
International Journal of Agriculture, Environment and Bioresearch 

Vol. 2, No. 04; 2017 

ISSN: 2456-8643 

www.ijaeb.org Page 193 

 

GROWTH RESPONSE OF VEGETABLE SEEDLING RADICLES TO PHYTOTOXIC 

COMPOUNDS IN OIL PALM WASTES 

Mohd Zakwan Zamri1, Nor Elliza Tajidin1,Siti Hajar Ahmad1and Rosenani Abu Bakar2 

 

1Department of Crop Science, Faculty of Agriculture, Universiti Putra Malaysia, 

43400 UPM, Serdang, Selangor, Malaysia. 

 

2Department of Land Management, Faculty of Agriculture, Universiti Putra Malaysia, 

43400 UPM, Serdang, Selangor, Malaysia. 

 

ABSTRACT 

Oil palm residues have been widely used as mulching materials for production of vegetables. 

Palm oil mill effluent (POME) and oil palm fronds (OPF) were reported to contain 

allelochemical compounds that suppress growth of seedlings. Therefore, a study was conducted 

to determine the phytotoxicity effects of different types of oil palm wastes [chopped oil palm 

trunks (OPT), empty fruit bunches (EFB), palm pressed mesocarp fibre (PPMF) andOPF], by 

conducting seedling bioassay and seed germination tests on four selected vegetable species, 

lettuce (Lactuca sativa), tomato (Solanum lycopersicum), cucumber (Cucumis sativus) and green 

amaranth (Amaranthus viridis). The application of OPF aqueous extract gave the highest 

reduction in radicle length for the lettuce, tomato, cucumber and green amaranth seedlings. Also, 

PPMF and EFB extracts reduced radicle length significantly compared to OPT extract. However, 

the OPT aqueous extract showed no inhibition in radicle and hypocotyl growth, fresh and dry 

weights, total seed germination percentage and mean germination time for all seedlings. These 

results indicated that OPT did not release any phytotoxic compounds while OPF released 

phytotoxic compounds and the degree of inhibitions were higher compared with other wastes. 

Meanwhile, PPMF also inhibited seedling growth, with greater inhibition compared with the 

EFB and OPT extracts. 
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Introduction 

Oil palmis considered as the largest commodity that has helped to change the scenario of 

agriculture and economy in Malaysia. In 2014, about10.8 million tonnes of palm oil were 

produced on 5.39 million hectares of total planted area, thus, making Malaysia as the second 

largest palm oil producer (39%) and exporter (44%) in the world(Abdullah and Sulaiman, 2013; 

MPOB, 2014). Despite the obvious benefits toward the economic growth, the oil palm industry 

also generates 53 million tonnes of oil palm waste residues including oil palm fronds (OPF), 

empty fruit bunches (EFB), chopped oil palm trunks (OPT), palm pressed mesocarp fibre 
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(PPMF) and palm kernel shelland palm oil mill effluent palm (POME)(Ali and Abbas, 2006; 

Abdullah and Sulaiman, 2013). 

 

 

Among the oil palm waste residues, EFB and PPMF have been widely utilized as mulching and 

organic fertilizer in the oil palm plantations, vegetable farms and landscape sites (Kerdsuwan and 

Laohalidanond, 2011; Suhaimi and Ong, 2001). OPF, usually created during the harvesting 

process, is dumped off on rowsin between plants to control weeds and return nutrients back to 

the soil (Mohammad et al., 2012). Researches have been carried out to support the possibilities 

of converting oil palm residues, such as EFB and POME, into many value added products such 

as organic fertilizers and mulching materials in oil palm areas, while pressed fibres and shells are 

used as a fuel to generate steam and energy in oil palm mill operations. Also, palm kernel 

residuals are effectively used to produce palm kernel cake for livestock food (Ahmad, 2001). 

