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Abstract

Cassava (Manihot esculenta Crantz) is the third most important crop in the world and a staple food source throughout
the tropics. Cassava land centers in Indonesia are controlled by Lampung Province. This situation makes Lampung a
supplier of one-third of the national cassava production of the national production. However, there are still many
production constraints in cassava cultivation, including drought stress. Drought stress is one of the main factors causing
cassava plant death. So far, there is no drought-resistant cassava cultivar. The use of cassava seeds which are resistant
to drought stress with high yields is expected to be an important alternative for drought stress control by using
polyethylene glycol 6000 (PEG 6000). The purpose of this study was to analyze the reducing sugar content and the total
carbohydrate content of cassava plants which were effective and resistant to drought stress. This study used a
completely randomized design with one factor, namely the concentration of PEG 6000 consisting of 5 levels 0%, 10%,
20%, 30% and 40%. The results showed that the higher the concentration of PEG 6000, the total dissolved carbohydrate
content and reducing sugar content in cassava plants which were resistant to drought stress increased. The highest
reducing sugar content and carbohydrate content were found in the treatment of 40% PEG 6000 concentration.
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1. Introduction

Cassava (Manihot esculenta Crantz) is the third most important crop in the world and a staple food and income source
throughout the tropics. Cassava cultivation can be a livelihood for more than 500 million farmers [1,2]. Cassava is an
important food commodity in Indonesia and in the future this commodity will play an increasingly strategic role in
people's lives and the country's economy. Based on the harvest area of food commodities, cassava ranks third after rice
and corn, all three of which are the main sources of carbohydrates for the community [3]. The nutritional content of
cassava leaves is omega-3, protein and minerals which are no less than other green vegetables [4, 5]. Cassava leaves are
consumed as vegetables in several Asian and African countries such as Indonesia, Malaysia, Nigeria and Tanzania [5].
Manihot belongs to the Euphorbiaceae family which consists of 300 genera and 8000 species [6].

Cassava has the potential as a source of food, feed, and industrial raw materials that are resistant to drought conditions.
However, in conditions of water shortage, cassava productivity decreases and can result in plant death; therefore,
cassava tolerance to drought needs to be improved in order to increase its productivity. Cassava breeding needs to be
done to maintain its productivity, especially on dry land. The most effective breeding technique for cassava is to use
molecular techniques and provide compounds that are tolerant to water shortages. The flowering time of cassava is
quite long, around 8-10 months, which is influenced by genotype and environmental conditions [7]. The use of superior

* Corresponding author: Endang Nurcahyani

Copyright © 2024 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://gsconlinepress.com/journals/gscbps/
https://doi.org/10.30574/gscbps.2024.29.2.0407
https://crossmark.crossref.org/dialog/?doi=10.30574/gscbps.2024.29.2.0407&domain=pdf

GSC Biological and Pharmaceutical Sciences, 2024, 29(02), 208-213

varieties that are resistant to drought stress is one alternative that can be used to overcome climate conditions that are
always changing. One of the most popular approaches to inducing drought stress is to use high molecular weight osmotic
substances such as Polyethylene glycol (PEG) [8].

Polyethylene glycol is the best material to control water potential and cannot be absorbed by plants [9]. PEG that is
completely soluble in water has the ability to reduce water potential and is expected as a selective condition to
determine the response of planted tissue to drought stress [10], as well as to isolate cells or variant tissues that have
tolerance to stress so that they can be used to stimulate the magnitude of soil water potential [11]. Polyethylene glycol
compounds are compounds that are able to reduce the osmotic potential of solutions through the activity of ethylene
oxide sub-units which can bind water molecules with hydrogen bonds [12]. The addition of Polyethylene glycol solution
to the planting medium is expected to stimulate drought stress conditions because of its nature which can absorb water
so that the water supply for plants is reduced. Polyethylene glycol is a stable compound even in environmental
conditions with high temperatures, acids, bases, and high oxidation. In addition, the advantages of using Polyethylene
glycol are that it is non-halogenated, low toxicity and the costs required are small [13]. The occurrence of drought stress
causes photosynthesis results to decrease. If the results of photosynthesis are no longer sufficient, then the breakdown
of dissolved carbohydrate molecules is used to maintain the metabolic process. [14]. Plants experiencing drought stress
conditions have increased total soluble carbohydrate content [15] and reducing sugar content. Plant breeding and
productivity are greatly influenced by plant resistance to drought. Plants that are tolerant to drought stress can respond
to drought through morphological, physiological and molecular responses.

