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ABSTRACT

A lab experiment was conducted at the Faculty of Sustainable Agriculture, in Universiti
Malaysia Sabah, Sandakan. The objective of this study was to determine an acceptable
storage environment and suitable packaging material for maintaining the viability and
vigour of groundnut seeds. The experimental design was Completely Randomized Design
(CRD) made up of three storage environment mainly cold room, refrigerator and ambient
with groundnut seeds packaged differently into cloth and plastic packaging equally for
four replications and treatment were expressed in 3 x 2 factorial design. Seed quality
evaluation mainly germination test, seed moisture determination and standard
germination vigour test was carried out every two weeks upon storage for 98 days.
Results were analysed using SAS version 9.4 with two way ANOVA and significance
among treatment means were analysed using Least Significant Difference (LSD) test at
confidence level of 5%. Plastic packaging and cold room storage showed the best storage
condition for groundnut seeds in terms of viability and seed moisture content throughout
98 days of storage period. However, viability at the end of storage was low at 49% and
this indicates that groundnut seed has poor storability even when stored under low
temperature with moisture proved packaging. Therefore, groundnut seeds should not be
stored for longer periods due to high oil composition that makes it difficult to store.
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KESAN BAHAN PEMBUNGKUSAN DAN PERSEKITARAN PENYIMPANAN PADA
TEMPOH SIMPANAN KACANG TANAH

ABSTRAK

Satu kajian makmal telah dijalankan di dalam Fakulti Pertanian Lestari, Universiti
Malaysia Sabah, Sandakan. Kajian ini dijalankan bertujuan untuk mengkaji kesan bahan
pembungkusan dan persekitaran penyimpanan terhadap tempoh simpanan biji benih
kacang tanah varieti Margenta. Objektif kajian ini adalah untuk menentukan persekitaran
penyimpanan dan bahan pembungkusan yang sesuai untuk mengekalkan percambahan
dan daya maju biji benih kacang tanah. Reka bentuk eksperimen adalah Completely
Randomized Design (CRD) yang merangkumi tiga persekitaran penyimpanan iaitu bilik
sejuk, peti sejuk dan ambien manakala kacang tanah dibungkus secara berbeza ke dalam
kain dan plastik pembungkusan dalam kuantiti yang sama bagi setiap pembungkusan
dengan empat replikasi dan rawatan ini disusun secara 3 x 2 reka bentuk factorial.
Penilaian kualiti biji benih terutamanya ujian percambahan, kelembapan biji benih dan
ujian percambahan standard untuk daya maju biji benih dijalankan pada setiap dua
minggu selepas penyimpanan dijalankan. Keputusan dianalisis dengan menggunakan
SAS versi 9.4. dan perbezaan significant antara min rawatan dianalisis dengan
menggunakan Kajian Least Significant Difference (LSD) pada tahap significant sebanyak
lima peratus. Pembungkusan plastik dan simpanan dalam bilik sejuk menunjukkan
keadaan penyimpanan terbaik bagi biji benih kacang tanah dari segi percambahan,
indeks daya maju dan kelembapan biji benih sepanjang tempoh 98 hari penyimpanan.
Walau bagaimanapun, peratus percambahan pada hari terakhir penyimpanan adalah
serendah 49% dan ini menunjukkan bahawa biji benih kacang tanah mempunyai
penyimpanan yang kurang baik mahupun disimpan di bawah persekitaran suhu rendah
dengan bahan pembungkusan yang tahan kelembapan. Oleh itu, biji benih kacang tanah
tidak boleh disimpan dalam tempoh yang lama kerana ia mengandungi komposisi minyak

yang tinggi menyebabkan ia susah untuk disimpan.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Groundnuts or peanuts (Arachis hypogaeaL.) was a popular food source throughout the
world. In Malaysia, groundnuts were prefereably consumed as peanut butter and
confectionary snack. It was regarded as the sixth most important oilseed crop in the
world due to its high oil composition of 48-50% and 26-28% protein content (Ndjeunga
et al,, 2006).0ther than that, it was also a rich source of dietary fibre and vitamins.

Groundnut was cultivated on 26.4 million hectare worldwide with a total
production of 37.1 million metric tonne and an average productivity of 1.4 metric tonne
per hectare (FAO, 2003). Around 70 percent of the world’s groundnut production came
from India and China which were major producers of groundnut. As a sum, they

represent over two-thirds of the global groundnut output.

seed was the basic propagating material used for the cultivation of crops.
Therefore, storage of seed was necessarily important for farmers to maintain the quality
of seeds until the right planting season. Thus, ensuring the maximum productivity of the
crops after planting. Seed longevity was referred as the period of time the seeds remain
highly viable and vigour. However, it could be greatly affected by the seed moisture
content and the environmental storage condition mainly temperature and relative

humidity (Trivedi, 2011). U
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Seed storage life was generally unaffected by subfreezing temperature provided that
seed moisture content remains below 14% to prevent the formation of ice crystals which
might cause cracking of seed’s cellular structure. Excellent seed germination was
observed in seeds dried to five percent moisture content and stored at subfreezing
temperature for twenty years. However, the process of seeds cycled in and out of the
freezer frequently without redrying might led to reduction in germination.

