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Abstract – The compost obtained from composting organic 

fraction of Municipal solid waste using different initial mix 
ratios (70%, 80% and 90%) was used to evaluate 
phytotoxicity of gram seeds (Cicer arietinum) and  fenugreek 
seeds (Trigonella foenum-graecum) using a seed germination 
method. The results showed that composting generally 
reduced the phytotoxicity of the mixtures. A germination 
index was the highest in the mix ratio of 1:9 after 72hrs in the 
gram seeds (Cicer arietinum) obtained from the compost of 
municipal solid waste. The germination percentage, 
germination index and vigour index values were relatively 
higher in the compost. The vigour index was found to be 
maximal in the mix ratio of 1:9 after 72hrs in the fenugreek 
seeds (Trigonella foenum-graecum) from the municipal solid 
waste compost. The effects of compost water extracts on seed 
germination were measured to calculate the germination 
index (GI).  
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I.  INTRODUCTION  
 

Phytotoxicity is one of the most important criteria for 
evaluating the suitability of compost for agricultural 
purposes and to avoid environmental risks before these 
composts can be recycled back to agricultural land 
[1][2][3]. These effects occur because immature compost 
induces high microbial activity (which reduce oxygen 
concentration in the soil), blocks the existing soil available 
nitrogen [4]. Immature compost also introduces phytotoxic 
compounds such as heavy metals [5]. Phenolic compounds 
[6], ethylene and ammonia [5], excess accumulation of 
salts [5], and organic acids [7] which could retard seed 
germination and plant growth. Acetic acid is probably the 
most damaging organic acid released from immature 
compost, but there are also other compounds that 
contribute to the phytotoxic effect [8]. In fact, application 
on soil of no stabilized organic materials could affect both 
crops and the environment because of the presence of 
phytotoxic compounds [9]. High concentrations of salt and 
the release of organic acids into the composts are also 
correlated to inhibition of germination and growth. 
Phytotoxicity is often best evaluated by conducting 
germination or growth tests [1][10], but the test plants 
have to be chosen with care [11]. Germination Index (GI) 
is the best way to test the phytotoxicity of compost to plant 
growth because the results of it are quite straightforward 
and reliable. Germination bioassays are widely used to test 
for salinity, soil pathogens, toxic substances and some 
other physical and chemical properties of compost 
[12][13], which could be the major potential reasons of 

phytotoxicity. Several investigators reported that 
phytotoxic compounds are gradually eliminated during the 
composting process, which could explain the GI increases 
with composting time. The Germination index (GI), which 
combines measures of relative seed germination (G%) and 
relative root elongation (L%), has been used to evaluate 
the toxicity of compost. [5][14]. It has been noted that a GI 
value of 80% indicated the disappearance of phytotoxins 
in composts [13]. [3] used this value not only as indication 
of the disappearance of phytotoxicity but also as an 
indication of the maturity of compost. The germination 
index is a maturity test based on seed germination and 
initial plant growth using a liquid extract from the compost 
[13]. It reflects the phytotoxicity of the compost extracts at 
different stages of composting. The compost is considered 
mature when the germination index is higher than 60 %, 
compared to the control with distilled water [15]. The 
most popular germination test used by researchers is from 
cress test [13]. In their opinion, the compost is non-toxic 
when the germination rate is more than 85% or the plant 
seedling weights are more than 90%. Beside, composting 
scientists found that GI at each composting time did not 
show any significant changes with the dilutions of the 
extract, or even when the extract was diluted up to 75% 
with distilled water. They conducted that ammonia and 
low molecular weight organic acids were two phytotoxic 
substances proposed and plant growth increased as these 
disappeared. [16] reported that when the GI is more than 
80 % Compost is considered mature and practically free of 
phytotoxic substances. An increased GI is indicative of 
decreased phytotoxicity and thus of a more mature product 
[3][17][18]. 

 
II.  M ETHODS AND MATERIAL  

 
Study area - Jamshedpur is a city located in the popular 

state of Jharkhand in India, founded by the late Jamshedji 
Nusserwanji Tata. The city of Jamshedpur, known as the 
Steel City, is part of the East (Purba) Singhbhum District 
of the newly formed state of Jharkhand. Jamshedpur is the 
headquarters of the East Singhbhum District which was 
formed by isolating 9 blocks from greater Singhbhum on 
16th January 1990. [19] 

