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Abstract This paper will discuss on the irrigation system that will be applied for Dioscorea hispida Dennst. species.
The methodology part will be explained with the image of automatic timer and pump, that will be used according to the
proper manner. The automatic timer will be attached to the power supply, while the pump will be controlled by timer ac-
cording to the time which had been setup as, 1) once every day (T1); 2) once every three days (T2); 3) once every four
days (T3); 4) once every five days (T4). The control treatment for the frequency of water supply is 5) once every two days
(C). The data for the volume of water to be applied in this experiment were referred to the local climatological information
and calculated by the formula which will be discussed further in the materials and methods section.
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1. Introduction

Water is one of the natural resources and it is the main
factor of plant development and root system development.
Experimental irrigation of tree plantations has shown that
growth can be increased with proper irrigation[1]. Global
decline in fresh water resources did not only cause devel-
opment of irrigation technologies, but also innovated the
water-saving irrigation strategies that save a substantial
amount of water compared to traditional irrigation that is
now believed as a luxury use of water[2]. Therefore, irriga-
tion technologies are very important for cultivation of
commercial plant because the relative amount of water
available to agriculture is declining worldwide, due to the
rapid population growth and the greater incidence of drought
in recent years as caused by climate change and different
human activities. Lately, the agricultural field is being
im-proved worldwide and the water usage increase every
year. Continued successful management of the limited
amount of water available for agricultural usage depends
upon better agronomic practices and enhanced understand-
ings of water productivity, defined as the crop productivity
output per unit of water consumed[3]. There are two main
methods developed to schedule irrigation: 1) by replacing
crop evapotranspiration (ETC) fractions according to a
soil-water balance, or (2) by triggering irrigation according
to water content status of the soil and allowable depletion
levels. But both of these methods had been less effective; for
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the first method it requires local crop coefficients, and these
vary according to crop varieties, plant densities, row con-
figurations and planting dates; and the second method will be
affected by the sensor reading and highly dependent on types
of soil, climate, plant root zone depth, soil salinity and soil
temperature[4]. Previous work[5] also stated that weather
broadcast can be an indicator to schedule irrigation fre-
quency due to the lack of crop (potato) evapotranspiration.
Therefore, the schedule of irrigation that is based on rainfall
data is easier to control because the data is available from the
World Meteorology Organization website such as for Kuala
Terengganu area. This is also because, according to[6],
randomly Dioscorea sp. is well adapted to most tropical
climates with temperatures of 30-34 °C and annual rainfall
of 1500 mm. While, the Dioscorea hispida species is known
to be well adapted to the local climate of Kuala Terengganu;
which has the annual average precipitation (rainfall) of 2709
mm/year[7] and average number of rainy days in a year is
approximately 132 days[8].

Irrigation frequency is one of the most important factors in
drip irrigation scheduling. Due to the differences in soil
moisture and wetting pattern, crop yields may be different
when the same quantity of water is applied under different
irrigation frequencies. Typically, the higher the irrigation
frequency the smaller the wetted soil volume and the higher
mean soil water content can be maintained in the wetted soil
volume during a period when the total irrigation water is
equal. High irrigation frequency might provide desirable
conditions for water movement in soil and for uptake by
roots[5]. The objective of this research will be to determine
the effect of irrigation on growth parameters and also the
concentration of toxic compound within D. hispida. This
research is important because Dioscorea sp. is the third most
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important tropical root and tuber crop after cassava and
sweet potato[9].

2. Objectives

The objectives of this study are:

1) To measure aerial agro-morphological parameters

2) To measure underground agronomic parameters

3) To determine the colour of tubers according with ir-
rigation treatments

4) To determine the quantity of phytochemicals

5) To observe the relationships between tuber’s colour
and phytochemicals

3. Literature Review

Dioscorea hispida is one of the Dioscorea (Yam) species,
and it belongs to the family Dioscoreaceae within the genus
Dioscorea[9]. It has botanical characteristics of a climbing
plant with glabrous leaves and twining stems, which helix
readily around other trees, and is classified as a wild creeping
and climbing plant which can grow up to 20 meters in
height[10]. The majority of species of the genus Dioscorea
are perennial herbaceous climbers, that form rhizomes and
tubers as storage organs and are distributed in tropical re-
gions of Africa, America and Asia. The leaves and stems of
Dioscorea dregeana are shown to have antibacterial proper-
ties[11]. These tubers are found to be rich in essential dietary
nutrients[12]. World’s estimated yam production in 2003
was 39 643 170 tonnes[13]. Malaysia does not yet becomes
yam crop producers, although the yams are very much in
demand in the world.

