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Summary: Crop improvement faces a lot of challenges ranging from genetic effects of seeds to 
environmental factors, among others. Therefore, certified hybrid seeds of maize (Oba super II), 
were exposed to three different doses of X-ray radiation: 3 MGy, 6 MGy, 9 MGy and a control, 
no exposure (0 MGy) to assess the effect of irradiation on growth performance, grain yield and 
nutritional status of maize. The field research was conducted in 2016 cropping season at Michael 
Okpara University of Agriculture, Umudike (latitude 05º 29'N; longitude 07º 33'E; altitude 122 
masl), southeast Nigeria. The experiment was laid down in a randomized complete block design 
with three replications. The results indicated that X-ray irradiation significantly affected growth, 
yield and nutritional status of maize. The application of 6 MGy of X-ray dose gave the longest 
cob, highest 100-seed weight and grain yield (4,973.00 kg ha-1) as well as nutritional values of the 

crop such as -carotene, vitamin C, protein and phosphorus relative to the other treatments 
suggesting a possible genetic synergy from the dosage level. Correlation showed that above 
ground dry matter, crop growth rate and absolute growth rate had positive and significant 
(P≤0.05) relationships with grain yield. The mean sequence of grain yield obtained from maize 
due to X-ray bombardment of the seeds before planting was in the order: 6 MGy X-ray 
irradiation>9 MGy X-ray irradiation>3 MGy X-ray irradiation>0 MGy X-ray irradiation. The 
implications of these results can lead to further improvement of maize varieties in southeast 
Nigeria. 
Key words: grain yield, growth, maize, nutritional value, X-rays, Zea mays 

 
Introduction 
 Maize is a very important cereal crop cultivated as a sole crop or as a common component 
in most intercropping systems in sub-Sahara Africa (Maluleke et al., 2005; Seran et al., 2010). It 
ranks second to wheat among the world’s cereal crops and first in Africa with a production capacity 
of about 8 million metric tonnes per annum (Alene et al., 2009). According to Iken and Amusa 
(2004), maize is a major source of carbohydrate and the nutritional composition of grain per 100 g 
edible portion is energy 1,527 KJ (365 Kcal), protein 9.4 g, fat 4.7 g, carbohydrate 74.3 g, dietary 
fibre 7.3 g, Ca 7 mg, Mg 127 mg, P 210 mg, Fe 2.7 mg, among others. It is used mainly for human 
food and livestock feed, while in the industry it is used mainly in the production of starch, oil, syrup 
and alcohol (Kling and Edmeades, 1997). Khajehpoor (2000) and Mudibu et al. (2012) reported 
that the use of improved crop variety, appropriate spacing, crop rotation and other agronomic 
practices galvanize agricultural efficiency and invariably lead to increased crop yield per unit area.  
 The use of X-ray irradiation in crop improvement is gaining increased attention in field 
crop production in Nigeria. The use of low dose of X-ray bombardment stimulates cell division, 
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while high-dose inhibits cell division and may be hazardous due to the presence of free radicals and 
associated DNA system damage (Zaka et al., 2004, Patade et al., 2008., Bell-Gam et al., 2021). 
Studies by Boureima et al. (2009) and Ali et al. (2015) indicated that low radiation dose significantly 
influenced growth parameters of crops such as sesame and cabbage, respectively. Yilmaz and 
Boydak (2006) reported that diversity in plant species could be low due to erosion of genetic 
resources; hence, mutation is regarded as one major process that could be used to increase genetic 
diversity and yield in field crops. Mutation creates diversity in genetic potential for emergence that 
does not occur naturally. Many mutations have been induced in maize and some other field crops 
such as barley, oats, sunflower and tobacco (Franco, 1999) as a result of the application of small 
doses of X-ray irradiation, which invariably stimulated cellular activity, and increased growth and 
yield. However, information on progressive crop changes induced by such treatment (X-ray 
irradiation on seeds) is completely inadequate. The study was therefore carried out to assess the 
effect of X-ray bombardment on maize seeds prior to sowing on growth, yield and nutritional 
status of grain yield of maize. 
 
