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Abstract 
 

Present studies were carried out at Rangeland Research Institute, NARC, Islamabad and 

Quaid-i-Azam university, Islamabad during 2001-2011. Dry seeds of Sudan grass  

(Sorghum vulgare var, Sudanese) were subjected to ten acute irradiation treatments 

ranging from 0 to 45 kR with 5 kR intervals at Nuclear Institute for Food and Agriculture 

(NIFA), Peshawar. Overall germination percentage decreased with increase in the doses 

of gamma irradiation. Seedling height decreased significantly (p≤0.05) on 4th and 11th day 

of sowing with increasing treatments of gamma irradiation. Similarly root length and root 

shoot ratio on 4th day of sowing under lab conditions also depicted significantly (p≤0.01) 

decreasing effect with an increase in dose rate of treatments. Data regarding plant height 

and leaf area showed significantly (p≤0.05) increasing effect with an increase in dose rate 

of treatments under field condition in M-1 generation. Average tiller plant-1 increased 

significantly (p≤0.01) with the increase of doses in M-1 generation under field condition. 

Tillers showed a significantly (p≤0.05) increasing effect with increasing treatments in M-

2 generation. Data regarding green matter weight-1 and dry matter weight-1 showed 

significantly (p≤0.01) increasing effect with highest dose rate of gamma irradiation in M-

3 generation. Data regarding immature flowering percentage also showed increasing 

effect significantly (p≤0.05) which is a positive sign to prolong its life span till start of 

winter season which is a lean period for livestock grazing feed under natural conditions. 

Overall growth rates improved by gamma irradiation treatments in M-4 generation and 

M-5 generations. On the basis of these results high yielding mutants in Sudan grass may 

be developed. Data reading proximate analysis showed insignificant differences in all 

traits studied in M-1 generation of Sudan grass under field condition. Data regarding 

effect of irradiation on HCN concentration showed significant (p≤0.01) decreasing effect 

in red and blue color intensity. While insignificant decreasing effect in green color 
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intensity which is a positive sign to reduce HCN concentration in Sudan grass and other 

sorghum species used as a fodder crop. There is much hope to develop HCN free mutants 

in these crops through irradiation in future. Data regarding SDS-PAGE analysis and 

RAPD technique showed great variability in genetic diversity as a result of gamma 

irradiation on Sudan grass under study in M-1 and M-2 generations. Further research is 

needed to improve the crop and develop such mutants by gamma irradiation in future.  
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CHAPTER - I 

INTRODUCTION 

 

Rangeland are vast lands which are unsuitable for cultivation of  agricultural crops due to 

poor soil, topography, unfavorable temperature, inadequate precipitation and climatic 

factors but their major land use is for grazing &  browsing purpose of all types of domestic 

livestock and wildlife species. Rangelands consist of different tree species, grasses, 

legumes, forbs, forages and shrubs for grazing purpose. Rangelands cover about 51 % area 

of the total land of the world (FAO, 1985). About 60-70 percent of the total area of 

Pakistan is classified as rangelands, which are used for livestock production (Mohammad, 

1989).  The grazing animals provide us numerous articles of our daily need such as milk, 

butter, meat, wool and leather. Improvement in range forage species is therefore an 

important aspect of range management as it has a direct bearing on animal raising and 

consequently on animal products. Besides many other techniques of improving the range 

forage species and fodder crops, Irradiation has been employed for improving the quality as 

well as quantity of range forage species and fodder crops. Induced mutations have been 

proved a very effective tool for development of different mutants or varieties in different 

crops and more than 2500 mutants or varieties have been developed through this technique. 

In vitro techniques are used to correlate and improve the various vegetatively propagated 

species through mutation induction (Patade and Suprasanna, 2008).   

Effects of irradiation on many fodder and forage crops e.g. Medicago sativa, Lolium 

perenne, Vicia sativa, Cenchrus ciliarus (L) and Panicum maximum   have been studied. 
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The present   studies  were  undertaken to compare the consequences of gamma irradiation 

on germination, growth, fodder yield, proximate analysis, molecular genetics, hydrocyanic 

acid (HCN) contents and genetic diversity of Sudan grass (Sorghum vulgare var, 

Sudanese). This plant is leafy with swift regrowth and well stemmed. It is the most useful 

in multiple cut systems or for pastures. Under one-cut system, yields are dramatically lower 

than that of Sorghum. In multicut system forage, quality will be high due to low fiber 

contents. During summer conditions, it is high quality emergency forage. Its quality is 

rough, making its feeding value more appropriate to low producers, dry cows and heifer 

replacement. It gives a substitute feed source during the lean period of the summer months 

when existing pastures may  produce fewer, or may be an expensive additional feed  until 

other forages are available.  

Wright et al .(1998) reported that in case of all annual forages, the costs of establishment of 

tillage, seed and other inputs like fertilizers must be recovered in output during the first 

year over the lifetime of perennial forage. This generally makes annual forages a more 

expensive feed source than perennial forages. It is thus used during lean period of feed 

shortages; winterkill of forages and for particular needs. Sudan grass makes a very 

palatable hay, richer in protein than prairie hay, but not as rich as alfalfa hay. Sudan grass 

is a crop that matures quickly and can often be used as a catch crop. Because it makes a 

much better sod than the ordinary annual grasses, and because its growth of foliage is rank 

and rapid, it has been, and no doubt will be used to a considerable extent for pasture 

purposes. However, its primary use is as a hay crop, when once well started the forage 

growth is heavy and rapid and the hay produced cures easily and makes excellent feed. The 
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plant produces seed readily and often makes a profitable crop to grow for seed purposes. It 

is also fairly well adapted for use as a soiling crop, and has been utilized to a limited extent 

for silage purposes, although for the latter purpose it can not compete with the larger 

growing sorghum crops. 

Aims & Objectives 

This study was undertaken to find out proper dose of Gamma irradiation for improving 

quality, quantity, genetic diversity and  for reduction of antinutritional factor such as HCN 

contents  in Sudan grass. 
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                                                    CHAPTER-II 

REVIEW OF LITERATURE 

Radiation has been used successfully to bring about genetic variability in different crop 

species and it is considered as a useful tool for improvement of different crop plants. 

Mutation breeding is now widely used for inducing genetic changes and creation of new 

genetic resources, particularly in crops that are not easily amenable to improvement 

through conventional techniques such as hybridization etc In recent years, researchers are 

using mutation breeding as an important addition to the traditional plant breeding in 

evolving new crop cultivars (Awan, 1991) The information on the use of radiation on 

various crop species is reviewed here. 

2.1 GENERAL ASPECTS OF IRRADIATION ON PLANTS: 

Vasil (1962) pointed out that the radiation-induced mutants comprise useful forms, with 

heritable physiological changes and worthless forms with some injury to their genetic 

structure, usually with reduced growth; which promotes earliness and resistance to lodging 

and fungi in the cereals. Craigmiles and Harris (1963) reported that 30 kR was the critical 

dose of gamma radiation for Sorghum arundinaceum. Giacomelli and Cervigni (1964) 

observed that ascorbic acid contents of Vicia decreased when this was subjected to chronic 

gamma irradiation.  

Gustafason et al. (1971) reported that, in Sweden since 1958, seven varieties of barley 

originating from three X ray induced mutations have been approved officially. 
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Additionally, translocations of chromosomes induced by irradiation in Bonus, have a 

significant effect in the development of hybrid barley in U.S.A; and is being used in 

improvement of barley cultivars in Sweden, and for theoretical analysis in various 

countries.  

2.2 EFFECTS OF IRRADIATION ON GERMINATION OF PLANTS: 

In the studies of Arnason et al. (1952), dry vulgare wheat seeds did not germinate after a 

dose of 10,060 R while the dry barley seeds survived doses of 7,000 R.  Schrank and Mills 

(1955) reported that the germination of oat seed was not  affected by any dose of gamma 

rays but inhibition of coleoptile and root growth was increased with the increase in doses. 

Similarly, Mills and Schrank (1956) reported no change in seed germination of Avena 

sativa after X irradiation. The germination ratio decreased and the variability in samples 

also decreased as the dose increased.  

Soriano (1961) observed that germination of rice seed treated with gamma rays up to 30 kR 

was  not greatly reduced, while 40 and 50 kR doses killed most of the seeds. Seedling 

survival was  markedly reduced following 30 and 40 kR doses; while no seedling survived 

following 50kR. Norvat (1961) treated rice grains in the dry state with X rays at 15,000 

rads, 20,000 rads 25,000 rads 50,000 rads and 75000 rads and observed that germination 

was reduced with the maximum dose. Abrams and Fortune (1962) noted inhibitory effect 

of different sources of ionizing radiation on germination of wheat, barley, rice, cotton and 

pigeon peas.  
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According to Sax (1963), Maldiney and Thouvenin obtained accelerated germination of X 

rayed seeds. Ouang (1964) remarked that the inhibitory effect of radiation in respect to 

germination is linear. Baluch et al. (1966) pointed out that treatments of castor bean seed  

with 2 to 30 K rads of gamma irradiation may prove useful in respect to germination and 

seed yield. Suss (1966) claimed increased germination of many cereals and potato varieties 

after radiation treatments. He also stated that the effect of radiation varied in plant species 

at different moisture levels and under different climatic conditions. Craciun and Nasta 

(1968) reported that germination capacity, seedling viability, plant variability, and mitosis 

were adversely  affected in proportion to the rate of initial seed irradiation.  

Nuttel et al. (1968) found significant differences in the germination of Cucumber seed after 

low dose irradiation. Rajput (1970) observed increased but delayed germination in Mexican 

wheat varieties after irradiation treatments of 20,000 R, 25000 R, 50,000 R and   75,000 R. 

He noted that germination was reduced with the maximum dose. Kumari and Singh (1996) 

observed a gradual decrease in seed germination and survival percentage of M1 plants of    

Lens culinaris with increasing gamma irradiation doses.  

Hameed et al. (2008) also reported a similar type of outcome in seed germination of Kabuli 

Chickpea after gamma irradiation doses and reported that final germination percentage 

decreased considerably from 800 to 1000Gy after higher irradiation doses. After 800 Gy 

dose maximum decline in germination percentage was observed. Preussa & Britta( 2003) 

reported that the cell development seized during somatic cell division due to the high 

irradiation dose, which caused inhibition of growth and/or several harmful effects on the 
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whole genome. Ertan Sait Kurtar (2009) observed that pollen age, pollen viability, 

germinability, fruit, and seed-set decreased significantly with increase in irradiation dose.  

2.3 EFFECTS OF IRRADIATION ON TILLERING OF PLANTS: 

Leopold and Thimann (1949) observed an increase in tillering of barley seedlings by 

exposing them to 25 R doses of X rays at weekly intervals. Bishop and Aaldora (1955) 

observed a number of furcating stems and leaves in the apple scions treated with thermal 

neutrons and X rays and then grafted in to full grown trees. Mikaelson and Aastveit (1957) 

found that the number of tillers per plant increased in case of oat plants with higher 

irradiation doses. However, they were suspicious whether the plant development was  

increased due to soil heterogeneity or radiation. Griffith and Johnston (1962) observed 

highest dose of irradiation viz: 30 kR reduced survival percentage drastically, plants 

exhibited considerable variation in morphological characters including degree of tillering in 

case of two oat varieties. 

Cervigni et al. (1962) found an increase in the number of culms to 25 times as compared 

with the control plants because of application of chronic gamma irradiation on wheat 

plants. According to Sax (1963) ionizing radiation, stimulate lateral bud growth most 

probably by auxin inactivation. Ouang (1964) studied the effects of neutrons and X rays on 

rice, wheat and barley and observed a considerable increase in tillering. Cuany and Guardia 

(1964) reported that cuttings from Panicum   maximum plants chronically exposed to 37 R 

gamma radiations per day produced twice as many sprouts as those from unirradiated 

plants. 
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Goud (1968) found that in a low tillering wheat variety the incidence of polygenic 

mutations was in a positive direction. In a high tillering variety, the average decreased 

whereas in average tillering wheat variety there was no change in the mean. The variance 

was  increased in all the varieties of the treated material. Ghafoor et al. (1968) observed an 

increase in the number of tillers in barley. Davies (1970) reported that radiation had no 

effect on the tillering of barley plants that were irradiated at anthesis or later. Thorston 

Hermelin (1970) stated that the mutation yield per irradiation unit did not reduce similarly 

for the meiosis treatments and tillering. Selection next to induced changes was   fewer 

pronounced than in the tillering and meiosis treatments.  Nicke (1970) stated that tillering 

for branching, often accompanied the dwarf ness. Bari (1971) reported a significant 

increase in the primary branches when exposed to irradiation rates from 300 R/day to 1000 

R/day in flax plants. Din et al. (2003) reported that in general, the number of tillers per 

plant exhibited a gradual increase with increase in gamma irradiation intensity. He found 

that the highest value of (11.68) tillers was obtained due to 35 kR while minimum value for 

number of tillers (8.40) was obtained in the control that was significantly lower than the 

irradiation treatment.  Irfaq et al. (2001) reported a significant (P<0.05) increase in number 

of tillers plant-1 in three cultivars of wheat i.e. Pirsabak-91, Khyber-87 and Tarnab-78 

studied at Nuclear Institute for Agriculture and Biology, Faislabad. 

2.4 EFFECTS OF IRRADIATION ON PLANT HEIGHT:    

Wort (1941) reported an increase in length of plants as compared to control when irradiated 

with lower treatments of X rays. Singleton (1950) obtained tall and short mutants in the 

irradiated corn. Jones (1952) found a dwarf mutant in rice after X irradiation. It produced 
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small seeds and was controlled by a recessive gene. Sparrow and Gunckel (1956) observed 

increased stem and leaf thickness along with high plant height, in Antirrhinum  majus when 

exposed to various irradiation rates. Nikoelson and Aastveit (1957) observed that 

irradiation ranging from 36 to 45 R per day in barley had a considerable effect on increase 

of plant height and from 25 to 34 R per day in oats. According to Spear (1958), Gordon 

noted that X irradiation inhibited the final step of growth hormone synthesis in bean shoots, 

causing dwarf ness.   

Zschege and Harring (1962) reported mutants in which varietal axis was disproportionately 

abortened by radiation. Glushchenko and Zaharova (1962) observed a negative effect of X 

rays on wheat and oats after a dose of 7kR. Differences in height were also noted in the 

second generation. A gigantic sterile oat plant 161cms, tall appeared in the second 

generation. Marion (1962) reported the effects of gamma rays and neutrons on seeds of 

Korean Lespedeza, for many characters and noted that dwarfing in various degrees 

occurred in a number of R2 plants. Hansel  et al. (1963)  reported  that in a stout  mutant of  

sorghum plant height was reduced  to three  fourths while stem diameter was twice  as 

much  as  the original form. Yeh and Henderson (1964) found that survival percentage and 

the height of the rice plants were reduced under gamma rays and neutron types of 

irradiation. 

Tavcar (1966) obtained wheat and barley plants with reduced height in M-2 and M-3 which 

were bred to homozygosity. Miah and Bhatti et al. (1966) reported a number of dwarf 

mutants in rice following gamma rays, X rays and thermal neutrons treatments. Suss (1966) 

claimed an increase in plant height in many cereals after radiation treatments. Sparrow 
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(1966) noticed an increasing plant height in various plants after low doses of irradiation. 

De Nettancourt and Contant (1966) observed that under continuous radiation exposures, 

leaf development was remarkably increased in Lycopersicum species under continuous 

radiation exposures.  

Bostrack and Sparrow (1970) also found that at an exposure rate of 1-2R/Day tree height 

increased significantly in Pinus strobus. Killion et al.  (1971) reported that the stem length 

of  Soybean plants (Glycine  max (L) Merrill “ Kent”) was decreased to  about 50 percent 

of the  non irradiated  population  when plants in early log phase of growth were exposed  

to 2.5 kR at 50 R/minute. Killion et al. (1971) reported that height of winter wheat plants 

was decreased to sixty percent of control  plants at the 1- 4-leaf stage exposed to 1.6 kR at 

a rate of 10 R/min or more. Bari (1971) reported that there was a remarkable increase in 

plant height when exposed to irradiation rates from 4 hundred R/day to 8 hundred R/day. 

El-Sayed et al. (1994) found that 10 kR gamma rays increased plant height, yield and 

chlorophyll a and b and cartenoids in tomato hybrids.  

Sakin (2002) stated that gamma ray irradiation treatment increased the average plant height 

as compared to control. Hameed et al. (2008) also found the same results in seed 

germination of Kabuli Chickpea after gamma irradiation doses and reported that after 

higher irradiation doses from 800 to 1000 Gy final germination percentage was reduced 

significantly after higher irradiation doses ranging from 800 to 1000Gy. Maximum 

reduction in germination percentage was noticed after 800Gy dose. Ertan Sait Kurtar 

(2009) observed that pollen age, pollen viability, germinability and fruit and seed-set 

decreased significantly with increase in irradiation dose. 
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Shereen et al. (2009) reported a significant reduction in the leaf area, plant height and fresh 

weight of all parent varieties in rice as  a result of gamma irradiation induced changes 

under saline conditions.   

2.5 EFFECTS OF IRRADIATION ON SEEDLING HEIGHT OF PLANTS: 

Kaukis and Webster (1956) studied sorghum seeds irradiated with gamma rays and thermal 

neutrons. The height of seedlings was reduced with increase in dosage. Plants grown from 

irradiated seed exhibited depressed stature. Soriano (1961) noted that rice seedlings, 

resulting from the irradiated seed, remained much smaller than that of the control. Bajaj et 

al. (1970) reported that severe inhibition of growth characters occurred at 2 kR when 8 

days old seedlings were exposed to radiation and 5 kR proved to be lethal doses in 

Phaseolus vulgaris L. Lakany and Sziklal (1977) reported that stratification after irradiation 

decreased seed germination and seedling growth and survival. The tolerance to gamma 

irradiation varied in different plants. Bottino and Sparrow (1971) reported decreased 

seedling height in barley with increased exposure rate from 60 R/hour to about 1000 

R/hour.   

2.6 EFFECT OF IRRADAITION ON ROOT LENGTH/SHOOT LENGTH, 

ROOT-SHOOT RATIO, NUMBER OF LEAVES, LEAF AREA AND 

FLOWERING OF PLANTS.      

Goud and Nayar (1969)  reported that irradiation of fenugreek  (Trigonellafoenum 

graecum) seeds with  X rays at 50 kR to 70 kR decreased the length of root shoot and leaf 

but increased leaf breadth and chlorophyll content/unit weight of leaves in twelve days  old 

seedlings. Buiatii, Baroncelli, Tesi and Bosearoil (1970) while working with different 
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environmental effects on diplomatic selection of irradiated gladiolus corms also showed 

increase in mutation frequency and decrease in mutated sector area.  

Kaicker and Swarup (1972) reported that irradiation with gamma rays delayed sprouting of 

buds from six to nine months and one year in Christian Dior and Kiss of Fire when budded 

on Edward rootstock and to almost nine months in Queens Elizabeth (Cultivars of Roses) 

on Rosa multiflora rootstocks. There is a clear cut indication of dormancy in treated buds. 

The primary effect of irradiation is low bud take in all treatments including those of 5 kR 

and above. The radiation delayed sprouting of buds. Khan et al. (1990) evaluated the 

effects of irradiation on four pea varieties and stated that germination was decreased with 

increase in dose rate of radiation. He also stated that radiation adversely affected the plant 

height, number of pods and flowering and observed late flowering in M1 generation as 

compared to control in Pea.  

Svetleva and Petkova (1992) reported adverse effects of gamma irradiation on French bean. 

Gamma irradiation prolonged the growth period and retarded the plant height. Amjad et al. 

(1993) studied the variability in Pea for growth characters in M1 generation, following 

gamma irradiation in pea and observed that higher radiation doses resulted in increase in 

plant height, number of branches, biological yield and extended vegetative period as 

compared to control. Majeed et al. (2009) reported that dwarf ness in plants when exposed 

to higher doses. Similar decreasing root and shoot length of Lepidium Sativum L. plants 

showed high differences at 70 kR and 80 kR. Shakoor et al. (1978) and Khalil et al. (1986) 

ascribed decreased shoot and root  lengths at higher doses of gamma rays to reduced 

mitotic activity in meristimatic tissues and reduced moisture contents in seeds respectively.  
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Khan et al. (2000) reported that gamma irradiation progressively increased the number of 

days to 50% flowering at various levels of irradiation as compared to control. Hameed et 

al. (2008) reported that root length also decreased after all doses of irradiation as compared 

to non-irradiated control in both desi and Kabuli chickpea. Root length was observed to be 

reduced after 1000Gy dose in desi while after 600Gy dose in Kabuli chickpea. Reduction 

in root and shoot lengths of various crops as already been stated by Thimmaiah et al. 

(1998), Muhammad and Afsari, (2001), Al-Salhi et al. (2004), Toker et al. (2005) and Kon 

et al. (2007) also supports present investigations. Shereen et al. (2009) reported a 

significant reduction in leaf area, plant height and fresh weight of all parent varieties of rice 

under saline conditions.   

Ansary et al. (2009) on jute crop in M-4 generation reported effects of gamma ray on 

flowering character was observed highest percentage of flowering and lowest percentage of 

non flowering in 400 doses of gamma ray but lowest percentage of flowering and highest 

percentage of non flowering in 500 and 800 doses of gamma rays than the control. These 

findings are in agreement with the findings of Abraham and Joshua (1972). Similar results 

have been reported by Sharafi and Azar (2011) who reported a significant increase in 

flower density of Almond (Prunus amygdalus, L) cultivars. Wongpiyasatid et al. (2007) 

reported a significant increase in average leaves per plant with increasing effect of gamma 

irradiation as compared to control in  African violet (Saintpaulia ionantha). All treatments 

increased average number of leaves till 60 Gy dose of gamma irradiation which showed 

stimulating effect on this trait.  
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Cavdarov (1967) exposed three of T. aestivum and three Bulgarian cultivars of T. durum to 

x-rays, gamma rays and fast neutrons and observed that all the genotypes differed in 

sensitivity. Out of these, the variety ‘Apulichm 233’ (T. durum) was observed to be more 

opposed to radiation and its seedling growth was stimulated rather than reduced. Rauf and 

Khan (1970) studied the effects of gamma irradiation on the yield, yield components, and 

concluded that different varieties responded differently to irradiation, almost the yield per 

plant in all the varieties was decreased as the irradiation dose was increased. The dose of 

50 kR was most harmful in action. Reddy and Smith (1975) also found that gamma rays 

caused a differential M-1 plant response and M-2 mutation frequency for 2 Sorghum 

varieties.                                                                                                            

2.7 EFFECTS OF IRRADIATION ON GREEN MATTER WEIGHT AND 

YIELD OF DIFFERENT CROP PLANTS: 

Tolbert and Person (1952) reported that the yield of corn, broad bean, and potato was 

reduced by ionizing irradiation. Anderson and Oleson (1954) reported that in the case of 

white mustard, mutation besides other factors is indicated by the increased yield and oil 

contents, the increase being larger than that obtained by selection in untreated material of 

the same variety. Kuzin (1955) obtained increased yields of radish, cabbage and peas by 

radiating the seeds at 500- 1000 R for radish, 1000-2000 R for cabbage and 350-500 R for 

peas. The studies of Gregory (1957) on X-rayed peanuts indicated that the frequency of 

mutants, superior in yield may be around 1 among 500 to 5000 M-2 plants. 

Rawlinge et al. (1958) concluded that genetic variability in yield, plant height maturity and 

seed weight was substantially increased by irradiation in soybeans. Horvat (1961) noted 
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that the grain yield of rice was reduced whereas the straw stiffness was improved, when X 

rays irradiated seed was sown. Tederadze (1963) obtained increased yield of legumes after 

radioactive radiation on plants. Sax (1963) stated that reports of increasing crop yields from 

irradiation looked critical confirmation. Gustafsson (1963) reported that the erectoides 

mutants of barley were obviously associated with higher yielding ability in some cases, at 

least under heavy nitrogen fertilization. 

Swaminathon (1965a) reported that awned wheat induced from awnless or apically 

awnletted varieties, out yielded their respective parents, especially under dry growing 

condition. Terescenko (1966) selected pea plants in the M-2, which were superior in many 

aspects including higher yields. Baluch et al. (1966) reported 32% to 42% increase in seed 

yield in X-1 of Ricinus communis after gamma irradiation. He recommended that a dose of 

2 to 30 K rad of gamma irradiation may prove useful in respect to seed yield per plant in 

castor bean. Suss (1966) claimed an increase in grain and tubers yield of many cereals and 

potato varieties after radiation treatments. Siraj (1970) observed that lower doses 5,000 R 

and 10,000 R `had some stimulating effects on plant growth and yield in maize while 

higher doses (25,000 R on wards) were found to cause reduction in grain yield. 

Burton et al. (1971) reported that exposure of seeds to gamma rays ranging from 150-9600 

R unsuccessful to much increase forage yields in pearl millet hybrids. Exposure of 19.2 kR 

to the seeds decrease forage yields 9.5% (P<0.01) in pearl millet. Dry matter biomass of a 9 

days old seedling grown in growth chambers have a tendency to parallel field outcome. 

Killion and Constantin (1971) reported that the maximum decrease in grain yield of wheat 

happened in those plants which were irradiated at the meiotic and gametogenic stages. At 
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these developmental phases, grain yield was reduced to zero level with 1.5 kR at an 

exposure rate as low as 5 R/min. 

Davies (1973) reported that for potato, sugar beet, pea and broad bean 16 kR reduced yield 

by 50% or more where as less than 8 kR was required for similar reduction of yield in 

perennial rye grass and meadow fescue. Davies and Mackey (1973) reported that there was 

a reduction in the yields of wheat and barley by about 50% and over 80% respectively 

when the parent plants were irradiated with 2 kR late in the life cycle. The yield of the 

second generation of potato was reduced by about 50% with 4 kR when tubers were 

forming. 8 kR completely inhibited sprouting. Krishma et al. (1984) reported that radiation 

induced mutations have also been used in generating forage grasses and turf grasses with 

modifications in various morphological traits. Ahloowalia and Maluszynski (2001) 

reported that gamma rays induced mutations have been used to improve major crops more 

than 1800 cultivars obtained either as direct mutants or derived from their crosses have 

been released world wide in 50 countries. Kanakamanay (2008) reported that the maximum 

yield and yield component characters for 7.5 Gy gamma rays and 0.75% EMS in 

Kacholam, (Kaempferia galangal L.).  

Shereen et al. (2009) reported that comparison among various treatments of radiation have 

revealed that 150 Gy was comparatively more useful not only for survival under higher 

salinity level (75mM NaCl) but also shown an enhancement in yield and have remarkable 

effects on ionic responses of these rice plants under saline conditions. These findings have 

shown that enhanced chlorophyll and K, and less Na uptake because irradiation may be 

responsible for better growth under saline conditions. 
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Rahimi and Bahrani (2011) observed that highest seed yield (3985 kg/ha) and 1000 seed 

weight (5.3 g) were obtained in 100 Gy gamma irradiation treatment in a study conducted 

during 2009-2010 in Agricultural Research Station of Islamic Azad University of Yasooj, 

Iran.  

2.8 EFFECTS OF GAMMA IRRADIATION ON DRY MATTER WEIGHT 

Cervigni et al. (1962) stated that mean weight of the mature wheat plants increased six 

times when exposed to chronic gamma irradiation. Sparrow (1966) observed an increase in 

dry matter after low doses of irradiation. Suss (1966) claimed an increase in dry matter of 

many cereals after radiation treatments. Boyle (1968) reported that the hybrids (Sitanion 

hystrix X Agropyron trachycaulm, A.cristatum X A.subsecundum and A.trachycaulum X 

Hordeum jubatum) showed consistently greater resistance to the higher irradiation doses as 

assessed by mortality, dry weight and growth inhibition than did their parents. The radio-

resistance of the hybrids is thought to be associated with their heterozygosity.  

Singh and Sharma (1993) found a few pentafoliate and tetrafoliate mutants with the gamma 

rays and ethyl methanesulphonate (EMS) treated mungbean. These mutants revealed a 

considerable increase in yield, total chlorophyll content and dry matter production when 

compared with the parents in M2 and M3 generations. Eleiwa and Rabie (1994) reported 

that sorghum cv, H-102 seeds were exposed to 0, 4, 8 or 16 kR of gamma radiation, and 

subsequent growth in sandy and calcareous soils was examined in a pod experiment. Plant 

Dry matter yield was increased by 4 kR seed treatment but decreased by the highest 

radiation dose. Plant uptake of N, P, K, Fe, Mn and Zn followed a similar pattern.   
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2.9 EFFECTS OF IRRADIATION ON GROWTH OF DIFFERENT CROP 

PLANTS: 

Shull and Mitchell (1933) found a stimulatory effect on the growth of sunflowers, corn, 

oats and wheat when the germinating seeds were irradiated with about 100R of X rays. 

Tolbert and Person (1952) found that higher doses of irradiation adversely affected the 

growth of plants like corn, tomato, potato, broad bean and spiderwort. Sparrow and 

Christenson (1953) Gunckel and Sparrow (1954) recorded enhancement of growth of 

Antirrhinum plants when treating with moderate exposures of chronic gamma irradiation.  

Ehrenberg et al. (1954) observed growth stimulation in Vicia faba upto irradiating by 16 to 

28 R of gamma irradiation daily. Schrank and Mills (1955) noted that inhibition of 

coleoptile and root growth was increased with the increase in irradiation dose of gamma 

rays. Sax (1955) concluded that lower doses of irradiation had some stimulating effect but 

not to the extent as claimed by some Russian workers. He found an insignificant 

stimulating effect on growth of lettuce and cabbage. Timefeev et al. (1956) reported with 

lower dose of X-rays irradiation there was increased growth of different crop plants 

applying irradiation of dry or soaked seeds. Bora (1961) reported inhibitory effect on plant 

growth as  a result of a study on “Relative biological efficiencies of ionizing radiation on 

the induction of cytogenetic effect in plants.” 

Sax (1963) pointed out that ionizing irradiation may enhance plant growth at different 

phases of plant development and that these are of a lower magnitude. Millers (1964) 

observed a positive effect on growth of cereals and sugar beet when exposed to low doses 

of beta and gamma rays before sowing the seed. Ouang (1964) observed that growth was 
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reduced through all stages of the crops by irradiation. ‘ Szirtes (1967) found that irradiation 

treatments 500-800 R of gamma rays on Lolium perenne had no practical value in 

accelerating emergence, significant growth  at 3-6 leaf stage was followed by depression of 

growth at the 6-9 leaf stage and P and K content at the 3-5 leaf stage. 

Sub and Grobe (1968) observed that radiation induced the stimulation of plant growth at 

different stages. Siraj (1970) reported that lower doses (500 R and 10,000 R) had some 

stimulating effect on plant growth  and yield .While higher doses (25000 R on wards) were 

found to cause a reduction in germination, plant height, plant survival, size of leaves, 

number of leaves/plant, internodal length, cob size, seed setting and decrease in grain yield. 

Langenauer Haviva et al. (1972) exposed Parthinocissus tricuspidata axillary buds at 

various development stages to 600 R of acute  soft X rays and found that buds irradiated  

within two days after release from apical inhibition produced slower growing shoots  than 

buds irradiated 4,6 or 8 days after release. Davies (1973) reported that sensitivity to 

irradiation differed considerably both between the species ( studied) and depending on the 

stages of growth at which they were irradiated. Chauhan and Singh (1980) reported that 

lower exposures are sometimes stimulatory during a study conducted on effects of gamma 

irradiation on Chenopodium album growth. Radhadevi and Nayar (1996) observed 

inhibitory effects as a result of studies on “Gamma rays induced fruit characters variations 

in Nendran, a variety of Banana (Musa paradasiaca L.)”.  
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2.10 EFFECTS OF IRRADIATION ON CERTAIN OTHER GROWTH 

CHARACTERS OF PLANTS: 

Gustafsson and Tedin (1954) reported that a few erectoid mutants of barley appeared to be 

significantly superior in yield straw strength and earliness. Gunckel and Sparrow (1961) 

observed inhibitory effects on plant growth and reported that gamma rays have a 

significant effect on plant growth processes by inducing genetical, cytological, 

biochemical, morphological and physiological changes in cells and tissues of plants. 

Tavcar (1964) reported that gamma irradiation of numerous inbred lines of Zea mays 

resulted in a mutant possessing a decussate arrangement of leaves and branches on the 

tassels. Donini et al. (1964) observed at the rate of 72 and 148 R of gamma radiation 

enhancement of vegetative growth in durum and bread wheat. They also observed 

significant enlargement in the number of spikes per plant at 52 and 72 R per day 

Tavcar and Kandjellie (1965) reported that treatment with gamma rays at 1000 to 10,000 of 

air dried seeds of Triticum turgidium, T.durum and T.aestivum produced gene mutations, 

which affected 10 characters useful in breeding. Craciun and Nasta (1966) reported that 

seed set in the surviving plants was uniformly reduced, irrespective of dose rate from a 

(Co)60  source. Germinating capacity, seedling viability, plant variability and mitosis were 

adversely affected in proportion to the rate of initial seed irradiation. Popovic and 

Zecevic(1967) reported that air-dried kernels of the following varieties and lines were 

gamma irradiated at different dosages.  
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Bologana, K.rag 268, F 274 and 210 B. Line F274 exhibited the latest variation in respect 

of growing period and straw length and produced zeocrithontype plants. Bologana showed 

a change of ear color in some plants and branching of some ears. The M-2 generation 

revealed different varietal chlorophyll mutants. Some changes in chromosome behavior 

were observed. Turkov (1967) reported that irradiation of air-dried seed of snegireveky 

from a (Co)’60 source produced heritable characters among which early ripening and 

resistance to phytophthora were selected after 3 generations. Lauriola (1967) reported that 

in Italy most promising results have  been obtained with short strawed lodging resistant 

mutants of the hard wheat cappelli. 

Bashaw and Patrick (1967) reported that irradiation with gamma rays and neutrons caused 

extensive changes in morphology and growth characteristics and also resulted in severe 

seedling mortality and high sterility. Lawrence and Crocket (1968) observed that chronic 

gamma irradiation resulted in abnormal internal apical configurations of the vegetative 

shoot apex of Coleus blumei. Evidence of a radio sensitively radiant within the vegetative 

shoot apex was also observed. Monti and Donini (1968) reported a positive correlation 

between pollen abortion and ear lines, probably  because of the lower exposure received by 

the faster dividing cells of the early lines subjected to chronic gamma irradiation. 

Taylor (1968) reported about the actively growing Giant sequola seedling which received 

acute gamma radiation dose rates ranging from 42-119 R/24 hours. The growth of primary 

stems was reduced to 28% by 124 days by the maximum radiation levels which proved to 

be sub lethal. Leaves receiving 697 rads were noticed having double or twin resin ducts. 

Bostrack and Sparrow (1969) observed effect of chronic gamma radiation on tissues and 



 

 22 
 

growth habit of Pinus rigida trees for 17 years. Macro-scopic effects of  gamma irradiation 

included early leaf fall, dwarf ness of needles and necrosis of terminal buds. Microscopic 

studies showed incompetence of active shoot apical meristems, delay in lignification of 

xylem elements  and reduced activity of the vascular cambium. Shoot apical meristems of 

irradiated trees showed greatest level of sensitivity by flattened dome shape with the 

terminal, superficial cells. 

David et al. (1969) reported that acute gamma irradiation caused tumerlike structures and 

an increase in the incidence of adventitious roots on lettuce. Germplasm evaluation should 

be given top priority in plant breeding program and it is commonly based on both 

physiological and agronomic interest (Pezzotti et al. 1994).  Estimates of genetic diversity 

and relationship between germplasm  collection are very important for facilitating efficient 

germplasm collection, evaluation and utilization. In any breeding programs the first step is  

the parental selection. Therotical (Bailey and Comstocks 1976) and empirical (Busch et al. 

1974) results denote that chances of getting better progeny genotypes are greater if both 

parents are related in performance as compared to one parent being inferior for one or more 

traits. Although genetic diversity between parents is necessary to drive transgressive 

segregants from a cross in breeding programs for drought tolerance of cowpea. It is 

essential to develop methods of evaluation of drought tolerance both for the identification 

of gene sources of the tolerance and for the selection of segregating materials after 

crossing. 

Sound breeding programme in any field crop depends mainly upon the availability of 

genetic variability either existing and / or created through mutation or gene recombination 
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(Ghafoor et al. 1998). Breeding work in field crop is based on the utilization of germplasm 

either exotic or local as germplasm is building blocks for crop improvement (Anon 1995, 

1996). Top priority of plant breeders and populations geneticists is genetic variability 

within and among populations of crop germplasm. For investigating the genetic structure of 

crop germplasms (Hayward and Breese, 1993), examine germplasm during the 

maintenance phase (Moore and Colling, 1983), and predicating potential genetic gain in a 

breeding program (Moreno, Gonzalez and Cubero, 1993), assessment of diversity within 

and between populations of species is helpful. Morphological, phenological and agronomic 

characters are mainly used for the estimation of variability. No doubt, these characters are 

mainly polygenic and effected by environmental conditions. 

The high yielding accessions selected from the local germplasm often prove their 

superiority in advance testing under various agro ecological conditions (Ghafoor et al., 

1989). Hazra et al. (1999) indicated significant genotype X environment interaction for the 

characters studied. Characters such as plant height, pod weight, pod length, area of primary 

leaves and pod yield/ plant showed high phenotypic coefficients of variation ( PCV), high 

genotypic coefficients of variation (HCV), very high heritability (above 95%) and high 

genetic additive genes in controlling these characters. Effective exploitation of a 

germplasm collection requires information of the ways of genetic variation for characters 

of economic interest (Beer et al., 1993). Dwivedi et al. (1999) reported that a wide range of 

variability was observed in leaves, number of branches, days to flowering and maturity, 

cluster / per plant, cluster per peduncle, peduncle length, pods per cluster and plant, seeds 
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per pod, size, shape and color of pods and seeds, pod and seed weight per plant and 100 

seed weight. 

