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Drought stress is a serious problem in agriculture since it causes a significant decline in
agricultural production. This problem is also experienced by cilembu sweet potato
farmers in the Sumedang area, West Java, Indonesia, who make cilembu sweet potato
as one of the main commodities that support their income. This study aims to
understand the growth and physiological response of sweet potato [pomoea batatas (L.)
Lam.) var Cilembu (SPC) when grown under drought stress. The plants were grown at
various levels of drought stress i.e. 80% field capacity (fc) (as control), 60% fc, 40% fc
and 20% fc, over an exposure period of 10 weeks. Parameters measured included plant
relative growth rate (RGR), an increase of plant length, number of leaves, leaf area,
plant dry weight, relative water content of leaf (RWC), chlorophyll content, proline and
glycine betaine contents, mallondialdehyde (MDA) and antioxidant enzyme activity of
catalase (CAT) and ascorbate peroxidase (APx). Result showed that SPC plants treated
with 20% fc withstand severe drought stress. However, its recorded significantly lowest
relative growth rate with 86.7%. Growth parameters such as vine length, number of
leaves, leaf area, dry weight, RWC and chlorophyll content also decreased significantly
at all levels of drought stress studied. At 20% and 40% fc, the content of proline,
glycinebetaine, MDA, antioxidant activity of CAT showed significantly optimum
value. On the other hand, the APC activity showed a negative result for a similar
treatment. The content of proline, glycinebetaine, MDA, antioxidant activity of CAT
were significantly increased at 20% and 40% fc treatments, while the APx activity was
not affected. A significant increase of proline, glycinebetaine, MDA and CAT in plant
indicated plant adaptation to drought stress. Further study is required to understand the
effect of drought to the quality and quantity of tuber production in the field scale.

INTRODUCTION

Sweet potato is also used for composite ingredient-based
foods, starch, and industrial products [2] as its tuber rich in

Sweet potato, Ipomoea batatas (L.) Lam, is a perennial crop,
a popular staple food of the tropical and subtropical areas
with a nutritional benefit. The plant has been used as a staple
food in various indigenous populations from central and
south America to Papua New Guineans [1]. It is regarded as
the sixth most important food crop in the world [1]. Sweet
potato is mostly harvested for its tubers, although the leaves
are also consumed as vegetables. and it contains
phytochemicals, which are beneficial for human health. The

dietary fibre, antioxidants, vitamins, minerals, and contain
no saturated fats or cholesterol. [3]

Sweet potato var Cilembu (SPC) is very well known in
Indonesia due to its unique honey-sweet taste when the
tuberous roots are cooked in an oven. This characteristic is
probably due to the fact that the tuberous root of SPC has a
sugar content as much as 3.53-6.87%, which is higher than
common red sweet potato, which has sugar contain only
2.38%, and SPC was also reported to contain glucose (1.60-
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2.67%), fructose (0.6—1.79%), sucrose (0.36—12.6%) and
maltose (0.39-1.97%) [4]. Traditional cultivation of sweet
potato by local farmers in Indonesia depend very much on
rainy season, whereas during dry season farmers usually do
not cultivate sweet potato.

Drought stress adversely affects plant growth and it is
estimated that more than 40% of crop production is lost to
drought [5, 6]. Physiologically, dought causes a decrease in
plant water content, water potential and turgor pressure in
the cells, leading to a decrease in plant growth Furthermore,
drought is also known to cause chlorophyll damage, protein
degradation, decreased permeability of membrane and
peroxidation as well as stomatal closure, which can lead to a
decrease in internal CO» concentrations [7]. Plants respond
to drought stress by closing their stomata and accumulating
compatible solutes to maintain a low water potential and
avoid dehydration [8]. Plants also conducted osmotic
adjustment and regulation of ion homestasis, controlling the
damage repair system, detoxification and removal of reactive
oxygen species (ROS). [6]

