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Abstract: Allelopathic effect of Ageratum conyzoides L., Cynodon dactylon (L.) Pers., Parthenium hysterophorus L., and Solanum 
nigrum L. were examined on seed germination, seedling growth, total protein content and protein profile on Ankur, Bhatt, Bragg, PK 
– 416, PS – 1042 and Shilajeet varieties of soybean (Glycine max (L.) Merill).  Aqueous extracts of weeds (10% w/v) showed both 
inhibitory and stimulatory influence on percent seed germination and seedling growth in different varieties of soybean.  On the basis 
of per cent reduction in different parameters, the variety Bragg and PS – 1042, and Shilajeet  were  resistant and  susceptible 
respectively to different weed extracts, and among weed extracts, S. nigrum was most effective followed by P. hysterophorus 
compared to others.  The total protein content (mg/g f wt.) in different varieties was increased with all the weed extracts except 
Bragg with C. dactylon and P. hysterophorus, PS – 1042 with A. conyzoides and Shilajeet with C. dactylon, in which it was 
decreased.  The protein banding pattern in different varieties not only differ between control and treatments but also among 
treatments.  The order of susceptibility of different varieties with different weed extracts followed the order :  Ankur > PK – 416 > 
Bhatt > Shilajeet > Bragg and > PS – 1042. 
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Introduction 
 

Weeds are the most aggressive, trouble some and 
undesirable element of the world’s vegetation and cause 
enormous reduction in crop yield, wastages of resources and 
human energy and also a health hazard to human being.  The 
reduction of yield in soybean due to different weeds, their 
intensity and variety was more than 50 % (Anonymous, 2004).  
Allelochemicals affects all functions of plant life including 
photosynthesis, respiration, mineral nutrition, transpiration, 
resistance and growth (Rice, 1984; Saxena et al., 2004).  The 
present study was conducted to examine the allelopathic effect 
of four weed species extracts on seed germination, seedling 
growth and both quantity and quality of proteins on six 
commonly used varieties of soybean (Glycine max (L.) Merrill) 
in the Tarai region of Uttaranchal state and to identify resistant 
and susceptible varieties. 
 

Materials and Methods 
            

  The dominant weed species of Ageratum conyzoides 
L., Cynodon dactylon (L.) Pers., Solanum nigrum L. and a road 
side/ruderal weed Parthenium hysterophorus L. (Agarwal et al., 
1997) were collected (aerial parts at maturity) from fields of 
soybean (Glycine max (L.) Merrill), shade dried, ground and 
stored. The extracts were prepared by taking 10g of crushed 
weed mass in sterilized distilled water and kept for 24hr, 
filtered, made upto a final volume of 100ml (10% w/v) and used 
in germination experiments.  Seeds of Ankur, Bhatt, Bragg, PK 
– 416, PS – 1042 and Shilajeet varieties of soybean were 
collected from the Department of Genetics and Plant Breeding, 
G.B. Pant Univ. of Agric. and Technology, Pantnagar and used 
in germination experiments. Healthy, uniform and sterilized 

seeds were selected and 10 seeds were placed in each petri 
dish (9.0cm dia.) containing two blotting papers for each variety 
with triplicates. The seeds were moistened either with sterilized 
distilled water (control) or with aqueous extracts of different 
weeds (treatments) and kept under laboratory conditions.  
Radicle emergence was considered as an index of germination 
(Rao and Singh, 1985) and observed at an interval of 24hr upto 
eight days and expressed as per cent seed germination.  At the 
end of the experiment, three seedlings from each petri dish (a 
total of nine for each variety) were selected randomly and the 
length of radicle and plumule was measured with the help of a 
scale or thread to a nearest mm and separated and placed in an 
oven (60 ±1ºC) for 48hr and weighed.  Three factorial analysis 
of variance and ‘t’ test were applied. Further, the total protein 
content and its profile were examined in all varieties both in 
control and treatment whether the extracts had any effect or 
not? The total protein was estimated by using the method of 
Bradford (1976) and its banding pattern in sodium dodycyl 
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 
(Laemmelii, 1970).  The SDS solubilised protein samples were 
analysed by one dimensional, discontinous, vertical SDS-PAGE 
with 12% separating and 5% stacking gels using tris glycine 
electrode buffer. The gel was observed on gel documentation 
system and photographed.  Similarity index (SI) was calculated 
according to Sokal and Sneath (1973). 
 