Many wild Dioscorea sp., especially from tropical areas,
are a very important source of secondary metabolites, and
used in pharmaceutical industry and medicine[14]. However,
certain tubers of wild yams like D. hispida are known to be
toxic to mammals. Behavioural studies have shown that the
toxic components cause dizziness, nausea, vomiting, and
later sleepiness in humans. Toxic components of this plant
exhibit insecticidal and anti-feedant activities in various
species of insects. Several toxic components were isolated
from this plant and one of them was identified as dioscorine
[1R-(1a,4a,5a)]-2,48-dimethyl-spiro-[2-azabicyclo(2.2.2)oct
ane-5,28-(2H)-pyran]-68-(38H)-one (8—-10)[15].

Although toxic, Malay community and Aborigines have
found ways to lose the poison. Gadong tubers will be soaked
in flowing water, dioscorine content in it will be dissolved by
water gradually, then this tuber will be free from dioscorine.
For that purpose, maybe irrigation also can be the way to
decrease the toxic level in D. hispida either through proper
irrigation system or rainfall. Although their watering activity
has not been investigated yet but randomly, D. hispida is
known to adapt at Kuala Terengganu area which has annual
average rainfall of 2709 mm/years[7] and average number of
rainy days of about 132 days in a year[8]. These climate data

were based on monthly averages for the 30-year period of
1971-2000.

The toxic content may also has a relationship with the
colour of tubers, but this has not been investigated yet. There
are two kinds of colour which was reported by the local
people of Terengganu state of Malaysia, which are yellow
and white. Most of the villagers claimed that yellow flesh has
better taste then the white flesh. This is because the yellow
one tastes starchier. They also call the yellow tubers as
Gadung Pulut and the white tubers as Gadung Jemah[16].
This discoloration phenomenon has long been studied in
fresh yam tubers and has mainly been associated with en-
zymatic browning due to the action of polyphenoloxidase
and the quantity of chemical content (dioscorine) will differ
due to cultural and climatic factors under which yam is cul-
tivated, its maturity stage at harvest and the method and
duration of storage[17]. The colour of tubers is one charac-
teristic of a plant’s phenotype and it depends on both the
genotype and the environmental effects[18].

4. Materials and Methods

4.1. Side Plant Lot

The work will take place at Universiti Sultan Zainal
Abidin, Gong Badak Campus, Kuala Terengganu, Tereng-
ganu, Malaysia. The annual average precipitation (rainfall)
in Kuala Terengganu is 2709 mm/years[7]. The experimental
plot is designed with waterproof roof which covers ap-
proximately 19.67 m® area. The tubers weighed approxi-
mately 6-62 g and propagated until all tubers have active bud
prior to experiment.

4.2. Experimental Design

A Randomized Complete Block Design (RCBD) with ir-
rigation method treatments as main plots and irrigation fre-
quency as random treatments within all blocks will be es-
tablished. There are six trees for every block and the drip
systems will be applied at each block. The irrigation will be
supplied to individual trees with pipe connection and will be
controlled by timer setup for each block. The irrigation tim-
ers will be setup for five conditions; in which once every two
days is applied for control and there are four types of fre-
quency treatments to be applied, 1) once every day (T1); 2)
once every three days (T2); 3) once every four days (T3); 4)
once every five days (T4), this schedule had been modified
from experimental design of [5] and the control frequency
had been estimated according to well grown Dioscorea ro-
tundata Poir. by[13] in which the plants were watered once
every two days. The dripper had a discharge rate of 2 L/h
under an operation pressure of one atm. The rainfall data in
Kuala Terengganu was obtained from World Meteorology[§]
(Table 1). The amount of water per day was calculated from
the average rainfall data available by using the following
equation: DDIR = (RAW/FX) and Volume (kL) = depth
(mm) x Area (m2) + 1000[19]. Previous researchers[5] also
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stated that weather broadcast can be an indicator to schedule
irrigation due to the lack of crop evapotranspiration. Each
block will be separated at about two meters from each other
and will be planted with three trees in each row for two rows
in a block plot. The automatic timer that will be used is as
shown in Figure 1[20]. While the automatic timer be at-
tached to a water pump, and its function is to control the on
and off of the pump, the pump will suck water and provide
enough pressure to make sure all plants get similar volume of
water. The image of this pump is as shown in Figure 2[21].

Table 1. The climatology information.

