



Induced Mutation in Sorghum [Sorghum bicolor (L.) Moench] by Using Nitrous Acid and Selection for Drought Resistance in North kordofan State
ABSTRACT
Field experiments were conducted at Experimental Farm of Crop Science Department, Faculty of Natural Resources and Environmental Studies, University of Kordofan in the period between May 2014 and November, 2015.The objectives of this study were creation and evaluation of mutation in sorghum genotypes and selection for best progenies. Two minute was determined as the best time to create mutation in the sorghum seeds. Mutant seeds were planted in rows and alternating with untreated seeds. Selected M1 seeds from Mo plants were done and harvested separately and their seeds were used as treatments in the second field experiment in winter season. The 14 genotypes plus two selected genotypes from untreated seeds (control) were used as treatments. RCBD with three replicates was used. The parameter studies were: plant height (cm), number of leaves per plant, number of green leaves per plant, Stem diameter (cm), Panicle length (cm), Panicle circumference (cm), 100grain weight (g), grain yield per plant (g). The field experiment was analyzed by T-Test. The results showed significant differences between mutant and un-mutant plant. Mutant genotypes recorded 141.9 cm as plant height, 2.93 g as 100 grain weight and 41.69 g as grain yield per plant compared with 131 cm, 2.74g and 34.99 g estimates in un-mutant genotypes, respectively. Analyses of variance disclosed significant differences among the 16 genotypes in all studies traits except stem diameter, and Panicle circumference. Generally, G1and G4 genotypes recorded higher estimates in most studies traits.
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1. Introduction

Sorghum [Sorghum bicolor (L.) Moench] is one of the most important staple food and fodder crops in the semi–arid regions of the world. Nutritionally, grain sorghum has high nutritive value (70-80% carbohydrate, 11-13% protein, 2-5% fat, 1-3% fiber and 1-2% ash). Protein in sorghum flour is gluten free this makes sorghum flour is a special food for people who suffer from celiac disease, as well as diabetic patients [1]. Millions of people in Africa and Asia depend on sorghum as the staple food. In addition, the fodder and Stover are fed to millions of animals providing milk and meat for man, over 55% of grain produced globally is used for human consumption and about 33% of grain used in feeding livestock, especially in the Americas [2]. Sudan is one of the most important countries producing sorghum in the world. It has the fourth rank after, USA, Mexico and Nigeria in sorghum production, but it is number one in per capita area and grain consumption for human beings [3].Sudan produced 5.5 million metric tons compared with 55.6 million metric tons as world-wide production. Generally, average sorghum grain yields on farmers ‘fields in Sudan as low as 0.5–0.9 ton/ha because sorghum is often grown in marginal areas under traditional low input practices based on landraces. Similarly, sorghum grown in Sudan in rain fed areas which are highly affected by drought stress; this adversely affects traditionally sorghum growing. Adaptability of the crop to high heat and drought stress is so high, these made the crop being cultivated in areas considered too dry and hot for other cereals [4]. 

Breeding with induced mutation is one of the most effective methods of crop breeding. The physical mutagenesis (PM) and chemical mutagenesis (CM), which are efficient, simple, and cheap, have been utilized for breeding of many crops, and made great progress [5]. Roychowdhury and [6] defined mutation is a sudden heritable change in the DNA of a living cell, not caused by the common phenomena of genetic segregation or genetic recombination. Induced mutations happen in a short time period; they excited by physical and chemical mutagen treatments of both seed and vegetatively propagated crops [7]. The role of mutation breeding in increasing the genetic variability for desired traits in various crop plants have been proved beyond doubt by a number of scientists [8], [9], and [10]. A specific advantage of mutation induction is the possibility of obtaining unselected genetic variation, improvement of vegetative propagated plants when one or few characters of an outstanding cultivar are to be modified. There is no difference between artificially produced induced mutants and spontaneous mutants found in nature [7]. [11], stated that gamma rays and EMS could be fruitfully applied to develop new varieties with higher yield and other improved agronomic traits.