Materials and methods 
 A field experiment was conducted at Michael Okpara University of Agriculture, Umudike 
(latitude 05° 29´ N and longitude 07° 53´ E, altitude 122 m above sea level), Nigeria in 2016 
cropping season. The location is characterized by typical rain forest vegetation with relative 
humidity of 50 – 95 per cent and a bimodal rainfall pattern. The experimental site was slashed and 
the trashes removed to achieve a clean and weed free experimental field. The land preparation was 
done manually with the aid of an India hoe and the soil pulverised to a fine tilth and then levelled. 
Soil samples were collected randomly from each of the experimental block prior to planting at the 
depth of 0-20 cm. The soil sub-samples were air dried, mixed and subjected to analysis following 
standard soil science methods to determine the physico-chemical properties of the soil of the 
experimental site (Table 2).  
 The maize seeds (Oba Super II) were placed for 24 hours in a moist chamber on a layer of 
moist tissue paper saturated with distilled water in a flat transparent petri-dish, and kept at room 
temperature to assess the viability of the seeds. The maize seeds were arranged into four groups 
and placed in brown paper envelopes. The first group was not exposed to X-ray bombardment to 
serve as control while the rest were bombarded with different doses of X-ray bombardment [(0, 
3.0, 6.0 and 9.0 Milligray (MGy)]. The bombardment was carried out at the X-ray Unit, Federal 
Medical Centre, Umuahia, Nigeria. The exposure was achieved with the aid of Dongmun machine, 
model 2012, South Korea. In order to achieve maize seed radiation of [3.0, 6.0 and 9.0 Milligray 
(MGy)], the X-ray machine was calibrated at the peak of 52, 66 and 81 Kilovoltage (Kvp), 40, 50 
and 50 milliampere per second (mAS), as well as 60, 60, and 60 Focal to target distance (cm) [FTD 
(cm)] to achieve 3.004, 6.050 and 9.110 milligray dosage (MGy), respectively on the maize seeds in 
the paper envelops.  
 The field experiment was laid out in a randomized complete block design (RCBD) with 
three replications. Each experimental plot size was 3 m × 2.5 m (7.5 m2). The treatments were: 
Maize + zero X-ray bombardment (Control), Maize + X-ray bombardment dose of 3 MGy, Maize 
+ X-ray bombardment dose of 6 MGy, Maize + X-ray bombardment dose of 9 MGy. 
The maize seeds were sown 24 hours after bombardment, (21st July, 2016). The maize seeds were 
sown at a distance of 50 × 75 cm to achieve a plant population of 53,333 plants ha-1. Three seeds 
were sown per hole and later thinned down to one per stand at two weeks after sowing (WAS).  
 Two manual hoe weeding regimes were done at 3 and 8 WAS. Compound fertilizer (N:P:K 
-15:15:15) was applied rate of 300 kg ha-1 after the first weeding and earthing-up of soil around the 
established plants using side band method. At 6 WAS, the crops were sprayed with Cymbush 
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(Cypermethrin EC.) insecticide at the recommended rate of 5 mL 10 L-1 of water to control stem 
borer, flea beetles (Podagrica spp.) and other leaf damaging insects (Maluleke, 2005).  
 The growth parameters collected at 8 WAP were plant height (cm) which was measured 
from the base of the maize stalk to the highest leaf, number of leaves per plant by counting all the 
fully expanded leaves on the plant, leaf area index was measured as the ratio of one surface leaf 
area to the ground surface area occupied by the plant according to Hunt (1978), stem girth was 
measured with the aid of a Vernier’s caliper at a stem height of 25 cm from the ground, and above 
ground dry matter (AGDM) that was achieved by drying the biomass at 70 °C in an electric oven 
(model OV-420), Sweden, until a constant weight was obtained with the aid of a sensitive weighing 
balance (Mettler, Model P. 1200). The growth parameters were taken from a sample of four plants 
within the central rows of each plot and the mean from the four plants used for the analysis. The 
AGDM weights obtained were used to determine some biometric growth analysis such as crop 
growth rate (CGR), which is a measure of the rate of dry matter production per unit area of land 
per unit of time as described by Radford (1967) with the formular: CGR = W2 – W1 / P (T2 – T1), 
where,  
W1 and W2 = biomass yield at harvest at times T1 and T2, 
P = ground area on which W1 and W2 have been estimated. 
Relative growth rate (RGR), which increases plant material per unit of initial material per unit of 
time, was determined using the procedure described by Radford (1967).  
RGR = Loge W2 – Loge W1 / Loge W1 (T2 – T1), (g g-1 day-1), where,  
W1 and W2 = biomass yield at harvest at times T1 and T2. 
Absolute growth rate (AGR), which gives absolute values of plant biomass between two intervals 
was determined with the formula: AGR = W2 – W1 / (T2 – T1), (cm day-1), where, 
W1 and W2 = biomass yield at harvest at times T1 and T2. 
Leaf area ratio (LAR) measures the proportion of plant that is engaged in the photosynthetic 
process, hence it is the ratio of leaf area to total plant dry weight (Radford, 1967). 
LAR = A / W (cm2g -1), where,  
A = leaf area of plant, W = plant dry weight.  
Leaf area duration (LAD) is the measure of leaf area integrated over a time period (Power et al., 
1967). LAD = (L1 + L2) / 2 (t2 – t1), (days), where,  
L1 = LAI at the initial growth stage, L2 = LAI at the final growth stage. 
Net assimilation rate (NAR) is the rate of increase in the whole plant dry matter per unit leaf area 
was determined following the procedure described by Watson (1952). 
NAR = W2 - W1 / L2 - L1 × (Loge L2 – loge L1) / t2 – t1, (g g -1 day -1) where,  
W1 and W2 are the dry weights of whole plant at time t1 and t2, respectively, Loge L1 and Loge L2 
are leaf weight or leaf area at t1 and t2, respectively, t1 and t2, are time interval in days. 
 Maize cob length was measured with a metre rule while cob diameter was determined with 
the aid of a Venier’s caliper by measuring the diameter of the base, middle and tip of the cob and 
the mean recorded. The other yield parameters measured were number of seeds per cob, weight of 
seeds per cob, 100-seed weight and grain yield (Kg ha-1). 
 Phyto-chemical, mineral and vitamin status of the harvested maize seeds were determined 
following standard laboratory procedures.  
Ash: This was done using the incineration gravimetric method (AOAC, 2010). A measured weight 
(5 g) of sample was put in a previous weighed porcelain crucible. The sample in crucible was put 
in a muffle furnace and set at 550 °C and allowed to burn for 2-3 hours (until the sample become 
a grey ash). The sample in crucible was carefully removed from the furnace and cooled in a 
desiccator. It was reweighed by difference. The weight of ash was obtained and expressed in 
percentage with the formula: 
Ash (%) = ((W2 - W1) / W0) × 100, where, W1 = weight of crucible,  