Jamshedpur was the first planned city in India, nurtured 
by Tata Steel. Jamshedpur is also the first ISO 9005 
certified city in INDIA Jamshedpur has one of the highest 
per capita incomes in the country and is the only town 
whose municipality is governed by a corporate house. [19] 
Phytotoxicity evaluation of MSWC- The phytotoxicity 
of compost extracts was evaluated by the seed germination 
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technique [4][5][20]. Gram seeds (Cicer arietinum) and 
fenugreek seeds (Trigonella foenum-graecum) were 
surface sterilized by immersion in 75% alcohol for three 
minutes followed by transferring in 0.001 HgCl2 solution 
for two minutes with periodical agitation and finally 
thoroughly washed with sterilized distilled water to get rid 
of toxic chemicals[21]. 10 ml of water compost extract 
was applied to filter paper in a Petri dish and 5 seeds were 
then placed on the filter paper. All experiments were run 
in replicate.  
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III.  Observation 

  
The phytotoxicity of compost extracts was evaluated by 

the seed germination technique. Water extract was 

obtained by shaking 10g of dried compost with 100 ml of 
distilled water for 15h at room temperature in the dark. 
The flask was then centrifuged for 20min and the 
supernatant was filtered through whatman No. 42 filter 
paper. The pH and electrical conductivity (EC) of these 
extract was examined. 

10ml of compost extract was applied to filter paper in a 
Petri dish and 5 seeds were then placed on the filter paper. 
All experiments were run in replicate. The Petri dishes 
were sealed with tape to minimize water loss while 
allowing air penetration and then were incubated in the 
dark for 72 hours at room temperature, the seed 
germination percentage and root length of the plants in the 
extracts were determined. The seed germination in 
distilled water was used as control. The percentage of seed 
germination, root elongation and germination index (GI) 
was calculated.  

The data of seed germination after 72 hours for the 2 
replicates containing 5 seeds in each compost mix are 
shown in the (Table 1 and 2). The GI values in compost 
mixtures of initial percentage of compost extract were 
70%, 80% and 90%. The seed germination percentages 
were the highest in reactor 80% for the green gram and 
70% for the fenugreek seeds. The relatively low 
germination value in 90% compost extract mixture for 
green gram and 80% for fenugreek seeds.   

 MRL MSG RE% GI% 
(After 24h) 
70%  
80% 
90% 
100% 
Control 

 
0.13 
0.13 
0.08 
0.07 
0.07 

 
100 
100 
100 
100 
100 

 
185.71 
185.71 
87.5 
100 
100 

 
185.71 
185.71 
87.5 
100 
100 

(After 48h) 
70% 
80% 
90% 
100% 
Control 

 
2.25 
2.14 
2.19 
2.11 
2.32 

 
100 
100 
100 
100 
100 

 
96.99 
92.25 
94.39 
90.95 
100 

 
96.99 
92.25 
94.39 
90.95 
100 

(After 72h) 
70% 
80% 
90% 
100% 
control 

 
3.73 
3.83 
3.71 
3.82 
3.81 

 
100 
100 
100 
100 
100 

 
98.07 
82.63 
100.39 
79.15 
100 

 
98.07 
82.63 
100.39 
79.15 
100 

MRL- mean root length,  
MSG- mean seed germination 
RE- root elongation   
GI- germination index 
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Fig 1. showing the growth of gram seeds at different time 

intervals 
 

Table 2. Seed germination table for Fenugreek seeds 
(Trigonella foenum-graecum) 

 MRL MSG RE% GI% 
(After 24h) 
70% 
80% 
90% 
100% 
control 

 
0.1 
0.07 
0.08 
0.07 
0.11 

 
100 
  90 
100 
  90 
100 

 
90.91 
63.64 
72.73 
63.64 
100 

 
90.91 
57.28 
72.73 
57.28 
100 

(After 48h) 
70% 
80% 
90% 
100% 
control 

 
1.28 
1.24 
1.35 
1.21 
1.48 

 
100 
  90 
100 
  90 
100 

 
86.49 
83.79 
91.22 
81.76 
100 

 
86.49 
75.42 
91.22 
73.59 
100 

(After 72h) 
70% 
80% 
90% 
100% 
control 

 
2.54 
2.14 
2.60 
2.05 
2.59 

 
100 
  90 
100 
  90 
100 

 
98.07 
82.63 
100.39 
79.15 
100 

 
98.07 
74.37 
100.39 
71.24 
100 

MRL- mean root length,  
MSG- mean seed germination 
RE- root elongation   
GI- germination index 
 

 
 

 
 

 
Fig 2.  showing the growth of fenugreek seeds at different 

time intervals 
  

The GI values of gram seeds in composting mixtures of 
initial mix ratios of 70%, 80,%,90% and 100% were 
98.07, 82.63, 100.39 and 79.15 on day 3 respectively 
(Table 1), Similarly the GI values obtained from fenugreek 
seeds in composting mixtures of initial mix ratios of 70%, 
80,%,90% and 100% were  98.07, 82.63, and 79.15 
respectively (Table 2). 