 

 

Applications of fresh agriculture wastes as mulching materials can cause phytotoxic effects on 

horticultural plants. Commonly, during the decomposition of organic waste materials, phytotoxic 

compounds would be released which could influence the growth of seedlings. The effect of the 

compounds could differ between crop species. Bogatek et al. (2006) found that the application of 

aqueous extract of sunflower leaf on mustard seedlings using bioassay test showed that the fresh 

and dry weights were reduced when treated with certain concentration (10% m/v) of the aqueous 

extract. For oil palm wastes, Dilipkumar et al. (2015) reported that OPF, including rachis and 

leaflet, have the capacity to suppress seedling growth of Eleusine indica (L.) Gaertn. The authors 

also stated that OPF contained high level of allelochemicals that lead to a significant reduction in 

seedling emergence of Eleusine indica (L.) Gaertn. Radziah et al. (1997) reported that POME 

has been shown to contain phytotoxic compounds that affect radicle elongation of tomato 

seedlings, whereas for other oil palm wastes, the phytotoxic effect is still unknown.  

 

 

Therefore, the objective of this study was to determine the phytotoxic effects of four types of oil 

palm wastes (OPT, EFB, PPMF, and OPF) by conducting seedling bioassays and seed 

germination tests on four selected vegetable species, leaf lettuce (Lactuca sativa), tomato 

(Solanum lycopersicum), cucumber (Cucumis sativus) and green amaranth (Amaranthus viridis). 
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Materials and Methods 

 

Sample collection 

Two of the oil palm wastes, OPT and OPF, were obtained from an oil palm plantation at 

Universiti Putra Malaysia (UPM), Serdang, Selangor while the other two types, EFB and PPMF, 

were obtained from an oil palm factory in Sepang, Selangor, Malaysia. The wastes were put into 

sacks and transported to the Faculty of Agriculture, UPM and stored at 13 oC before further 

processing. The wastes were shredded to about 8 cm by using a wood chipper (74950, Bear Cat, 

USA) washed with tap water to remove soil, fungus and dust particles. After that, the wastes 

were air dried under a plastic-shelterhouse for 4 days before being ground using a grinder and 

sieved using a 2-mm mesh.  

 

 

Twenty grams of each sample were taken randomly, and then mixed with 100 mL distilled water 

and vigorously shaken for 6 hours using an orbital shaker (SK-300, Lab Companion, UK). The 

suspension was transferred into a clean centrifuge tube and centrifuged at 1000 revolution per 

minute (rpm) for 20 minutes. The fine particulate in the aqueous extract was removed by using a 

Whatman filter paper No. 4 followed by filter papers No 1 and 42, sequentially. The 

phytotoxicity of the filtrates was determined using the seed bioassay. 

Bioassay test 

 

Four type of vegetables, leaf lettuce, tomato, cucumber and green amaranth were selected for the 

seedling bioassay tests. These four species were selected because they are common test plants 

used for phytotoxicity test (Wang, 2000; Bhowmik, 2003). For the seedling bioassay, the degree 

of toxicity of the aqueous extract was evaluated by measuring the radicle length, hypocotyl 

length, radicle diameter, and fresh and dry weights of the seedlings. The seed bioassay test was 

determined using the germination percentage, and fresh and dry weights of the germinated seeds 

with radicle lengths of 2 mm.For each vegetable species, 10 seeds per replication were taken 

randomly and then continually washed for three times with distilled water. Then, the seeds were 

germinated in sterile plastic petri dishes (90 × 15mm) lined with wet cotton and allowed to 

germinate in the dark at ambient temperature (±25 ○C). Uniformly germinated seeds from each 

replication and treatment with radicle length of 2 mm were taken for the seedling bioassay. 
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Two millilitres of each oil palm waste aqueous extracts were poured into separate sterile plastic 

petri dishes (90 mm × 10 mm) lined with a single layer of sterilised Whitman No.1 filter paper. 

A 2 mL sample of sterilised distilled water was used as the control treatment. Ten germinated 

seeds of each species were placed onto separated petri dishes. Each petri dish was sealed using 

parafilm to avoid surface water evaporation and kept in the dark at ambient temperature. After 

three days of treatment application, seedling growth test was carried out by measuring radicle 

and hypocotyl lengths, radicle diameter, and fresh and dry weights. Seed bioassay was conducted 

by determining the total seed germination rate and average number of days for seeds to 

germinate. Both the tests were carried out in the Seed Laboratory, Faculty of Agriculture, 

Universiti Putra Malaysia, Serdang, Selangor, Malaysia. 

 

 

 

Seedling bioassay  

 

Radicle length (cm) of each seedling was measured from the hypocotyl end to the root tip of 

each seedling by using a ruler while radicle diameter (mm) was measured at the midpoint of the 

radicle using a digital venire caliper (CD6’CSX, Mitutoyo, USA). Hypocotyl length was 

measured (cm) with a ruler from the tip of the shoot until just before the radicle part.  

