
41

 
Hartikainen H., Xue T., 1999. The promotive effect of 

selenium on plant growth as triggered by ultraviolet 
irradiation. Journal of Environmental Quality 
28:1372-1375. 

Hawkesford M.J., Zhao F.-J., 2007. Strategies for 
increasing the selenium content of wheat. Journal of 
Cereal Science 46:282-292. 

Hsu F., Wirtiz M., Heppel S.C., Bogs J., Kamer U., 
Kahn M.S., Bub A., Hell R., Rausch T., 2011. 
Generation of Se-fortified broccoli as functional 
food: impact of Se fertilization on S metabolism. 
Plant, Cell & Environment 34:192-207. 

Kabata-Pendias A., Pendias H., 2001. Trace elements in 
soils and plants. CRC Press (3rd ed), Boca Raton, 
New York. 

Kuznetsov Vas.V., Kholodova V.P., Kuznetsov Vl.V., 
Yagodin B.A., 2003. Selenium regulates the water 
status of plants exposed to drought. Doklady 
Biological Sciences 390:266-268. 

Lacatusu R., Lungu M., Stanciu-Burileanu M.M., 
Risnoveanu I., Vranceanu A., Lazar R., 2012. 
Selenium in the soil – plant system of the Făgăraş 
Depression. Carpathian Journal of Earth and 
Environmental Sciences 7:37-46. 

Lacatusu R., Lungu M., Aldea M.M., Lacatusu A.R., 
Stroe V.M., Lazar R.D., Rizea N., 2010. Selenium in 
the rock-soil system from South-Eastern part of 
Romania. Environment, Development and 
Sustainability 4:145-158. 

Mehdi Y., Hornick J.L., Istasse L., Dufrasne I., 2013. 
Selenium in the Environment, Metabolism and 
Involvement in Body Functions. Molecules 18:3292-
3311. 

Moldovan L., Craciunescu O., Balan M., Gaspar A., 
Gherghina (Utoiu) E. (2008). The purification, 
physico-chemical characterization and bioactivity of 
polysaccharides from Viscum album. Revista de 
Chimie 59:1022-1025. 

Oancea A., Gaspar A., Seciu A.-M., Stefan L.M., 
Craciunescu O., Georgescu F., Lacatusu R., 2015. 
Development of a new technology for protective 
biofortification with selenium of Brassica crops. 
AgroLife Scientific Journal 4:80-85. 

Oancea A., Craciunescu O., Gaspar A., Moldovan L., 
Seciu A.-M., Utoiu E., Georgescu F., Turcu D., 2016. 
Chemopreventive functional food through selenium 
biofortification of cauliflower plants. Studia 
Universitatis Vasile Goldis Life Sciences Series 
26:207-213. 

Oancea F., Szabolcs L., Oancea A., Lacatusu R., 
Abraham B., Stanciu-Burileanu M.M., Meszaros A., 
Lungu M., 2014. Selenium biofortification 
biotechnologies of wheat grain in south-eastern part 
of Romania for a better human health. Studia 
Universitatis Vasile Goldis Life Sciences Series, 
24:47-56. 

Park H.S., Han M.H., Kim G.-Y., Moon S.-K., Kim W.-
J., Hwang H.J., Park K.Y., Choi Y.H., 2014. 
Sulforaphane induces reactive species-mediated 
mitotic arrest and subsequent apoptosis in human 
bladder cancer 5637 cells. Food and Chemical 
Toxicology 64:157-165. 

Proietti P., Nasini L., Del Buono D., D’Amato R., 
Tedeschini E., Businelli D., 2013. Selenium protects 
olive (Olea europaea L.) from drought stress. Scientia 
Horticulturae 164:165-171. 

Rayman M.P., 2012. Selenium and human health. Lancet 
379:1256-1268. 

