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ABSTRACT 
 

This study was aimed at undertaking systematic assessment on seasonal dynamics in botanical 

composition of the vegetation layers; evaluating the seasonal dynamics in nutritive value of the 

key native grass and browse species; determining the seasonal dynamics in soil nutrient status of 

the grazing areas; and investigating the perception and traditional ecological knowledge (TEK) 

of Nuer pastoralists regarding seasonal dynamics in rangelands’ resources. The study was 

executed in the rangelands of Gambella, on conducting surveys at community and household 

levels employing a structured questionnaire in a total of 120 respondents. The vegetation and 

soil surveys were conducted during the consecutive wet and dry seasons of 2013/14. Four 

representative sites were selected as per district, which include three wet season grazing areas 

(woodlands, open woodlands and riverine forests) and one dry season grazing areas (savanna 

grasslands). Vegetation and soil sampling was determined by transect and quadrat methods. 

Botanical composition of the range was determined. The key native forage species were sampled 

and analyzed for DM, OM, ash, CP, NDF and ADF. Soil samples were collected and analyzed 

for OC, OM, TN, available P, CEC, soil pH, and soil texture. The perception and ecological 

knowledge of the Nuer pastoralists regarding the undergone rangeland resources dynamics has 

been assessed. Statistical analyses of variance was carried out using Generalized Linear Model 

of SPSS to test the main and interaction effects of the vegetation and soil parameters.Cross-

tabulation and Chi-square tests were used to determine variations in the pastoralists’ 

perception. There were significant variation between seasons, species and their interaction at 

P<0.01 of the herbaceous layer in terms of their botanical composition. This indicates seasonal 

grazing areas dynamism of Gambella rangelands is great, especially of the grass vegetation 

communities. The woody layer botanical composition did not show significant seasonal 



iv 
 

variations (P>0.05) suggesting evergreen browses playing a vital role as a source of fodder 

when the herbaceous layer dried up and deteriorated. In the grass species except OM contents 

all of the parameters showed significant seasonal variations. Among the browse species all the 

nutritional parameters showed significant seasonal variations (P<0.01). The relatively higher 

CP value of the grass species during wet season indicates that grass species failed to supply 

sufficient nutrients for ruminants in dry seasons. Supplementation has been suggested to 

compensate for the drastic decline in the nutritive values of forage species as the dry season 

advances. High CP content of the browse species across seasons could justify their wider use as 

protein supplements for low quality tropical pastures. Except exchangeable cations K+ and Mg2+ 

all the soil characteristics showed no significant variations (P>0.05) seasonally. A more 

exhaustive measurement should be conducted over series of years on seasonal basis for a better 

understanding of the soil chemistry dynamics of the rangeland ecosystem. Nuer pastoralists have 

an in-depth knowledge and experience regarding the changes that the rangeland ecosystem has 

undergone. This knowledge and experience is believed to have profound importance for possible 

integration of scientific principles and practices for future sound rangeland management system 

in the region. 

 

Key words: ecological knowledge, herbaceous layer, Nuer pastoralists, range ecosystem, soil 

chemistry, woody layer 
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1. INTRODUCTION 

  
Majority of the ruminants in sub-Saharan Africa are raised on rangelands where feed resources 

are mostly natural grazing grasses, forbs with some browse shrubs and trees (Abusuwar and 

Ahmad, 2010). The productivity of range animals is directly related to the amount and nutritive 

quality of forage available to grazing animals (Hussain and Durrani, 2009a). Range resources are 

heterogeneous and dispersed, tied with seasonal rainfall patterns, differing through time and 

characterized by overall erratic climatic patterns (Nori et al., 2008). Grasslands in the tropics are 

subjected to distinct moist (usually summer) and dry (usually winter) seasons (Hardy et al., 

1997), resulting in large fluctuations in quantity and/or quality of the available herbage (Da Silva 

and de Carvalho, 2005). Botanical composition is one of the means of studying ecological 

changes in the development of a rangeland (Malan and Niekerk, 2005). The seasonal dynamics 

of vegetation is related to inter-specific and intra-specific plant species competition, carrying 

capacity of rangeland and land use management (Shuyskaya et al., 2012). Botanical composition 

and season of growth affect the digestibility of grasses, and the nature and quantities of products 

of digestion (Dohme et al., 2006). The changes in the composition of plant species in savanna 

ecosystems have a significant influence on the sustainability of livestock production (Sankaran et 

al., 2005). 