 

For fresh weight measurement, each of the seedlings was weighed by using a digital weighing 

scale (Model AJ100, Mettler, Switzerland) rapidly after being taken out from the petri dish in 

order to avoid water loss from the seedlings. Then, all the seedlings from each sample were put 

into an individual paper envelope and dried in an oven (Memmert, Germany) for 72 hours at 50 
○C. Dry weight was measured using the weighing scale above. 

 

Seed germination 

For leaf lettuce, cucumber and green amaranth, the total seed germination rateswere measured 

three days after the seeds had germinated. As for tomato, the total seed germination rate was 

measured after 4 days of germination since tomato seeds needed a longer time to germinate 

compared with the other vegetables used. Percentage seed germination was calculated using the 

following formula: 
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Mean germination time 

The mean germination time was calculated by using the folowing formula (Czabator, 1962): 

 
 

N1 = Seed germinated on day 1 

N2 = Seed germinated on day 2 

N3 = Seed germinated on day 3 

Nn= Seed germinated on day n  

 

Experimental design and statistical analysis 

The experiment was conducted using the randomized complete block design with four 

replications. Each treatment consisted of four different oil palm wastes, OPT, EFB, PPMF, and 

OPF, and with ten sub-samples of seedling for each vegetable, leaf lettuce, tomato, cucumber 

and green amaranth. Data were analysed using the analysis of variance and significant treatment 

means were separated by least significant difference at P≤0.05 (SAS, version 9.4).  

 

Results and Discussion 

Radicle length 

Results from the seedling bioassay study showed that different oil palm waste aqueous extracts 

significantly influenced elongation of leaf lettuceradicle (Figure 1a). The maximum inhibit ion of 

radicle growth was observed in OPF aqueous extract followed by PPMF and EFB aqueous 

extracts. Radicle elongation was significantly reduced by 62% and 56% of control for OPF and 

PPMF aqueous extracts, respectively, whereas for EFB, the radicle elongation was reduced by 24 

of control. However, the OPT extract stimulated growth of lettuce radicle by 12.9% of control. 
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Figure 1.Radicle length of a) lettuce (Lactuca sativa), b) tomato (Solanum lycopersicum), c) 

cucumber (Cucumis sativus) and d) green amaranth (Amaranthus viridis) treated with waste 

aqueous extract of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber 

(PPMF), and oil palm frond (OPF). Means with different letters above each bar indicate 

significant differences at P ≤ 0.05 using LSD test. 

 

A similar trend was observed when tomato seedlings were treated with different type of oil palm 

waste aqueous extracts (Figure 1b). The highest inhibition for radicle growth occurred when 

seeds were treated with OPF aqueous extract followed by PPMF and EFB aqueous extracts. OPF 

extract reduces the radicle length by 65% of control. PPMF and EFB extracts produced seedlings 

with 20% and 8% shorter radicle length, respectively, compared to control. OPT extract 

produced 23% longer radicle compared to control.  
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The radicle length of cucumber were significantly stimulated by the different type of applications 

of oil palm wastes aqueous extracts (Figure 1c). Applications of OPT, EFB and PPMF aqueous 

extracts sgnificantly increased radicle length of cucumber seedlings compared to control. The 

application of oil palm waste extracts produced more than 11% longer radicle length compared 

to control. However, the OPF extract inhibited radicle elongation resulting in 53% shorter radicle 

compared to control. 

 

Applications of oil palm waste aqueous extracts on green amaranthseedlings significantly 

affected radicle lengths (Figure 1d). Radicle lengths of green amaranth treated with EFB, PPMF 

and OPF extracts were inhibited and these oil palm wastes produced shorter radicle length 

compared to control. The most phytotoxic waste extract was exhibited by the OPF extract. The 

radicle length of green amaranth seedling was 53% shorter when treated with OPF extractwhile 

PPMF extract reduced radicle length by 24% and EFB by 11% when compared to control. OPT 

waste showed no inhibition on radicle length of green amaranth seedlings. 