2.11 EFFECTS OF GAMMA IRRADIATION ON HYDROCYANIC ACID (HCN) 

CONTENTS OF SUDAN GRASS (SORGHUM VULGARE VAR, SUDANESE): 

In recent years in under developed countries the importance of plant protein in providing 

the protein need has been recognized. Plants are economical sources of protein and other 

nutrients and can play significant roles in human nutrition. Weber et al. (1977) suggested 

several novel plant protein sources that could be used as food to provide the needed 

protein. However the nutritive quality or digestibility of plant proteins have been affected 

by the presence of anti-nutritional issues. (Griffiths, 1979; Fernandes et al., 1982; Singh et 

al., 1982; Narasinga Rao & Prabhavathi, 1982; Storey et al., 1983; Frels & Rupnow, 1985 

and Helsper et al., 1993). Moreover, plants used as food and feed contain naturally 

occurring food toxins (Conn,1973). A large number of species in pasture plants include 

poisonous compounds that have harmful effects on grazing animals, either as severe  

poisoning or at the sub-clinical level. Among these are cyano-genetic glucosides that take 

place naturally in at least 750 species of plants comprising Sudan grass (Barnes and 

Custine 1973).  

Cyano-genesis is the biochemical phenomenon in which hydrocyanic acid (HCN) is 

released when plant tissue is injured during the eating process of grazing animals. Cyano-

genetic glycosides are among those naturally occurring food toxins found in plants (Conn, 

1969). These compounds as the name implies, yield hydrogen cyanide when acted upon by 

stomach acid or certain plant enzymes (Clarke & Clarke, 1975). Hydrogen cyanide is 
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notorious as a potent respiratory inhibitor and the average lethal dose for an adult is 30-250 

mg (Jones, 1992). Several types of these glycosides are present in plants. Linamarine is the 

cyanogen in cassava, flax and lima beans (Conn, 1969). Dhurrin and amygdalin are found 

in almond, bamboo shoots, sorghum, chokecherries, pin cherries and wild black cherries 

and in pits of apple, apricots, cherry, plum, quince and peach (Conn,1981). 

Irradiation has been suggested to remove or reduce anti-nutritional factors (Ghazy, 1990; 

Ghazy et al.,1992 Joseph & Dikshil, 1993 and Abu Tarboush, 1998). The same principle 

could apply to toxic compounds and this research could be the first attempt to do so. The 

use of irradiation technology is favorable since its impact on nutrients is very small if 

appropriate doses are applied. Application of radiation in food and agricultural 

commodities to guarantee quality and security and for fulfilling consumers ’ needs in 

recent years has been proved successful (Delhi, 1995; FAO/IAEA/WHO, 1999; Gunes 

& Tekin (2006),  Mayer-Miebach, 1993). About 40 countries in world have 

commercialized this technology (FAO/IAEA/WHO, 1999; Wilkinson & Gould, 1998). 

A few reports show reduction in tannins in seed when exposed to radiation (Abu-

Tarboush, 1998; Villavicencio, Mancini-Filho, Delince ´e, & Greiner, 2000). Such 

variations may be attributed to the differential response, geographical origin, 

variations in the genetic structure (genotypes and cultivars), and other biological factors 

of legumes 

Farag (2001) reported that raw seed kernels of local mango varieties (Magnifera indica) 

were analyzed for composition, tannins, in vitro protein digestibility, cyanogenetic 

glucosides, levels of trypsin inhibitors and apparent metabolizable energy (AMEN) as 
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being affected by boiling, autoclaving as well as irradiation at 5, 10, 15, and 20 kGy. The 

air-dry mango seed kernels (MSK) contained CP 70 g kg-1, EE 128 g kg-1, and tannins 67 g 

kg-1. Compared with raw kernels the contents of trypsin inhibitory activity (30 TIU g-1) and 

cyanogenetic glucosides, measured as hydrocyanic acid (71 mg kg-1), and decreased by 

boiling, autoclaving and radiation treatments. Boiling or autoclaving reduced tannin 

content (67.2 g kg-1 in raw kernels), while irradiation did not show any effect. Processing 

increased the low in vitro protein digestibility and AMEN values of raw MSK. The 

improvements were compared to decrease in trypsin inhibitory activity, tannin contents  

and cyanogenetic glucosides.  

Greater improvements were observed with autoclaving and boiling than with irradiation 

alone. Autoclaving for 30 min plus irradiation treatment up to 20 kGy improved the in vitro 

protein digestibility and AMEN by 139% and 72%, respectively. These results show that, 

the poor nutritive value of MSK is due to trypsin inhibitors, tannins and cyanogenetic 

glucosides. The effects on the performance of broiler chicks were observed of feeding 200 

g kg-1 raw or processed MSK. Autoclaved and irradiation improved weight gain in birds as 

compared to other treatments while weight gain of birds fed the autoclaved (30 min) plus 

irradiated (20 kGy) kernels was significantly more improved than by the other treatments. 

However, feed conversion ratio was not significantly affected between groups fed the 

processed MSK. The results revealed that the combination of exposure of irradiation up to 

20 kGy plus autoclaving for 30 min improved the nutritive value as compared to other 

tested treatments that this method is proved more useful in processing MSK to be used as 

animal feed.  
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Rajeev et al. (2007) found that effects of gamma irradiation on antinutritional constituent 

of seeds of Mucuna pruriens which was assessed on exposing to treatments of 2.5, 5.0, 

7.5, 10, 15 and 30 kGy and showed that all other treatments except 2.5 kGy, showed that 

phenolics were significantly increased by the irradiations. The dose up to 7.5 kGy did not 

have any significant effect on tannin concentration, while it was significantly increased 

by higher doses. In addition to all other excluding 2.5 kGy, the rest of the doses revealed 

significant decreases in the phytic acid and complete destruction was obtained at 15 and 

30 kGy. The L-DOPA concentration showed a negative correlation. A little amount of 

hemaglutination activity was observed in raw seeds on human erythrocytes, Which was 

completely absent on irradiation (>5 kGy). Concentration of Polonium-210, a natural 

radionuclide occurs within the safe level for consumption. As Mucuna seeds serve as 

food, feed or as pharmaceuticals, it is essential to optimize a specific dose of ionizing 

radiation to apply an appropriate dose to destruct phenolics, tannins, phytic acid and L-

DOPA. Irradiation being a physical and cold process, may prove to be an ideal method 

and come out as an significant practice to improve the nutritional or medicinal quality 

of Mucuna seeds and its products.    

Siddhuraju et al. (2002) found that seeds soaking and irradiation treatments increased 

phenolics in Sesbania and green gram (Vigna radiata). They attributed such increase 

in phenolics to higher extractability by depolymerization and rupturing of cell wall 

polysaccharides by irradiation. However, irradiation is known to increase the activity 

of phenylalanine ammonia-lyase, which is responsible for the synthesis of phenolic 

compounds. Therefore, it was the objective of this study to evaluate the efficiency of 
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gamma irradiation in the destruction of cyano-genetic compounds found in Sudan grass 

(Sorghum vulgare var, Sudanese).   

Yuhe (2012) stated that China is the world’s largest tobacco producing and consuming 

country. It is urgently needed to minimize the risk associated with smoking by harmful 

substances in tobacco plant. In order to meet this goal, a 5 year long “Tobacco genome 

project” has been launched in 2010 by National Tobacco Monopoly Administration, China. 

As a result of this project more than 200,000 mutants have been created by EMS and T-

DNA insertion  These proved less harmful & less toxic as compared to Control or untreated 

material. 

2.12 EFFECTS OF GAMMA IRRADIATION ON PROXIMATE ANALYSIS/ 

NUTRITIVE VALUE OF SUDAN GRASS (SORGHUM VULGARE VAR, 

SUDANESE): 

A world-wide supply of nutritionally balanced food is of fundamental importance. It 

is anticipated that more than 800 million people in the world today are under-

nourished and/or malnourished. Most of the hungry are women and children (Conway 

& Toenniessen, 1999). Sorghum vulgare var, Sudanese (Sudan grass) is an important crop 

which is readily eaten by all the classes of livestock. It is commonly used for production of 

range livestock, dairy and beef cattle. It may be fed as green fodder, silage or stover.  Hein 

(1957) reported that Sudan grass had attained its greatest popularity as a temporary or 

supplemental summer pasture crop. Its feeding value is particularly equal to that of millet, 

timothy and other non-legume roughages. Moreover, it can tolerate drought and can, 

therefore, be easily grown under conditions of normal and lower water supply. 



 

 29 
 

Radiation is an easy and quick method of breeding and is proving useful in many fields of 

agriculture and biology. An increase in the yield and nutritive value of this important crop 

by radiation would result in a substantial increase in the quality as well as quantity of 

livestock and their products. Richardson et al. (1932) reported that when the plants pass 

through maturity and reproductive phases, protein contents are converted into 

carbohydrates and thus a decrease in protein percentage takes place. Colvos et al. (1949) 

reported the nutritive value of Timothy hay at various stages of growth and compared it 

with second cutting of clover hay. Timothy was cut when it was 16 to 18 inches, early-

bloom stage and seed stage. The early, medium, and late timothy contained 57.0, 44.1 and 

32.5 per cent as much protein as the second cutting clover. The protein digestibility 

markedly decreased with the stage of growth. The relatively value of the protein 

digestibility were 87.0 and 74.4 per cent. Cocks and Harris (I950) studied a grass, a forb 

and a browse as affected by vegetation type, site and stage of maturity. They reported that 

phosphorus and protein decreased, as the plant approached maturity. 

Kamastra et al. (I958) studied cellulose digestibility in vitro on "orchard grass (Dactylis 

glome rata L.)”Alfalfa" (Medicago sativa L.) and "Timothy" (Phleum pratense L.) cut at 

varying stages of maturity. They observed that cellulose digestibility decreased as the 

forages matured in age. First cut alfalfa, for example, cut on May 8 and May 18 had 

cellulose digestibilities of 71.1 per cent and 58.7 per cent. However, when cut, on June 23 

and May 17, the digestibility declined to 52.0 per cent and 47.3 per cent, respectively. 

They also reported that lignin had an adverse effect on cellulose digestibility. Reid et al. 

(1959) studied the nutritive value of alfalfa and timothy at different stages of growth. 
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These grasses were cut at pre-bloom, 1/10 to 1/2 bloom, full-bloom, and post-bloom 

stages. Total digestibility of the nutrients of alfalfa and timothy decreased from 58 to 53 

per cent and 63 to 55 percent, respectively, as those reached from pre-bloom stage to post-

bloom stage of growth. The amount as well as digestibility of protein in the forage was 

found to decline as maturity approached. 

Scholz (1960) carried out extensive screening in mutation material of barley to select 

mutants for high protein content. An increase up to 20 per cent over the control was 

attained without influencing the yield or amino acid composition indicating the possibility 

of improving the quality of barley by means of radiation breeding. Tilly et al. (l960) 

studied digestible dry matter in vitro of orchard grass, alfalfa and clover and reported a 

standard error of ±2 per cent. Ohyama (1961) studied the alterations in the digestibility of 

protein of orchard grass during growth and reported a decrease in protein digestibility with 

an increase in the age of plants. Richard et al. (l962) cut alfalfa at different dates in 

different years and found digestibility of hay was decreased with late dates of cuttings, 

while crude fiber content increased with latter cuttings. Harris et al. (1962) studied the 

effect of maturity and method of curing on nutritive value of coastal bermuda grass hay. 

He reported that cellulose digestibility of early season was significantly higher than that of 

late season hay. They further reported that protein digestibility of 6 weeks hay decreased.  

Mellin et al. (l962) studied the influence of late harvest on nutritive value of timothy and 

reported that protein content and protein digestibility decreased sharply with each delay in 

harvest level. Digestibility of dry matter was also observed to follow the similar trend. 

Pritchard and Co-Workers (l963) examined the digestibility of dry matter in grass in vitro 
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with rumen bacteria from goats. The results showed that the digestibility was highest 61 to 

69 per cent at vegetative stages, a week before the emergence of heads and fell during 3 

successive stages at emergence of head, flowering and post-flowering, to about 42 per cent. 

Abu Hussain et al. (1967) cut the berseem clover (Trifolium alexandrinum) when it was 

30-35 and 60-70 inches high and analyzed it chemically. They reported that crude fiber 

increased and crude protein decreased in successive cuts.  

Marshall and Bredon (l963) determined the chemical composition of elephant grass that 

was cut at 3 to 4 feet and 7 to 8 feet height and was chaffed for evaluation of chemical 

composition and to make comparison. Crude proteins were 17.35 and 13.15 per cent of dry 

matter respectively, and digestibility coefficients were 76.0 and 73.4 per cent. Crude fiber 

was 31.3 and 32.92 per cent, and its digestibility coefficient was 72.2 and 65.7 Per cent 

respectively. Kivimae (965) compared the nutritive value of timothy grass cut at different 

stages of growth and reported that digestible protein content increased with an increase in 

stage of maturity but from heading to seed maturity, crude protein fell from 14.5 to 5.1, fat 

from 2.6 to 1.5, ash from 7.2 to 4.7, calcium content from 0.34 to 0.22 and phosphorus 

from 0.27 to 0.14 per cent. Crude fiber increased from 24.7 to 28.5 and lignin from 4.5 to 

7.4 percent. Thornton et al. (1966) studied the effect of maturity on composition and 

digestibility of corn and reported that immature corn had a lower feeding value than the 

matured one. 

Sharma et al. (l967) studied the effect of maturity on the chemical composition of some  

grasses. The grasses were analyzed at three different stages of growth. The mean content of 

crude protein, phosphorus, and calcium in dry matter fell from 9.34 to 4.95, 0.18 to 0.11 
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and 0.5 to 0.41 percent, respectively during growth from young to the after-bloom stage. 

Crude fiber rose from 36.57 to 39.17 per cent. The variation in the chemical composition of 

grasses at different stages of growth was found to be significant. Malik et al. (1967) studied 

variation in the chemical composition of some winter fodders and grasses at different 

stages of maturity and reported a decrease in the protein contents of all the crops with 

maturity. Harbets and Immink (1968) noticed that protein content decreased with late 

growth stages. Jones et al. (1970) noted that early and late harvested corn contained protein 

contents 8.2 and 7.2 per cent and protein digestibility was 54 and 56.2 per cent, 

respectively.  

Marnov et al. (970) studied the nutritive value and chemical composition of clover and 

timothy hay in relation to time of harvesting. The grasses were cut at early flowering and 

full-bloom. They reported that green mass harvested at early flowering had protein 23.8 per 

cent more than when the clover was harvested in full-bloom. Shah (1972) studied the effect 

of age on the yield, protein contents and extractability of protein of various grasses. He 

reported an increase in the yield with an increase in the age of the crop invariably up to first 

7 months. Whereas the protein contents as well as the extractability of the proteins showed 

a marked decrease. In case of Sorghum almum the percentage of protein at the age of 1, 2 

and 3 months was 14.8, 10.429 and 8.437; whereas the fiber percentage was 19.25, 22.02 

and 22.715: and the yield was observed to be 0.24, 0.68 and 2.02 tons per hectare, 

respectively. 

Hamid (1972) studied Cenchrus ciliaris L. at pre-blooming, flowering and late stages of 

growth for its nutritive value and digestibility in rumen. He reported a decrease in crude 
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protein content with advancement of age, coming to the lowest during the late stage. Crude 

fiber showed a reverse trend to that of crude protein. The stages in case of crude protein 

differed significantly among each other, whereas in crude fiber, stage from seed to late 

maturity differed significantly, but between early and flowering differed insignificantly. 

The digestibility coefficient of dry matter differed significantly (P<0.01) with respect to 

stage of growth, being maximum at early stages. The crude protein digestibility coefficient 

showed significant differences (P<0.01) when the grasses were cut at different stages of 

growth and observed the tendency of dry matter digestibility. The crude fiber digestibility 

also followed the trend of dry matter digestibility and showed significant differences 

(P<0.01).  

Davies (1973) reported that for potato, sugar beet, pea and broad bean 16 k rads reduced 

yield by 50 per cent or more, whereas less than 8 k rads was required for similar reduction 

of yield in perennial rye grass and meadow fescue. Davies and Mackoy (1973) reported 50 

percent and 80 percent reduction wheat and barley yields respectively, when 3k rads 

irradiation were applied to parent plant in the later part of life cycle. The yield of the 

second generation of potato was reduced by about 50 per cent, when they were exposed to 

4 k rads at tubers forming stage. 

2.13 EFFECTS OF GAMMA IRRADIATION ON GENETIC DIVERSITY OF 

DIFFERENT PLANTS 

Genetic diversity is a pre-requisite for successful crop improvement and can be assessed by 

various techniques. The introduction of molecular techniques has allowed a more accurate 

method for evaluation of the genetic and environmental components of variation, which 
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has brought more accuracy in determining genetic variations. Biodiversity provides a 

tremendous array of benefits to humanity. One component of biodiversity is genetic 

material (Anwar, 1999). He found that biologically diversity primarily benefits the local 

community closed to biological systems such as forests, farmland and coastal habitats. Vast 

benefit also access to urban populations national economics and the global community. 

Germplasm is an important resource in developing new plant types having essential 

characters, which assist in enhancing crop production and thus make the level of human’s 

nutrition better. It acts as a foundation for evolving new high yielding varieties tolerant to 

biotic and abiotic stresses. 

One of the practical applications of the information of genetic assortment is to plan 

population for mapping experiments because it helps appropriate sampling and use of 

germplasm resources. The research may utilize genetic resemblance knowledge for making 

decision regarding the choice for selecting better genotypes for development or for using as 

parents for the improvement of further cultivars through hybridization. The degree of 

genetic variability is more important than the total variability for the improvement of a 

crop. We can understand the heritage of vital economic characters like yield, adaptation, 

quality, pest and stress resistance, upon which much of the future of plant improvement 

depends, by examination of a broad range of induced mutations. Physical or chemical 

mutagens have been used by several workers for induction of mutation in the development 

of new genotypes (Bravo, 1988; Hassan & Khan, 1991a, b; Shamsuzzaman & Shaikh, 

1991; Kharkwal, 1983; Kharkwal et al., 1988; Haq et al., 1988; 1989).Scientists have 

proved that the improper growth due to gamma irradiation can be recovered by exogenous 
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application of gibberellic acid (Callebaut et al., 1980; Uppal & Maherchandani, 1988; 

Zhebrak, 1989; Ali & Ansari, 1989; Arora et al., 1989). Gibberellic acid has been used as a 

radio protective agent mostly at the seedling stage and has not been utilized as a part of 

combined treatment in mutation breeding. An experiment was, therefore, conducted to 

determine the induced genetic variability and its modulation with the post mutagenic 

application of gibberellic acid in chickpea. 

 Anup & Vijayakumar (2000) studied that the estimation of genetic variation and character 

association analysis in 79 Sudan grass germplasm lines during 1997-98 and 1998-99 in 

Karnataka, India. High genotypic coefficients of variation, with high heritability and genetic 

advance, were found for total leaf area; green and dry matter weight in main crop; and green 

and dry fodder yields in ratoons. Heritability estimates were high for plant height, leaf area, 

and for green and dry fodder yields. The green fodder yield had high positive correlations 

with leaf area, plant height, number of leaves per plant, number of nodes per plant and crude 

protein. Path analysis showed that leaf area was the single major character which exhibited the 

highest positive direct effect on green fodder yield and crude protein. Other independent 

characters had highest indirect contributions through leaf area. 

2.14 EFFECT OF IRRADAITION ON GENETIC RELATIONSHIP IN 

SUDAN GRASS BASED ON SDS-PAGE: 

The genus Vigna is pan tropical comprising about 170 species, 120 in Africa, 22 in South 

Asia subcontinent and Southeast Asia and few from other parts of the world. Mungbean 

[Vigna radiata (L.) R. Wilczek] and blackgram [V. mungo (L.) Hepper] are main pulses 

in Asia since historic periods (Paroda & Thomas, 1987). Variances of relatively highly 
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heritable quantitative genetic markers provide an estimate of genetic assortment (Rabbani 

et al., 1998). Different numerical taxonomic procedures have been effectively used to 

categorize and evaluate the pattern of genetic assortment in germplasm collection by 

different scientists, as in blackgram (Shanmugam & Shreerangaswamy, 1982; Dasgupta 

& Das, 1984, 1985; Ghafoor et al., 2000, 2001), mungbean (Singh, 1988), pea (Amurrio 

et al., 1995); alfalfa (Smith et al., 1995) and lentil (Ahmad et al., 1997).  

The level of genetic assortment in germplasm can be estimated through genetic markers 

and morphological characterization. It is helpful for the plant breeders to choose the 

genotypes to be used in breeding programme from characterized material (Ghafoor et al. 

2002). Electrophoresis (SDS-PAGE) is widely utilized to depict seed protein variety of 

crop germplasm (Das & Mukarjee, 1995). This procedure may also be used as a 

favorable tool for distinguishing cultivars of particular crop species (Camps et al. 1994 

and Jha & Ohri, 1996). Nevertheless some studies has shown that identification of 

cultivar was not possible with the SDS-PAGE method (De-Vries, 1996). Among 

biochemical techniques, seed protein electrophoresis (SDS-PAGE) is widely utilized as 

an auspicious method for differentiating cultivars of specific crop species. The SDS-

PAGE is a useful and credible method for identification of species as seed storage 

proteins mostly are not influenced  by environmental variation (Gepts, 1989). 

Krishnaveni et al. (1999) reported that the three chitinases from sorghum seeds, CH1, 

CH2 and CH3, had apparent molecular masses of 24, 28 and 33 kDa, respectively, as 

determined by SDS-PAGE analysis. They differed in their electrophoretic mobility and 

exhibited chitinase activity.  Bushehri et al. (2000) assessed twenty-one soybean (Glycine 
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max) varieties electrophoretically for the diversity of storage proteins banding pattern and 

recommended that SDS-PAGE is an effective method for characterization of soybean 

varieties in comparison with isozyme patterns. Dobhal (1995) showed significant change 

among soybean accessions for yield components allowing accessions to be grouped into 

17 clusters. Masood et al. (2000) suggested that electrophoresis of total seed protein is a 

useful and efficient technique to analyze genetic variability in available germplasm.  

Bean (2003) suggested that SDS-PAGE will be useful to screen sorghum lines for 

digestibility or for other protein-related quality factors. Reddy and Jaccob (2001) studied 

SDS-PAGE analysis of total kafirins (prolamines and reduced glutelins) showed the 

absence of 25.3 kDa and 25.9 kDa alpha-kafirin proteins in lysine-rich cultivars of 

Sorghum IS 21702, CVS 365 and G 1058, while only 25.9 kDa protein was absent in G 

205 compared to low-lysine cultivar White Martin and high-lysine mutant P72(o). SDS-

PAGE analysis showed that 25.3 kDa and 25.9 kDa alpha-kafirin proteins were 

synthesized from the initiation of endosperm development. 

Manjare et al. (2002) noticed Electrophoretic patterns of seed proteins of ten sorghum 

(Sorghum bicolor) genotypes were analyzed using SDS-PAGE. The number of bands 

ranged between 14 and 16. Band numbers 1, 2, 3, 7, 8, 10, and 11 with Rm 0.38, 0.40, 

0.43, 0.60, 0.63. 0.75, and 0.80, respectively, were common. The similarity index value 

ranged from 50.0 to 93.3% among the genotypes. 

Alipour et al. (2002) experimented to study the genetic variability in the electrophorotic 

patterns of seed proteins and measured the relationship of these patterns with seed traits 
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(i.e. oil percentage and protein), chemical composition and 100-seed weight of 270 

soybean genotypes. Based on the mobility of seed storage proteins on the gel, 30 protein 

bands were studied of which only five bands differed among the genotypes in general, 

eight electrophoretic patterns were recognized. The dendrogram of the qualitative 

evaluation data of banding patterns grouped the genotypes into eight clusters and 

classified various genotypes into three groups. Fufa et al. (2005) estimated the genetic 

variability of 30 wild and modern hard red winter wheat (Triticum aestivum L.) 

genotypes using SDS-PAGE and observed low genetic variability estimates based on 

seed storage protein because they determine the quality of end-use, upon which the 

choice depends. They suggested that techniques used to assess genetic variation precisely 

depend mainly upon the tools existing with the researcher and their application to the 

breeding programmes. 

Fombang (2005) found that pepsin protein digestibility (PD) of sorghum decreased more 

with cooking alone (128%) compared to maize (4%). Sorghum porridges had more 

disulphide bonded prolamin dimmers than maize as shown by SDS-PAGE under non-

reducing conditions. However the appearance of the amounts of disulphide bonds in both 

porridges was same. Prolamin extractability (PE) decreased more with cooking in 

sorghum compared to maize. Insignificant correlation was found between the peptin and 

multi-enzyme methods, suggesting the latter may not simulate in vivo PD that has been 

reported to correlate positively with peptin PD.  

With increasing irradiation intensity, disulphide bond concentration decreased while free 

sulphydryl groups increased in sorghum porridges from irradiated compared to 
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unirradiated flour. This suggests breakdown of disulphide bonds to free sulphydryls. 

SDS PAGE under non-reducing conditions showed lower dimer concentrations in 

sorghum porridges from irradiated compared to unirradiated flour. Radiation is a useful 

technique that can improve protein digestibility and nutrient density of sorghum porridge 

with a potential to reduce microbial load and improve safety. 

Ghafoor et al. (2005) tested seed proteins of black chick pea (Vigna mungo (L.) Hepper) 

through SDS-PAGE to examine the degree of genetic variation. SDS-PAGE of seed 

proteins revealed low inter-genotype assortment and insignificant difference were found 

based on origin or source. The genotypes in one group with related to agronomic traits 

did not essentially belong to the same geographical area or source. The lack of a 

geographic association of germplasm collected from Pakistan was probably  on  account 

of exchange of germplasm between adjacent areas, or because germplasm was originated 

from the same parents. Some advanced breeding lines grouped with an approved variety 

in one cluster, which showed that only a part of the genetic assortment has been proved 

for development of black chickpea. They found that the genetic base of cultivated black 

chickpea   could be developed by including different parents in the breeding programme. 

The accomplishment of extension in the genetic base for black chickpea breeding could  

be done by befitting manner of germplasm that vary in protein systems and has better 

quantitative characters. 

Iqbal et al. (2005) conducted a study to find out how the black gram genotypes are 

associated with blight disease reaction, in vitro growth of A. rabiei on sap extracted from 
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chickpea and seed protein pattern by SDS-PAGE. They demonstrated that out of 12 SDS-

PAGE markers, six were polymorphic and three regions were  obtained on the gel. They 

suggested testing the genotypes with same banding patterns by 2-D electrophoresis and 

DNA markers for genetic variability. Insignificant differences were found among fifty-

seven genotypes although those originated from different sources. As SDS-PAGE alone 

did do not exhibit high level of variations rather disease rating was more reliable than 

protein peptides, but similar studies for both aspects (disease and biochemical analysis) 

was recommended. Due to low-level effects of SDS-PAGE in differentiating intra-

specific genetic assortment, it was suggested to include crosses among cultivated 

chickpea and wild Cicer sp..  

Mirza et al. (2007) also observed a range of 0.41 to 0.66 for mean band frequency with a 

mean of 0.55. Shuaib et al. (2007) evaluated the diversity of seed storage-proteins by 

(SDS-PAGE) and found that pattern of seed storage protein could prove to be helpful 

markers for studying genetic assortment and taxonomy of adapted genotypes, as a result 

of improving the efficiency of wheat breeding programs in cultivars improvement 

especially in a developing country like  Pakistan. Yuzbasioglu et al. (2008) also 

investigated seed protein assortment of fourteen lentil cultivars by using SDS-PAGE. A 

distance matrix was found based on five polymorphic protein bands, scored for their 

presence as 1 and absence as 0. The range of distances based on seed proteins among the 

genotypes was from 0.00 to 0.80. The cluster analysis based on the distance matrix 

showed two distant groups. The first cluster included three cultivars while the second 

cluster contained 11 cultivars. 
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Scientists have examined phenotypic and genotypic variations among different countries 

and regions for various important crop species inducing barley (Ruiz et al., 1997); lentil 

(Erskine & Muehlbauer, 1991); lupin (Clements & Cowling, 1994) and soybean (Perry & 

McIntosh, 1991). Among biochemical methodologies, (SDS-PAGE) is most widely used 

due to its validity and simplicity for description of genetic constituent in crop germplasm. 

Various reports describe that the researchers use seed storage proteins as genetic markers in 

four main areas: (1) examination of genetic variability within and between species, (2) 

plant domestication in relation to genetic resources conservation and breeding, (3) genome 

relationship and (4) as a techniques for crop improvement. 

SDS-PAGE is reported to be more appropriate practical and authentic method because 

environment fluctuations do not influence seed storage proteins (Gepts, 1989 and Murphy 

et al., 1990). This present study was conducted to investigate the context of genetic 

assortment on the basis of qualitative traits along with SDS-PAGE, most effective 

characteristics and lines for selection. 

2.15 APPLICATION OF RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) 

TECHNIQUE FOR THE IDENTIFICATION OF MARKERS LINKED TO 

GENETIC DIVERSITY IN SUDAN GRASS: 

Sorghum is a common staple food among African regions and semi-arid Asian (Ahmed 

et al., 2000). A great number of diverse cultivars well tailored to less-input 

requirements as well as to biotic and abiotic strains factors are widely used for 

cultivation. A low production of grown varieties, more incidences of foodstuff scarcity 

in sorghum producing regions, and the expansion of sorghum crop growing to marginal 

areas requires extended hybridization plans followed by the introduction of new 
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varieties fulfilling poor farmers’ requirements (Haussmann et al., 2000). As compared 

with maize, low priority has been given to sorghum hybridization in the last years and, 

furthermore, the accessibility of maize varieties giving good yield has displaced 

sorghum. In general, maize is not as much of resistant to drought and therefore, of 

lesser consistency in yield (Wenzel et al., 2001b). 

In the frame of a breeding program detailed knowledge on the genetic diversity within 

this gene pool would facilitate a more reliable choosing of parent material, as 

information of genetic variations and the genetic association between cultivars is an 

essential requisite for the effectiveness of crop hybridization programs (Russel et al., 

1997; Ribaut and Hoisington, 1998). YaHui et al. (1999) reported RAPD analysis 

showed some electrophoresis bands characteristic of sorghum. 

Molecular markers are powerful tools for the assessment of genetic relationships. 

Polymerase chain reaction (PCR)-based marker systems like Amplified Fragment 

Length Polymorphism (AFLPs), Random Amplified Polymorphic DNAs (RAPDs) and 

Simple Sequences Repeats (SSRs) have been commonly utilized in recent years, 

replacing restriction fragment length polymorphisms (RFLPs) in DNA fingerprinting 

(Pejic et al., 1998). SSRs and RAPDa have been utilized to characterize genetic 

assortment in sorghum (Dean et al., 1999); Ayana et al., 2000). These methods differ in 

the number of informative DNA fragments per PCR reaction, in genome coverage and 

in technical and time demand (for overview, see Karp et al., 1998). RAPDs are 

relatively less costly and easy to establish, but reproducibility is low. In comparison to 

RFLPs, AFLPs are advantageous due to the high number of polymorphic bands per 
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assay unit (Bohn et al., 1999). SSRs are highly polymorphic compared to the methods 

mentioned above. Computations of genetic relatedness are based on different mutations 

models: the infinite allele model and the stepwise mutations model (Di Rienzo et al., 

1994). Goldstein et al. (1995a) established simple stepwise mutations model-based 

distances computations and compared these to infinite mutation model-based 

calculations using SSRs. Both models are currently applied in plant science (e.g. Dean 

et al., 1999; Udupa et al., 1999). Besides this, published genetic similarity data varies 

widely with respect to the number of informative DNA fragments taken into account. 

In this respect, the comparability and effectiveness of different marker systems has 

been discussed-for example, for barley (Russel et al., 1997 and maize (Pejic et al., 

1998). 

For measuring the reliability of clusters developed on different marker systems, 

bootstrap-based accuracy measures were developed by Efron and Tibshirani (1986)  

and applied to RFLP-based distance measures by Tivang et al. (1994). Therefore, their 

main themes were (1) the estimation of genetic relatedness among sorghum cultivars 

grown in Southern Africa, (2) the comparison of different marker technique and 

theoretical mutation models and (3) the estimation of the effect of sample size (i.e. 

number of markers/bands) on the results obtained. 

Polygenic morphological characters also serve as genetic markers for various plant 

germplasm management and taxonomic application (Stuessy, 1990). Determination of 

available genetic stocks the genetic variability for economic importance of different 

traits is a condition for joining required genes in a particular cultivar. The selection of 
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parents depends on the extent and nature of variability in a germplasm. This is likely to 

produce the best recombination after breeding for desirable traits like high yield, 

resistant to diseases etc.  

Abiotic stresses such as salinity, heat, cold and drought are major threats to crop 

productivity worldwide. Approximately, 20% of the world's agricultural land is 

affected by salinity (UNEP, 1992; Flowers & Yeo, 1995). However, in the South Asia 

subcontinent the extent of salt affected lands in irrigated areas ranges between 0.8-38% 

(Singh, 1992). In Pakistan, land damage due to salinity is approximately 6.3 mha 

(Khan, 1993). 

Physiological basis of salinity tolerance in wheat and other crop plants has been widely 

studied and it is generally accepted that high net photosynthesis, high K:Na ratio and low 

chloride ions accumulation may be used as general screening criteria for salinity 

tolerance (Shah & Wyn Jones, 1988; Gorham & Wyn Jones, 1990; Wu et al., 1996; Jain 

& Selvaray, 1997; Noctor & Foyer, 1998; Munns et al., 2000). A lot of variation for K 

and Na ions accumulation at low and high salinity has been reported in the tribe 

Triticeae. It has been reported that variation in accumulation of K and Na ions is 

controlled by a gene on long arm of chromosome 4D, designated as Kna (Gorham et al., 

1991). 

Reclaiming the saline soil or developing salinity tolerant varieties could solve the salinity 

problem. Since, soil reclamation is not always economical or practical; the development of 

salinity tolerant cultivars is a good alternative. Efforts have been made to evolve salinity 
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tolerant varieties by pyramiding salinity traits in a single genotype. However, very few 

lines/varieties with good salt tolerance under field conditions have been reported (Flowers 

& Yeo, 1995). The constraints with the conventional breeding approaches are complexity 

of salt tolerance trait (Zhang & Blumwald, 2001), low genetic variation of yield 

components due to environmental stresses and deficiency of proper screening procedure 

(Ribaut et a1., 1996 and Frova & Devos, 1999) and absence of suitable genetic model 

systems (Zhu, 2001). These constraints can be overcome by using DNA marker-assisted 

selection for the traits of interest because these markers provide genotypic basis of a plant 

(Tahir, 2001). Among the DNA-based markers: Restriction Fragment Length 

Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD), Micro satellites 

(SSRs) and Amplified Fragment Length Polymorphism (AFLP) have been used in field 

crops (Voss et al., 1995).  

RAPD analysis is relatively easy and less expensive. So it has been widely utilized to 

report genetic diversity in Triticum spp. (Cao et al., 1998: Sun et al. 1998: Yuejin & Lin, 

2000: Mukhtar et al. 2002). It has been used to tag genes for disease resistance (Ratalaski 

et al., 1991 and Laucou et al., 1998), and for fingerprinting of genomes (Welsh & 

McClleland, 1990 Rahman & Zafar, 2001and Rahman et al., 2002). The identification of 

RAPD markers needs a pairs of near-isogenic lines for the trait. The development of near 

isogenic lines is costly, laborious and time consuming. Bulked sergeants analysis (BSA) 

proposed by Michelmore et al. (1991) can over come this problem. BSA makes use of F2 

or F3 population and it has been commonly used for the identification of RAPD markers 

linked to various genes (Poulsen et a1., 1995; Mackay et al., 2000 and Ni et al., 2001). 
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The aim of the work was to find DNA markers for low Na uptake using an F3 population 

of a cross between salinity tolerant and salinity sensitive wheat genotypes. Furthermore, 

correlation studies were conducted to understand a relationship between physiological 

traits conferring salinity tolerance and yield components. 

Randomly Amplified Polymorphic DNA may produce clear and reproducible bands of 

cultivars by using general random primers (Welsh and McClelland, 1990). Thompson and 

Nelson (1998) evaluated the group of eighteen glycean parents and 17 exotic  lines from 

RAPD primers utilizing the Simple Matching Coefficient (SMC) stated as Euclidean 

distances. They engaged two types of hierarchical and nonhierarchical cluster analysis 

along with multidimensional sealing (MDS) and revealed relationships amongst the lines. 

All techniques of grouping recognized distinct collection of parents and exotic  lines. The 

average genetic distances amongst all lines was 0.56.  

XueMin et al. (1998) also used Random Amplified Polymorphic DNA primers to estimate 

genetic variation among thirty-five isolates of C sojinum collected from China. 

Pathogenecity tests on 9 differential soybean cultivars and lines led to the differentiation 

of isolates into 6 groups. Of 105 RAPD loci, which amplified with 13 random primers, 

78.1% were polymorphisms. There was revealed that genetic assortment existed among 

isolates from the same locations as well as from different locations. Correa et al.  (1999) 

found genetic distances among five soybean genotypes by the modified Rogers’ distance. 

These genetic distances were similar, presenting a correlation coefficient ranging from 

0.99 to 1.00. In all 4 techniques, genotypes UFV 91-717 and Ichigowase proved the most 

diverse (4.53 to 21.43%). DNA amplified was taken from 5 plants of each of the two most 
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diverse lines, among them only five were polymorphic in each group (2.10%), indicating 

more intragroup homozygosity. 

Ferreira et al. (2000) developed RAPD primer association and found 24 main and 11 

small association sets. The insignificant differences were found among RFLP and RAPD 

markers throughout the genome and found similar results in both polymorphism. By 

utilizing a subset population to fix the RAPD primers, it was expected to increase the 

chances of choosing and adding together consistent marker loci to the present 

associations. 

Baranek et al. (2001) analyzed the RAPD data using POPGENE 32 software and 

demonstrated that the software POPGENE 32 proved its ability to evaluate data generated 

by RAPD method. As a drawback of this software it is necessary to mention relatively 

troubling process to get right results, due to small differences against required model of 

data loading usually means some errors message i.e. sensitivity to number of spaces or 

blank rows and small text window which reveals the data. Li and Nelson (2002) 

investigated a study to evaluate the germplasm variations among annual Glycine species 

and determined geographical pattern of diversity. The results showed that the genetic 

distance (GD) within the G. max group was smaller than that within the G. Soja group. 