Mean Temperature °C Mean Mean
Month Daily Daily RT'Ot?lH I\iulr{n I?er
ainfal of Rainy
Minimum Maximum (mm) Days
Jan 22.8 29.3 79.9 8
Feb 229 30.2 53.9 5
Mar 233 31.3 117.9 6
Apr 24.0 32.6 89.9 6
May 24.4 329 103.8 8
Jun 24.0 32.6 114.0 9
Jul 23.7 322 157.8 11
Aug 23.6 32.0 171.2 13
Sep 23.4 31.7 189.9 14
Oct 235 31.2 256.4 15
Nov 23.4 29.6 690.3 20
Dec 233 28.9 580.1 17

*Climatological information is based on monthly averages for the
30-year period 1971-2000.

*Mean number of rainy days = Mean number of days with at least 1
mm of rain.
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Figure 1. Automatic timer.

4.3. Shoot

This parameter will be measured from first day of planting
until the day of harvesting. The height of the tree will also be
recorded after nine months of growth before the trees are
harvested.

4.4. Leaf

The number of leaf in different treatments will be ob-
served when most of these trees already attained maximum
growth in all trees. Five matured leaves will be taken per

plant randomly and be measured at different stages of plant
growth by using the Leaf Area Meter or graph paper.

The length will be multiplied with width and then multi-
plied the factor of graph paper. Total leaf area will be cal-
culated by taking average leaf area and multiplying with the
number of leaves.

Figure 2. Water Pump image and blueprint.

4.5. Stem

The data for the main stem thickness will be collected
prior to harvest. This measurement will be carried out by
using dial micrometer, by placing it on every main stem
produced from tuber, expressed it in centimetres and calcu-
lated their averages. The number of main stems will be cal-
culated by counting the stem produced from tuber- produc-
ing tree. Total stem thickness will be calculated by taking the
average of main stem thickness then multiply it by the
number of main stem produced by the tuber- producing tree.

4.6. Root

Number and length of roots which are produced from tu-
ber-producing tree will be measured. Total root length took
account of both the elongation and branching processes and
helps visualize the root distribution spatial dimensions of
root system components in tubers of D. hispida. Total root
length (TRL) will then be calculated by using the following
equation: TRL=n; % (L; + n, x ( L, + n;3 x L3)), where n, =
number of roots of the xth order on the (x — 1)th branching
order root, and L, = length of xth order root[13].

4.7. Colour of Tuber

The colour of tubers for all trees will be evaluated by using
Chromameter as provided by the Faculty of Agriculture and
Biotechnology, UniSZA. The tubers of each plant will be
further extracted for their dioscorine content.

4.8. Dioscorine Content

After the rhizome was peeled, they will be chopped into
two portions. Each portion will be weighed at 50 g. They will
be sliced. Each sample will be blended with 200 mL of 0.5 N
HCI by using an electric blender. For HCI preparation, 42
mL of HCI will be dissolved with distilled water. The mix-
tures of sample will be placed into conical flask and covered
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with parafilm. They will be left at room temperature for two
days. After that, the samples will be filtered by using the
sheet filter followed by Whatman filter paper Cat. No. 1001
150. The pH of the samples will be checked by using a pH
meter.

The mixture will be made alkaline (pH 10-11) by adding
K,COj; and extracted with three portions (600-200 mL x 3) of
ether by using the separatory funnel. All the extracts will be
combined and dried overnight with Na,SO,. Dried extract
will be filtered and concentrated under reduced pressure to a
final volume of approximately 5 mL. The concentrated ex-
tract will be spotted on a 20 x 20 cm TLC plate (Silica gel G,
60 F,s4, 0.5 mm thickness, Merck). The compounds will be
separated by an ascending method with a solvent mixture of
chloroform:ethanol:ammonia (100:10:0.5). The plates will
be air-dried and sprayed with Dragendorff reagent. The
calculated R; value will be compared with the literature’s Ry
value. The compound having Ry value of 0.3 will be isolated
and further subjected to MS and NMR analysis. Field de-
sorption (FD) mass spectra will be detected with a JEOL
JMS-SX102A Mass Spectrometer, and the *C-NMR spectra
will be observed with a Brucker AMX-500 instrument by
using chloroform-d as a solvent[12].

4.9. Statistical Analysis

All data collections will be evaluated for analysis of
variance (ANOVA) by using the Excel Windows XP[22] or
SPSS or SAS softwares.