 

Root or radicle elongation has always been used as an indicator of the presence of phytotoxic 

compounds since this plant part is very sensitive and easily respond to the presence of toxicity 

(Wang, 1985), and the radicle is the first plant part that emerge to have contact with the 

compound. Besides that, the radicle is responsible for absorption and accumulation of any 

compound which make the radicle very sensitive to the presence of toxic compounds compared 

with other plant parts (Öncel et al., 2000). Based on the results, the reduction in radicle length by 

EFB, PPMF and OPF extracts showed the influence of these three wastes on the radicle growth 

of leaf lettuce, tomato and green amaranth. Only OPF extract inhibited growth of cucumber 

seedlings while the other wastes caused stimulation of radicle growth of the seedlings. 

 

Thus, the OPF contained a strong phytotoxic compound compared with the other oil palm 

wastes. The differences in the trend of radicle growth among four different species of seedlings 

could be due to the size of seedlings. The small seedlings, like green amaranth, tomato and 

lettuce, were inhibited when applied with EFB, PPMF and OPF extracts (Cheung et al., 1989). 

This was because small seeds and seedlings usually rely on the radicles to get food and contain 

small amounts of food reserve for survival (Cheung et al., 1989). However, the big vegetable 

seeds and seedlings, such as cucumber, contained a high reserve of food causing the radicle 

growth to be more tolerant towards application of oil palm wastes aqueous extracts except for the 

OPF (Tiquia et al., 1996). Also, the ability of phytotoxic compound to inhibit the growth of 

seedlings depended on the species of the seedlings since some of the specific phytotoxic 

compound might only just affect the growth of a particular species and not all plant species 

(Chick and Kielbaso, 1998). 
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Hypocotyl length 

 

There were significant differences in hypocotyl lengths between the control and oil palm waste 

treated lettuce (Figure 2a). However, there were no inhibitions on radicle length of the seedlings 

when treated with different aqueous extracts of the oil palm wastes compared to control. The 

applications of aqueous extracts stimulated the elongation of hypocotyl significantly compared to 

control. The hypocotyl was elongated from 34% to 73% compared to control. However, the 

hypocotyl length for lettuce seedlings treated with OPF aqueous extract showed the shortest 

length among the oil palm waste extracts. 

 

The hypocotyl lengths increased significantly with the application of different oil palm waste 

aqueous extracts on tomato seedlings (Figure 2b). There were no inhibitions in hypocotyl growth 

with application of oil palm wastes aqueous extracts. The application of EFB extract on tomato 

seedlings gave the longest hypocotyl length (126%) followed byextracts of PPMF (92%) and 

OPT (80%) compared with control. The shortest increment of hypocotyl lengths was measured 

on seedlings treated with OPF extract, with 42% increase compared with control. 

 

Figure 2c showed that hypocotyl length of seedlings treated with OPT, EFB and PPMF extracts 

showed no inhibition. Furthermore, hypocotyl length of cucumber seedlings treated with PPMF 

were stimulated by 23% compared to control. However, only the OPF extract produced 

significantly shorter hypocotyl length of cucumber seedlings, by 47% compared to the control. 
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Figure 2. Hypocotyl length of a) lettuce (Lactuca sativa), b) tomato (Solanum lycopersicum), 

c)cucumber(Cucumis sativus) and d) green amaranth (Amaranthus viridis) treated with waste 

aqueous extract of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber 

(PPMF), and oil palm frond (OPF). Means with different letters above each bar indicate 

significant differences at P ≤ 0.05 using LSD test. 

 

 

Hypocotyl length of 5-day old green amaranth seedlings were significantly longer when 

seedlings were treated with oil palm waste extracts (Figure 2d). Seedling hypocotyl length 

treated with different type of oil palm wastes were increased significantly from 102% to 187% 

longer hypocotyl length than control. The longest hypocotyl length was measured when green 

amaranth was treated with EFB aqueous extract and the shortest was by the OPF aqueous extract. 

