89  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 28: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for grain yield (kg ha-1) 

Sources Df Ms F Retesting against 

c d 

a 4 74796 3397.69** 0.45NS  

b 10 195519.90 8881.72**  2.5*
 

b1 1 112410 51063.86**  1.49NS

b2 4 72530 3294.78**  0.96NS

b3 5 108194 9414.84**   

c 4 163342 7420.01*   

d 6 75210 3416.05**   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 29: Estimate of genetic components of variation for grain yield (Kg ha-1)  

Components MS SE 

D 2968.52* ±149.10 

H1 144838.60* ±977.32 

H2 130338.10* ±854.71 

F 7501.76* ±380.34 

h2 239805* ±21103.59 

E 7.33* ±1.48 

(H1/D)1/2 6.98  

H2/4H1 0.22  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.000  

Heritability (ns) 0.13  

Heritability (bs) 0.98  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 30: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for harvest index  

Sources Df Ms F Retesting against 

c d 

a 4 3.01 5.11** 0.25NS  

b 10 4.66 7.92**   

b1 1 10.02 17.01**   

b2 4 6.42 10.90**   

b3 5 2.18 3.71**  

c 4 11.92 20.24**   

d 6 0.86 1.47NS   

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 31: Estimates of genetic components of variation for harvest index   

Components MS SE 

D 0.086NS ±0.52 

H1 3.38* ±1.56 

H2 2.36* ±1.07 

F 0.89 NS ±1.07 

h2 1.91NS ±1.41 

E 0.38* ±0.07 

(H1/D)1/2 6.24  

H2/4H1 0.17  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 1.01  

Heritability (ns) 0.09  

Heritability (bs) 0.64  

r(Wr+Vr/VP) 0.61  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Table 32: Mean squares and degree of freedom for the analysis of variance of 

5 × 5 diallel for phytic acid 

Sources Df Ms F 
a 4 0.39 NS 1.76 

b 10 2.92** 13.16 

b1 1 3.85** 17.31 

b2 4 3.39** 15.26 

b3 5 2.36** 10.64 

c 4 4.29** 19.30 

d 6 1.65** 7.42 

*P 0.05  **P 0.01 

a = additive gene effect, b = dominance gene effect,  b1 = directional dominance 

deviation b2 = genes distribution among parents, b3 = effect of specific gene  c = 

maternal effect d = reciprocal effect 

 

Table 33: Estimates of genetic components of variation for phytic acid 

Components MS SE 

D 0.89* ±0.26 

H1 2.43* ±0.46 

H2 1.80* ±0.33 

F 1.50* ±0.39 

h2 0.777* ±0.40 

E 0.07* ±0.01 

(H1/D)1/2 1.65  

H2/4H1 0.75  

(4DH1)1/2
  + F/(4DH1 )1/2 – F 0.01  

Heritability (ns) 0.86  

*=  Value is significant when it exceeds 1.96 after dividing by its standard error. 
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Figure 1 (a):  Vr (Variance) / Wr (Covariance) graph for days to heading  
1= Ghaznavi, 2= AUP-4006, 3= Janbaz, 4= Ps (Pirsabak)-2004, and 
5=Ps (Pirsabak) 2005 

 

Figure 1(b): Vr+Wr (Variance + Covariance)/Pr (Parents) graph for days to heading  
1= Ghaznavi, 2= AUP-4006, 3= Janbaz, 4 = Ps (Pirsabak)-2004, and 
5= Ps (Pirsabak) 2005  



 
 

87

 

Figure 2 (a):  Vr (Variance)/Wr (Covariance) graph for flag leaf area(cm2) 
1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004               
5= Ps (Pirsabak)-2005 

 

 

Figure 2 (b):  Vr + Wr (Variance + Covariance)/Pr (Parents) graph for flag leaf     
  area (cm2)  

1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004               
5= Ps  (Pirsabak)-2005 
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Figure 3 (a): Vr (Variance)/Wr (Covariance) graph for grain filling duration 
1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004                
5= Ps (Pirsabak)-2005 

 

 