Rios J.J., Rosales M.A., Blasco B., Cervilla L.M., 
Romero L., Ruiz J.M., 2008. Biofortification of 
selenium and induction of the antioxidant capacity in 
lettuce plants. Scientia Horticulturae 116:248-255. 

Rocourt C.R., Cheng W.-H., 2013. Selenium 
supranutrition: are the potential benefits of 
chemoprevention outweighed by the promotion of 
diabetes and insulin resistance? Nutrients 5:1349-
1365. 

Sajedi N., Madani H., Naderi A., 2011. Effect of 
microelements and selenium on superoxide dismutase 
enzyme, malondialdehyde activity and grain yield 
maize (Zea mays L.) under water deficit stress. 
Notulae Botanicae Horti Agrobotanici Cluj-Napoca 
39:153-159. 

Samec D, Pavlovic I., Salopek-Sondi B., 2016. White 
cabbage (Brassica oleracea var. capitata f. alba): 
botanical, phytochemical and pharmacological 
review. Phytochemistry Reviews 
http://dx.doi.org/10.1007/s11101-016-9454-4. 

Serdaru M., Vladescu L., Avram N., 2003. Monitoring of 
feed selenium in a southeast region of Romania. 
Journal of Agricultural and Food Chemistry 51:4727-
4731. 

Steinbrenner H., Speckmann B., Sies H., 2013. Toward 
understanding success and failures in the use of 
selenium for cancer prevention. Antioxidants & 
Redox Signaling 19:181-191. 

Tortorella S.M., Royce S.G., Licciardi P.V., Karagiannis 
T.C., 2015. Dietary sulforaphane in cancer 
chemoprevention: the role of epigenetic regulation 
and HDAC inhibition. Antioxidants and Redox 
Signaling 22:1382-1424. 

Tsai C.-F., Ou B.-R., Liang Y.-C., Yeh J.-Y., 2013. 
Growth inhibition and antioxidative status induced by 
selenium-enriched broccoli extract and 
selenocompounds in DNA mismatch repair-deficient 
human colon cancer cells. Food Chemistry 139:267-
273. 

Vladulescu M.-C., Oancea F., Velea S., 2012. 
Agricultural adjuvant composition and process for its 
obtainment. EP 2777394 A1 

Wang C.Q., 2011. Water-stress mitigation by selenium 
in Trifolium repens L. Journal of Plant Nutrition and 
Soil Science 174:276-282. 

White P.J., Broadley M.R., 2009. Biofortification of 
crops with seven mineral elements often lacking in 
human diets – iron, zinc, copper, calcium, 
magnesium, selenium and iodine. New Phytologist 
182:49-84. 

Xue T, Hartikainen H., Piironen V., 2001. Antioxidative 
and growth-promoting effect of selenium on 
senescing lettuce. Plant Soil 237:55-61. 

Yao X., Chu J., Wang G., 2009. Effects of selenium on 
wheat seedlings under drought stress. Biological 
Trace Element Research 130:283-290. 

 

Scientific Bulletin. Series F. Biotechnologies, Vol. XXI, 2017
ISSN 2285-1364, CD-ROM ISSN 2285-5521, ISSN Online 2285-1372, ISSN-L 2285-1364 
EFFECT OF EXOGENOUS ABSCISIC ACID ON SOME QUALITY 

ATRIBUTES OF SWEET POTATO (Ipomoea batatas L.) 
 

Evelina GHERGHINA, Florentina ISRAEL-ROMING, Daniela BĂLAN,  
Gabriela LUŢĂ  

 
University of Agronomical Sciences and Veterinary Medicine Bucharest,  

Faculty of Biotechnologies, 59 Mărăști Blvd., District 1, 011464, Bucharest, Romania 
 