[12] reported that, nitrous acid has been shown to delaminate nucleo-bases in vivo in DNA, when they investigated the pathway of reverse mutations induced with nitrous acid. Nitrous acid contain a nitric oxide NO that act as a bioactive molecule and involved in many Physiological processes in plants, such as growth and development of plant tissue by operating the auxin signals transduction. The primary physiological effect of auxin in plants is to stimulate the elongation of cells in shoot, and support the growth of stem [13].[14] treated nucleic acid of tobacco mosaic virus (TMV) with nitrous acid, they found that nucleic acid (TMV-RNA) was inactivated six times faster than the intact virus, nitrous acid caused de-aminating the amino bases of the viral nucleic acid. [15] ,showed that nitrous acid has also been used to produce mutants of plant viruses [16]. All the mutations studied found that nitrous acid have involved changes in the coat protein amino acid sequence [17]. [18], attempted to get mutagenesis by enhancement of citric acid from a local stain of Aspergillus niger that isolated from lemon leaves and treated with nitrous acid, they found that the mutant exhibited. [19], reported the effect of nitrous acid in seeds of Digitaria exilis, the performance of the treated plants was better with short exposure time and 4 hr of treatment produced best agronomical traits and improved yield. [19] concluded that Nitrous acid could induce useful variability for improvement of the crop in a breeding programme. These induced mutation help to develop of many agronomical important traits such as shorter growing period suitable for rotation, increased tolerance or resistance to a biotic and biotic stress use in major crops such as wheat, rice, barley, cotton, peanuts and bean [20].Induced mutations and related advance technologies are important Not only for extending genetic diversity of major crops but also are an important additional source of biodiversity enhancement of neglect used to generate genetic variability and have been successfully utilized to improve yield and yield components of various crops [21] and [10], these reports show that mutagenesis is a potential tool to be employed for crop improvement. [22], reported in mutation by gamma radiation significantly higher yields fore varieties compare with original parent Durra and the control check varieties. [23] reported in induce mutation for varieties of sorghum by use irradiation treatment was critically examined for seedling emergences for many characters. Also Genotypes varied scientifically for all characters. This study was carried to settlement the cultivation of Sorghum in sandy soil in North Kordofan State. The objectives of this study were to enhancing mutation in sorghum by using nitrous acid and Selection for drought resistance in North Kordofan State
2. Materials and Methods
2.1. The Experiment
The experiments were conducted at Biology laboratory and Experimental Farm, Department of Crop Sciences, Faculty of Natural Resources and Environmental Studies, University of Kordofan in the period between May 2014 and November, 2015. The climate of the area is arid and semi-arid. The soil is sandy, annual rain fall ranges between 350-450 mm [24]. Average maximum dialy temperature ranges between 30-50 C0 through out the year [25]. Seeds of Genotype Tagat were used in all experiments as experimental materials. In laboratory experiment, a short time experiment was conducted to determine the exposure time of nitrous acid to the sorghum seeds. Six weight of 500 g of sorghum seeds were exposed to nitrous acid for 2.5, 1and 1/2 hours and 5, 2, 1 minute. Then the seeds were washed with tap water and air dried for 3 days. Germination of these seeds tested. Results showed that only 2 and 1minute time registered germination. 2 minutes showed half seeds germination. Therefore, this time was used for inducing mutation in sorghum. The aim of this experiment was determination the right time for seed exposure was permit mutation occurrence. The field experiment was implemented at the Experimental Farm in 160 m2, a randomized complete block design (RCBD) with three replications was chosen to implement the experiment, each block was sub-divided into four experimental units and each experimental unit consisted of four rows with 50cm inter and intra-row spacing. Seven holes were digging in each row. Five seeds were planted per each hole and then thinned to three seedlings per hole after germination. The experimental material was M1seeds obtained from M0 seeds. The treatments were 16 genotypes (14 M1genotypes and two genotypes were selected from un- treated plants that showed high yield estimate).The aim of these experiment was studies the performance of genotypes in M1 and M2 progenies and selection the promising families.

2.2. Studied Character 

-Plant height (cm): Measured from ground surface to the tip of the main stem of plant using meters.

- Number of leaves per plant: Estimated by counting the number of leaves per plant at flowering time.

-Number of green leaves per plant: They were determinates by account green leaves from one plant at 50% flowering time.

-Stem diameter (cm): It was measured at maturity from the stalk after first node from the soil surface by verniar caliper.

- Panicle length (cm): random five heads of each plot weighed and divided by five.

-Panicle circumference (cm): It was measured by using meter tape around maximum width for head.

- 100-Grain weight (g): It was obtained by counting 100 grain from each panicle then weighting. 

-Grain yield per plant (g): It was estimated by weighing the grains that produced by plant.

2.3. Statistical Analysis

The collected data were subjected to the statistical analysis of variance according to [26], by using computer program (MSTATC). Means were tested and separated using T-test andDuncan Multiple Range Test (DMRT) at p =0.05.
3. Results and Discussion

3.1Morphological traits in the first experiment

Analyses of variance revealent significant differences between mutant and un mutant plants only in plant height (Table 1). Nevertheless, all the studied traits recorded high estimates in mutant plants compared with un-mutant ones. This could be attributed to the effect of nitrous acid in the DNA sequence. This in line with the results that reported with [16] who found that nitrous acid have involved changes in the coat protein amino acid sequence. Plant height in mutant plants recorded 141.9 cm compared with 131 cm in un-mutant plants. The total number of leaves per plant varied between 13.2 and 13.7 in un-mutant and mutant plant, respectively. The green leaves per plant in mutant and un-mutant plants ranged between 6.8 and 6.3, respectively. Stem diameter showed the same estimate in mutant and un- mutant plants (2.15 cm).