The GD between the G. max and G. soja groups was large. Twenty-three more 

polymorphic RAPD bands were observed among the G. Soja lines. Clusters and principal 

components analyses entirely divided the Glycine max and Glycine soja lines. The clusters 

formed by Dendrogram normally associated the geographical areas of origin. 
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Uptmoor et al., (2003) evaluated 46 sorghum accessions originated from Southern Africa 

based on Amplified fragment length polymorphism (AFLPs), Random Amplified 

Polymorphic DNAs (RAPDs) and Simple Sequence Repeats (SSRs). By this approach, all 

sorghum accessions were uniquely fingerprinted by all markers systems. Average genetic 

similarity was recorded at 0.88 on the basis of RAPD analysis, 0.85 using AFLPs and 

0.31 based on SSRs.  

Jieqinl et al., (2006) reported that to establish and optimize reaction system, the results of 

several factors on Random Amplified Polymorphic DNA (RAPD) reaction system in 

Sudan grass were studied and fingerprinting of two hybrids to differentiate them were 

constructed. Genome DNA was isolated. The different concentration of Mg2+ (1.0 

mmol/L, 1.5 mmol/L, 2.0 mmol/L, 2.5 mmol/L, 3.0 mmol/L), annealing temperature (34°, 

35°, 36°, 37°, 38°) and tap DNA polymerase activity (0.6U, 0.8U, 1.0U, 1.2U, 1.4U) were 

designed for PCR amplification. The results were as follows: 

The  optimization of 20µl PCR system was coupled with concentration of Mg2+2.0 

mmol/L, Taq DNA polymerase activity 0.6U and the annealing temperature 36°. The 

DNA fingerprinting of two hybrids was constructed by RAPD marker. Two special bands, 

A and B, can differentiate Wancao2 and Wancao3 in fingerprinting. 

Huijun et al. (2003) employed a diversity study on sixty genotypes of soybean using 

RAPD markers. Electrophoretic patterns showed 12 bands. Cluster analysis grouped the 

genotypes according to their respective ecological regions. Ten primers amplified 58 

RAPD bands, of which 29 were polymorphic. The RAPD markers were better than POD 
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isozymes for showing the genetic background and consanguinity of the germplasm. 

Huan et al. (2005) found fifty-four soybean strains by RAPD and reported that the 

average genetic distance for all pair wise combinations was 0.114 ± 0.0336. The genetic 

distance between the strains in groups with different seed coat color was considerably 

different. They showed that repeated introduction of seeds from outside seed sources had 

occurred during the long history of soybean cultivations in Japan. Kassinee et al. (2005) 

found soybean cultivars by RAPD analysis and found that genotypes classified into one 

major group and seven individual categories based on the numerous polymorphism of 

DNA fingerprints.  

Khan et al. (2005) found genetic divergence and relationships among twenty Pakistani 

wheat varieties using Randomly Amplified Polymorphic DNA (RAPD) markers and 

indicated that the majority of the varieties were interrelated genetically, although few 

varieties showed a little genetic separation. Low diversity based on RAPD was present 

among the varieties. Out of total scorable bands, polymorphic bands were only 40.7%, 

and most repeatedly recorded polymorphic bands were 26.1% (f=0.95) among 20 

cultivars. The proportions of polymorphic bands for every variety was from 0.67 to 0.84 

having mean value of 0.76. 

Roman et al. (2007) analyzed pattern of genetic variation in various genotypes of 

Orobanche gracilis using RAPD markers and recorded a higher level of diversity in the 

populations from the North when compared to the Southern ones. The results established 

the separation of samples according to the taxonomical variety and the geographical 
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origin of each population. 

Sajid et al. (2008) reported that scientists have more focus on biochemical and molecular 

markers to study genetic diversity in modern era. They performed a study to evaluate the 

genetic assortment and phylogenetic correlations between various sorghum varieties by 

fingerprinting of Genomic DNA using RAPD analysis. Ten sorghum varieties were 

analyzed using RAPD. They extracted the DNA from leaves, and amplified it using 

various primers. Results reveal appreciable amounts of genetic assortment between the 

sorghum varieties. 

Talebi et al. (2008) used morphological and RAPD markers to observe the genetic 

associations of 36 gram genotypes. They noted that out of 33 primers, nine primers 

produced 44 polymorphic bands. The mean (0.43) Polymorphic Information Content 

(PIC) ranged from 0.68 to 0.12. The range of 0.59 to 0.12 was noted for genetic distance 

(GD) values and mean was 0.397. Four clearly differentiated groups were produced by 

cluster analysis using RAPD data. The RAPD study evidently pointed out that reliable 

estimation of genetic assortment could be obtained. 

Naima et al. (2010) compared twenty land races of cowpea (Vigna unguiculata (L.) 

Walp.) through morphological and genetic characterization and found low variations 

within agro-ecological regions. RAPD analysis showed that eleven RAPD primers 

produced 77 bands, 58.44% being polymorphic; while the range of genetic similarity was 

from 66.0 to 96.7%. Cluster analysis revealed that genetic make up and geographical 

distribution had a good relationship, and the results of Mantel test confirmed it. They 
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reported that geographical and genetic data were closely associated. 

Zannou et al. (2008) used RAPD primers to estimate the genetic variation among 70 

cowpea genotypes. Four primers produced thirty-two amplified bands. The number of 

diverse loci ranged from 5 to 11. RAPD bands were used for analysis and dendrogram 

were constructed from data of amplified polymorphic DNA fragments. This grouped the 

genotypes into nine clusters using UPGMA method. Large genetic variations were found 

among the cowpea genotypes and the RAPD analysis proved a helpful method to 

characterize it. 

Ahmad et al. (2010) evaluated thirty blackgram genotypes for assessment of genetic 

variability by RAPD techniques. Sixteen RAPD primers amplified genomic DNA of the 

30 genotypes. Total amplified fragments produced per primer varied from two to four 

with an average of three bands. The total number of bands amplified by 16 primers 

differed from 16-34.. The primer GLK-15 produced the maximum number (N=4) of 

fragments while the primers GLK-19 & GLD-19 produced the minimum number (N=1) of 

fragments. The single band produced by the GTGTGCCCCA primer in the PB-2000 and 

07005 genotypes may be attributed to temperature tolerance phenotypes
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                                             CHAPTER-III 

MATERIALS AND METHODS 

Fresh and dry mature seeds of “green leaved novel selection collected from local 

germplasm of Sudan grass (Sorghum vulgare, var. sudanese) were obtained from Fodder 

Research Institute, Government of Punjab, Sargodha . These were male parents of 

Sorghum Sudangrass Hybrid developed during 1986 at FRI Govt of Punjab Sargodha.. 

Seeds were cleaned and sun-dried before subjection to gamma irradiation treatments at 

Nuclear Institute For  Food &Agriculture (NIFA) Peshawar and  sowing in laboratory and 

field conditions in replicated trials with randomized completely block design for recording 

data of different traits at Rangeland Research Institute N.A.R.C. Islamabad and Quaid-e-

Azam University Islamabad in Pakistan. 

3.1 DETECTION OF HCN CONTENTS 

Dry seeds were irradiated with gamma rays at Nuclear Institute for Food & Agriculture 

(NIFA) Peshawar in Pakistan. Source of gamma irradiation was Cobalt 60Co at gamma cell 

installed at NIFA Peshawar. Dose rate was 56.49 kR/hour and time spent for different 

treatments was as following.  

Treatment No. Treatments/Doses Time 

  minutes Seconds 

T-1 Control 0 0 

T-2 5 kR 5 18 

T-3 10 kR 10 36 

T-4 15 kR 15 54 

T-5 20 kR 21 12 

T-6 25 kR 26 30 
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T-7 30 kR 31 48 

T-8 35 kR 37 6 

T-9 40 kR 42 24 

T-10 45 kR 47 42 

    

    

Nine treatments of gamma irradiation i.e. 5kR, 10kR, 15kR, 20kR, 25kR, 30kR, 35kR, 

40kR & 45kR were applied. Untreated material was compared and kept as a control. 

 All these seeds were sown in large size earthen pots filled with clay soil sand and farmyard 

manure with 3:1:2 ratios in four replications in green house of Biological Sciences Faculty 

of Quaid-i-Azam University Islamabad. Water was applied once a day to all pots under 

observation. Germination started after 3 days of sowing.  

Data regarding germination percentage, plant height, minimum and maximum temperatures 

were   recorded  regularly. After one month of sowing, plants reached a height of about 30-

40 cm. A quick method for determination of hydrocyanic acid demonstrated by Ayres et al. 

(2001) was   followed for screening HCN in Sudan grass under study. Twenty five healthy 

leaves of each pot were selected and clipped for detection of HCN contents. We performed 

the analysis of HCN in the present research in initial stage only; picrate paper color 

development computerized scanning of color was done for calculation relationships and 

estimating results. Cyano-genesis was expedited by placing Sudan grass leaves in toluene 

and the released HCN was collected on picrate paper. The results were computed on the 

basis of HCN concentration in standard solutions and the intensity of red, green and blue 

(rgb) color band components on the picrate paper. The formulation of standards, leaf 



 

 54 
 

samples, and the picrate paper strips are described below along with a description of the 

statistical model used to establish the calibration relationships. 

3.1.1 Cyanide Standards: 

A total 100 mL volume stock CN solution was made by formulated dissolution 2.5 g of 

potassium cyanide in distilled and deionised (type 1 water). Standards of 70, 50, 30, 20, 

10,5,4,2, 1 and 0 g CN/100 L were prepared by serial dilution of the CN stock solution 

using distilled and deionised water. The limit of concentration in the standard solutions 

extended far beyond the corresponding range of known CN values in Sudan grass (Crush 

and Caradus, 1995), but such a limit of standards was more appropriate for finding out the 

calibration curve. 

3.1.2 Sampling Sudan grass leaf and sample size experiment: 

Twenty-five live fresh green leaves of Sudan grass free from insect damage or disease and 

dew were collected from each pot in four replications. Just after harvesting samples were 

cooled and kept under refrigeration at 7°C. Selected leaves for evaluation were 

immediately put into incubation after weighing. Then these were dried for 24 h at 100°C 

for DM evaluation. 

Sample were collected to find out the lowest number of leaves per Sudan grass population 

essentially to gain a stable estimate of the color intensities, and hence HCN concentration; 

25 leaves per population were selected as above. The aim of study was to note how much 

we could decrease the frequency of sampling without affecting the accuracy of the 

imagery estimate. It was done by 'the bootstrap' method derived by Efron and Tibshirani, 
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(1993). The data of 25 leaves were used to record multivariate mean and variance of the 

rgb data (Yo). Smaller sample sizes from 10 to 20 number of leaves ‘s’ were drawn 

randomly and Ys was compare with Yo by Hotelling's T-test (Anderson, 1958). If the test 

indicated that Yo was significantly different from Ys that sample was considered 

inaccurate.  

3.1.3 Picrate assay: 

The picric acid solution is made by mixing 5g of picric acid and 25g of sodium carbonate 

with 800 mL of distilled and de-ionized water to a total volume of 1L. Whatman' 42 ash 

less filter paper strips were used. The strips, with sample of five leaves were immersed, in 

the picric acid solution up to the 35 mm graduation mark. Extra solution was dropped out 

from the strips by standing for 30 s. Precautions were made to make the amount of picric 

acid solution constant.  

The leaves were weighed (0.05 ± 0.01 g) and slightly ground to help discharge of cyano-

genic glucosides from the leaves (Tapper and Reay 1973). The leaves were then placed in 

the test tube and 3 drops of toluene were added. The strips were immediately hanged above 

the leaves and toluene and was closed by a rubber cork. The color each leaf developed on a 

paper strip was recorded. The results were compared with standard solutions of CN 

following the same procedure. All tubes were placed in oven at 25°C for one day. The 

filter paper strips were taken out from the test tubes, and were dried. 

3.1.4 Color imagery: 

The strips from Sudan grass green leaves samples and standards were scanned for 
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measurement of color spectral intensity on a scale of 0 (maximum saturation) to 255 (zero 

saturation). The intensities of rgb components were estimated by computer and the average 

value for each component was determined. 

3.1.5 Statistical models for calibration curves: 

The standard solutions of concentration 0,1,2,4,5,10,20,30,50 and 70 g CN/100L were 

used to recognize the link between CN concentration and color intensity. This limit of CN 

concentration in the standard solutions corresponds to a limit of 0-4000 g HCN/g DM in 

Sudan grass leaf. Color strips of picrate paper were observed from 4 replications of each 

standard and rgb color bands, denoted by Yr' Yg 'Yb' respectively were recorded by 

scanning. 

The change in color was used to predict CN concentration using standard calibration 

techniques described by Brown, 1992. 

3.2 PROXIMATE ANALYSIS: 

Proximate analysis of ingredients and experimental rations was carried out for crude 

protein, dry matter, ether extract, ash and crude fiber (AOAC, 2000). 

3.2.1 Moisture 

The moisture content of the sample was determined by drying the sample in a hot air oven 

at 70○C for 24 hours to a constant weight. Fresh weight and dry weight of samples were 

observed. The moisture percentage was estimated in line with the following formula; 
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Moisture % =       Weight of sample – Weight of sample after drying    X 100 

     Weight of sample  

3.2.2 Crude protein 

One gram sample was taken for drying and grinding. It was then digested in Kjeldhal’s 

apparatus with 5 gram of digestion mixture containing K2SO4, CuSO4 and FeSO4 (90: 10: 

1) and 30ml of concentrated H2SO4. The solution was subject to heating to obtain a light 

green color. After lowering the temperature, the solution was diluted to 250 ml by addition 

of distilled water. Then 10 ml of diluted solution was mixed with 10 ml of 40 percent 

NaOH solution and distillation was done. The ammonia thus formed was collected in 10 ml 

of 4 percent boric acid solution. Two drops of methyl red were added as an indicator. 

Titration was performed against 0.1N H2SO4 to calculate the quantity of released ammonia. 

Crude protein percentage was estimated by the following formula:  

 

N (%)     =  X x A x 0.0014     X    100 

           B x S  

Where, 

X     =  0.1N H2SO4 used 

A     =  Solution prepared (250 ml) 

S      =  Volume of solution (10 ml) 

B     =  Weight of sample (1g) 

 Crude protein % =     N % X 6.25 
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3.2.3 Ether extract 

Three grams of dried and ground sample were taken in thimble plugged with cotton and 

placed in dried in Soxhlet’s apparatus. Petroleum ether was used as solvent. The rate of 

condensation in ether was set at 90 to 100 drops per minute and action was continued for 

about four hours. The ether extract was calculated on drying the residue at 60C. 

Percentage of each extract was calculated with help of the following formula: 

Ether Extract % =      Weight of the ether extract     X   100 

    Weight of the sample 

3.2.4 Crude fiber 

One gram of the dried and fat free sample was mixed first with 200 ml of 1.25 percent 

NaOH solution for half hour and subsequently with 200 ml 1.25 percent H2SO4 for another 

half hour to dissolve alkali soluble carbohydrates, minerals and proteins. The weight of 

remainant was recorded after drying. The dried remanant was burnt in a muffle furnace and 

the weight of ash was noted.  

Crude Fiber % =        Weight of dried residue- Weight of ash   X   100 

          Weight of dried sample 

3.2.5 Ash 

Two grams of dried and ground sample were taken in tar-ed crucibles and ignited in the 

muffle furnace kept at about 600 0C temperature. After complete ignition, the crucible was 

cooled in a desiccators and the ash percentage was determined by the following formula 

(AOAC. 2000). 
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Ash % =                          Weight of ash        X   100 

            Weight of the sample 

3.2.6 Nitrogen Free Extract (NFE): 

Add up the percentages of moisture ash, Ether extract, Crude protein and Crude fiber and 

subtract the total from 100. The difference is the percentage of Nitrogen free extract.  

3.2.7 Total Digestible Nutrients (TDN) for Sheep & Goat/Small Ruminants (S.R): 

Formula for calculating TDN for Small ruminants is as follow: 

% TDN= 1.690 + 1.384 (Crude protein) + 0.7527 (Nitrogen free extract) – 0.8279 (Ether 

extract) + 0.3673 (Crude fiber). 

3.2.8 Total Digestible Nutrients (TDN) for Cattle/Large Ruminants (L.R): 

Formula for calculating TDN for Large ruminants is as follow: 

92.464 – 3.338 (Crude fiber) – 6.945 (Ether extract) – 0.762 (Nitrogen free extract) + 1.115 

(Crude protein) + 0.031 (Crude fiber)² - 0.133 (Ether extract)² + 0.036 (Crude fiber) 

(Nitrogen free extract) + 0.207 (Ether extract) (Nitrogen free extract) + 0.100 (Ether 

extract) (Crude protein) – 0.022 (Ether extract)²(Crude protein). 

3.3 GENETIC DIVERSITY EVALUATION BY SDS-PAGE TECHNIQUE: 

20 Samples of Sudan grass treated with Gamma-irradiation were used for SDS-PAGE 

analysis in M-I and M-II generations. Seeds were ground with mortar and pestle for the 

protein extraction. Seed flour (0.01g) was mixed with sample buffer (400μl) and 

Bromophenol Blue (BPB) was added to track the movement of proteins in the separation 
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gel. Extraction of proteins was done with the extraction buffer consisting of following 

compositions: 0.5 M Tris-HCl (pH 6.8), 2.5% SDS, 10% glycerol and 5% 2- 

mercaptoethanol. Electrophoresis was carried out for separation of seed protein in a vertical 

slab type SDS-PAGE keeping polyacrylamide gel concentration of 11.25% according to 

the method given by Laemmli, 1970. The gels were then stained in a solution of 0.04% 

Coomassie Brilliant Blue, methanol, acetic acid and distilled water (45:10:45 v/v) for 8 

hours followed by destaining in the same solution without Coomassie Brilliant Blue with 

shaking till the gels became clear. Photographs of resulting gels were taken to record the 

protein band patterns. 

3.3.1 Data analysis 

The number of monomorphic and polymorphic protein bands in each column of gel were 

counted. Cluster analysis was performed by entering the presence (1) or absence (0) of 

protein bands. Summary statistics for band frequencies was generated using the computer 

software Statistica. 

3.4 APPLICATION OF RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) 

TECHNIQUE FOR THE IDENTIFICATION OF MARKERS LINKED TO 

GENETIC DIVERSITY IN SUDAN GRASS: 

3.4.1 Extraction of DNA 

The DNA of 10 treatments applied to Sudan grass in M-1 and M-2 generation was 

extracted from the seeds of Sudan grass to evaluate the genetic diversity among the 

treatments of Gamma-irradiation using procedure as described by Kang et al. (1998). The 

seed coat was removed and seed was cut into half then the seed half containing the storage 
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issue was placed in a micro centrifuge tube (1.5ml). Extraction buffer (400 µl) containing 

proteinase K (50 µg) was added and placed for incubation at 37ºC for one hour. Extraction 

buffer contained following concentration 200mM Tris-HCL (pH8.0), 200 mM NaCl, 

25mM EDTA, and 0.5%SDS). The seeds were then ground in the buffer with a glass rod. 

400µl of 2 x CTAB (Cetyltrimethylammonium Bromide) solution was added. 2 x CTAB 

solution comprised of 2% CTAB (w/v), 0.1% Tris-HCl) (pH 8.0), 0.5M EDTA, 1.4M NaCl 

and 1% PVP (polyvinylpyrrolidone). Extracted of DNA was carried out by chloroform: 

isoamyl alcohol (24:1) with 5% phenol. The micro centrifuge tubes containing samples 

were then centrifuged at 12,000 rpm in micro centrifuge at 4ºC for 10 min and the 

supernatant thus obtained was transferred to new tubes. 2/3 volume isopropanol was added 

and the samples were left for incubation at room temperature for 10 min to precipitate 

DNA. The tubes were again centrifuged at 12,000 rpm for 5 min, the supernatant was taken 

out, and the impurities from DNA pellet were removed with 70% Ethanol. After air-drying 

the sample, it was re-suspended in 50 µl of TE buffer. 1 µl of RNase (10mg/ml) was also 

added to remove the RNA. 

3.4.2 Quantification of DNA 

After the extraction of DNA from samples, the quantification of DNA was done using 

spectrophotometer. For quantification, 5 µl DNA from each sample was taken and diluted 

with 3 ml of ddH2O in the cuvette. First, the blank cuvette was placed in the 

spectrophotometer and then the samples were placed one by one to obtain readings both at 

A260 and A280 nm. The quantity of DNA was calculated by the following formula: 
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Quantity of DNA (ng/µl) = A260 x 50 x ratio (A260/A280) x dil. Factor 

       1.8 

where A260  = Absorption at 260 nm 

           A280 = Absorption at 280 nm 

The quantified DNA was then diluted to obtain required quantity of DNA i.e. 20-30ng/µl 

for use in PCR. 

                                Table 3.1: DNA Quantification 

Quantity of DNA to be taken for PCR (µl) 

M-1 Generation 

Sample no DNA Quant Distilled water 

1 1.95 98.05 

2 6.14 93.86 

3 4.31 95.09 

4 3.02 96.98 

5 3.37 96.63 

6 4.49 94.51 

7 1.12 98.88 

8 1.77 98.23 

9 3.38 96.62 

10 3.79 96.21 

 

  M-2 Generation 

Sample No DNA Quant Distilled water 

11 4.31 95.69 

12 0.97 99.03 

13 7.03 92.97 

14 6.11 93.89 

15 1.75 98.25 

16 3.1 96.9 

17 9.55 90.45 

18 0.72 99.28 

19 7.54 92.46 

20 8.6 91.4 
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3.4.3 PCR amplification of extracted DNA 

The Polymerase Chain Reaction (PCR) is a method for in vitro amplification of specific 

DNA sequence by the simultaneous primer extension. The reaction mixture containing 14 

µl ddH2O, 2.0 µl PCR buffer (1 X), 0.4 µl each dNTP (0.2mM), 1.6 µl MgCl2 (2.0 mM), 

0.8 µl RAPD primer (0.4 µM), 0.2 µl Taq polymerase (1 U) and 1 µl DNA (20-30 ng/µl) 

sample was used for the PCR analysis (Table 3.2). After screening of primers, ten primers 

were used for the amplification of DNA. The list of primers and their sequence is presented 

in Table 3.3. 

Table 3.2 Reagents and their concentration for use in PCR amplification 

Sr. No.          Components               Stock                      Final             Volume/Reaction 

                                                      Concentration   Concentration                                          

1 

2 

3 

4 

5 

6 

7 

ddH20 14 µl 

2.0 µl 

0.4 µl 

1.6 µl 

0.8 µl 

0.2 µl 

1.0 µl 

PCR Buffer 

dNTP’s 

MgCl2 

RAPD Primer 

Taq Polymerase 

DNA 

10 X 

10 mM (each) 

25 mM 

10 µM 

5 U/µl 

1 X 

0.2 mM 

2.0 mM 

0.4 µM 

1 U/reaction 

20-30 ng/µl 

                     Total                                                                                 20.0 µl 

 

Table 3.3. RAPD Primers’ name and their sequence used in the amplification of 

DNA from Sudan Grass acessions 

 

 

 

 

Sr. 

No. 

Name 

 

Sequence 

 

1 OPD-08 5´-GTGTGCCCCA-3´ 

2 OPE-01 5´-CCCAAGGTCC-3´ 

3 OPF-13 5´-GGCTGCAGAA-3´ 

4 OPG-03 5´-GAGCCCTCCA-3´ 

5 OPI-16 5´-TCTCCGCCCT-3´ 

6 OPC-10 5´-TGTCTGGGTG-3´ 

7 OPK-17 5´-CCCAAGCTGTG-3´ 
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The above-mentioned chemicals were mixed in the required quantities in the 0.5 ml micro 

centrifuge tubes and 1 µl of DNA sample was carefully mixed in it. PCR reaction 

performed in a Perkin Elmer Cetus Thermocycler model 480 using the following profile: 

1. Denaturing  94ºC  1 min  1 Cycle 

2. Denaturing  91ºC  1 min 

3. Annealing  36ºC  1 min              44 cycles 

4. Extension  72ºC  2 min 

5. Final Extension 72ºC  7 min  1 cycle  

 

The data of amplified fragments of DNA were recorded after the eclectrophoresis on 1.6% 

agarose gel containing 0.48g agarose, 0.6 ml 50 x TAE, 29.4 ml dH2O and 1 µl ethidium 

bromide. The solution was mixed thoroughly and poured into the glass plates to let the gel 

polymerize. The samples containing 10 µl amplified DNA were placed in the wells. 

Electrophoresis at 100 constant voltage was run. The gel was placed in the UV Trans 

illuminator to visualize the bands and photographs were taken. 
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CHAPTER IV 

RESULTS AND DISCUSSION 
 

 

4.1 EFFECT OF GAMMA IRRADIATION ON MORPHOLOGICAL 

TRAITS/AGRONOMIC TRAITS IN SUDAN GRASS  

 

4.1.1. Effect of Gamma Irradiation on Germination Percentage under Laboratory 

Conditions 

 

The data of ten quantitative traits viz. Germination percentage after 3 days, 7 days, 12 days 

and 20 days of sowing, Seedling height on 4th day and 11th day, Root length on 4th day and 

11th day, Root/Shoot Ratio on 4th day and 11th day was recorded. Seeds of Sudan grass 

were irradiated with ten treatments of Gamma Irradiation before sowing under laboratory 

conditions. These treatments were T1 (Control), T2 (5kR), T3 (10kR), T4 (15kR), T5 

(20kR), T6 (25kR), T7 (30kR), T8 (35kR), T9 (40kR) and T10 (45kR).  

Twenty seeds of each treatment were sown in each Petri dish with four replications. 

Germination percentage data was recorded after 3 days, 7 days, 12 days and 20 days of 

sowing in Petri dishes at Rangeland Research Institute Laboratory, NARC, Islamabad. Data 

were recorded and is reproduced in appendix on Table 1. These data were analyzed by 

using MSTATC software. Mean squares of analysis of variance and mean values of above-

mentioned ten traits are summarized in Table 4.1 and 4.2 as following: 

Significant differences were observed in Root length on 4th day (P=0.0001) and  

Root/Shoot ratio on 4th day (P=0.0061) at (p≤0.01) respectively. Significant differences 

were recorded in Seedling height on 4th day (P=0.0292) and 11th day (P=0.226) at (p≤0.05) 

respectively. Rest of the parameters studied showed insignificant differences (P=(0.0684, 

0.2018, 0.1227, 0.2712, 0.0801, 0.3738))  at (p≤0.05) respectively. 
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Table 4.2 shows mean values of ten treatments of gamma irradiation and their effects on 

ten traits regarding germination percentage, seedling height and root/shoot ratio after 

different days of sowing Sudan grass under laboratory conditions at Rangeland Research 

Institute, NARC, Islamabad. Overall germination percentage decreased with increase in the 

doses of Gamma irradiation. Mills and Schrank (1956) reported no change in seed 

germination of Avena sativa after X irradiation. Soriano (1961) observed that germination 

of rice seed treated with gamma rays up to 30 kR was not greatly reduced, while 40 and 50 

kR doses killed most of the seeds. Similarly, Norvat (1961) treated rice grains in the dry 

state with X rays at 15,000 rads, 20,000 rads 25,000 rads 50,000 rads and 75000 rads and 

observed that germination was reduced with the maximum dose. Abrams and Fortune 

(1962) noted inhibitory effect of different sources of ionizing radiation on germination of 

wheat, barley, rice, cotton and pigeon peas. Ouang (1964) remarked that the inhibitory 

effect of radiation in respect to germination is linear. 

This table shows that the treatments were significantly different (p≤0.05) for Seedling 

height on 4th day and seedling height on 11th day of sowing. Significant (p≤0.01) 

differences were observed in Root length on 4th day and Root/Shoot ratio on 4th day. Rest 

of the parameters studied were insignificant. Maximum root length on 4th day (11.0 cm) 

was observed in Treatment T1 and minimum root length (6.0 cm) was observed in 

Treatment T9. Treatments T1, T6, T8, T2, T3 and T4 showed insignificant (p≤0.05) 

difference among themselves ranging from 8.3 cm to 11.0 cm respectively. Treatment T1 

showed maximum Root/Shoot ratio (1.3 cm) while Treatments T5, T7, T9 and T10 showed 

minimum root/shoot ratio (1.0 cm) on 4th day of sowing.  
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Insignificant differences (p≤0.05) were observed among Treatments T1, T2, T3, T4, T6 

and T8 ranging from 1.0 cm to 1.3 cm respectively. Treatments T1, T3 T4 and T2 showed 

maximum seedling height ranging from 8.0 cm to 9.0 cm on 4th day of sowing and 

minimum seedling height 6.0 cm and were observed in Treatments T7 and T9. Insignificant 

differences (p≤0.05) were observed in Treatments T1, T2, T3, T4, T5 and T6. T5, T6 and 

T8 were insignificant ranging from 6.0 cm to 9.0 cm average seedling height. Treatment T1 

showed maximum average seedling height 13.3 cm¹־ on 11th day of sowing while 

Treatment T7 and T8 showed minimum average seedling height on 11th day  9.1 cm and 

9.3 cm respectively. Insignificant (p≤0.05) differences were observed among  Treatments 

T1, T2, T3 and T4 ranging from 12.0 cm to 13.3 cm. Treatments T6, T9 and T10 showed 

insignificant differences ranging from 10.5 cm to 11.0 cm average seedling height on 11th 

day.  

Overall, the seedling height decreased with increase in the doses of gamma irradiation on 

both 4th days and 11th day of sowing. Kaukis and Webster (1956) studied sorghum seeds 

irradiated with gamma rays and thermal neutrons. The height of seedling was reduced with 

increase in dosage. Plants grown from irradiated seed exhibited depressed stature.  

Similarly, Bottino and Sparrow (1971) reported that decreased seedling height in barley 

with the increased exposure rate from 60 R/hour to about 1000 R/hour. 

Table 4.2 shows that overall root length decreased with increase in gamma irradiation 

doses. Similar results were reported by Goud and Nayar (1969)  reported that irradiation of 

fenugreek  (Trigonellafoenum graecum) seeds with  X rays at 50 kR to 70 kR decreased the 

length of root shoot and leaf but increased leaf breadth and chlorophyll content/unit weight 
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of leaves in twelve days  old seedlings. Majeed et al. (2009) reported that dwarf ness in 

plants when exposed to higher doses. Similar decreasing root and shoot length of Lepidium 

Sativum L. plants showed high differences at 70 kR and 80 kR. Shakoor et al. (1978) and 

Khalil et al. (1986)  ascribed  decreased  shoot  and root lengths at higher doses of gamma 

rays to reduced mitotic activity in meristimatic tissues and reduced moisture contents in 

seeds respectively. Reduction in root and shoot lengths of various crops as already been 

stated by Thimmaiah et al. (1998), Muhammad and Afsari, (2001), Al-Salhi et al. (2004), 

Toker et al. (2005) and Kon et al. (2007) also supports present investigations. 

Overall Root/Shoot ratio decreased with increasing doses of gamma irradiation in the 

present study. Borzouei et al. (2010) described the root/shoot lengths reduced with increase 

in radiation dose. Chaudhuri (2002) reported that when radiation is sufficient to decrease 

the rooting percentages, then the root lengths do not exceed a few millimeters in length 

because of metabolic disorders in the seeds after gamma irradiation the seeds are unable to 

germinate. He further reported that in higher radiation dose, germination percentage 

reduced in addition to root and shoot length while in lower dose i.e., 0.1 kGy the 

germination percentage was insignificantly different from control. In an other study by 

Kiong et al. (2008), it was found that radiation increased plant sensitivity to gamma rays 

and this may be caused by the reduced amount of endogenous growth regulators especially 

the cytokines   as  a result of breakdown, or lack of synthesis, due to radiation. These 

results are in line with the findings of Chaomei & Yanlin (1993) on wheat (Triticum 

aestivum L.), who noticed that treating seeds with high rates of gamma radiation reduced 
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the germination with a corresponding decline in growth of plants. The high dose irradiation 

that caused growth inhibition has been ascribed to the cell cycle arrest. 

At  G2 / M phase; during somatic cell division and /or various damages in the entire 

genome (Preussa & Britta, 2003). 
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Table 4.1 Mean Square analysis of variance for ten quantitative traits regarding values of germination %age, seedling 

height (cm), root length (cm) and root/shoot ratio at different intervals of Sudan grass seeds under Laboratory 

conditions. 

 
Sources of Variation / 

Traits 
MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUE 

Alpha 

value 

LSD 

value 
Germination % at 3 days 329.5 155.6 158.4 2.08 (I.S) 0.98 0.0684   
Germination % at 7 days 251.7 127.3 168.9 1.48 (I.S) 0.75 0.2018   
Germination % at 12 days 257.5 137.2 146.1 1.76 (I.S) 0.93 0.1227   
Germination % at 20 days 210.0 371. 6 158.7 1.32 (I.S) 2.34 0.2712   
Seed height on 4th day  3.6 0. 8 1.4 2.54* 0.62 0.0292 0.05 1.728 

Seed height on 11th day 8.0 0. 3 2.9 2.68* 0.12 0.0226 0.05 2.504 

Root length on 4th day 11.2 4. 5 1.7 6.29** 2.55 0.0001 0.01 2.617 

Root length on 11th day 7.0 5.3 3.5 1.99 (I.S) 1.50 0.0801   

Root Shoot Ratio on 4th day 0.1 0.0 0.0 3.44** 1.64 0.0061 0.01 0.2629 

Root Shoot Ratio on 11th 

day 

0.0 0.0 0.0 1.13 (I.S) 1.10 0.3738   

 

* Shows significant difference at (p≤0.05) level of significance. 

** Depicts significant difference at (P≤0.01) level of significance 

(I.S) Shows insignificant difference (P≤0.05) level of significance 

Least significant difference test was applied at (p≤0.05) level &(p≤0.01) level 
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Table 4.2 Mean values of ten treatments of Gamma irradiation effects at different intervals of Sudan grass seeds under 

laboratory condition. 

 

Treatments 

Germination percentage Seedling height (cm) Root length (cm) Root/Shoot Ratio 

3rd day 

(I.S) 

7th day 

(I.S) 

12th day 

(I.S) 

20th day 

(I.S) 4th day* 11th day* 4th day** 

11th 

day 

(I.S) 4th day** 

  11th 

day 

(I.S) 

T1(Control) 63.8 65.0 69.0 75.0 9.0a 13.3a 11.0a 12.0 1.3a 0.9 

T2 (5kR) 60.0 69.0 70.0 75.0 8.0ab 12.8ab 9.0abc 9.0 1.1abc 0.7 

T3 (10kR) 43.0 55.0 58.0 69.0 8.2a 12.4ab 9.0abc 10.0 1.1abc 0.8 

T4 (15kR) 51.3 55.0 55.0 61.3 8.3a 12.0ab 8.3abcd 9.1 1.0abc 0.8 

T5 (20kR) 48.0 53.0 54.0 61.3 7.6abc 11.4abc 7.4bcde 8.0 1.0bc 0.7 

T6 (25kR) 53.0 60.0 59.0 60.0 7.7abc 11.0bc 10.0ab 9.0 1.2ab 0.9 

T7 (30kR) 58.0 78.0 61.3 65.0 6.0c 9.1c 6.0de 6.6 1.0bc 0.7 

T8 (35kR) 74.0 78.0 76.3 80.0 7.3abc 9.3c 9.0ab 9.0 1.2ab 1.0 

T9 (40kR) 49.0 53.0 51.3 61.3 6.0c 10.5bc 6.0e 8.3 1.0c 0.8 

T10(45kR) 59.0 60.0 59.0 63.0 7.0bc 10.7bc 6.3cde 9.0 1.0c 0.8 

 
                * Shows significant difference at (p ≤ 0.05) level of significance. 

** Depicts significant difference at (p ≤ 0.01) level of significance 

I.S Denotes insignificant difference at (p ≤ 0.05) level of significance. 

Least significant difference test was applied at (p ≤ 0.05) level &(p≤0.01) level 

Averages/Mean values followed by same letters did not differ significantly (p ≤ 0.05) among themselves
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4.1.2. Effect of Gamma Irradiation on Quantitative Traits under Field Conditions 

 

The data of eleven Quantitative traits viz. germination %age, average plant height plant-1 

(cm), average number of leaves plant-1, average number of tillers plant-1, average leaf area 

plant-1 (cm²), average number of flowers plant-1, average flowering % plant-1, average 

mature flowers plant¹ ־, average immature flowers plant-1, average green matter weight 

plant-1 (g) and dry matter weight plant-1 (g) was studied during 2001 to 2005 from M-1 to 

M-5 generations respectively at field area of Rangeland Research Institute, NARC, 

Islamabad. The soil analysis report and metrological observations of experimental area are 

mentioned in appendices.  

 

4.1.2.1 Effect of Gamma Irradiation on Quantitative Traits of M-1 Generation 

The mean squares analysis of variance values of above-mentioned eleven quantitative traits 

of M-1 generation is presented in Table 4.3. The analysis of variance revealed insignificant 

differences (P=0.3174) at (p≤0.05) for germination percentage. Overall germination 

percentage decreased with increase in gamma irradiation doses. Similarly, Schrank and 

Mills (1955) reported that the germination of oat seed was not affected by any dose of 

gamma rays but inhibition of coleoptile and root growth was increased with the increase in 

doses. Craciun and Nasta (1968) reported that germination capacity seedling viability plant 

variability and mitosis were adversely affected in proportion to the rate of initial seed 

irradiation. These results are in agreement with those of Majeed et al. (2010), who found 

increasing doses of gamma irradiation did not have significant effect on seed germination 

percentage of Lepidium sativum L. The analysis of variance revealed significant differences 
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(P=0.0001) at (p≤0.01) for average leaves plant-1de ohu  ehtruf  ohu  ueeeoe  average tillers 

plant-1 (P=0.0066) and significant differences (P=0.0334) at (p≤0.05) for average plant 

height plant-1 (cm) and (P=0.0305) at (p≤0.05) average leaf area plant-1 (cm²). Insignificant 

differences (P=(0.3174, 0.2380, 0.4898, 0.0993, 0.6832, 0.1981, 0.1996)) at (p≤0.05)  were 

observed in all other traits.  

