
Table 1.- Soils samples 
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Buchloe 

Dactyloides(1) 
seeds x box 

 
Cynodon 

Dactylon(2) 
seeds x box 

1 2 3 4 1 2 3 4 
1 A 6.00 Distilled 30 30 30 30 30 30 30 30
2 B 7.80 Distilled 30 30 30 30 30 30 30 30
3 C 7.00 Distilled 30 30 30 30 30 30 30 30
4 D 8.00 key 30 30 30 30 30 30 30 30
5 E 9.00 Alkaline 30 30 30 30 30 30 30 30
6 F 5.00 Acid 30 30 30 30 30 30 30 30
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Abstract 
Phytoremediation is an efficient technical alternative in remediation of sites contaminated with metals & metalloids. The 
objective of this study is to analyze the germination of two different Grasses (Buchloe dactyloides & Cynodon dactylon) 
in a contaminated site. These species are native of semi-arid regions, which make them drought resistant and tolerant to 
low temperatures. These kinds of grass don’t need so much water, so it is a very good alternative in arid climates. The 
experiment consisted in the observation of the two different species germinating in six kinds of soil with high content of 
As, Cd, Pb and Zn and pH between 5 and 9. Four repetitions were considered by type of seed and soil (treatment). Results 
were analyzed using a generalized lineal statistic model with desbalanced mating. Statistical differences were obtained 
between the treatments and the type of seeds. The results were compared using Tukey test (5%) and the coefficient of 
variation from grasses were compared, Buchloe dactyloides was 22, 9% and the Cynodon dactylon was 41,4%,  
Conclusion was that grass  Buchloe dactyloides had the best germination in the analyzed soils.  
 
Introduction 
The environmental impact caused by contamination of 
mining sites depends on the capacity of the interactions 
with soil and water, it also depends in the physico-
chemical and biological environment conditions, these 
conditions can change the oxidation state of metals. The 
change of oxidation state and the pH can increase or 
decrease potential risk of bioavailability of the metal in 
soil (USEPA, 2001).  In the individual case of the soils, 
if metals are bioavailable, they can affect the fertility 
and/or future use of the soils, and also the exposition 
risk to the population (Gulson et al, 1996). 
Phytoremediation is an emergent technology that uses 
plants to remedy air soils, sediments, contaminated 
surface water and underground water contaminated by 
toxic metals, organic toxins and different contaminant 
agents. Phytoremediation is the alternative with the best 
cost-benefit with respect to the mechanic or physic-
chemical processes (Salt et al, 1998). 
The Bufalo grass (Buchloe dactyloides) is a Mexican 
native species that has a perennial cycle, requires very 
small amounts of water and nutrients; it is drought 
resistant, tolerates salinity and low temperatures (Brede, 
2000). The Bermuda grass (Cynodon dactylon), is an 
African native with perennial cycle, it grows in sand & 
clay soils with a pH range between 5 and 8. It is tolerant 
at dry and warm summer seasons, and, it tolerates saline 
conditions (USDA NRCS, 2000). Germination time of 
both seeds is between 3 and 21 days, in a range of 20 to 
35°C temperatures.  
 
The objective of this study was evaluate the 
germination of the grasses,   Buchloe dactyloides and  
Cynodon dactylon, in soil with mining waste, 
previously characterized with high concentrations of 
As, Cd, Pb and Zn. 
 

Methodology and Experimentation  
Two different types of soil were used to evaluate the 
germination of the 2 species. The seeds of the grasses 
were germinated in Petri boxes, where 4 replicas were 
prepared with a sample of soil and a seed type. Thirty 
seeds were placed in each box (one kind of seed by box 
(table 1)). All Petri boxes were irrigated with water 
according to the soil sample and were placed in a dry 
oven at 28 °C +/- 2 °C by germination time. 
Characterization of the Soil.  
Three soil samples were previously collected in the 
mining site. The reference target was an 
uncontaminated soil of similar characteristics in texture. 
The soils were characterized for As, Cd, Pb and Zn 
metal totals and soluble levels. According to the 
procedures of the Official Mexicana Law 147 (NOM-
147), using optic plasma equipment inductively coupled 
plasma (ICP) (Thermo Jarrell Ash IRIS/APDIV). 
. Six soil samples were prepared to evaluate the 
germination of the seeds in soil with a range of pH 
between 5 to 9 (table 1). 
Alkaline and acid water were prepared to irrigate the 
seeds and to prevent alterations in the pH of the soil. 
Results were analyzed statistically with general lineal 
models with unbalanced mating using 2 factors 
(treatment and seed) with repetition, using the program 
Minitab 15. 



Table 2.- Concentrations of metals totals 
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CONCENTRATIONS  (mg-Kg- 1 ) 

As 
(NOM-147) 

Cd 
(NOM-147) 

Pb 
(NOM-147) 

Zn  
(USEPA2002)  
of the región 9 

R 22 R 37 R 400 R 200 

I 260 I 450 I 800 RSH 3000 
A 2153,30 82,58 6340,38 8082,77 
B 2447,15 98,72 6227,56 11441,56 
C 1171,16 200,52 9172,16 9506,29 
D 27,61 4,60 401,56 229,49 
E 2549,33 142,91 5516,44 15309,95 
F 2956,18 126,89 5455,38 14502,99 
R: residential   I: industrial   RSH: risk to the human health. 

Results 
The concentrations of metal totals obtained in the 
characterizations of the soils,confirming that soil is 
highly contaminated with these metals and only type 
¨D¨ is recommended for industrials zones according 
NOM-147 and USEPA2002 and limits showed in table 
2.The concentrations of metal solubles obtained in the 
characterizations of the soils are shown in table 3, the 
soil type ¨F¨ exceeds the recommended concentrations 
for Cd & Zn. 

 
 
 
 
 
 
 
 
 
 
 
Results of germination in % are shown in graph 1 It can 
be noted that the grass Buchloe dactyloides shows the 
best germination. 

Graph 1. - Comparison of the germination 
 
Statistic analysis (graphs 2 and 3), indicates that we 
have no difference between treatments A, B, C, D, 
where the same germination results will be obtained 
with a pH soil ranging between 6 and 8.  
Between treatments D and F we can see no differences. 
Tukey means were compared and the coefficient of 
variation of the Grass Buchloe dactyloides was 22, 9%, 

and in the grass Cynodon dactylon was 41, 4%, this 
indicated that use of grass Buchloe dactyloides will be 
more efficient in germination. 
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Graph 2. - Means of treatment and seeds 
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Graph 3. - Means of treatment and repetitions 
 
Conclusions 
Soils with pH with ranges between 6 to 8 have more 
potential and same germination results will be obtained. 
In soils with pH <5 and > 9 will be obtaining same 
germination results, and not exist any difference 
between one soil much acid and one soil much alkaline. 
In the seeds we have a difference between them, 
obtaining better result and major potential the grass 
Buchloe dactyloides (1).    
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Table 3.- Concentrations of metals soluble 
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Concentrations  (mg-L- 1 ) 
As Cd Pb Zn 

0,500 0,100 0,500  
A 0,086 0,040 0,031 1,281 
B 0,103 0,046 0,064 1,620 
C 0,082 0,096 0,052 0,166 
D 0,129 0,004 0,044 0,051 
E 0,096 0,007 0,103 0,513 
F 0,074 0,361 0,017 29,509
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