Plants are also known to have some protective
mechanisms to minimize oxidative damage in the form of
antioxidant compounds such as ascorbic acid, a-tocopherol
and antioxidant enzymes (superoxide dismutase-SOD,
catalase-CAT, and ascorbate peroxidase-APx) [9]. Besides
that, plants also known to produce multifunctional amino
acids 1ie. proline and glycinebetaine which act as
osmoprotectant  during drought stress [10]. The
accumulation of proline is one of significant metabolic
responses of plants to drought stress. Several studies have
reported some mechanism of plant protection against
drought stress by increasing its antioxidant enzyme activity
such as in sorghum (Sorghum bicolor L.) and wheat
(Triticum durum L.). In tomato (Solanum lycopersicum)
leaves, increased in level of drought stress stimulated higher
levels of its proline content [11].

This paper is a continuous study from our previous
research [12] in order to understand how far SPC withstand
drought stress and how the plant physiologically adapt to
drought stress conditions, and to understand the relationship
between growth parameters and physiological parameters
such as proline and glycine betaine content,
mallondialdehyde (MDA), antioxidant enzyme activity of
catalase (CAT) and ascorbate peroxidase (APx). Cilembu
variety of sweet potato was chosen since it represents an
important agriculture commodity for farmers in West Java
area and has some unique and better characteristics than the
common sweet potato.

MATERIALS AND METHODS

Shoot Cuttings (15-25 c¢cm) of SPC were obtained from
farmers in Cilembu village, Sumedang, West Java. The
shoots were planted in 10 kg polybag filled with mixture of
sandyclay soil and compost (3:1). [12]

Drought treatment was applied by reducing watering
level i.e. 20% field capacity (fc), 40%, and 60% fc, with 80%
fc regarded as control [13]. Measurement of field capacity
was determined using the method of Coombs et. al. [14]. The
plants were exposed to drought stress for a period of three
months.

Relative growth rate of the plants were measured by
comparing plant biomasses before and after treatment using
the Radford formula [15]. Plant (vine) length and number of
leaves were counted every two weeks. Dry weight of root
and shoot of the plants were determined by drying in an oven
at 80°C for 48 hours.

Chlorophyll Measurement

Measurement of chlorophyll content was determined using
Arnon method [16]. A total of 0.1 g of fresh leaves were
crushed and mixed with 10 mL of 80% acetone. Absorbance
was measured using a spectrophotometry (ThemoFisher
Scientific) at wavelength of 645 nm and 663 nm. Leaf
relative water content (RWC) was determined using Turner
formula [17], where fresh leaves (1 cm in diameter) were
weighed, soaked in aquades for 24 hours to obtain turgid
weight. The leaves were dried in the oven at 80°C for 24
hours to obtain dry weight.

Proline Content Measurement

Proline content was measured using Bates et al. method
[18]. Fresh leaves and roots (0.5 g) were ground with liquid
nitrogen. Samples were homogenized with 10 mL of 3%
(w/v) sulfosalicylic acid followed by filtration. Filtrate (2
ml) was reacted with 2 ml of ninhydrin acid and 2 ml of
glacial acetic acid and heated in water (100° C) for 1 hour
and the tubes were then placed in ice. The mixture was
extracted with 4 ml of toluene, vortexed for 15 to 20 seconds
to form two separate layers of liquid. The absorbance was
measured using a spectrophotometer at a wavelength of 520
nm.

Glycine betaine (GB) Measurement

Glycine betaine (GB) content was determined using the
method of Grieve and Grattan [19]. Leaves and roots (0.5 g)
were ground with liquid nitrogen, mixed with 20 ml of
distilled water and stirred for 24 hours. The filtrate was then
diluted with 1 M sulfuric acid (H> SOs) in a ratio of 1: 1. The
mixture was transferred to a 0.5 ml microtube and cooled in
ice for 1 hour. The mixture was then reacted with a 0.2 ml
KI-I, solution and homogenized. The mixture was stored at
4° C for 16 hours and centrifuged at 10,000 rpm for 15
minutes to obtain iodide crystals. The crystals were
dissolved in 9 ml of 1,2-dichloroethane, and allowed to stand
for 2 hours. The absorbance was measured at a wavelength
of 365 nm.
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Malondialdehyde (MDA)