 

 

Based on the overall results of hypocotyl length, only the cucumber seedlings showed inhibition 

when treated with the OPF extract. Whereas, other oil palm waste extracts showed no inhibition 

on hypocotyl length, including the OPF extract when applied on seeds of green amaranth, tomato 

and leaf lettuce. A similar result also was found when soybean and chive seedlings were treated 

with aqueous extract of ginger, whereby there was no inhibition on the hypocotyl development, 

while only the radicle was affected by application of the ginger extract (Han et al.,2008). The 

hypocotyl lengths were not affected by the presence of phytotoxic compounds since the 

seedlings were still dependent on food reserve present in the seeds. However, the radicle was 
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easily affected by phytotoxic compounds because this plant part had direct contact with the 

phytotoxic compounds present in the media and was responsible for absorption of the particular  

 

compound (Turk and Tawaha, 2002). This resulted in the hypocotyls not being easily affected by 

external contamination during early stage of seedling growth compared to radicles (Migliore et 

al., 2003). 

 

 

Radicle diameter 

Radicle diameter of lettuce from the control was significantly higher than those of lettuce 

seedlings treated with different types of oil palm wastes (Figure 3a). The seedlings treated with 

oil palm waste extracts produced smaller radicle diameter, by 10% to 11%, compared to control. 

However, among the oil palm waste extract treatments, there were significant differences in 

radicle diameter between OPT extract treatment compared to those treated with EFB, PPMF and 

OPF extracts. 

 

 

There were significant differences between radicle diameter for tomato seedlings treated with 

OPT and PPMF extracts compared to the control (Figure 3b). The radicle diameter of tomato 

seedlings treated with OPF and PPMF extracts was increased by 9% and 4% of control. 

However, there were no significant differences in tomato seedlings treated with EFB and OPF 

extracts, but radicle diameter of tomato seedlings treated with OPT was significantly bigger 

compared with other oil palm wastes.  

 

 

Applications of oil palm waste extracts significantly affected the radicle length of cucumber 

seedlings (Figure 3c). In general, all oil palm waste extracts decreased the radicle length of 

cucumber seedlings compared to control although OPT extract gave slightly smaller radicle 

diameter of cucumber seedling by 6% of control. Meanwhile, EFB, OPF and PPMF extracts 

reduced the radicle diameters by 11 to 12% compared to control. However, there were no 

significant differences in radicle diameters with treatments of OPT and PPMF extracts. 
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Figure 3. Radicle diameter of a) lettuce (Lactuca sativa), b) tomato (Solanum lycopersicum, 

c)cucumber(Cucumis sativus) and d) green amaranth (Amaranthus viridis) treated with waste 

aqueous extract of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber 

(PPMF), and oil palm frond (OPF). Means with different letters above each bar indicate 

significant differences at P ≤ 0.05 using LSD test. 

 

There were different effects of the oil palm waste extracts on the radicle diameter of green 

amaranth seedlings treated with OPT and OPF extracts compared to control (Figure 3d). 

However, there were no significant differences in seedlings radicle diameter when the seedlings 

were treated with PPMF and EFB. The radicle diameters of seedlings treated with OPT and OPF 

extracts were significantly higher compared to control.  
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Based on overall results of radicle lengths treated with different types of oil palm wastes, the 

response of radicle length to applications of oil palm waste extracts varied among species of 

seedlings. Lettuce and cucumber seedlings showed reduction in radicle length when treated with 

OPT, EFB, PPMF and OPF extracts compared to control. However, for tomato seedlings, only 

OPF treated seedlings showed reduction in radicle lengths, while OPT, EFB and PPMF showed 

no differences in radicle lengths compared with control. Several studies showed that the presence 

of phytotoxic compunds could affect the size of the root or radicle part of the plant. Vaughan and 

Ord (1990) reported that phenolic acids, such as ferulic, vanillic, p-hydroxybenzoic, syringic, 

and caffeic acid, which are phytotoxic compounds, inhibited pea root growth. These phenolic 

acids also affected root morphology in terms of growth of the main root and the number and size 

of lateral roots. 

 

Studies by Batish et al. (2006) on the phytotoxicity of volatile essential oilsreported that 

essential oils and their constituents inhibited cell division in growing root tips and interfere with 

DNA synthesis in growing meristems. On the other hand, green amaranth seedlings responded 

differently compared with other seedlings. The radicle diameter of green amaranth seedlings 

was enhanced when treated with OPT and OPF extracts. A similar increase in radicle diameter 

was found for alfalfa seedlings when treated with coumarin and alfalfa aqueous extract (Chon et 

al., 2002). The increase in the radicle diameter could be because of the increase in the vascular 

cylinder and cortex cell layers inside the root which caused radicle to become thick (Chon et al., 

2002).  