 
Ratar. Povrt. 2022, 59(3): 91-103 

 
 
 

94 
 

W2 = weight of empty crucible + Ash, W0 = weight of sample used. 
Crude fibre: This was determined by the Wende method (James, 1995). Five grams of the sample 
was boiled in 200 mL of 1.25 % H2SO4 solution under reflux for 30 minutes after that, the sample 
was washed with several portions of hot (boiling) water using a two – fold muslin cloth to trap the 
sample particle. The washed samples were carefully transferred quantitatively back to the flask and 
20 mL of 1.25 % NaOH solution was added to it again and the sample boiled for 30 minutes and 
washed as before with hot water. Then the samples were very carefully transferred to a weight 
porcelain crucible and dried in the oven at 105 °C for 3 hours. After cooling in a desiccator, they 
were reweighed (W2) and then put in muffle furnace and burnt at 550 °C for 2 hours until they 
become ash. The ash samples were cooled in a desiccator and weighed. The crude fibre content 
was calculated gravimetrically. 
Crude fibre (%) = ((W2 - W3) / Weight of sample) × 100, where,  
W2 = weight of crucible + sample after washing and drying in oven, W3 = weight of crucible + 
sample as ash 
Crude protein: This was determined by Kjeldahl digestion method described by Chang (2003). The 
total nitrogen was determined and multiple with the factor 6.25 to obtain protein. About 0.5 g of 
the sample was mixed with 10 mLs of concentrated sulphuric acid, in a Kjeldahl digestion flask. A 
tablet of selenium catalyst was added to it and the mixture was digested under a fume cupboard 
until a clear solution was obtained. The acid and other reagent were digested but without sample 
to form the blank control. All the digests were carefully transferred to 100 mL volume flask using 
distilled water and made up to mark in the flask. A 100 mL portion of each digest was mixed with 
equal volume of 45 % NaOH solution in Kjeldahl distilling unit. The mixture was distilled and the 
distillate collected into 10 mL of 4 % boric acid solution containing three (3 drops mixed indicator 
Bromo cresol green and methyl red). A total of 50 mL distillate was obtained and titrated against 
0.02N H2SO4 solution. The end point is from the initial green colour to a deep red point. The 
nitrogen content was calculated as shown below: 
Nitrogen (%) = ((100 / W) × ((N × 14) /100) × (Vf / Va)) /T, where,  
W= weight of sample analysed, N = Concentration of H2SO4 titrant, Vf = total volume of digest, 
Va = volume of digest distilled, T =Titre value – Black. 
Crude protein (%) = % N × 6.25 
Carbohydrate: The carbohydrate content was calculated by difference as the nitrogen free extractive 
(NFE), following the method described by James (1995). The NFE was calculated with the aid of 
the formula:  
NFE or Carbohydrate (%) = 100 - (% Crude protein + % Ether extract + % Crude fibre + % Ash 
+ % Moisture content). 
Phosphorous: The phosphorus in the sample was determined by the Vanado-molybdate (yellow) 
spectrometry method as outlined by James (1995). One millilitre extract from the sample was 
dispensed into a test tube. Similarly, the volume of standard phosphorus solution as well as water 
were put into another test tube to serve as standard and blank, respectively. The content of each 
tube was mixed with equal volume of the Vanado-molybdate colour reagent. They were left to 
stand for 15 minutes at room temperature before their absorbance was measured in Jenway 
electronic spectrophotometer at wave length 420 nm. Measurements were taken with the blank at 
zero. Phosphorus content was given by the formula: 
P (mg 100 g-1) = ((100 / W) × (Au / As) × C × (Vf / Va)), where,  
W = Weight of sample analysed 
Au = Absorbance of the test sample, As = Absorbance of standard solution, Vf = Total volume 
of filtrate, Va = Volume of filtrate analysed, C = Concentration of the standard. 
Potassium: Potassium was determined by flame photometry method as described by James (1995). 
The instrument (photometer) was set up according to the manufacturer’s instruction. One millilitre 
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of prepared potassium and sodium standard solutions were aspirated into the machine and sprayed 
over the non-luminous butane gas flame. The sodium and potassium emission (having been 
appropriately filtered) from the different concentrations were recorded and made into standard 
curve. Subsequently, the optical density emissions recorded from each of the sample were against 
