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Abstract of thesis submitted to the Senate of Universiti Pertanian 
Malaysia in fulfilment of the requirements for the degree of Master of 
Agricultural Science. 

THE USE OF ENDOMYCORRHIZA IN 
REHABILITATING 

MATURED COCOA STANDS 

By 
MARIA VIVA RINI 

JULY 1996 

Chairperson: ASSO. PROF. DR. AZIZAH HASHIM 

Faculty: Agriculture 

A pot experiment was conducted to study the effectiveness of two V AM 

species in enhancing growth of cocoa seedlings. Cocoa seedlings of hybrid 

UITlxNa32 inoculated with Glomus mosseae and Scutellospora calospora 

either as a single inoculum or as a mixed inoculum and uninoculated control 

were grown in 2 kg sterilized Tai Tak. series soil. The experiment was a 

single factor experiment arranged in a completely randomized design, with 

type of inoculum as a factor with four replications. The trial was done in 

greenhouse No. 11 C of Univeristi Pertanian Malaysia. 

Of the four treatments used, plants inoculated with mixed inoculum 

gave more pronounced and significant vegetative growth (as measured by 

xiii 



plant height, total leaf area, root dry weight and nutrient content in leaf tissue) 

compared to the other treatments. 

The effect of mixed inoculum G. mosseae and S. calospora was further 

evaluated in the field using a split-plot design, with V AM treatment as the 

main plot and cocoa clone as the subplot Five selected cocoa clones (KKM3, 

KKM4, KKM5, PBC137 and PBC 178) were grafted onto nine year old 

cocoa trees from hybrid UITlxNa32. All data were collected at 3, 5 and 7 

months after V AM inoculation. Inoculated clones showed better and 

significant plant growth, with longer scion lengths and larger leaf area index 

, 

than uninoculated ones. The crop physiology was also significantly affected 

by V AM, with higher relative water and chlorophyll content in the leaf and 

lower stomatal resistance. Results obtained also indicated that the mixed 

inoculum significantly improved V AM development in the soil, subsequently 

enhancing P, K and Mg uptake by the plants. This subsequently shortened the 

plant vegetative phase enabling them to flower earlier. 1bis is true for the 

PBC clones. In fact, between the two clones tested, the PBC clones-especially 

PBC 137 proved to be far superior than the KKM clones. Soil physical 

properties such as soil moisture, percent aggregate and aggregate stability 

were also improved in the presence of the mycorrhiza fungi. The difference 

between treatments however was not significant. 
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Abstrak tesis dikemukakan kepada Senat Universiti Pertanian Malaysia 
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PENGGUNAAN ENDOMIKORIZA DALAM 
PEMULIHAN TANAMAN KOKO DEWASA 

Oleh 

MARIA VIVA RINI 

JULAI l996 

Pengerusi : PROF. MADY A DR AZIZAH HASHIM 

Fakulti : Pertanian 

Satu kajian berpasu telah dijalankan untuk mengkaji keberkesanan dua 

spesies kulat mikoriza vesikul-arbuskul (MV A) ke atas pertumbuhan anak 

benih koko. Anak benih koko dari hibrid UITlxNa32 yang diinokulasi 

dengan Glomus mosseae dan Scutellospora calospora sarna ada sebagai 

inokulum tunggal, atau campuran dan tanpa inokulum (kawalan), ditanam 

pada 2 kg tanah daripada siri Tai Tak yang telah disucihama. Kajian 

menggunakan rekabentuk rawak lengkap (CRD) iaitu jenis inokulum sebagai 

raw� dengan empat replikasi. Percubaan dijalankan di rumah hijau No. 

11  C, Universiti Pertanian Malaysia. 

Di antara empat rawatan yang digunakan, pokok yang diinokulasi 

dengan inokulum campuran Glomus mosseae dengan Scutellospora 

xv 



calospora memberi tumbesaran yang lebih baik dan bererti (berdasarkan 

tinggi poko� jumlah luas daun, berat kering akar dan kandungan nutrien 

dalam tisu daun) berbanding rawatan-rawatan yang lain. 