Corresponding author email: Gabriela LUŢĂ, glutza@yahoo.com  
 
Abstract 
 
Sweet potato (Ipomoea batatas L.) is an important food crop around the world, being cultivated in more than 100 
countries as the crop can be a rich source of energy and have been recognized as healthy foods because of their 
significant content of phytonutrients. In recent years, the use of bioregulators in sustainable agriculture has been 
growing because it leads to higher content of nutrients in the plant tissues and positive metabolic changes. It appears 
that using abscisic acid in controlling the mechanisms of plant evolution is a good alternative for an ecologic 
agriculture given that recent studies on the mechanism of the abscisic acid action have shown its great importance as a 
bioregulator for plants. The objective of this work was to to study the influence of the abscisic acid treatment on some 
quality characteristics of sweet potato. For this purpose abscisic acid solutions in different concentrations were used as 
foliar treatments on sweet potato leaves and comparative results concerning some morphological and biochemical 
changes in the tuberous roots were studied. The experiment was conducted starting with the first leaves appearance 
until the harvesting of the roots, while determination of the sugars and proteins content were made on the tuberous root 
harvested in the maturity stage.  
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INTRODUCTION 
Sweet potato (Ipomoea batatas L.) is an 
important food crop around the world, being 
cultivated in more than 100 countries (Wu et 
al., 2008). The crop can be a rich source of 
energy as well as of carbohydrates. The 
carbohydrates concentration in sweet potato 
roots varies widely between individual lines 
(Hill et al., 1992). Despite the high carbohy-
drate content, sweet potato has a low glycemic 
index, indicating low digestibility of the starch 
(ILSI, 2008) and it is the only starchy staple, 
which contains appreciable amounts of amino 
acid lysine that is deficient in cereal based diets 
like rice (Bradbury et al., 1985). Also, orange-
fleshed cultivars have been recognized as 
healthy foods because of their significant 
content of phytonutrients, such as β-carotene, 
anthocyanin (Mohamad-Zahari, 2016), 
phenolic acids, minerals, vitamins and dietary 
fibre (Turner, 2001; Tumuhimbise et al., 2009).  
An important reason for the popularity of sweet 
potato is its adaptability to a range of 
agroecological conditions (Horton, 1988).  
In recent years, the use of bioregulators in 
sustainable agriculture has been growing. The 

application of bioregulators leads to higher 
content of nutrients in the plant tissues and 
positive metabolic changes.  
The mode of action of bioregulators is often 
unknown and difficult to clarify because they 
contain multiple bioactive components, for 
instance plant hormones, that together may 
contribute to specific effects in plants (Ertan et 
al., 2011). 
It appears that using abscisic acid in controlling 
the mechanisms of plant evolution is a good 
alternative for an ecologic agriculture given 
that recent studies on the mechanism of the 
abscisic acid action have shown its great 
importance as a bioregulator for plants. 
Besides environmental factors (water, nutritive 
substances, temperature, light) phytohormones 
play an essential role in controlling the plant 
growth, cells differentiation and development. 
Phytohormones are a group of naturally occur-
ring, organic substances which influence 
physiological processes at low concentrations 
(Davies, 1987).  
The main hormonal groups acting in the plant 
tissues are auxins, gibberellins, citokinine, 
which are considered growth promoters, 
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together with abscisic acid and ethylene, known 
as growth inhibitors. However, it is interesting 
to note that hormones do not act alone, such as 
the final effect on the plant development is the 
result of a hormonal balance, which controlls 
many processes that impact on crop perfor-
mance and yield (Wilkinson et al., 2012).  
Phytohormones with inhibitory properties can 
operate on the whole plant as well as on some 
tissues and organs causing the inhibition of 
some metabolic processes like: biosynthesis of 
nucleic acids, photosynthesis of chloroplasts 
and of some physiological processes, especially 
the division and elongation of cells and the 
buds opening (Davies, 1987). 
Abscisic acid (ABA) is often referred to as a 
inhibitory rather than stimulatory hormone. 
ABA accelerates the process of ageing and the 
fruit and leaves abscission by causing break 
down of proteins and nucleic acids. It is 
involved in the closure of stomata, bud and 
seed dormancy, response to drought stress 
(Bassaganya-Riera, 2010) and is known to 
inhibit other hormonal actions.  
The objective of this work was to study the 
influence of the abscisic acid treatment on 
some quality characteristics of sweet potato. 
For this purpose solutions of abscisic acid in 
different concentrations were used as foliar 
treatments on sweet potato leaves and compa-
rative results concerning some morphological 
and biochemical changes in the tuberous roots 
were studied. The experiment was conducted 
starting with the first leaves appearance until 
the harvesting of the roots, while determination 
of the sugars and proteins content were made 
on the tuberous root harvested in the maturity 
stage.  
 