The use of PEG 6000 in tolerant concentrations has never been reported with certainty and accuracy in the induction of
cassava resistance to drought stress, therefore, this study is interesting to do. The purpose of this study was to
determine the optimum reducing sugar content and total soluble carbohydrate content in cassava plants treated with
PEG 6000.

2. Materials and Methods

The materials used in this study were one-month-old cassava (Manihot esculenta Crantz), glucose, polyethylene glycol
6000 (PEG 6000), distilled water, nelson reagent A & B, arsenomolybdate, 96% phenol, H2504, water bath, analytical
balance, and spectrophotometer. The administration of PEG 6000 consisted of five concentration levels, namely 0%,
10%, 20%, 30%, and 40% with each treatment repeated five times.

2.1. Reducing Sugar Content

Materials for the analysis of reducing sugar content using cassava leaves that have been given PEG 6000 and without
treatment (control). Analysis of reducing sugar content using the Somogyi-Nelson method with the following steps.

2.1.1. Making Reducing Sugar Calibration Curve

Preparation of standard glucose solution (10 mg glucose/100 mL), dilution of glucose solution with concentrations of
2,4, 6,8, and 10 mg/100 mL, each concentration was put into each test tube and 1 tube containing distilled water as a
blank. Then 1 mL of Nelson Reagent (Nelson a 25 parts and Nelson b 1 part) was added to each tube. The solution that
had been added Nelson was then heated in a boiling water bath for 20 minutes. The solution was then cooled in a beaker
containing cold water until the tube temperature was 25 °C, then 1 mL of Arsenomolybdate Reagent was added, shaken
until homogeneous. The solution was measured with a Vis spectrophotometer at a wavelength of 540 nm, then a
calibration curve was made of the relationship between glucose concentration and absorbance.

2.1.2. Determination of Reducing Sugar Content

Fresh cassava leaf extract aged 40 days (the extract solution must be clear) each with a concentration of 1 mL was taken
and put into each test tube and 1 ml of Nelson's Regensia was added to each tube. The solution that had been added
with Nelson's Regensia was then heated in a boiling water bath for 20 minutes. The solution was then cooled in a beaker
containing cold water until the tube temperature was 25 °C. After that, 1 mL of Arsenomolybdate Regensia was added
to the solution and then shaken until all the precipitate was dissolved again. After the solution was mixed
homogeneously, 7 mL of aquadest was added to the solution and shaken again until homogeneous. The solution was
measured with a Vis spectrophotometer at a wavelength of 540 nm. The next step is to make a calibration curve of the
relationship between glucose concentration and absorbance. The reducing sugar content is calculated using the
following formula:

XxDf
sw

Reducing Sugar Content (%) = x 100%
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Description:

X : Sample x value
Df : Dilution factor
Sw : Sample weight

2.2. Total Soluble Carbohydrate Content

Analysis of total dissolved carbohydrate content was carried out using the Phenol-Sulfur method. Cassava leaves were
taken and weighed as much as 0.1 grams from each plantlet plant leaves. The leaves were pounded with a mortar and
then given 10 ml of aquadest, then filtered with Whatman No. 1 filter paper, after which they were put into a test tube.
Furthermore, 1 ml of filtrate was taken and 1 ml of H2S04 was added and 2 ml of phenol was added. The total dissolved
carbohydrate content was calculated by making a standard glucose solution consisting of several concentrations and
then measured on a spectrophotometer with a wavelength of 490 nm. The results of the absorbance of the standard
solution were made into a linear regression equation so that the equation was obtained:

y=ax+b

The absorbance result of the cassava sample is known as y and is substituted into the linear regression equation. So that
the total dissolved carbohydrate content is obtained.