 

Fresh weight  

 

Results from the bioassay studies showed that there were significant differences between fresh 

weights of lettuce seedlings treated with EFB, OPT, PPMF and OPF extracts (Figure 4a). Fresh 

weights of lettuce were increased significantly when treated with EFB, OPT and PPMF extracts 

by 44%, 29% and 17% of control, respectively. Meanwhile, OPF extract reduced fresh weight of 

seedlings significantly by 9% of control. 

 

There were different effects of the OPT, EFB and PPMF extracts on fresh weights of tomato 

seedlings (Figure 4b). Fresh weights of tomato seedlings treated with OPT, EFB and PPMF 

extracts were significantly higher by 30%, 37% and 13%, respectively, compared to control. 

Whereas, fresh weight of tomato seedlings treated with OPF extract was not significantly 

reduced. 
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There were different effects of the PPMF and OPF extracts on the fresh weights of cucumber 

seedlings (Figure 4c). The seedling fresh weight of PPMF extract treatment was significantly 

higher compared to the control and those treated with EFB and OPF extracts. The fresh weight 

of PPMF treated seedlings resulted in 11% higher fresh weight compared to control. However, 

application of the OPF extract on cucumber seedlings produced significantly lower fresh 

weight compared to other treatments including the control. Fresh weight of cucumber seedling 

was reduced by 31% compared to control. 

 

 

 

 

Figure 4. Fresh weight of a) lettuce (Lactuca sativa), b)tomato (Solanum lycopersicum), c) 

cucumber(Cucumis sativus) and d) green amaranth (Amaranthus viridis) treated with waste 
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aqueous extract of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber 

(PPMF), and oil palm frond (OPF). Means with different letters above each bar indicate 

significant differences at P ≤ 0.05 using LSD test. 

 

 

There were significant differences between fresh weights of green amaranth seedlings when 

treated with OPT and EFB extracts compared to control (Figure 4d). Fresh weights of seedlings 

that weretreated with OPT and EFB extracts were significantly higher than control by 35% and 

44%. However, only EFB extract produced higher fresh weight of green amaranth seedlings 

compared to PPMF and OPF extracts. For PPMF and OPF extracts, there were no significant 

effect on fresh weight of green amaranth compared to control.  

 

The overall results showed that the effect of oil palm waste extracts application varied among 

types of oil palm wastes and seedlings. Almost all extracts produced higher fresh weights of 

seedlings compared to control except the OPF extract. OPF extract showed decreased fresh 

weight of cucumber seedling compared to control and other treatments. The decrease in fresh 

weight of cucumber seedling treated with OPF extract indicated that OPF hadphytotoxicity effect 

on cucumber seedling. Previous studies showed that the phytotoxic compound could reduce the 

total biomass of plants. Lee et al. (2006) stated that organic acids that contain phenolic acids in 

nutrient solution reduced growth of leaf area, shoot fresh and dry weights, and root fresh weight 

of lettuce seedlings. According to Premuzic et al., (2007) the decrease in fresh weight is because 

of phytotoxic compound affecting the shoot growth causing lack of vigour and foliage chlorosis 

on vegetable seedlings. Ambrosio de Castro (2006) reported that higher ammonia concentrations 

caused toxic effect to Brasicca oleracea by reducing biomass production of roots. OPT and EFB 

extracts produced higher total biomass for lettuce, tomato and green amaranth seedlings and 

there were no differences in fresh weights of cucumber seedlings compared to control. 

Meanwhile, PPMF extract also showed no decreased in fresh weight of seedlings compared to 

control. According to Han et al.(2008), radicle length was found to be the more sensitive plant 

part when expose to the phytotoxic compounds compared to shoot length, germination test and 

total biomass of seedlings.  

 

Seedling dry weight 

There were no significant differences between the means of the dry weights for both the lettuce 

and tomato seedlings treated with oil palm waste extracts compared to the control ( 

Table 1). 
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Table 1. Dry weights of leaflettuce (Lactuca sativa)and tomato (Solanum lycopersicum), treated 

with waste aqueous extracts of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed 

mesocarp fiber (PPMF), and oil palm frond (OPF). 