Malondialdehyde (MDA) content was measured using Heath
dan Packer method [20], based on TBARS (Thiobarbituric
Acid Reactive Substance Assay). Leaves and roots (0.2 g)
were soaked in liquid nitrogen, extracted with 1 ml of 0.5%
thichloroacetic acid (TCA) and centrifuged at 9000 rpm for
20 minutes at 4° C. Supernatant (0.5 ml) was then transferred
to test tube and 1 ml of 20% TCA containing 0.5% TBA was
added. Sample was then heated at 100° C for 30 minutes. The
reaction was stopped by placing the test tube in ice, and then
centrifuged at 9000 rpm at 4° C for 10 minutes. Absorbance
was measured using a UV-VIS spectrophotometer at
wavelength of 532 nm.

Catalase (CAT) Activity

Catalase (CAT) activity was measured using the method
described by Aebi [21], by controlling the reduction of H,O»
at the wavelength of 240 nm wusing a UV-VIS
spectrophotometer. The reaction was carried out in a reaction
mixture containing 500 pl of 50 mM phosphate buffer (pH
7), 10 pl of the extracted enzyme, and 500 pl of 30% (v/v)
H0,. CAT activity was calculated using an extinction
coefficient of 0.036 mM /cm. An enzyme unit (UE)
determines the amount of enzyme needed to hydrolyze 1
pmol of H»O, per mg of protein per minute at 25°C,
expressed in EU / mg protein.

Ascorbate Peroxidase (APx) Activity

Ascorbate Peroxidase (APx) enzyme activity was measured
using the method described by Nakano and Asada [22], by
the oxidation rate of ascorbic acid, dependent on hydrogen
peroxide in a mixture containing 50 mM phosphate buffer
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(pH 7), 0.5 mM ascorbic acid 0.1 mM H,0, and 0.1 mM
EDTA (ethylenediaminetetraacetic acid) (pH 7) and
enzymes extract. Reaction initiated by adding 100 pL of 0.5
mM H,0, at a wavelength (A) = 290 nm using a UV-VIS
spectrophotometer. APx activity calculated using coefficient
extension of 2.8 mM/ cm. One unit of enzyme (EU)
determines the amount of enzyme needed to hydrolyze 1
pmol of H,O, per mg of protein per minutes at 25 °C.
Enzyme extraction from plant samples was conducted using
the method of Mizuno [22]. Frozen leaf sample (0.5 g) were
ground in liquid nitrogen, added with 4 ml of 100 mM
phosphate buffer (pH 7). The samples were centrifuged at
11,000 rpm for 25 minutes at 4°C. The Supernatant was used
to test the activity of the antioxidant enzyme.

All the data were recorded as mean + standard error from
six replicates. Mean values of each treatment were analyzed
using One-way ANOVA to determine the significance of the
results between different treatments and then Duncan
multiple range tests were performed with p < 0.05.

RESULTS AND DISCUSSION
Plant Growth

The results showed that all drought levels reduced plant
relative growth rate (RGR)(Figure 1a). The lowest RGR was
found in plant grown at 20% fc. Similarly, there was a
decrease in plant length at all treatments compared to the
control (Figure 1b). The lowest plant length is at the 20%
fc,which is lower + 60% than control. For a comparison, a
decreased in plant length by 77% was reported in sweet
potato cv. Resisto grown in 30% fc., while in cv. Tainung 57
plant length was reduced by 20% after grown under 15% fc
[23].