Nevertheless, the seed moisture content shows greater effect than storage
temperature on seed longevity. When moisture content of seed exceeds 13%, seed
storage fungi and increased heating via respiration will probably reduce shelf life within
a short period of storage (Harrington, 1972). At 20% seed moisture content, the rapid
process of respiration and activity of microbes leads to the faster rate of deterioration of
the seed. Once reaching 30% moisture content, most of the non-dormant seeds
germinate (Bewley and Black, 1985).

PERPUSTARAAR
UNIVERSITI MALAYSIA SABAR

Furthermore, it can be seen that the effects of temperature and relative humidity
are highly interdependent in their effect on stored seed. Since seed moisture is of most
important concern, so the rule stipulates that in any case the temperature should not
contribute more than half (Harrington, 1960). Hence, majority of crop seeds lose its
viability quickly when storage humidity approaches 80% at temperatures of 77 °F to 86
°F (Copeland, 1976).

Seed storability refers to the ability of storage condition to maintain the seed
quality in terms of viability and vigour for a period of time. For long term storage, the
seed moisture content should exceed 8% and the storage humidity must be maintained
below 35%. As we know, seeds are hygroscopic, any further increase in relative humidity
storage environment beyond 35% will cause the low moisture seed to absorb moisture
to become high moisture seed. Thus, the seed will become become fit for medium or

short term storage.

Hence, to lengthen the duration of storage, seed moisture should be kept low
and stored in preferable low relative humidity and temperature envirgnment.or p e
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the seed in a tight impermeable packaging material in order to achieve longer storage
life (Trivedi, 2011).

1.2 Justification

This research was carried out to determine the acceptable storage conditions involving
temperature and relative humidity with suitable packaging materials on the storability of
groundnut (Arachis hypogaea cv. Margenta). The high oil content of groundnut makes
it difficult to be stored for long term period before planting. This crop was not very
popular for planting in the country as food crop because rice is the main staple food to
the community. Groundnut was eaten as snacks and junk food where it can be imported.

Vigour and viability test was used to determine the initial seed quality before
storage. The aim of this test is to ensure preferable seed quality is achieved before
storage treatment so that alteration of the seed quality within storage could be observed.
For quick test on the viability of seed samples, tetrazolium chloride test should be
considered as it saves time and materials compared to standard germination test.
However, for high reliability standard germination test were selected.

Shelled groundnut storage may influence its shelf life. Mostly, farmers would
prefer unshelled groundnut for storage rather than shelled due to double protection of
the packaging materials and the shell itself. Packaging materials used would eventually
have a larger impact on the longevity of seed with the subsequent fluctuations of the

environment.
1.3 Objectives

The objective of this study is to determine the acceptable storage environment and types
of packaging materials in maintaining the quality of groundnut seeds.

2 UM

UNIVERSITI MALAYSIA SABAR



1.4 Hypotheses

Null hypothesis 1 (HO:): Storage environment has no effect on the storability of
groundnut seeds.

Null hypothesis 2 (H0;): Packaging materials has no effect on the storability of groundnut
seeds.

Alternative hypothesis 1 (Ha;): Storage environment affect the storability of groundnut
seeds.

Alternative hypothesis 2 (Haz): Packaging materials affect the storability of groundnut

seeds.
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CHAPTER 2

LITERATURE REVIEW

2.1 Botanical Description of Groundnut

Groundnut is an annual herbaceous plant classified under the Fabaceae family, sub-
family Papilionaceae, tribe Aeschynomeneae and sub-tribe Stylosanthinae. The genus
Arachisis morphologically well-defined and distinguished from other genera by having a
peg and geocarpic reproductive growth. There are more than 70 wild species from genus
Arachis but only A. hypogaea is domesticated and cultivated worldwide. The genus can
be further divided into nine sections called Arachis, Caulorrhizae, Erectoides,
Extranervosae, Heteranthae, Procumbentes, Rhizomatosae, Trierectoides and

Triseminalae (Gibbons et al., 1972).

