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Assessment of X-ray Irradiationonthe
Morphological Performanceof Sweet Potato

(Ipomoea batatas (L.)) | -

ABSTRACT
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irradiation on the morphological performance.

PPlace and Duration of Study:{Samples were collected from National Root:Crop Research

Institute (NRCRI), Umudike, irradiation was done in the x-ray unit of.a medical laboratory,

different x-ray doses, planted and morphological parameters analyzed.

Results:[The results showed no significant difference;in the. treatments for parameters such

as number of leaves, leaf area, leaf length, plant ‘height, leaf width and days to sprouting
when kilo voltage (kV) was constant at 40kV and milli Amperes per second (mAs) varied
from 1.6mAs to 3.2mAs. There was also no significant, difference in the treatments for
parameters such as leaf area, leaf length, leaf width and days to sprouting when mAs was
constant at 1.6mAs and kilo voltage (kV) varied from 40kV to 100kV. The results also
showed that the low doses of x-ray irradiationdid net cause aberrations in the morphological
performance of sweet potato.

IConclusionThese findings necessitate the need for adequate irradiation doses in the use of

ionizing radiations on crops in order to maintain and improve their varieties.

Keywords: Sweet potato; x- ray; irradiation; treatments.

LINTRODUCTION

Sweetpotato (Ipomoea batatas (L.)) |Lam| is a dicotyledonous plant belonging to the family .-

cultivated food crop after wheat, rice and maize [1]. It is a short duration crop that produces

a large amount of calories and enriched with carbohydrates, protein, iron, magnesium,
potassium and vitamin B & C [2]. It is widely used as source of food, feed and as a dietary
supplement [3]. The current focus on energy production from biomass has led to the
recognition of the potential of Sweetpotato as a biomass species [4].

Irradiation-induced mutation breeding is effective in improving Sweetpotato characters such
as yield, starch and soluble sugar content, carotenoid content of storage roots and disease
resistance [5, 6]. Irradiation has also been successfully used for mutation breeding in various
crops and ornamental plants [7] and has proven an adept means of encouraging the
expression of recessive genes and producing new genetic variations [7, 8, 9].
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Ahloowalia and Maluszynski [10] established the use of ionizing radiation, such as x-rays,
gamma rays, neutrons and chemical mutagens for inducing variation. Ahloowaliaet al.[11]
presented the global impact of mutation-derived varieties on food production and quality
enhancement. Al-Safadi et al. [12] established that low doses of gamma irradiation on potato

(Solanum tuberosum L.) cultivars enhanced tuberizationjn vitro Wwithout genetic changes. (,,,.»«{cOmment [TR11]: under invitro

Das et al. [13] obtained heat tolerant mutants in commercial potato cultivars through in vitro
mutagenesis of in vitro propagated plantlets.

Ikram et al. [14], investigated the exposure of x- rays on leguminous seeds in combination

with /Aervajavanicaiin the management of root rot fungal pathogens and on the growth of crop - comment [TR12]: Aervajavanica

plants, seed of cowpea & mung bean and established that seeds treated with x- rays for 5 &
10 seconds showed significant enhancement in growth parameters and completely

controlled the infection of root rot fungi (Fusanumspp, Rhizoctoniasolani and Macrophomina(,,.,»«{cOmment [TR13]: Fusarium spp.

phaseolina. e

2. MATERIAL AND METHODS

2.1 Study Site

The research work was carried out at the experimental farm in-.the department of Genetics &
Biotechnology, University of Calabar, Calabar.

2.2 Sample collection and processing

Stems of sweet potatoes were obtained from the:National Root Crop Research Institute
(NRCRI), Umudike and stem irradiation was done'in the x-ray unit of a medical laboratory in
Calabar metropolis.

2.3X —ray irradiation (Treatment) of stems

Stems of sweet potatoes:were cut into length of 6cm and divided into groups and labeled
appropriately. The controls (group 1) were not exposed to irradiation (treatment), while the

other groups (2-6) groups were ifradiated at different doses as shown below.