Results and Discussion 
 

 The seed germination (%) was decreased in all the 
varieties of soybean with S. nigrum, and it was in four in both C. 
dactylon and P. hysterophorus, and three in A. conyzoides 
(Table 1). The  percent  reduction  (percentage  of  control)  was 
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Table – 1: Effect of different weed species extracts on seed germination (%) and seedling growth (length, cm) and per cent 
reduction (percentage of control) in different varieties of soybean. 

 

Weed species Treatment/ 
Varieties 

Control 

A. conyzoides C. dactylon P. hysterophorus S. nigrum 
 

Seed germination (%) 
Ankur 90.0±10.0 90.0±5.7 (0) 86.3±3.1(4.1) 83.3±3.3(7.4) 83.3±12.0(7.4) 
Bhatt 80.0±5.7 90.0±5.7 (+) 90.0±5.7 (+) 83.3±3.3 (+) 73.3±8.8 (8.4) 
Bragg 96.7±3.3 76.7±13.0(20.7) 93.3±3.3( 3.5) 86.7±8.8 (10.3) 75.6±4.4**(21.8) 
PK – 416 93.3±6.6 76.7±3.3*(17.9) 86.7±3.3(7.1) 90.0±5.7 (3.6) 76.7±12.0(17.9) 
PS -1042 96.7±3.3 90.0±5.7 (6.9) 90.0±0.0(6.9) 83.3±3.3*(13.8) 66.2±11.0*(31.5) 
Shilajeet 86.7±3.3 90.0±0.0 (+) 90.0±0.0 (+) 90.0±0.0 (+) 42.5±16.2(16.4) 

 

Seedling growth  
Radicle length (cm) 

Ankur 16.1±2.0 11.7±1.9(27.3) 1.0±1.5*(94.4) 1.8±0.7**(88.8) 2.6±0.3**(83.9) 
Bhatt 15.2±0.9 13.4±1.0(11.8) 1.0±1.3(94.0) 1.7±0.2**(88.8) 1.6±0.3**(89.4) 
Bragg 14.8±0.5 11.3±2.1(23.6) 3.0±1.6**(83.1) 2.3±0.5**(84.5) 1.4±0.1**(90.5) 
PK – 416 11.8±0.3 12.9±1.9 (+) 7.6±1.1*(93.2) 2.1±0.3**(82.2) 2.2±0.3**(81.3) 
PS – 1042 14.7±1.3 13.4±1.0(8.8) 0.8±1.3**(91.2) 1.8±0.3**(86.8) 2.4±0.2**(83.0) 
Shilajeet 13.6±0.9 12.2±1.0(10.2) 1.2±1.5**(94.5) 1.8±0.3**(87.8) 2.3±0.4**(83.7) 

 

Plumule length (cm) 
Ankur 14.8±0.8 3.9±0.1**(73.6) 1.2±0.4**(92.0) 8.5±0.7**(83.1) 3.4±0.5**(77.0) 
Bhatt 16.7±1.1 7.3±0.0**(56.3) 1.1±1.0**(93.4) 4.2±0.1**(75.0) 4.7±0.2**(71.9) 
Bragg 11.5±1.4 5.4±0.5**(53.0) 1.0±0.5**(91.3) 3.7±1.2**(67.8) 4.4±0.6**(61.7) 
PK – 416 14.3±1.0 4.1±2.4**(71.3) 9.1±0.6**(36.4) 3.7±0.2**(74.1) 3.7±0.4**(74.1) 
PS -1042 10.9±1.9 6.1±0.3**(44.0) 11.3±1.8 (+) 4.6±0.3* (57.7) 4.5±0.5* (58.7) 
Shilajeet 15.2±1.1 8.7±0.4**(42.8) 1.1±0.7**(92.8) 4.2±0.4**(72.4) 5.2±0.1**(66.0) 