those in the curve, thus using the curve to extrapolate the quality of each (sodium and potassium) 
in the sample. 
Calcium and Magnesium: Calcium and magnesium content of the maize samples were determined 
by the Complexiometric titration method of Onwuka (2018). Twenty milliliters (20 mL) of the 
maize extract were dispersed into conical flask and treated with pinches of the masking agents 
(Hydroxylamine hydrochloride, Sodium cyanide and Sodium ferrocyanide). The flask was shaken 
and the mixture dissolved. Twenty milliliters (20 mL) of ammonia buffer was added to it to raise 
the pH to 10.00. The mixture was titrated against 0.02 N EDTA solution using Erichrome Black 
T as indicator. A reagent blank was also titrated and titration in each case was done from deep red 
to a permanent blue end point. The titration value represents both Ca2+ and Mg2+ in the test sample. 
The analysis was repeated to determine Ca2+ alone in the test samples. Titration of calcium alone 
was done in similarity with the above titration, 10 % NaOH was used in place of ammonia buffer 
and Solechrome dark blue indicator in place of Erichrome black T indicator. Total calcium and 
magnesium content were calculated separately using the following formula: 
Ca / Mg (mg mg-1) = ((100 / W) × (T – B (N × Ca / Mg) / Va)) × (Vf / 1)),  
where,  W = Weight of sample, T = Titre value of sample, B = Titre value of blank, Ca = 
Calcium equivalence, Mg = Magnesium equivalence, Va= Volume of extract titrated, Vf = Total 
volume of extract. N = Normality of titrant (0.02N EDTA). 
Iron (Ferrous): The iron content of the maize sample was determined by spectrophotometric 
method of AOAC (2010). Five millimeters of the sample were first digested with 20 mL of acids 
mixture (650 mL concentrated HNO3, 80 mL Perchlonic acid and 20 mL concentrated H2SO4). 
The digest was diluted by making up to 100 mL with water. Two milliliters (2 mL) of the sample 
solution was pipetted inside a flask before 3 mL buffer solution, 2 mL hydroquine solution and 2 
mL bipyridyl solution were added. The absorbance reading was taken at wavelength of 520 nm and 
the blank was used to zero the instrument. Also, a standard solution of iron was prepared by 
dissolving 3.512 g of Fe (NH4)2 (SO4). 6H2O in water and two-drops of 0.5 N HCL was added and 
diluted to 500 mL with distilled water. The iron standard was further prepared at different 
concentration at 2 ppm to 10 ppm by diluting with distilled water. Three milliliters (3 mL) of buffer 
solution, 2 mL of hydroquinone solution and 2 mL of bipyridtyl solution was added. Absorbance 
reading was taken at 520 nm. The readings were used to plot a standard iron curve for extrapolation. 
 Vitamin C (Ascorbic acid): Vitamin C was determined following the procedure outlined by 
Okwu and Josiah (2006). A sample of 10 g was extracted with 50 mL EDTC/TDA extracting 
solution for 1 hour and filtered through a Whatmann filter paper into a 50 mL volumetric flask and 
made up to the mark with the extracting solution. 20 mL of the extract was pipette into a 250 mL 
conical flask and 10 mL of 30 % KI was added and 50 mL of distilled water added also. This was 
followed by 2 mL of 1 % starch indicator. It was filtered against 0.01 M CuSO4 solution to a dark 
end point. 
Vitamin C (mg 100 g-1) = (0.88 × ((100 / 5) × (Vf / 20)) × T, where, Vf = Volume of the extract, 
T = Sample titre – blank titre. To obtain the sample per blank per distilled water, the sample titre 
minus the blank titre is taken as volume of CuSO4 solution required to neutralise the vitamin C in 
20 mL extract.  
 Carotene was determined using method described by Delia and Mieko (2004). The sample 
was first homogenised using acetone solution with the aid of pestle and mortar. The solution was 
filtered after crushing. The filtrate was then extracted with petroleum spirit using separating funnel. 
Two layers of both aqueous and solvent layer were obtained. The upper layer which contains the 
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carotene was washed very well with D-H2O in order to remove residual water. It was later poured 
out into the 50 mL volumetric flask through the tap of the separation funnel and made up to 50 
mL mark. The absorbance of the solution was read using spectrophotometer at wavelength 450 
nm. Total carotenoid was calculated with the formula:  
Total carotenoid content (μg g-1) = ((Atotal × Volume (mL) × 104) / (A1%