The responses of gram seeds (Cicer arietinum) and 
fenugreek seeds (Trigonella foenumgraecum) to the 
toxicity of the compost water extracts during the 
phytotoxic evaluation in term of the relative seed 
germination and relative root elongation percentages were 
illustrated in (Figure 1 and 2). The percentage of seed 
germination, root elongation and germination index (GI) 
was calculated. GI of gram seeds and fenugreek seeds was 
very low as compared to the control using distilled water. 

The GIs in the composting mixtures of initial mix ratios 
70%, 80%, 90% were over 80% during the composting. 
The GI value of gram was maximum (100.39) in reactor 
90% and for fenugreek seed the GI value was maximum 
(98.07) in reactor 70%.  
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IV.  RESULTS AND DISCUSSION 
 
The percentage of seed germination, root elongation and 

germination index (GI) was calculated according to [4]. 
The responses of gram seeds (Cicer arietinum) and 
fenugreek seeds (Trigonella foenumgraecum) to the 
toxicity of the compost water extracts during the 
phytotoxic evaluation in term of the relative seed 
germination and relative root elongation percentages were 
illustrated in Figure 1 and 2. The pH and electrical 
conductivity (EC) of these extract were determined 
[13][20].  

The phytotoxicity of compost extracts was evaluated by 
the seed germination technique [4][5][20]. Gram seeds 
(Cicer arietinum) and fenugreek seeds (Trigonella 
foenum-graecum) were surface sterilized by immersion in 
75% alcohol for three minutes followed by transferring in 
0.001 HgCl2 solution for two minutes with periodical 
agitation and finally thoroughly washed with sterilized 
distilled water to get rid of toxic chemicals [21]. 

The elimination of phytotoxicity has also been widely 
used as a measure of compost maturity [6]. GI of gram 
seeds and fenugreek seeds was very low as compared to 
the control using distilled water, probably due to the 
phytotoxic effects of ammonia and low molecular weight 
of organic acids [16]. 

The GI values of gram seeds in composting mixtures of 
initial mix ratios of 70%, 80,%,90% and 100% were 
98.07, 82.63, 100.39 and 79.15 on day 3respectively 
(Table 1). Similarly the GI values obtained from fenugreek 
seeds in composting mixtures of initial mix ratios of 70%, 
80,%,90% and 100% were  98.07, 82.63, and 79.15 
respectively (Table 2). [4] reported that a GI value of more 
than 80% is an indication of phytotoxic-free and mature 
compost. Similar suggestions were also reported by [5]. 
The GIs in the composting mixtures of initial mix ratios 
70%, 80%, 90% were over 80% during the composting. 
The GI value of gram was maximum (100.39) in reactor 
90% and for fenugreek seed the GI value was maximum 
(98.07) in reactor 70%.  

This result is an agreement with that obtained by [17], 
which reported that moisture was the most important 
factor inhibiting seed germination and root elongation of 
all species examined.  

 
V. CONCLUSION 

 
The physicochemical and phytotoxicity changes during 

the reactor composting of MSW, have been investigated at 
initial mix ratios of 70%, 80%, 90% and 100%. The final 
characteristics indicate the stability and usability of the 
compost in the entire ratio. The final GI in composting 
mixture of reactors the percentage 70, 80 and 90 was over 
80%; however, the GI in the composting mixtures of mix 
ratio 100% for gram and fenugreek was not over 80% 
during the test.  

The results of the current work indicate the necessity to 
stabilize the compost before its application to agricultural 
soil in order to avoid environmental problems and 
phytotoxicity.   

VI.  ACKNOWLEDGMENT  
 
I, Mir Syeda Yuhannatul Humaira, express my deep 

sense of gratitude to my research supervisor Dr. Manoj 
Ranjan Sinha, Associate Professor, Department of Botany, 
Jamshedpur Co-Operative College, Jamshedpur, for his 
kind co-operation and guidance in the research work. I am 
also extremely grateful to my parents who make home 
environment suitable for my research. 
 

VII.  REFERENCES 
 
[1] Brewer, L. J. and D. M. Sullivan (2003). Maturity and stability 

evaluation of composted yard trimmings. Compost Science & 
Utilization, 11(2):96–112. 

[2] Cooperband,  L. R.; A. G. Stone; M. R. Fryda and  J. L. Ravet 
(2003). Relating compost measures of stability and maturity to 
plant growth. Compost Science and Utilization, 11: 113–124. 

[3] Tiquia S. M.; N. F. Y. Tam and I. J. Hodgkiss (1996). Effects of 
composting on phytotoxicity of spent pig-manure sawdust litter. 
Environmental Pollution, 93: 249–56. 

