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Rubber smallholders as a group is the most important player in the Malaysian rubber 

industry. During the early five year period, rubber smallholders have no source of 

income due to the long gestation period before the rubber trees can be tapped. However, 

rubber smallholders can generate income by practicing intercropping of rubber with food 

crops before the canopy closure of the rubber trees. In this regard, two seasons of field 

studies were conducted at the Rubber Research Institute of Malaysia Mini Station 

(RRIMINIS) Jasin, Melaka. The objectives were to evaluate the growth and yield 

performances, physiological characteristics, efficiency parameters and economic 

potential of sweet corn and okra intercropping planted in the young rubber plantation. 

Study 1 was carried out in November 2019 and the treatments were arranged in a 

randomized complete block design (RCBD) with three replications. The treatments 

comprised of five different sweet corn-okra intercropping ratios: T1 (20% okra + 80% 

sweet corn + rubber), T2 (50% okra + 50% sweet corn + rubber), T3 (80% okra + 20% 

sweet corn + rubber), T4 (100% okra + rubber) and T5 (100% sweet corn + rubber). 

Results on sweet corn revealed that the number of marketable cobs (31,999), cob yield 

(9,845 kg ha-1) and biomass yield (32,816 kg ha-1) were significantly influenced by the 

intercropping ratio where the highest value was obtained in sole sweet corn planting. 

Growth and yield of okra were significantly reduced when okra was intercropped with 

sweet corn. Maximum leaf area index (LAImax) and maximum crop growth rate (CGRmax) 

showed significant difference of okra in all intercropping ratios but almost similar to 

sweet corn. The crop total intercepted photosynthetically active radiation (PAR) varied 

in different intercropping ratios and the highest was achieved by sole sweet corn and 

okra. For intercropping efficiency, the highest land equivalent ratio (LER) and monetary 

advantage index (MAI) were from the intercropping ratio of T1 with 1.14 and RM 3,388 

ha-1, respectively. Moreover, the economic analysis indicated that T1 also was the most 

profitable with the highest gross margin (RM 13,668.50 ha-1). Study 2 was conducted in 

September 2020 at the same plot with a different intercropping system. The experimental 

design was RCBD with three replications. Intercropping ratio of 20% okra + 80% sweet 

corn was chosen from Study 1 and sole okra and sweet corn were used as controls. The 
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study consisted of T1 (strips intercropping), T2 (strip relay intercropping), T3 (sole okra) 

and T4 (sole sweet corn). The highest yield of okra was obtained from strip relay 

intercropping when sweet corn was planted 4 weeks after okra. However, the economic 

analysis showed that strip intercropping recorded the maximum gross margin with RM 

17,733.20 ha-1. A highly significant difference was observed in the radiation use 

efficiency (RUE) of okra in all evaluated treatments. Strip intercropping not only 

resulted in the highest LER (1.29) but also area time equivalent ratio (ATER), % land 

saved and MAI with 1.14, 22.28% and RM 7,583.50 ha-1, respectively compared with 

strip relay intercropping. Furthermore, strip intercropping indicated the lowest 

competitive ratio (CR). Intercropping of rubber trees with sweet corn and okra was 

beneficial in the early stages of rubber growth and did not have an adverse effect on the 

growth and development of young rubber trees. Result revealed that the girth increment 

rate of young rubber trees was significantly higher for young rubber trees grown in 

association with sweet corn-okra in an intercropping system than for those planted 

without intercropping. However, stem girth and average canopy diameter of young 

rubber trees were not significantly affected by either with or without sweet corn-okra 

intercropping. Thus, the intercropping ratio of 20% okra + 80% sweet corn + rubber and 

under strip intercropping system were proven to be the most effective systems and 

highest in profitability. Intercropping can provide early income and increase land-use 

efficiency without neglecting the growth performances and development of the main 

crop of rubber itself.  
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Pekebun kecil getah merupakan satu kumpulan pemain terpenting dalam industri getah 

Malaysia. Pada awal tempoh lima tahun pertama, pekebun kecil getah tidak mempunyai 

sumber pendapatan kerana tempoh matang yang lama sebelum pokok getah boleh 

ditoreh. Bagaimanapun, pekebun kecil getah boleh menjana pendapatan mereka dengan 

mengamalkan tanaman selingan untuk getah dengan tanaman makanan sebelum kanopi 

pokok getah membesar. Sehubungan itu, dua musim kajian lapangan telah dijalankan di 

Rubber Research Institute of Malaysia Mini Station (RRIMINIS) Jasin, Melaka. 

Objektif kajian adalah untuk menilai prestasi pertumbuhan dan hasil, ciri fisiologi, 

parameter kecekapan dan potensi ekonomi tanaman jagung manis dan bendi secara 

selingan di ladang getah muda. Kajian 1 telah dijalankan pada bulan November 2019 

dan kajian dalam rekabentuk blok lengkap secara rawak (RCBD) dengan tiga replikasi. 