150 c

Plant length
(cm)

60 40 20
Field capacity (%)

b

Figure 1. (a) RGR (g/m? week), and (b) plant length of SPC after 10 weeks exposure to drought stress. Different letters represent significant

compared to control (p < 0.05).
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Drought stress 20% fc reduced number of leaves of the
plants by 56.67% (Figure 2a). Reduction in number of leaves
under water stress has been reported in some sweet potato
varieties [24]. Similarly, the leaf area in SPC reduced
significantly by 48.7% at 20% fc (Figure 2b), this was
similar to the result found by [25]. The reduction in number

of leaves and leaf area showed plant strategy to adapt to
drought stress by reducing water loss from transpiration.
Drought causes reduction in absorption of water and
nutrients by the roots so that plants experience deficiencies
of water and nutrition supply [26].
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Figure 2. (a) Number of leaves and (b) leaf area of sweet potato plant var. Cilembu after 10 weeks exposure to drought stress. Different

letters represent significance compared to control (p < 0.05).
Dry Weight

Drought stress decreased plants dry weight, both in shoot and
in root (Table 1). Drought stress affect more on shoot dry
weight than on root, as root:shoot ratio increased almost by
two times as the drought level increased to 20% fc. An

increase in root:shoot ratio in rice after drought treatment
was reported [26]. An increase in root:shoot ratio indicates
that shoot is more affected by drought stress than roots [27].

Tabel 1. Root dry weight, shoot dry weight and total dry weight of SPC after 10 weeks treatment to drought stress (average +standard error,

p<0.05).
Field capacity (%) Root (g) Shoot (g) Total (g) Root/Shoot Ratio
80 0.60 £0.07¢ 8.19 +£1.09¢ 8.79 £1.15¢ 0.07
60 0.35+£0.06° 5.36 £ 0.62° 5.71 £ 0.65° 0.07
40 0.28 + (.04 2.63 £0.48? 2.91 £0.522 0.12
20 0.18 £0.012 1.38 £0.12° 1.56 £0.11° 0.13

Relative Water Content of Leaf

Relative water content (RWC) of the plant was slightly
reduced after 2 and 10 weeks exposure to drought stress
(Figure 3). This indicates plant ability to retain water in its
tissue. A decrease in leaf RWC is related to a reduction in
water absorption by roots, followed by a decrease in stomata
ability in retaining water [28]. A reduction in leaf RWC has

also reported in several cultivars of potato and rice plants
[29].

Leaf RWC is an indication of water status in plants [25].
The impact of drought on crop water status is influenced by
several factors such as genotype, intensity and duration of
drought. A slight decrease (15%) in leaf RWC of sweet
potato var Cilembu after exposure to drought stress (40 and
20% fc) indicates plant ability to withstand drought stress.
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Figure 3. RWC (%) of SPC leaves after 10 weeks exposure to drought stress. Different letters represent significant compared to control

(p <0.05).
Chlorophyll Content

There was a significant reduction in chlorophyll content in
plant leaves after 10 weeks exposure to 20% and 40% fc, but
at 60% fc chlorophyll content was not affected (Figure 4).
These results are in line with previous studies where there
was a decrease in chlorophyll content in some sweet potato

varieties after being subjected to drought stress with a
decrease of 50% to 70% in chlorophyll content [30]. A
decrease in chlorophyll content due to drought stress has also
been reported in some rice cultivars, tomatoes and potatoes
[22]. In potato leaf (Marfuna cultivar), there was no
significant reduction in chlorophyll content after being
exposed to drought stress [31].
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Figure 4. Chlorophyll content (mg/g fresh weight) of SPC plant after 10 weeks exposure to drought stress. Different letters represent

significant compared to control (p < 0.05).
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Proline content in Roots and Leaves

Drought stress increased proline content in the leaves and
roots of SPC plants (Figure 5). The increase in proline
content was higher in the leaves than in the roots.The
increase of proline content especially in plant leaves was
significant when the plants grown at 20% and 40% of fc.
This result is similar to other experiment in sweet potato
[32], and in maize [33]. An increase in proline content was

also found in SPC after a short-term exposure to elevated
COz [16].

An accumulation of compatible solutes when the plant
was subjected to drought stress is an osmotic adjustment that
depends on the level of water stress of the plant [33]. An
increase in proline content in the cells are also associated
with its role in preventing protein denaturation, maintaining
the structure and activity of enzymes and maintaining cell
membranes from damage caused by increased production of
Reactive Oxygen Species (ROS) during stress [34].
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Figure 5. Proline content in roots and leaves of SPC after 10 weeks treatment to drought stress. Different letters represent significant

compared to control (p <0.05).
Glycine Betaine Content in Roots and Leaves of SPC

Glycine betaine (GB) content in plant leaves was increased
significantly after the plants being exposed to 20 % fc for a
period of 2 and 10 weeks. In root, a slight incease in GB
content was observed after exposure to drought stress for 10
weeks (Figure 6).