Table 1. Means of some morphological traits of 40 mutant and un-mutant sorghum genotypes (Sorghum bicolor (L.) Moench) evaluated under rain fed conditions at Experimental Farm, Faculty of Natural resources and Environmental Studies University of Kordofan in 2014.

	
	Plant height (cm) 


	No of leaves/ plant 


	No of green leaves / plant 


	Stem diameter (cm)



	
	Mutant 

plants 


	Un-mutant

 plants 


	Mutant 

plants 


	Un-mutant

 plants 


	Mutant

 plants 


	Un-mutant

 plants 


	Mutant

 plants 


	Un-mutant

 plants

	Mean
	141.9* 


	131.7 *


	13.7 


	13.2 


	6.8
	6.3
	2.15 


	2.15 



	SE± 


	12
	7.2 


	1.0 


	1.0 


	1.9
	1.4
	0.20 


	0.20 



	Value of T test 


	3.273 


	1.520 


	0.949 


	0.156 




SE± denotes for standard error.
*denotes for the levels of significance differences according to the T-test.

CV denotes for the coefficient f variation.

3.2Yield and yield related traits in the first experiment
Table 2 showed only significant differences between mutant and un-mutant in 100 grain weight (g) and grains yield per plant (g).This result confirms the first assumption. Heterozygosity that was created by mutation was the main causal of significant difference in the estimated traits. Head length in mutant and un-mutant plant varied between 26.71 and 25.98cm, respectively. Head circumference varied between 16.97 and 16.91 cm in mutant and un-mutant plant, respectively. Mutant plants showed significantly high 100 grain (2.93 g) compared with 2.74 g in un-mutant plants. Grain yield per plant similarly showed significantly higher estimate in mutant plants (41.69 g) compared with un-mutant one (34.99 g).The number of grains per plant in mutant and un-mutant plants varied between 1435 and 1269, respectively.

Table 2. Means of some Yield and yield related traits of 40 mutant and un-mutant sorghum genotypes (Sorghum bicolor (L.) Moench) evaluated under rain fed conditions at Experimental Farm, Faculty of Natural resources and Environmental Studies University of Kordofan in 2014.

	
	Panicle length (cm)


	Panicle circumference (cm)
	100-Grain weight

(g)


	Grain yield per plant 

(g)

	
	Mutant 

plants 


	Un-mutant

 plants 


	Mutant 

plants 


	Un-mutant

 plants 


	Mutant

 plants 


	Un-mutant

 plants 


	Mutant

 plants 


	Un-mutant

 plants

	Mean
	26.717 


	25.98 


	16.97 


	16.91 


	2.930* 


	2.746* 


	41.70* 


	34.99* 



	SE± 


	3.11 


	3.51 


	2.75 


	2.44 


	0.551 


	0.164 


	20.21 


	7.442 



	Value of T test 


	1.376 


	0.131 


	2.643 


	2.303 




SE± denotes for standard error.
*denotes for the levels of significance differences according to the T-test.

CV denotes for the coefficient f variation.

	


3.3 Morphological traits in the second experiment
Collected data from the second field experiment was depicted on (Table 3). Analysis of variance disclosed significant differences among the 16 genotypes in all studies traits. Significant variations among the tested genotypes might be attributed to the random effect of mutagen. This explanation was in line with [27] who stated that the mutation process is generally random and unpredictable. The shortest plants were shown by G14 genotype (48.70 cm) while the tallest ones were shown by G9 (81.17 cm,).The highest number of leaves per plant (12 leaves) was recorded by G5 while the lowest estimates were recorded by G14. The G5 produced the highest number of green leaves per plant (8.33) while G14and G15produced the lowest ones (3.33 each). Stem diameter varied between 0.87cm (for G14) and 1.33cm (for G1 and G12).
Table 3. Means ofsome morphological traitsof 16 genotypes of sorghum (Sorghum bicolor L. Moench) evaluated in field experiment at experimental Farm in season 2015.