Kesan inokulum campuran Glomus mosseae dengan Scutellospora 

calospora seterusnya telah diuji di ladang dengan menggunakan rek.abentuk 

kajian belahan plot (Split-plot), dengan rawatan MV A sebagai petak utama 

dan klon koko sebagai anak petak. Sebanyak lima klon koko terpilih 

(KKM3, KKM4, KKM5, PBC137 dan PBC178) telah dicantumkan kepada 

pokok koko hibrid UITlxNa32 berumur sembi Ian tahun. Pengumpulan data 

dilakukan 3, 5 dan 7 bulan setelah pemberian rawatan MV A Klon-klon 

yang diberi rawatan mikoriza menunjukkan tumbesaran tanaman yang lebih 

baik dan bererti, menghasilkan sion yang lebih panjang dan indeks luas daun 

yang lebih besar berbanding kawalan. Fisiologi pokok juga secara bererti 

dipengaruhi oleh kulat MV A Sion yang dirawat dengan MV A menghasilkan 

kandungan air relatif dan klorofil yang lebih tinggi dan rintangan stomata 

yang rendah berbanding kawalan. Hasil kajian yang diperolehi juga 

menunjukkan inokulum campuran ini secara bererti telab menggalakkan 

perkembangan kulat MV A di dalam tan� selanjutnya meningkatkan 

pengambilan P, K dan Mg oleh pokok perumab. Keadaan ini seterusnya 

memendekkan fasa vegetatif dan membolehkan tanaman ini mengeluarkan 
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bunga lebih awal, terutamanya bagi klon-klon PBe. Di antara dua jenis klon 

yang diuj� klon PBe, khasnya PBe 137 secara bererti terbukti jauh lebih 

baik berbanding klon-klon KKM. Sifat-sifat flZik tanah seperti lengasan 

tanah, peratus agregat dan kestabilan agregat juga turut diperbaiki dengan 

kehadiran kulat MV A di dalam tanah, walaupun perbezaan antara rawatan 

secara statistik tidak bererti. 
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CHAPTER I 

INTRODUCTION 

Malaysia has an annual rainfall averaging 2030 mm and an average 

annual temperature of 27°C. The high temperature and heavy rainfall coupled 

with high and continous humidity, provide a favourable ecological zone for 

the cultivation of cocoa (MARDI, 1978). 

The first cocoa in Malaysia was grown on a half-acre plot at the 

Government's Agricultural Research Station at Serdang. Some of this cocoa 

came into bearing in 1937. However, the first cocoa-planting exercise on a 

commercial scale was only launched in 1950 at Jerangau in Terengganu 

(MARDI, 1978). 

Cocoa cultivation in Malaysia expanded at a rapid rate in the early 

seventies and late eighties as a result of a good price of cocoa beans. Since 

then the Malaysian cocoa industry has expanded by leaps and bounds to the 

extent of almost tripling its output from 86.000 tonnes in 1984 to 240.000 

tonnes in 1989. By 1991, the area under the crop was about 430.323 ha of 

which 30% is in Peninsular Malaysia, 58% in Sabah and 12% in Sarawak 

(Dept. of Statistics Malaysia, 1993). In Peninsular Malaysia more than half 
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of the area is under smallholders and could only produce 500 kg of dry cocoa 

beans/haJyear in comparison to 1,300 kglhalyear from the estates (Yusof, 

1981). 

Earlier planting of cocoa by smallholders using low quality planting 

materials from seeds and F2 generation seedlings resulted in variation in the 

productivity of many cocoa plantations in Malaysia Subsequently, this often 

resulted in poor yield and poor quality products. In addition, owing to the 

current fluctuating price of Malaysian cocoa beans, a more effective cost 

benefit programme has to be sought to reduce input cost and to restore or 

improve the plant's yield to a profitable position. One of the ways is to 

rehabilitate these cocoa areas with more productive and high resistant clones. 

Several techniques have been developed to rehabilitate unproductive 

matured cocoa trees. These include: complete or step by step replanting, 

chupon regeneration, underplanting, mature budding or grafting (Jelani and 

Maulud, 1984). The choice of a certain technique is dependent on the problem 

that must be solved, taking into consideration other factors such as plant age 

and the environmental conditions. 

The cocoa industry in Malaysia is still young, averaging between eight 

to ftfteen years. The earlier practice of rehabilitating unproductive cocoa 

areas is through replanting and underplanting of these areas with better high 
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yielding clones. This automatically removes the existing young cocoa trees. 

However, the technique of budding or grafting onto the existing matured 

cocoa trees will help speed up the scion's establishment process as the stock 

plants are already matured and established. As such, large areas can be 

successfully rehabilitated through clonal planting which can become 

productive in a relatively short period (Jelani, 1985). In addition, this 

technique allows the existing stock trees to provide temporary shade for the 

developing scion. The growth of the scion is also faster enabling them to 

produce yield earlier in comparison to complete replanting. This technique 

is also more cost effective. 