1cm × Sample weight (g))), 
where, Atotal = Absorbance, Volume = Total volume of extract (25 mL), A1%

1cm = Absorption 
coefficient of 2500, which is recommended for mixtures. Carotene content was calculated with the 
formula: 
Carotene content (μg g-1) = ((Afraction 1 × Volume (mL) × 104) / (A1%

1cm × Sample weight (g)) × 
1.25), where, Afractiona1 = Absorbance, Volume = Volume of fraction 1 (5 mL), A1%

1cm = absorption 

coefficient of -carotene in PE (2592). Multiplying by 1.25, accounts for the use of a 20 mL aliquot 
taken from a total extract of 25 mL 
 The data collected were subjected to analysis of variance (ANOVA) for a randomised 
complete block design (RCBD) using Genstat Discovery Edition 4.23 software. The treatment 
mean separation was performed with F-tests (LSD) at P ≤ 0.05 according to Obi (2002). Pearson 
correlation coefficients of maize growth, yield and quality attributes were assessed to examine the 
inter-relationships using SPSS for windows Version 25 and the significance tested by referring to 
the standard table (Gomez and Gomez, 1984) with n - 2 degrees of freedom where n is the total 
number of observations. 
 
Results  
 The total rainfall from April to December in 2016 was 1856 mm (Table 1). The highest 
rainfall was in October while the rainfall days ranged from 4 (April) to 21 (June). The mean 
sunshine hours were 4.2 hours day-1 during the cropping season. 
 After land preparation, the top-soil was collected (depth 0 - 20 cm) and used to determine 
the physico-chemical properties of the experimental site following standard laboratory procedures. 
The soil texture of the experimental site was characterized as sandy loam and classified as Ultisol 
(Paleulstult) according to USDA Soil Classification. Details of the soil properties are indicated in 
Table 2. 
 The results from the analysis of variance (Table 3) indicated that dose of X-ray 
bombardment had significant effect on the measured variables [plant height, stem girth, above 
ground dry matter (AGDM), crop growth rate (CGR), relative growth rate (RGR), absolute growth 
rate (AGR), leaf area ratio (LAR) and net assimilation ratio (NAR)] except number of leaves plant-

1 and leaf area index at 8 weeks after planting (WAP) as well as leaf area duration (LAD) (Table 3). 
Maize seeds that were exposed to 3 mGy of X-ray radiation prior to planting were taller and had 
bigger stem girth compared to the other levels of radiation exposure. However, the seeds that were 
exposed to 6 mGy X-ray radiation gave the highest AGDM at 4 and 8 WAP, CGR, RGR, AGR, 
LAR and NAR compared to the other levels of radiation exposure used in the study. This implied 
that further increase in mGy of X-ray bombardment on the seeds of maize may exhibit contrary 
reaction that may negatively impact on the performance of the maize plant. Furthermore, except 
LAR, 0 mGy X-ray dose exhibited the least effect on the significant parameters assessed in the 
study.  

The results further indicated that X-ray dose significantly (P<0.05) affected cob length and 
grain yield but had no effect (P>0.05) on cob diameter, number of seeds cob-1, cob weight and 
100-seed weight of maize (Table 4). Among the treatments, the application of 6 mGy of X-ray dose 
gave the longest cob length and highest grain yield while zero dose application of X-ray recorded 
the lowest values in the significant variables evaluated. Grain yield of maize with 6 mGy of X-ray 
dose was higher by 32, 22 and 10 % relative to 0, 3 and 9 mGy doses of X-ray applied to the maize 
seeds, respectively.  
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Table 1. Agro-meteorological data of the experimental site in 2016 cropping season 
Month Rainfall amount  

(mm) 
Temperature  
(°C) 

Relative Humidity  
(%) 

Sunshine 
amount 

Amount Days Max. Min. 0900 (Hrs.) 1500 
(Hrs.) 

(Hrs∙day-1) 

April  61.7 4 33.4 23.8 78 58 5.18 

May  246.8 15 32.7 23.4 81 63 5.88 

June  346.2 21 29.8 23.5 87 76 2.2 

July 129.2 18 27.3 22.4 88 81 2.2 

August 366.2 19 29.0 24.0 87 80 2.3 

September  276 23 29.0 23.0 87 78 2.74 

October 380.2 12 31.0 24.0 84 74 4.63 

November   49.7 6 33.0 24.0 80 60 6.09 

December 0.0 0 29.5 22.9 35 34 6.23 

Total 1856 118 - - - - - 

Mean 206.2 13.1 30.5 20.7 78.5 67.1 4.2 

Source: Meteorological unit, National Root Crops Research Institute, Umudike, Nigeria. 

 
Table 2. Physico-chemical properties of the soil of the experimental site in Umudike, Nigeria (2016 
cropping season) 

Soil analytical method used Soil chemical property Value 

Electronic glass electrode pH meter, Jenway model 3510 
Jackson (1973) 

 
pH (Soil:Water ratio) 

6.4 

Semi-micro kjedahl digestion method using H2SO4 acid 
and CuSO4 and NaSO4 catalyst mixture according to 
Bremner (1996) 

 
 
Total Nitrogen (%)  

0.09 

Molybdenum blue colorimetry method according to 
Olsen and Sommers (1982) 

Available phosphorus  
(mg kg-1) 

43.60 

Wet oxidation method was used to obtain organic 
matter through chromic acid digestion following the 
procedure of Walkley and Black (1934) 

 
 
Organic matter (%)  

2.22 

Exchangeable bases (cmol kg-1) 

Ammonium acetate extraction method and determined 
using ethylenediamine tetraacetic acid (EDTA) titration 
method with the model 8089-A2 Olsen and Sommers 
(1982). 