 ‘t’ test was applied.  * and ** indicate significant at p<0.05 and p<0.01, respectively. 

 
 maximum in PS – 1042 (31.5) with S. nigrum and minimum in 
Bragg (3.5) with C. dactylon.  However, it was zero (no effect) 
in Ankur with the extracts of A. conyzoides. The values of 
analysis of variance indicated that the differences between 
treatments was significant at p< 0.01 and between weed 
species, varieties x treatments and weed species x treatments 
at p< 0.05.  Inhibition of seed germination in soybean was also 
reported by Hillsman et al., (1988) and Beltron et. al., (1997). 
The maximum and minimum germination in soybean was 
reported with the extracts of Blumea and Parthenium, 
respectively by Oudhia (2000) and no effect with Cyperus by 
Pandey and Padhiar (2000). On the basis of percent reduction 
in seed germination in the present study, the effect of different 
weed species followed the order: S. nigrum > P. hysterophorus 
> C. dactylon, and > A. conyzoides and among the varieties, 
Bhatt was resistant whereas PS – 1042 was the most 
susceptible.  
 

 The radicle length (cm) was decreased in all the 
varieties with C. dactylon, P. hysterophorus and S. nigrum, and 
in five with A. conyzoides (Table 1).  The per cent reduction 
(percentage of control) was maximum in Shilajeet (94.5) and 
Ankur both with C. dactylon; minimum in PS – 1042 (8.8); and 
positive effect in PK – 416, both with A. conyzoides indicating 
susceptible and resistant respectively. Among weeds, the effect 
was maximum with C. dactylon and minimum with A. 

conyzoides.  The plumule length (cm) was also reduced in all 
the varieties with A. conyzoides, P. hysterophorus and S. 
nigrum, and it was in five with C. dactylon (Table 1).  
Suseelamma et al. (1992) fund a significant reduction in root 
and shoot length of horse gram with the extracts of Digera 
muricata.  The per cent reduction (percentage of control) in the 
present study was maximum in Bhatt (93.4) and positive effect 
in PS – 1042 both with C. dactylon, indicating susceptible and 
resistant, respectively.   
 

The radicle dry weight (mg) was decreased in all the 
varieties with C. dactylon, P. hysterophorus and S. nigrum, and 
it was in four with A. conyzoides (Table 2).  The per cent 
reduction (percentage of control) was maximum in Shilajeet 
(79.0) with S. nigrum and minimum in Bragg (10.7) with C. 
dactylon.  However, positive effect was also observed in both 
Bhatt and Bragg with A. conyzoides.  Thus, the varieties, Bhatt 
and Bragg (positive effect) both with A. conyzoides, followed  
Bhatt (10.7) with C. dactylon, were resistant and Shilajeet (79) 
with S. nigrum was susceptible.  The plumule dry weight (mg) 
was decreased in all the varieties with A. conyzoides, P. 
hysterophorus and S. nigrum, and increased with C. dactylon 
except in Bhatt, in which it was decreased (Table 2) indicating 
least effective. The per cent reduction (percentage of control) 
was  maximum  in  Shilajeet  (76.0) with S. nigrum and minimum 
in  Bhatt  (1.3)  with  C.  dactylon.  Bhowmik and Doll (1979) and 
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Table – 2: Effect of different weed species extracts on seedling dry weight (mg) and per cent reduction (percentage of control) in 
different varieties of soybean. 