Table 4.3 shows the parameters studied showing no range values were insignificant 

(p≤0.05). Table (4.4) shows mean values of 10 treatments of Gamma Irradiation and their 

effects on eleven traits of Sudan grass in M-1 generation.  This table shows insignificant 

difference in germination percentage. This table shows that the treatments were 

significantly (p≤0.05) different for average plant height plant-1 (cm), and average leaf area 

plant-1 (cm²). Table (4.4) shows that average plant height plant-1 overall decreased with 

increasing gamma dose treatments. These results are in accordance with Jones (1951) who 

found a dwarf mutant in rice after X-irradiation. It produced small seeds and was controlled 

by a recessive gene. According to Spear (1958), Gordon noted that X irradiation inhibited 

the final step of growth hormones synthesis in bean shoots, causing dwarf ness.   

Zschege and Harring (1962) reported mutants in which varietal axis was disproportionately 

abortened by radiation. Marion (1962) reported the effects of gamma rays and neutrons on 

seeds of Korean Lespedeza, for many characters and noted that dwarfing in various degrees 

occurred in a number of R2 plants. Shereen et al. (2009) reported significant reduction in 

the leaf area, plant height and fresh weight of all parent varieties in rice as a result of 

gamma irradiation induced changes under saline conditions.   



 

 74 
 

 

Significant (p≤0.01) differences were observed in average leaves plant-1 and average tillers 

plant-1. Rest of the parameters studied were insignificant (p≤0.05). Treatments T9 and T10 

showed the maximum average plant height (211.2 cm & 211.5 cm respectively). Both 

treatments were not significantly (p≤0.05) different from each other. Treatment T6 gave the 

minimum average plant height (143.7 cm). Treatment T6 reduced significantly (p≤0.05) 

average plant height plant-1 as compared to Treatment T1 and all other treatments. This 

treatment may be helpful for developing dwarf varieties in crops. The treatment T1 gave 

the maximum average leaves plant-1 (83.6) and it was significantly (p≤0.01) different from 

rest of the other treatments. The minimum average leaves plant-1 (12.3) was observed in 

treatment T6.  

In general, all the treatments significantly reduced the average leaves plant-1 as compared 

to treatment T1. The average tillers plant-1 were also significantly (p≤0.01) different. The 

treatments from 5 kR to 35 kR were either at par with the T1 or reduced the average tillers 

plant-1 significantly (p≤0.01). The treatments T9 and T10 gave the maximum average tillers 

plant-1 (8.2 and 9.6 respectively) while minimum average tillers plant-1 (3.1) were observed 

in treatment T6. The maximum average leaf area plant-1 (103.8 cm²) increased significantly 

(p≤0.05) in treatment T9. The minimum average leaf area plant-1 (23.2 cm²) was observed 

in treatment T6 and was reduced significantly (p≤0.05) in treatment T1 as compared to T3, 

T9 and T10. Overall leaf area increased significantly (p≤0.05) by higher doses Treatments 

T9 and T10 of gamma irradiation as compared to Treatment T1 and other lower doses. This 

is a positive sign to improve this trait and to increase forage yield of this crop significantly 
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in the long run. These findings are supported by Hazra et al. (1999) who found a  

significant genotype X environment interaction for the characters studied. Characters such 

as plant height, pod weight, pod length, area of primary leaves and pod yield/plant showed 

high phenotypic coefficients of variation ( PCV), high genotypic coefficients of variation 

(HCV), very high heritability (above 95%) and high genetic additive genes in controlling 

these characters. Effective exploitation of a germplasm collection requires information of 

the ways of genetic variation for characters of economic interest (Beer et al., 1993). 

Dwivedi et al. (1999) reported that a wide range of variability was observed in leaves, 

number of branches, days to flowering and maturity, cluster / per plant, cluster per 

peduncle, peduncle length, pods per cluster and plant, seeds per pod, size, shape and color 

of pods and seeds, pod and seed weight per plant and 100 seed weight. 

Shereen et al. (2009) reported a significant reduction in the leaf area, plant height and fresh 

weight of all parent varieties in rice as a result of gamma irradiation induced changes under 

saline conditions.   

Table 4.4 shows that overall average leaves plant-1 decreased with an increase of dose of 

gamma irradiation ranging from 83.6 to 12.3. Similar findings were reported by Siraj 

(1970) who reported that lower doses (500 R and 10,000 R) had some stimulating effect on 

plant growth and yield. While higher doses (25000 R onwards) were found to cause a 

reduction in plant height, plant survival germination, number of leaves/plant, size of leaves, 

internodal length, seed setting, cob size and decrease in grain yield. Same findings were 

presented by Shahin et al. (2011) who reported that different gamma doses of 5, 10, 0, 20 

and 30 Gray significantly affected the number of leaves/plant, which graded from 4.67, 
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4.64, 4.38, 4.35 and 3.88 respectively. These findings are in agreement with those reported 

by Harb et al.  (2005) on banana and Patil and Patil (2005) on grapes. Overall number of 

tillers decreased with increasing doses of gamma irradiation. These results are in lines with 

Griffith and Johnston (1962) who observed highest dose of irradiation viz: 30 kR reduced 

survival percentage drastically, plants exhibited considerable variation in morphological 

characters including degree of tillering in case of two oat varieties. 

Similarly Din et al. (2004) reported a significant reduction in number of tillers plant-1 by 

various radiation doses but remarkable decrease (52.53%) was obtained with 45 kR dose
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Table 4.3: Mean squares Analysis of Variance for eleven quantitative traits studied in M-1 generation of Sudan grass 

Sources of Variation / 

Traits 
MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUE 

Alpha 

value 

 

LSD 

value 

LSD 

Test 

Germination %  24.0  24.7   13.9 1.73 (I.S) 1.78 0.1548    
Plant Height (cm) 930.0  708.1 254.3 3.66 * 2.78 0.0334 0.05 29.46 DMR 
Number of Leaves 774.6 75.0 43.0 18.06 **  1.75 0.0001 0.01 18.74 LSD 

Number of Tillers 8.9 2.2 1.5 6.04 ** 1.53 0.0066 0.01 3.466 LSD 

Leaf Area (cm2) 1391.1 240.1 369.0 3.77 * 0.65 0.0305 0.05 35.47 DMR 
Number of Flowers 11.4 27.0 7.0 1.63 (I.S) 3.85 0.2380    
Flowering %  1335.0 4013.0 1312.0 1.02 (I.S) 3.06 0.4898    
Mature Flowers 8.8 12.5 4.0 2.45 (I.S) 3.46 0.0993    
Immature Flowers 0.6 1.9 0.8 0.72 (I.S) 2.29 0.6832    
Green Matter Weight (g) 18.9 0.0 10.5 1.80 (I.S) 0.00 0.1981    
Dry Matter Weight (g) 10.5 3.3 5.9 1.79 (I.S) 0.57 0.1996    

 

* Shows significant difference at (p≤0.05) level of significance. 

** Depicts significant difference at (p≤0.01) level of significance 

 (I.S) Shows insignificant difference (p≤0.05) level of significance 

Duncan’s  Multiple Range test (DMR) was applied for comparisons of different means at (p≤0.05) level & at(p≤0.01) 

MSTATC software was applied for data analysis 
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Table 4.4: Mean values of ten treatments studied in M-1 generation of Sudan grass 

Treatments GERM 

% 

(I.S) 

PH * 

 

NL** 

 

NT** 

 

 

LA* 

 

 

 

NF 

(I.S) 

Fl% 

(I.S) 

MF 

(I.S) 

IMF 

(I.S) 

GM 

(I.S) 

DM 

(I.S) 

T1 (Control) 13.3 196.6ab 83.6 a 6.7 ab 31.1cd 8.6 118.3 6.4 2.2 88.1 55.2 

T2 (5kR) 13.5 178.5b 23.5 bc 4.2 bc 46.8bcd 6.2 159.9 6.0 1.0 79.3 47.9 

T3 (10kR) 17.9 181.3ab 29.5 bc 3.9 bc 75.4ab 7.4 208.2 6.8 1.0 85.6 50.7 

T4 (15kR) 17.9 177.7b 20.1 bc 4.1 bc 49.4bcd 6.3 165.5 5.8 1.0 80.4 47.4 

T5 (20kR) 12.5 179.7ab 18.7 bc 4.6 bc 33.9cd 7.2 159.2 6.5 1.0 81.7 48.6 

T6 (25kR) 11.5 143.7c 12.3 c 3.1 c 23.2d 4.8 154.4 4.4 1.0 80.2 51.1 

T7 (30kR) 10.9 209.8ab 24.8 bc 6.3 abc 35.4cd 10.8 174.8 9.3 2.0 86.4 51.8 

T8 (35kR) 9.2 205.0ab 29.2 bc 6.6 ab 65.3bc 10.2 160.0 9.0 1.3 86.6 51.7 

T9 (40kR) 11.9 211.2a 31.9 b 8.2 a 103.8a 12.0 146.0 11.0 1.0 82.8 49.4 

T10 (45kR) 14.6 211.5a 31.9 b 9.6 a 84.1ab 11.0 120.4 10.0 1.1 84.2 49.8 
 

GERM% = Germination %, PH = Plant Height (cm), NL = Number of Leaves/Plant, NT = Number of Tillers/Plant,  

LA = Leaf Area (cm2), NF = Number of Flowers, Fl% = Flowering %, MF = Mature Flowers, IMF = Immature Flowers,  

GM = Green Matter Weight (g), DM = Dry Matter Weight (g) 

I.S Denotes insignificant difference at (P>0.05) level of significance. 

* Shows significant difference at (p≤0.05) level of significance. 

** Depicts significant difference at (p≤0.01) level of significance 

Least significant Difference test was applied to compare mean differences at (p≤0.05 &p≤0.01) levels and data was analsed through MSTATC 

Averages/Mean values followed by same letters did not differ significantly (p≤0.05) among themselves.
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4.1.2.2 Effect of Gamma Irradiation on Quantitative Traits of M-2 Generation.  

The mean squares analysis of variance values of above mentioned eleven quantitative traits 

of M-2 generation is presented in Table (4.5). The analysis of variance revealed significant 

(P=0.000) at (p≤0.01) differences for germination percentage and significant (P=0.1017) at 

(p≤0.05) difference for average tillers plant-1. Insignificant (P=(0.1755, 0.1017, 0.2220, 

0.4203, 0.1893, 0.1893, 0.8764, 0.2926, 0.2926)) at (p≤0.05) differences were observed in 

all other traits. Table (4.5) shows the parameters studied showing no range values were 

insignificant (p≤0.05).  

Table (4.6) shows mean values of 10 treatments of Gamma irradiation and their effects on 

eleven traits of Sudan grass studied in M-2 generation. This table shows that the treatments 

were significantly (p≤0.05) different for average tillers plant-1. Significant (p≤0.01) 

differences were observed in Germination percentage. Remaining  parameters studied were 

insignificant (p≤0.05). Treatments T10, T7 and T8 showed the maximum average tillers 

plant-1 (5.5, 5.5 and 4.7) respectively. All these three treatments were not significantly 

(p≤0.05) different from each other. Treatments T3, T9 and T1 revealed the minimum 

average tillers plant-1 4.0, 4.2, 4.2 respectively and there was insignificant (p≤0.05) 

difference among these treatments.    

Treatments T4, T2 and T1 depicted maximum average germination percentage 25.7%, 

24.2% and 24.3% respectively and these treatments were same. Treatments T9, T10 and T7 

showed minimum average germination percentage 7.9%, 8.7% and 10.1% respectively and 

these treatments were almost the same having no difference among each other at (p≤0.05)  

level of significance. This table shows that Treatment T4 increases germination percentage 
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as compared to Treatment T1 and all other treatments. This treatment may be helpful for 

improving germination percentage under field conditions. Table (4.6) shows significant 

decreasing germination percentage with increasing gamma irradiation doses. These 

findings are in agreement with Arnason et al. (1952), dry vulgare wheat seeds did not 

germinate after a dose of 10,060 R while the dry barley seeds survived doses of 7,000 R. 

Similarly, Mills and Schrank (1956) reported no change in seed germination of Avena 

sativa after X irradiation. The germination ratio decreased and the variability in samples 

also decreased as the dose increased. According to Abrams and Fortune (1962) noted 

inhibitory effect of different sources of ionizing radiation on germination of wheat, barley, 

rice, cotton and pigeon peas.  

Similarly; Rajput (1970) observed increased but delayed germination in Mexican wheat 

varieties after irradiation treatments of 20,000 R, 25000 R, 50,000 R and 75,000 R. He 

noted that germination was  reduced with the maximum dose. Hameed et al. (2008) also 

reported similar type of outcome in seed germination of Kabuli Chickpea after gamma 

irradiation doses and reported that final germination percentage was decreased 

considerably from 800 to 1000Gy after higher irradiation doses. After 800 Gy dose 

maximum decline in germination percentage was observed. Ertan Sait Kurtar (2009) 

observed that pollen age, pollen viability, germinability and fruit and seed-set decreased 

significantly with increase in irradiation dose. Table (4.6) reveals increasing trend of 

average tillers plant-1 with increasing dose of gamma irradiation significantly (p≤0.05). 

These findings are in line with Leopold and Thimann (1949) who observed a many times 

increase in tillering of barley seedlings by exposing them to 25 R dose of X rays at weekly 
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intervals. Similarly, Mikaelson and Aastveit (1957) found that the number of tillers per 

plant increased in case of oat plants with higher irradiation doses. However, they were 

suspicious whether the plant development was increased due to soil heterogeneity or 

radiation because different types of ionizing radiation may not effect growth and fertility in 

the same manner. Differences in sensitivity radiation may also depend upon the 

chromosome compliments. Barley and Oats have (2n=14) and (2n=42) respectively. Oats 

have more chromosome number than barley. Oat plants exposed to chronic gamma 

radiation showed an increasing number of straws.  Ouang (1964) studied the effects of 

neutrons and X rays on rice, wheat and barley and observed a considerable increase in 

tillering. Irfaq et al. (2001) reported significant (p≤0.05) increase in number of tillers plant-

1 in three cultivars of wheat i.e. Pirsabak-91, Khyber-87 and Tarnab-78 studied at Nuclear 

Institute for Agriculture and Biology, Faislabad. Ghafoor et al. (1968) observed an increase 

in the number of tillers in barley. 
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Table 4.5:Mean square Analysis of Variance for eleven quantitative traits studied in M-2 generation of Sudan grass 

 
Sources of Variation / 

Traits 
MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUES 

 

Alpha 

value 

LSD 

value 

 

 

Test 

Germination % 87.87 0.04 3.0 29.5 ** 0.68 0.0000 0.01 5.6129 LSD 

Plant Height (cm) 112.2  210.9 58.9 1.91 (I.S) 3.58 0.1755    

Number of Leaves 0.54 1.5 0.2 2.42 (I.S) 0.59 0.1017    

Number of Tillers 15.4 32.0 5.2 2.96* 3.40 0.0608 0.05 5.1591 LSD 

Leaf Area (cm2) 840.8 6.1 496.1 1.69 (I.S) 0.01 0.2220    

Number of Flowers 3.5 1.5 3.1 1.15 (I.S) 0.49 0.4203    

Flowering %  3109.1 1722.4 1692.7 1.84 (I.S) 1.02 0.1893    

Mature Flowers 2.8 1.4 1.5 1.84 (I.S) 0.89 0.1893    

Immature Flowers 0.2 0.0 0.4 0.45 (I.S) 0.03 0.8764    

Green Matter Weight (g) 306.1 259.2 210.3 1.46 (I.S) 1.23 0.2926    

Dry Matter Weight (g) 266.0 252.1 182.9 1.45 (I.S) 1.38 0.2929    

 

* Shows significant difference at (P≤0.05) level of significance. 

** Depicts significant difference at (P≤0.01) level of significance 

 I.S Denotes insignificant difference at (P≤0.05) level of significance. 
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Table 4.6: Mean values of ten treatments studied in M-2 generation of Sudan grass 

Treatments GM %** PH 

(I.S) 

NL 

(I.S) 

NT* 

 

LA 

(I.S) 

NF 

(I.S) 

Fl% 

(I.S) 

MF 

(I.S) 

IMF 

(I.S) 

GM 

(I.S) 

DM 

(I.S) 

T1 (Control) 24.3ab 101.8 4.0 6.9 bc 105.4 7.4 220.4 6.5 1.1 17.0 15.9 

T2 (5kR) 24.1abc 89.7 4.2 5.5 c 102.0 9.4 271.1 9.0 1.0 39.8 36.8 

T3 (10kR) 18.7cd 91.7 3.3 9.8 abc 97.0 8.0 244.2 7.0 1.0 10.5 9.8 

T4 (15kR) 25.7a 82.3 4.4 11.2 ab 103.1 8.0 182.0 8.0 0.4 12.5 10.9 

T5 (20kR) 17.2d 85.7 4.6 7.1 bc 111.0 9.4 199.0 9.0 1.0 10.8 9.5 

T6 (25kR) 19.7bcd 88.3 4.1 5.8 c 110.0 8.0 185.0 7.1 0.4 8.8 8.0 

T7 (30kR) 10.1ef 95.6 5.1 6.2 bc 86.7 10.1 190.0 9.2 1.0 39.9 36.7 

T8 (35kR) 15.1de 89.5 4.1  7.7 bc 76.0 8.0 169.0 6.3 1.2 12.4 10.6 

T9 (40kR) 7.8f 86.4 5.0 9.1 abc 76.3 6.4 147.0 6.1 1.0 15.5 14.4 

T10 (45kR) 8.7f 73.8 4.7 14.2 a 45.7 6.0 153.0 6.0 0.4 5.1 4.5 

GERM% = Germination %, PH = Plant Height (cm), NL = Number of Leaves/Plant, NT = Number of Tillers/Plant, LA = Leaf Area 

(cm2), NF = Number of Flowers, Fl = Flowering %, MF = Mature Flowers, IMF = Immature Flowers, GM = Green Matter Weight (g), 

DM = Dry Matter Weight (g) 

I.S Denotes insignificant difference at (P≤0.05) level of significance. 

*   Shows significant difference at (P≤0.05) level of significance. 

             **   Depicts significant difference at (P≤0.01) level of significance. 

 LSD value at(P≤ 0.01) level of significance = 5.6129 & at (P≤0.05) level of significance=5.1591 

Averages/Mean values followed by same letters did not differ significantly (P≤0.05) among themselves. 
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4.1.2.3. Effect of Gamma Irradiation on Quantitative Traits of M-3 Generation 

The mean squares analysis of variance values of above-mentioned eleven quantitative traits 

of M-3 generation are presented in Table (4.7). The analysis of variance revealed 

significant (P=0.0000) at (p≤0.01) differences for average Green matter weight -1 (g) and 

(P=0.0000) at (p≤0.01) average Dry matter weight -1 (g). Insignificant (P=(0.6294, 0.4378, 

0.9135, 0.7363, 0.3091, 0.3207, 0.7877, 0.2418, 0.3180) at (p≤0.05) differences were 

observed in all other traits.  

Table (4.8) shows the parameters studied showing no range values were insignificant 

(p≤0.05). Table (4.8) shows mean values of ten treatments of Gamma irradiation and their 

effects on eleven quantitative traits of Sudan grass studied in the M-3 generation. This table 

shows that significant (p≤0.01) differences were observed in average green matter weight 

plant-1 and average dry matter weight plant-1 respectively. Remaining parameters studied 

were insignificant (p≤0.05) and almost the same. Treatment T10 showed the maximum 

average green matter weight plant-1 (100.0 g) while treatments T5 and T6 showed 

minimum average green matter weight plant-1 (42.0 g) and (44.0 g) respectively.  

Treatment T10 was also significantly (p≤0.01) different as compared to treatment T1, T3 

and T9 respectively. Maximum dry matter weight plant-1 (48.0 g) was observed in T10 

while minimum dry matter weight plant-1 (23.9 g) was observed in T5. Treatment T10 

showed significant (p≤0.01) difference and more values as compared to T1. Both these 

parameters i.e. show encouraging results for improvement of green matter weight plant-1 

and dry matter weight plant-1 with treatment T10 as compared to treatment T1 and other 
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treatments. Table (4.8) reveals that overall green matter weight plant-1 was reduced by 

increasing doses of gamma irradiation except the highest dose treatment T10. Treatment 

T10 increased significantly green matter weight plant-1 as compared to control and all other 

treatments. This data show that treatment T10 has lot of potential to increase green matter 

weight plant-1 and as a result of increasing forage yield per hectares. This dose may be 

proved to develop a mutant of high yield in fodder crops like Sorghum species and Sudan 

grass. These outcomes are in lines with Hansel  et al. (1963) who reported  that in a stout  

mutant of  sorghum plant height was reduced  to three  fourths while stem diameter was 

twice  as much  as  the original form. Anderson and Oleson (1954) reported that in the case 

of white mustard, mutation besides other factors is indicated by the increased yield and oil 

contents, the increase being larger than that obtained by selection in untreated material of 

the same variety. Similar results were presented by Kuzin (1955) who obtained increased 

yields of radish, cabbage and peas by radiating the seeds at 500-1000 R for radish, 1000-

2000 R for cabbage and 350-500 R for peas. The studies of Gregory (1957) on X-rayed 

peanuts indicated that the frequency of mutants, superior in yield may be around 1 among 

500 to 5000 M-2 plants. Rawlinge et al. (1958) concluded that genetic variability in yield, 

plant height maturity and seed weight were substantially increased by irradiation in 

soybeans. Similar results were reported by Rahimi and Bahrani (2011) who observed that 

highest seed yield (3985 kg/ha) and 1000 seed weight (5.3 g) were obtained in 100 Gy 

gamma irradiation treatment in a study conducted during 2009-2010 in Agricultural 

Research Station of Islamic Azad University of Yasooj in Iran.  
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 They also concluded that the 100 Gy irradiation was the best rate for increasing all traits.  

Such a drastic change in treatment T10 in increasing green matter weight plant-1 may be 

due to physiological disturbances or due to disruption of auxin balance as a result of 

irradiation. Although these results are contradictory to many other scientists already 

described but it is a positive sign of developing high yielding mutations in fodder crops 

such as Sorghum species and Sudan grass. Similar trend of results obtained regarding dry 

matter weight plant-1 was found in M-3 generation. 
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Table 4.7: Mean square Analysis of Variance for eleven quantitative traits studied in M-3 generation of Sudan grass 

 
Sources of Variation / 

Traits 
MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUE 

Alpha 

value 

LSD 

value 

Test 

Germination % 463.5 5511.2 581.4 0.80 (I.S)  0.6294    
Plant Height (cm) 886.4 2054.4 796.2 1.11 (I.S)  0.4378    
Number of Leaves 15.9 17.9 41.1 0.39 (I.S)  0.9135    
Number of Tillers 1.7 3.8 2.7 0.65 (I.S)  0.7363    
Leaf Area (cm2) 100.3 185.4 71.2 1.41 (I.S)  0.3091    
Number of Flowers 3.4 0.6 2.4 1.38 (I.S)  0.3207    
Flowering %  576.5 5116.8 999.8 0.58 (I.S)  0.7877    
Mature Flowers 2.8 1.5 1.7 1.62 (I.S)  0.2418    
Immature Flowers 0.3 0.2 0.2 1.38 (I.S)  0.3180    
Green Matter Weight (g) 522.2  22.1 16.5 31.66 **  0.0000 0.01 13.199 LSD 

Dry Matter Weight (g) 101.0  84.2 2.3 44.71 **  0.0000 0.01 4.8801 LSD 

 
* Shows significant difference at (P≤0.05) level of significance. 

** Depicts significant difference at (P≤0.01) level of significance 

I.S Denotes insignificant difference at (P≤0.05) level of significance. 
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Table 4.8: Mean values of ten treatments studied in M-3 generation of Sudan grass 

 

Treatments Germ% 

(I.S) 

PH 

(I.S) 

NL 

(I.S) 

NT 

(I.S) 

LA 

(I.S) 

NF 

(I.S) 

Fl% 

(I.S) 

MF 

(I.S) 

IMF 

(I.S) 

GM** DM** 

T1 (Control) 72.0 172.5 17.1 3.8 32.0 5.9 171.2 5.0 1.0 66.0bc 29.4cd 

T2 (5kR) 55.0 202.3 18.1 6.0 40.1 9.2 168.0 9.0 1.0 64.5bc 38.5b 

T3 (10kR) 71.0 187.4 16.2 2.9 31.0 5.8 199.0 5.1 1.0 65.0bc 27.0de 

T4 (15kR) 70.0 187.5 18.0 5.0 38.3 7.3 162.0 6.3 1.0 53.0cd 32.3c 

T5 (20kR) 70.0 219.8 23.0 6.0 51.0 9.1 182.0 7.4 2.0 42.0d 23.9e 

T6 (25kR) 46.0 177.1 16.0 4.4 32.0 7.2 192.0 7.0 1.0 44.0d 31.5c 

T7 (30kR) 47.0 147.3 20.1 5.3 32.0 8.0 172.0 7.0 1.0 63.0bc 39.0b 

T8 (35kR) 67.0 194.4 23.3 4.5 34.0 9.0 215.0 8.0 1.0 63.0bc 38.3b 

T9 (40kR) 26.0 169.8 23.0 4.3 36.0 7.0 181.3 7.0 0.2 71.0b 38.0b 

T10 (45kR) 66.0 208.0 18.1 4.7 48.4 6.0 164.1 5.4 1.0 100.0a 48.0a 

 

GERM% = Germination %, PH = Plant Height (cm), NL = Number of Leaves/Plant, NT = Number of Tillers/Plant, 

 LA = Leaf Area (cm2), NF = Number of Flowers, Fl = Flowering %, MF = Mature Flowers, IMF = Immature Flowers, 

 GM = Green Matter Weight (g), DM = Dry Matter Weight (g) 

I.S Denotes insignificant difference at (P≤0.05) level of significance. 

*   Shows significant difference at (P≤0.05) level of significance. 

      **Depicts significant difference at (P≤0.01) level of significance. 

Averages/Mean values followed by same letters did not differ significantly (P≤0.05) among themselves. 
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4.1.2.4 Effect of Gamma Irradiation on Quantitative Traits of M-4 Generation 

The mean squares analysis of variance values of previously mentioned eleven quantitative 

traits of M-4 generation is presented in Table (4.9). The analysis of variance revealed 

significant (P=(0.0075, 0.0075, 0.0006, 0.0004, 0.0044) at (p≤0.01) differences for average 

leaves plant-1, average Leaf area plant-1, average flowers plant-1, average mature flowers 

plant-1 and average immature flowers plant-1.  Significant (P=(0.0236, 0.0456, 0.0286, 

0.0291, 0.0162) at (p≤0.05) differences were observed in average plant height plant-1, 

average tillers plant-1, average flowering percentage plant-1, average green matter weight 

plant-1 and dry matter weight plant-1. Insignificant (P=0.7295) at (p≤0.05) difference was 

recorded in average germination percentage. Table (4.10) shows the parameter studied 

showing no range values were insignificant (p≤0.05) differences.  

Table (4.10) depicts mean values of ten treatments of Gamma irradiation and their effects 

on eleven quantitative traits of Sudan grass studied in M-4 generation. This table shows 

that significant (p≤0.01) differences were  observed in average leaves plant-1, average leaf 

area plant-1, average flowers plant-1, average mature flowers plant-1 and average immature 

flowers plant-1 respectively. Significant (p≤0.05) differences were observed in average 

plant height plant-1, average tillers plant-1, average flowering percentage plant-1, average 

green matter weight plant-1 and dry matter weight plant-1. Insignificant (p≤0.05) difference 

was  recorded in average germination percentage only. Treatments T10 and T9 showed the 

maximum leaves plant-1 (43.2 and 42.3 respectively) while Treatments T1 to T8 showed 

minimum leaves plant-1. All these treatments T1 to T8 were insignificantly (p≤0.05) 

different from each other and they were almost the same ranging 10.6 to 25.3. Treatments 
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T8 and T7 showed maximum average leaf area plant-1 130.3 cm² and 112.7 cm² 

respectively while treatment T6 showed minimum average leaf area plant-1 (53.5 cm²). No 

differences were found among treatments T1, T8 and T7 (P>0.05). They had almost same 

effect on average leaf area plant-1. Treatment T8 was significantly (p≤0.01) different from 

treatments T10, T3 and T9 and showing values of 71.4, 66.2 and 61.5 (cm²) respectively. 

Treatments T9 and T10 showed high average  flowers plant-1 15.4 and 12.4 respectively 

while treatment T1 and all other treatments showed low flowers plant-1 ranging 0.7 to 5.4. 

Maximum average of mature flowers were observed in T9 and T10 10.4 and 8.4 

respectively while minimum average mature flowers were observed in treatments T1 to T8. 

No differences were observed from treatments T1 to T8 ranging from (0.1) to (3.6) 

(p≤0.05) and they were almost the same. Maximum average immature flowers were 

observed in T9 (5.1) and T10 (4.0). Minimum average immature flowers were observed in 

T1 to T8. No differences were observed from T1 to T8 ranging from 0.7 to 1.9 (p≤0.05) 

and they were almost the same. 

Treatments T9 and T10 showed maximum average plant height plant-1 (249.4 cm²) and 

(245.0 cm²) respectively. Treatments T1, T2, T3 and T4 showed minimum average plant 

height plant-1 ranging from (130.8 cm) to (154.7 cm) respectively. No differences were 

observed among themselves. Similarly treatments T5 to T10 showed insignificant (p≤0.05) 

differences among each other’s and all of them were almost same ranging from 187.0 to 

249.4 cm respectively. These results show that higher treatments of gamma irradiation 

were more beneficial for increasing plant height and developing long statured varieties in 

crop plants. Treatments T9 & T10 showed maximum flowering percentage 307.6% & 
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242.5% respectively. Treatments T1, T2, T3 showed minimum flowering percentages 

29.2%, 56.6% and 41.5% respectively. Insignificant difference (p≤0.05) was recorded 

among these treatments and they were almost the same. Treatments T4, T5, T7 and T8 

showed also similar results ranging from 76.4 to 95.1 and they were almost the same. 

Treatments T6 and T10 showed insignificant difference (p≤0.05) and they were also almost 

the same. Significant (p≤0.01) differences between maximum and minimum flowering 

percentage in treatments T9 and T1 show better chances to maximize flowering percentage 

by higher doses of gamma irradiation. 

Treatment T10 revealed maximum average green matter weight plant-1 (194.9 g) while 

treatments T5, showed minimum average green matter weight plant-1 (46.2). There was no 

difference (p≤0.05) among treatments T1 to T9 and they were all almost the same. Only 

treatment T10 showed maximum green matter weight plant-1, which shows better chances 

to improve green matter weight¹־/ fodder yield per hectare in such crops in future. 

Treatment T10 revealed maximum average dry matter weight plant-1 (171.1 g) while 

treatment T5 showed average minimum dry matter weight plant-1 (35.3 g). Insignificant 

differences were observed among treatments T1, T2, T3, T4, T5, T6, T7, T8 and T9 

ranging from 35.3g to 91.2g respectively and they were all almost the same. Only T10 

treatment has better potential and chances to increase/improve average dry matter weight 

plant-1 /fodder yield per hectare in future. Table (4.10) reveals significant (p≤0.05) 

differences in average plant height plant-1, tillering capacity, green matter weight plant-1 

and dry matter weight plant-1. Significant (p≤0.01) differences were observed in average 

leaves plant-1, average leaf area plant-1, average flowers plant-1, average mature flowers 
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plant-1 and average immature flowers plant-1. Insignificant (p≤0.05) differences were found 

in average germination percentage in M-4 generation. Overall plant height increased with 

increasing dose rate of gamma irradiation as compared to Treatment T1 and all other 

treatments. These results show that gamma irradiation has stimulating effect in elongation 

of plants and help to develop tall varieties and mutants especially fodder crops like 

Sorghum and Sudan grass, which is a positive character for increasing fodder yield per 

hectare. Similar results have been reported by Wort (1941) who reported an increase in 

length of plants as compared to control when irradiated with lower treatments of  X rays. 

Singleton (1950) obtained tall and short mutants in the irradiated corn. Sparrow and 

Gunckel (1956) observed increased stem and leaf thickness along with high plant height, in 

Antirrhinum  majus when exposed to various irradiation rates. Suss (1966) claimed an 

increasing plant height in many cereals after radiation treatments. Similarly El-Sayed et al. 

(1994) found that 10 kR gamma rays increased plant height, yield and chlorophyll a and b 

and cartenoids in tomato hybrids. Similarly, Sakin (2002) stated that gamma ray irradiation 

treatment increased the average plant height as compared to control. Rahimi and Bahrani 

(2011) obtained highest plant height (94 cm) by application of 100 Gy gamma irradiation 

dose in Canola (Brassica napus L.). This elongation is due to stimulation of cell division or 

cell elongation.  

Table (4.10) shows that average tillers plant-1 increased significantly as the gamma 

irradiation doses increased as compared to control in all treatments. Treatment T9 revealed 

highest tillering capacity, which is an indication of increasing higher yield in M-4 

generation also. These results are in agreement with Leopold and Thimann (1949) observed 
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a many times increase in tillering of barley seedlings by exposing them to 25 R dose of X 

rays at weekly intervals. Mikaelson and Aastveit (1957) found that the number of tillers per 

plant increased in case of oat plants with higher irradiation doses. However, they were 

suspicious whether the plant development was increased due to soil heterogeneity or 

radiation. Cervigni et al. (1962) found an increase in the number of culms to 25 times as 

compared with the control plants because of application of chronic gamma irradiation on 

wheat plants. Din et al. (2003) reported that in general, the number of tillers per plant 

exhibited a gradual increase with increase in gamma irradiation intensity. He found that the 

highest value of (11.68) tillers was obtained due to 35 kR while minimum value for number 

of tillers (8.40) was obtained in control which was significantly lower than the irradiation 

treatment. Similar results were reported by Ghafoor and Sidique (1976) and Wang et al. 

(1995). Table (4.10) reveals significantly (p≤0.05) increasing effect with increasing dose 

rate of gamma irradiation in flowering percentage as compared to control. Same findings 

have been observed by Ansary et al. (2009) on jute crop in M-4 generation who reported 

effects of gamma ray on flowering character was observed highest percentage of flowering 

and lowest percentage of non flowering in 400 doses of gamma ray but lowest percentage 

of flowering and highest percentage of non flowering in 500 and 800 doses of gamma rays 

than the control. Similar results have been reported by Sharafi and Azar (2011) who 

reported a significant increase in flower density of Almond (Prunus amygdalus, L) 

cultivars. Table (4.10) reveals significantly increasing effect on green matter weight plant-1 

by increasing gamma irradiation doses. Treatment T10 showed significantly (p≤0.05) 

maximum increasing effect in comparison with control and all other treatments. Tederadze 
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(1963) obtained increased yield of legumes after radioactive radiation on plants. Sax (1963) 

stated that reports of increasing crop yields from irradiation looked critical confirmation. 

Gustafsson (1963) reported that the erectoides mutants of barley were obviously associated 

with higher yielding ability in some cases, at least under heavy nitrogen fertilization. 

Swaminathon (1965a) reported that awned wheat induced from awnless or apically 

awnletted varieties, out yielded their respective parents, especially under dry growing 

condition. Kanakamanay (2008) reported that the maximum yield and yield component 

characters for 7.5 Gy gamma rays and 0.75% EMS in Kacholam, (Kaempferia galangal 

L.).  

Table (4.10) also shows similar effect like green matter weight plant-1 and reveals 

significantly increasing dry matter weight plant-1 with highest dose of gamma irradiation. 

All other doses including control showed insignificant differences among each other. Such 

a drastic change in dry matter weight plant-1 might be due to stimulation of cell elongation 

or disturbance of auxin imbalance. Treatment T10 induced positive mutation and may be 

helpful for obtaining higher yielding fodder crop like sorghum or Sudan grass.  These 

findings are in line with those of Cervigni et al. (1962) stated that mean weight of the 

mature wheat plants increased six times when exposed to chronic gamma irradiation. 

Sparrow (1966) observed an increase in dry matter after low doses irradiation. Suss (1966) 

claimed an increase in dry matter of many cereals after radiation treatments. Table (4.10) 

shows significantly increasing effect with increasing dose of gamma irradiation in data 

regarding average leaves plant-1. Treatments T9 and T10 showed maximum increasing 

effect in this character which increased significantly from control and all other treatments. 
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These are very encouraging results for increasing crop yield in the long run. Following 

outcomes are in line with these results. Gustafason et al. (1971) reported that In Sweden 

since 1958 seven varieties of barley originating from three X rays induced mutations have 

been approved officially. Additionally, translocations of chromosomes induced by 

irradiation in Bonus, have a significant effect in the development of hybrid barley in U.S.A, 

and are being used in improvement of barley cultivars in Sweden, and for theoretical 

analysis in various countries.  

Shull and Mitchell (1933) found a stimulatory effect on the growth of corn, wheat, 

sunflowers and oats following the irradiation of germinating seeds with about 100 R of X 

rays. Sparrow and Christenson (1953) Gunckel and Sparrow (1954) recorded enhancement 

of growth of Antirrhinum plants when treating with moderate exposures of chronic gamma 

irradiation. Table (4.10) reveals that average leaf area plant-1 significantly decreased as the 

dosage of gamma irradiation increased as compared to control and all other treatments 

except Treatment T8 which showed significant increasing and stimulating effect in this 

character. Lower exposures are sometimes stimulatory during a study conducted on effects 

of gamma irradiation on Chenopodium album growth (Chauhan & Singh, 1980) Overall 

leaf area was depressed with increasing doses of gamma irradiation. These findings are in 

line with several workers who found that higher exposures were usually inhibitory Bora 

(1961), Radhadevi & Nayar (1996), Kumari and Singh (1996). Gunckel and Sparrow 

(1961) and Taylor (1968) agreed with our observations that gamma rays are known to 

influence plant growth and development by inducing cytological, genetical, biochemical, 

physiological and morphogenetic changes in cells and tissues of plants. 
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Sub and Grobe (1968) observed that radiation induced the stimulation of plant growth at 

different stages. Monti and Donini (1968) reported a positive correlation between pollen 

abortion and ear lines, probably  because of the lower exposure received by the faster 

dividing cells of the early lines subjected to chronic gamma irradiation. 

Table (4.10) reveals significantly increasing effect of average mature flowers plant-1 as 

compared to control. Treatment T9 and T10 increased this character to an extreme extent. 

