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ABSTRACT 
 
Soil residual phytotoxicity of commonly used herbicides in plantation crops in Malaysia were investigated through bioassay. 
Paraquat (GramoxoneR) and glufosinate-ammonium (BastaR) at 200, 400, 600 and 800 g a.i. ha-1, and glyphosate (Round-upR) 
at 400, 800, 1200 and 1600 g a.i. ha-1 were applied to field plots of 5 x 20 m2. Cucumber and corn were used in the bioassay to 
test the residual effect of herbicides in the soil of the treated plots. Soil, sampled at 1 day after treatment (DAT) and until 2 
weeks (WAT) later, did not affect the seed germination and seedling development of cucumber and corn. Recommended rates, 
paraquat (400-600 g a.i. ha-1), glufosinate-ammonium (500 g a.i.ha-1) and glyphosate (1000 g a.i. ha-1) applied to field to 
control weeds in oil palm plantation, therefore leave no phytotoxic residue in the soil. 
 
Key Words: Bioassay; Herbicide residues; Paraquat; Glyphosate; Glufosinate-ammonium; Field-treated plots 
 
INTRODUCTION 
 

Herbicides are used quite extensively in agricultural 
production system throughout the world, and Malaysian 
plantations are no exception to this. Paraquat, glufosinate-
ammonium and glyphosate are most common herbicides 
used in these plantations. Herbicides, when applied to the 
field do not only control targeted weeds, but may also leave 
unwanted residues in the soil, which are ecologically 
harmful (Grossbard, 1972; Haney et al., 2000; Derksen et 
al., 2002; Riaz et al., 2007). Although the efficacy of 
herbicide in controlling weeds is important, its residual 
impact should also be considered for environmental safety. 
Preferred herbicides should not only have good efficacy, but 
also poses minimum adverse effects to crop, ecology and 
environment (Constenla et al., 1990; Hoerlein, 1994; 
Kamrin, 1997; Atkin & Leisinger, 2000; Anonymous, 2004; 
Faheed & Abd-Elfattah, 2007). 

Bioassay and chromatography are among the several 
methods commonly used to determine pesticide residues in 
soil. Bioassay for residual phytotoxicity has been used to 
investigate many practical aspects of herbicide behavior in 
the environment for long time (Horowitz, 1976). It is a 
practical qualitative or semi-quantitative method of analysis, 
whereby the residues, which really affect plant 
development, are determined. Commonly, seed germination 
and seedling performance are used to investigate the 

residual phytotoxicity (Nyffeler et al., 1982; Sunderland et 
al., 1991). The residual phytotoxicity effects can detect the 
herbicide or chemical residue present in the soil at 
concentrations high enough to adversely affect crop growth, 
yield and quality (Pestemer et al., 1980). Depending on the 
type and concentration of the residues, injury symptoms 
usually appear within 10 to 20 days after seedling 
emergence. Cucumber, sorghum, corn and oat are the 
common plant species used in bioassay studies (Horowitz, 
1976), because they are easy to grow and have marked 
sensitivity to many herbicides. 

Present study reports residual phytotoxicity effects of 
three commonly used broad spectrum herbicides, namely 
paraquat, glufosinate-ammonium and glyphosate. 
 

MATERIALS AND METHODS 
 

Experimental set-up and treatment. Field treatment was 
conducted in plots set-up in a young two-year old oil palm 
plantation of MAB Agriculture-Horticulture Sdn. Bhd., 
Sepang, Selangor, Malaysia. The experiment was laid out as 
randomized complete block design with four replications 
and each plot measured 5 x 20 m2. The plots were sprayed 
at 200 L ha-1, with four rates of each of paraquat (200, 400, 
600 & 800 g a.i. ha-1); glufosinate-ammonium (200, 400, 
600 & 800 g a.i. ha-1) and glyphosate (400, 800, 1200 & 
1600 g a.i. ha-1) and un-treated control plots. The herbicide 
formulations used were GramoxoneR (200 g L-1 paraquat, 
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Syngenta Crop Protection), Basta 15R (150 g L-1 glufosinate-
ammonium, Bayer Cropscience) and RoundupR (360 g L-1 

glyphosate Monsanto). Knapsack sprayer fitted with AN 2.5 
deflector nozzle was used for spraying. 
Soil sampling and bioassay. Ten kg soil was taken 
randomly, at each sampling time of day 1 (DAT) and 1 and 
2 weeks after treatment (WAT), from five spots in each plot 
to a depth of 10 cm and bulked together. A total of 400 g of 
the collected soil from each plot was placed in a plastic pot 
(9 cm diameter, 10 cm deep). Ten corn and cucumber seeds 
were planted at about 10 mm depth in each designated pot 
accordingly. The pots were then placed in the glasshouse for 
the bioassay study. Watering was done daily to saturation. 
Seed germination (seedling count) was recorded after five 
days and at which time the seedlings were thinned to three 
plants per pot for further studies. 