 

Weed species Treatment Control 

A. conyzoides C. dactylon P. hysterophorus S. nigrum 
 

Radicle (mg) 
Ankur 13.2 ±0.6 10.9±0.9* (17.4) 10.8±1.1(18.1) 5.9±0.9** (55.3) 7.3±0.4**(44.6) 
Bhatt 10.4±0.5 11.2±0.6 (+) 8.2±0.8**(21.1) 6.3±0.8**(63.4) 3.8±0.6**(63.4) 
Bragg 13.0±1.1 18.7±3.0 (+) 11.6±1.5 (10.7) 7.7±0.6** (40.7) 4.7±0.8**(63.8) 
PK – 416 18.9±0.9 13.4±0.6**(29.0) 12.0±0.8**(36.5) 8.4±0.7 (55.8) 8.0±2.3 (57.6) 
PS – 1042 18.3±2.8 15.5±2.2 (15.3) 12.0±1.0 (34.4) 11.2±1.0 (34.4) 6.4±0.9**(65.0) 
Shilajeet 15.3±2.3 9.5±2.0 (37.9) 9.1±0.9* (40.5) 8.3±0.5* (45.7) 3.2±0.8**(79.0) 

 

Plumule (mg) 
Ankur 26.5±1.2 14.4±3.0 (45.0) 34.2±1.7 (+) 9.7±1.5** (63.0) 18.8±1.1**(29.0) 
Bhatt 23.2±0.6 16.8±2.3* (27.0) 22.9±1.5 (1.3) 8.2±1.2** (65.0) 15.6±1.2**(33.0) 
Bragg 26.7±2.4 19.2±3.2 (28.0) 39.5±1.8 (+) 11.8±2.2* (56.0) 17.6±2.4* (34.0) 
PK – 416 33.8±1.2 18.6±5.1* (45.0) 34.0±5.6 (+) 12.8±1.0**(62.0) 16.1±1.2**(52.0) 
PS – 1042 30.4±0.3 23.1±2.9* (24.0) 36.6±2.0 (+) 14.4±1.3**(53.0) 17.4±2.2**(43.0) 
Shilajeet 29.3±0.6 17.4±4.0* (40.0) 31.1±2.0 (+) 11.1±1.7**(62.0) 9.6±3.1**(76.0) 

 

Total seedling (mg) 
Ankur 39.7±1.7 25.3±3.9**(36.3) 45.0±2.8 (+) 15.6±2.1**(60.7) 26.1±1.2**(34.2) 
Bhatt 33.6±0.9 28.0±2.9 (16.7) 31.1±1.9 ((7.4) 14.5±1.7**(56.8) 19.4±0.9 (42.2) 
Bragg 39.7±2.9 37.9±1.1 (4.5) 51.1±3.1 (+) 19.5±2.7 (50.9) 22.3±2.2**(43.8) 
PK – 416 52.7±0.7 32.0±5.7(39.3) 46.0±6.3(12.7) 21.2±1.6(59.8) 24.1±2.1(54.3) 
PS -1042 48.7±2.5 38.6±4.4(20.7) 48.6±2.5(0.2) 25.6±3.4**(47.4) 23.8±2.0**(51.1) 
Shilajeet 44.6±2.4 45.9±6.0 (+) 40.2±1.9 (9.9) 19.4±1.9**(56.5) 12.8±2.8**(71.3) 
‘t’ test was applied.  * and ** indicate significant at p<0.05 and p<0.01, respectively. 

 
Table – 3:  Effect of different weed extracts on total protein content (mg/g f wt.) in seedlings of different varieties of soybean. 