Lima nisbah tanaman selingan yang berbeza adalah terdiri daripada T1 (20% bendi + 

80% jagung manis + getah), T2 (50% bendi + 50% jagung manis + getah), T3 (80% 

bendi + 20% jagung manis + getah), T4 (100% bendi + getah) dan T5 (100% jagung 

manis + getah). Keputusan pada jagung manis menunjukkan bahawa jumlah tongkol 

yang boleh dipasarkan (31,999), hasil tongkol (9,845 kg ha-1) dan hasil biomas (32,816 

kg ha-1) dipengaruhi secara signifikan oleh nisbah tanaman selingan di mana nilai 

tertinggi diperoleh oleh jagung manis yang ditanam secara tunggal. Sementara itu, 

pertumbuhan dan hasil bendi berkurang dengan ketara apabila bendi ditanam secara 

selingan bersama jagung manis. Indeks luas daun maksimum (LAImax) dan kadar 

pertumbuhan tanaman maksimum (CGRmax) bendi menunjukkan perbezaan yang 

signifikan dalam semua nisbah selingan tetapi hampir sama pada jagung manis. Jumlah 

persilangan radiasi aktif secara fotosintesis (PAR) pada tumbuhan adalah berbeza bagi 

setiap nisbah selingan dan pencapaian tertinggi adalah dari jagung manis dan bendi yang 

ditanam secara tunggal. Merujuk kepada kecekapan selingan, nisbah setara tanah (LER) 

dan indeks kelebihan wang (MAI) yang tertinggi adalah dari nisbah selingan T1, masing 

masing dengan 1.14 dan RM 3,388 ha-1. Tambahan, analisis ekonomi menunjukkan 

bahawa nisbah T1 juga adalah yang paling menguntungkan dengan margin kasar yang 

lebih tinggi (RM 13,668.50 ha-1). Oleh itu, nisbah selingan 20% bendi + 80% jagung 
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manis + getah adalah disyorkan kepada petani untuk di amalkan. Kajian 2 dilaksanakan 

pada bulan September 2020 di plot yang sama dengan sistem selingan yang berbeza. 

Rekabentuk kajian adalah RCBD dengan tiga replikasi. Nisbah 20% bendi + 80% jagung 

manis telah dipilih dari Kajian 1 manakala bendi tunggal dan jagung manis tunggal 

digunakan sebagai kawalan. Kajian ini terdiri daripada T1 (selingan jalur), T2 (selingan 

jalur berganti), T3 (bendi tunggal) dan T4 (jagung manis tunggal). Hasil tertinggi bendi 

diperolehi dari selingan jalur berganti apabila jagung manis ditanam 4 minggu selepas 

bendi. Walau bagaimanapun, analisis ekonomi menunjukkan bahawa selingan jalur 

mencatatkan margin kasar maksimum dengan nilai RM 17,733.20 ha-1. Perbezaan yang 

sangat signifikan diperhatikan pada kecekapan penggunaan radiasi (RUE) bendi dalam 

semua rawatan yang dinilai. Selingan jalur tidak hanya menghasilkan LER tertinggi 

(1.29) tetapi juga nisbah setara masa kawasan (ATER), % tanah disimpan dan MAI 

dengan masing masing 1.14, 22.28% dan RM 7,583.50 ha-1 berbanding dengan selingan 

jalur berganti. Selanjutnya, selingan jalur menunjukkan nisbah persaingan (CR) yang 

terendah. Penanaman selingan pokok getah dengan jagung manis dan bendi telah 

memberi manfaat pada peringkat awal pertumbuhan getah dan tidak memberi kesan 

buruk kepada pertumbuhan dan perkembangan pokok getah muda. Keputusan kajian 

menunjukkan bahawa kadar peratusan lilitan batang pokok getah muda adalah lebih 

tinggi bagi pokok getah muda yang ditanam secara selingan bersama jagung manis-bendi 

berbanding dengan pokok yang ditanam tanpa selingan. Walau bagaimanapun, lilitan 

batang dan purata diameter kanopi pokok getah muda tidak terjejas sama ada dengan 

atau tanpa selingan jagung manis-bendi. Oleh itu, nisbah selingan 20% bendi + 80% 

jagung manis + getah dan di bawah sistem selingan jalur terbukti paling berkesan dan 

mempunyai keuntungan yang paling tinggi. Tanaman selingan boleh memberikan 

pendapatan awal dan meningkatkan kecekapan guna tanah tanpa mengabaikan prestasi 

pertumbuhan dan pembangunan tanaman utama getah itu sendiri.  
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the study 

Malaysia is the world's largest producer and exporter of rubber gloves, as well as one of 

the world's top exporters of condoms and catheters (Teresa, 2018). Such industries 

would be beneficial to Malaysia in terms of knowledge transfer, job creation, industry 

establishment, and innovation. Despite the great achievement in the production and 

market growth of rubber, rubber smallholders are still unable to earn adequate income 

at the early stage of rubber trees due to the rubber long gestation period.  