 

Oil palm wastes 
Seedling dry weight (mg) 

Leaf Lettuce Tomato 

Control (distilled water) 

OPT 

EFB 

PPMP 

OPF 

10.1 a 

10.1 a 

10.4 a 

10.4 a 

10.6 a 

16.5 a 

16.6 a 

16.8 a 

15.7 a 

16.4 a 

Mean values (n = 4) within the same column followed by the same letter are not significantly 

different at P ≥ 0.05 by LSD test. 

 

 

 

The dry weight of the cucumber seedlings treated with the OPF extract was significantly lower 

compared to the control seedlings and those treated with OPT, EFB and PPMF extracts (Figure 

5a). The OPF extract treatment resulted in 15% lower seedling dry weight compared to the 

control.  

 

 

 

There were significant differences between the dry weight for green amaranth seedlings treated 

with PPMF extract compared to the EFB extract (Figure 5b). The application of EFB extract on 

green amaranth seedlings produced 33% higher dry weight compared to dry weight of seedlings 

treated with the PPMF extract. However, there were no significant differences in dry weights of 

green amaranth seedlings treated with OPT, EFB, PPMF and OPF extracts compared to the 

control.  
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Figure 5. Dry weight of a) cucumber (Cucumis sativus) and b) green amaranth (Amaranthus 

viridis) seedlings treated with waste aqueous extracts of oil palm trunk (OPT), empty fruit bunch 

(EFB), palm pressed mesocarp fiber (PPMF), and oil palm frond (OPF). Means with different 

letters above each bar indicate significant differences at P ≤ 0.05 using LSD test. 

 

 

The overall results showed that only the OPF extract reduced the dry weight of cucumber 

seedlings significantly compared to the control. For the other type of seedlings, the application of 

oil palm wastes extracts did not affect the dry matter weight of seedlings compared to the 

control. Dry matter weight refers to entire organic dry matter that is produced from the essential 

activities of photosynthesis and protein metabolism (Fageria, 2007). A study on the effect of 

phytotoxicity of Parthenium hysterophorus leaf extract showed some physiological changes, 

such as damage of cellular membrane, loss of dehydrogenase activity in roots and decreased 

water content in leaves (Batish et al., 2007). Such interruption of physiological process in a crop 

also causes reduction on the Brassica sp. seedlings fresh and dry weights significantly (Singh et 

al., 2005). This occurred due to the release of some growth-retarding substances from the plant 

residues into the soil, which accumulate in bioactive concentrations and adversely affect plant 

growth. Chon and Kim (2005) reported that a coumarin compound, which is one of the 

phytotoxic compounds, inhibited dry matter production, leaf area expansion and photosynthesis 

in tobacco (Nicotiana  tabacum L.), sunflower (Helianthus annuus L.) and red root amaranth 

(Amaranthus retroflexus). 
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Total germination rate  

The results from the seed bioassay studies showed that the different oil palm wastes aqueous 

extracts did not significantly influenced the total seed germination rates of leaf lettuce, tomato, 

cucumber and green amaranth (Table 2). 

 

Table 2. Total seed germination rate of lettuce (Lactuca sativa),tomato (Solanum lycopersicum), 

cucumber (Cucumis sativus) and green amaranth (Amarantus viridis) treated with waste 

aqueous extracts of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber 

(PPMF), and oil palm frond OPF. 

 

 

Oil palm 

wastes 

 

Total seed germination rate (%) 

Leaf 

Lettuce 
Tomato Cucumber 

Green 

Amaranth 

Control 

OPT 

EFB 

PPMF 

OPF 

92.5 a 

87.5 a 

85.0 a 

92.5 a 

85.0 a 

100.0 a 

100.0 a 

100.0 a 

97.5a 

95.0a 

100.0 a 

100.0 a 

97.5 a 

97.5 a 

97.5 a 

85.0 a 

80.0 a 

75.0 a 

82.5 a 

87.5 a 

Mean values (n = 4) in the same column followed by the same letter are not significantly 

different at P ≥ 0.05 by LSD test. 

 

In general, seed germination for lettuce, tomato, cucumber and green amaranth was not affected 

by oil palm waste applications. Seed germination and seedling growth are widely used as 

methods to determine the presence of phytotoxic compounds in plant wastes (Kapanen and 

Itavaara, 2001). Araújo and Monteiro (2005) stated that seed germination was less sensitive 

compared to plant growth for the purpose of determining the presence of phytotoxicity. This is 

because of the seed reserve that contains a huge bunch of nutrients  (carbohydrate, minerals, 

fibre, enzymes, etc)are made available for seed germination during the early stage of growth. 