Table 1: Irradiationischedule

Groups First Trial Second Trial
1 0kV/OmAs OkV/1.6mAs

2 40kV/1.6mAs 40kV/1.6mAs

3 40kV/2.0mAs 55kV/1.6mAs

4 40kV/2.4mAs 70kV/1.6mAs

5 40kV/2.8mAs 85kV/1.6mAs

6 40kV/3.2mAs100kV/1.6mAs

*kV was kept constant in the first trial while mAs varies
mAs was kept constant in the second trial while kV varies
kV =kilo voltage

mAs = milli Amperes per second

2.4Planting of Stems

A land measuring 10 x 10 meters was used for the planting of the stems. The land was

manually cleared, soil tited and beds made. The stems were sown at 30cm apart and about { comment [TR14]: planted

3cm deep in a randomized complete block design (RCBD). Weeding was done when the
need arose.



2.5 Data Analysis

Data such as days to sprouting, plant height, leaf length, leaf width, leaf area and number of
leaves per plant was analyzed using Analysis of Variance (ANOVA) and means separated
with the Least Significant Difference (LSD) at 0.05 probability level.

3. RESULTS AND DISCUSSION

The results showed the morphology of sweet potato when kilo voltage (kV) was constant and
milli Amperes per second (mAs) varied (Table 2). The results for the number of leaves
showed that there was no significant difference in the treatments and in the block (P>0.05).
The mean number of leaves ranged between 5.8+0.5-7.7%1.1 with treatments from group 2
having the highest mean value. The leaf area showed no significant difference (P>0.05) in
the treatments and the block. The mean leaf area varied from 192.9+32.0.2-334.9%43.86
with treatments from group 3 having the highest mean value. ;The:leaf length were not
significantly different in the block and also in the treatments (P>0.05). The leaf length also
varied from 7.1+0.54 —8.2+0.8 with treatments from group. 1 (control) having the highest
mean value. The plant height showed significant difference in. the block (P<0.05) but no
significant difference in the treatments (P>0.05). The mean for:the plant height ranged
between 10.02+0.60 —10.9+0.98 with treatments from group 1 (control) having the highest
mean value.

The leaf width showed no significant difference.in the block and also in the treatments
(P>0.05). The leaf width also ranged from 6.1+0.52 —7.2+0.22 with treatments from group 5
having the highest mean value. The days to sprouting showed no significant difference in the
block and also in the treatments. Statistically no significant difference was observed in the
days of germination. The parameters for the days of sprouting varied from
16.5+0.89 —20.5+2.33 with treatments from group 2 having the highest mean value.

Table 2. Means for the parameters studied when kV was constant and mAs variable

.1 Comment [TR15]: Studies on effect of X-ray

irradiation on morphological performance of sweet

Parameters 1 2345 6 LSD

| potato at constant kV and variable mAs

No of leaves7+0.67.7+1.16.3 + 0.77.3+0.665.8+0.56.7+0.663.02

Leaf areal92.9+266.6+334.9+227.3+217.29285.43+243.2
32.06 25.4543.8631.09  +54.89121.86

Leaf Length8.2+0.87.4+7.3+0.697.7+0.367.1+7.3+0.63 2.40

0.47 0.54

Plant height10.9+10.7+010.52+10.8+10.0210.08%2.86

0.98 0.710.820.740.601.01

Leaf width6.1+0.526.646.1+0.487.0+£0.395.6+0.207.2+0.22  1.82

0.58

Days to 17.2+1.8520.5+18.3+16.5+0.8917.8+0.6019.8+0.798.80

Sprouting2.332.47

*1= 0kV/ OmAs
2 = 40kV/ 1.6mAs
3 =40kV/ 2.0mAs
4 = 40kV/ 2.4mAs
5= 40kV/ 2.8mAs
6 = 40kV/ 3.2mAs



The results also showed the morphology of sweet potato when milli Amperes per second
(mAs) was constant and kilo voltage (kV) varied (Table 3). The results for the number of
leaves showed that the treatments had significant difference (P<0.05) and there was no
significant difference in the block (P>0.05). The mean number of leaves ranged between

8.8+0.54—12.0+0.58 with treatments ffrom group 2 and 5 having the highest mean valud.”/‘

The leaf area showed no significant difference (P>0.05) in the treatments and the block. The
mean leaf area varied from 78.08+3.21 —92.63+4.78 with the mean leaf area of the control
(Group 1) higher than that of the treatments. The leaf length were not significantly different in
the block and also in the treatments (P>0.05).