The seedlings left for seedling development study 
were harvested at 2 weeks after sowing to determine 
residual effect in the soil. The growth components of the 
seedlings (plant height, leaf area, root length & total dry 
weight, as common assessment used in bioassay studies) 
were measured. Plant height was taken from soil surface to 
tip of the youngest leaf (for corn) and to point of growth (for 
cucumber). Leaf area was measured using LI-3100 Leaf 
Area Meter. Root length was taken after washing off the soil 
and measured from the point of growth to the tip of the 
longest roots. The seedlings were then placed in labeled 
envelopes accordingly, air-dried for 2 days before drying in 
the oven at 75oC for 48 h to determine the dry weight. The 
effects of herbicide residues in soil were determined based 
on the plant responses through the growth components of 
the seedlings. 
 
RESULTS AND DISCUSSION 
 

Both the plant species showed similarity in their 
sensitivity to the residues in the soil. The effects on 
germination and seedling growth were comparable and 
consistent for both plants assayed on those soils sampled at 
1 DAT and 1 and 2 WAT. Paraquat, glufosinate-amminium 
and glyphosate applied to the field at rates inclusive of their 
field recommended rates (400-600 g a.i. ha-1, 500 g a.i.ha-1 
& 1000 g a.i. ha-1, respectively) did not affect the 
germination of seeds of these known sensitive plants used 
for the bioassay. The germination percentages of each crop 
from the soil of the treated plots at 1 DAT and 1 and 2 WAT 
were >90%, being insignificant to that percentage of the 
control plot (98%) (Table I). Results of the assessments of 
plant height, leaf area, root length and dry weight of corn 
and cucumber seedlings bioassayed for two weeks on the 
soil sampled at 1 DAT and 1 and 2 WAT also indicated that 
they were not affected by the residues of the herbicides 
treated at those rates. Therefore, using paraquat and 
glufosinate-ammonium (200-800 g a.i. ha-1) and glyphosate 
(400-1600 g a.i. ha-1), which include their field 
recommended rates, had no phytotoxic residues in the soil, 

thus causing no adverse effects to plant growth and 
development (Tables II & III). 

The fact that paraquat, glufosinate-ammonium and 
glyphosate are post-emergent herbicides, it is 
understandable that their effect on seed germination should 
be minimal or zero. However, if the residues were to be 
present at phytotoxic level, the effect on seedling 
development should be expressed by those seedlings. 
Adverse effect of herbicide residues in soil could be 
determined with plant response (Pestemer et al., 1980). In 
present study, paraquat, glufosinate-ammonium and 
glyphosate did not affect seedling growth of corn and 
cucumber in relation to their plant height, leaf area, root 
length and accumulation of dry weight, thus indicating 
absence of residue or the residues were un-available to the 
plants. Streibig (1984 & 1988) indicated that when 
indicators of plant growth were plotted against logarithm of 
herbicide dose, they were common to find a symmetrical 
sigmoid relationship. Since the plant growth parameters 
among different treatment doses did not show significant 
different, thus a symmetrical sigmoid curve of the dose-
response curve was not obtained. Pestemer et al. (1980) 
classified indicator of plant responses to residual herbicides 
into the activity categories of stimulation (100% safe), no 
response (90-100% safe), slight damage (70-90%, slight 
risk), moderate damage (50-70%, significant damage) and 
severe damage (0-50%, crop failure). Thus, treatment with 
paraquat, glufosinate-ammonium and glyphosate at rates 
even higher than their field recommended rates gave an 
indicator response showing the treatments were safe (>90% 
response) and did not cause adverse effect to the growth 
components of the plants. 