5. Conclusions

Dioscorea hispida is the most famous yam in Malaysia
and is distributed more in Terengganu where it is well
adapted to its environmental condition. Therefore, to com-
mercialize this species, the proper irrigation condition must
be established. Then, this research is proposed to optimize
the use of irrigation water for D. Hispida because innovation
of water-saving irrigation strategies can save a substantial
amount of water resources compared to traditional irrigation
that is now practiced based on a luxury use of water Kang
and Zhang, 2004 Sh. Kang and J. Zhang, Controlled alternate
partial root-zone irrigation: its physiological consequences
and impact on water use efficiency, Journal of Experimental
Botany 55 (2004), pp. 2437-2446. Full Text via CrossRef
|[View Record in Scopus | Cited By in Scopus (61)262219.

ACKNOWLEDGEMENTS

The first author is thankful to Assoc. Prof. Dr. Nashriyah
as the main supervisor and Dr. Hudzari as the co-supervisor,
both are lecturers at the Department of Agricultural Science,
Faculty of Agriculture and Biotechnology, Universiti Sultan
Zainal Abidin, for their encouragement and support.

REFERENCES

(1]

(]

[12]

[13]

R. V. D. Driessche, W. Rude, and L. Martens, 2003, Effect of
Fertilization and Irrigation on Growth of Aspen (Populus
tremuloides Michx.) Seedlings Over Three Seasons, Journal
of Forest Ecology and Management, 186, 381-389

S. H. Ahmadi, F. Plauborg, M. N. Andersen, A. R. Sepaskhah,
C. R. Jensen, and S. Hansen, 2011, Effects of Irrigation
Strategies and Soils on field Grown Potatoes: Root Distribu-
tion, Journal of Agricultural Water Management, 98,
1280-1290

Karam, F., Saliba R., Skaf, S., Breidy, J., Rouphael Y., and
Balendonck J., 2011, Yield and Water Use of Eggplants
(Solanum melongena L.) Under Full and Deficit Irrigation
Regimes, Journal of Agricultural Water Management, 98,
1307-1316

Enciso, J., Wiedenfeld, B., Jifon, J., and Nelson, S., 2009,
Onion Yield and Quality Response to Two Irrigation Sche-
duling Strategies, Journal of Scientia Horticulturae, 120,
301-305

F. X. Wang, Y. Kang, and S. P. Liu, 2006, Effects of Drip
Irrigation Frequency on Soil Wetting Pattern and Potato
Growth in North China Plain, Journal of Agricultural Water
Management, 79, 248-264

Jayakody, L., Hoover, R., Liu, Q., and Donner, E., 2007,
Studies on Tuber Starches. II. Molecular Structure, Compo-
sition and Physicochemical Properties of Yam ( Dioscorea sp.)
Starches Grown in Sri Lanka, Journal of Carbohydrate Po-
lymers, 69, 148-163

Wong, C. L., R. Venneker, S. Uhlenbrook, A. B. M. Jamil,
and Y. Zhou, 2009, Variability of Rainfall in Peninsular
Malaysia, Hydrol. Ear th Syst. Sci. Discuss., 6, 5471-5503

M. Azhar A. W. (2011) Google homepage on WORLD-
WEATHER.
[Online]. Available:
079.htm

http://worldweather.wmo.int/020/c00

F. D. Baah, “Characterization of Water Yam (Dioscorea alata)
for Existing and Potential Food Products,” PhD. Sc. thesis

submitted to the Department of Food Science and Technology,
Kwame Nkrumah University of Science and Technology,

June. 2009

Mohd. Hudzari, R., Hasbullah, M., Noordin Asimi, M. and
Wan Ishak, W. 1., 2011, A Review on Farm Mechanization
and Analysis Aspect for Dioscorea hispida, Journal Crop
Sciences, 2(1), 21-26

Kulkarni, M.G., Street, R.A., and Van Staden, J., 2007,
Germination and Seedling Growth Requirements for Propa-
gation of Dioscorea dregeana (Kunth) Dur. And Schinz - A
Tuberous Medicinal Plant, South African Journal of Botany,
73,131-137

Bhandari, M. R. and Kawabata, J., 2005, Bitterness and
Toxicity in Wild Yam (Dioscorea spp.) Tubers of Nepal,
Journal of Plant Foods for Human Nutrition, 60, 129-135