The problem of lost income from the rubber crop especially during the replanting season 

can possibly be solved by introducing food crops in an intercropping system (Tetteh et 

al., 2019). Intercropping is defined as the agricultural practice of cultivating 

simultaneously two or more crops at the same time and in the same area (Hugar and 

Palled, 2008). Intercropping appears to be a viable practice to get extra income in rubber 

plantations during and beyond the early unproductive stage (Snoeck et al., 2013). 

Intercropping not only provides an additional source of income, but also aids in 

increasing food output and optimizing land use (Langert et al., 2006). Moreover, an 

intercropping system also improves the physicochemical properties of the soil (Esekhade 

et al., 2003).  

Food crop is introduced because with increasing plantation area obviously it will reduce 

the land for agricultural activity in producing food locally. In fact, intercropping is 

generally observed within food crop production (Maitra et al., 2021). According to 

Juraimi (2018), there are five million hectares of land in Malaysia being cultivated with 

plantation crops, compared with just one million hectares for food crops.  

Thus, intercropping practices could offer promising options to increase food crop 

production and meet the food demand of the human population in Malaysia. FAOSTAT 

(2022) stated that Malaysia's total population was 32.366 million people in 2020, 

however cereal and vegetable production decreased from year to year (Figure 1.1). In 

Malaysia for 2020, the production of cereal and vegetables were 2,389,843 tonnes and 

556.789 tonnes, respectively. 
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Figure 1.1 : Total of human population, vegetables and total production of cereals 

trends in Malaysia during 2015-2020 

(Source : FAOSTAT, 2022) 

 

 

In the light of the above scenario, more attention need to be given to the cereal and 

vegetable crops to increase their production in order to fulfill the domestic demand. 

Sweet corn is one of the crops commonly planted through intercropping with other food 

crops. Sweet corn (Zea mays saccharata Sturt.) consumption has risen dramatically all 

over the world, and it has traditionally being produced for human consumption in both 

fresh and processed forms. The demand for food and products made from corn has 

increased every year in Malaysia (Figure 1.2) with 605,000 tonnes of corn-based food 

products produced in 2019 according to FAOSTAT (2022) data. Sweet corn's nutrient 

profile is important for human health and nutrition. As a result, it is used as one of the 

principal sources of protein and energy in human diets in many parts of the world (Rouf 

Shah et al., 2016).  

 
 

Figure 1.2 : Trend of food and products manufactured from maize in Malaysia 

between 2015 and 2019 

(Source : FAOSTAT, 2022) 
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Other than sweet corn, okra is among the fruit vegetables commonly being intercropped 

with other crops. Okra (Abelmoschus esculentus (L) Moench) is an important vegetable 

crop that is grown and consumed throughout the world. Okra has several advantages 

over other vegetables because of its ability to produce fruits for a relatively long period 

and can be grown throughout the year with or without irrigation in the late season (Singh 

et al., 2014).  

A study conducted on okra intercropping with other crops indicated several benefits such 

as yield advantages of 25-30% that higher in monetary return in the mixtures of okra-

cassava (Muoneke and Mbah, 2007). An economic implication analysis showed that the 

profit from maize-okra intercropping was 10% higher than the sole cropping of both 

crops (Alabi and Esobhawan, 2006). 

Different intercropping systems exist depending on crop selection and compatibility for 

the growing environment (Maitra, 2021). Cultivars, crop proportion and the competitive 

ability of crops also can affect the performance as well as the success of the intercropping 

systems. In view of these challenges, a comprehensive study of the intercropping system 

and crop ratio of sweet corn-okra developed in a young rubber plantation was  studied. 

The study included four distinct crop ratios (100, 80:20, 50:50, 20:80) and three different 

intercropping systems (strip, strip relay and sole cropping). This intercropping system 

could have beneficial impacts on the rubber smallholders as well as improve crop 

productivity. 

1.2 Research objectives 

1.2.1 General objective 

A study was conducted to examine the intercropping efficiency and economic potential 

of sweet corn - okra intercropping systems in a young rubber plantation area and their 

effects on the growth of young rubber trees. 

1.2.2 Specific objectives 

1)  To determine the growth, physiological characteristics and yield 

performances of sweet corn- okra under different intercropping ratios and 

systems. 

2)  To measure the effect of different sweet corn-okra intercropping ratios and 

systems on the components of intercropping efficiencies (biological 

efficiencies, ecological efficiencies and economic efficiencies) in young 

rubber plantations. 

3)  To analyze the economic indicators of sweet corn-okra as affected by 

different intercropping ratios and systems in young rubber plantation.  
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4)  To examine the growth performance of young rubber trees as affected by 

sweet corn-okra intercropping. 

 

 

1.3 Justifications of research 

The last few decades have brought remarkable development of the rubber crop as well 

as socio-economic transformation in Malaysia. Therefore, intercropping rubber with 

food crops will allow rubber smallholders to produce more than one crop in one area 

while also increasing land use efficiency, thus increasing farm income. In addition, this 

study will benefit the rubber smallholders as they can focus on generating income 

through the cultivation of food crops before the rubber trees reach the maturity stage for 

tapping. It may contribute to the fulfillment of the household food supply without 

neglecting the growth and yield performances of the main rubber crop itself.   
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