GB content in the leaves was higher than in the roots. It
has also been reported in sugar beet, that GB biosynthesis is
more prevalent in leaves especially in young leaves than in
root [35]. An increase in GB content due to drought stress
was also reported in corn seed cultivars MO17 and B73 as
much as 10.6% and 5.9% respectively [36]. However, in
some plants such as potatoes, tomatoes and rice, it was

reported that drought stress did not cause an increase in
levels of GB [37].

GB plays a role in plant adaptation to drought stress.

Similar to proline, accumulation of GB in plants indicates a
plant defence mechanism to drought stress [12]. GB is able
to maintain CO, assimilation as well as maintain
photosystem II which is a component of photosynthesis
susceptible to various types of abiotic stress [38].
Besides that, GB plays as osmoregulator, and its level varies
considerably among different plants. GB activates the
adjustment of glutathione reductase (GR), ascorbic acid
(AsA) and glutathione (GSH) contents in plants under heavy
metal stress [39].
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Figure 6. GB content (mmol/g fresh weight) in root and leaves of SPC plant after 10 weeks exposure to drought stress. Different letters
represent significant compared to control (p <0.05).

Malondialdehyde Content in Root and Leaves of SPC of MDA in leaves is 3 to 4 times higher than the content of

Plant MDA in roots.

MDA is the final product of membrane lipid peroxidation
There was an increase in Malondialdehyde (MDA) content which is an indicator of oxidative damage to cell membranes
in roots and leaves of the plant after exposure to 20% and caused by increased production of ROS [40]. Increased
40% fc for two weeks and ten weeks (Figure 7). The content MDA content after exposure to drought stress indicates that

SPC plants experienced an oxidative stress [40].
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Figure 7. Malondialdehyde (MDA) content (nmol/g fresh weight) in root and leaves of SPC plant after 10 weeks exposure to drought stress.
Different letters represent significant compared to control (p < 0.05).
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Antioxidant Enzymes Activity: Catalase and Ascorbate
Peroxidase of SPC leaves

After two and ten weeks of exposure to 20% fc, Catalase
(CAT) activity in plant leaves significantly increased,
whereas at 40% fc the increase was not significant (Figure

8a). Ascorbate Peroxidase (Apx) activity however was not
affected by drought exposure, although there was a tendency
that APx activity increased as time of exposure become
longer (Figure 8b). It has also reported that there was no
significant changes in APx activity due to water deficit
compared with control in barley (Hordeum vulgare L.) [41].
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Figure 8. Antioxidant enzymes activity, a) CAT and b) APx in leaves of SPC plant after 2 weeks and 10 weeks exposure to drought stress.

Different letters represent significant compared to control (p < 0.05).

CAT and APx are two enzymes that play a role in
converting relatively stable H,O» to H,O and O so as not to
harm plant cells [42]. ROS can be in the form of hydroxide
(OH), superoxide (O2") and hydrogen peroxide (H20,).

Under drought stress, CAT play a role more than APx,
especially at 20% FC. In general, CAT activity in 20% FC
were higher than control. Higher CAT activity could be plant
strategy in avoiding further damage due to high levels of
H>O, molecules caused by drought stress. CAT activity
decreased at 10" week, this may be related to plant age and
tolerance level. Differences in enzyme activity could be
related to plant type and age, tolerance mechanism, duration
and intensity of stress [3]. It was reported that the activity of
CAT increased significantly in the first month of drought
stress and decreased in subsequent months [43].