Tristan, C. D., Thomas, M., Herve, R., Christophe, J., and
Claude, E., 2008, Architectural Analysis of Root System of
Sexually VS. Vegetatively Propagated Yam ( Dioscorea ro-
tundata Poir.), a tuber monocot, Journal of Plant Soil, 317,
61-77


http://www.sciencedirect.com.www.ezplib.ukm.my/science/article/pii/S0378377411000746#bbib0115
http://www.sciencedirect.com.www.ezplib.ukm.my/science/article/pii/S0378377411000746#bbib0115
http://www.sciencedirect.com.www.ezplib.ukm.my/science/article/pii/S0378377411000746#bbib0115
http://www.sciencedirect.com.www.ezplib.ukm.my/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_origin=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1093%252Fjxb%252Ferh249&_acct=C000012458&_version=1&_userid=6470374&md5=5e4f2a6a297d2507525bd14da5d0814c
http://www.sciencedirect.com.www.ezplib.ukm.my/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_origin=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-8444223216%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D773b595680629f4a2fd30b25e3db0414&_acct=C000012458&_version=1&_userid=6470374&md5=eb71f3fcc1590245e26864b75172180c
http://www.sciencedirect.com.www.ezplib.ukm.my/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEnciso,%2520Juan%26authorID%3D8592434000%26md5%3D402dfda15fd3c5deef726af0cb8cbd27&_acct=C000012458&_version=1&_userid=6470374&md5=bf3b9769af7045e1ce8ab772c1ba6859
http://www.sciencedirect.com.www.ezplib.ukm.my/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DWiedenfeld,%2520Bob%26authorID%3D6507509923%26md5%3D987e56efb0074443dc4383fc40225e4d&_acct=C000012458&_version=1&_userid=6470374&md5=d2105c03fcb756577ae783935571c473
http://www.sciencedirect.com.www.ezplib.ukm.my/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DJifon,%2520John%26authorID%3D6603441780%26md5%3D0480e322f059216b0f4cf0f43593ba95&_acct=C000012458&_version=1&_userid=6470374&md5=953086d7dfc3e2968a0d1575e389f92e
http://www.sciencedirect.com.www.ezplib.ukm.my/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DNelson,%2520Shad%26authorID%3D7403081487%26md5%3Dc66d3198db7fd98d693094040073b3e2&_acct=C000012458&_version=1&_userid=6470374&md5=7e292e18c1e6aa2ddf6bd1d58207a1cb
http://www.sciencedirect.com.www.ezplib.ukm.my/science/journal/03044238

28

(14]

[13]

[16]

[17]

(18]

Muhamad Azhar Abd Wahid ef al.: Application of Automatic Timer for Irrigation System in
Dioscorea hispida Dennst. Propagation

Katarina, S., avikin-Fodulovic, Dragoljub Grubisic, Ljubinka
Culafic, Nebojsa Menkovic and Mihailo Ristic, 1998, Dios-
genin and Phytosterols Content in Fve Callus Lines of Dios-
corea balcanica, Journal of Plant Science, 135, 63-67

K. Nagata, G. L. Aistrup, H. Honda, T. Shono, and T. Nara-
hashi, 1999, Modulation of The Nicotinic Acetylcholine Re-
ceptor by Dioscorine in Clonal Rat Phaeochlomocytoma
(PC12) Cells, Journal of Pesticide Biochemistry and Physi-
ology, 64, 157-165

Nashriyah, M., Nur Athiqah, M. Y., S. Amin, H., Norhayati
N., M. Azhar, A. W., and Khairil, M., 2011, Ethnobotany and
Distribution of Wild Edible Tubers in Pulau Redang and
Nearby Islands of Terengganu, Malaysia, submitted to World
Academy of Science, Engineering and Technology

A. K. Kafilat, “Physical, Functional and Sensory Properties of
Yam Flour ‘Elubo’ Obtained from Kuto-Market Abeokuta,”
B. Sc. thesis, University of Agriculture, Abeokuta Ogun State,
Nigeria, Nov. 2010

M. T. J. Johnson, R. Dinnage, A. Y. Zhou and M. D. Hunter,
2008, Environmental Variation Has Stronger Effects Than

(21]

Plant Genotype on Competition Among Plant Species, Jour-
nal of Ecology, British Ecological Society, 96, 947-955

Department of Irrigation and Drainage, Malaysia, 2009,
Irrigation and Agricultural Drainage, 5

M. Azhar, A. W. (2011) Google homepage on MADE-IN-
CHINA.COM.
[Online]. Awvailable: http://bainian9908.en.made-in-china.
com/product/jMSxRIQAbIWZ/China-Timer-Socker-BND-5
0-SG36-.html

M. Azhar, A. W. (2011) Google homepage on WATER
PUMPS.

[Online]. Available: http://waterpumpsz.com/2693-electric-
water-pump-suppliers.html

K. O. Falade, T. O. Olurin, E. A. Ike, and O. C. Aworh, 2007,
Effect of Pretreatment and Temperature on Air-Drying of
Dioscorea alata and Dioscorea rotundata Slices, Journal of
Food Engineering, 80, 1002-1010