MATERIALS AND METHODS 
 
Biological materials  
Sweet potato (Ipomoea batatas L.) Porto-Rico 
variety, a common variety largely spread in 
countries where sweet potatoes is traditionally 
consumed, was investigated. Bush-type Porto 
Rico is an ideal variety for smaller gardens, 
which also produces good yields of medium-
sized potatoes with tapered roots that are great 
for baking because the delicious sweet flavor of 
the orange flesh. 
The experiment was conducted starting with 
the first leaves appearance until the harvesting 

of the tuberous roots (meaning for 6 months, 
from May to October). During the experiment 
development the sweet potatoes plants were 
treated with solutions of 10-5 mol/L, 1.5x10-5 
mol/L, 2x10-5 mol/L and 3x10-5 mol/L ABA by 
foliar applications once every two weeks, 
according to horticultural practice (Ifrim, 1997).  
Determination of the sugars and proteins 
content were made on the tuberous root har-
vested in the maturity stage. The biochemical 
analyzes were made in triplicate, using fresh 
tuberous roots of sweet potatoes.  
 
Determination of reducing sugars was 
performed according to the Nelson-Somogyi 
method (Iordachescu, 1988; Somogyi, 1952). 
The reducing glucids when heated with alkaline 
copper tartrate reduce the copper from the 
cupric to cuprous state and thus cuprous oxide 
is formed. When cuprous oxide is treated with 
arsenomolybdic acid, the reduction of molybdic 
acid to molybdenum blue takes place. The 
measurements of absorbance were achieved at 
620 nm with a UV/Visible ThermoSpectronic 
Helios spectrophotometer.  
 
Determination of crude protein was made 
after the digestion of the vegetal material by 
Kjeldahl method (Iordachescu, 1988; Kjeldahl, 
1883). The content in total nitrogen was 
measured by volumetrical method and 
converted in crude protein content. 
 
RESULTS AND DISCUSSIONS 
 
The molecular action mechanism of ABA in 
plants is not fully elucidated. It is known that 
ABA has a biochemical and physiological 
action against substances that stimulate growth, 
resulting in a biochemical balance that causes 
the growth and development of the plant in 
different phenophases and seasons.  
The objective of this work was to study the 
influence of the abscisic acid treatment on some 
quality characteristics of sweet potato. For this 
purpose solutions of abscisic acid in 
concentrations of 10-5 mol/L, 1.5x10-5 mol/L, 
2x10-5 mol/L and 3x10-5 mol/L ABA were used 
as foliar treatments on sweet potato leaves fol-
lowed by observations on some morphological 
characteristics of the plants and also by deter-
mination of the sugars and proteins content of 
the tuberous root harvested in the maturity stage. 

 

Influence of ABA on some morphological 
characteristics 
Leaf area is a plant biometric index important 
to crop production. It was found that foliar 
treatment of sweet potato plants with ABA 
induced changes in the leaf aspect. Thus, the 
leaves were smaller and irregular shaped 
(figure 1B) at the plants treated with 
concentrations of 10-5 mol/L, 1.5x10-5 mol/L 
and 2x10-5 mol/L ABA compare to the leaves 
of the control plants, which were wide, large 
and smooth (figure 1A).  
On the contrary, the 3x10-5 mol/L concentration 
of ABA induced a total inhibition of the plants 
growth and development, so that the plants died 
after one month of ABA treatment.  
 