The leaf length also varied from 8.1+0.82 —10.7+0.39 with leaf:ength of the control (Group
1) higher than that of the treatments. The plant height were significantly different in the
treatments (P<0.05) and not significantly different in the block (P>0.05).. The mean for the
plant height ranged between 15.3%+2.08-25.4%+1.11 treatments:from group 6 having the
highest mean value. The leaf width showed no significant difference in:the block and also in
the treatments (P>0.05). The mean for the leaf width ranged from 8.6+0.32 —9.7+0.38 with
treatments from group 6 having the highest mean value. The days to sprouting showed no
significant difference in the block and also inithe treatments (P>0.05). The mean days to
sprouting ranged from 19.3+0.80 —24.5+2.35 with treatments from group 6 having the
highest mean value.

-1 Comment [TR16]: with highest mean value for
group 2 and 5

-1 Comment [TR17]: Studies on effect of X-ray

irradiation on morphological performance of sweet
potato at constant mAs and variable kV

Parameters 1 2 3 4 5 6 LSD

No of Leaves 8.8+ 12.0+ 10.83+ 9.5+ 120+ 11.0+ 2.67
0.54 0.58 0.94 0.43 0.58 0.67

Leaf area 92.63+ 84.53+ 81.31+ 85.53+ 92.04+ 78.08+ 31.66
4.78 4.30 5.89 12.36 10.87 3.21

Leaf length 10.7+ 9.6+0.59 9.5+0.60 9.1+ 10.2+ 8.1+ 2.80
0.39 1.12 0.83 0.52

Plant height 21.2+ 16.7+ 15.3+ 20.6+ 22.7+ 25.4+ 5.66
1.85 0.49 2.08 1.23 1.10 1.11

Leaf width 8.7+ 8.9+ 8.6+ 9.3+ 8.9+ 9.7+ 1.74
0.47 0.46 0.32 0.32 0.71 0.38

Days to 21.5+ 19.3+ 22.7+ 20.2+ 20.3x= 24.5+ 8.80x

Sprouting 2.30 0.80 2.47 1.48 1.49 2.35 0.82

*1= 0kV/ OmAs

2 = 40kV/ 1.6mAs
3 = 55kV/ 1.6mAs
4 = 70kV/1.6mAs
5= 85kV/1.6mAs
6 = 100kV/1.6mAs



The influence of x-ray irradiation on the morphological performance of Sweetpotato

(lpomoea batatas (L.)) when kilo voltage (kV) was constant at 40kV and milli Amperes per

second (mAs) varied from 1.6mAs to 3.2mAs showed no significant difference in the
treatments for parameters such as number of leaves, leaf area, leaf length, plant height, leaf
width and days to sprouting. This means that the x-ray doses did not cause any aberrations
in the morphological performance of sweet potato. This is in line with the study.of Kehinde et
al. [15] who reported that small doses of x-ray may stimulate cellular activities and growth
while higher doses may cause higher aberrations. The study is also in gonformity with
Andrew et al. [16] who reported that low x-ray irradiation doses could.induce wvariability and
enhance vegetative growth and yield of plants using cowpea as a test plant.

The influence of x-ray irradiation on the morphological performance of Sweetpotato
kilo voltage (kV) varied from 40kV to 100kV showed:no :significant. difference in the
treatments for parameters such as leaf area, leaf length, leaf width and days to sprouting.
This also means that the low x-ray doses did not cause any.aberrations in the morphological
performance of sweet potato. This is also in line with. Akpaniwo et al. [17] who evaluated the
field performance and morphological variation of fluted pumpkin treated with various doses
of x-ray radiation and observed that high doses of x-ray.radiation reduce germination and
survival percentage in the M1 generation.
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4. CONCLUSION

The study evaluated the morphological performance of Sweetpotato (Ipomoea batatas (L.))
irradiated with x-ray which is one of the ionizing radiations that have been used in improving
the varieties and characters of important crops such as Sweetpotato (Ipomoea batatas (L.)).

From the study, low doses of x-ray irradiation did not cause any aberration in the
morphological performance of sweet potato. Therefore adequate irradiation doses are
necessary in the use of ionizing radiations on Sweetpotato and other crops in order to
maintain or improve their varieties.