The data were analyzed using Analysis of Variance or Anova ata 5% significance level and further tested with the Tukey
test at a 5% significance level.

3. Results and Discussion

3.1. Reducing Sugar Content

Measurement of reducing sugar content in cassava plants given PEG 6000 with various concentrations in soil media was
carried out using the Somogyi-Nelson method. The results of determining the standard curve of reducing sugar are in
and presented in Table 1.

Table 1 Comparison of Reducing Sugar Concentration and Absorbance

Reducing Sugar Concentration (ppm) | Absorbance
20 0,215
40 0,279
60 0,328
80 0,423
100 0,463

Based on the standard curve of reducing sugar in Table 1, it can be used to find the reducing sugar content of each
treatment by substituting the absorbance value (y) of the cassava leaf extract solution sample at the maximum
wavelength into the linear regression equation y = ax + b obtained from the reducing sugar calibration curve to obtain
the concentration (x). The value of x is then substituted into the formula for calculating the reducing sugar content. The
results of the characterization of the reducing sugar content of cassava plants in soil medium added with PEG 6000 with
various concentrations obtained from the calculation results in and are presented in Table 2.

Based on Table 2, the results of the characterization of the reducing sugar content of cassava plants added with PEG
6000 at various concentrations showed that the increasing reducing sugar content was in line with the increasing
concentration of PEG 6000 added to the soil medium. The increase in the reducing sugar content of cassava plants at
PEG 6000 concentration was significantly different from the control treatment (0%), The addition of PEG 6000
concentration to the soil medium was linearly related to the reducing sugar content of cassava plants. Based on Table
2, regarding the graph of reducing sugar content in cassava plants, the results showed that the greater the concentration
of PEG 6000 added to cassava plants, the higher the reducing sugar content of cassava plants. The highest increase in
reducing sugar content was in the addition of PEG 6000 with a concentration of 40%. Based on Table 2, it shows that
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the addition of PEG 6000 with increasing concentrations resulted in cassava plants experiencing an increase in reducing
sugar.

Table 2 Average Reducing Sugar Content of Cassava at Several PEG 6000 Concentrations

PEG concentration (%) | Average Reducing Sugar Content (%)
(Mean * Stdev)

0 0,453 +£0,3312

10 0,569 £ 0,1112ab

20 0,8837 + 0,0650b

30 1,1616 + 0,0766P

40 2,292 + 0,480v

Note: Numbers followed by the same letter indicate no significant difference between treatments at a 95% confidence level.

Plants increase the concentration of soluble sugars to maintain cell turgor under drought stress. This increases the
ability of cells to retain and absorb water [16]. Soluble sugars play an important role in maintaining the osmotic balance
of plants under drought stress [17]. Reducing sugars can be an indicator to identify water-stressed plants. Glucose and
sucrose serve as substrates for osmolytes and cellular respiration in plants, helping to maintain cellular homeostasis
[18].

3.2. Total Soluble Carbohydrate Content

Total soluble carbohydrate content is one of the parameters used to indicate cassava resistance to drought stress by
administering PEG 6000. Total soluble carbohydrate content in cassava that has been treated with PEG 6000, with 5
concentration levels is presented in Table 3.

Table 3 Average Total Soluble Carbohydrate Content of Cassava

PEG concentration (%) | Average Total Soluble Carbohydrate Content (Mean #* Stdev)
0 0,175+ 0,036¢
10 0,465 + 0,096¢
20 0,703 + 0,055¢
30 1,471 £ 0,332b
40 2,189 + 0,074

Note: Numbers followed by the same letter indicate no significant difference between treatments at a 95% confidence level.

The results of the cassava total soluble carbohydrate content test on drought stress with PEG 6000 administration are
presented in Table 2, showing an increase in total soluble carbohydrate content along with the increase in the
concentration of PEG 6000 given. The total soluble carbohydrate content increased in cassava given PEG 6000 treatment
compared to no treatment (0%). The highest carbohydrate content occurred in cassava given PEG 6000 treatment with
a concentration of 40%, this shows that the higher the concentration of PEG 6000, the higher the total soluble
carbohydrate content obtained. This is due to the influence of PEG 6000 which is applied directly to the planting medium
so that it is absorbed by cassava resulting in an increase in carbohydrate content in plants.