Calcium  2.80 

 
 
Magnesium 

0.40 

Ammonium acetate extraction method and read on 
flame photometer using FP 8800 model with acetylene of 
propane burner Olsen and Sommers (1982) 

Potassium, 0.20 

 
Sodium  

0.22 

 
Summation method 

Exchangeable cation 
exchange capacity  

4.71 

Hydrometer method according to Bouyoucos (1962) Soil physical property (%) 

Sand     76.40 

Silt      10.80 

Clay     12.80 

Textural class - Sandy loam   
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Table 3. Influence of different levels of X-ray radiation on some vegetative parameters and growth 

ns, *, ** and *** stand for not significant at the 0.05 probability level, significant at the 0.05, 0.01 and 0.001 
probability levels, respectively. One-way ANOVA. F-Probability; SED. Standard error of means; LSD. Least 

significant difference. mGy. Milligray of maize  
 
Table 4. Influence of levels of X-ray radiation on yield and yield components of maize 

 
X-ray dose  
(mGy) 

Cob  
length 
(cm) 

Cob 
diameter 
(cm) 

Number of 
seeds  
cob-1 

Weight of 
cob (g) 

100-seed 
weight 
(g) 

Grain yield  
(kg ha-1) 

0  13.00 6.40 227.30 104.70 22.33 3167.12 

3  13.67 7.00 241.70 113.30 22.33 3890.00 

6 17.00 8.33 281.00 120.00 27.67 4973.00 

9  12.67 6.00 235.00 119.70 23.00 4472.10 

F-Prob. 0.013 0.5325 0.221 533.3 0.112 0.062 

SED 0.953 0.032 24.10 18.86 2.077 532.8 

LSD(0.05) 2.331 ns ns ns ns 1303.8 

Significance * ns ns ns ns * 

ns, *, ** and *** stand for not significant at the 0.05 probability level, significant at the 0.05, 0.01 and 0.001 
probability levels, respectively. One-way ANOVA. F-Prob., F-Probability; SED. Standard error of means; 
LSD. Least significant difference. mGy. Milligray 
 

Furthermore, results from the analysis of variance (Table 5) indicated that the tested 
vitamin C and β-carotene contents as well as the proximate composition and mineral variables [ash, 
crude fibre, crude protein, carbohydrate, ferrous (Fe), potassium (K), phosphorus (P), magnesium 
(Mg) and calcium (Ca)] in maize were significantly (P<0.05) affected by dose of X-ray radiation. 
Maize seeds that were exposed to 6 X-ray level of bombardment (control) exhibited highest vitamin 

C and -carotene contents. The results from the proximate analysis indicated that the application 
of 6 mGy level of X-ray radiation gave the highest amount of ash, crude protein and carbohydrate 
compared to other X-ray doses while crude fibre was highest under 3 mGy level of X-ray radiation. 
Furthermore, analysis of the mineral contents of the maize seeds indicated that highest Fe, K, and 
P were recorded under zero X-ray dose exposure while 3 mGy level of X-ray radiation gave highest 
amount of Mg (118.55 mg 100 g-1) and Ca (61.40 mg 100 g-1) compared to the other doses.  
 The correlation analysis (Table 6) showed positive and significant (P≤0.05) relationship 
between grain yield of maize and above ground dry matter with correlation coefficients (r) of 0.80, 
crop growth rate (r = 0.79) and absolute growth rate (r = 0.79), while crude protein and β-carotene 
showed highly significant but negative relationship with grain yield. Except relative growth rate, 

 
 
 
 
X-ray dose 
(mGy) 

 
Plant 
height 
(cm) 

 
Stem 
girth 
(cm) 

Number  
of 
leaves 
plant-1 

 
Leaf 
area 
index 

 
 
Above ground 
dry matter (g) 

Crop 
growth 
rate 
(CGR) 
(g m-1 

day-1 

Relative 
growth 
rate 
(RGR) 
(g g-1  

day-1 

 
Absolute 
growth 
rate 
(AGR) 
(g day-1 

 
Leaf 
area 
ratio 
(LAR)  
(m m- 

2) 

 
Leaf 
area 
duration 
(LAD)  
 (days) 

 
 
Net 
assimilation 
rate (NAR) 
(g cm-1 day-

1) 

Weeks after planting 

8 4 8 

0 (Zero) 168.7 2.87 12.00 3.58 7.81 6.33 6.40 0.19 1.20 55.28 66.11 0.319 

3  246.3 3.83 13.00 3.71 15.47 13.38 6.68 0.18 1.25 47.34 65.68 0.346 

6 217.3 3.83 13.33 4.26 19.98 18.14 9.27 0.41 1.74 58.94 76.65 0.540 

9  237.3 3.13 12.33 4.22 12.12 9.45 8.41 0.34 1.58 51.71 74.09 0.440 

MSE 360.417 0.730 1.111 0.081 0.1648 482.066 0.007 0.0385 0.1996 73.730 53.62 0.048 

F-Prob. 0.002 0.009 0.455 0.292 0.004 0.046 0.062 0.023 0.062 0.103 0.258 0.0062 

SED 10.860 0.217 0.861 0.1852 0.331 8.0439 0.0331 0.0615 0.1766 3.9034 5.9779 0.0643 

LSD(0.05) 26.57 0.5317 ns ns 0.811 9.45 2.305 0.1504 0.4321 9.550 ns 0.1574 

Significance ** ** ns ns ** * * * * * ns ** 
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potassium and phosphorus had non-significant (P≥0.05) and negative correlation with grain yield 
of maize. All the other variables (number of seeds cob-1, cob length, cob diameter, leaf area index 
and carbohydrate) exhibited non-significant and positive correlation with grain yield. β-carotene 
exhibited highly significant but negative correlation with all the tested variables (leaf area index, 
above ground dry matter, crop growth rate and absolute growth rate) except crude protein which 
was highly significant and positive with correlation coefficients (r) of 0.87 while number of number 
of seeds cob-1, cob length and cob diameter exhibited non-significant and negative correlation with 
β-carotene. The other variants exhibited different degrees of correlations amongst themselves. 
 The relationship between above ground dry matter (AGDM) and grain yield of maize was 
poly-linear and positive (Fig. 1a) indicating increase in grain yield·ha-1 as the AGDM increased and 
then started to flatten with further increase of the variable (AGDM). This implied that AGDM 
contributed positively in increasing the grain yield of maize. The relationship between B-carotene 
and grain yield of maize was inverse poly-linear and positive (Fig. 1b) indicating increase in grain 
yield·ha-1 as the B-carotene content decreased.  
 
