
Effects of Cattle Stocking Rate on Soil Quality and Herbaceous Vegetation 

matter yield of herbaceous species. A total of one hectare of range-land which have nearly equal carrying capacity was 
divided into 12 paddocks in which 0.08ha each paddock and randomly stocked with heavily-stocking rate of ýve animals 
unit per month/ ha (T1); moderately-stocking-rate of 2.4 animal unity per month/ha (T2) and lightly-stocking-rate of 1.67 
animal unity per month/ha  (T3). The higher organic carbon and organic matter were observed from the plot stocked 
with T3 as compared to plot stocked withT1 and whereas, lower nitrogen content was obtained from plot area stocked 
with T1 than plots stocked T2 and T3. Likewise, lower dry matter yield of 2.77 t /ha was obtained from plot area stocked 
with T1 as compared to plots stocked withT2 (4.52 t/ha) and T3 (4.81 t/ha). The grass species diversity and richness 
were not inþuenced (P>0.05)  by di erent stocking rates, but more grass species diversity was obtained from plot area 
that stocked with T2 than T1 and T3, whereas the lower (P<0.05) grass species richness was obtained from plot area 
that stocked withT1 as compared plots stocked withT2 and T3. Overall results from this study indicated that lightly 
stocking rate (T3) has the potential to improve forage dry matter yield, soil chemical compositions and herbaceous 
species diversity and richness as compared to heavily and moderately stocking rates.
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Experimental site and treatments

In 2016, one hectare of rangeland was fenced using locally available 
woody material for the purpose of studying the effects of stocking rates 
on the condition of the range. The fenced area was divided into twelve 
paddocks, each with an area of 0.08 hectares and similar carrying 
capacity. The paddocks were carefully fenced off using locally available 
woody material, with the help of pastoral communities, to prevent the 
movement of experimental animal units from one paddock to another. 
Different cattle stocking rates were used per each paddock, and the 
vegetation was completely grazed and the standing biomass trampled 
down and partially incorporated into the upper soil layer. The cattle 
stocking rates used in this study as experimental units were: heavy 
stocking rate of five animal unit per month/ha (T1), moderate stocking 
rate of 2.4 animal unit per month/ha (T2), light stocking rate of 1.67 
animal unit per month/ha (T3) and control comprised permanent 
enclosures only (T4) and each grazing treatment was replicated three 
times per paddock. An experimental site was protected from livestock 
for three years (2017-2019) after introduction of cattle with different 
stocking rates and whereas, animals in each paddock were allowed to 
continuously graze, with unrestricted and uninterrupted access to the 
grazing unit, for a period of 2 months (December and January).

Soil sample collection and analysis

Within each paddock, three samples every five meter transects 
were placed in a Z-shaped orientation, starting at least two meter away 
from the boundaries of each paddock in order to avoid edge effects at 
end of experimental periods (November, 2019). Three 0.5m² quadrats 
were placed along each paddock, with a distance of one meter between 
them. Soil samples from the upper 20 cm were collected at the center of 
each quadrat. These three soil samples from each quadrat were mixed 
together to create a composite sample weighing one kg. The soil samples 
collected from the field were taken to JARC- soil laboratory. Then 
samples were sieved through a 2 mm mesh to remove stones, roots, 
and large organic residues. After that, they were allowed to air-dry 
and sealed in plastic bags and stored at room temperature for further 
chemical analyses. The soil sample was analyzed at soil laboratory 
located at Debere Birhan Agricultural Research Center. The method of 
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Results and Discussion 
Impacts of stocking rate on soil chemical composition 

The impacts of stocking rate on chemical compositions of soil are 
presented in Table 1. The nitrogen content was significantly (P<0.05) 
affected by stocking rate, lower value was recorded for the area received 
T1 than areas stocked T2 and T3. But, the organic carbon and organic 
matter were not significantly (P>0.05) affected by stocking rates but 
better soil organic matter and organic carbon were observed from plots 
stocked by T3 and T2  as compared to area stocked by T1.  Moreover, 
the findings from this study revealed that carbon to nitrogen ratio, 
phosphorus and potassium contents were not significantly (P>0.05) 
affected by three cattle stocking rates (T1, T2 and T3), but the higher 
carbon to nitrogen ration and available phosphorus were obtained from 
the area stocked by T1 as compared to areas stocked by T3 and T2.The 
higher organic carbon and organic matter contents were observed 
from lightly stocked area than heavily and moderately stocked. This is 
might be low cattle trampling impact and cattle dunging and urination 
which promotes massive vegetation cover and this is add more little 
and hence, high level of carbon and organic matter. The study reported 
by [15] proved that a lower amount of organic matter was observed 
for the areas heavily stocked than lightly and moderately stocked. 
Moreover, [19] examined the effect of different cattle stocking rate on 
the soil chemical and physical properties, shown that amount of soil 
carbon was significantly decrease as cattle stocking pressure increased. 
On the other hand, the lower organic carbon and organic matter was 

recorded from heavily stocked area, is may be due to decreasing the 
vegetation cover. The another study with Bermuda grass, a low stocking 
rate resulted in greater increases in soil carbon and nitrogen than a 
high stocking rate [28]. However, the higher carbon to nitrogen ratio 
and phosphorus were noted for heavily stocked area than moderately 
and lightly stocked. Indeed, carbon to nitrogen ratio is positively 
associated with cattle stocking rate which demonstrated that stocking 
rate increased carbon to nitrogen ration increases as consequences. 
Previous study reported by [29] had demonstrated that the carbon-
nitrogen ratio was increased with an increased stocking rate. 

Impact of stocking rate on dry matter yield

Table 2 presents the impacts of varying cattle stocking rates on 
dry matter yield (t/ha). The results indicate a significant (P<0.001) 
difference among stocking rates on the dry matter yield of pastureland. 
The highest dry matter yield was observed in plots stocked by T2 and 
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leads reduction in plant species composition. The higher herbaceous 
diversity and richness of annual and perennial species was moderately 
and lightly grazed lands. In contrast to this study, [35] reported that 
areas grazed with light grazing intensity in the desert rangelands does 
not increase perennial grass diversity and richness.

Conclusion and Recommendation
This study examined how different stocking rates of cattle affect 

dry matter yield, soil chemical compositions, and herbaceous species 
diversity and richness. Areas with moderate and light stocking rates 
had higher levels of soil organic carbon, organic matter, and dry 
matter yield compared to heavily stocked areas. The study also found 
that increasing the stocking rate of cattle may lead to a decrease in 
herbaceous species diversity and richness. Overall, the results of this 
study showed that heavy cattle stocking rate resulted in lower dry 
matter yield, soil organic carbon, soil organic matter, total nitrogen, 
and herbaceous species diversity and richness. The findings also 
suggested that a light stocking rate (T3) has the potential to improve 
forage dry matter yield, soil chemical compositions, and herbaceous 
species diversity and richness compared to heavy (T1) and moderate 
(T2) stocking rates. Additionally, future research should consider 
the potential effects of stocking rate on the chemical composition of 
herbaceous species.
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