The results of this study are in line with previous studies that in drought stress conditions plants are able to maximize
the increase in carbohydrates so that they can withstand decreased osmotic potential [19]. The results of high total
soluble carbohydrates are in line with the increasing accumulation of proline in a plant. According to Murningsih-etal-
[20] the increasing drought stress causes the accumulation of proline and total sugar content in corn to increase. The
results of research on bean plantlets (Phaseolus vulgaris L.) inoculated with Rhizoctonia solanii mycorrhiza did not affect
the total soluble carbohydrate content under drought stress conditions [21]. In addition, research on orchid plantlets
[Phalaenopsis amabilis (L.) BL.] stated that the addition of fusaric acid to the Vacin and Went (VW) medium increased
the total soluble carbohydrate content compared to the control [22].
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Cavendish banana plantlets have an effect on increasing carbohydrate content under salinity stress conditions in vitro,
as seen from the higher NaCl concentration, the higher the carbohydrate content produced [23]. The plant's efforts to
increase carbohydrate content are a plant defense response in responding to extreme environmental conditions [21].

4., Conclusion

The optimum reducing sugar content and total soluble carbohydrate content were produced in PEG 6000 treatment
with a concentration of 40%. The higher the concentration of PEG 6000, the higher the reducing sugar and total soluble
carbohydrate content.

Compliance with ethical standards

Acknowledgments

Thanks the authors to the Institute for Research and Community Service through the BLU fund of University of Lampung,
based on the Letter of Assignment of “Penelitian TERAPAN” 2023 Number of Contract: 806/UN26.21/PN/2023 April
10th, 2023.

Disclosure of conflict of interest

All authors have no conflicts of interest

References

[1]  Eleazu OC, Eleazu KC, and Kolawole S. Use of indigenous technology for the production of high quality cassava
flour with similar food qualities as wheat flour. Acta Scientiarum Polonorum, Technologia Alimentaria. 2014;
13(3): 249-256.

[2] Amponsah SK, Bobobee EYH, Agyare WA, Okyere ]B, Aveyire ], King SR, and Sarkodie-Addo J. Mechanical cassava
harvesting as influenced by seedbed preparation and cassava variety. American Society of Agricultural and
Biological Engineers. 2014; 30(3): 391-403.

[3] FauziM, Kardhinata EH, and Putri LA. Identification and inventory of cassava plant genotypes (Manihot esculenta
Crantz.) in Serdang Bedagai Regency, North Sumatra. Agrotechnology Online Journal. 2015; 3(3): 1082-1088.

[4] Pareira IG, Vagula JM, Marchi DF, Barao CE, Almeida GRS, Visentainer |V, Maruyama SA, and Junior 0O. Easy
Method for Removal of Cyanogens from Cassava Leaves with Retention of Vitamins and Omega-3 Fatty acids.
Jornal of The Brazilian Chemical Society. 2016; 27 (7): 1-7.

[5]  Latif Sand Muller ]. Potential of Cassava Leaf in Human Nutrition: A Review. Trend in Food Sciece and technology.
2015; 44 (2): 147-158.

[6] Ramalho SD, Pinto MEF, Ferreira D, and Bolzani VS. Biologically Active Orbitides from The Euphorbiaceae Family.
Planta Med. 2018; 84: 558-567.

[7]  Yuliadi E, Sunyoto, dan Artika K, and Ardian. Application of paclobutrazol through cassava leaves (Manihot
esculenta Crantz) to stimulate early flowering in lowlands. Journal of Applied Agricultural Research. 2011; 12(1):
50-57.

[8] Turkanl, Bor M, Ozdemir F, and Koca H. Differential responses of lipid peroxidation and antioxidants in the leaves
of drought tolerant P. acutifolius Gray and drought sensitive P. vulgaris L. subjected to polyethylene glycol
mediated water stress. Plant Science. 2005; 168(1): 223-231.