The vesicular-arbuscular mycorrhiza (V AM) is a symbiotic association 

between soil fungi and plant roots. Infection of plants by V AM is widespread 

and has been shown to occur in the majority of economically important plants. 

Tropical crop plants, such as cassava, sweet potato, soybean, maize, cotton, 

tobacco, rubber, oil palm, tea, cocoa and legumes are often heavily colonized 

by V AM fungi under natural conditions (Sieverding, 1991). 

Benefits from V AM symbiosis occur because V AM hyphae extend 

beyond the root hair zone, thus increasing the absorptive surface areas of the 

root. Presence of the mycorrhizal hyphae has also been shown to enhance the 

formation of soil aggregates, while ahering the chemical and microbiological 

composition of the rhizosphere soils (Millner, 1991). 
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Cocoa has been shown to give a positive response to mycorrhizal 

inoculatio� with the growth of inoculated seedlings significantly increased 

compared to uninoculated seedlings (Jamaluddin and Azizah, 1984). These 

plants have also been found to be mycorrhizal dependent plant (Azizah and 

Ragu, 1986). The degree of mycorrhizal dependence as defined by 

Gerdemann (1975) is the degree to which a plant is dependent on the 

mycorrhizal condition to produce its maximum growth or yield, at a given 

level of soil fertility. Azizah and Martin (1992) further demonstrated that 

preinoculation of vegetatively propagated cocoa materials through budding, 

stem cutting and marcotting resulted in an increase in plant growth with time. 

Observations made on budded mycorrhizal plants in the field showed higher 

number of pods from these plants as compared to the controls (Azizah, pers. 

comm., 1995). 

Objectives of the Study 

Although several reports have been published on V AM interactions 

with cocoa under the Malaysian conditions (Azizah et aI., 1985; lamaluddin 

and Aziz� 1984; Az� 1991; Azizah and Martin, 1992), no report is 

available on the rehabilitation of matured cocoa trees through the mycorrhiza 

symbiosis. The present project carried out therefore aimed to evaluate: i) the 

role of the V AM endophyte in enhancing growth and nutrient uptake of 

hybrid cocoa seedlings under controlled greenhouse conditions, and ii) to 
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evaluate the response of different cocoa clones grafted onto matured cocoa 

trees under field conditions with or without the mycorrhiza fungi. 



CHAPTER II 

LITERATURE REVIEW 

Cocoa: A General View 

Cocoa, Theobroma cacao L., one of some twenty-two species that 

constitute the genus Theobroma belongs to the family Sterculiaceaea, a 

group of small trees which occurs in the wild in the Amazon basin and other 

tropical areas of South and Central America (Wood and Lass, 1985). 

Cultivation of cocoa requires rainfall between 1500-2000 mm per 

annum, with the dry season for no more than three months, a mean maximum 

temperature of 30°-32 °C and a mean minimum temperature of 18°-20 °c 

with no persistent strong winds. A hot moist climate is favourable for growth 

of cocoa (Urquhart, 1961). 

Cocoa Root System 

The tap root of young cocoa seedling grows straight down into the 

ground with the lateral roots arising in a collar just below the soil surface 

(Wood, 1975). The root system of mature cocoa tree consists of 50-120 em 

long tap root, with an extensive system of lateral feeder roots, most of which 
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lie in the top 15-20 em of the soil. The tip of the main lateral roots are 

covered by bunches of fme rootlets which become abundant in the presence of 

decomposing plant residues (McCreary et al. 1943). Root development is 

strongly influenced by soil structure. In coco� absorption of water and 

mineral nutrients is actively done by the feeder roots in the top 10 to 20 em 

soil layer (Urquh� 1961). 

Cocoa Propagation 

Cocoa can be propagated either by generative propagation through 

seedlings or by vegetative propagation. Under normal conditions, cocoa is 

usually planted from seed because seeds are cheap and easy to obtain. This 

situation is simplified further by planting uniform seeds from the Amazon 

hybrids, although there exist some genetic variation within these seeds (Wood 

and Lass, 1985). 

Asexual or vegetative propagation is reproduction from the vegetative 

parts of the original plant whereby every cell of the plant contains the genetic 

informations necessary to regenerate the entire plant (Hartmann and Kester, 

1983). There are several types of vegetative propagations. These include 

cuttings of all types - stem, leaf or root cuttings, layering, budding and various 

types of grafting. Several methods of vegetative propagation of cocoa have 