Groundnut is a self-pollinating, annual, herbaceous legume growing upright and
has an indeterminate growth habit. Due to its atypical flower characteristics, natural
cross pollination occurs at rates of less than one to six percent (Duke, 1981; Coffelt,
1989). It consist of three major stems, the main stem develops from the terminal bud
on the epicotyl while the two lateral stems which is equivalent in length grows from the
auxiliary buds. The taproot has an arrangement of four series lateral roots with abundant
branching with numerous number of nodules (Moss and Ramanatha, 1995).

A. hypogaea has procumbent stems and can grow to about 0.5 metres tall. The
leaves are alternate and compound with four ovate to oblong leaflets: The tubular, fi
parted flowers are yellow and self-pollinated. After pollination, the flowerstalks elo a
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to around 6 cm Iong and push the developing pods into the ground, so during harvesting
the fruit (seeds) must be dug up from the soil. It is an indehiscent legume whereby its
pod does not split open easily. The inflorescence is either simple or compound with the
pods having located around the central axis of the plant (Isleib et al., 1994).

Groundnut plant begins to flower within 30 to 40 days after planting and attained
maximum flowering within six to ten weeks of planting. After fertilization completes, the
tip of ovary bearing from the ovules grows out from the floral bracts, bearing the dried
petals, calyx lobes and hypanthia. Thus, creating a unique floral structure called the
carpophore which is commonly known as peg or gynophore (Ramanatha, 1988).

The pods of groundnuts is characterised by an elongated sphere with different
reticulation on the surface. Commonly, there were one to five seeds within a pod
(Gregory et al, 1973; Ramanatha Rao, 1988; Stalker, 1997). However, there were
considerable variability exists in the morphological traits in groundnut, mainly the seed
size, seed colour, number of seeds per pod, pod length and pod breadth (Ramanatha
and Murty, 1994; Retamal et al., 1990; Stalker and Simpson, 1995).

2.2 Origin and Distribution of Groundnut

Groundnut (Arachis hypogaea L.) is originated in the New World. It was an ancient crop
that was cultivated extensively in both Mesoamerica and South America at around 1000
B.C. The term Arachis is derived from the Greek word “arachos”, meaning a weed, and
“ hypogaea”, meaning underground chamber and botanically known as a weed with fruits

grown below the soil surface (Hammons, 1973).

Groundnut is a common term used in most countries of Asia, Africa, Europe and
Australia, whereas in North and South America it is preferably known as peanut. The
terminology of groundnut refers to the pods containing seeds that mature below the soil,
whereas the connotation of peanut is because this crop belongs to the leguminous family
which includes other crops such as peas and beans (Gibbons et al., 1972).

. ® UM
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Nowadays, groundnut becomes a vital source of oil, food and forage crop
generally distributed in the tropics, subtropics and temperate regions. However, the
actual origin of the main cultivar, Arachis hypogaea L., is still under the subject of
scientific inquiry. Nevertheless, according to Hammons (1973) the most convincing data
indicating the origins of A. hypogaea was in the gardens of primitive, come from the digs
on the coast of Peru, dated from 3750 to 3900 years before present (BP). On the other
hand, there is also archaeological evidence of their existence in Mexico, dated 1300 to

220 BP (Hammons, 1982).

After the European contact, groundnut were dispersed throughout the world.
They were distributed to the Western Pacific, China, Southeast Asia and Madagascar
presumably in the sixteenth and seventeenth centuries with the discovery of voyages of
the Spanish, Portuguese, British and Dutch. Today, groundnut crop is cultivated in 108
countries on about 22.2 million hectares, where 13.69 million hectares of groundnut
were cultivated in Asia mainly India (8 million ha) and China (3.84 million ha). India,
China and the United States are the leading producers of groundnut and contributes
about 70% of the world’s groundnuts production (FAO, 2007).

2.3 Morphological Characteristics of Groundnut Seeds

Cotyledon

Plumule

Figure 2.1  Longitudinal section of Margenta groundnut seed

A matured but dormant groundnut seed comprises of embryo made up of two cotyledons,
the upper stem axis and young leaf primordial (epicotyl), the Io_.W?e'r' sté:m“_axis yp M

6
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and primary root (Figure 2.1). The radicle itself was jointly made up from the hypocotyl
and primary root. The hypocotyl functions to push the seed towards the surface of soil
as germination proceeds. Thus, all of these structures are vital in the growth and
development into a normal groundnut embryo (Gregory et al., 1951).

The seeds of A. Aypogaea tends to differ in terms of size, shape and colour. Its
testa or seed coat is thin and papery. Generally, the seed coat consist of three unicellular
layers that is the epidermis (schlerenchyma), the middle parenchyma and the inner
parenchyma. The presence of these layers indicates that integuments of maturing ovule
are maternal in origin (Glueck et al, 1977). Thus, the grouping of groundnut cultivar
were based on size of wax, joining of epidermal cells, thickness of cell walls and presence
of cracks in the epidermal. For wild species, the seeds are almost similar but smaller

than the cultivated ones.