 
A) 

 
B) 

Figure 1. Aspect of the leaves of control plants 
(A) compare to plants treated with 10-5 mol/L 

ABA solution (B) 
 
Previous studies reported also that treatment 
with abscisic acid influenced the plant growth. 

Thus, ABA in concentrations of 0.01, 0.1, 1.0 
or 10.0 mg 1-1 inhibited axillary bud and root 
development at the sweet potatoes plant and 
subsequent plantlet growth. ABA at 10 mg 1-1 
completely inhibited axillary shoot 
development but did not affect the viability of 
the plants (Jarret, R.L. et al., 1991). Researches 
made on bell pepper found that plant stem 
diameter was lowest in ABA treatment; 
marketable yield was highest in ABA (Díaz-
Pérez et al., 2014). 
Instead, regarding the tuberous roots it was 
noticed an increase in size and number as 
results of the treatment with 10-5 mol/L ABA 
(figure 2B) compare to the control plants 
(figure 2A).  
 

 
A) 

 
B) 

Figure 2. Aspect of the tuberous roots of 
control plants (A) compare to plants treated 

with 10-5 mol/L ABA solution (B) 
 
Considering that hormones have been 
suggested to play a prominent role in the 
control of tuberization, it was assumed that 
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together with abscisic acid and ethylene, known 
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Figure 1. Aspect of the leaves of control plants 
(A) compare to plants treated with 10-5 mol/L 

ABA solution (B) 
 
Previous studies reported also that treatment 
with abscisic acid influenced the plant growth. 

Thus, ABA in concentrations of 0.01, 0.1, 1.0 
or 10.0 mg 1-1 inhibited axillary bud and root 
development at the sweet potatoes plant and 
subsequent plantlet growth. ABA at 10 mg 1-1 
completely inhibited axillary shoot 
development but did not affect the viability of 
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made on bell pepper found that plant stem 
diameter was lowest in ABA treatment; 
marketable yield was highest in ABA (Díaz-
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results of the treatment with 10-5 mol/L ABA 
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B) 

Figure 2. Aspect of the tuberous roots of 
control plants (A) compare to plants treated 

with 10-5 mol/L ABA solution (B) 
 
Considering that hormones have been 
suggested to play a prominent role in the 
control of tuberization, it was assumed that 
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ABA is a promoting hormone in potato 
tuberization. Scientific literature reports that 
exogenous ABA stimulated tuberization and 
reduced stolon length in potatoes (Xu et al., 
1998). 
 
Influence of ABA on some biochemical 
parameters 
The soluble sugar is the main substance for 
plant growth and fruit quality formation. It has 
been demonstrated that sugar accumulation in 
sink organs (flowers, fruits, roots etc.) is 
stimulated by application of some plant 
hormones including ABA (Brenner et al., 1989; 
Daie, 1985).  
The treatment with ABA of the sweet potato 
plants determined an increase of the sugars 
content together with a decrease in the protein 
content at the plants treated with concentrations 
of 10-5 mol/L, 1.5x10-5 mol/L and 2x10-5 mol/L 
ABA (Figure 3), indicating a change in the 
photosynthesis development in the plant leaves. 
It is known that photosynthetically active 
tissues, such as mature leaves, export fixed C 
(primarily as sucrose) to non-photosynthetic 
tissues such as fruits or reproductive organs, 
tubers, meristems, roots (Koch, 2004). 
 

 
 

Figure 3. Influence of the ABA treatment on 
the content in reducing sugars and crude 

protein of the tuberous roots 
 
Previous studies have found an increase in 
sugar content of the root of bean seedlings 
which appears to be the consequence of an 
ABA-induced stimulation of sugar transport 

from the shoot to the root (Karmoker and Van 
Steveninck, 1979).  
Similar results are noticed in recent papers 
concluding that an exogenous ABA treatment 
increased sugar content also in other plant 
species as Citrus fruit (Kojima et al., 1996) and 
peaches (Kobashi et al., 2001).  
 