REFERENCES

1.Jones DA, Hyman LJ, Tumeseit M, Smith P, Perombelon, MC. Blackleg potential of potato

seed: determination of tuber contamination by [Erwinia carotovora sub species Atrosepticdby

immunofluorescence colony staining and stock and tuber sampling. Annals of Applied
Biology. 1994;124(3):557-568.

2. Nasrin S, Hossain MM, Khatun A, Alam MF, Mondal, MRK. Induction and evaluation of
somaclonal variation in potato (Solanum tuberosumL:). Online Journal of Biological Science.
2003;3(2):183-190.

3. Woolfe JA. Sweet Potato: An untapped food resource. New York UK:Cambridge
University Press; 1992.

4. Ziska LH, Runionb GB, Tomeceka M, Priorb SA, Torbetb HA, Sichera R. An evaluation of
cassava, sweet potato_and field corn as potential carbohydrate sources for bioethanol
production in Alabama and Maryland. Biomass and Bioenergy. 2009;33(11):1503-1508.

5. Kukimura H. Mutation breeding in sweet potato and tuber crops. Gamma Field Symptom.
1986;25:109-130.

6. Wang Y, Wang F, Zhai H, Liu Q. Production of a useful mutant by chronic irradiation in
sweet:potato:, Scientia Horticulturae. 2007;111(2):173-178.

7. Song HS, Kang SY. Application of Natural Variation and Induced Mutation in Breeding
and Functional Genomics: Papers for International Symposium; Current Status and Future of
Plant Mutation Breeding. Korean Journal of Breeding in Science. 2003;35(1):24-34.

8. Schum, A. Mutation breeding in ornamentals: An efficient breeding method. Acta
Horticulturae.2003;612(612):47-60.

[

Comment [TR20]: Erwinia carotovorasub
species atroseptica




9. Yoon KE, Im BG, Park YH. Effect of gamma radiation on seed germination and
androgenesis in Nicotiana tabacum L. Korean Journal of Breeding in Science.
1990;21(4):256-262.

10. Ahloowalia BS, Maluszynski M. Induced mutations — A new paradigm in plant breeding.
Euphytica. 2001;118:167-173.

11. Ahloowalia BS, Maluszynski M, Nichterlein K. Global impact of mutation-derived
varieties. Euphytica. 2004;135:187-204.

12. Al-Safadi B, Ayyoubi Z, Jawdat D. The effect of gamma irradiation on.potato:micro-tuber
production invitro. Plant Cell, Tissue and Organ Culture. 2000;61:183-187.

13. Das A, Gosal SS, Sidhu JS, Dhaliwal HS. Induction of-mutationsifor heat tolerance in

potato by using finvitro|culture and radiation. Euphytica. 2000;114:205-209, _—{ comment [TR21]: in vitro

|AervaJavanicaparts powder for the promotion of growth and:Management of root rot fungal (,,,«»“{Comment [TR22]: Aervajavanica

pathogens. European Journal of Botany Plant Sciences & Rathology. 2015;2(2):1-10.

15. Kehinde DO, Ogunwenmo KO, Ajeniya B, Ogunowo AA, Onigbinde AO. Effects of x-ray

irradiation on growth physiology . of LArachisHypogaeeJ(Var. Kampala). Chemistry(,,,,,w{(;omment [TR23]: Arachishypogaea

International. 2017;3(3):296-300. = . .

16. Andrew OV, Egbucha KC, Omosun G, Akanwa FE, Akpanudo Sl. Effect of x-ray

Irradiation on the Growth and Yield Parameters of four Cowpea (Vigna Unguiculata(L.) . { comment [TR24]: Vigna unguiculata

Walp) Genotypes..NIPES Journal of Science and Technology Research. 2021;3(4):58-68.

17. Akpaniwo EG, lttah MA, lwo GA. Field Performance and Morphological Variations of x-

ray Induced:M2. Mutant Lines of Fluted Pumpkin (TelfairiaOccidentalis, Hook. F-)-(,,,«»"{Comment [TR25]: Telfairiaoccidentalis

International*dournal.of Research in Agriculture and Forestry. 2015;2(10):12-16.



