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Diversity of Weed Flora in Different Stages of Oil Palm Plantation 

Husnatulyusra binti Shari 

Plant Resource Science and Man <lgcl11ellt Programme  
Faculty of Resource Science and Technology  

Universiti Malaysia Sarawak  

ABSTRACT 

Weeds are the unwanted plants [hat grow aggressively, restric t sunlight and compete w ith desirable plants for 
nutrients. The weeds composition in the one year - old. three year· old, fi ve yea r ~ old and 12 year - o ld o il 
palm plantations in Maju GemiJang Oi l Palm Plantatio n Gedong, KOla Sa marahan, Sarawak was investigated 
to determine the diversity of weed fl o ra, the dominant species, biomass es timation and carbo n stocks of 
weeds. Sampling was ca rried out using square quadrate measuring I m x 1 m. All weeds were identified, 
counted, recorded and dried for dry weight determination. The samples were oven dry at 60 °C for 7 days. 
Shannon - Weiner Diversity Index obtained were 1.63, 0.19, 0.88, and 2.93 in one year - old, three year - old, 
five year - old and 12 year - old of oil palm plantations respec tively. Nephro/epis biserrata (Sw.) Schott was 
the most dominant specie s - one year - old (SDR ~ 45 .06), three year - old (SDR ~ 79.51) and five year - old 
(SDR ~ 54.13). Twelve year - old plantation was dominated by Asystasia ;nlrusa (Forssk.) with SDR ~ 
17.6 1. The estimated carbon s tock was 0.22 tonne/ha for one year - old plantation, 0.57 tonne/ha for three 
year - old plantation, 0.45 tonne/ha for five year - old plantation and 6.37 tonne/ha for 12 year - old 
plantation. 

Keywords : Sha nnon - Weiner Diversity Index, Do minant species, Summed Dominance Ratio , 
carbon stock 

ABSTRAK 

Rumpai ia/ah tumbuh-llImhuhan yang lidak diingini yang lumbuh agresiJ, mengha/ang cahaya malahari dan 
bersaing dengan Lanaman tumbuhan unluk keper/uan mtlrien. Komposisi rumpa; di do/am ladang ke/apa 
sal,vir berumur safu tahun, figa lahun, lima ,ahun dan 12 lahun lelah dika)i di Ladang Maju Gemilang, 
Gedong, KotD Samarahan, Sarawak untuk menentukan kepelbagaial1 flora rumpai, menel11ukan spesies 
dominan, menganggar biomas dan stok karbon rumpai. Kaedah pengumpulan sampel rumpa; adalah dengan 
menggunakan plot kuadrat segi empar sama berukuran I m x I n1. Semua rumpai dikenal pas!;, dikira, 
direkod dan dikeringkan bagi menentllkan berat kering. Sampel di keringkan pada suhu 60 ° C selama 7 
hari, lndek'i Kepe/bagaian Shannon - Weiner yang diperolehi ada/ah 1.63, 0. 19, 0.88 dan 2.93 bagi ladang 
kelapa sawi! beru!l1ur salu lahul1, tiga !ahun, lima lahun dan 12 lahun. NephroJepis biserrata (Sw) Schall 
fa/ah spesies dominan yang terdapat dalam ladang ke/apa saw;1 berwnur salu lahun (SDR =45.06), !iga 
rahun (SDR ~ 79.51) dan lima rahul1 (SDR ~54.J3). Ladang kelapa sawit yang benll71ur 12 tahun pula, 
Asyslasia in/rusa (Forssk,) adalah spesies dominan dengan SDR =17.61. Sementara flU, bagi anggaran 
jumlah slOk karbon di da/am /adang berwnur sa fu lahun ialah 0.22 lan/ha, liga lal11m ialah 0.57 lan/lia, lima 
(ahun ialah 0.45 tan/ha, manakala bag; ladang berumur 12 tahun,jumlah stok karbon ialah 6.37 tan/ha. 

Kata kUllci : lndeks Kepelbagaian Shannon - Weiner, Spesies dom;nan, Jumlah Nisbah Dominan, 
stok karbon 
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CHAPTER 1  

INTRODUCTION  

1.1 Research Background 

Weeds are defined as any plant which grows at undesirable place and time. Most of the 

plants which are termed as a weed because of the undesirability of the plant (Holzner, 

1982) . Weeds were the major component in the oil palm plantation management. Its 

population is mainly mixtnre of grasses, sedges, broad-l eaved weeds plants and ferns. The 

methods involved in weeds control management are cultnral , mechanical, chemical, 

biological and integrated approach such as production system of using livestock to contro l 

weeds in oil palm plantation. 