CONCLUSION

Sweet potato var. Cilembu (SPC) plant was able to withstand
severe drought stress (20% of field capacity) within 10
weeks of exposure, at the cost of its growth. Under stress
conditions, plant dry wight, relative water content,
chloropyll content decreased significantly compared to
control. Drought stress increased the content of proline and
glycine-betaine in plant root and shoot. The content of
proline and glicine betaine in the leaves was much higher
than the content in roots. This indicates that plant leaves
suffered more during drought stress than the roots. This
could be related to the fact that drought stress affect more on
shoot dry weight than on root, as root:shoot ratio increased
almost by two times as the drought level increased to 20% of
field capacity. The content of Malondialdehyde (MDA) in

leaves also higher (3-4 times) than the content of MDA in
roots. Catalase (CAT) activity in plant leaves also
significantly increased after exposure to 20% of field
capacity, whereas Ascorbate Peroxidase (APx) activity was
not affected by drought exposure. Further study is required
to understand the effect of drought to the quality and quantity
of tuber production in the field scale.

ACKNOWLEDGMENT

We are grateful to ITB for PPMI research grant, and Ministry
of Research and Higher Education of Indonesia for PPDUPT
research grant.

CONFLICTS OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this manuscript.

REFERENCES

1. Bovell-Benjamin, A.C. (2007). Sweet Potato: A Review of its Past,
Present, and Future Role in Human Nutrition. Advances in Food and
Nutrition Research. Volume 52, 2007, Pages 1-59

2. Sanjaya, V.P., Dash. K., and Rayaguru. K. (2019). Post-Harvest
Processing and Utilization of Sweet Potato: A Review. Food Reviews
International , Volume 35, 2019 - Issue 8.

3. Ayeleso, T.B., Ramachela,K. and Mukwevho, E. (2016). A review of
therapeutic potentials of sweet potato: Pharmacological activities and
influence of the cultivar. Tropical Journal of Pharmaceutical Research
December 2016; 15 (12): 2751-2761

-150 -



10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Special Issue, 2021, 1, 143 - 152: International E-Conference of Science and Biosphere Reserve 2021

Mayastuti A. (2002). Pengaruh penyimpanan dan pemanggangan
terhadap kandungan zat gizi dan daya terima ubi jalar cilembu, Skripsi
Program Sarjana, Institut Pertanian Bogor, 29-42.

Pera, T.S., Khana, N.A., Reddy, P.S., Masood, A., Hasanuzzaman,
M., Khan, M.LR., Anjume. N.A. (2017). Approaches in modulating
proline metabolism in plants for salt and drought stress tolerance:
Phytohormones, mineral nutrients and transgenics. Plant Physiology
and Biochemistry. Volume 115, June 2017, Pages 126-140.

Khan, L.U., Ali. A., Khan. H.A., Baek, D., Park, J. , Chae J.L,,
Zareen,S., Jan,M., Sang Y.L., Pardo, J.M., Kim,W.Y., and Yun, D.
(2020). PWR/HDAY/ABI4 Complex Epigenetically Regulates ABA
Dependent Drought Stress Tolerance in Arabidopsis. Front. Plant Sci.,
26 May 2020.

Jaleel, C.A., Manivannan, P., Wahid, A., Farooq, M., Somasundaram,
R., and Panneerselvam, P. (2009). Drought stress in plants: a review
on morphological characteristics and pigments composition,
International Journal of Agriculture and Biology, 11, 100-105.

Caser, M., D’Angiolillo, F., Chitarra, W. et al. Ecophysiological and
phytochemical responses of Salvia sinaloensis Fern. to drought stress.
(2018). Plant Growth Regulation, 84, 383-394 (2018).

Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance.
Trends in Plant Science, 7, 405-410.

Giri, J. (2011). Glycinebetaine and abiotic stress tolerance in plants,
Plant Signaling dan Behavior, 6, 1746-1751.

Ogbaga, C. C., Stepien, P., Dyson, B. C., Rattray, N. J. W, Ellis, D.
1., Goodacre, R., dan Johnson, G. N. (2016). Biochemical analyses of
sorghum varieties reveal differential responses to drought. Plos One,
11, 1-20.