Figure 3 (b): Vr + Wr (Variance + Covariance)/Pr (Parents) graph for grain 
  filling duration 1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps  
  (Pirsabak)-2004, 5= Ps (Pirsabak)-2005 
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Figure  4 (a): Vr (Variance)/Wr (Covariance) graph for “plant height” 
1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004              
5= Ps (Pirsabak)-2005 

 

Figure 4 (b): Vr + Wr (Variance + Covariance)/Pr (Parents) graph for “plant height” 
1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004              
5= Ps (Pirsabak)-2005 
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Figure 5 (a): Vr (Variance)/Wr (Covariance) graph for grains spike-1 

1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004               
5= Ps (Pirsabak)-2005 

 

 

Figure 5 (b): Vr + Wr (Variance + Covariance)/Pr (Parents) graph for grains 
  spike-1 1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004 
              5= Ps (Pirsabak)-2005 
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Figure 6 (a): Vr (Variance)/Wr (Covariance) graph for “1000-grain weight” 

  1= Ghaznavi  2= AUP-4006  3= Janbaz 4=  Ps (Pirsabak)-2004    
             5= Ps (Pirsabak)-2005 

 

Figure 6 (b): Vr + Wr (Variance + Covariance)/Pr (Parents) graph for 1000- 
  grain weight 1= Ghaznavi 2= AUP-4006 3= Janbaz  4=  Ps  
  (Pirsabak)-2004,5= Ps (Pirsabak)-2005 
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Figure 7 (a):  Vr (Variance) /Wr (Covariance) graph for tillers plant-1 

  1= Ghaznavi 2= AUP-4006 3= AUP-460 4= Ps (Pirsabak)-2004    
  5= Ps Pirsabak)-2005 

Figure 7 (b): Vr + Wr (Variance + Covariance)/Pr (Parents) graph for tillers 
  plant-1  1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004 
              5= Ps (Pirsabak)-2005  
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Figure 8 (a): Vr (Variance)/Wr (Covariance) graph for spikelets spike-1    
  1= Ghaznavi  2= AUP-4006 3= Janbaz  4=  Ps (Pirsabak)-2004   
  5= Ps (Pirsabak)-2005 
 

      

Figure 8 (b): Vr+Wr (Variance + Covariance)/Pr (Parents) graph for spikelets 
  spike-1 1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004 
              5= Ps (Pirsabak)-2005 
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 Figure 9 (a): Vr(Variance)/Wr (Covariance ) graph for “spike length”  

1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004               
5= Ps (Pirsabak)-2005 

 

 

  Figure 9 (b):   Vr + Wr (Variance + Covariance)/Pr (Parents) graph for  
      spike length (cm) 1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps 
  (Pirsabak)-2004, 5= Ps (Pirsabak)-2005 
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Figure 10(a): Vr (Variance) /Wr (Covariance) graph for biological yield (kg ha-1)   
            1= Ghaznavi 2= AUP-4006 3= Janbaz  4=  Ps (Pirsabak)-2004         
  5= Ps (Pirsabak)-2005 
 

 

Figure 10(b): Vr + Wr (Variance + Covariance)/Pr (Parents) graph for biological     
              yield (kg ha-1) 1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps   
  (Pirsabak)-2004,5= Ps (Pirsabak)-2005 
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Figure 11(a): Vr (Variance) /Wr (Covariance) graph for grain yield (kg ha-1)   

1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004               
5= Ps (Pirsabak)-2005 

 

 

Figure 11(b): Vr + Wr (Variance + Covariance) / Pr (Parents) graph for grain 
  yield (kg ha-1) 

1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004              
5= Ps (Pirsabak)-2005 
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Figure 12(a): Vr (Variance) /Wr (Covariance) graph for harvest index   

1= Ghaznavi  2= AUP-4006 3= Janbaz4=  Ps (Pirsabak)-2004                  
5= Ps (Pirsabak)-2005 

 

 

Figure 12(b): Vr + Wr (Variance + Covariance) / Pr(Parents) graph for harvest 
  index  
  1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004  
             5= Ps (Pirsabak)-2005 
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Figure 13(a): Vr (Variance) /Wr (Covariance) graph for phytic acid    