Discussion 
 The results from the study indicated that higher doses of X-ray exposure beyond 6 MGy 
may not been particularly beneficial to the maize plant. The findings corroborate similar works by 
Vilaithong et al. (2004), in their studies on the effect of radiation on biological cells of plants. 
Further studies by Yu et al. (1991) and Jain (2010) indicated that low-energy (10-103 keV) ion beam 
has been used to bombard biological organisms for broad applications in mutation, breeding, gene 
transfer and other biological activities.  
 

Table 5. Influence of levels of X-ray radiation on vitamin C, -carotene, proximate and mineral 
composition of the harvested maize seeds 
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0  2.50 7.71 3.18 2.25 9.79 69.91  3.36 318.59 240.46 99.70 50.5 

3  2.58 5.54 3.17 2.35 10.49 73.48  3.18 312.63 238.66 106.75 61.4 

6 3.62 8.69 3.26 1.94 10.72 73.63  2.94 315.28 245.77 118.55 52.4 

9  2.36 6.31 2.94 2.17 9.42 70.10  3.08 294.78 226.77 114.05 44.4 

F-Prob. <0.001 <0.001 0.003 0.005 0.008 0.036  0.002 <0.001 <0.001 0.004 0.052 

SED 0.0424 0.1191 0.0242 0.033 0.1436 0.852  0.02669 0.335 0.1205 1.634 3.31 

LSD(0.05) 0.1350 0.3790 0.0769 0.1123 0.4570 2.712  0.08495 1.066 0.3834 5.201 10.54 

Significance *** *** ** ** * *  ** *** *** ** * 

*, ** and *** stand for significant at the 0.05, 0.01 and 0.001 probability levels, respectively. One-way 
ANOVA. F-Probability; SED. Standard error of means; LSD. Least significant difference. mGy. Milligray 
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Table 6. Linear correlation matrix between thirteen agronomic attributes and grain yield (t ha-1) of 
maize as influenced by different levels of X-ray irradiation of seeds 
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No. seeds 
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0.18 1.00            

Cob length 
(cm) 

0.36 0.84** 1.00           

Cob diameter 
(cm) 

0.12 0.36 0.41 1.00          

LAI  
(8 WAP) 

0.62 0.22 0.36 0.36 1.00         

AGDM  
(g) 

0.80* 0.21 0.50 0.38 0.74* 1.00        

CGR  
(g m-1 day-1) 

0.79* 0.08 0.46 0.29 0.64 0.97** 1.00       

RGR  
(g g-1 day-1) 

-0.39 -0.41 -
0.18 

-
0.51 

-0.57 -0.35 -0.16 1.00      

AGR  
(g day-1) 

0.79* 0.08 0.46 0.29 0.64 0.97** 1.00** -
0.16 

1.00     

Crude 
protein (%) 

-
0.81* 

0.18 -
0.23 

-
0.09 

-0.69 -
0.81* 

-
0.88** 

0.04 -
0.88** 

1.00    

Carbohydrate 
(%) 

0.34 -0.44 -
0.51 

-
0.62 

0.20 0.11 0.12 -
0.21 

0.12 -0.26 1.00   

β-Carotene 
(μg g-1) 

-
0.87** 

-0.26 -
0.54 

-
0.43 

-
0.86** 

-
0.92** 

-
0.89** 

0.44 -
0.89** 

0.87** -
0.08 

1.00  

K  
(mg 100 g-1) 

-0.55 0.56 0.31 0.49 -0.42 -0.38 -0.47 -
0.16 

-0.47 0.76* -
0.72* 

0.42 1.00 

P 
(mg 100 g-1) 

-0.63 0.51 0.26 0.39 -0.52 -0.49 -0.56 -
0.02 

-0.56 0.80* -
0.74* 

0.52 0.99** 

**P≤0.01, *P≤0.05 (2-tailed). LAI (8 WAP). Leaf area index at 8 weeks after planting, AGDM. Above 
ground dry matter, CGR. Crop growth rate, RGR. Relative growth    rate, AGR. Absolute growth rate, K. 
Potassium, P. Phosphorus. 

 
The method according to Ahloowalia and Maluszynski (2001) has provided many 

advantages, such as low damage rate to crops, higher mutation rate and wider mutation spectrum 
for most crops in terms of improved yield.  