 

The productive value of a pasture is mostly determined by the amount consumed by an animal 

and contribution of the required nutrient for maintenance and production (Asaadi and Yazdi, 

2011). It is well known that forages have an important role in ruminant animal production in 

terms of providing energy, protein and minerals (Kamlak, 2010). Reports indicated that in most 

highlands of Ethiopia more than 90% of the feed for ruminant animals are derived from native 

forages, where the nutritional status of the latter may be affected by various factors (Tolera et al., 

1999). The availability and quality of the different browse and grass species is believed to vary 

from season to season due to marked seasonality in rainfall distribution that affects the growth 

and development of the plant species, particularly that of the grasses and other herbaceous 

species (Abebe et al., 2012). In East African rangelands, grazers are greatly influenced by the 

nutritional dynamics of forage, especially during the dry season (Teka et al., 2012).  In Ethiopia, 
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despite having good number of farm animals, productivity is quite low. Among other factors, 

poor nutrition is a major constraint limiting livestock performance. Consequently, this leads to 

high mortality amongst livestock, longer calving intervals, and substantial weight loss, 

particularly during dry season that usually extends from December to May in most of central 

Ethiopia (EARO, 2000; Belete et al., 2012). The deficiency of nutrients leads to under 

nourishment, low productivity and predisposes the livestock to diseases and parasite infections, 

and breeding problems (Rahim et al., 2008; Rasool et al., 2013). Therefore, it is important to 

monitor the nutrient contents and its dynamics over time and space so as to determine the 

rangeland’s carrying capacity and adjust stocking rates; decide proper time of utilizing the range 

vegetation, and prediction of any malnutrition and related health hazards.  

 

The survival and physical condition of plants depend on the regular supply of mineral nutrients 

from the soil (Badshah et al., 2012). Minerals are essential not only for the normal growth and 

development of plants but also for the growth, maintenance and productivity of grazing livestock 

in rangelands (Hussain and Durrani, 2008). Insufficient animal growth and reproductive 

problems can directly be related to mineral deficiencies caused by low mineral concentration in 

soils (Tiffany et al., 2000).  Soil is a heterogeneous, diverse and dynamic system (Kavianpoor et 

al., 2012). The soil property associations and their physical, hydrological, and biological 

characteristics that produce distinctive kinds and amounts of vegetation are an essential 

component of a given rangeland ecosystem (Pyke et al., 2002). Soils with good physical and 

chemical characteristics are essential in maintaining productivity in terrestrial ecosystems and 

driving processes that maintain environmental quality (Moussa et al., 2008). Soil properties 

change in time and space continuously (Rogerio et al., 2006). Heterogeneity may occur at large 

scale (region) or at small scale (community), even in the same type of soil or in the same 

community (Du Feng et al., 2008) and investigation of its temporal and spatial changes is an 

essential tool for a sound management skill (Kavianpoor et al., 2012). Determining soil 

variability is important for ecological modeling, environmental predictions, precise agriculture 

and management of natural resources (Søvik and Aagaard, 2003; Hangsheng et al., 2005; Wang, 

2009). Therefore, it is crucial to understand the seasonal dynamics of the soil nutrient status and 

subsequent adjustments in the management of the rangeland ecosystem. 
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Pastoralists’ management practices are ecologically adapted to local environmental conditions 

(Fernandez-Gimenez, 2000). Pastoralists understand the heterogeneity of arid environments and 

use appropriate management practices such as mobility and mixed stocking to adapt to such 

environments (Thomas and Twyman, 2004; Angassa and Oba, 2008). Transhumance pastoralism 

is based on more or less regular seasonal and cyclical migration of varying degrees between 

complementary ecological areas (Sulieman, 2013). Their mobility is a key strategy to gain access 

to seasonal availabilities of high quality forage and to reduce the vulnerability of livestock to 

local environmental risks (Kaimba et al., 2011). Such mobility enables the exploitation of 

heterogeneous environments in space and time (Solomon et al., 2007). The pastoral regions of 