Wagner, K., Kuhns, M., and Cardon, G. 2015. Gardening in Clay
Soils. Utah Forest Facts, Urban Forestry NR/FF/027 (pr).

Taufikurahman, Fadhila Aziz. 2017. Ecophysiological responses of
sweet potato plant ([pomoea batatas (L.) Lam) to drought stress.
Proceeding of the 7" Annual Basic Science International Conference.
Pp. 44-47.

Coombs, J., Hall, D. O., Long, S. P., and Scurlock, J. M. O. (1987).
Techniques in Bioproductivity and Photosynthesis. Pergamon,
Oxford, United Kingdom.

Mbah, E.U., and Eke-Okoro, O. (2015). Relationship between some
growth parameters, dry matter content andyield of some sweet potato
genotypes grown under rainfed weatheredultisols in the humid tropics,
Journal of Agronomy, 14, 121-129.

Arnon, D. L (1949). Coper enzymes in isolated chloroplasts,
polyphenoloxidasa in Beta vulgaris, Plant Physiology, 24, 1-15.

Turner, N. C. (1981). Techniques and experimental approaches for the
measurement of plant water status, Plant and Soil, 41, 39-366.

Taufikurahman, T., Apriliany R. Gandina A.R., AlLubbu M. (2017).
Short term growth responses of Manihot esculenta L. Crantz and
Ipomoea batatas (L.) Lam. to elevated CO,. Journal of Advanced
Agricultural Technologies, Vol 4 (3), pp. 245-248.

Grieve, C. M., dan Grattan, S. R. (1983). Rapid assay for
determination of water soluble quaternary ammonium compounds,
Plant and Soil, 70, 303-307.

Heath, R. L., and Packer, L. (1968). Photoperoxidation in isolated
chloroplasts. I. Kinetics and stoichiometry of fatty acid peroxidation,
Archives Biochemistry Biophysics, 125, 180-198.

Aebi, H. (1984). Catalase in vitro, Methods in Enzymology, 105:121-
126.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

- 151 -

Nakano, Y., dan Asada, K. (1981). Hydrogen peroxide is scavenged
by ascorbate-specific peroxidase in spinach chloroplasts, Plant and
Cell Physiology, 22, 867-880.

Mizuno, M., Kamei, M., and Tsuchida, H. (1998). Ascorbate
peroxidase and catalase cooperate for protection against hydrogen
peroxide generated in potato tubers during low-temperature storage,
Biochemistry and Molecular Biology International, 44, 717-726.

Yooyongwech, S., Samphumphuan, T., Theerawitaya, C., and Chaum,
S. (2014). Physio-morphological Responses of sweet potato [[pomoea
batatas (L.) Lam.] genotypes under water-deficit stress, Plant Omics
Journal, 7,361-368.

Nedunchezhiyan, M., Byju, G., and Ray, R. C. (2012). Effect of
tillage, irrigation, and nutrient levels on growth and yield of sweet
potato in rice fallow, International Scholarly Research Network
Agronomy, 2012, 1-13.

Farooq, M., Kobayashi, N., Ito, O., Wahid, A., and Serraj, A. (2010).
Broader leaves result in better performance of indica rice under
drought stress, Journal of Plant Physiology, 167, 1066—1075.

Xu, W., Cui, K., Xu, A., Nie, L., Huang, J., and Peng, S. (2015).
Drought stress condition increases root to shoot ratio via alteration of
carbohydrate partitioning and enzymatic activity in rice seedlings,
Acta Physiologiae Plantarum, 37, 1-11.

Xu, Z., and Zhou, G. (2008). Responses of leaf stomatal density to
water status and its relationship with photosynthesis in a grass,
Journal of Experimental Botany, 59, 3317-3325.

Kalina, D. S., Plich, J., Strzelczyk-Zyta, D., Sliwka, J. and
Marczewski, W. (2016). The effect of drought stress on the leaf
relative water content and tuber yield of a half-sib family of
‘Katahdin’-derived potato cultivars, Breeding Science, 66, 328-331.