	Characters 



	
	Plant height (cm) 


	No of leaves

 / plant 


	No of green leaves/ plant
	Stem diameter (cm) 



	Genotypes 


	
	
	
	

	G1 


	79.77 ab

	9.00 bc

	4.00 de

	1.33 a


	G2


	77.00 bc

	10.67 ab

	5.00 bc

	1.10 abc


	G3


	62.33 g 

	10.00 ab

	5.33 b

	1.10 abc


	G4


	63.60 fg

	10.33 ab

	5.00 bc

	1.13 abc


	G5


	69.83 e

	12.67 a

	8.33 a

	1.30 ab


	G6


	73.17 d

	9.00 bc

	4.33 cd 

	1.30 ab


	G7


	74.32 cd

	10.67 ab

	8.00 a

	1.23 abc


	G8


	55.42 i

	10.00 ab

	4.33cd

	1.20 abc 


	G9


	81.17 a

	10.67 ab

	5.33b

	1.13 abc


	G10


	66.39 f

	9.00 bc

	4.00de

	1.30 ab


	G11


	59.33 h

	9.00 bc 

	7.67a

	1.30 ab


	G12


	73.43 d

	10.33 ab

	4.00de

	1.33 a


	G13


	77.20 bc

	9.00 bc

	5.00bc

	1.20 abc


	G14


	48.70 j 

	7.00 c

	3.33e

	0.87 c


	G15


	57.40 hi

	8.00 bc

	3.33e

	0.93 bc


	G16


	64.77 fg

	9.00 bc

	7.67a

	1.30 ab


	SE± 


	3.668 


	0.848 


	0.254 


	0.0113 




Values having the same letters are not significant different according to the Duncan Multiple Range Test.

3.42Yield and yield related traits in the second experiment
Analysis of variance disclosed significant differences among the 16 genotypes in all studies traits (Tables 4).These might be attributed to the continued occurrence of segregation in M2 generation. Similar results were reported by [28] in rice and [29] in rapeseeds they obtained sufficient amount of variability in M2.Panicle length a ranged between 15.33 cm (given by G14) to 23.67cm (given by G9. Results show that Panicle circumference was varied between (5.77 and 11 cm shown by G14 and G16, respectively). The genotypes G1 gave the highest 100 grain weight (3.49 g) while the lowest one was G3 (2.19 g). Also Analysis of variance showed that grain yield per plant had a wide variation among the different genotypes. The most productive genotype was G10 (23.08 g). On the other hand the lowest one was G3 (1.42 g).

Table 4. Means of some morphological traits of 16 genotypes of sorghum (Sorghum bicolor L. Moench) evaluated in field experiment at experimental Farm in season 2015.

	Characters 



	
	panicle length (cm) 


	Panicle circumference(cm) 


	100 grain weight (g) 


	Grain yield/plant (g) plant (g) 



	Genotypes 


	
	
	
	

	G1 


	20.33 ab

	10.33 a

	3.49 a

	22.39a


	G2 


	20.00 ab

	7.67 ab

	2.21 c

	4.24 h 


	G3 


	15.67 b

	7.67 ab

	2.19 c

	1.42 j


	G4 


	20.00 ab

	9.67 a

	2.93 ab

	5.45 g


	G5 


	18.33 ab

	10.33a

	3.09 ab

	8.66 ef 



	G6 


	20.00 ab

	9.33 a

	3.27 ab

	8.05 f


	G7 


	17.33 b

	10.00a

	2.71 bc

	9.15 ef


	G8 


	16.33 b 

	9.00 ab

	3.04 ab

	4.96gh


	G9 


	23.67 a

	9.33a

	2.97 ab

	13.56d


	G10 


	19.00 ab

	10.67a

	3.08 ab

	23.08a


	G11 


	21.00 ab

	10.10 a

	3.06 ab

	4.51gh


	G12 


	18.00 ab

	8.10 ab

	3.11 ab

	19.98b


	G13 


	21.00 ab

	9.00 ab

	2.91 abc

	9.70 e


	G14 


	15.33 b

	5.77 b

	2.59 bc

	2.65 i 


	G15 


	16.67 b

	8.67 ab

	2.74 bc

	8.69 ef


	G16 


	20.67 ab

	11.00 a 

	3.34 ab

	18.32c


	SE± 


	1.696 


	1.050 


	0.221 


	0.3669 




Values having the same letters are not significant different according to the Duncan Multiple Range Test.
4. Conclusions

The results obtained in this study showed, successful mutation in sorghum seeds by using nitrous acid was obtained. Sorghum genotypes significantly differed in their response to mutation. Thus, Selection for high yielding and drought resistance genotypes in mutant generations will be effective if it practiced under rain-fed conditions under harsh environments. The results suggested that G1and G4 genotypes was the most drought resistance followed by the others genotype which were the most drought sensitive.
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