Some of the importance characteristics of weeds are weeds has rapid seedling growth and 

the ahility to reproduce at young stage. Also , it has dual mode of reproduction which is 

vegetative reproducti on which is through vegetative organ such as rhizome and tuber and 

sexual reproducti on which is seed. For example, Imperato cylindrica reproduce through 

seeds and also through vegetative organ, rhizome. One of the special characteristics of 

weed is ubiquitous where they exist everywhere espec ially in agri culture land. 

Oil palm is usuall y suitable to be planted at peat swamp area. Peat swamp area has its own 

unique characteristic, with waterlogged conditions, the high acidity and organic material 

level, low input of nUllient, lack of soil or finn ground makes the peat swamp forest having 

different forest structnres (Masshor, nd). Peat area also acts as important carbon sinks, 

storage for significant porti on of the world's terres trial carbon (Eijk and Leenman, 2004; 

Rieley and Page, 2004). 
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1.2 Problem Statement 

Weeds create problem wben it interferes man efforts to cultivate crops. It is significant to 

understand thoroughly on weed flora growth pattern, genn ination and survival in order to 

control and manage tbe diversity of weed flora in the oi l pa lm plantation. Weeds 

management in oil palm plantations is as a maj or issue on half of the management in oil 

palm plantation is associated with cost of managing weeds. Weeds compete with the crop 

or culti vated plant for factors such as nutrients, wa ter suppl y, space and light intensity. 

Apart from that, weeds will reduce the quality and yield production of crops. In oil palm 

pl antation, appropri ate herbicides for controlling weeds such as systemic herbicides 

(glyphosate) and contact herbicides (paraquat) are utili zed to achieve optimum controlled 

of weeds in plantation. The eftlcacy of these herbicides was affected by the nature of the 

weed composition of the area and the surrounding environment (especially li ght 

penetration) of the locality. The effect of paraquat is reduced in high light intensity because 

the leaves are damaged, parti cularl y at the site of applicati on (Ipor and Price, 1991). As for 

glyphosate, the treated plants were found to die in 1-3 weeks (Chang and Liao, 2002), 

while the development of symptom was also shown to be s low but irreversible (Collins, 

199 1). 

Th e use of herbicides has several advantages such as selectivity of herbicides rednce the 

need for hand weeding and cnltivation of standing crops that often cause mechanical 

damage to crop. Also, usage is practical for crop planted in rows. Besides, it also reduces 

the need of ti ll age of soil. Less tillage preserves the soil structure and diminishes the 

danger of soil eros ion. Herbicides application is cost-effecti ve in areas where labour is 

scarce. 
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However, problems arise as some weeds has the ability to tolerate then toxicity of 

herbic ides applied. Increased restrictions on use of certa in herbic ides and the unceliainty 

about increasing the res istance of weeds and the future deve lopment of new herbicides and 

weedicides are alarming. In order to save the cost in controlling the weed fl ora of diversity 

in oil palm plantation, cultural and mechanical control meth ods also can be used such as 

buming the area of oil palm plantation after harves ting process and use machine such as 

bulldozer to fl attening the soil as the soil preparation for the next o il palm plantati on. 

1.3 Objectives  

The objectives of thi s project are as below:  

I .  To detennine the diversity of weed flora in different stages of oil palm plantati on. 

2.  To detelmine the dominant species of weed flora in diffe rent stages of oil palm 

plantati on. 

3.  To es timate the biomass and carbon stocks of weeds in di ffe rent stages of o il palm 

plantati on. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Diversity of weeds in Oil Palm Plantation 

Accordin g to Rao (2000) . weeds are unwanted and undesirable plants. The weeds 

interferes the utiliza ti on of land and water source . It also can survive in the unfavourable 

condition. In oil palm plantation, weeds tend to decrease the yield production as the resu lt 

of competition for nutri ents and sunlight. 

However, weeds in oi l palm plantation, such as Pueraria javanica, Calopogonium 

mucunoides, and Cenlrosema pubescens can be used as cover crops to treat the so il erosion 

espec iall y on the sloppy part of the soil (Agricultural Research & Advisory Bureae, 1999). 