Schonfeld, M. A., Johnson, R. C., Carwer, B.F., Mornhinweg, D. W.
(1988). Water relations in winter wheat as drought resistance
indicators. CropScience, 28, 526-531.

Maralian, H., Nasrollahzadeh, S., Raiyi, Y., and Hassanpanah, D.
(2014). Responses of potato genotypes to limited irrigation,
International Journal of Agronomy and Agricultural Research, 5, 13-
19.

Farhad, S. M., Babak, A. M., Reza, Z. M., Hassan, R. M., and Afshin,
T. (2011). Response of proline, soluble sugars, photosynthetic
pigments and antioxidant enzymes in potato (Solanum tuberosum L.)
to different irrigation regimes in greenhouse condition, Australian
Journal of Crops Science, 5, 55-60.

Rao, N. K. S., Shivashankara, K. S., and Laxman, R. H. (2016).
Abiotic Stress Physiology of Horticultural Crops, Springer Neture,
India.

Mafakheri,A., Siosemardeh, A., Bahramnejad, B., Struik, P. C., and
Sohrabi, Y. (2010). Effect of drought stress on yield, proline and
chlorophyll contents in three chickpea cultivars, Australian Journal of
Crops Science, 8, 580-585

Kurepin, L. V., Ivanov, A. G., Zaman, M., Pharis, R. P,
Allakhverdiev, S.I., Hurry, V.dan Hu'ner, N.P.A. (2015). Stress-
related hormones and glycinebetaine interplay in protection of
photosynthesis under abiotic stress conditions, Photosynthesis
Research, 126, 221-235.

Hattori, T., Mitsuya, S., Fujiwara, T., Jagendorf, A. T., and Takabe, T.
(2009). Tissue specificity of glycinebetaine synthesis in barley, Plant
Science, 176, 112—118.

Moharramnejad, S., Sofalian, O., Valizadeh, M., Asgari, A., and Shiri,
M. (2015). Proline, glycine betaine, total phenolics and pigment
contents in response to osmotic stress in maize seedlings, Journal of
Bioscience and Biotechnology, 3, 313-319.



38.

39.

40.

41.

42.

43.

Special Issue, 2021, 1, 143 - 152: International

Chen, T. H. H., dan Murata, N. (2011). Glycinebetaine protects plants
against abiotic stress: mechanisms and biotechnological applications,
Plant, Cell and Environment,34, 1-20.

Ali, S., Abbas, Z., Seleiman, M.F., Rizwan, M., Yava, 1., Alhammad,
B.A., Ashwag Shami, A., Hasanuzzaman, M. and Kalderis, D. (2020).
Glycine Betaine Accumulation, Significance and Interests for Heavy
Metal Tolerance in Plants. Plants 2020, 9, 896.

Miller, G., Suzuki, N., Rizhsky, L., Hegie, A., Koussevitzky, S., and
Mittler, R. (2007). Double mutants deficient in cytosolic and thylakoid
ascorbate peroxidase reveal a complex mode of interaction between
reactive oxygen species, plant development, and response to abiotic
stresses, Plant Physiology, 144, 1777-1785.

Salekjalali, M., Haddad, R., and Jafari, B. (2012). Effects of Soil
Water Shortages on the Activity of Antioxidant Enzymes and the
Contents of Chlorophylls and Proteins in Barley, American-Eurasian
Journal of Agricultural & Environmental Science, 1, 57-63.

Sofo, A., Scopa, A., Nuzzaci, N., and Vitti, A., (2015). Ascorbate
peroxidase and catalase activities and their genetic regulation in plants
subjected to drought and salinity stresses, International Journal of
Molecular Sciences, 16, 13561-13578.

Du, F., Shi, H., Zhang, X., and Xu, X. (2014). Responses of reactive
oxygen scavenging enzymes, proline and malondialdehyde to water
deficits among six secondary successional seral species in soess
plateau, Plosone, 9, 1-8.

E-Conference of Science and Biosphere Reserve 2021

-152-



	The Official Publication of The Malaysian Society For Biochemistry & Molecular Biology (MSBMB)