These two treatments were significant as compared to Treatments T1, T2, T3, T4, T5, T6, 

T7 and T8. It is evident from these results that irradiation had a stimulatory effect on 

maturity of flowers. These results are helpful for developing early flowering maturity 

character in such crops like Sudan grass and Sorghum species. Same outcomes have been 

noticed by several other research workers. Vasil (1962) pointed out that the radiation 

induced mutants comprise of useful forms, with heritable physiological changes and the 

worthless forms with some injury to their genetic structure, usually with reduced growth 

which promotes earliness and resistance to lodging and fungi in the cereals. Gustafsson and 

Tedin (1954) reported that a few erectoid mutants of barley appeared to be significantly 

superior in yield straw strength and earliness.  

Table (4.10) shows that immature flowers increased significantly as the dose rate of gamma 

irradiation increased. Treatments T9 and T10 showed highly increasing effect as compared 

to treatments T1 to T8. This is a good character for prolonging period for Sudan grass and 

other sorghum species because Sudan grass under study is a multicut fodder crop and 

continues till early winter season. There is great need for developing such mutants in this 

crop, which meet food shortage for the animals during winter season. Development of such 
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mutants is needed of the time and may be very much useful to fulfill the needs of fodder for 

livestock during this lean period. It will be a great success if we succeed in developing late 

maturing mutants of Sudan grass. These results are very encouraging and hopefully will 

achieve success. These outcomes are in line with those of Kaicker and Swarup (1972) 

reported that irradiation with gamma rays delayed sprouting of buds from six to nine 

months and one year in Christian Dior and Kiss of Fire when budded on Edward rootstock 

and to almost nine months in Queens Elizabeth (Cultivars of Roses) on Rosa multiflora 

rootstocks. There is clear cut indication of dormancy in treated buds. The primary effect of 

irradiation is low bud take in all treatments including those of 5 kR and above. The 

radiation delayed sprouting of buds. Buiatii, Baroncelli, Tesi and Bosearoil (1970) while 

working with different environmental effects on diplomatic selection of irradiated gladiolus 

corms also showed increase in mutation frequency and decrease in mutated sector area. 

Tavcar and Kandjellie (1965) reported that treatment with gamma rays at 1000 to 10,000 of 

air dried seeds of Triticum turgidium, T.durum and T.aestivum produced gene mutations, 

which affected 10 characters useful in breeding. Bostrack and Sparrow (1969) observed 

effect of chronic gamma radiation on tissues and growth habit of Pinus rigida trees for 17 

years. Macro-scopic effects of  gamma irradiation included early leaf fall, dwarf ness of 

needles and necrosis of terminal buds. Microscopic studies showed incompetence of active 

shoot apical meristems, delay in lignification of xylem elements  and reduced activity of 

the vascular cambium. Shoot apical meristems of irradiated trees showed greatest level of 

sensitivity by flattened dome shape with the terminal, superficial cells. 
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Dwivedi et al. (1999) reported that a wide range of variability was observed in leaves, 

number of branches, days to flowering and maturity, cluster / per plant, cluster per 

peduncle, peduncle length, pods per cluster and plant, seeds per pod, size, shape and color 

of pods and seeds, pod and seed weight per plant and 100 seed weight. 

 Table (4.10) reveals significantly increasing and stimulating effects in the average flowers 

plant-1 as compared to control as the dose rate increased. These results are in agreement 

with Ansary et al. (2009) on jute crop in M-4 generation who reported effects of gamma 

ray on flowering character was observed highest percentage of flowering and lowest 

percentage of non flowering in 400 doses of gamma ray but lowest percentage of flowering 

and highest percentage of non flowering in 500 and 800 doses of gamma rays than the 

control. These finding are in agreement with the findings of Abraham and Joshua (1972).  

4.1.2.5 Effect of Gamma Irradiation on Quantitative Traits of M-5 Generation 

The mean squares analysis of variance values of previously mentioned eleven quantitative 

traits of M-5 generation is presented in Table (4.11). The analysis of variance revealed 

significant (P=(0.0000, 0.0000)) at (p≤0.01) differences for average green matter weight 

plant-1 (g) and average dry matter weight plant-1 (g). Significant (P=(0.0176, 0.0264, 

0.0454, 0.0314)) at (p≤0.05) differences were observed in average leaves plant-1, average 

tillers plant-1, average flowers plant-1 and average immature flowers plant-1. Insignificant 

(P=(0.0987, 0.1061, 0.1711, 0.0976, 0.1948)) at (p≤0.05) differences observed in all other 

traits.  

Table (4.12) shows the parameter studied showing that range values were insignificant 

(p≤0.05) differences. 
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Table 4.9: Mean square Analysis of Variance for eleven quantitative traits studied in M-4 generation of Sudan grass 

 
Sources of Variation / 

Traits 
MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUES 

Alpha 

value 

LSD 

value 

Test 

Germination % 324.7 2529.0 494.5 0.66 (I.S) 5.11 0.7295    
Plant Height (cm) 3356.3 888.5 818.1 4.10 * 1.09 0.0236 0.05 64.70 DMR 

Number of Leaves 233.6 7.3 40.2 5.82 ** 0.18 0.0075 0.01 18.13 LSD 

Number of Tillers 2.6 0.3 0.8 3.29 * 0.33 0.0456 0.05 2.018 DMR 

Leaf Area (cm2) 1130.6 298.0 194.1 5.82 ** 1.54 0.0075 0.01 39.86 LSD 

Number of Flowers 48.8 1.4 4.3 11.46 ** 0.33 0.0006 0.01 5.906 LSD 

Flowering %  19459.7 425.0 5049.9 3.85 * 0.08 0.0286 0.05 160.8 DMR 

Mature Flowers 23.7 0.8 1.9 12.72 ** 0.45 0.0004 0.01 3.907 LSD 

Immature Flowers 4.5 0.1 0.7 6.76 ** 0.09 0.0044 0.01 2.330 LSD 

Green Matter Weight (g) 3388.1 3335.9 885.1 3.83 * 3.77 0.0291 0.05 67.30 DMR 

Dry Matter Weight (g) 2854.7 2544.8 617.3 4.62 * 4.12 0.0162 0.05 56.21 DMR 

 

* Shows significant difference at (p≤0.05) level of significance. 

** Depicts significant difference at (p≤0.01) level of significance 

I.S Denotes insignificant difference at (p≤0.05) level of significance. 
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Table 4.10: Mean values of ten treatments studied in M-4 generation of Sudan grass 

 
Treatments GM 

% 

(I.S) 

PH* NL** NT* LA** NF** FL%* MF** IMF** GM* DM* 

T1(Control) 50.0  130.8b 10.6b  2.4 c 94.2abc 0.7b 29.2c 0.1b 0.7c 85.0b 71.7b 

T2 (5kR) 91.7  154.7b 25.4ab 4.8ab 75.3bcd 2.9b 56.6c 1.7b 1.3c 84.3b 69.8b 

T3 (10kR) 62.5  138.9b 17.8b 3.8abc 66.2cd 1.6b 41.5c 0.9b 0.7c 88.4b 66.9b 

T4 (15kR) 70.9  150.4b 23.0b 4.3abc 79.8bcd 3.8b 85.0bc 1.9b 1.9bc 71.1b 57.1b 

T5 (20kR) 75.0  187.0ab 25.3ab 4.1abc 88.7bcd 3.9b 95.1bc 2.7b 1.2c 46.2b 35.3b 

T6 (25kR) 62.5  182.5ab 22.9b 3.2 bc 53.5 d 5.4b 239.2ab 3.6b 1.8bc 57.1b 42.9b 

T7 (30kR) 79.2  197.8ab 14.8b 2.5c 112.7ab 1.8b 83.8 bc 1.1b 0.9c 80.8b 62.6b 

T8 (35kR) 75.0  191.8ab 17.8b 2.6bc 130.3 a 1.9b 76.4 bc 1.0b 1.0c 104.5b 87.7b 

T9 (40kR) 83.4  249.4a 42.3a 5.9a 61.5 cd 15.4a 307.6 a 10.4a 5.1a 114.4b 91.2b 

T10(45kR) 87.5  245.0a 43.2a 4.5abc 71.4 cd 12.4a 242.5ab 8.4 a 4.0ab 194.9a 171.1a 

 

GERM% = Germination %, PH = Plant Height (cm), NL = Number of Leaves/Plant, NT = Number of Tillers/Plant,  

LA = Leaf Area (cm2), NF = Number of Flowers, Fl = Flowering %, MF = Mature Flowers, IMF = Immature Flowers,  

GM = Green Matter Weight (g), DM = Dry Matter Weight (g) 

I.S Denotes insignificant difference at (p≤0.05) level of significance. 

*   Shows significant difference at (p≤0.05) level of significance. 

             **Depicts significant difference at (p≤0.01) level of significance. 

Averages/Mean values followed by same letters did not differ significantly (p≤0.05) among themselves. 
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Table (4.12) depicts mean values of ten treatments of Gamma Irradiation and their effects 

on eleven quantitative traits of Sudan grass studied in M-5 generation. This table shows 

that significant (p≤0.01) differences were observed in average green matter weight plant-1 

and average dry matter weight plant-1 respectively. Significant (p≤0.05) differences were 

observed in average leaves plant-1, average tillers plant-1, average flowers plant-1 and 

average immature flowers plant-1. Insignificant (p≤0.05) differences were observed in all 

other traits. Treatment T10 revealed maximum average green matter weight plant-1 (97.0 g) 

while treatment T5 and T6 showed minimum average green matter weight plant-1 (45.1 g) 

and (48.0 g) respectively. Treatment T9 also showed significant (p≤0.05) difference from 

Treatments T5, T6, T4, T3, T1, T8, T2 and T7 ranging values from 45.1 to 67.1 

respectively.  

Treatment T10 showed maximum average dry matter weight plant-1 (67.0 g) while T5 

showed minimum average dry matter weight plant-1 (27.8 g). Treatment T9 showed 

significant (p≤0.01) difference from treatments T1, T3, T4, T5 and T6 but insignificant 

(p≤0.05) difference was found among treatments T9, T8 and T7. Treatment T2, T7 and T8 

were also significant from T1 (40.9 g) and they showed 47.7, 45.3 and 45.1 g average dry 

matter weight plant plant-1 respectively. Insignificant difference was observed in treatments 

T3 and T4 and they showed almost same values (36.0 g and 36.0 g respectively). Similarly 

treatments T7, T8 and T9 also show insignificant (p≤0.05) differences and they showed 

45.1, 45.3 and 47.2 g average dry matter weight plant-1 respectively. Significant (p≤0.01) 

difference was also observed in Treatments T5 and T6 showing average dry matter weight 

plant-1 (27.8 g and 31.8 g respectively). Treatments T9, T8 and T10 revealed maximum 



 

 102 
 

average leaves plant-1 39.0, 23.5 and 23.0 respectively while Treatments T2, T1, T4, T6, T3 

and T5 showing minimum average  leaves¹־ values ranging from  9.9 to 12.1 respectively 

and insignificant (p≤0.05) differences were observed among these treatments. Treatment 

T9 showed maximum average  tillers plant-1 4.1 while treatments T4, T5, T6 and T3 

showed minimum average  tillers plant-1 ranging from 1.4 to 1.8 respectively. Insignificant 

(p≤0.05) differences were found among these treatments. Treatments T1, T2 and T7 also 

showed insignificant (p≤0.05) differences among themselves. Treatments T8, T9 and T10 

also showed insignificant (p≤0.05) differences showing themselves 3.5 to 4.1 average 

tillers plant-1. Treatment T7 and T8 also showed insignificant (p≤0.05) difference showing 

2.4 and 3.5 average tillers plant-1. These treatments also showed similar results to 

treatments T1 and T2 showing 2.2 and 2.1 average tillers plant-1. It is a positive sign to 

improve average number of tillers by higher doses of Gamma Irradiation (T8, T9 and T10). 

Treatments T8, T9 and T10 showed maximum average flowers  tealo ¹ ranging from 11.5 to־

13.2 respectively while treatments T1 to T5 showed minimum average flowers plant-1 

ranging from 2.6 to 3.2 respectively. Significant (p≤0.01) differences were found among 

treatments responsible for maximum and minimum values of average flowers¹־. Treatments 

T10 and T9  showed maximum average immature flowers plant-1 4.5 and 2.4 respectively 

while all other treatments from treatments T3, T4, T2, T5, T1, T6, T7 and T8 showed 

minimum average immature flowers plant-1 ranging from 0.1 to 1.5 respectively. It shows 

that higher doses of gamma irradiation increase average immature flowers plant-1 

significantly (p≤0.05) and it delays for maturing the crop. 
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Table (4.12) shows overall significantly increasing and stimulating effect of gamma 

irradiation as compared to control. These results are in agreement with those of Terescenko 

(1966) selected pea plants in the M-2, which were superior in many aspects including 

higher yields. Baluch et al. (1966) reported 32% to 42% increase in seed yield in X-1 of 

Ricinus communis after gamma irradiation. He recommended that a dose of 2 to 30 K rad 

of gamma irradiation may prove useful in respect to seed yield per plant in castor bean. 

Shereen et al. (2009) reported that comparison among various treatments of radiation have 

revealed that 150 Gy was noticly comparatively more useful not only for survival under 

higher salinity level (75mM NaCl) but also shown an enhancement in yield and have 

remarkable effects on ionic responses of these rice plants under saline conditions. These 

findings have shown that enhanced chlorophyll and K, and less Na uptake because 

irradiation may be responsible for better growth under saline conditions. 

  

Table (4.12) shows increasing trend of dry matter weight as the doses of gamma irradiation 

increased. It was a significant increase in dry matter especially in treatments T2, T7, T8, T9 

and T10 as compared to control and other treatments. These results showed stimulating and 

increasing effect in increasing dry matter weight plant. These findings are in line with 

Boyle (1968) who reported that the hybrids (Sitanion hystrix X Agropyron trachycaulm, 

A.cristatum X A.subsecundum and A.trachycaulum X Hordeum jubatum) showed 

consistently greater resistance to the higher irradiation doses as assessed by mortality, dry 

weight and growth inhibition than did their parents. The radio-resistance of the hybrids is 

thought to be associated with their heterozygosity.  Millers (1964) observed positive effect 
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on growth of cereals and sugar beet when exposed to low doses of beta and gamma rays 

before sowing the seed.  Eleiwa and Rabie (1994) reported that sorghum cv, H-102 seeds 

were exposed to 0, 4, 8 or 16 kR of gamma radiation, and subsequent growth in sandy and 

calcareous soils was examined in a pod experiment. Plant Dry matter yield was increased 

by 4 kR seed treatment but decreased by the highest radiation dose. Plant uptake of N, P, 

K, Fe, Mn and Zn followed a similar pattern. Singh and Sharma (1993) found a few 

pentafoliate and tetrafoliate mutants with the gamma rays and ethyl methanesulphonate 

(EMS) treated mungbean. These mutants revealed a considerable increase in yield, total 

chlorophyll content and dry matter production when compared with the parents in M2 and 

M3 generations. Table (4.12) shows significantly increasing pattern with increasing dose 

rates of gamma irradiation. Treatments T7, T8, T9 and T10 showed significantly higher 

number of leaves plant-1 as compared to control and all other treatments and these 

treatments revealed stimulating effect in increasing average leaves per plant. These 

findings are in line with those of  Ehrenberg et al. (1954) observed growth stimulation in 

Vicia faba upto irradiating by 16 to 28 R of gamma irradiation daily. Timefeev et al. (1956) 

reported with lower dose of X rays irradiation there was increased growth of different crop 

plants applying irradiation to dry or soaked seeds. Wongpiyasatid et al. (2007) reported a 

significant increase in average leaves per plant with increasing effect of gamma irradiation 

as compared to control in  African violet (Saintpaulia ionantha). All treatments increased 

average number of leaves till 60 Gy dose of gamma irradiation which shows a stimulating 

effect on this trait.  
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 Similar results have been reported by Cavdarov (1967), Rauf and Khan (1970) and Reddy 

and Smith (1975). Table (4.12) shows significantly increasing stimulation effect of gamma 

irradiation doses applied to Sudan grass. Treatments T8, T9 and T10 revealed significantly 

increasing effect as compared to control and other treatments. These results are in 

agreement with those of Griffith and Johnston (1962) observed highest dose of irradiation 

viz: 30 kR reduced survival percentage drastically, plants exhibited considerable variation 

in morphological characters including degree of tillering in case of two oat varieties. 

Donini et al. (1964) observed at the rate of 72 and 148 R of gamma radiation enhancement 

of vegetative growth in durum and bread wheat. They also observed significant 

enlargement in the number of spikes per plant at 52 and 72 R per day 

Cuany and Guardia (1964) reported that cuttings from Panicum maximum plants 

chronically exposed to 37 R gamma radiations per day produced twice as many sprouts as 

those from unirradiated plants. Goud (1968) found that in a low tillering wheat variety the 

incidence of polygenic mutations was in a positive direction. In a high tillering variety, the 

average decreased whereas in average tillering wheat variety there was no change in the 

mean. The variance was increased in all the varieties of the treated material. Thorston 

Hermelin (1970) stated that the mutation yield per irradiation unit did not reduce similarly 

for the meiosis treatments and tillering. Selection next to induced changes was less 

pronounced than in the tillering and meiosis treatments. Bari (1971) reported a significant 

increase in the primary branches when exposed to irradiation rates from 300 R/day to 1000 

R/day in flax plants. Table (4.12) reveals a stimulating effect in increasing average flowers 

plant-1 with increasing dose rates of gamma irradiation as compared to control. Treatments 
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T8, T9 and T10 revealed significant increase as compared to treatment T1 and all other 

doses of gamma irradiation. These results are in agreement with those of reported by 

Sharafi and Azar (2011) who reported a significant increase in flower density of Almond 

(Prunus amygdalus, L) cultivars. Table (4.12) shows increasing trend of average immature 

flowers plant-1 as the dose rate of gamma irradiation increased. Significant differences were 

found among control and treatments T9 and T10. These results show an encouraging trend 

of expanding life cycle of Sudan grass or sorghum crops to the starting of winter season 

which is a lean period for food shortage for livestock because no fodder crop is available at 

this critical time and it will be a great success if we succeed to find a mutant of such type 

which may prolong its longevity. 

Fodder yield being a multicut crop like Sudan grass in sorghum species. These results are 

in agreement with Khan et al. (2000) who reported that gamma irradiation much and 

progressively increased the number of days to 50% flowering at various levels of 

irradiation as compared to control.  Late flowering in M1 generation as compared to 

control have also been reported in pea (Khan et al. 1990; Amjad et al. 1993), French bean 

(Svetieva and Pstkova, 1992). 
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Table 4.11: Mean square Analysis of Variance for eleven quantitative traits studied in M-5 generation of Sudan grass 

 
Sources of Variation 

/ Traits 
MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUE 

Alpha 

value 

LSD 

value 

Test 

Germination % 389.8 582.1 158.9 2.45 (I.S) 3.66 0.0987    
Plant Height (cm) 8607.3 786.3 3614.6 2.38 (I.S) 0.22 0.1061    
Number of Leaves 94.7 3.5 21.0 4.50 * 0.17 0.0176 0.05 10.37 DMR 

Number of Tillers 1.8 0.2 0.5 3.96 * 0.48 0.0264 0.05 1.528 DMR 

Leaf Area (cm2) 710.2 100.4 368.3 1.93(I.S) 0.27 0.1711    

Number of Flowers 37.8 3.5 11.5 3.29 * 0.31 0.0454 0.05 7.667 DMR 

Flowering %  26490.1 155.1 10748.0 2.46 (I.S) 0.01 0.0976    

Mature Flowers 21.1 7.1 11.7 1.81 (I.S) 0.61 0.1948    

Immature Flowers 3.6 0.6 1.0 3.74 * 0.63 0.0314 0.05 2.229 DMR 

Green matter weight 

(g) 
413.3 113.2 1.0 399.93 ** 109.51 0.0000 0.01 2.908 LSD 

Dry matter weight (g) 241.0 126.8 0.6 406.68 ** 214.14 0.0000 0.01 2.201 LSD 

 
* Shows significant difference at (P≤0.05) level of significance. 

** Depicts significant difference at (P≤0.01) level of significance 

I.S Denotes insignificant difference at (P≤0.05) level of significance. 
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Table 4.12: Mean values of ten treatments studied in M-5 generation of Sudan grass 

 

Treatments GM 

% 

(I.S) 

PH 

(I.S) 

NL* NT* LA 

(I.S) 

NF* Fl% 

(I.S) 

MF 

(I.S) 

IMF* GM** DM** 

T1 (Control) 79.2  143.2  10.3 b 2.2 bc 74.8  2.6 c 123.2  1.7  0.9 b 62.3 ef 40.9 d 

T2 (5kR) 79.2  171.6  9.9 b 2.1 bc 59.3  3.1 c 146.2  2.7  0.4 b 66.0 cd 47.7 b 

T3 (10kR) 70.9  176.9  11.8 b 1.8 c 93.0  2.3 c 124.8  2.2  0.1 b 61.0 f 36.0 e 

T4 (15kR) 50.0  199.8  11.3 b 1.4 c 99.8  2.9 c 194.3  2.8  0.2 b 53.6 g 36.0 e 

T5 (20kR) 62.5  188.2  12.1 b 1.5 c 59.1  3.2 c 245.2  2.8  0.4 b 45.1 h 27.8 g 

T6 (25kR) 66.7  210.3  11.4 b 1.7 c 58.9  5.6 abc 312.8  4.7  0.9 b 48.0 h 31.8 f 

T7 (30kR) 66.7  266.7  18.2 ab 2.4 bc 88.0  4.8 bc 223.8  3.5  1.3 b 67.1 c 45.3 c 

T8 (35kR) 33.4  280.0  23.5 a 3.5 ab 55.2  11.5 ab 316.6  10.0  1.5 b 64.0 de 45.1 c 

T9 (40kR) 64.6  365.8  29.0 a 4.1 a 84.0  11.9 ab 456.3  9.5  2.4 ab 70.8 b 47.2 bc 

T10 (45kR) 53.4  235.0  23.0 a 3.5 ab 43.8  13.2 a 398.8  8.7  4.5 a 97.0 a 67.0 a 
 

GM% = Germination %, PH = Plant Height (cm), NL = Number of Leaves/Plant, NT = Number of Tillers/Plant, LA = Leaf Area (cm2), NF 

= Number of Flowers, Fl = Flowering %, MF = Mature Flowers, IMF = Immature Flowers, GM = Green Matter Weight (g), DM = Dry 

Matter Weight (g) 

I.S Denotes insignificant difference at (P≤0.05) level of significance. 

*   Shows significant difference at (P≤0.05) level of significance. 

             **   Depicts significant difference at (P≤0.01) level of significance. 

     Averages/Mean values followed by same letters did not differ significantly (P≤0.05) among themselves. 



 

 109 
 

4.2 EFFECT OF GAMMA IRRADIATION ON QUALITATIVE TRAITS 

 

 

4.2.1  Effect of Gamma Irradiation on Proximate Composition in Sudan grass 

 

Data regarding ten traits studied in proximate analysis is produced in appendix 7 and on 

Table 4.13 and Table 4.14. Insignificant (P=(0.2039, 0.6599, 0.5856, 0.6956, 0.2688, 

0.5840, 0.2590, 0.8473, 0.7828, 0.2380)) at (p≤0.05) differences were observed in all 

traits/parameters studied in Sudan grass showing no effect on qualitative traits e.g. Crude 

protein, Crude fiber, Total Digestible Nutrients for Small & Large ruminants, Ether 

Extracts and Nitrogen Free Extracts etc.  These findings are in line with Yaqoob et al. 

(2010) who noticed that the characteristics of oil extracted from gamma irradiated 

sunflower (Halianthus annuus) and maize (Zea mays) seeds at observed doses of 2, 4, 6, 8 

and 10 kGy were  investigated. Gamma irradiation did not effect the lipid, ash contents 

fiber and protein (Proximate composition) of neither Maize seeds nor Sunflower 

significantly (P≤0.05). These results are in line with the previous findings, which noticed 

there was no significant effect of gamma radiation on the oil yield in Soyabean, Broad 

beans and Oil seeds (Proximate composition) Byun et al. (1995) and Al-Kaisey et al. 

(2003). Similar results have also been reported in evaluation of the effects of gamma 

irradiation on cereals, oil seeds, nuts, soyabean, maize, etc. by Al-Bashir (2004), Al-Kaisey 

et al. (2003), Inayatullah et al. (1987) and Hassan et al. (2009). Abdelwhab et al. (2009) 

reported insignificant results during a study in dry bean (Proximate composition) affected 

by gamma irradiation at doses level of 1, 1.5 and 2 kGys.  
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Table 4.13: Mean squares Analysis of Variance for proximate composition of Sudan grass 

Sources of 

Variation / 

Traits 

MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 
(I.S) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUE 

Moisture %age 

Crude Protein 

Ash %age 

NFE 

 Crude Fiber 

Green matter 

Dry Matter 

  Ether Extract 

TDN (SR) 

TDN (LR) 

28.8 

  0.9 

  6.9 

23.9 

19.0 

13.3 

28.0 

  0.4 

 7.3 

22.1 

15.4 

  2.8 

2.9 

46.6 

33.0 

6.0 

15.6 

0.3 

19.5 

19.0 

18.6 

  1.2 

8.1 

33.8 

15.7 

13.8 

20.0 

0.8 

12.3 

15.2 

1.55 

 0.75 

0.85 

0.71 

0.85 

0.85 

1.40 

0.51 

0.60 

1.45 

0.83 

 2.32 

0.35 

1.38 

0.38 

0.38 

0.78 

0.43 

1.59 

1.25 

0.2039 

0.6599 

0.5856 

0.6956 

0.2688 

0.5840 

0.2590 

0.8473 

0.7828 

0.2380 

 

NFE=Nitrogen free extract, TDN (S.R) = Total Digestible Nutrients for small ruminants. e.g. Sheep & Goats 

TDN (L.R) = Total Digestible Nutrients for large ruminants. e.g. Cows & Buffaloes .  

I.S= insignificant difference at (P≤0.05) level of significance. 
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Table 4.14: Effect of Gamma irradiation on proximate composition of Sudan grass (Mean Values) of 10 

treatments on different traits of proximate composition of Sudan grass 

Treatments Moisture 

%age 

(I.S) 

Crude 

Protein 

(I.S) 

Ash 

%age 

(I.S) 

NFE 

 

(I.S) 

Crude 

Fiber 

(I.S) 

Green 

matter 

(I.S) 

 

Dry 

Matter 

(I.S) 

Ether 

Extract 

(I.S) 

TDN 

(SR) 

(I.S) 

TDN 

(LR) 

(I.S) 

T1 (Control) 60.6 4.7 5.3 54.1 31 73.3 39.3 4.6 56.3 59.4 

T2 (5kR) 64.8 5.5 5.2 55.7 29.7 67.1 35.2 3.9 59.0 60.6 

T3 (10kR) 68.3 4.7 5.8 61.4 24.9 70.6 31.5 3.3 60.8 60.0 

T4 (15kR) 69.3 5.8 6.8 54.0 29.6 68.8 30.7 4.0 57.9 59.0 

T5 (20kR) 66.7 5.8 7.8 58.2 23.9 69.0 33.2 4.3 58.9 61.3 

T6 (25kR) 61.4 5.2 7.5 54.1 29.5 72.8 38.6 3.5 57.6 54.4 

T7 (30kR) 68.1 5.5 2.5 55.9 30.7 72.5 31.9 3.9 59.5 62.0 

T8 (35kR) 67.5 5.5 6.7 55.4 28.5 71.4 32.5 3.9 58.2 59.1 

T9 (40kR) 66.9 5.8 6.3 51.1 29.1 72.1 32.7 3.8 55.7 54.9 

T10 (45kR) 69.4 4.4 6.7 53.8 31.3 72.8 31.4 3.9 56.5 55.5 

 
NFE=Nitrogen free extract, TDN (S.R) = Total Digestible Nutrients for small ruminants. e.g. Sheep & Goats 

TDN (L.R) = Total Digestible Nutrients for large ruminants. e.g. Cows & Buffaloes .  

I.S= Insignificant difference at (P≤0.05) level of significance.
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4.2.2 Effect of Gamma Irradiation on HCN Concentration in Sudan grass 

 

Determination of Hydrogen Cyanic Acid (HCN) in Sudan grass: 

Data recorded from standard solutions and fresh green leaves of Sudan grass in forty 

samples and their regression values are reproduced in Table 4.14, Table 4.15 and Fig 4.1 

on appendix. Table 4.16 shows significant (P≤0.01) differences in HCN concentration were 

observed in Green color intensity and Blue color intensity. Significant (P≤0.05) differences 

were observed in HCN concentration in Red color intensity.  

Table (4.17) shows that treatment T1 gave maximum HCN concentration in Green color 

intensity (126.5) and T10 gave minimum HCN concentration (63.1). Treatments T1, T2, 

T3 showed insignificant (P≤0.05) differences ranging from 99.9 to 126.0 HCN 

concentration and they were almost the same. Treatments T4, T5, T6, T7, T8 and T9 

showed insignificant (P≤0.05) differences among themselves ranging from 76.3 to 88.9 

HCN concentration. 

Treatments T1, T3, T5, and T7 showed maximum HCN concentration in Blue color 

intensity ranging from 32.7 to 35.2. Treatment T10 showed minimum HCN concentration 

10.1 in Blue color intensity. Treatments T8, T6 and T4 also showed insignificant (P≤0.05) 

differences among themselves ranging from 12.5 to 13.5 HCN concentration in Blue color 

intensity. Treatment T10 showed maximum HCN concentration in Red color intensity 

while Treatments T4 and T7 showed minimum HCN concentration ranging from 35.7 to 

39.2 respectively. Insignificant (P≤0.05) differences were observed among Treatments 

T10, T2 and T1 ranging from 65.7 to 95.7. Insignificant (P≤0.05) differences were found in 
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Treatments T3, T5, T6, T8 and T9 ranging from 42.1 to 58.8 HCN concentration in Red 

color intensity. This shows that Gamma irradiation may be helpful in the 

reduction/elimination of HCN concentration in Sudan grass and irradiation may improve 

HCN free varieties in Sorghum species like Sudan grass. 

 Table (4.17) depicts significantly decreasing effect with increasing gamma irradiation 

doses as compared to control. All treatments from T2 to T10 revealed significantly 

reduction in HCN concentration as a result of gamma irradiation. This is a positive sign to 

reduce HCN concentration in green color intensity. These findings are in line with those of 

(Ghazy, 1990; Ghazy et al., 1992; Joseph & Dikshil 1993; and Abu Tarboush 1998) 

Irradiation has been suggested to remove or reduce anti-nutritional factors like HCN in 

Sudan grass. The same principle could apply to toxic compounds and this research could be 

the first attempt to do so. The use of irradiation technology is favorable since its impact on 

nutrients is very small if appropriate doses are applied. Application of radiation in food and 

agricultural commodities to guarantee quality and security and for fulfilling 

consumers ’ needs in recent years has been proved successful (Delhi, 1995; 

FAO/IAEA/WHO, 1999; Gunes & Tekin, Mayer-Miebach, 1993). About 40 countries 

in the world have commercialized this technology (FAO/IAEA/WHO, 1999; Wilkinson 

& Gould, 1998). Table (4.17) denotes significantly decreasing effect of gamma irradiation 

with increasing dose rates of gamma irradiation treatments for HCN concentration in Blue 

color intensity. These consequences are in accordance with Farag (2001) who noticed that 

the combination of autoclaving for 30 min plus irradiation up to 20 kGy upgraded the 

nutritive value more than the other tested treatments and that this technique is most useful 
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in processing air dried mango seed kernels (MSK) to be used as animal feed.  Rajeev et al 

(2007) reported that Impact of gamma irradiation on the antinutritional constituents of 

seeds of Mucuna pruriens was  assessed on exposing to doses of 2.5, 5.0, 7.5, 10, 15 and 

30 kGy. Except for 2.5 kGy, the remaining revealed significant dose-dependent enhanced 

in phenolics. Tannin concentration did not differ significantly up to 7.5 kGy, while it 

significantly improved at higher doses. Excluding 2.5 kGy, the rest of the treatments 

showed significant decreases in the phytic acid and complete degradation was assessed 

at 15 and 30 kGy. The L-DOPA concentration showed a dose-dependent decline. A 

trace amount of hemaglutination activity was seen on human erythrocytes in raw seeds, 

which was completely absent on irradiation (>5 kGy). Concentration of Polonium-210, a 

natural radionuclide falls within the admissible confines for consumption. As Mucuna 

seeds serve as food, feed or as pharmaceuticals, it can be essential to set the ionizing 

radiation to a specific dose to retain optimum levels or to reduce phenolics, tannins, 

phytic acid and L-DOPA. As irradiation is a physical and cold process, it may be ideal 

and emerge as an important method to improve the nutritional or pharmaceutical quality 

of Mucuna seeds and its products.    

These results proved very much effective in the elimination or decreasing of cyanide 

concentration by irradiation treatments. These results are in agreement with Siddhuraju et 

al. (2002) who noticed enhanced phenolics in Sesbania and green gram (Vigna radiate) 

seeds on soaking, followed by irradiation. They attributed such an increase in phenolics to 

higher extractability by depolymerization and dissolution of cell wall polysaccharides by 

irradiation. On the other hand, irradiation is known to enhance the activity of phenylalanine 
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ammonia-lysae, which is responsible for the amalgamation of phenolic compounds.  

Giacomelli & Cervigni (1964) observed that ascorbic acid contents of Vicia decreased 

when these were subjected to chronic gamma irradiation. 

Table (4.17) shows significantly decreasing effect of gamma irradiation treatments except 

treatment T10 but treatment T1 and T10 were not significantly different from each other. 

Overall radiation treatments showed significantly reducing effect on HCN concentration in 

Red color intensity as compared to control and all other treatments. These results are also 

encouraging for reduction of HCN concentration in Sudan grass under study. These results 

are in agreement with a few reports; show that irradiation reduces tannins in seeds (Abu-

Tarboush, 1998; Villavicencio, Mancini-Filho, Delincee, & Greiner, 2000). Such 

differences may be attributed to the differential response, variability in the genetic 

constituents (strains and varieties), geographical origin and other biological factors of 

legumes. Hafiz et al, (1989) reported a reduction in phytic acid content by 4% using 

gamma irradiation of 1 kGy dose in soybean. Williams (1939) which was based on the 

“Guignard reaction” developed the original picrate procedure used to examine cynogenesis 

in white clover the application in this instance was to study the genetics of cynogenesis. 

Subsequent workers e.g. (Corkill, 1941; Daday, 1955; Fraser and Nowark, 1988) used the 

picrate procedure to study the mode of inheritance of cynogenesis and the frequency of the 

4 various cynogenesis phenotypes in white clover. Hughes (1968) applied technique to 

classify plants into cynogenesis phenotypes for study of the biochemistry of different 

molecular forms of β-glucosidase in white clover. Similarly Ayres et al. (2001) detected 

HCN from white clover (Trifolium repens L.) from different varieties and reported 
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considerable genotypic variability in cynogenesis occur in white clover and it is significant 

that highly cynogenetic white clover lines are identified to make sure that germplasm 

utilized in breeding program does not lead to the release of cultivars that exceed safe levels. 

A method for rapid semi-quantitative screening of large white clover germplasm 

collections is described. This procedure is based on the picrate assay and utilizes computer 

imagery and calibration relationships between spectral intensity (red, green, blue bands) of 

the color reaction on picrate paper with cyanide in standard solutions to predict 

hydrocyanic acid concentration in white clover leaf.   

Similar results have been reported by Yuhe (2012) who stated that over 200,000 mutants 

have been created by EMS and T-DNA insertion in tobacco plants in China. These mutants 

proved less harmful and toxic as compared to control or untreated material.
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 Table 4.15: Studies on Gamma Irradiation effects on Spectral color intensities and HCN Contents in Sudan Grass. 

 

Sources of Variation / 

Traits 

MS 

(Treat) 

MS 

(Rep) 

MS 

(Error) 

F.RATIO 

(Treat) 

F.RATIO 

(Rep) 

PROBABILITY 

VALUES 

 

Alpha 

level 

LSD value for 

critical comparisons 

Red color intensity 89.778 40.467 45.356 1.98(IS) 0.89 (IS) 0.082   

HCN Concentration in 

Red Color Intensity 
0.004 0.000 0.000 210.96** 1.25 (IS) 0.000 0.01 8.533E-03=0.00853 

Green color intensity 129.678 17.667 37.167 3.49** 0.48 (IS) 0.006 0.01 11.944 

HCN Concentration in 

Green Color Intensity 
0.057 0.005 0.044 1.27 (IS) 0.13 (IS) 0.296   

Blue color intensity 111.044 13.933 5.526 20.10** 2.52 (IS) 0.000 0.01 4.6055 

HCN Concentration in 

Blue Color Intensity 
0.216 0.030 0.011 18.63** 2.63 (IS) 0.000 0.01 0.2111 

Red-Green-Blue (RGB) 

color intensity 
0.234 0.048 0.058 4.01** 0.82 (IS) 0.002 0.01 0.4735 

HCN concentration in 

Red-Green-Blue (RGB) 

color intensities 

0.700 0.012 0.047 14.74** 0.26 (IS) 0.000 0.01 0.4271 

 

IS shows the mean difference is insignificant at the(p≤ 0.05) level. 

** depicts the mean difference is significant at the(p≤ 0.01) level. 

P value shows probability value. 

LSD (P ≤ 0.01)value shows least significant difference values for critical comparison of different means P (≤ 0.01) 
 Color intensity is measured on a scale 0–255 (0 corresponds to maximum color and 255 to 0 color). HCN concentration is measured in 

μg CN/100 μL
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Table 4.16: Effect of Gamma irradiation treatments on Spectral intensities and HCN Contents in Sudan grass(Mean   

         Values). 