Besides, some weeds spec ies can be used to treat the soil fertility. The weeds also can be 

used to fix the nitrogen. It is clearly understood that weeds in oil palm plantati on also 

contribute to sustaining plant diversity in an area. 

The herbaceous plants such as weeds are believed to be carbon sequester. It enhanced the 

reduction the carbon di ox ide content in the atmosphere. The carbon dioxide gas is the gas 

which is associated with the greenhouse effect. The carbon content in atmosphere will be 

sequestered by herbaceous plant through the photosynthesis process where the carbon is 

convert into oxygen and carbohydrates. Sequestration of carbon removes the carbon in 

atmosphere into long li ved carbon pools. The carbon pools compri sed of li ve and dead 

above and below ground biomass . Measurements of biomass can be used to study 

interactions between organi sms, the stability of those interacti ons, and variations in 

population numbers. Growth results in increased in biomass, so biomass is a good measure 

of the ex tent to which organisms thrive in particular habitats. For a plant, biomass increase 

occurs as a result of the process of photosynthesis (Anonymous, 20 II). 
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2.2 Diversity of Weeds in Peat Swamps Area 

Weeds usuall y dominate at certain area on peat so il and most of the weeds that dominated 

the peat area are the broad-leaves type of weeds (Baki et 01. , 1997). Baki et at. (1997) 

recorded the percentage of occurrence recorded that 7 1 % of weeds occurred on the peat 

area is from broad-leaves plants . While sedges and grasses contributes 13% and II % of 

weeds respective ly. Mohamed et 01. (20 I 0) mentioned that composition of weeds is a 

mixture of grasses, sedges and broadleaves which often changes due to growth stages that 

provide specific climate and environmental conditions suitable for specific weed growth. 

Initial weed vegetation analysis is needed to determine the weed species present, and their 

density and domi nance of growth at the locality of the experiment. Krueger e/ 01. (2000) 

noticed that one of the keys for a successful post-emergent weed management strategy is 

the knowledge of weeds present in the field, and the density of each species. 

In estab li shed oil palm plantation, noxious weeds such as Chromolaena odorata, Milrania 

cordata and Mikania micrantha compete with the oil palm for nutrients, moisture and 

sunlight and eventually cause yield depression (Pride, 2010; Lam, Lim and Badruli son, 

1993). Palms that grow where there is Imperato cylindrica are generally stunted and 

retarded in growth. Other noxious grasses include Chloris barbato, Pennisetum purpureum 

and PanicUin maximum (Pride, 2010). 

Generall y, Axonopus sp., Digitaria sp. and Palspalum sp. are classified as soft weeds 

which maintain the balance of the weed flora and prevent weed success ion by noxious 

species simpl y because base land for the noxious weeds to colonise is less avai lab le (Lam, 

Lim and Badruli son, 1993; Quah, Kim and Badrulison, 2000). 

6  
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2.3 Weeds Management in Oil Palm Plantation 

The weeds in the plantation must be controlled as the weeds can affect the growth of crops 

or caused decreasing yield obtained (Kuan et 01. . 1991). These weeds can be contro lled 

using mechanical, cu ltural, integrated production system of using livestock to control the 

weeds, and chemical methods. However in the year 2002, tbe Malaysian Government 

banned the usage of broad spectrum herbicides due to the tox icity and hazardous effects. In 

2006, the baJUled where li fted up for the study purpose on the weeds controlling methods 

(Ros li eta/. , 2010). 

Herbicides offer the most practica l, effective and economical means of managing weeds 

problems, thereby reducing crop losses and lowering production costs (Es terninos & 

Moody, 1988). The use of herbicides in Malaysian oil palm industry is predicted to be 

above 17.2 million liters in 2010 (Anonymous, 2004). Each herbicide has specific 

characteristi cs to control weeds due to its specific mode of action (Sani et ai., 1991; 

Hoerlein, 1994). Among the many herbicides used in oi l pa lm plantation paraquat, 

glyphosate and glufosinate - ammonium are most common. 