 

Total protein content (mg/g f wt.) Treatment  
Control A.conyzoides C.dactylon P.hysterophorus S. nigrum 

Ankur 5.1 11.9 
(233) 

10.6 
(208) 

8.4 
(165) 

11.9 
(233) 

Bhatt 3.2 10.1 
(316) 

5.8 
(181) 

7.0 
(218) 

8.1 
(253) 

Bragg 7.0 9.8 
(140) 

4.9 
(-30) 

5.0 
(-29) 

10.0 
(143) 

PK – 416 4.2 6.3 
(150) 

7.2 
(171) 

7.2 
(71) 

10.3 
(245) 

PS – 1042 4.7 4.2 
(-11) 

4.7 
(0) 

6.7 
(143) 

10.1 
(215) 

Shilajeet 2.9 3.1 
(107) 

2.7 
(-7) 

19.2 
(662) 

5.1 
(176) 

Values in the parenthese indicate percentage of control. 
 

Urai (1996)  reported inhibition of seedling growth of soybean 
with extracts of six weeds and methanol extracts of ten 
common weeds, respectively; and Varshney and Saxena 
(1994) on different legumes with Cyperus. 
 

 The total seedling dry weight (mg) was decreased in 
all the varieties with P. hysterophorus and S. nigrum; it was in 
five and four with A. conyzoides and C. dactylon, respectively 
(Table 2).  The per cent reduction (percentage of control) was 

maximum in Shilajeet (71.3) with S. nigrum and minimum in PS 
– 1042 (0.2) with C. dactylon.  However, it was positive in 
Shilajeet with A. conyzoides and both Ankur and Bragg with C. 
dactylon. The differences between weed species, varieties, 
treatments, varieties x treatments, and treatments x weed 
species  were  significant  at  p<0.01.   On  the  basis of per cent 
reduction  in  total  seedling  dry  weight,  the  effect  of  different 
weed   extracts    followed    the   order :    P. hysterophorus > S. 
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Table – 4: Effect of weed extracts on total number of protein bands in seedlings of different varieties of soybean. 
 

Weed species Treatments/ 
Varieties 

 
Control A. conyzoides C. dactylon P. hysterophorus S. nigrum 

Ankur 10 8 7 11 13 
Bhatt 12 9 9 11 14 
Bragg 10 11 11 9 10 
PK – 416 10 10 6 7 8 
PS – 1042 11 8 8 11 9 
Shilajeet 9 9 10 7 7 
 

Table – 5: Similarity Index (SI) in protein profile of seedlings with different weed extracts in different varieties of soybean. 
 

Treatments Treatment  
Control A. conyzoides C. dactylon P. hysterophorus S. nigrum 

 

Ankur 
Control 100 26 17 30 29 
A. conyzoides  100 20 20 14 
C. dactylon   100 21 20 
P. hysterophorus    100 36 
S. nigrum     100 

Bhatt 
Control 100 33 38 30 38 
A. conyzoides  100 38 35 30 
C. dactylon   100 40 35 
P. hysterophorus    100 36 
S. nigrum     100 

Bragg 
Control 100 47 47 19 17 
A. conyzoides  100 100 24 21 
C. dactylon   100 24 21 
P. hysterophorus    100 25 
S. nigrum     100 

PK – 416 
Control 100 35 19 0 6 
A. conyzoides  100 13 6 6 
C. dactylon   100 15 14 
P. hysterophorus    100 33 
S.nigrum     100 

PS – 1042 
Control 100 33 33 38 39 
A. conyzoides  100 44 37 44 
C. dactylon   100 37 38 
P. hysterophorus    100 42 
S. nigrum     100 

Shilajeet 
Control 100 33 26 19 13 
A. conyzoides  100 42 19 20 
C. dactylon   100 18 19 
P. hysterophorus    100 31 
S. nigrum     100 
 

nigrum > A. conyzoides, and > C. dactylon.  Among the 
varieties, Ankur, Bragg (both positive effect) and PS – 1042 
(0.2) all with C. dactylon was resistant and Shilajeet (71.3) with 

S. nigrum was susceptible.  Inhibiton in seedling growth of 
soybean  with  different  annual  weeds  was  also   reported   by 
Bhowmik  and  Doll  (1984)  and  with different weed extracts on 
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Fig. 1: Gels showing the effect of weed extracts on seedling protein profiles in different varieties of soybean.  
M  =  Marker,   1   =  Control,     2   =  A. conyzoides,    3   =  P. hysterophorus 4   =  S. nigrum, and   5=  C. dactylon  
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different legume crops by Xavier (1990) and Suseelamma et al. 
(1992). 
 