Ethiopia, as elsewhere in Africa, have a fragile environment and unpredictable weather (PFE, 

IIRR and DF, 2010). Unlike other pastoral areas of Ethiopia, in Gambella rangeland is favored in 

rainfall amount and distribution and apparently in a better state of vegetation resources. In 

Gambella, extensive pastoral production system is practiced, especially in areas where the Nuer 

Pastoral communities inhabit (Tilahun, 2007). The Region is endowed with a huge number of 

livestock and supports the livelihood of a larger segment of the society (GPNRS, 2011). Range 

land is an important and key resource for the livestock-based livelihood of the Nuer community. 

Livestock feed comes from the native vegetation of the open woodlands, riverine forests and 

woodlands during the wet season, and the savanna grasslands during the dry season. No other 

feed is provided to livestock (ACORD, 1998; Tilahun, 2007).  

  

Pastoralists’ perception and ecological knowledge of vegetation changes are often ignored in 

studies aimed to improve management of rangelands (Roba and Oba, 2009). The significance of 

traditional range management in the arid lands of East Africa is rarely considered in the research 

conducted by range ecologists in the past. Despite this, the present management of rangelands to 

a large extent is dependent on pastoralists’ indigenous knowledge of such areas (Mapinduzi et 

al., 2003). Nowadays, many range scientists came to realize that pastoralists have extensive 

ecological knowledge (Berkes et al., 2000; Ladio and Lozada, 2009). Traditional ecological 

knowledge (TEK) is unique to different places and communities (Fernandez-Gimenez, 2000), 

and even to different individuals within a community (Kgosikoma et al., 2012). Examining such 

variability in the pastoralists’ ecological knowledge under different cultural and environmental 
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conditions is expected to provide a broader understanding of ecosystem dynamics (Kgosikoma et 

al., 2012).  

 

Substantial research and development works have been conducted in most of the arid and semi-

arid rangelands of Ethiopia. However, in the Gambella Regional State in general and the Nuer 

pastoral areas in particular, research and development interventions have been insignificant 

(Tilahun, 2007). Limited studies conducted in the region were focused on flora and vegetation 

and not directly related to the rangeland resources and the Nuer pastoralists. These were: 

baseline description of the flora of Gambella (Friis, 1992; Kelbessa et al., 1992; Tadesse, 1992); 

an ecological study of Gambella vegetation (Awas et al., 2001); and assessment of livestock feed 

resources, seasonal chemical composition and in sacco dry matter degradability of major forage 

species in Abobo woreda of Gambella (Gelayenew, 2012). Studies directly related to the 

rangelands of Gambella were biomass production, utilization practices and range condition in 

Nuer Zone by Tilahun (2007); and variability and management patterns of range resources in the 

Baro River plain by Kassahun and Asfaw (2008). Clearly, there is paucity of information on 

variations in botanical composition, nutritive values of forage species and soil nutrient status 

across season that would contribute to decision making regarding optimal utilization of the range 

resources. Moreover, issues of TEK on the nature and seasonality of the various ecological 

factors, which are important for proper rangeland management, were generally ignored in those 

limited studies. Therefore, the objectives of this study were to undertake systematic assessments 

of the seasonal dynamics in botanical composition of the herbaceous and woody layers; to 

evaluate seasonal dynamics in nutritive value of key native grass and browse species; to 

determine the seasonal dynamics in soil nutrient status of the grazing areas; and to investigate the 

perception and ecological knowledge of the Nuer pastoralists on seasonal dynamics in botanical 

composition, nutritive values of native forage species and soil nutrient status of the rangelands of 

Gambella, southwestern Ethiopia. 
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2. LITERATURE REVIEW 
 