Paraquat is usually used as a contact herbicide, and is app lied to the fo liage (Tumer & 

Gillbanks, 2003). Glufosinate - ammonium is a contact herbicide (Maschhoff et ai. , 2000; 

Neto et a/., 2000), although Tumer and Gillbanks (2003) stated that it systemically 

inhibi tory activity. Glyphosate is categorized as a systemic herbicide and act as cell 

division and photosynthetic inhibitor (Caseley, 1994; Chang & Liao, 2002). 
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2.4 Plant Biomass and Carbon Sequestration 

According to Pearson (2005), carbon exists in every li ving things on the earth where the 

carbon is being sequestered and emitted back into the atmosphere. Land use project can 

decrease the emi ss ion of C02 to the atmosphere by being sequestered into vegetati on and 

the soil beneath vegetation. Several activities identified to reduce C02 emiss ion to tbe 

atmosphere includes preventing the deforestation, reducing the impact of logging, and 

preventing tbe drainage of wetlands and peat lands. Besides, planting a tree, changing 

agricultural tillage or cropping practices and re-establishing th e grass lands help in 

sequestering carbon. 

The Kyoto Protocol of United Nations Framework Convention on Climate Change 

(UNFCCC) have recognized the role of land use and forest to change the global carbon 

cycle and includes a mechanism called Clean Development Mechanism (CDM). The 

industrialized nation can reduce the carbon emission by investing in project in non

industrialized nations (pearson, 2005). 

Accord ing to Pearson (2005) , the biomass for herbaceous plant is measured by simple 

harvesti ng technique. Usually for shrubs and other large herbaceous plant, frame with 1 m x 

1 m size will be used. To collect the herbaceous within the quadrates, all vegetation will be 

clipped and the frame should be viewed as extending vertically. For the herbaceous plan t 

that fa lling outside of the quadrates, it will he excluded even though it begin from inside the 

quadrate. Then, the sample wi ll be weighted and well-mixed sub sample will be removed for 

detemlining the dry-to-wet mass ratio. Then the sample will oven-dry to a constant mass 

usually at 60 °C. 
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CHAPTER 3  

MA TERIALS AND METHODS  

3.1 Study Area 

The study was carried out at Maju Gemilang Oil Palm Plantation Gedong, Kota 

Samarahan, Sarawak. The study area comprised mainly the early and matured stages of Oil 

Palm Plantation. The survey was conducted in different stages of Oil Palm Plantation 

which are ea rl y stages that are One year - old and Three year - old, and matured stages that 

are Five year - old and 12 year - old. 

3.2 Sampling Technique using Quadrate Method 

Samplings were carried out by using quadrate methods (Kim and Moody, 1983). Square 

quadrates measuring 1m x 1m had been used. Fifty quadrates had been established in stage 

One year - old , Three year - old and Five year - old of Oil Palm Plantation while one 

hundred quadrates had been establi shed in 12 yea r - old of the sampling areas. There were 

four samplings areas at different stages of Oil Palm Plantation. All weeds species found in 

the quadrates were collected, identified and counted according to species. Then all 

identified species were recorded in the table and analysed by using calculation formula to 

assess their species diversity and dominance status. 

9  



3.3 Data Collection and Analysis 

3.3.1 Species Diversity 

a. Species Richness 

The di ve rsity of weeds at each study was measured by using Shanlloll-Weiner 

Diversity Index (Shalmon, 1948) in order to compare diversity between habitat 

samples. The actual fOlIDula for Shannon-Weiner Diversity Index as below : 

s 

H' = LPilnpi 
i= l 

Where ,  

s = the number of species  

nl = the number of individuals in species i 

N = the total number of all individuals 

pi = the relative abundance of each species, calculated as the portion of 

individuals of a given species to the total number of individuals in the 

. ni
communIty: 

N 

b. Species Dominance 

Weeds were identified in all quadrates from every stud y area. Then, they were counted 

and recorded to detem1ine the dominance for every species in term of the Summed 

Dominance Rati o (SDR) based on Kim and Moody (1983) method : 

Absolute Density (D) = the total number of plant for given species in all quadrates 

Absolute d ensity (D)
Relative Density (Rd) = ---------'-"----''--

Total number of plants for all sp ecie s 
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T 

The number of quadrates which give n species occur 
Abso I ute F req u enc y (F) = --------"---'--'--'--':..:..::.-----"------'-"-----'--'....:......;...;.....