 In general, the total protein content (mg/g f wt.) in 
different varieties of soybean was either increased or 
decreased with different weed extracts except PS – 1042 with 
C. dactylon, in which it was remain same (Table 3).  It ranged 
from 2.9 in Shilajeet to 7.0 in Bragg in control and in 
treatments, it was 2.7 with C. dactylon to 19.2 with P. 
hysterophorus both in Shilajeet (Table 3).  A significant 
increase (6.6 times from control) was observed in Shilajeet with 
P. hysterophorus and similarly, a significant reduction (30% 
from control) was also observed in Bragg with C. dactylon.  The 
total protein content was increased with all the weed extracts in 
Ankur, Bhatt and PK – 416; three in both PS – 1042 and 
Shilajeet; and two in Bragg.  Interestingly, the protein content 
was increased in all the varieties with S. nigrum; it was in 83% 
each with A. conyzoides and P. hysterophorus; and 67% with 
C. dactylon.  Xavier (1990), and Suseelamma et al. (1992) 
reported a significant reduction in protein content in Phaseolus 
mungo, horse gram, respectively when treated with different 
weed extracts. Whereas, Harris (2001) reported an increase in 
protein content in soybean seedlings with sunflower extracts.  
In the present study, all extracts significantly affected protein 
content in all the varieties of soybean except PS – 1042 with C. 
dactylon, in which it had no effect indicating more resistant 
compared to other varieties.  Further, these protein samples 
were examined whether there is any effect on protein banding 
pattern or not ?  The results indicated that the total number of 
protein bands were either increased, decreased or remain 
same with different weed extracts compared to control (Fig. 1).  
The total number of bands ranged from 9 to 12 in control, and 8 
to 11 with A. conyzoides, 6 to 11 with C. dactylon, 7 to 11 with 
P. hysterophorus, and 7 to 14 with S. nigrum (Table 4).  The 
molecular weight ranged from < 14.4 to 97.4 KD.  The protein 
banding pattern in different varieties with different weed 
extracts indicated both common and specific bands both in 
control and treatments (Fig. 1).  The similarity index (SI) on the 
basis of presence or absence of protein bands in control and 
treatments, indicating that it was 100 per cent between A. 
conyzoides x C. dactylon in Bragg; zero between control x P. 
hysterophorus in PK – 416; and intermediate in the rest of the 
combinations (Table 5) indicating that the effect of 
allelochemicals present in the weed extracts were similar in the 
former than the others. 
 

 Thus, the influence of weed extracts on soybean 
seed germination, seedling growth (both length and dry 
weight), total protein content and its profile were due to the 
presence of allelochemicals particularly phenolics (Alsaadawi 
and Rice,  1982; Saxena et al., 2003) and other secondary 
metabolites like growth regulators, alkaloids, terpinoides and 
toxins (Rice, 1984).  Saxena et al. (2004) identified gallic, 
vanillic and p-hydroxybenzoic acids in the extracts of both A. 
conyzoides and P. hysterophorus may be responsible for the 
inhibition in the present study.  Among the varieties of soybean, 
Bhatt was resistant and PS – 1042 was susceptible in terms of 

seed germination; PS – 1042 was resistant and Shilajeet was 
susceptible in terms of total seedling dry weight; and total 
protein and number of protein bands. Among the weed extracts, 
the inhibitory effect was maximum with S. nigrum and minimum 
with C. dactylon.  The in vitro results of the present study 
indicates the allelopathic effect of all four weed species in all the 
varieties of soybean.  Natural conditions are however, more 
complicated than laboratory bioassays.  Therefore, field 
experiments are necessary before any final conclusions are 
made on allelopathic effect of these weed species. 
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