CONCLUSIONS 
It was found that foliar treatments of sweet 
potato plants with 10-5 mol/L ABA induced 
changes in the leaf aspect: smaller and irregular 
shaped at the plants treated with ABA compare 
to the leaves of the control. 
Regarding the tuberous roots it was noticed an 
increase in size and number as results of the 
treatment with 10-5 mol/L ABA compare to the 
control plants. Considering that hormones have 
been suggested to play a prominent role in the 
control of tuberization, it was assumed that 
ABA is a promoting hormone in potato 
tuberization.  
The 3x10-5 mol/L concentration of ABA 
induced a total inhibition of the plants growth 
and development.  
The treatments with ABA of the sweet potato 
plants determined an increase of the sugars 
content together with a decrease in the protein 
content indicating a change in the 
photosynthesis development in the plant leaves.  
It appears that using abscisic acid in controlling 
the mechanisms of plant growth is a good 
alternative for an ecologic agriculture given 
that recent studies on the mechanism of the 
abscisic acid action have shown its great 
importance as a bioregulator for plants. 
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ABA is a promoting hormone in potato 
tuberization. Scientific literature reports that 
exogenous ABA stimulated tuberization and 
reduced stolon length in potatoes (Xu et al., 
1998). 
 
Influence of ABA on some biochemical 
parameters 
The soluble sugar is the main substance for 
plant growth and fruit quality formation. It has 
been demonstrated that sugar accumulation in 
sink organs (flowers, fruits, roots etc.) is 
stimulated by application of some plant 
hormones including ABA (Brenner et al., 1989; 
Daie, 1985).  
The treatment with ABA of the sweet potato 
plants determined an increase of the sugars 
content together with a decrease in the protein 
content at the plants treated with concentrations 
of 10-5 mol/L, 1.5x10-5 mol/L and 2x10-5 mol/L 
ABA (Figure 3), indicating a change in the 
photosynthesis development in the plant leaves. 
It is known that photosynthetically active 
tissues, such as mature leaves, export fixed C 
(primarily as sucrose) to non-photosynthetic 
tissues such as fruits or reproductive organs, 
tubers, meristems, roots (Koch, 2004). 
 

 
 

Figure 3. Influence of the ABA treatment on 
the content in reducing sugars and crude 

protein of the tuberous roots 
 
Previous studies have found an increase in 
sugar content of the root of bean seedlings 
which appears to be the consequence of an 
ABA-induced stimulation of sugar transport 

from the shoot to the root (Karmoker and Van 
Steveninck, 1979).  
Similar results are noticed in recent papers 
concluding that an exogenous ABA treatment 
increased sugar content also in other plant 
species as Citrus fruit (Kojima et al., 1996) and 
peaches (Kobashi et al., 2001).  
 
CONCLUSIONS 
It was found that foliar treatments of sweet 
potato plants with 10-5 mol/L ABA induced 
changes in the leaf aspect: smaller and irregular 
shaped at the plants treated with ABA compare 
to the leaves of the control. 
Regarding the tuberous roots it was noticed an 
increase in size and number as results of the 
treatment with 10-5 mol/L ABA compare to the 
control plants. Considering that hormones have 
been suggested to play a prominent role in the 
control of tuberization, it was assumed that 
ABA is a promoting hormone in potato 
tuberization.  
The 3x10-5 mol/L concentration of ABA 
induced a total inhibition of the plants growth 
and development.  
The treatments with ABA of the sweet potato 
plants determined an increase of the sugars 
content together with a decrease in the protein 
content indicating a change in the 
photosynthesis development in the plant leaves.  
It appears that using abscisic acid in controlling 
the mechanisms of plant growth is a good 
alternative for an ecologic agriculture given 
that recent studies on the mechanism of the 
abscisic acid action have shown its great 
importance as a bioregulator for plants. 
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