2.1. Seasonal Dynamics in Botanical Composition of Tropical Rangelands 
 

2.1.1. Seasonal dynamics in botanical composition of herbaceous species  
 

Allen et al. (2011) defined the indigenous vegetation in a grazing land as predominantly grass, 

grass-like plants, forbs or shrubs that are grazed or have potential to be grazed, and which is used 

as a natural ecosystem for the production of grazing herds of wild or domestic ungulates. Trodd 

and Dougill (1998) stated that there is great seasonal dynamism of semi-arid vegetation 

communities, especially of the grass cover. Keba et al. (2013) based on his assessments 

concluded that production of herbaceous biomass is primarily determined by the amount, 

distribution and duration of rainfall. Awa et al. (2002) showed that in semi-arid areas of Chad 

and Cameroon forage quantity is directly related to rainfall. The study of Egeru et al. (2014) has 

been able to document inherent variation in the quantity of forage that exists between different 

land covers, seasons and locations in Karamoja sub-region. Egeru et al. (2014) furthermore 

indicated that the differences between wet and dry season forage quantity are attributable to 

variation in rainfall over the seasons.  

 

Findings stated that highly desirable and nutrient-rich species, such as Cynodon dactylon, are 

depleted in vegetation composition in areas where grazing pressure was high which might be 

related to its prostrate and short stature growth and hence relatively poor completion ability in 

the sward (O’Connor and Roux, 1995; Treydte et al., 2006; Haftay et al., 2013). However,   

Cynodon dactylon is considered a rather the dominant key species in rangelands that are severely 

overgrazed (Van der Westhuizen et al., 2005; Tefera et al., 2007) while most savannas elsewhere 

are degraded and dominated by unpalatable and annual herbaceous plant species (Abule et al., 

2005). Gemedo-Dalle et al. (2006) and Haftay et al. (2013) indicated that invader type grass 

species, besides their annual form of life their limited spatial distribution might be related with 

grazing pressure and be indicator of the rangeland deterioration. Sternberg et al. (2000) noted 

that overgrazing affect the botanical composition and species diversity by depressing the vigor 

and presence of dominant species, which then enables colonization by less competitive, but 
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grazing tolerant plant species, so called increaser species. According to Skarpe (1992) most 

grasses in savanna ecosystems are fairly tolerant to grazing, however, prolonged intense grazing 

eventually lead to a shift in species composition. Cyperus rotundus is one of the most serious 

weed problems in many parts of the world (Travlos et al., 2009). 

 

Cynodon dactylon is known as the dominant key species in a rangeland that is severely 

overgrazed in the Grassland Biome of South Africa (Jordaan, 1997; Van der Westhuizen et al., 

2005). According to Amsalu and Baars (2002), Adane (2003) and Admasu et al. (2010) in other 

rangelands of the country, Cynodon dactylon, which is tolerant to drought and heavy grazing, did 

exist during the dry season in the communal grazing areas. Haftay et al. (2013) indicated that 

less desirable grass species, such as Setaria verticillata and Sporobolus marginatus, were found 

only in the open-access grazed areas due to their low preference by grazing livestock. According 

to Coppock (1994), Solanum species are poisonous plants species that increase in abundance 

with increasing grazing pressure; typical indicators of a change in the condition of the rangeland 

towards deterioration.  

 
Agnoun et al. (2012) noted that Oryza longistaminata is distributed in all tropical Africa 

(including Madagascar), maintained in a stable and very less disturbed habitat and colonized the 

regularly flooded African and Malagasy plains. Panicum maximum is a tufted perennial grass 

very succulent and nutritious; highly palatable and preferred by most grazers; suitable for mix 

seeding with other legumes (Ullah et al., 2006; Arsenault and Own-Smith, 2008). This shows 

that there are palatable perennial plant species in the vegetation composition that contribute to 

the rangeland productivity. Hussain and Durrani (2009b) noted that seasonal availability of 

palatable fodder species depended upon the phenological stage, which in turn depended upon the 

climate. On the other hand, Tefera et al. (2007) indicated that classifications of species into 

desirability groups relied most importantly on the merits of species with respect to their life 

forms and palatability. However, under the high grazing pressures as experienced in the 

communal grazing lands, such classification may not be valid in particular situations when 

palatability is taken as criteria whereby even less palatable species may be heavily grazed and be 

relatively palatable. Kirkman (1999) observed that the vigor of preferred (palatable) grasses 

declined during the season following grazing, while vigor of unpreferred (unpalatable) grasses 
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increased during the following season, probably due to reduced competition from the regularly 

defoliated preferred grasses with livestock type having a significant impact on species response. 