Tota l number of quad rates used 

. ( Absolute frequ ency of a species (F)
Re atlve F req uency R t) = ----------'-----''-----'----'--'.- I 

Total of the abs olute frequency for all sp ecies 

Important value (LV) = Relative density (Rd) + Relative frequency (Rt) 

Important Value 
Summed Dominance Ratio (SDR) = -'--------'------'----'

2 

c.  Above-ground biomass and carbon pools for weeds fl ora 

A ll the herbaceous plant found within the quadrates were separated acco rding to the 

species and the dry weight of the herbaceous plants was measured. Then the samples 

were oven- dry at 60 DC for alleast 7 days in order to ob tain constant weight of th ree 

consecntive days. Based on method described by Pearson e/ 01. (2005), estimation of 

carbon stock is done by di viding the dry weight of the dry matter into two in order to 

obta in the carbon stock for each species. 

Biomass (dry weight)
Carbon Stock = 

2 
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CHAPTER 4  

RESULTS AN D DISCUSSIONS  

4.1.1 Species Diversity in One year - old stage of Oil Palm Plantation 

The Shannon -Weiner index va lues (H) can range of 0 to 4. 6 using the natural log (In). A 

value near 0 would indicate that every species in the sample is the same. A va lue near 4.6 

wou ld indicate that the number of individuals are evenly distributed between all the 

species. Values in the middle are ambiguous which is an obvious fl aw of this index and, 

thus, care should be taken when using this index. 

In the One year - old of Oil Pa lm Plantation, the total species recorded were 18 species 

with the Shannon - Weiner Di versity Index , H ' = 1.63 (Table 1). These H ' value indicate 

that the diversity for every individuals number of 18 of weeds flora is the same and not 

evenly distributed between all the species since the H' value is near to O. 

(http ://chs.carlsbadusd.kI2 .ca.us). Most of the weeds flora species consist of broadleaves, 

grasses, fern plant and several species consist of shrub and small trees of non - woody 

plant. There were 12 families had been found in stage one year - old which are Asteraceae, 

Blechnaceae, Cecropiaceae, Rub iaceae, Scropbulariaceae, Orchidaceae, Poaceae, 

Melastomataceae, Cucurbitaceae, Polygonaceae, Dennstaedtiaceae and Oleandraceae. The 

fa mily and common name of the weed species in one year - old of oil palm plantation can 

be refer in Appendix lll . 

Collins ( 199 1) also reported that paraquat has limited efficacy on perennial weeds but is 

more effective on weeds, which are small and in early estab lishing or vegetative phase of 

growth. Some annual grasses may only be temporarily suppressed, because the low and 

enclosed growing points are not contacted by the spray. Turner & Gillbanks (2003) sta ted 
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that the greatest paraquat efficacy is found where the weed species to be controlled have 

res tricted root system or are still young. 

The recovery for paraquat treatments is faster because the herbicide fa il s to make contact 

with some parts of the plant, espec ially the enclosed growing point or shoot, making 

immediate regrowth of the weeds poss ible. Paraquat, which is widely used for broadleaf 

control, is a quick acting, non-selective compound that des troys green plan t tissue; 

nonetheless, it has been reported to poss ibly temporari ly suppress some annual. grasses 

onl y because the low and enclosed growing poin ts are not contacted by the spray (Collins, 

1991). Ipor and Price (1991) reported that the effect of paraquat is reduced in high light 

intensity because the leaves are damaged, particu larly at the site of app lication. Light 

intensity is high in the inter-rows of young oil palm plantati on such as in One year - old of 

oil palm plantation. 

4,1.2 Species Diversity in Three year - old stage of Oil Palm Plantation 

In the Three year - old of Oil Palm Plantation, the total species recorded were 7 species 

with the Shannon - Weiner Diversi ty Index, H ' ~ 0. 19 (Table 2). These H' value indicate 

that the diversity for every number of individuals in seven of weeds fl ora is the same and 

not evenly distributed since the H' value is near to 0 (http://chs.carlsbadusd.kI2.ca.us). 

Most of the weeds flora spec ies cons ist of fern, grasses and broadleaves plant and several 

species consist of shrub and small trees of woody plant. There were seven families had 

been found in stage three year - old whi ch are Blechnaceae, Rubiaceae, Grami neae, 

Melastomataceae, Euphorbiaceae, Fagaceae and Oleandraceae. The family and common 

name of the weed species in three year - old of oil palm planta tion can be refer in 

Appendix IV. 
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