[4] Zucconi, F.; A. Pera; M. Forte and M. de Bertoldi (1981). 
Evaluating toxicity of immature compost. BioCycle, 22 (4): 54-
57. 

[5] Tam, N. F. Y. and S. M. Tiquia (1994). Assessing toxicity of 
spent sawdust pig-litter using seed germination technique. 
Resources, Conservation and Recycling,11: 261-274.  

[6] Wong, M. H. (1985). Phytotoxicity of refuse compost during the 
process of maturation. Environmental Pollution, 37: 159-174.  

[7] Manios, V. I.; P. E. Tsikalas and H. I. Siminis (1989). 
Phytotoxicity of olive tree in relation to organic acid 
concentration. Biological Waste, 27: 307- 317.  

[8] Ozores, Hampton, M. (1998). Compost as an alternative weeds 
control method. Horticultural Science, 33 (6): 938–940. 

[9] Butler, T. A., L. J. Sikora; P. M. Steinhilber and L. W. Douglass 
(2001). Compost age and sample storage effects on maturity 
indicators of biosolids compost. Journal Environmental Quality, 
30: 2141-2148. 

[10] Gariglio, N. F.; M. A. Buyatti; R. A. Pilatti; D. E. Gonzalez 
Rossia and M. R. Acosta (2002). Use of a germination bioassay 
to test compost maturity of willow (Salix sp.) sawdust. New 
Zealand Journal of Crop and Horticultural Science, 30:135–139.  

[11] Emino, E. R. and P. R. Warman (2004). Biological assay for 
compost quality. Compost Science & Utilization, 12 (4):342–
348.  

[12] Gajdos, R. (1997). Effects of two composts and seven 
commercial cultivation media on germination and yield. 
Compost Science & Utilization, 5: 16–37. 

[13] Zucconi, F.; A. Monaco; and M. Forte (1985). Phytotoxins 
during the stabilization of organic matter. In: Gasser J. K. R. 
(Editor), Composting of Agricultural and other Wastes, Elsevier 
Applied Science Publication, New York, NY, U.S.A. pp. 73- 86.   

[14] Wong. J. W. C.; K. F. Mak; N. W. Chan; A. Lam; M. Fang and 
L. X. Zhou (2001). Co-composting of soybean residues and 
leaves in Hong Kong. Bioresource Technology, 76: 99-106. 

[15] Zucconi, F. and M. de Bertoldi (1987). Compost specification 
for the production and characterization of compost from 
municipal solid waste. In: de Bertoldi, M.; M. P. Ferranti; P. L. 
Hermite; F. Zucconi (Eds), Compost, production, Quality and 
Use. Elsevier Applied Science. pp, 30-50. 

[16] Wei, Y. S.; Y. B Fan; M. G. Wang and J. S. Wang (2000). 
Composting and compost application in China. Resources 
Conservation and Recycling, 30: 277-300.  

[17] Bernal, M. P.; M. A. Paredes; M. A. Sanchez- Monedero and J. 
Cegarra (1998). Maturity and stability parameters of composts 
prepared with a wide range of organic wastes. Bioresource 
Technology, 63:91-99. 

[18] Bernal, M. P.; M. A. Paredes; M. A. Sanchez- Monedero and J. 
Cegarra (1998). Maturity and stability parameters of composts 



 
 

 

Copyright © 2016 IJRAS, All right reserved 
163 

International Journal of Research in Agricultural Sciences 
Volume 3, Issue 3, ISSN (Online): 2348 – 3997  

 

prepared with a wide range of organic wastes. Bioresource 
Technology, 63:91-99. 

[19] Jamshedpur City Development Plan under JNNURM. (2010) 
[20] Tiquia S. M.; N. F. Y. Tam and I. J. Hodgkiss (1996). Effects of 

composting on phytotoxicity of spent pig-manure sawdust litter. 
Environmental Pollution, 93: 249–56. 

[21] Rovira, A. D., (1956). Plant root excretions in relation to the 
rhizosphere effect. The nature of root exudates from oats and 
peas. Plant and Soil, 7: 178- 194.  

 
AUTHORS'  PROFILES 
 

 

Mir Syeda Yuhannatul Humaira, from Jamshedpur, 
Jharkhand, India. She was born on 24/01/1986 at 
Bhagalpur, Bihar, India. She received her Master’s 
degree in 2008 from Ranchi University, Ranchi. She is 
presently perusing her research work for Ph.D. degree. 

 
Dr. Manoj Ranjan Sinha- He received his Master’s Degree in Botany 
from Ranchi University.   He has been working as an Associate professor 
in Jamshedpur Cooperative College, Jamshedpur and still working there 
as Head of the Department. He did his research from the same 
University. He has credit of guiding Ph.D. for many students.  