1= Ghaznavi 2= AUP-4006 3= Janbaz 4= Ps (Pirsabak)-2004                  
5= Ps (Pirsabak)-2005 

 

 

 

 

Figure 13(b):  Vr + Wr(Variance + Covariance)/Pr(Parents) graph for phytic acid    
 1= Ghaznavi  2= AUP-4006  3= Janbaz  4=  Ps (Pirsabak)-2004   
 5= Ps (Pirsabak)-2005 
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V. SUMMARY 

 Inheritance of phytic acid along with various agronomic characters was studied 

using a 5 x 5 F1 diallel design of wheat cultivars at Khyber Pakhtunkhwa, Agricultural 

University Peshawar-Pakistan.  Phytic acid is homocyclic compound to which 6 

phosphate group are attached. Phosphorus in each phosphate group has free valecy. It is 

a storage form of phosphorus and acts as a major nutrient inhibitor for micro- and 

macronutrients. This compound has six free phosphorus valencies which act to 

permanently attach nutrients. Due to the firm attachment of nutrients with phytic acid, 

they are not available for absorption into the blood circulatory system from the 

gastrointestinal tract and are, therefore, lost during defecation from human body and 

other monogastric animals.  

Initially 10 wheat genotypes viz Ghaznavi, AUP-4006, Janbaz, Ps-2004, Ps-

2005, Uqab, Saleem-2000, Tatara, AUP-5006 and Fakhre Sarhad were screened for 

phytic acid concentration in the Nuclear Institute for Food and Agriculture, Peshawar-

Pakistan (NIFA) in 2007. Based on the results of preliminary study of 10 genotypes two 

contrasting groups (one group with high phytic acid genotypes i.e Pirsabak-2005, Janbaz 

and AUP-4006 and the other group with low phytic acid genotypes i.e. Pirsabak-2004 and 

Ghaznavi) were identified. These five genotypes were crossed in all possible combinations 

in 2007 to generate 5 × 5 full diallel. For each genotype 15-20 spikes were emasculated 

and bagged to prevent contamination by undesirable pollen. Each female genotype was 

pollinated by the pollen of the desirable male genotype. Ovary became hairy and 

receptive after two days of emasculation and it was the proper time for pollination.  

Hybridization of 5 parental genotypes generated 20 F1 hybrids in 2007. Five 

parental genotypes and 20 F1 hybrids were space planted in 2008 by using three 

replicates in randomized complete block design in the department of Plant Breeding 

and Genetics, Khyber Pakhtunkhwa Agricultural University Peshawar. Each entry 

consisted of one row with a row length of 3.75 m. Plant to plant and row to space of 25 cm 

was maintained with a population density of 160000 hectare-1. Each entry was provided 

by two border plants at both ends for reducing environmental effect. Urea and DAP 

fertilizers were applied at @ of 120 and 60 kg ha-1, respectively to crop for maintaining 

normal nutrients status of the soil. Half dose of urea and full dose of DAP was applied at 

the time of seed bed preparation while remaining half dose of urea was applied at the time 
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of first irrigation. Standard practices including hoeing, weeding, irrigation, etc., were 

carried out for the experiment to reduce experimental error. 

 Data were recorded on days to heading, plant height, flag leaf area, grain filling 

duration, plant maturity, spike length, spikelets spike-1, tillers plant-1, grains spike-1, 

1000-grain weight, biological yield, grain yield, harvest index and phytic acid 

concentration of seed. Analysis of variance revealed significant differences for all traits 

which provided justification for carrying out diallel analysis. Adequacy tests (t2 test and 

regression analysis) showed adequate and partially adequate results for almost all traits 

except plant maturity which was inadequate and thus diallel analysis was not conducted 

for this trait.  