 

Treatments 

CI 

Red 

(IS) 

HCN 

Concentrat

ion 

in Red CI 

(**) 

CI Green 

(**) 

 

HCN 

Concentration 

in 

Green CI (IS) 

CI Blue 

(**) 

HCN 

Concentrati

on in Blue 

CI (**) 

CI RGB 

(**) 

HCN 

Concentration 

in 

RGB CI (**) 

T1 (Control) 246.5 0.098 a 203.25 a 0.000 93.5 a 4.180 a 5.213 abc 2.713 a 

T2 (5kR) 240 0.101 a 195.25 ab 0.225 81.25 d 3.653 d 4.912 bc 2.765 a 

T3 (10kR) 242.25 0.099 a 194.25 ab 0.380 88.25 bc 3.967 bc 5.380 ab 3.022 a 

T4 (15kR) 238.5 0.100 a 190.5   bc 0.370 82.5 d 3.710 d 5.112 abc 2.925 a 

T5 (20kR) 233.5 0.101 a 190 bc 0.270 91.5 ab 4.112 ab 5.420 a 2.265 b 

T6 (25kR) 234 0.100 a 190.25 bc 0.175 80.25 d 3.608 d 4.820 c 1.998 b 

T7 (30kR) 231.75 0.101 a 189.5 bc 0.228 92 ab 4.132 ab 5.400 a 2.228 b 

T8 (35kR) 234.25 0.099 a 190.0 bc 0.225 81.5 d 3.665 d 4.920 bc 2.068 b 

T9 (40kR) 236.25 0.100 a 186.25 bc 0.100 92 ab 4.133 ab 5.270 abc 2.098 b 

T10 (4kR) 233 0.000 b 181.75 c 0.100 84.25 cd 3.787 cd 4.821 c 1.880 b 

 
Means followed by same letters are  insignificantly different from each other at(p≤0.05) level 

LSD means Least Significant differences at different levels of Significance (P≤0.05) and (P≤0.01)  

I.S depicts insignificant differences of HCN concentrations in µg(CN/100µL) 

**  denotes significantly (P≤0.01) differences  

HCN concentration in µg(CN/100µL) 

Averages/Mean values followed by same letters did not differ significantly (P≤0.05) among themselves. 
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Table No 4.17: Estimation of cyanide in Stock solutions based on spectral intensity (red, green, Blue) of the picrate color reaction.The 

multivariate estimate is denoted by RGB and CL denotes 95% confidence limits of the multivarte estimate 

 

 

LSD means Least Significant differences at different levels of Significance (P<0.05) and (P<0.01)  

I.S depicts insignificant differences of HCN concentrations in µg(CN/100µL) 

**  denotes significantly (P<0.01) differences  

HCN concentration in µg(CN/100µL) 

Averages/Mean values followed by same letters did not differ significantly at (p≤0.05).  

Treatments 

Concentrations 
of solutions 

(µg CN/100µl) Observed color Intensity (0-255) 

Predicted CN estimated from color bands 
(µg CN/100µL) 

 
 

95% Confidence 
limits (C.L) of RGB  
values 

  
CI 
Red(I.S) 

CI 
Green(**) 

CI 
Blue(**) RGB (**) Red(**) 

Green 
(NS) Blue(**) RGB(**) Lower Upper 

T1(Control) 70 246.5 203.25 a 93.5 a 5.213 abc 0.098 a 0.000 4.180 a 2.713  a 2.50 5.50 

T2 (5kR) 50 240 195.25 ab  81.25 d 4.912 bc 0.101 a 0.225 3.653 d 2.765  a 2.35 5.00 

T3 (10kR) 30 242.25 194.25 ab  88.25 bc 5.380 ab 0.099 a 0.380 3.967 bc 3.022  a 2.15 4.95 

T4 (15kR) 20 238.5 190.5 bc  82.5 d 5.112 abc 0.100 a 0.370 3.710 d 2.925  a 2.30 5.00 

T5 (20kR) 10 233.5 190 bc 91.5  ab 5.420 a 0.101 a 0.270 4.112 ab 2.265  b 2.15 5.75 

T6 (25kR) 5 234 190.25 bc 80.25 d 4.820 c 0.100 a 0.175 3.608 d 1.998  b 1.20 5.00 

T7 (30kR) 4 231.75 189.5 bc 92 ab 5.400 a 0.101 a 0.228 4.132 ab 2.228  b 2.00 5.75 

T8 (35kR) 2 234.25 190 bc 81.5 d 4.920 bc 0.099 a 0.225 3.665 d 2.068  b 1.50 5.00 

T9 (40kR) 1 236.25 186.25 bc 92 ab 5.270 abc 0.100 a 0.100 4.133 ab 2.098  b 1.75 5.45 

T10 (45kR) 0 233 181.75 c 84.25 cd 4.821 c 0.000 b 0.100 3.787 cd 1.880  b 1.60 4.90 
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4.3. EFFECT OF GAMMA IRRADIATION ON SDS-PAGE DIVERSITY 

Presence or absence of SDS-PAGE bands data of M-1 and M-2 generations is presented on 

appendix 22. The banding pattern of SDS-PAGE analysis of M-1 Generation (Fig 4.1a) 

revealed total 15 protein bands. Results presented in Table (4.17) showed that minimum 

polymorphic bands (35.3%) were recorded in Treatment T4 while maximum polymorphic 

bands (70.6%) were recorded in Treatments T8 and T10. Lowest mean band frequency 

(0.53) was given by Treatment T4 and highest mean band frequency (0.88) was observed in 

Treatments T8 and T10. 

The banding pattern of SDS-PAGE analysis of M-2 Generation (Fig 4.1b) revealed total 16 

protein bands. Results presented in Table (4.18) showed that minimum polymorphic bands 

(23.5%) were recorded in Treatments T3 while maximum polymorphic bands (76.5%) 

were recorded in Treatment T10. Lowest mean band frequencies 0.41 was recorded in 

Treatments T4 and highest mean band frequency (0.94) was observed in Treatment T10.  
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            M-1 Generation (a)                                  M-2 Generation (b) 

        
    M   T1    T2   T3  T4  T5   T6  T7  T8  T9  T10  T1  T2  T3   T4  T5  T6   T7   T8 T9  T10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1:  Effects of different treatments of Gamma (Y) irradiation on band pattern of 

SDS-PAGE Analysis in M1 and M2 Generations of Sudan grass (12.25% Gel 

Concentration) 

 

M = Molecular Weight Marker (kDa), T1 = Treatment 1 (Control), T2 = Treatment 2 

(5kR), T3 = Treatment 3 (10kR), T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), 

T6 = Treatment 6 (25kR), T7 = Treatment 7 (30kR), T8 =Treatment 8 (35kR), T9 = 

Treatment 9 (40kR), T10 = Treatment 10(45kR). 

 

40 kDa 

35 kDa 

55 kDa 

70 kDa 

100 kDa 
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Table 4.18: Band Frequency and Number of Polymorphic Bands Based on SDS-

PAGE of M-1 Generation of Sudan-Grass Samples 1-10 in 12.25% Gel 

concentration. 

 

 TB MBF Poly % 

T1 13 0.76 58.8 

T2 13 0.76 58.8 

T3 14 0.82 64.7 

T4 9 0.53 35.3 

T5 12 0.71 52.9 

T6 13 0.76 58.8 

T7 12 0.71 52.9 

T8 15 0.88 70.6 

T9 11 0.65 47.1 

T10 15 0.88 70.6 

TB= Total bands, MBF= Mean band frequency, Poly %= Polymorphic band percentage 

 

Table 4.19: Band Frequency and Number of Polymorphic Bands Based on SDS-

PAGE of M-2 Generation of Sudan-Grass Samples 11-20 in 12.25% Gel 

concentration. 

 

 TB MBF Poly % 

T1 11 0.65 47.1 

T2 12 0.71 52.9 

T3 7 0.41 23.5 

T4 12 0.71 52.9 

T5 11 0.65 47.1 

T6 13 0.76 58.8 

T7 11 0.65 47.1 

T8 12 0.71 52.9 

T9 13 0.76 58.8 

T10 16 0.94 76.5 

TB= Total bands, MBF= Mean band frequency, Poly %= Polymorphic band percentage 
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4.3.1. Cluster Analysis Based on SDS-PAGE 

Dendrogram based on SDS-PAGE band data of M-1 Generation of Sudan grass constructed 

by using Unweighted Pair Group Method with Arithmetic Mean (UPGMA) divided the 

treatments in two major groups i.e. A & B. Both the Groups A & B were further divided 

into 2 Clusters (Fig 4.2a). Cluster-I comprised of Treatment T10 while Cluster-II 

comprised on Treatment T2.Cluster-III, which was included in Group B were divided into 

3 Sub-clusters comprising of treatments T3, T4, T5, T6, T7, T8 and T9. Cluster-IV 

comprises of treatment T1. 

The results of Cluster analysis of SDS-PAGE bands of M-1 generation clearly showed that 

different treatments were distantly separated from each other. Treatment T1 (Control) was 

placed at the right corner of the cluster and was clearly separated from other treatments. 

Similarly, the figure shows that the treatments with higher doses of Gamma-irradiation 

were more distant from the control. For example, Treatments T3, T4, T5, T6, T7, T8 and 

T9 were clustered in same group of the Treatment T1. Like wise, the treatments T2 and 

T10 were placed in other group. Dendrogram based on SDS-PAGE band data of M-2 

Generation of Sudan grass constructed by using Unweighted Pair Group Method with 

Arithmetic Mean (UPGMA) divided the treatments of Gamma-irradiation in 2 major 

groups i.e. A & B. Both the groups A & B were further divided into 2 clusters (Fig 4.2b). 

Cluster-I comprised of treatment T9, while the Clusters-II was divided into 2 sub-clusters. 

The treatments included in Cluster-II were T6, T7, T8 and T10 respectively. Cluster-III, 

which was included in Group B was divided into 2 sub-clusters comprising of treatments 

T4 and T5. The Cluster-IV contained three treatments i.e. T1, T2 and T3 respectively.  
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Fig  4.2a. Dendrogram of M-1 Generation of Sudan-Grass Based on SDS-PAGE Data 

(12.25% Gel) 
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Fig 4.2b. Dendrogram of M-2 Generation of Sudan-Grass Based on SDS-PAGE Data 

(12.25% Gel) 

 

 

 

The result of Cluster analysis of SDS-PAGE bands clearly showed that different treatments 

were distantly separated from each other. Treatment T1 was placed at the right corner of 

the cluster and was clearly separated from other treatments. Similarly, the Fig shows that 

the treatments with higher doses of Gamma-irradiation were more distant from the Control. 
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For example, Treatments T2, T3, T4 and T5 were clustered in same group of the Treatment 

T1. Like wise the treatments T6, T7, T8, T9 and T10 were placed in other group.  

These results are in accordance with Bushehri et al. (2000) who assessed twenty-one 

soybean (Glycine max) varieties electrophoretically for the diversity of storage proteins’ 

banding pattern  recommended that SDS-PAGE is an effective method for characterization 

of soybean varieties in comparison with isozyme patterns. Masood et al. (2000) suggested 

that electrophoresis of total seed protein is a useful and efficient technique to analyze 

genetic variability in available germplasm. Dobhal (1995) showed significant change 

among soybean accessions for yield components allowing accessions to be grouped into 17 

clusters.  

Alipour et al. (2002) experimented to study the genetic variability in the electrophorotic 

patterns of seed proteins and measured the relationship of these patterns with seed traits 

(i.e. oil percentage and protein), chemical composition and 100-seed weight of 270 

soybean genotypes. Based on the mobility of seed storage proteins on the gel, 30 protein 

bands were studied of which only five bands differed among the genotypes in general, 

eight electrophoretic patterns were recognized. The dendrogram of the qualitative 

evaluation data of banding patterns grouped the genotypes into eight clusters and 

classified various genotypes into three groups. Fufa et al. (2005) estimated the genetic 

variability of 30 wild and modern hard red winter wheat (Triticum aestivum L.) 

genotypes using SDS-PAGE and observed low genetic variability estimates based on 

seed storage protein because they determine the quality of end-use, upon which the 

choice depends. They suggested that techniques used to assess genetic variation precisely 
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depend mainly upon the tools existing with the researchers and their application to the 

breeding programmes. 

Fombang (2005) found that pepsin protein digestibility (PD) of sorghum decreased more 

with cooking alone (12-18%) compared to maize (4%). Sorghum porridges had more 

disulphide bonded prolamin dimmers than maize as shown by SDS-PAGE under non-

reducing conditions.  However, the appearance of the amounts of disulphide bonds in 

both porridges was same. Prolamin extractability (PE) decreased more with cooking in 

sorghum compared to maize. Insignificant correlation was found between the peptin and 

multi-enzyme methods, suggesting the later may not simulate in vivo PD that has been 

reported to correlate positively with peptin PD.  

Krishnaveni et al. (1999) reported that the three chitinases from sorghum seeds, CH1, 

CH2 and CH3, had apparent molecular masses of 24, 28 and 33 kDa, respectively, as 

determined by SDS-PAGE analysis. They differed in their electrophoretic mobility and 

exhibited chitinase activity. With increasing irradiation severity, disulphide bond 

concentration decreased while free sulphydryl groups increased in sorghum porridges 

from irradiated compared to unirradaiated flour. This suggests breakdown of disulphide 

bonds to free sulphydryls. 

SDS-PAGE under non-reducing conditions showed lower dimer concentrations in 

sorghum porridges from irradiated compared to unirradiated flour. Radiation is a useful 

technique that can improve protein digestibility and nutrient density of sorghum porridge 

with a potential to also reduce microbial load and improve safety. Reddy and Jaccob 

(2001) studied SDS-PAGE analysis of total kafirins (prolamines and reduced glutelins) 
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showed the absence of 25.3 kDa and 25.9 kDa alpha-kafirin proteins in lysine-rich 

cultivars of Sorghum IS 21702, CVS 365 and G 1058, while only 25.9 kDa protein was 

absent in G 205 compared to low-lysine cultivar White Martin and high-lysine mutant 

P72(o). SDS-PAGE analysis showed that 25.3 kDa and 25.9 kDa alpha-kafirin proteins 

were synthesized from the initiation of endosperm development. 

Bean (2003) suggested that SDS-PAGE will be useful to screen sorghum lines for 

digestibility or for other protein-related quality factors. Manjare et al. (2002) noticed 

electrophoretic patterns of seed proteins of ten sorghum (Sorghum bicolor) genotypes 

were  analyzed using SDS-PAGE. The number of bands ranged between 14 and 16. Band 

numbers 1, 2, 3, 7, 8, 10, and 11 with Rm 0.38, 0.40, 0.43, 0.60, 0.63. 0.75, and 0.80, 

respectively, were common. The similarity index value ranged from 50.0 to 93.3% 

among the genotypes. 

 Mirza et al. (2007) also noticed a range of 0.41 to 0.66 for mean band frequency with a 

mean of 0.55. Shuaib et al. (2007) analyzed the unevenness of seed storage proteins by 

SDS-PAGE and concluded that seed storage protein profiles could prove to be useful 

markers in the studies of genetic assortment and classification of adapted cultivars, 

thereby enhancing the efficiency of wheat breeding programs in cultivar development 

especially in a developing country like Pakistan. Yuzbasioglu et al. (2008) also 

investigated seed protein assortment of fourteen lentil cultivars by using SDS-PAGE. A 

distance matrix was found based on five polymorphic protein bands, scored for their 

presence as 1 and absence as 0. The range of distances based on seed proteins among the 

genotypes was from 0.00 to 0.80. The cluster analysis based on the distance matrix 
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showed two distant groups. The first cluster included three cultivars while the second 

cluster contained 11 cultivars. 

Phenotypic and genotypic variation within and between countries and regions have been 

examined for several important crop species inducing barley (Ruiz et al., 1997); lentil 

(Erskine & Muehlbauer, 1991); lupin (Clements & Cowling, 1994) and soybean (Perry & 

McIntosh, 1991). Among biochemical techniques, SDS-PAGE is the most commonly used 

because of its validity and simplicity for describing genetic structure of crop germplasm. 

Seed storage proteins has  been used as genetic markers in four major areas: 1) analyses of 

genetic diversity within and between species, 2) plant domestication in relation to genetic 

resources conservation and breeding, 3) genome relationship and 4) As a tool crop 

improvement. 

SDS-PAGE is reliable procedure because seed storage proteins are largely independent of 

environment fluctuation (Gepts, 1989 and Murphy et al. 1990). The present study was 

conducted to find investigate the context of genetic assortment in the basis of qualitative, 

and traits along with SDS-PAGE, most effective characteristics and lines for selection. 

4.4. DIVERSITY BASED ON RAPD ANALYSIS 

The banding pattern of PCR analysis of M-1 Generation (Table 4.19) revealed that 

Maximum Mean Band frequency 0.78 having total bands 43 were recorded in Treatment 

T2. Similarly Minimum Mean band frequency 0.13 having total bands 7 were recorded in 

Treatment T9. 



 

 130 
 

The banding pattern of PCR analysis of M-2 Generation (Table 4.20) revealed that 

Maximum Mean Band frequency 0.74 having total bands 34 were recorded in Treatment 

T1 and T2. Similarly Minimum Mean band frequency 0.43 having total bands 20 were 

recorded in Treatment T7. 

Maximum diversity was shown by the primers OPI-16 & OPK-17 among the treatments in 

M-1 generation (Table 4.21) and minimum was given by primer OPG-03. Primer OPI-16 

revealed maximum diversity among the treatments in M-2 generation (Table 4.22) while 

minimum diversity was given by the primer OPK-17. 

 

4.4.1. Cluster Analysis Based on PCR 

Dendrogram based on PCR analysis of M-1 Generation of Sudan grass constructed by 

using Unweighted Pair Group Method with Arithmetic Mean (UPGMA) divided the 

treatments in 2 major Groups i.e. A & B. Both the groups A & B were further divided into 

2 Clusters (Fig 4.4). Cluster-I is sub-divided into 2 sub-clusters comprising of Treatments 

T6, T10, T7, T9 and T8 respectively. Cluster-II comprises of Treatment T5. Cluster-III 

which was included in Group B further sub-divided into 2 sub-clusters comprising of 

Treatments T2, T4 and T3. Cluster IV contained one treatment T1. 

The result of cluster analysis of PCR analysis showed that different treatments were 

distantly separated from each other. Treatment T1 was placed at the right corner of the 

cluster and was clearly separated from other treatments. 

Similarly, the (Fig 4.4) shows that the treatments with higher doses of Gamma-irradiation 

were more distant from the control. For example, Treatments T2, T3 and T4 were clustered 
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in the same group of the treatment T1. Likewise, the Treatments T5, T6, T7, T8, T9 and 

T10 were placed in other group. 

Dendrogram based on PCR analysis of M-2 Generation of Sudan grass constructed by 

using Unweighted Pair Group Method with Arithmetic Mean (UPGMA) divided the 

treatments into 2 Major groups i.e. A & B. The Group A was divided into 2 clusters. Each 

cluster was further sub-divided into 2 sub-clusters (Fig 4.5). Cluster-I comprised of 

treatments T6, T10, T7, T8 and T9 while Cluster-II comprised of Treatments T3, T4 and 

T5. Cluster-III that was included in Group B comprising of two treatments T1 and T2.  

The results of cluster analysis of PCR analysis clearly showed that Treatments T1 and T2 

were included in same group B and Cluster-III and were closed to each other. Treatments 

T3, T4, T5, T6, T7, T8, T9 and T10 of other group A were distantly separated from 

Treatment T1 and T2.  
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Fig 4.3. Banding Pattern of Different Primers used in PCR Analysis based on RAPD 

technique in M-1 Generation of Sudan grass inferred from different 

treatments of Gamma (γ) irradiation.  

(a) Banding Pattern of Primer OPF-13 in M-1 Generation 

 

 

 

(b) Banding Pattern of Primer OPF-13 in M-2 Generation 

 

 

M = Marker, T1 = Treatment 1 (Control), T2 = Treatment 2 (5kR), T3 = Treatment 3 (10kR), 

T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), T6 = Treatment 6 (25kR), T7 = Treatment 7 

(30kR), T8 = Treatment 8 (35kR) T9 = Treatment 9 (40 kR), T10 = Treatment 10 (45kR). 
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(c) Banding Pattern of Primer OPK-17 in M-1 Generation 

 

 

 

(d) Banding Pattern of Primer OPK-17 in M-2 Generation 

 

 

M = Marker, T1 = Treatment 1 (Control), T2 = Treatment 2 (5kR), T3 = Treatment 3 (10kR), 

T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), T6 = Treatment 6 (25kR), T7 = Treatment 7 

(30kR), T8 = Treatment 8 (35kR) T9 = Treatment 9 (40 kR), T10 = Treatment 10 (45kR). 
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                    (e) Banding Pattern of Primer OPI-16 in M-1 Generation 

 

 

 

(f) Banding Pattern of Primer OPI-16 in M-2 Generation 

 

 

M = Marker, T1 = Treatment 1 (Control), T2 = Treatment 2 (5kR), T3 = Treatment 3 (10kR), 

T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), T6 = Treatment 6 (25kR), T7 = Treatment 7 

(30kR), T8 = Treatment 8 (35kR) T9 = Treatment 9 (40 kR), T10 = Treatment 10 (45kR). 
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(g) Banding Pattern of Primer OPD-08 in M-1 Generation 

 

 

 

(h) Banding Pattern of Primer OPD-08 in M-2 Generation 

 

 

M = Marker, T1 = Treatment 1 (Control), T2 = Treatment 2 (5kR), T3 = Treatment 3 (10kR), 

T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), T6 = Treatment 6 (25kR), T7 = Treatment 7 

(30kR), T8 = Treatment 8 (35kR) T9 = Treatment 9 (40 kR), T10 = Treatment 10 (45kR). 
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(i) Banding Pattern of Primer OPE-01 in M-1 Generation 

 

 

 

(j) Banding Pattern of Primer OPE-01 in M-2 Generation 

 

 

M = Marker, T1 = Treatment 1 (Control), T2 = Treatment 2 (5kR), T3 = Treatment 3 (10kR), 

T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), T6 = Treatment 6 (25kR), T7 = Treatment 7 

(30kR), T8 = Treatment 8 (35kR) T9 = Treatment 9 (40 kR), T10 = Treatment 10 (45kR). 
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Banding Pattern of Primer OPC-10 in M-1 Generation 

 

 

(k) Banding Pattern of Primer OPG-03 in M-1 and M-2 Generation 

 

 

  
M = Marker, T1 = Treatment 1 (Control), T2 = Treatment 2 (5kR), T3 = Treatment 3 (10kR), 

T4 = Treatment 4 (15kR), T5 = Treatment 5 (20kR), T6 = Treatment 6 (25kR), T7 = Treatment 7 

(30kR), T8 = Treatment 8 (35kR) T9 = Treatment 9 (40 kR), T10 = Treatment 10 (45kR). 
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Table 4.20: Band Frequency and Total Bands Based on PCR of M-1 Generation of 

Sudan-Grass 

 
Treatments 

Total 
bands  Mean Band Freq 

T-1 (Control) 41 0.75 

T-2 (5 kR) 43 0.78 

T-3 (10 kR) 41 0.75 

T-4 (15 kR) 40 0.73 

T-5 (20 kR) 32 0.58 

T-6 (25 kR) 29 0.53 

T-7 (30 kR) 18 0.33 

T-8 (35 kR) 19 0.35 

T-9 (40 kR) 7 0.13 

T-10 (45 kR) 25 0.45 

 

 

Table 4.21: Band Frequency and Total Bands Based on PCR of M-2 Generation of 

Sudan-Grass 
 

Treatments 
Total 
bands  Mean Band Freq 

T-1 (Control) 34 0.74 

T-2 (5 kR) 34 0.74 

T-3 (10 kR) 31 0.67 

T-4 (15 kR) 28 0.61 

T-5 (20 kR) 27 0.59 

T-6 (25 kR) 23 0.50 

T-7 (30 kR) 20 0.43 

T-8 (35 kR) 23 0.50 

T-9 (40 kR) 23 0.50 

T-10 (45kR) 23 0.50 

 

 



 

 139 
 

Table 4.22: Total bands and polymorphic bands produced by primers used in RAPD 

analysis in M-1 generation  

 
Primer Sequence Total 

Bands 

Polymorphic 

Bands 
Polymorphic % 

OPD-08 5´-GTGTGCCCCA-3´ 10 6 60 

88.8 

100 

66.6 

100 

100 

100 

OPE-01 5´-CCCAAGGTCC-3´ 9 8 

OPF-13 5´-GGCTGCAGAA-3´ 5 5 

OPG-03 5´-GAGCCCTCCA-3´ 3 2 

OPI-16 5´-TCTCCGCCCT-3´ 10 10 

OPC-10 5´-TGTCTGGGTG-3´ 8 8 

OPK-17 5´-CCCAAGCTGTG-3´ 10 10 

Total  55 49 

 

 

Table 4.23: Total bands and polymorphic bands produced by primers used in RAPD 

analysis in M-2 generation  

 
Primer Sequence Total 

Bands 

Polymorphic 

Bands 

Polymorphic % 

OPD-08 5´-GTGTGCCCCA-3´ 9 4 44.4 

80 

62.5 

66.6 

100 

33.3 

OPE-01 5´-CCCAAGGTCC-3´ 5 4 

OPF-13 5´-GGCTGCAGAA-3´ 8 5 

OPG-03 5´-GAGCCCTCCA-3´ 3 2 

OPI-16 5´-TCTCCGCCCT-3´ 12 12 

OPK-17 5´-CCCAAGCTGTG-3´ 9 3 

Total  46 30 
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Fig 4.4. Dendrogram of M-1 generation based on PCR analysis 
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Fig 4.5. Dendrogram of M-2 generation based on PCR analysis  

 

L
in

k
a

g
e

 D
is

ta
n

c
e

1.5

2.0

2.5

3.0

3.5

4.0

4.5

  TREAT9
  TREAT8

  TREAT7
 TREAT10

  TREAT6
  TREAT5

  TREAT4
  TREAT3

  TREAT2
  TREAT1

 A  B 

  I  II  III 

  1  2   1   2   1 

→ 2 Groups 

 

 

 

 

 

 

→ 3 Clusters 

 

 

→ 5 Sub- 

Clusters 



 

 142 
 

These findings are in line with those of (Dean et al. 1999); Ayana et al. (2000) who 

noticed that simple sequences repeats (SSRs) and random amplified polymorphic DNAs 

(RAPDs) have been used to characterize genetic diversity in sorghum. These methods 

different to the number of informative DNA fragments per PCR reaction, in genome 

coverage and in technical and time demand (for overview, see Karp et al. 1998). RAPDs 

are relatively less costly and easy to establish but reproducibility is low in comparison to 

RFLPs, AFLPs are advantageous due to the high number of polymorphic bands per assay 

unit (Bohn et al. 1999). SSRs are highly polymorphic compared to the methods 

mentioned above RAPD analysis is relatively easy and less expensive so it has been 

extensively used to document genetic variation in Triticum spp., (Cao et al. 1998; Sun et 

al. 1998; Yuejin & Lin 2000 and Mukhtar et al. 2002). It has been used to tag genes for 

disease resistance (Ratalaski et al. 1991; Laucou et al. 1998), and for fingerprinting of 

genomes (Welsh & McClleland, 1990; Rahman & Zafar 2001; Rahman et al. 2002). The 

identification of RAPD markers needs a pairs of near-isogeneic lines for the trait. The 

development of near isogenic lines is costly, laborious and time consuming. Bulked 

sergeant’s analysis (BSA) proposed by Michelmore et al. 1991 can overcome this 

problem. BSA makes use of F2 or F3 population and it has been extensively used for the 

identification of RAPD markers linked to various genes (Poulsen et al. 1995; Mackay et 

al 2000 and Ni et al. 2000). Randomly amplified polymorphic DNA can provide simple 

and reproducible fingerprints of germplasm by employing single, arbitrary chosen by 

primers (Welsh and McClelland, 1990). Thompson and Nelson (1998) assessed the 

assortment of 18 soybean ancestors and 17 selected plant introductions (PIs) from RAPD 

markers using the simple matching coefficient (SMC) expressed as Euclidean distances. 
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Two forms of hierarchical and non-hierarchical cluster analysis as well as 

multidimensional sealing (MDS) were employed to show relationship between the 

genotypes. All methods of cluster analysis identified distant groups of ancestors are PIs. 

The average genetic distances among all genotypes was 0.56. XueMin et al. (1998) also 

used RAPD markers to assess genetic diversity among 35 isolates of C.sojinum collected 

from China. Pathogenicity test of nine different soybean cultivars and lines led to the 

differentiation of isolates into 6 groups. Of 105 RAPD loci, which amplified with 13 

random primers, 78.1% were polymorphisms. It was revealed that genetic assortment 

existed among isolates from the same locations as well as from different locations. Correa 

et al. 1999 determined genetic distances among 5 soybean genotypes by the modified 

Rogers distance. These genetic distances were same, presenting a correlation coefficient 

ranging from 0.99 to 1.00. In all four methods genotypes UFV 91-717 and Ichigowase 

were the most divergent ones (4.53 to 21.43%). DNA samples from 5 plants from each of 

the two most divergent genotypes were amplified, out of which only 5 were polymorphic 

in each group (2.10%) demonstrating their high intragroup homozygosity. Ferreira et al. 

(2000) established RAPD marker linkage map and found that the map comprised of 24 

major and 11 minor linkage groups for the genome was estimated to be about 3,275 cM. 

The RAPD markers showed same distribution throughout the genome and identified same 

levels of polymorphism as the RFLP markers used in the framework. By using a subset 

population to anchor the RAPD markers, it was likely to improve the throughput of 

selecting and adding reliable marker loci to the existing map. 

Baranek et al. (2001) analyzed the RAPD data using POPGENE 32 software and 
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demonstrated that the software POPGENE 32 proved its ability to evaluate data generated 

by RAPD method. As a drawback of this software it is necessary to mention relatively 

troubling process to get right results, due to small differences against required model of 

data loading usually means some errors message i.e. sensitivity to number of spaces or 

blank rows and small text window which reveals the data. Li and Nelson (2002) 

investigated a study to evaluate the germplasm variations among annual Glycine species 

and determined geographical pattern of diversity. The results showed that the genetic 

distance (GD) within the G. max group was smaller than that within the G. Soja group. 

The GD between the G. max and G. soja groups was large. Twenty-three more 

polymorphic RAPD bands were observed among the G. Soja lines. Clusters and principal 

components analyses entirely divided the Glycine max and Glycine soja lines. The clusters 

formed by Dendrogram normally associated the geographical areas of origin. 

Sajid et al. (2008) reported that scientists have more focus on biochemical and molecular 

markers to study genetic diversity in modern era. They performed a study to evaluate the 

genetic assortment and phylogenetic correlations between various sorghum varieties by 

fingerprinting of Genomic DNA using RAPD analysis. Ten sorghum varieties were 

analyzed using RAPD. They extracted the DNA from leaves, and amplified it using 

various primers. Results reveals appreciable amount of genetic assortment between the 

sorghum varieties. 

Similar results were reported by Ford & Ball, (1991), Ayana et al., (2000), Gebsia & Ejeta 

(1997), Uptmoor et al., (2003), Agrama, (2000) and Dahlberg et al., (2002). HuiJun et al. 

(2003) employed an assortment study on sixty genotypes of soybean using RAPD 
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markers. Electrophoretic patterns showed 12 bands. Cluster analysis grouped the 

genotypes according to their respective ecological regions. Ten primers amplified 58 

RAPD bands, of which 29 were polymorphic. The RAPD markers were better than POD 

isozymes for showing the genetic background and consanguinity of the germplasm. 

Huan et al. (2005) found fifty-four soybean strains by RAPD and reported that the 

average genetic distance for all pair wise combinations was 0.114 ± 0.0336. The genetic 

distance between the strains in groups with different seed coat color was considerably 

different. They showed that repeated introduction of seeds from outside seed sources had 

occurred during the long history of soybean cultivations in Japan. Kassinee et al. (2005) 

found soybean cultivars by RAPD analysis and found that genotypes classified into one 

major group and seven individual categories based on the numerous polymorphism of 

DNA fingerprints.  

Khan et al. (2005) found genetic divergence and relationships among twenty Pakistani 

wheat varieties using Randomly Amplified Polymorphic DNA (RAPD) markers and 

indicated that the majority of the varieties were interrelated genetically, although few 

varieties showed a little genetic separation. Low diversity based on RAPD was present 

among the varieties. Out of total scorable bands, polymorphic bands were only 40.7%, 

and most repeatedly recorded polymorphic bands were 26.1% (f=0.95) among 20 

cultivars. The proportions of polymorphic bands for every variety was from 0.67 to 0.84 

having mean value of 0.76. 

Uptmoor et al., (2003) evaluated 46 sorghum accessions originated from Southern Africa 

based on Amplified fragment length polymorphism (AFLPs), Random Amplified 
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Polymorphic DNAs (RAPDs) and Simple Sequence Repeats (SSRs). By this approach, all 

sorghum accessions were uniquely fingerprinted by all markers systems. Average genetic 

similarity was recorded at 0.88 on the basis of RAPD analysis, 0.85 using AFLPs and 

0.31 based on SSRs.  

Roman et al. (2007) analyzed pattern of genetic variation in various genotypes of 

Orobanche gracilis using RAPD markers and recorded a higher level of diversity in the 

populations from the North when compared to the Southern ones. The results established 

the separation of samples according to the taxonomical variety and the geographical 

origin of each population. 

Talebi et al. (2008) used morphological and RAPD markers to observe the genetic 

associations of 36 gram genotypes. They noted that out of 33 primers, nine primers 

produced 44 polymorphic bands. The mean (0.43) Polymorphic Information Content 

(PIC) ranged from 0.68 to 0.12. The range of 0.59 to 0.12 was noted for genetic distance 

(GD) values and mean was 0.397. Four clearly differentiated groups were produced by 

cluster analysis using RAPD data. The RAPD study evidently pointed out that reliable 

estimation of genetic assortment could be obtained. YaHui et al. (1999) reported RAPD 

analysis showed some electrophoresis bands characteristic of sorghum. Jieqinl et al., 

(2006) reported that to establish and optimize reaction system, the results of several 

factors on Random Amplified Polymorphic DNA (RAPD) reaction system in Sudan grass 

were studied and fingerprinting of two hybrids to differentiate them were constructed. 

Genome DNA was isolated. The different concentration of Mg2+ (1.0 mmol/L, 1.5 

mmol/L, 2.0 mmol/L, 2.5 mmol/L, 3.0 mmol/L), annealing temperature (34°, 35°, 36°, 
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37°, 38°) and tap DNA polymerase activity (0.6U, 0.8U, 1.0U, 1.2U, 1.4U) were designed 

for PCR amplification. The results were as follow: the optimization of 20µl PCR system 

was coupled with concentration of Mg2+2.0 mmol/L, Taq DNA polymerase activity 0.6U 

and the annealing temperature 36°. The DNA fingerprinting of two hybrids was 

constructed by RAPD marker. Two special bands, A and B, can differentiate Wancao2 

and Wancao3 in fingerprinting. 

Naima et al. (2010) compared twenty landraces of cowpea (Vigna unguiculata (L.) Walp.) 

through morphological and genetic characterization and found low variations within agro-

ecological regions. RAPD analysis showed that eleven RAPD primers produced 77 bands, 

58.44% being polymorphic; while the range of genetic similarity was from 66.0 to 96.7%. 

Cluster analysis revealed that genetic make up and geographical distribution had a good 

relationship, and the results of Mantel test confirmed it. They reported that geographical 

and genetic data were closely associated. 

Zannou et al. (2008) used RAPD primers to estimate the genetic variation among 70 

cowpea genotypes. Four primers produced thirty-two amplified bands. The number of 

diverse loci ranged from 5 to 11. RAPD bands were used for analysis and dendrogram 

was constructed from data of amplified polymorphic DNA fragments. This grouped the 

genotypes into nine clusters using UPGMA method. Large genetic variations were found 

among the cowpea genotypes and the RAPD analysis proved a helpful method to 

characterize it. 

Ahmad et al. (2010) evaluated thirty blackgram genotypes for assessment of genetic 

variability by RAPD techniques. Sixteen RAPD primers amplified genomic DNA of the 
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30 genotypes. Total amplified fragments produced per primer varied from two to four 

with an average of three bands. The total number of bands amplified by 16 primers 

differed from 16-34. The primer GLK-15 produced the maximum number (N=4) of 

fragments while the primers GLK-19 and GLD-19 produced the minimum number (N=1) 

of fragments. The single band produced by the GTGTGCCCCA primer in the PB-2000 

and 07005 genotypes may be attributed  to temperature tolerance phenotypes. 
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CHAPTER-V 

 
CONCLUSION 

The conclusions drawn from the present studies on Sudan grass with ten treatments of 

gamma irradiation are presented here.  

- Gamma irradiation treatments showed inhibitory effects on germination percentage 

in field as well as laboratory conditions from M-1 to M5 generations. 

- Gamma irradiation also showed depressing effect on seedling height, root length 

and root-shoot ratio on 4th day of sowing. 

- Gamma irradiation showed stimulating effect on increasing plant height and leaf 

area at the time of maturity in M-1 generation.  

- Gamma irradiation also increased average tillers plant-1 with increase of gamma 

irradiation treatments in M-1 generation under field conditions.  

- Tillers also showed significantly increasing effect with increasing gamma 

irradiation treatments in M-2 generation also. 

- Gamma irradiation also showed stimulatory increasing effect on green matter 

weight and dry matter weight plant-1 in M-3 generation, which is a positive sign for 

improving crop yield per hectare.  

- Gamma irradiation treatments showed stimulatory increasing effect on plant height, 

tillers, flowering percentage, green matter weight and dry matter weight plant-1 with 

an increase in gamma irradiation treatments. Overall growth traits improved in M-4 

generation by gamma irradiation treatments under field conditions. Results are 
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encouraging for development of improved mutants of Sudan grass under study by 

gamma irradiation.  

-  Significantly, increasing results were obtained in Green matter weight and Dry 

matter weight plant-1 with increase of gamma irradiation treatments. Significant 

increasing effects were also noticed in average leaves, average tillers, average 

flowers and average immature flowers in M-5 generation under field conditions. 

Development of delay effect in maturity of flowers in M-4 and M-5 generation is a 

positive sign to prolong this crop till late autumn or early winter which is a lean 

period and a very crucial time due to shortage of green fodder for livestock. It will 

be a great success if we succeed to develop such mutants for this very critical 

period for livestock. Further research is needed to develop such mutants in future. 

- Gamma irradiation depicted highly decreasing effect in HCN concentration in 

Sudan grass under study, which is a great success to develop HCN free mutants in 

Sudan grass or any other Sorghum species.  