In conclusion, paraquat, glufosinate-ammonium and 
glyphosate, when applied to the field at rates with ranges 
inclusive of their field recommended rates did not leave 
residues in the soil, which may cause phytotoxic effect to 
the indicator plants, corn and cucumber. Germination rates 

Table I. Germination percentage of cucumber and corn 
seeds affected by herbicide residues in soil 
 
1Herbicide 
(g a.i. ha-1) 

Mean percent germination at days of soil sampling
Cucumber Corn 

1 7 14 1 7 14 
Untreated 97.9 97.9 97.9 97.9 95.8 100 
P 200 97.9 93.8 91.7 95.8 91.7 91.7 
P 400 97.9 100 95.8 97.9 91.7 91.7 
P 600 95.8 93.8 97.9 95.8 95.8 91.7 
P 800 91.7 97.9 93.8 95.8 91.7 91.7 
Ga 200 100 95.8 100 93.8 95.8 91.7 
Ga 400 100 95.8 91 91 95.8 95.8 
Ga 600 100 91.7 97.9 97.9 95.8 95.8 
Ga 800 95.8 95.8 95.8 95.8 95.8 91.7 
G 400 100 93.8 91.7 91.7 95.8 91.7 
G 800 95.8 93.8 95.8 95.8 95.8 95.8 
G 1200 97.9 95.8 97.9 93.8 95.8 91.7 
G 1600 100 93.8 95.8 93.8 95.8 100 
2Mean comparison n.s. n.s. n.s. n.s. n.s. n.s. 
1P=paraquat; Ga=glufosinate-ammonium; G=glyphosate; 2Mean 
comparisons are non-significant (n.s.) at P<0.05 among herbicides, rates 
within herbicide and with untreated control 
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and seedling development of the indicator plants were more 
than 90 percent normal (when compared with those from 
un-treated plots). 
Acknowledgements. The authors thank Faculty of Agriculture, 
University Putra Malaysia and MAB Agriculture-Horticulture 
Sdn. Bhd. for assistance in the conduct of this work. 
 
REFERENCES 
 
Anonymous, 2004. Pesticide residues in food-2004. FAO/WHO Plant 

Production and Protection Paper, 182: 533–565 
Atkin, J. and K.M. Leisinger, 2000. Safe and Effective Use of Crop 

Protection Products in Developing Countries. New York: CABI 
Publishing 

Constenla, M.A., D., Riley, S.H. Kennedy, C.E. Rojas, L.E. Mora and 
J.E.B. Stevens, 1990. Paraquat behavior in Costa Rican soils and 
residues in coffee. American J. Agric. Econ., 38: 1985 

Derksen, D.A., R.L. Anderson, R.E. Blackshaw and B. Maxwell, 2002. 
Weed dynamics and management strategies for cropping systems in 
the Northern Great Plains. Agron. J., 94: 174–185 

Faheed, F.A. and Z. Abd-Elfattah, 2007. Alteration in growth and 
physiological activities in Chlorella vulgaris under the effect of 
photosynthetic inhibitor diuron. Int. J. Agric. Biol., 9: 631–634 

Grossbard, E., 1972. Do herbicides affect the micro-organisms in soil? 
Weed Res. Org., 45: 1–63 

Haney, R.L., S.A. Senseman, F.M. Hons and D.A. Zuberer, 2000. Effect of 
glyphosate on soil microbial activity and biomass. Weed Sci., 48: 89–93 

Hoerlein, G., 1994. Glufosinate (phosphinothricin), a natural amino acid 
with unexpected herbicidal properties. Rev. Environ. Contamin. 
Toxicol., 138: 73–145 

Horowitz, M., 1976. Application of bioassay techniques to herbicide 
investigations. Weed Res., 16: 209–215 

Kamrin, M.A., 1997. Pesticide Profiles: Toxicity, Environment Impact and 
Fate. New York: CRC Press 

Nyffeler, A., H.R. Gerber, K. Hurle, W. Pestemer and R.R. Schmidt, 1982. 
Collaborative studies of dose-response curves obtained with different 
bioassay methods for soil-applied herbicides. Weed Res., 22: 213–222 

Pestemer, W., L. Stalder and B. Eckert, 1980. Availability to plants of 
herbicide residues in soil. Part II: Data for use in vegetable crop 
rotations. Weed Res., 20: 349–53 

Riaz, M., M. Jamil and T.Z. Mahmood, 2007. Yield and yield components 
of maiz as affected by various weed control methods under rain-fed 
conditions of Pakistan. Int. J. Agric. Biol., 9: 152–155 

Streibig, J.C., 1984. Measurement of phytotoxicity of commercial and un-
formulated soil-applied herbicides. Weed Res., 24: 327–331 