The additive genetic component (D) was found significant for flag leaf area, 

grain filling duration, spike length, spikelets spike-1, biological yield, grain yield, 1000-

grain weight and phytic acid concentration whereas non-significant for days to heading, 

plant height, tillers plant-1 and grains spike-1. The dominance components H1, H2 

revealed significant differences for grain filling duration, grains spike-1, spikelets spike-1, 

biological yield, harvest index and phytic acid concentration, but were non-significant for 

flag leaf area, tillers plant-1, spike length and grain yield. Greater value of D from H1, H2 

for flag leaf area and plant height accounted for their additive nature while smaller value 

of D than H1, H2 for grain filling duration, grains spike-1,1000-grain weight, tillers plant-1, 

spike length, biological yield, grain yield , harvest index and phytic acid concentration 

accounted for non-additive control of these traits.  

Average degree of dominance (H1/D)1/2 was greater than unity for grain filling 

duration, grains spike-1, 1000-grain weight, tillers plant-1, spikelets spike-1, spike length, 

biological yield, grain yield, harvest index and phytic acid concentration which showed 

over dominance for the said traits whereas its value was less than unity for flag leaf area, 

days to heading and plant height which accounted for partial dominance. Value of F was 

found significant for grain filling duration, grains spike-1, spike length, spikelets spike-1, 

biological yield, grain yield and phytic acid concentration whereas it was non-significant 

for flag leaf area, days to heading, plant height, tillers plant-1, 1000-grain weight and 

harvest index. Environmental component showed significant differences for leaf area, days 

to heading, grain filling duration, plant height, grains spike-1, tillers plant-1, spike length, 

spikelets spike-1, biological yield, grain yield, harvest index and phytic acid concentration 
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which revealed deep environmental effect on all the traits. The narrow and broad sense 

heritability estimates were being for days to heading (0.07, 0.32), flag leaf area(0.31, 

0.55), grain filling duration (0.24, 0.91), plant height (0.12, 0.28) , spike length (0.17, 

0.62), spikelets spike-1 (0.35, 0.74), tillers plant-1 (0.05, 0.52), grains spike-1 (0.05, 0.68), 

1000-grain weight (0.25, 0.68), biological yield (0.10, 0.89), grain yield (0.13, 0.98), 

harvest index (0.09, 0.64) and phytic acid concentration (0.01, 0.86) of wheat kernels, 

respectively.  

At threshing, seed from each entry was used for phytic acid determination. Seed 

samples (10 g) were first finely ground by grinder and a fine grade flour sample 

obtained. A fraction of flour (0.06 g) was measured by electronic balance from each 

sample and added to clean and dry screw cap test tubes (15 ml). The flour sample was 

digested by the addition of 10 ml HCl by pipette (200 ml). Test tubes were shaked in 

shaker for 60 minutes for complete digestion of samples. Test tubes were taken out and 

placed stand still in test tube stand for few minutes. From each test tube, 0.5 ml of 

extracted sample in duplicate was transferred to two clean and dry test tubes by pipette 

and labeled properly (1A and 2A). Ferric solution (1 ml) was added to each test tube 

and all were placed in water bath for heating at 105 C0 for 30 minutes. After heat 

treatment test tubes were brought out from water bath and temperature was adjusted 

again to room temperature. Test tubes were placed in refrigerator for 15 minutes and 

were again adjusted to room temperature after cold treatment. Each test tube was added 

by 2 ml of 2, 2-bipyridine solution which changed the color of sample (Pink). Reaction 

mixture was transferred to cuvet of spectrophotometer and optical density at 510 nm 

was recorded. 

The values for phytic acid ranged from 0.56 to 3.43% among the F1 hybrids 

while in parental genotypes its range was from 1.06 to 3.67%. Among the F1 hybrids 

some hybrids viz Ps-2005 × Ghaznavi (0.56%), AUP-4006 × Ps-2004 (0.74%), Janbaz 

× Ps-2004 (0.89%) and Janbaz × Ps-2005 (1.01%) showed lowest concentration of 

phytic acid. Based on the findings of the present study, the above F1 hybrids with low 

phytic acid concentration could yield desirable segregants. Development and 

production of wheat genotype with low phytic acid concentration would address to 

some extent the nutritional deformities in human beings by enhancing bioavailability of 

essential micronutrients.  
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