Besides, Kapustka (1997) stated that the seed germination bioassay relatively is tolerant to many 

toxic compounds which may harm the plant growth.  Moreover, the tolerance of seeds toward a 

phytotoxic compound could be because many of the chemical compounds are not absorbed by 

the seeds and the seeds already contain nutrients which are sufficient for their growth during the 

germination period, thus restricting them from relying on any nutrients or chemical compounds 

from the surrounding the environment (Kapustka, 1997). However, at a higher concentration, the 
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phytotoxic compounds have the probability to affect the germination rate of the seeds (Chung 

and Miller, 1995). This indicated that seed germination has a negative correlation with the 

concentration of phytotoxic compound (Mahmoodzadeh and Mahmoodzadeh, 2013). 

 

Mean germination time 

According to the results, the mean germination time in the control treatment was the shortest 

compared to lettuce seeds treated with the other type oil palm wastes (Figure 6). The seeds 

treated with OPF, PPMF and OPT needed more time to germinatefollowed by those treated with 

EFB, compared to the control. 

 

 

Figure 6. Mean germination time of lettuce (Lactuca sativa, treated with waste aqueous extracts 

of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber (PPMF), and oil 

palm frond (OPF). Means with different letters above each bar indicate significant differences at 

P ≤ 0.05 using LSD test. 

 

 

There were no significant differences on the mean germination time for the tomato, cucumber 

and green amaranth seeds to germinate when the seeds were treated with OPT, EFB, PPMF and 

OPF extracts compared to the control (Table 3).   
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Table 3. Mean germination time of tomato (Solanum lycopersicum), cucumber (Cucumis sativus) 

and green amaranth (Amarantus viridis) to germinate when treated with waste aqueous extracts 

of oil palm trunk (OPT), empty fruit bunch (EFB), palm pressed mesocarp fiber (PPMF), and oil 

palm frond OPF. 

 

Oil palm wastes 
Mean germination time 

Tomato Cucumber Green Amaranth 

Control 

OPT 

EFB 

PPMF 

OPF 

3.21  a 

3.29  a 

3.30  a 

3.20  a 

3.29  a 

2.01  a 

2.02  a 

2.03  a 

2.04  a 

2.05  a 

3.00  a 

3.02  a 

3.04  a 

3.05  a 

3.00  a 

Mean values (n = 4) in the same column followed by the same letter are not significantly 

different at P ≥ 0.05 by LSD test. 

 

 

Application of OPF extracts on lettuce delayed seed germination significantly compared to 

control. However, the tomato, cucumber and green amaranth seedlings showed no effect with the 

application of oil palm waste aqueous extracts on average days for seeds to germinate. Base on 

the overall results, the sensitivity of this parameter towards the application of oil palm wastes 

was greater than total seed germination. According to Alencar et al. (2015), speed of seed to 

germinate is a more reliable measure of the presence of phytotoxic compounds compared to total 

seed germination because the phytotoxic compounds may not inhibit the seed germination but 

may delay seed germination process. Also, delays in germination will affect the growth of 

seedlings under natural a environment (Chaves et al., 2001) because this would minimize the 

chance of seedlings to compete with other seedlings for resources, thus reducing the chances for 

seedlings to grow well (Gao et al., 2009). However, Haugland and Brandsaeter (1996) stated 

thatradicle growth is the most sensitive part to detect the presence of phytotoxic compounds in 

plant, which determines the compound’s phytotoxicity.  
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Conclusions 

Based on seedling bioassay and seed germination of different seedlings, the OPF aqueous extract 

was found to be the most inhibitory oil palm waste extract compared with other treatments. OPF 

inhibited seedling growth by reducing the radicle length for all seedlings, hypocotyl length of 

cucumber, fresh weight of cucumber, dry weight of lettuce, tomato and cucumber seedling and 

mean germination time. While PPMF aqueous extract reduced the radicle length of lettuce, 

tomato and green amaranth seedling with a higher degree of inhibition comparing with EFB. 

Radicle elongation is the main criteria to detect the present of phytotoxic compound with support 

from other parameters.  
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