- SDS-PAGE analysis and RAPD techniques with different primers showed great 

variability in genetic diversities a result of Gamma irradiation on Sudan grass under 

study in M-1 and M-2 generations.  

- Germplasm of M-1 to M-5 generations of evaluated material is available and further 

work may be continued at National Agricultural Research Centre and Quaid-i-

Azam University, Islamabad.   
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VII APPENDICES 

Appendix-1 Effects of gamma irradiation on germination %age after 3days 7days 12days & 20days of sowing seedling 

height(cm) root length (cm) root/shoot ratio on 4
th

 & 11
th

 day of sowing Sudan grass seeds in Petri-dishes under Range 

Research Institute Laboratory Conditions at NARC Islamabad. 

 

Replications Treatments Germ3 Germ7 Germ12 Germ20 

Seed 

height4 

Seed 

height11 

Root 

length4 

Root 

length11 R/S 4 R/S 11 

1 1 65 65 65 65 9.8 13.22 11.64 9.7 1.878 0.734 

1 2 75 80 80 90 8.18 11.04 9.82 10.38 1.200 0.940 

1 3 45 65 65 75 9.14 13.74 9.82 10.26 1.074 0.747 

1 4 50 50 50 70 7.1 9.38 8.46 7.44 1.192 0.793 

1 5 35 45 45 75 7.6 10.56 5.6 5.74 0.737 0.544 

1 6 55 60 55 65 8.64 12.4 9.74 11 1.127 0.887 

1 7 65 65 65 70 6.7 9.26 7.68 8.56 1.146 0.924 

1 8 70 75 75 85 7.8 11.24 10.16 10.48 1.303 0.932 

1 9 35 40 40 50 4.84 10.1 4.76 8.54 0.983 0.846 

1 10 65 70 65 70 6.18 10.26 6.22 7.34 1.006 0.715 

2 1 50 50 55 65 10.02 14.92 10.44 11.48 1.042 0.769 

2    2 65 70 70 80 6.16 14.72 5.92 7.56 0.961 0.514 

2 3 35 60 60 70 7.78 13.68 7.9 8.5 1.015 0.621 

2 4 70 70 70 75 7.2 10.96 6.74 5.54 0.936 0.505 

2 5 55 60 65 65 8.2 10.54 7.52 5.32 0.917 0.505 

2 6 40 55 55 50 7.56 9.9 9.52 10.08 1.259 1.018 

2 7 40 45 50 50 5.4 7.26 4.3 4.04 0.796 0.556 

2 8 85 90 90 90 5.74 7.42 7.56 7.78 1.317 1.049 

2 9 50 50 50 65 8 11.86 7.38 9.8 0.923 0.826 

2 10 45 45 45 45 7.14 9.96 7 8.64 0.980 0.867 

3 1 75 80 80 90 7.32 10.02 9.54 12.8 1.303 1.277 

3 2 70 90 90 90 7.06 11.84 8.56 10.46 1.212 0.883 

3 3 40 40 50 70 7.06 10.08 7.5 8.24 1.062 0.817 

3 4 45 50 50 50 10.5 14.72 10.7 12.64 1.019 0.859 
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           Continued 

            

3 5 55 60 60 60 6.76 13.56 6.68 9.24 0.988 0.681 

3 6 60 60 60 60 6.82 9.28 8.12 6.92 1.191 0.746 

3 7 70 75 75 80 4.96 9.16 5.28 7.14 1.065 0.779 

3 8 75 75 75 80 8.34 9.26 8.44 7.7 1.012 0.832 

3 9 70 70 70 80 4.8 10.12 4.36 6.74 0.908 0.666 

3 10 50 50 50 60 6.76 12.44 6.62 10.5 0.979 0.844 

4 1 65 65 75 80 7.7 15.08 11.56 13.44 1.501 0.891 

4 2 30 35 40 40 9.8 13.44 10.5 7.66 1.071 0.570 

4 3 50 55 55 60 8.98 12.12 10.56 11.04 1.176 0.911 

4 4 40 50 50 50 8.32 12.6 7.44 10.66 0.894 0.846 

4 5 45 45 45 45 7.68 10.88 9.94 11.04 1.294 1.015 

4 6 55 65 65 65 7.8 10.6 10.62 8.12 1.362 0.766 

4 7 55 55 55 60 7 10.84 6.52 6.74 0.931 0.622 

4 8 65 70 65 65 7.34 9.26 9.74 9.18 1.327 0.991 

4 9 40 50 45 50 6.4 9.74 6.12 8.28 0.956 0.850 

4 10 75 75 75 75 5.96 10.2 5.52 9.36 0.926 0.918 
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Appendix-2: Effects of Gamma irradiation on Morphological traits of Sudan grass in M-1 Generation 

 
Rep Treat Germination 

Percentage 
Plant 
height 

No. of 
tillers 

No. of 
leaves 

Leaf 
area 

No. of 
Flowers 

Flower 
%age 

Mature 
flower 

Immature  
flower 

Green 
matter 
wt (g) 

Dry 
matter 
wt (g) 

1 1 15.8 201.9 8.7 94.3 34.2 13.1 142.5 9.2 3.8 86.67 55.36 

1 2 12.2 190.3 4.5 28.8 40.2 6 140.5 5 1 81.69 48.53 

1 3 18.9 180.7 3.8 26 59.3 7.7 231.4 7.5 0.2 89.09 52.46 

1 4 16.4 182 3.7 21 59 6.1 170.7 5.7 0.4 78.04 45.51 

1 5 12.9 182.5 4.4 18.6 35.9 6.6 153.6 6 0.6 82.07 47.58 

1 6 12.0 179.3 4.2 18.5 25.6 7.5 208.7 6.8 0.7 78.57 47.27 

1 7 7.8 207 6 27 46.2 14 233 11 3 83.11 51.02 

1 8 9.9 209.8 6.2 24.2 30.7 9.4 159.6 8 1.4 89.35 53.55 

1 9 13.3 210.6 8 32.2 96.5 11.8 145.4 10.8 1 82.35 48.18 

1 10 15.9 210.2 11 34 85.7 13.2 121.8 11.8 1.4 84.23 50.00 

2 1 8.5 191.4 4.7 72.8 27.9 4 94 3.5 0.5 89.43 54.99 

2 2 16.1 166.6 3.8 18.2 53.3 6.3 179.2 6.1 0.2 76.93 47.22 

2 3 15.9 181.8 4 33 91.4 7 185 6 1 82.04 48.98 

2 4 20.9 173.4 4.4 19.1 39.8 6.4 160.2 5.8 0.6 82.80 49.27 

2 5 11.7 176.8 4.8 18.7 31.8 7.8 164.8 6.9 0.9 81.33 49.64 

2 6 10.7 108 2 6 20.7 2 100 2 0.6 81.84 54.93 

2 7 17.2 212.5 6.5 22.5 24.5 7.5 116.5 7.5 0.5 89.74 52.56 

2 8 7.8 200.2 7 34.2 99.8 11 159.6 9.8 1.2 83.80 49.93 

2 9 9.1 211.8 8.4 31.6 111 11.4 145.6 10.4 1 83.30 50.53 

2 10 12.0 212.8 8.2 29.8 82.4 8.8 119 8 0.8 84.23 49.57 
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Appendix-3: Effect of Gamma irradiation on Morphological traits in M-2 generation of Sudan grass 

 

Rep Treat 
Germination 
% 

Plant 
height 

No. of 
tillers 

No. of 
leaves LA 

No. of 
Flowers 

Flower 
%age 

Mature 
flowers 

Immature 
Flowers 

Green 
matter 
wt (g) 

Dry 
matter 
wt (g) 

1 1 26.191 103.5 4.3 6.1 100.1 8.9 217.6 7.1 1.8 20.8 19 

1 2 24.102 94.35 4.4 5.1 101.3 8 249.8 7.4 0.6 42.4 38.8 

1 3 17.7165 88.1 3.6 8.9 97 6.4 166.2 5.8 0.6 14.3 13.7 

1 4 26.709 77.05 5.3 11.3 102.5 8.8 151.4 8.6 0.2 7.2 6.8 

1 5 14.9655 89 4.4 7.1 110.8 10.8 209.4 9.4 1.4 10.2 9.6 

1 6 20.3965 87.95 4.3 5.6 110 8.4 194.4 7.8 0.6 11.3 10.6 

1 7 10.22075 101.65 5.6 5.4 86.7 11.8 193.8 10.4 1.4 71.4 66.4 

1 8 13.96125 97.2 3.8 5.9 42.8 6.4 193.2 6 0.4 13.6 11.7 

1 9 9.0205 91.5 5.4 5.6 106.1 7 133.2 7 0.6 12 11.3 

1 10 8.72325 86.95 4.9 9.5 60.8 5.8 156.6 5.4 0.4 5 4.3 

2 1 22.48575 100 3.6 7.6 110.7 5.8 223.2 5.8 0.4 13.1 12.7 

2 2 24.18875 85.05 4 5.8 102.6 10.8 292.4 9.6 1.2 37.2 34.8 

2 3 19.668 95.2 3 10.6 97 9.4 322.2 8 1.4 6.7 5.8 

2 4 24.779 87.6 3.5 11.1 103.6 7.2 211.6 6.6 0.6 17.7 14.9 

2 5 19.4035 82.35 4.8 7 110.8 8 188.2 7.6 0.4 11.4 9.3 

2 6 19.02525 88.7 3.9 5.9 110 6.6 175 6.4 0.2 6.3 5.3 

2 7 10.0165 89.55 4.6 6.9 86.6 8.4 185.4 8 0.4 8.4 6.9 

2 8 16.28125 81.85 4.3 9.4 108.8 8.6 143.8 6.6 2 11.2 9.4 

2 9 6.678 81.35 4.4 12.6 46.5 5.8 160 5.2 0.6 19 17.5 

2 10 8.61 60.65 4.4 18.9 30.5 6.2 149.4 5.9 0.3 5.2 4.6 
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Appendix-4: Effect of gamma irradiation on morphological traits in M-3 generation of Sudan grass 

Replication Treatments 
Germination 
percentage 

Plant 
height 

No. of 
tillers 

No. of 
leaves Leaf Area 

No. of 
flowers 

Flower 
%age Mature Immature 

Green 
matter 

Dry 
matter 

1 1 100 153.6 2.8 13.0 30.9 4.8 199.2 4.4 0.4 70.0 28.4 

2 1 44 191.4 4.8 21.2 32.3 7.0 143.2 5.4 1.6 62.0 30.4 

1 2 56 210.4 5.6 19.2 34.1 10.0 177.8 9.2 0.8 65.0 36.4 

2 2 54 194.2 6.4 17.0 46.0 8.4 158.2 8.0 0.4 64.0 40.5 

1 3 100 190.8 3.0 19.5 39.1 6.3 212.5 5.3 1.0 68.0 22.6 

2 3 42 184.0 2.8 12.8 22.9 5.2 184.8 4.8 0.3 62.0 30.4 

1 4 100 160.5 4.7 15.8 35.4 7.2 175.0 5.8 1.3 52.0 30.3 

2 4 40 214.5 5.0 20.0 41.1 7.3 148.0 6.8 0.5 54.0 34.4 

1 5 100 219.6 4.2 20.6 41.8 7.6 205.6 6.2 1.4 40.0 22.3 

2 5 40 220.0 7.6 25.0 59.2 10.6 158.2 8.6 2.0 44.0 25.4 

1 6 50 160.2 4.6 15.2 27.1 7.4 190.4 6.4 1.0 42.0 30.6 

2 6 42 194.0 4.2 16.4 36.7 7.0 193.2 7.0 0.0 46.0 32.4 

1 7 50 110.2 2.6 12.2 29.1 5.6 226.4 5.0 0.6 60.0 34.8 

2 7 44 184.3 8.0 28.0 34.8 9.8 117.3 9.0 0.8 66.0 42.2 

1 8 100 158.2 4.8 17.2 37.6 8.8 241.3 7.8 1.0 62.0 36.4 

2 8 34 230.6 4.2 29.4 29.6 8.2 188.6 7.4 0.8 64.0 40.2 

1 9 10 171.4 5.8 29.8 23.0 8.2 149.4 7.8 0.4 66.0 36.6 

2 9 42 168.2 2.8 15.4 48.8 5.2 213.2 5.2 0.0 76.0 38.6 

1 10 90 229.8 4.2 20.0 44.6 5.6 187.6 4.8 0.8 96.0 45.5 

2 10 42 186.2 5.2 16.2 52.2 6.2 140.6 6.0 0.2 104.0 50.5 
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Appendix 5: Effects of Gamma irradiation on Morphological traits of Sudan grass in M-4 Generation 

 

 

  

Replications Treatment  Germ % 
Pl 
Ht(Cm) 

No.of 
leaves 

No.of 
Tillers 

Avg Leaf 
Area/Plant 

No. of 
Flowers Flowering% 

Mature 
Fl. 

Immature 
Fl 

Gm Wt 
(gms) 

Dm. Wt. 
(gms) 

1 1 25 161.7 10.3 2 119.8 0.7 33.3 0.1 0.7 100 80 

1 2 91.7 147.5 24.1 5.1 68.4 3 54.1 1.6 1.4 90 77.7 

1 3 66.7 126.1 23.9 4.8 59.7 1.8 37.5 1 0.8 88.8 68.1 

1 4 41.7 149.2 27.6 5 88.1 5.8 115.2 3.2 2.6 38 27 

1 5 66.7 179.4 21.1 3.9 98.7 1.9 49.8 1 0.9 29.4 21.5 

1 6 25 192.3 23 3 55.3 7 350 4.7 2.3 43.3 30 

1 7 75 183.7 10.4 2.1 120.5 1 60.8 0.6 0.6 85 66.7 

1 8 58.3 142.6 15.4 3.1 132.9 1.1 17.3 0.7 0.4 100.7 81.4 

1 9 75 236.1 46.2 6.6 62.7 15.2 247.4 9.8 5.4 71.3 60.6 

1 10 100 242.8 35.1 3.5 65.8 9.5 245.1 6.8 2.7 150.9 130.3 

2 1 75 99.8 10.9 2.8 68.5 0.7 25 0.1 0.7 70 63.3 

2 2 91.7 161.9 26.6 4.5 82.2 2.8 59 1.7 1.1 78.6 61.8 

2 3 58.3 151.6 11.7 2.7 72.6 1.3 45.5 0.7 0.6 87.9 65.7 

2 4 100 151.5 18.4 3.5 71.4 1.8 54.8 0.6 1.2 104.2 87.1 

2 5 83.3 194.6 29.5 4.2 78.6 5.8 140.3 4.4 1.4 63 49 

2 6 100 172.7 22.9 3.4 51.7 3.8 128.3 2.5 1.3 70.8 55.8 

2 7 83.3 211.8 19.2 2.9 104.8 2.6 106.7 1.5 1.1 76.5 58.5 

2 8 91.7 241 20.2 2.1 127.6 2.7 135.5 1.3 1.5 108.3 94 

2 9 91.7 262.6 38.4 5.3 60.3 15.6 367.8 10.9 4.7 157.5 121.8 

2 10 75 247.2 51.4 5.4 77 15.2 239.8 9.9 5.3 238.9 211.9 
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Appendix 6: Effects of Gamma irradiation on Morphological traits of Sudan grass in M-5 Generation. 

 

Replication Treatments Germ% 
Pl. Ht 
(cms) 

No. of 
leaves 

No. of 
Tillers 

Avg 
Leaf 
Area 

No. of 
Fl/Pl Fl% 

Mature 
Fl 

Immature 
Fl 

Green 
matter 

Dry 
matter 

1 1 83.3 140.7 10.9 2.3 71.5 3.2 148.3 2.1 1.1 60.325 39.078 

1 2 66.7 174.5 10.3 2.1 65 3.6 175 3.1 0.5 63.975 45.075 

1 3 66.7 184.5 11.6 1.9 88.2 2.1 102.5 2.1 0 58.625 33.825 

1 4 41.7 208.6 11 1.2 118.7 2.8 230 2.6 0.2 51.35 32.752 

1 5 66.7 204.3 14.6 1.6 70.1 3.1 257.1 3 0.1 42 25.45 

1 6 75 212.6 11.8 1.8 80.3 5.1 268.5 4.7 0.4 45.675 30.225 

1 7 58.3 256.1 15.7 2.1 98.7 3.6 192.9 2.9 0.7 64.075 42.525 

1 8 16.7 287 26 4 44 16 400 16 0 62.825 42.25 

1 9 47.2 242.3 20.3 2.8 63.1 8.2 297.2 6.3 1.8 68.25 44.075 

1 10 50 264 24 3.3 38.5 17.3 498.3 11.7 5.7 93.2 63.725 

2 1 75 145.6 9.7 2 78.1 1.9 98.1 1.3 0.6 64.215 42.653 

2 2 91.7 168.8 9.4 2.1 53.5 2.5 117.4 2.3 0.2 67.456 50.256 

2 3 75 169.2 12 1.7 97.7 2.4 147.2 2.3 0.1 63.246 38.246 

2 4 58.3 191 11.6 1.6 80.9 3 158.6 2.9 0.1 55.75 38.252 

2 5 58.3 172 9.6 1.4 48.1 3.3 233.3 2.6 0.7 48.262 30.251 

2 6 58.3 207.9 10.9 1.6 37.4 6 357.1 4.7 1.3 50.321 33.265 

2 7 75 277.3 20.7 2.7 77.3 5.9 254.6 4.1 1.8 70.123 48.154 

2 8 50 273 21 3 66.4 7 233.3 4 3 64.985 47.872 

2 9 81.9 489.2 37.7 5.4 104.8 15.6 615.3 12.7 2.9 73.251 50.256 

2 10 56.7 206 22 3.7 49.1 9 299.2 5.7 3.3 100.265 70.125 
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Appendix-7: Effects of Gamma irradiation on proximate composition of Sudan grass in M-1 generation. 

Rep Treat Moisture% 
Crude 
Protein Ash% NFE 

Crude 
Fiber 

Green 
matter 

Dry 
Matter Ether TDN(S.R) TDN(L.R) 

1 1 56.57 6.12 2.00 58.38 29.50 77.39 43.44 4.00 61.25 63.47 

1 2 68.33 7.00 4.50 54.00 31.50 69.03 31.67 3.00 61.09 54.30 

1 3 70.50 4.37 5.50 65.53 21.00 69.89 29.50 3.60 61.45 62.95 

1 4 71.60 6.12 4.50 59.28 25.50 72.33 28.40 4.60 60.33 65.23 

1 5 72.83 7.00 10.00 56.40 22.00 67.14 27.17 4.60 58.10 62.43 

1 6 66.13 4.37 6.50 54.63 32.00 69.46 33.87 2.50 58.54 54.37 

1 7 62.90 6.12 4.50 59.88 25.00 73.41 37.11 4.50 60.69 65.34 

1 8 66.87 6.12 10.00 51.08 28.50 69.33 33.14 4.30 55.52 53.01 

1 9 72.27 7.00 10.50 48.40 30.50 73.61 27.74 3.60 56.08 53.43 

1 10 68.48 4.37 6.00 61.13 26.00 66.99 33.53 2.50 62.59 55.71 

2 1 63.03 3.50 10.00 51.30 29.50 67.14 36.97 5.20 51.68 55.51 

2 2 61.63 5.25 5.00 61.84 24.00 72.14 38.37 3.90 61.09 67.93 

2 3 69.07 4.37 6.50 59.33 26.50 70.35 30.94 3.30 59.40 58.60 

2 4 66.60 4.37 5.50 56.23 30.00 71.23 33.40 3.90 57.85 59.51 

2 5 58.90 7.00 9.00 53.60 25.50 71.85 41.10 4.90 57.03 60.54 

2 6 58.73 5.25 6.00 62.95 22.50 75.24 41.27 2.90 62.20 59.01 

2 7 71.33 4.37 2.00 58.33 32.00 73.96 28.67 3.30 60.66 60.89 

2 8 66.47 5.25 5.50 55.15 30.50 69.33 33.54 3.60 58.69 58.64 

2 9 59.70 4.37 4.00 57.33 31.00 65.11 40.30 3.30 59.54 59.14 

2 10 74.23 4.37 10.00 46.93 33.50 67.39 25.77 5.20 51.06 43.55 

3 1 62.23 4.37 4.00 52.53 34.00 67.10 37.77 4.60 55.96 56.68 

3 2 64.30 4.37 6.00 51.23 33.50 69.03 35.70 4.90 54.55 52.26 

3 3 65.93 5.25 5.50 59.35 27.00 66.32 34.07 2.90 61.14 58.17 

3 4 69.57 7.00 10.50 46.40 33.00 66.36 30.44 3.60 55.44 52.02 

3 5 68.80 3.50 4.50 64.70 24.00 73.60 31.20 3.30 61.32 60.86 

3 6 59.33 6.12 10.00 44.68 34.00 79.59 40.68 5.20 51.97 50.20 

3 7 70.17 6.12 1.00 49.48 35.00 79.35 29.84 3.90 57.03 56.24 

3 8 69.23 5.25 4.50 59.85 26.50 73.96 30.77 3.90 60.51 62.62 

3 9 70.03 6.12 4.50 47.33 26.00 71.24 29.98 4.60 51.53 50.29 

3 10 65.63 4.37 4.00 53.23 34.50 72.33 34.77 3.90 57.25 58.73 
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Appendix-8: Colour intensity Red, Green and Blue (rgb values) of Standard solutions 

 

Standard Solution   

(g CN/100L) 

Colour intensity 

Red 

Colour intensity 

Green 

Colour intensity 

Blue 

70              J          216         143          70 

50              I          214         147          76 

30             H          214         141          70 

20             G          222         151          83 

10             F          214         139          78 

5               E          213         142          81 

4               D          214         146          90 

2               C          229         163         103 

1               B          230         158         102 

0               A          250         208         132 

 

(Scanned at 100dpi 24bit colour scanner)  (Intensity measured at :200dpi 50pix   10 pix are 
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Appendix-9: Colour intensity Red, Green and Blue (rgb values) of Sample  solutions 

 

Sample 

No. 

Colour 

intensity 

Red 

Colour intensity 

Green 

Colour 

intensity 

Blue 
1 251 205 89 

2 242 205 91 

3 247 203 99 

4 246 200 95 

5 237 197 81 

6 242 196 81 

7 247 201 80 

8 234 187 83 

9 245 196 86 

10 244 196 89 

11 234 192 89 

12 246 193 89 

13 234 186 83 

14 234 189 84 

15 241 192 83 

16 245 195 80 

17 227 186 93 

18 234 195 88 

19 230 183 95 

20 243 196 90 

21 238 196 81 

22 224 177 78 

23 240 195 79 

24 234 193 83 

25 233 188 93 

26 239 194 90 

27 216 187 94 

28 239 189 91 

29 240 188 80 

30 239 196 78 

31 227 186 83 

32 231 190 85 

33 236 177 89 

34 238 185 91 

35 232 192 92 

36 239 191 96 

37 238 180 85 

38 220 175 84 

39 237 176 83 

40 237 196 85 

(Scanned at 100dpi 24bit colour scanner)  (Intensity measured at :200dpi 50pix   10 

pix area) 
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Appendix-10: Studies on Gamma Irradiation Effects on Color Intensity of HCN contents 

in Sudan Grass 

 

 

 

 

 

 

 

 

(Scanned at 100dpi 24bit colour scanner)  (Intensity measured at :200dpi 50pix   10 pix area) 

Sample 

no. Treatments Replications 

C Int. 

RED 

C Int. 

GREEN 

C Int. 

BLUE 
1 T1(control) 1 251 205 89 

2 T1(control) 2 242 205 91 

3 T1(control) 3 247 203 99 

4 T1(control) 4 246 200 95 

5 T2(5kR) 1 237 197 81 

6 T2(5kR) 2 242 196 81 

7 T2(5kR) 3 247 201 80 

8 T2(5kR) 4 234 187 83 

9 T3(10kR) 1 245 196 86 

10 T3(10kR) 2 244 196 89 

11 T3(10kR) 3 234 192 89 

12 T3(10kR) 4 246 193 89 

13 T4(15kR) 1 234 186 83 

14 T4(15kR) 2 234 189 84 

15 T4(15kR) 3 241 192 83 

16 T4(15kR) 4 245 195 80 

17 T5(20kR) 1 227 186 93 

18 T5(20kR) 2 234 195 88 

19 T5(20kR) 3 230 183 95 

20 T5(20kR) 4 243 196 90 

21 T6(25(kR) 1 238 196 81 

22 T6(25(kR) 2 224 177 78 

23 T6(25(kR) 3 240 195 79 

24 T6(25(kR) 4 234 193 83 

25 T7(30kR) 1 233 188 93 

26 T7(30kR) 2 239 194 90 

27 T7(30kR) 3 216 187 94 

28 T7(30kR) 4 239 189 91 

29 T8(35kR) 1 240 188 80 

30 T8(35kR) 2 239 196 78 

31 T8(35kR) 3 227 186 83 

32 T8(35kR) 4 231 190 85 

33 T9(40kR) 1 236 177 89 

34 T9(40kR) 2 238 185 91 

35 T9(40kR) 3 232 192 92 

36 T9(40kR) 4 239 191 96 

37 T10(45kR) 1 238 180 85 

38 T10(45kR) 2 220 175 84 

39 T10(45kR) 3 237 176 83 

40 T10(45kR) 4 237 196 85 
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 Appendix-11: 
SUMMARY OUTPUT        

         

Regression Statistics        

Multiple R 0.0863001        

R Square 0.007447707        

Adjusted R Square -0.01937803        

Standard Error 0.031321729        

Observations 39        

         

ANOVA         

 df SS MS F Significance F    

Regression 1 0.000272372 0.000272372 0.277632898 0.601401966    

Residual 37 0.036298875 0.000981051      

Total 38 0.036571247       

         

 Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 0.001479677 0.167795993 0.008818311 0.993011473 -0.338507299 0.341467 -0.33851 0.341467 

251 0.00037345 0.000708757 0.526908814 0.601401966 -0.001062628 0.00181 -0.00106 0.00181 

         

         

         
RESIDUAL 
OUTPUT     

PROBABILITY 
OUTPUT    

         

Observation 
Predicted 

0.0964143426294821 Residuals 
Standard 
Residuals  Percentile 0.096414   

1 0.091854671 0.010211444 0.330394184  1.282051282 0   

2 0.093721923 0.005873219 0.190029653  3.846153846 0   

3 0.093348473 0.002992991 0.096839062  6.41025641 0   

4 0.089987419 0.012122285 0.392219983  8.974358974 0   

5 0.091854671 0.010211444 0.330394184  11.53846154 0.090377   

6 0.093721923 0.001014919 0.032837991  14.1025641 0.092653   

7 0.088867068 0.015833787 0.512306659  16.66666667 0.094737     Continued 
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8 0.092975022 0.006616814 0.214088906  19.23076923 0.094979   

9 0.092601572 0.003300067 0.106774616  21.79487179 0.095122   

10 0.088867068 0.016261137 0.526133703  24.35897436 0.095902   

11 0.093348473 0.001773478 0.057381399  26.92307692 0.096341   

12 0.088867068 0.011132932 0.360209171  29.48717949 0.097   

13 0.088867068 0.014124385 0.456998481  32.05128205 0.097479   

14 0.091481221 0.01017853 0.329329234  34.61538462 0.0975   

15 0.092975022 -0.000321961 -0.010417145  37.17948718 0.097942   

16 0.086252915 0.016830785 0.544564827  39.74358974 0.098291   

17 0.088867068 0.00942353 0.304900993  42.30769231 0.099573   

18 0.087373267 0.018278907 0.591419235  44.87179487 0.099582   

19 0.092228122 0.005714265 0.184886673  47.43589744 0.099583   

20 0.09036087 0.00663913 0.214810946  50 0.099592   

21 0.085132564 0.022010293 0.712149274  52.56410256 0.099595   

22 0.09110777 0.00639223 0.206822401  55.12820513 0.1   

23 0.088867068 0.010705581 0.346382126  57.69230769 0.100418   

24 0.088493618 0.01408149 0.455610591  60.25641026 0.100847   

25 0.09073432 -0.000357751 -0.011575136  62.82051282 0.10166   

26 0.082144961 0.028503187 0.922228705  65.38461538 0.101762   

27 0.09073432 0.00968409 0.31333148  67.94871795 0.102066   

28 0.09110777 0.008475563 0.274229243  70.51282051 0.102066   

29 0.09073432 0.004244759 0.137340396  73.07692308 0.10211   

30 0.086252915 0.015509199 0.50180454  75.64102564 0.102165   

31 0.087746717 0.014417785 0.466491532  78.20512821 0.102575   

32 0.089613969 0.011233489 0.363462716  80.76923077 0.102991   

33 0.09036087 0.007118122 0.230308855  83.33333333 0.103017   

34 0.088120167 0.014897074 0.481999058  85.8974359 0.103084   

35 0.09073432 0.00884727 0.286255929  88.46153846 0.104701   

36 0.09036087 -0.09036087 -2.923651583  91.02564103 0.105128   

37 0.083638763 -0.083638763 -2.706155904  93.58974359 0.105652   

38 0.089987419 -0.089987419 -2.91156849  96.15384615 0.107143   

39 0.089987419 -0.089987419 -2.91156849  98.71794872 0.110648   
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Appendix-12: 
SUMMARY OUTPUT        

         

Regression Statistics        

Multiple R 0.400671        

R Square 0.160537        
Adjusted R 
Square 0.137849        

Standard Error 0.196169        

Observations 39        

         

ANOVA         

  df SS MS F 
Significance 

F    

Regression 1 0.272295 0.272295 7.075819 0.011482    

Residual 37 1.423849 0.038482      

Total 38 1.696144          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 2.424182 0.832016 2.913625 0.006028 0.738358 4.110006 0.738358 4.110006 

205 -0.01159 0.004359 -2.66004 0.011482 -0.02043 -0.00276 -0.02043 -0.00276 

         

         

         

RESIDUAL OUTPUT    PROBABILITY OUTPUT  

         

Observation Predicted 0 Residuals 
Standard 
Residuals  Percentile 0   

1 0.047265 -0.04727 -0.24417  1.282051 0   

2 0.070454 -0.07045 -0.36397  3.846154 0   

3 0.105239 -0.10524 -0.54367  6.410256 0   

4 0.140023 -0.14002 -0.72337  8.974359 0   

5 0.151618 -0.15162 -0.78327  11.53846 0   

6 0.093644 -0.09364 -0.48377  14.10256 0   
Continued 
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7 0.25597 0.64403 3.327101  16.66667 0   

8 0.151618 0.248382 1.28316  19.23077 0   

9 0.151618 0.238382 1.231499  21.79487 0   

10 0.197996 0.172004 0.888582  24.35897 0   

11 0.186402 0.173598 0.89682  26.92308 0   

12 0.267565 0.072435 0.374205  29.48718 0   

13 0.232781 0.137219 0.708885  32.05128 0   

14 0.197996 0.172004 0.888582  34.61538 0   

15 0.163212 0.236788 1.223261  37.17949 0.01   

16 0.267565 0.082435 0.425866  39.74359 0.1   

17 0.163212 0.226788 1.1716  42.30769 0.1   

18 0.302349 0.037651 0.194508  44.87179 0.2   

19 0.151618 -0.15162 -0.78327  47.4359 0.2   

20 0.151618 -0.15162 -0.78327  50 0.2   

21 0.371917 0.228083 1.178291  52.5641 0.2   

22 0.163212 -0.16321 -0.84316  55.12821 0.3   

23 0.186402 -0.0864 -0.44636  57.69231 0.3   

24 0.244375 -0.04438 -0.22925  60.25641 0.3   

25 0.174807 -0.16481 -0.8514  62.82051 0.34   

26 0.25597 0.04403 0.227462  65.38462 0.34   

27 0.232781 0.167219 0.863867  67.94872 0.35   

28 0.244375 0.155625 0.803967  70.51282 0.36   

29 0.151618 -0.15162 -0.78327  73.07692 0.37   

30 0.267565 0.032435 0.167563  75.64103 0.37   

31 0.221186 -0.02119 -0.10945  78.20513 0.37   

32 0.371917 -0.07192 -0.37153  80.76923 0.39   

33 0.279159 -0.17916 -0.92555  83.33333 0.39   

34 0.197996 -0.198 -1.02286  85.89744 0.4   

35 0.209591 -0.20959 -1.08276  88.46154 0.4   

36 0.337133 -0.13713 -0.70844  91.02564 0.4   

37 0.395107 -0.39511 -2.04115  93.58974 0.4   

38 0.383512 -0.18351 -0.94803  96.15385 0.6   

39 0.151618 -0.15162 -0.78327  98.71795 0.9   
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Appendix-13: 
SUMMARY OUTPUT        

         

Regression Statistics        

Multiple R 0.998363        

R Square 0.996728        
Adjusted R 
Square 0.996639        

Standard Error 0.014466        

Observations 39        

         

ANOVA         

  df SS MS F 
Significance 

F    

Regression 1 2.358495 2.358495 11270.01 1.38E-47    

Residual 37 0.007743 0.000209      

Total 38 2.366238          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 0.026343 0.036484 0.722057 0.474798 -0.04758 0.100267 -0.04758 0.100267 

89 0.044613 0.00042 106.1603 1.38E-47 0.043762 0.045465 0.043762 0.045465 

         

         

         

RESIDUAL OUTPUT    PROBABILITY OUTPUT  

         

Observation Predicted 4 Residuals 
Standard 
Residuals  Percentile 4   

1 4.086142 -0.08614 -6.03459  1.282051 3.505618   

2 4.443047 0.006391 0.447744  3.846154 3.505618   

3 4.264594 0.005069 0.355088  6.410256 3.550562   

4 3.64001 0.00044 0.030794  8.974359 3.595506   

5 3.64001 0.00044 0.030794  11.53846 3.595506   

6 3.595397 0.000109 0.00763  14.10256 3.595506   Continued 
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7 3.729236 0.001101 0.077122  16.66667 3.640449   

8 3.863076 0.002093 0.146614  19.23077 3.640449   

9 3.996915 0.003085 0.216105  21.79487 3.640449   

10 3.996915 0.003085 0.216105  24.35897 3.730337   

11 3.996915 0.003085 0.216105  26.92308 3.730337   

12 3.729236 0.001101 0.077122  29.48718 3.730337   

13 3.773849 0.001432 0.100286  32.05128 3.730337   

14 3.729236 0.001101 0.077122  34.61538 3.730337   

15 3.595397 0.000109 0.00763  37.17949 3.730337   

16 4.175368 0.004407 0.308761  39.74359 3.775281   

17 3.952302 0.002754 0.192941  42.30769 3.775281   

18 4.264594 0.005069 0.355088  44.87179 3.820225   

19 4.041528 0.003415 0.239269  47.4359 3.820225   

20 3.64001 0.00044 0.030794  50 3.820225   

21 3.50617 -0.00055 -0.0387  52.5641 3.865169   

22 3.550784 -0.00022 -0.01553  55.12821 3.955056   

23 3.729236 0.001101 0.077122  57.69231 4   

24 4.175368 0.004407 0.308761  60.25641 4   

25 4.041528 0.003415 0.239269  62.82051 4   

26 4.219981 0.004738 0.331924  65.38462 4   

27 4.086142 0.003746 0.262433  67.94872 4   

28 3.595397 0.000109 0.00763  70.51282 4.044944   

29 3.50617 -0.00055 -0.0387  73.07692 4.044944   

30 3.729236 0.001101 0.077122  75.64103 4.089888   

31 3.818463 0.001762 0.12345  78.20513 4.089888   

32 3.996915 0.003085 0.216105  80.76923 4.134831   

33 4.086142 0.003746 0.262433  83.33333 4.179775   

34 4.130755 0.004077 0.285597  85.89744 4.179775   

35 4.309207 0.005399 0.378252  88.46154 4.224719   

36 3.818463 0.001762 0.12345  91.02564 4.269663   

37 3.773849 0.001432 0.100286  93.58974 4.269663   

38 3.729236 0.001101 0.077122  96.15385 4.314607   

39 3.818463 0.001762 0.12345  98.71795 4.449438   
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Appendix-14: 

Predicted CN (mg CN/100mL) vs. Y1( RED) 

Dependent variable: Predicted CN (mg CN/100mL) 

Independent variable: Y1( RED) 

Linear model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept -0.000336697 0.157905 -0.00213228 0.9983 

Slope 0.000381241 0.000665947 0.572479 0.5704 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 0.000313072 1 0.000313072 0.33 0.5704 

Residual 0.0363001 38 0.000955267   

Total (Corr.) 0.0366132 39    

 

Correlation Coefficient = 0.0924705 

R-squared = 0.85508 percent 

R-squared (adjusted for d.f.) = -1.754 percent 

Standard Error of Est. = 0.0309074 

Mean absolute error = 0.0177394 

Durbin-Watson statistic = 0.384131 (P=0.0000) 

Lag 1 residual autocorrelation = 0.696306 

 

The Stat Advisor 

The output shows the results of fitting a linear model to describe the relationship between 

Predicted CN (mg CN/100mL) and Y1( RED).  The equation of the fitted model is 

 

   Predicted CN (mg CN/100mL) = -0.000336697 + 0.000381241*Y1( RED) 

 

Since the P-value in the ANOVA table is greater or equal to 0.05, there is not a statistically 

significant relationship between Predicted CN (mg CN/100mL) and Y1( RED) at the 95.0% or 

higher confidence level. 
                                                                                                                              Continued 
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The R-Squared statistic indicates that the model as fitted explains 0.85508% of the variability 

in Predicted CN (mg CN/100mL).  The correlation coefficient equals 0.0924705, indicating a 

relatively weak relationship between the variables.  The standard error of the estimate shows 

the standard deviation of the residuals to be 0.0309074.  This value can be used to construct 

prediction limits for new observations by selecting the Forecasts option from the text menu. 

 

The mean absolute error (MAE) of 0.0177394 is the average value of the residuals.  The 

Durbin-Watson (DW) statistic tests the residuals to determine if there is any significant 

correlation based on the order in which they occur in your data file.  Since the P-value is less 

than 0.05, there is an indication of possible serial correlation at the 95.0% confidence level.  

Plot the residuals versus row order to see if there is any pattern that can be seen.   