2.3.1 Seed Size

Generally, groundnut seed length ranges from 7 to 21 mm with diameters of 5 to 13 mm
as observed by Ramanatha (1988) and Retamal et a/. (1990). On top of that, seed size
and mass were used frequently in the agronomic classification of groundnut. Normally,
larger seeds were used for confectionary purposes while medium and small size seeds
were used for the extraction of oil. The smaller seed of wild Arachis usually has seed
length ranges between 8 and 18 mm and diameter between 4 and 7 mm.

2.3.2 Seed Weight

Groundnut seed weight is also a vital economic and diagnostic characteristics. However,
this characteristics varies according to the materials studied and site of evaluation.
Nevertheless, several ranges on its weight has been discovered, 0.2-1.0 g (Seshadri,
1962); 0.17-1.24 g (Ramanatha, 1988); and 0.54-2.38 g (Retamal et af, 1990).
However, the variation in weight is usually dependant on the cultivars. For instance,
cultivars of variety Aypogaea tend to have larger and heavier seeds while those

. & UM
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belonging to variety fastigiata have smaller and lighter seeds and the wild species shows

lower seed mass.

2.3.3 Seed Colour

The colour of seed coat or testa is another important diagnostic character and an
important market trait. Groundnuts can be mainly classified into possessing non-
variegated seed coat (single solid colour) and variegated seed coat (more than single
colour). Basically, seed colour turns deeper with prolong storage in shell or as shelled
seed over a period of time (Bunting, 1955). Solid colours mainly white, rose, flesh, wine,
red, light purple and dark purple can be distinguished easily.

2.3.4 Germination Characteristics of Groundnut

All the primordial leaves will appear within the first few days after germination. However,
the hypocotyl appears white during early stages of growth but becomes indistinguishable
from the root when reaching maturity. The plumule is formed by a central axis and the
two cotyledon axes and contains readily nine embryonic leaves. These essential organs
originate from tissue differentiation during the embryo’s development inside the seed

(Reddy et al., 2003).

Germination of groundnut is epigeal, where the cotyledons of germinating seed
will grow above the ground and the cotyledons may turn green soon after emergence.
Normally, groundnuts requires 3 to 5 days to germinate and emerge from the soil at
temperature of 30°C. Radicle may sprout out first and the primary root system is tap-
rooted with many lateral roots which can be seen 3 days after germination (Smartt,

1994).

At the beginning of germination period, the developing seedlings are solely
dependent on assimilates stored in the cotyledons. After 5 to 10}}days}, the seedling will

become autotrophic and able to absorb mineral nutrients frofn the &cil thh:jM
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whilst the epicotyl that is exposed to solar radiation starts to photosynthesize.
Nonetheless, these characteristics are also dependent on the cultivar as well as the

environmental conditions.
2.4 Chemical Composition of Groundnut Seed

The chemical quality of groundnut seeds has been studied by numerous researchers but
the results appeared to have variation. This variation may be attributed by the
differences in groundnut variety, soil, climate and storage conditions. The seeds of most
groundnut cultivars comprises of about 50% oil (Worthington and Hammons, 1971).
Thus, there were relationship between the qualities of groundnut seeds with the oil

fraction within the seeds.

The oil content of groundnut differs in quantity especially the relative proportion
of fatty acids, geographical location, seasons and growing conditions (Brown et al., 1975;
Holaday and Pearson, 1974; Young et a/, 1974). Generally, groundnut seeds contains
about 44 to 56% oil and protein content of 22 to 30% on a dry weight basis. Besides, it
is also a rich source of minerals mainly phosphorus, calcium, magnesium and potassium
including vitamins of group E, K and B (Savage and Keenan, 1994). According to Crocker
and Barton (1957) and other researchers, the seeds were reported to contain 9.5 to 19%
total carbohydrates with both soluble and insoluble form (Rao et al, 1965; Oke, 1967;
Abdel Rahman, 1962; Woodroof, 1983).

2.4.1 Carbohydrates Composition

Groundnut seeds are reported to contain 9.5 to 19% total carbohydrates as both soluble
and insoluble forms (Croker and Barton, 1957; Oke 1967; Woodroof, 1983). Although it
constitutes the least in the grains, it is an important energy constituent required for all
germinated seeds. After emergence, this organic substance will be manufactured
through photosynthesis and transpiration and the soluble sugar indicates the

physiological activity of the seedlings. U M
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