[91 Verslues PE, Agarwal M, Katiyar-Agarwal S, Zhu ], and Zhu JK. Methods and concepts in quantifying resistance to
drought, salt and freezing, abiotik stress that affect plant water status. Plant Journal. 2006; 45(4): 523-539.

[10] Rahayu S, Suyanto ZA, and Anggia N. Improving the quality of hybrid Dendrobium orchids by administering
colchicine. Agricultural Science. 2004; 11(1): 13-21.

[11] BadamiK. and Amzeri A. In vitro selection for drought tolerance in maize (Zea mays L.) with polyethylene glycol
(PEG). Agrovigor. 2010; 3(1): 77-86.

[12] Muscolo A, Sidari M, Anastasi U, Santonoceto C, and Maggio A. Effect of PEG-Induced Drought Stress on Seed
germination of Four Lentil genotypes. Journal of Plant Interactions. 2014; 9 (1): 354-363.

212



[14]

[15]

[16]

GSC Biological and Pharmaceutical Sciences, 2024, 29(02), 208-213

Zhou T, Xiao X, Lo G and Cai Z. Study of Polyethylene Glycol as A Green Solvent in The Microwave-Assisted
Extraction of Flavone and Coumarin Compounds from medicinal Plants. Journal of Chromatography. 2014; 1218
(23): 3608-3615.

Jie Z, Yuncong Y, Streeter ]G, and Ferree DC. Influence of Soil Drought stress on Photosythesis, Carbohydrates and
The nitrogen and Phophorus Absorb in Different Section of Leaves and stem of Fungi/M.9EML, A young Apple
seedling. African Journal of Biotechnology. 2010; 9 (33): 5320-5325.

Mafakheri A, Siosemardeh A, Bahramnejad B, Struik PC, and Sohrabi Y. Effect of drought Stress on Yield, Proline,
and Chlorophyll Contents in Three Chicpea Cultivars. 2010. Australian Journal of Crop Science. 2010; 4 (8): 580-
585.

Azzeme AM, Abdullah SNA, Aziz MA, and Wahab PEM. Oil palm leaves and roots differ in physiological response,
antioxidant enzyme activities and expression of stress-responsive genes upon exposure to drought stress. Acta
Physiol Plant. 2016; 38(52): 1-12.

Dziedzinski M, Kobus-Cisowska ], and Stachowiak B. Pinus species as prospective reserves of bioactive
compounds with potential use in functional food-Current state of knowledge. Plants. 2021; 10(7): 1-28.

Afzal S, Chaudhary N, and Singh NK. Plant growth regulators: signalling under stress conditions. Springer Nature.
2021; 305-334.

Gupta SD, Manijri, Singh A, Singh P, and Kewat RN. Effect of drought stress on carbohydrate content in drought
tolerant and susceptible chickpea genotypes. Journal of Biotechnology and Crop Science. 2018; 6(2): 35-38.

Murningsih T, Yulita KS, Bora CY, and Arsa IGBA. Response of local NTT corn varieties with very early maturity
(pena tunu’ ana’) to drought stress. Biology News. 2015; 14(1): 49-55.

Nurcahyani E, Mutmainah NA, Farisi S, and Agustrina R. Analysis of total soluble carbohydrate content of bean
(Phaseolus vulgaris L.) plantlets using the Phenol-Sulfur method in vitro. Analit: Analytical and Environmental
Chemistry. 2019; 4(1): 73-80.

Nurcahyani E, Solekhah, Sumardi, and Qudus HI. Analysis of total carbohydrate and chlorophyll content of the
orchid planlet [Phalaenopsis amabilis (L.) Bl.] resistant Fusarium Wilt disease. Journal of Physics: Conference
Series. 2021; 1751(1): 1-5.

Rizqika K, Nurcahyani E, Wahyuningsih S, and Irawan B. In vitro study: characterization of cavendish banana
(Musa acuminata Colla) plantlets resistant to salt stress (NaCl). Journal of Agros Research. 2023; 25(2): 1318-
1326.

213