Streibig, J.C., 1988. Herbicide Bioassay. Weed Res., 28: 479–484 
Sunderland, S.L., P.W. Santelmann and T.A. Baughman, 1991. A rapid, 

sensitive soil bioassay for sulfonylurea herbicides. Weed Sci., 39: 
296–298 

 
(Received 03 November 2008; Accepted 04 December 2008) 

Table II. Plant height and root length of cucumber and corn seedlings affected by herbicide residues in soil 
 
1Herbicide (g a.i. ha-1) Mean plant height (cm) at days of soil sampling Mean root length (cm) at days of soil sampling 

Cucumber Corn Cucumber Corn 
1 7 14 1 7 14 1 7 14 1 7 14 

Untreated 9.5 9.7 10.1 35.2 35.8 37.4 7.7 7.9 8.2 20.1 20 20.3 
P 200 9.4 8.9 9.6 33.1 37 36.6 7.5 7.1 7.4 18.3 20.8 19.3 
P 400 8.8 9.5 9.8 35 36.3 37 7.1 7.5 8 18.9 19.8 20.5 
P 600 9.1 10.1 9.7 34.4 34.8 34.6 7.3 7.9 7.6 18 18.8 20 
P 800 10.1 9.5 10.9 34.1 33.8 34.1 7.9 7.6 8.7 21.6 20.3 19.5 
Ga 200 9.6 9.9 10.3 33.4 35.8 36.1 7.6 7.7 8.2 18.3 19.8 19.3 
Ga 400 10.1 10.2 11 36.9 37.1 37.9 7.7 7.9 8.3 17.6 19.3 19.5 
Ga 600 9.5 10 10.9 36 36.4 35.3 7.3 7.7 8.4 19.6 20.5 19.5 
Ga 800 9.5 10.1 10.5 33.8 35.5 35.9 7.5 7.7 8 20.4 20.8 19.9 
G 400 9.9 9.6 10.6 34.9 36.4 36.6 7.5 7.4 8.2 18.5 19.8 20.5 
G 800 9.6 10.1 11.1 34.4 36.3 33.4 7.5 7.9 8.2 20.8 20.3 20.3 
G 1200 10.1 10.1 10.9 35 34 38.8 8 8.1 8.4 18.6 20.3 20.3 
G 1600 9.6 10.2 10.6 36.5 36.3 38.1 7.4 8 8.1 20.1 19.8 20.5 
2Mean comparison n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
1P=paraquat; Ga=glufosinate-ammonium; G=glyphosate; 2Mean comparisons are non-significant (n.s.) at P<0.05 among herbicides, rates within herbicide, 
and with untreated control. 
 

Table III. Total leaf area and dry weight of cucumber and corn seedlings affected by herbicide residues in soil 
 
1Herbicide (g a.i. ha-1) Mean total leaf area (cm2) at days of soil sampling Mean total dry weight (mg plant-1) at days of soil sampling

Cucumber Corn Cucumber Corn 
1 7 14 1 7 14 1 7 14 1 7 14 

Untreated 12.2 11.6 12.3 27.6 27.3 32.2 44 53 51 121 148 172 
P 200 11.5 10.6 11.2 27.5 24.1 30.9 41 49 46 127 156 155 
P 400 11.9 10.2 11 25.4 26.6 30.6 42 48 46 132 151 155 
P 600 12.2 12.6 11.1 26.5 24.5 28.3 44 48 47 130 134 156 
P 800 11.1 10.5 11.9 25.1 24.9 27.3 40 51 47 130 156 156 
Ga 200 11.3 12.5 11.6 27.6 24.9 28.1 47 51 48 127 149 160 
Ga 400 10.9 11.4 11.1 27.3 26.3 31.7 45 56 52 130 138 154 
Ga 600 12.1 11.3 11.3 27.1 27.1 28.5 45 52 50 128 155 158 
Ga 800 11.6 10.7 11.5 25.1 27.1 28.1 45 50 53 122 159 153 
G 400 12 12.5 12.4 28.9 26.1 30.5 45 48 46 130 131 183 
G 800 11.1 11.6 12.3 26.9 28.9 28.5 44 48 47 130 155 155 
G 1200 11 11.6 11.2 24.7 26.7 32.7 47 49 48 126 155 156 
G 1600 11.9 12.4 11.5 25.6 27 29.2 43 49 46 129 150 155 
2Mean comparison n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 