 

Predicted Values 

  95.00%  95.00%  

 Predicted Prediction Limits Confidence Limits 

X Y Lower Upper Lower Upper 

216.0 0.0820113 0.0126266 0.151396 0.0520216 0.112001 

251.0 0.0953548 0.0292566 0.161453 0.0740452 0.116664 

 

The Stat Advisor 

This table shows the predicted values for Predicted CN (mg CN/100mL) using the fitted 

model.  In addition to the best predictions, the table shows: 

 

   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations 

 

The prediction and confidence intervals correspond to the inner and outer bounds on the graph 

of the fitted model. 

 

Unusual Residuals 

   Predicted  Studentized 

Row X Y Y Residual Residual 

37 238.0 0 0.0903986 -0.0903986 -3.33 

38 220.0 0 0.0835363 -0.0835363 -3.31 

39 237.0 0 0.0900174 -0.0900174 -3.31 

40 237.0 0 0.0900174 -0.0900174 -3.31 

The Stat Advisor 
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The table of unusual residuals lists all observations which have Studentized   residuals greater 

than 2 in absolute value.  Studentized  residuals measure how many standard deviations each 

observed value of Predicted CN (mg CN/100mL) deviates from a model fitted using all of the 

data except that observation.  In this case, there are 4 Studentized residuals greater than 3.  You 

should take a careful look at the observations greater than 3 to determine whether they are 

outliers which should be removed from the model and handled separately. 

 

Plot of Fitted Model

Predicted CN (mg CN/100mL) = -0.000336697 + 0.000381241*Y1( RED)
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Residual Plot

Predicted CN (mg CN/100mL) = -0.000336697 + 0.000381241*Y1( RED)
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Appendix-15: 

Simple Regression - Predicted CNs (mg CN/100mL) vs. Y2 (GREEN) 

Dependent variable: Predicted CNs (mg CN/100mL) 

Independent variable: Y2 (GREEN) 

Linear model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept 2.47946 0.785607 3.15611 0.0031 

Slope -0.0118902 0.00410785 -2.8945 0.0063 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 0.314364 1 0.314364 8.38 0.0063 

Residual 1.42583 38 0.0375219   

Total (Corr.) 1.7402 39    

 

Correlation Coefficient = -0.425028 

R-squared = 18.0649 percent 

R-squared (adjusted for d.f.) = 15.9087 percent 

Standard Error of Est. = 0.193706 

Mean absolute error = 0.153992 

Durbin-Watson statistic = 1.03259 (P=0.0004) 

Lag 1 residual autocorrelation = 0.475304 

 

The Stat Advisor 

The output shows the results of fitting a linear model to describe the relationship between 

Predicted CN (mg CN/100mL) and Y2(GREEN).  The equation of the fitted model is 

 

   Predicted CN (mg CN/100mL) = 2.47946 - 0.0118902*Y2(GREEN) 

 

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant 

relationship between Predicted CN (mg CN/100mL) and Y2(GREEN) at the 95.0% confidence 

level. 

 

 

 
                                                                                                                                Continued 
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The R-Squared statistic indicates that the model as fitted explains 18.0649% of the variability 

in Predicted CN (mg CN/100mL).  The correlation coefficient equals -0.425028, indicating a 

relatively weak relationship between the variables.  The standard error of the estimate shows 

the standard deviation of the residuals to be 0.193706.  This value can be used to construct 

prediction limits for new observations by selecting the Forecasts option from the text menu. 

 

The mean absolute error (MAE) of 0.153992 is the average value of the residuals.  The Durbin-

Watson (DW) statistic tests the residuals to determine if there is any significant correlation 

based on the order in which they occur in your data file.  Since the P-value is less than 0.05, 

there is an indication of possible serial correlation at the 95.0% confidence level.  Plot the 

residuals versus row order to see if there is any pattern that can be seen.   

 

Predicted Values 

 

  95.00%  95.00%  

 Predicted Prediction Limits Confidence Limits 

X Y Lower Upper Lower Upper 

175.0 0.398682 -0.0202951 0.817659 0.251136 0.546228 

205.0 0.0419765 -0.371518 0.455471 -0.0891937 0.173147 
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The Stat Advisor 

This table shows the predicted values for Predicted CNs (mg CN/100mL) using the fitted 

model.  In addition to the best predictions, the table shows: 

 

   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations 

 

The prediction and confidence intervals correspond to the inner and outer bounds on the graph 

of the fitted model. 

 

Unusual Residuals 

   Predicted  Studentized 

Row X Y Y Residual Residual 

8 187.0 0.9 0.256 0.644 3.99 

38 175.0 0 0.398682 -0.398682 -2.35 

 

The Stat Advisor 

The table of unusual residuals lists all observations which have Studentized residuals greater 

than 2 in absolute value.  Studentized residuals measure how many standard deviations each 

observed value of Predicted CN (mg CN/100mL) deviates from a model fitted using all of the 

data except that observation.  In this case, there are 2 Studentized residuals greater than 2, one 

greater than 3.  You should take a careful look at the observations greater than 3 to determine 

whether they are outliers which should be removed from the model and handled separately. 
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Plot of Fitted Model

Predicted CNs (mg CN/100mL) = 2.47946 - 0.0118902*Y2(GREEN)
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Residual Plot

Predicted CNs (mg CN/100mL) = 2.47946 - 0.0118902*Y2(GREEN)
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Appendix-16: 

Predicteds CN (mg CN/100mL) vs. Y3(BLUE) 

Dependent variable: Predicted CN (mg CN/100mL) 

Independent variable: Y3(BLUE) 

Linear model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept 0.047219 0.0362262 1.30345 0.2003 

Slope 0.0443775 0.000417009 106.419 0.0000 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 2.34433 1 2.34433 11324.92 0.0000 

Residual 0.00786624 38 0.000207006   

Total (Corr.) 2.3522 39    

 

Correlation Coefficient = 0.998326 

R-squared = 99.6656 percent 

R-squared (adjusted for d.f.) = 99.6568 percent 

Standard Error of Est. = 0.0143877 

Mean absolute error = 0.00498608 

Durbin-Watson statistic = 2.22081 (P=0.7313) 

Lag 1 residual autocorrelation = -0.11108 

 

 

The Stat Advisor 

The output shows the results of fitting a linear model to describe the relationship between 

Predicted CN (mg CN/100mL) and Y3(BLUE).  The equation of the fitted model is 

 

Predicted CN (mg CN/100mL) = 0.047219 + 0.0443775*Y3(BLUE) 

 

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant 

relationship between Predicted CN (mg CN/100mL) and Y3(BLUE) at the 95.0% confidence 

level. 

 
 
Continued 



 
 

Page 223 
 

The R-Squared statistic indicates that the model as fitted explains 99.6656% of the variability 

in Predicted CN (mg CN/100mL).  The correlation coefficient equals 0.998326, indicating a 

relatively strong relationship between the variables.  The standard error of the estimate shows 

the standard deviation of the residuals to be 0.0143877.  This value can be used to construct 

prediction limits for new observations by selecting the Forecasts option from the text menu. 

 

The mean absolute error (MAE) of 0.00498608 is the average value of the residuals.  The 

Durbin-Watson (DW) statistic tests the residuals to determine if there is any significant 

correlation based on the order in which they occur in your data file.  Since the P-value is 

greater than 0.05, there is no indication of serial autocorrelation in the residuals at the 95.0% 

confidence level.   

 

Predicted Values 

  95.00%  95.00%  

 Predicted Predictio

n 

Limits Confidenc

e 

Limits 

X Y Lower Upper Lower Upper 

78.0 3.50867 3.47828 3.53905 3.5 3.51733 

99.0 4.44059 4.40933 4.47186 4.42923 4.45195 

 

The Stat Advisor 

This table shows the predicted values for Predicted CN (mg CN/100mL) using the fitted 

model.  In addition to the best predictions, the table shows: 

 

   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations 

 

The prediction and confidence intervals correspond to the inner and outer bounds on the graph 

of the fitted model. 

 

Unusual Residuals 

   Predicted  Studentized 

Row X Y Y Residual Residual 

2 91.0 4.0 4.08557 -0.0855733 -34.73 

 

The Stat Advisor 

The table of unusual residuals lists all observations which have Studentized residuals greater 

than 2 in absolute value.  Studentized residuals measure how many standard deviations each 

observed value of Predicted CN (mg CN/100mL) deviates from a model fitted using all of the 

data except that observation.  In this case, there is one Studentized residual greater than 3.  You 

should take a careful look at the observations greater than 3 to determine whether they are 

outliers which should be removed from the model and handled separately. 
Continued 
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Plot of Fitted Model

Predicteds CNs (mg CN/100mL) = 0.047219 + 0.0443775*Y3(BLUE)
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Residual Plot

Predicteds CNs (mg CN/100mL) = 0.047219 + 0.0443775*Y3(BLUE)

78 82 86 90 94 98 102

Y3(BLUE)

-40

-20

0

20

40

S
tu

d
e
n

ti
z
e
d

 r
e
s
id

u
a
l

 



 
 

Page 225 
 

Appendix-17: 

Predicted Red CN (mg CN/100mL) vs. Treatments 

 

Dependent variable: Predicted Red CN (mg CN/100mL) 

Independent variable: Treatments 

R model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept 0.114643 0.00787594 14.5561 0.0000 

Slope -0.00109571 0.000296211 -3.69908 0.0007 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 0.00969339 1 0.00969339 13.68 0.0007 

Residual 0.0269198 38 0.000708417   

Total (Corr.) 0.0366132 39    

 

Correlation Coefficient = -0.51454 

R-squared = 26.4751 percent 

R-squared (adjusted for D.F.) = 24.5402 percent 

Standard Error of Est. = 0.0266161 

Mean absolute error = 0.0190082 

Durbin-Watson statistic = 0.415548 (P=0.0000) 

Lag 1 residual autocorrelation = 0.707485 

 

The R Advisor 

 

The output shows the results of fitting aR model to describe the relationship between Predicted 

red CN (mg CN/100mL) and Treatments.  The equation of the fitted model is 

 

Predicted CN (mg CN/100mL) = 0.114643 - 0.00109571*Treatments 

 

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant 

relationship between Predicted CN (mg CN/100mL) and Treatments at the 95.0% confidence 

level. 

 

The R-Squared statistic indicates that the model as fitted explains 26.4751% of the variability 

in Predicted red CN (mg CN/100mL).  The correlation coefficient equals -0.51454, indicating a 

moderately strong relationship between the variables.  The standard error of the estimate shows 

the standard deviation of the residuals to be 0.0266161.  This value can be used to construct 

prediction limits for new observations by selecting the Forecasts option from the text menu. 
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The mean absolute error (MAE) of 0.0190082 is the average value of the residuals.  The 

Durbin-Watson (DW) statistic tests the residuals to determine if there is any significant 

correlation based on the order in which they occur in your data file.  Since the P-value is less 

than 0.05, there is an indication of possible serial correlation at the 95.0% confidence level.  

Plot the residuals versus row order to see if there is any pattern that can be seen.  

 

Predicted Values 

  95.00%  95.00%  

 Predicted Prediction Limits Confidence Limits 

X Y Lower Upper Lower Upper 

1.0 0.113548 0.0574974 0.169598 0.0981072 0.128988 

45.0 0.0653366 0.00913833 0.121535 0.0493672 0.081306 

 

The R Advisor 

 

This table shows the predicted values for Predicted red CN (mg CN/100mL) using the fitted 

model.  In addition to the best predictions, the table shows: 

 

   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations 

 

The prediction and confidence intervals correspond to the inner and outer bounds on the graph 

of the fitted model. 

 

Unusual Residuals 

   Predicted  Studentized 

Row X Y Y Residual Residual 

37 45.0 0 0.0653366 -0.0653366 -2.79 

38 45.0 0 0.0653366 -0.0653366 -2.79 

39 45.0 0 0.0653366 -0.0653366 -2.79 

40 45.0 0 0.0653366 -0.0653366 -2.79 

 

The R Advisor 

 

The table of unusual residuals lists all observations which have Studentized residuals greater 

than 2 in absolute value.  Studentized residuals measure how many standard deviations each 

observed value of Predicted red CN (mg CN/100mL) deviates from a model fitted using all of 

the data except that observation.  In this case, there are 4 Studentized residuals greater than 2, 

but none greater than 3.   
 
 
 
 
 
Continued 
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Appendix-18: 

Predicted green CN (mg CN/100mL) vs. Treatments 
Dependent variable: predicted green CNs (mg CN/100mL) 

Independent variable: Treatments 

R model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept 0.242095 0.0629695 3.84463 0.0004 

Slope -0.00155038 0.00236826 -0.654652 0.5166 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 0.0194073 1 0.0194073 0.43 0.5166 

Residual 1.72079 38 0.045284   

Total (Corr.) 1.7402 39    

 

Correlation Coefficient = -0.105605 

R-squared = 1.11524 percent 

R-squared (adjusted for D.F.) = -1.487 percent 

Standard Error of Est. = 0.2128 

Mean absolute error = 0.177618 

Durbin-Watson statistic = 1.47745 (P=0.0310) 

Lag 1 residual autocorrelation = 0.235832 

 

The R Advisor 

 

The output shows the results of fitting R model to describe the relationship between Predicted 

green CN (mg CN/100mL) and Treatments.  The equation of the fitted model is 

 

   Predicted green CN (mg CN/100mL) = 0.242095 - 0.00155038*Treatments 

 

Since the P-value in the ANOVA table is greater or equal to 0.05, there is not a statistically 

significant relationship between Predicted green CN (mg CN/100mL) and Treatments at the 

95.0% or higher confidence level. 

 

The R-Squared statistic indicates that the model as fitted explains 1.11524% of the variability 

in Predicted green CN (mg CN/100mL).  The correlation coefficient equals -0.105605, 

indicating a relatively weak relationship between the variables.  The standard error of the 

estimate shows the standard deviation of the residuals to be 0.2128.  This value can be used to 

construct prediction limits for new observations by selecting the Forecasts option from the text 

menu. 
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                                                                                                                                  Continued                                                                                                                                                                           

The mean absolute error (MAE) of 0.177618 is the average value of the residuals.  The Durbin-

Watson (DW) statistic tests the residuals to determine if there is any significant correlation 

based on the order in which they occur in your data file.  Since the P-value is less than 0.05, 

there is an indication of possible serial correlation at the 95.0% confidence level.  Plot the 

residuals versus row order to see if there is any pattern that can be seen.   

 

 

Predicted Values 

  95.00%  95.00%  

 Predicted Prediction Limits Confidence Limits 

X Y Lower Upper Lower Upper 

1.0 0.240544 -0.207587 0.688676 0.117095 0.363994 

45.0 0.172328 -0.276987 0.621643 0.0446495 0.300006 

 

The R Advisor 

 

This table shows the predicted values for Predicted green CN (mg CN/100mL) using the fitted 

model.  In addition to the best predictions, the table shows: 

 

   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations 

 

The prediction and confidence intervals correspond to the inner and outer bounds on the graph 

of the fitted model. 
 

Unusual Residuals 

   Predicted  Studentized 

Row X Y Y Residual Residual 

8 5.0 0.9 0.234343 0.665657 3.74 

 

The R Advisor 

 

The table of unusual residuals lists all observations which have Studentized residuals greater 

than 2 in absolute value.  Studentized residuals measure how many standard deviations each 

observed value of Predicted green CN (mg CN/100mL) deviates from a model fitted using all 

of the data except that observation.  In this case, there is one Studentized residual greater than 

3.  You should take a careful look at the observations greater than 3 to determine whether they 

are outliers which should be removed from the model and handled separately. 

 

 

 

 

Continued 
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Appendix-19: 

Predicted blue CN (mg CN/100mL) vs. Treatments 

Dependent variable: Predicted CN (mg CN/100mL) 

Independent variable: Treatments 

R model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept 3.91371 0.0735313 53.225 0.0000 

Slope -0.000843482 0.00276548 -0.305004 0.7620 

 

 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 0.00574432 1 0.00574432 0.09 0.7620 

Residual 2.34645 38 0.0617488   

Total (Corr.) 2.3522 39    

 

Correlation Coefficient = -0.0494177 

R-squared = 0.244211 percent 

R-squared (adjusted for D.F.) = -2.38094 percent 

Standard Error of Est. = 0.248493 

Mean absolute error = 0.210095 

Durbin-Watson statistic = 1.03341 (P=0.0003) 

Lag 1 residual autocorrelation = 0.481015 

 

The R Advisor 

 

The output shows the results of fitting R model to describe the relationship between Predicted 

CN (mg CN/100mL) and Treatments.  The equation of the fitted model is 

 

Predicted CN (mg CN/100mL) = 3.91371 - 0.000843482*Treatments 

 

Since the P-value in the ANOVA table is greater or equal to 0.05, there is not a statistically 

significant relationship between Predicted CN (mg CN/100mL) and Treatments at the 95.0% 

or higher confidence level. 

 

The R-Squared statistic indicates that the model as fitted explains 0.244211% of the variability 

in Predicted CN (mg CN/100mL).  The correlation coefficient equals -0.0494177, indicating a  

Continued 
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relatively weak relationship between the variables.  The standard error of the estimate shows  

the standard deviation of the residuals to be 0.248493.  This value can be used to construct 

prediction limits for new observations by selecting the Forecasts option from the text menu. 

 

The mean absolute error (MAE) of 0.210095 is the average value of the residuals.  The Durbin-

Watson (DW) statistic tests the residuals to determine if there is any significant correlation 

based on the order in which they occur in your data file.  Since the P-value is less than 0.05, 

there is an indication of possible serial correlation at the 95.0% confidence level.  Plot the 

residuals versus row order to see if there is any pattern that can be seen.   

 

Predicted Values 

  95.00%  95.00%  

 Predicted Prediction Limits Confidence Limits 

X Y Lower Upper Lower Upper 

1.0 3.91286 3.38957 4.43616 3.76871 4.05702 

45.0 3.87575 3.35107 4.40043 3.72666 4.02484 

 

The R Advisor 

 

This table shows the predicted values for Predicted CN (mg CN/100mL) using the fitted 

model.  In addition to the best predictions, the table shows: 

 

   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations 

 

The prediction and confidence intervals correspond to the inner and outer bounds on the graph 

of the fitted model. 

 

Unusual Residuals 

   Predicted  Studentized 

Row X Y Y Residual Residual 

3 1.0 4.45 3.91286 0.537136 2.39 

 

The Stat Advisor 

 

The table of unusual residuals lists all observations which have Studentized residuals greater 

than 2 in absolute value.  Studentized residuals measure how many standard deviations each 

observed value of Predicted CN (mg CN/100mL) deviates from a model fitted using all of the 

data except that observation.  In this case, there is one Studentized residual greater than 2, but 

none greater than 3.   

Continued 
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Appendix-20: 

RGB vs. Treatments 

Dependent variable: RGB 

Independent variable: Treatments 

Linear model: Y = a + b*X 

 

Coefficients 

 Least Squares Standard T  

Parameter Estimate Error Statistic P-Value 

Intercept 5.21072 0.0929724 56.0459 0.0000 

Slope -0.00374219 0.00348282 -1.07447 0.2894 

 

Analysis of Variance 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

Model 0.113063 1 0.113063 1.15 0.2894 

Residual 3.72145 38 0.097933   

Total (Corr.) 3.83452 39    

 

Correlation Coefficient = -0.171714 

R-squared = 2.94856 percent 

R-squared (adjusted for D.F.) = 0.39457 percent 

Standard Error of Est. = 0.312943 

Mean absolute error = 0.248462 

Durbin-Watson statistic = 1.41485 (P=0.0188) 

Lag 1 residual autocorrelation = 0.277297 

 

The R Advisor 

The output shows the results of fitting a linear model to describe the relationship between RGB 

and Treatments.  The equation of the fitted model is 

 

 

 

Continued 
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   RGB = 5.21072 - 0.00374219*Treatments 

 

 RGB = 5.20 (when treatment is minimum 0 kR or Control) 

 RGB = 5.04 (when treatment is maximum 45 kR) 

 

Equation has shown that increasing treatments (45 kR) has decreased the RGB while 

decreasing Treatment (0 kR or Control) has increased the RGB. 

 

Since the P-value in the ANOVA table is greater or equal to 0.05, there is not a statistically 

significant relationship between RGB and Treatments at the 95.0% or higher confidence level. 

 

The R-Squared statistic indicates that the model as fitted explains 2.94856% of the variability 

in RGB.  The correlation coefficient equals -0.171714, indicating a relatively weak relationship 

between the variables.  The standard error of the estimate shows the standard deviation of the 

residuals to be 0.312943.  This value can be used to construct prediction limits for new 

observations by selecting the Forecasts option from the text menu. 

 

The mean absolute error (MAE) of 0.248462 is the average value of the residuals.  The Durbin-

Watson (DW) statistic tests the residuals to determine if there is any significant correlation 

based on the order in which they occur in your data file.  Since the P-value is less than 0.05, 

there is an indication of possible serial correlation at the 95.0% confidence level.  Plot the 

residuals versus row order to see if there is any pattern that can be seen.   

 

Predicted Values 

  95.00%  95.00%  

 Predicted Prediction Limits Confidence Limits 

X Y Lower Upper Lower Upper 

1.0 5.20698 4.54776 5.8662 5.0247 5.38926 

45.0 5.04232 4.38178 5.70287 4.8553 5.22935 

 

The R Advisor 

This table shows the predicted values for RGB using the fitted model.  In addition to the best 

predictions, the table shows: 

 

Continued 
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   (1) 95.0% prediction intervals for new observations 

   (2) 95.0% confidence intervals for the mean of many observations. 
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Appendix-21: 

Effects of Gamma Irradiation on Color Intensities (Red, Green and Blue), Predicted CN values 

and RGB values in sample solutions of Sudan grass. 

Treatments Replications Y1( RED) 

Predicted 
CN (mg 

CN/100mL
) Y2(GREEN) 

Predicted 
CN (mg 

CN/100mL
) Y3(BLUE) 

Predicted 
CN (mg 

CN/100mL
) RGB 

Predicte
d CN 
(mg 
CN/100
mL) 

T1(control) 1 251 0.096 205 0 89 4.00 5.031 2.65 

T1(control) 2 242 0.102 205 0 91 4.00 5.037 2.66 

T1(control) 3 247 0.099 203 0 99 4.45 5.484 2.80 

T1(control) 4 246 0.096 200 0 95 4.27 5.301 2.74 

T2(5kR) 1 237 0.102 197 0 81 3.64 4.677 2.54 

T2(5kR) 2 242 0.102 196 0 81 3.64 4.677 2.54 

T2(5kR) 3 247 0.095 201 0 80 3.60 4.625 2.51 

T2(5kR) 4 234 0.105 187 0.9 83 3.73 5.669 3.47 

T3(10kR) 1 245 0.099 196 0.4 86 3.87 5.299 3.01 

T3(10kR) 2 244 0.096 196 0.39 89 4.00 5.420 3.04 

T3(10kR) 3 234 0.105 192 0.37 89 4.00 5.409 3.03 

T3(10kR) 4 246 0.095 193 0.36 89 4.00 5.389 3.01 

T4(15kR) 1 234 0.100 186 0.34 83 3.73 5.105 2.90 

T4(15kR) 2 234 0.103 189 0.37 84 3.78 5.183 2.95 

T4(15kR) 3 241 0.102 192 0.37 83 3.73 5.136 2.94 

T4(15kR) 4 245 0.093 195 0.4 80 3.60 5.023 2.91 

T5(20kR) 1 227 0.103 186 0.35 93 4.18 5.567 2.37 

T5(20kR) 2 234 0.098 195 0.39 88 3.96 5.378 2.33 

T5(20kR) 3 230 0.106 183 0.34 95 4.27 5.649 2.39 

T5(20kR) 4 243 0.098 196 0 90 4.04 5.077 1.97 

T6(25kR) 1 238 0.098 196 0 81 3.64 4.672 1.83 

T6(25(kR) 2 224 0.107 177 0.6 78 3.51 5.147 2.40 

T6(25(kR) 3 240 0.098 195 0 79 3.55 4.583 1.80 

T6(25(kR) 4 234 0.099 193 0.1 83 3.73 4.864 1.96 

T7(30kR) 1 233 0.103 188 0.2 93 4.18 5.417 2.22 

T7(30kR) 2 239 0.090 194 0.01 90 4.04 5.079 1.97 

T7(30kR) 3 216 0.111 187 0.3 94 4.22 5.569 2.34 

T7(30kR) 4 239 0.100 189 0.4 91 4.09 5.525 2.38 

T8(35kR) 1 240 0.099 188 0.4 80 3.60 5.029 2.22 

T8(35kR) 2 239 0.095 196 0 78 3.51 4.535 1.78 

T8(35kR) 3 227 0.102 186 0.3 83 3.73 5.067 2.17 

T8(35kR) 4 231 0.102 190 0.2 85 3.82 5.057 2.10 

T9(40kR) 1 236 0.101 177 0.3 89 4.00 5.335 2.25 

T9(40kR) 2 238 0.097 185 0.1 91 4.09 5.222 2.08 

T9(40kR) 3 232 0.103 192 0 92 4.13 5.172 2.00 

T9(40kR) 4 239 0.099 191 0 96 4.31 5.349 2.06 

T10(45kR) 1 238 0.000 180 0.2 85 3.82 4.955 1.99 

T10(45kR) 2 220 0.000 175 0 84 3.78 4.709 1.78 

T10(45kR) 3 237 0.000 176 0.2 83 3.73 4.865 1.96 

T10(45kR) 4 237 0.000 196 0 85 3.82 4.755 1.79 
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Appendix 22: Presence or absence of SDS-PAGE bands. 

           M1-generation                            M2-generation 

 

 

 

B shows number. of bands 

T shows treatments of Gamma irradiation 

MBF shows Mean Bands Frequency 

Poly shows Polymorphic bands & Poly% shows Polymorphic bands percentage  

 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10  T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

B1 1 1 1 0 1 1 1 1 0 1  1 1 0 1 1 1 1 1 1 1 

B2 1 1 1 0 0 0 1 1 1 0  0 0 0 1 0 0 0 1 1 1 

B3 0 0 0 0 0 0 0 1 0 1  0 0 0 0 0 0 1 0 1 1 

B4 1 1 1 0 1 1 1 1 1 1  1 1 0 1 1 1 0 1 0 1 

B5 0 0 0 0 0 0 0 1 0 1  0 1 0 1 0 1 0 1 0 1 

B6 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 

B7 0 1 1 1 0 1 0 1 0 1  0 0 1 1 0 0 0 1 1 1 

B8 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 

B9 1 1 1 0 1 1 1 0 1 1  1 0 0 0 1 1 1 1 1 1 

B10 1 1 1 0 1 1 1 1 1 1  1 1 0 1 1 1 1 1 1 1 

B11 1 1 1 1 1 1 1 1 1 1  1 1 0 1 1 1 1 1 1 1 

B12 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 

B13 1 0 1 1 1 1 0 1 0 1  0 1 1 0 0 1 0 0 0 1 

B14 1 1 1 0 1 1 1 1 1 1  1 1 0 0 1 1 1 0 1 1 

B15 0 0 0 1 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 

B16 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 

B17 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 0 1 1 

Total 13 13 14 9 12 13 12 15 11 15  11 12 7 12 11 13 11 12 13 16 

MBF 0.76 0.76 0.82 0.53 0.71 0.76 0.71 0.88 0.65 0.88  0.65 0.71 0.41 0.71 0.65 0.76 0.65 0.71 0.76 0.94 

Poly 10 10 11 6 9 10 9 12 8 12  8 9 4 9 8 10 8 9 10 13 

Poly% 58.8 58.8 64.7 35.3 52.9 58.8 52.9 70.6 47.1 70.6  47.1 52.9 23.5 52.9 47.1 58.8 47.1 52.9 58.8 76.5 
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 Appendix 23: Rain fall Meteorological Data      

 WRRI Field Station, NARC, Islamabad      

   

Alt.: 1632 ft  

     

 Lat.: 33.4N Lon.: 73.8E      

 Recorded at 08:00 Hrs. 

                      
Recorded 
at 14:00 

Hrs.   Rainfall Data Total  

Year Jan Feb March April May June July  Aug Sep Oct Nov Dec 

Year 

wise 

(mm)  

2001 0.0 0.6 27.26 10.13 46.9 156.83 592.4 140.0 29.3 22.9 4.13 1.1 1031.6  

2002 17.9 23.9 41.4 10.5 3.1 130.4 64.8 407.9 125.7 47.1 0 25.3 898.0  

2003 54.8 190.9 89.6 24.7 21.1 129.2 320.1 190.5 260.53 3.08 14.18 42.78 1341.5  

2004 88.1 34.61 0.0 93.34 6.61 131.72 191.84 258.6 23.67 82.62 23.12 69.25 1003.4  

2005 59.2 184.4 75.29 13.93 20.29 72.59 189.19 270.18 72.68 67.66 3.94 9.09 1038.4  

2006 53.79 22.94 51.9 20.6 41.26 61.75 492.63 312.15 19.95 35.07 14.89 124.39 1251.3  

2007 0.0 93.56 178.99 3.02 57.8 104.82 335.09 456.45 133.13 0.0 13.35 0.0 1376.2  

2008 122.1 45.37 24.35 80.88 10.14 272.69 333.71 129.61 75.07 28.38 17.6 66.05 1205.9  

2009 57.2 69.54 58.54 93.59 36.61 14.97 78.45 152.41 45.01 8.94 14.95 0.0 630.2  

2010 11.1 88.49 32.46 45.25 23.31 70.14 418.9 287.35 69.74 32.37 4.13 26.97 1110.2  

                             

TOTAL(mm) 464.1 754.3 579.8 395.9 267.1 1145.1 3017.1 2605.2 854.8 328.1 110.3 364.9 10886.7  

Avg(mm) 46.41 75.43 57.98 39.59 26.71 114.51 301.71 260.52 85.48 32.81 11.03 36.49 1088.7  
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 Appendix 24: Pan data Meteorological Data      

 WRRI Field Station, NARC, Islamabad      

   

Alt.: 1632 ft  

     

 Lat.: 33.4N Lon.: 73.8E      

 Recorded at 08:00 Hrs. 

                      
Recorded 
at 14:00 

Hrs.   
Pan 

Evaporation(mm)   

Year Jan Feb March April May June July  Aug Sep Oct Nov Dec Total  

2001 66.38 98.55 150.1 175.88 283.3 167.9 116.9 134.9 149.4 179.4 72.4 48.0 1643.11  

2002 54.2 63.4 123.9 191.7 307.2 252.5 233.95 100.1 97.4 97.7 74.1 41.1 1637.25  

2003 38.3 41.2 94.80 153.3 249.3 254.0 144.6 112.2 111.63 101.28 59.23 34.96 1394.80  

2004 143.59 58.03 117.64 145.33 240.16 224.81 192.52 132.38 145.24 100.96 65.6 37.09 1603.35  

2005 39.47 35.37 69.15 126.24 224.43 260.97 134.19 141.1 128.21 106.33 71.64 48.4 1385.51  

2006 45.78 66.86 89.92 183.3 249.7 244.2 132.98 109.84 131.75 101.55 58.45 30.88 1445.21  

2007 49.87 44.23 91.78 156.7 220.9 239.31 148.85 101.52 101.27 108.79 53.5 41.72 1358.44  

2008 37.8 63.72 109.50 130.1 212.59 168.72 138.34 146.74 135.4 120.19 71.19 41.68 1375.96  

2009 37.57 56.69 86.6 146.97 239.51 278.37 260.16 152.41 143.51 116.2 59.66 48.5 1626.19  

2010 57.79 46.33 110.69 178.08 232.68 250.87 171.16 78.99 113.56 91.5 66.68 39.13 1437.48  

Total 570.75 574.38 1044.12 1587.59 2459.77 2341.65 1673.65 1210.18 1257.37 1123.92 652.45 411.47 14907.31  

avg 57.08 57.44 104.41 158.76 245.98 234.17 167.37 121.02 125.74 112.39 65.25 41.15 1490.73  

Max 143.59 98.55 150.10 191.70 307.20 278.37 260.16 152.41 149.40 179.40 74.10 48.50 2033.48  

Min 37.57 35.37 69.15 126.24 212.59 167.90 116.90 78.99 97.40 91.52 53.50 30.88 1118.01  

                             

 



 
 

Page 241 
 

 

      

  Appendix 25: Wind speed Meteorological Data     

 WRRI Field Station, NARC, Islamabad     

   

Alt.: 1632 ft  

    

 Lat.: 33.4N Lon.: 73.8E     

 Recorded at 08:00 Hrs. 

                      
Recorded 
at 14:00 

Hrs.   
Wind Speed 
km/day   

Year Jan Feb March April May June July  Aug Sep Oct Nov Dec  

2001 57.87 78.81 90.40 83.42 93.61 76.4 56.91 46.20 51.61 38.45 34.33 35.3  

2002 38.45 61.44 68.48 88.41 105.00 85.767 67.0 40.97 39.1 43.01 36.3 29.41  

2003 31.4 56.4 57.6 68.1 92.3 98.5 63.0 45.8 52.8 46.5 33.0 27.33  

2004 32.72 26.83 37.49 72.03 92.58 90.72 85.41 71.08 63.41 68.34 45.06 40.77  

2005 40.13 59.59 36.04 63.77 98.29 107.91 74.93 60.74 52.39 39.83 54.22 36.5  

2006 36.23 37.48 49.36 67.83 87.02 95.06 60.55 44.27 47.88 34.93 29.49 23.26  

2007 26.6 37.7 54.0 48.9 80.1 83.9 56.7 47.6 42.4 34.0 17.3 21.0  

2008 32.7 39.6 30.4 40.6 65.9 72.9 46.6 46.9 47.9 43.4 29.5 9.9  

2009 13.0 28.1 19.6 43.9 62.1 87.1 91.9 46.0 44.0 35.2 21.9 36.7  

2010 37.9 31.4 26.9 50.7 74.3 78.7 74.0 28.4 29.5 31.8 30.0 28.4  

MAX(km/day) 57.9 78.8 90.4 88.4 105.0 107.9 91.9 71.1 63.4 68.3 54.2 40.8  

MIN(km/day) 13.0 26.8 19.6 40.6 62.1 72.9 46.6 28.4 29.5 31.8 17.3 9.9  
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 Appendix 26: Maximum temperature Meteorological 
Data     

 WRRI Field Station, NARC, Islamabad     

   Alt.: 1632 
ft  

    

 Lat.: 33.4N Lon.: 73.8E     

 Recorded at 08:00 Hrs. 

                      
Recorded 
at 14:00 

Hrs.   Max Temp(
o
C)  

Year Jan Feb March April May June July  Aug Sep Oct Nov Dec  

2001 18.98 23.25 27.48 31.49 38.99 35.5 33.19 33.95 33.60 31.42 26.12 21.2  

2002 18.95 20.50 26.89 32.57 39.06 38.4 37.9 32.98 31.0 29.76 25.5 20.01  

2003 18.6 18.5 23.3 30.7 35.0 38.8 33.9 32.8 30.5 29.6 23.3 17.5  

2004 15.55 19.86 29.08 31.83 36.24 35.33 35.69 32.68 33.72 27.03 24.83 18.3  

2005 15.03 15.90 22.89 29.35 33.42 39.33 33.06 33.48 33.25 30.05 24.55 20.7  

2006 17.08 24.00 24.16 31.47 38.58 37.03 33.5 32.10 32.82 30.48 23.53 17.74  

2007 18.9 18.9 22.9 33.3 34.2 37.6 34.3 33.3 32.2 30.8 25.2 18.9  

2008 14.5 19.3 28.1 28.8 35.7 34.1 33.2 33.0 32.3 31.0 25.7 20.3  

2009 18.9 20.1 24.7 29.2 36.5 38.3 37.4 34.2 34.1 30.8 24.7 18.0  

2010 20.5 19.2 28.5 33.8 36.9 37.5 35.1 32.1 32.3 30.7 26.0 20.1  

AVG 17.70 19.95 25.80 31.25 36.46 37.19 34.73 33.06 32.58 30.16 24.96 19.28  

MAX 20.52 24.00 29.08 33.75 39.06 39.33 37.94 34.16 34.12 31.42 26.12 21.23  
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  Appendix 27: Minimum temperature Meteorological Data   

 WRRI Field Station, NARC, Islamabad   

   

Alt.: 1632 ft  

  

 Lat.: 33.4N Lon.: 73.8E   

 Recorded at 08:00 Hrs. 

                      
Recorded 
at 14:00 

Hrs.  
Min 
Temp(

o
C)  

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010  

Jan 1.11 1.5 2.26 4.65 2.56 3.06 1.61 1.61 4.95 2.50  

Feb 4.31 4.5 5.97 5.29 14.40 8.25 6.61 4.52 6.30 7.04  

March 9.21 9.5 9.65 10.16 10.18 9.42 9.06 11.21 9.47 12.35  

April 15.10 15.1 14.21 15.63 12.27 13.05 14.67 14.27 13.57 16.40  

May 21.34 19.7 16.84 17.87 16.76 21.21 18.87 19.31 18.27 19.26  

June 23.49 23.2 22.19 21.60 20.38 21.62 22.73 22.73 20.98 20.83  

July  23.68 23.7 23.97 22.94 23.39 23.87 22.71 22.95 23.92 23.81  

Aug 23.69 23.5 22.98 22.03 22.16 23.18 23.03 22.89 23.21 23.68  

Sep 18.80 18.3 21.77 20.37 20.65 19.58 19.90 18.82 20.50 20.12  

oct 13.89 14.4 13.94 12.60 13.27 15.39 11.16 15.06 12.58 14.90  

Nov 7.35 8.1 7.60 7.57 6.93 9.30 7.20 8.03 6.67 8.0  

Dec 3.89 4.4 5.34 4.79 0.95 4.69 2.58 5.89 3.48 1.9  

                       

AVG 13.82 13.83 13.89 13.79 13.66 14.39 13.34 13.94 13.66 14.23  

MIN 1.11 1.54 2.26 4.65 0.95 3.06 1.61 1.61 3.48 1.89  
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  Appendix 28: Original soil analysis of experimental site 
 

Parameters units Value 

pH - 8.1 

ECe dSm
-1

 0.50 

Sand % 62 

Silt % 13 

Clay % 25 

Texture class - Sandy clay 

Organic matter % 0.49 

Total N % 0.033 

Available P mgkg
-1

 4.39 

Extractable K mgkg
-1

 75.8 