Studies have shown that the effects of ionizing radiation are largely damaging and at high 
doses the effect could be detrimental (Carvalho et al., 1999; Cicero and Banzatto-Junior, 2003; 
Gomes-Junior and Cicero, 2012). However, other reports provided evidence of a stimulating effect 
on growth when seeds or seedlings were exposed to low-dose ionizing radiation (Zaka et al., 2004; 
Mortazavi et al., 2006) which the results of the study corroborated. Also, crop exposure to ionizing 
radiations, such as X-rays and gamma rays inflict physicochemical stresses that induces growth and 
physiological modifications according to Ahloowalia and Maluszynski (2001). The results from the 
X-ray irradiation on maize seeds agreed with previous works by Sheppard and Chubey (1990), 
Macklis and Bresford (1991) and Luckey (2003) which submitted that growth stimulation in plants 
by very low doses of ionizing radiation known as hormesis is a recognized phenomenon that could 
be used in crop improvement. Furthermore, Yoshida et al. (1999), Din et al. (2004), Esnault et al. 
(2010), Borzouei et al. (2010) and Tabasum et al. (2011) reported that crop sensitivity to radiation 
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is dependent on several factors including radiation form and dose as well as plant physiological 
status, age and genotype which impact on yield.  
 The results from the study showed that X-ray significantly affected plant growth (plant 
height and plant dry matter) and some growth indices (crop growth rate, relative growth rate, 
absolute growth rate, and leaf area ratio), yield and yield components (number of seeds, weight of 
seed and grain yield) of maize as well as nutritional value of the crop. The findings were similar to 
several studies conducted on different crops which proved the ability of X-radiation to cause 
important physiological and morphological changes such as root growth (Jain et al., 2010), 
percentage of seed germination (Sheppard and Chubey, 1990; Cicero et al., 1998., Gomes-Junior 
et al. 2019) and leaf growth (Sheppard et al., 1987), thus confirming that the use of radiation may 
be helpful to improve grain yield in maize through mutation breeding program. 

In order to confirm the obtained results, the analyses should be repeated and performed in 
more than one year and environment. 

 
 

 
 
Figure 1. Relationship between above ground dry matter and grain yield of maize (t ha-1) with 
quadratic regression curve (a) and the relationship between β-carotene and grain yield of maize (t 
ha-1) with inverse quadratic regression curve (b) 
 
Conclusion 

The different levels of X-ray irradiation on maize seeds studied exhibited significant but 
varied effect on performance, yield and nutritional parameters of maize. The maize seeds that were 

exposed to 6 MGy X-ray irradiation gave the highest grain yield, -carotene content, vitamin C, 
protein and carbohydrate values relative to the other treatments. Grain yield exhibited significant 
and positive correlation with above ground dry matter, crop growth rate and absolute growth rate. 
The use of 6 MGy of X-ray on maize seeds enhanced the performance and nutritional quality of 
maize as recorded in the study, hence adjudged that increased levels of irradiation may be 
detrimental to the crop. This implied that X-ray irradiation of maize seeds could play vital role in 
maize crop behavioural changes and improvement in southeast Nigeria. 
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Poboljšanje rasta, prinosa i nutritivnog statusa kukuruza (Zea mays L.)  

kroz rendgensko bombardovanje semena 
 

Emmanuel Mbah 
 
Sažetak: Poboljšanje useva suočava se sa mnogo izazova u rasponu od genetskih efekata semena do faktora 
životne sredine. Zbog toga su certifikovana hibridna semena kukuruza (Oba super II), bila izložena trima 
različitim dozama rendgenskog zračenja: 3 MGy, 6 MGy, 9 MGy i kontrola, bez izlaganja (0 MGy) za procenu 
uticaja radijacije na performanse rasta, prinos žitarica i nutritivni status kukuruza. Poljski ogled je sproveden u 
vegetacionoj sezoni 2016. godine na Univerzitetu za poljoprivredu Majkl Okpara, Umudike (geografska širina 
05 º 29'N; dužina 07 º 33'E; nadmorska visina 122 masl) u jugoistočnoj Nigeriji. Ogled je postavljen u 
nasumičnom kompletnom blok dizajnu sa tri ponavljanja. Rezultati su pokazali da je rendgensko zračenje 
značajno uticalo na rast, prinos i nutritivni status maize. Primena rendgenske doze od 6 MGy dala je najduži 

klip, najveću masu 100 semena i prinos zrna (4.973 kg ha-1), kao i više nutritivne vrednosti useva poput -
karotena, vitamina C, proteina i fosfora u odnosu na druge tretmane, što ukazuje na moguću genetsku sinergiju 
sa dozom zračenja. Rezultati pokazuju da su suva nadzemna masa, stopa rasta useva i apsolutna stopa rasta 
bile u pozitivnoj i značajnoj (P ≤ 0,05) korelaciji sa prinosom zrna. Srednja sekvenca prinosa zrna dobijenog 
od kukuruza usled rendgenskog bombardovanja semena pre sadnje bila je sledećeg redosleda: 6 MGi > 9 MGi 
> 3 MGi > 0 MGi rendgensko zračenje. Implikacije ovih rezultata mogu dovesti do daljeg poboljšanja sorti 
kukuruza na jugoistoku Nigerije. 
Ključne reči: kukuruz, nutritivna vrednost, prinos žitarica, rast, rendgen, Zea mays 

 