This implies that the impact of herbivores on vegetation is important even where intra- and inter-

seasonal climatic fluctuations are significant (Kirkman and de Carvalho, 2003). 

 

2.1.2. Seasonal dynamics in botanical composition of woody species  
 

Trees and shrubs are important sources of fodder for livestock in the tropics and dry 

environments and withstand harsh climatic conditions better than herbaceous species (Silanikove 

et al., 1996). They provide green forage for grazing animals throughout the year (evergreen 

species) or at specific critical periods of the year (deciduous species) (Kökten et al., 2012). In 

arid and semi-arid regions most perennial browse species are reported to maintain vegetative 

growth with fresh leaves and twigs hence with apparent maintenance of nutritive value 

throughout the dry season while grasses dry up and deteriorate both in quality and quantity 

(Tolera et al., 1997; Hussain and Durrani, 2009b; Cavalcante et al., 2014). 

Acacia woodlands represent one of the most widespread vegetation types of dry lands in Africa 

(Traoré et al., 2012). Acacia trees dominate in many parts of the arid and semi-arid areas of Sub-

Saharan Africa, and have multiple uses (El-Beheiry, 2009). Acacia hockii is native to many dry 

areas in tropical Africa south of the Sahel, to eastern and southern Africa (ILDIS, 2013). Acacia 

senegal is a widespread leguminous tree (Raddad, 2006) distributed in the drier parts of tropical 

Africa (Wekesa et al., 2009). Acacia seyal is widespread in the semi‐arid zone of tropical Africa 

from Senegal eastwards to Somalia and the Red Sea and from the Nile valley south to Zambia 

(ECOCROP, 2004; Fall et al., 2009). Acacia seyal is widely distributed in the African savannas 

and considered as one of the most common trees on clay plains that flood during the rainy season 

(McAllan, 1993). Several species of A. seyal have been recognized by grazers because of their 

feeding value during the drought (Olivers-Pérez et al., 2013). It has been reported that the pods 

and leaves of A. seyal are nutritious and palatable to livestock (Orwa et al., 2009; Abdalla et al., 

2014a). Balanites aegyptiaca is one of the most widely distributed trees in the dry-lands of 

Africa and Sudan (Sands, 2001); it is a drought resistant species and cannot be damaged by grass 

fires (Elfeel et al., 2007) in areas where grassland burning is a common practice as in Nuer 
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pastoral community (Tilahun, 2007) and fires are frequent and large areas are burnt every year as 

in the Gambella area (Kassahun and Asfaw, 2008). Cadaba farinosa is distributed throughout the 

world, mostly in tropical and sub-tropical regions (Telrandhe and Uplanchiwar, 2013). 

Tamarindus indica has a wide geographical distribution in the subtropics and semiarid tropics 

(El-Siddib et al., 2006; Zulkhairi et al., 2009) and is well adapted to semiarid tropical conditions 

and also grows well in many humid tropical areas with seasonally high rainfall (Zulkhairi et al., 

2009). 

  

2.2. Seasonal Dynamics in Nutritive Values of Forage Species in Tropical Rangelands 
 

2.2.1. Seasonal dynamics in nutritive values of grass species  
 

A reliable supply of good quality pasture is critical for successful pasture-based production 

systems (Hughes et al., 2012). The problem of animal feed both in quantity and quality is 

aggravated in arid, semi-arid and tropical regions with scarce and erratic rainfall that limits the 

growth of herbaceous species and biomass yield in rangelands. Thus, livestock in such regions 

have to survive on recurrent shortage of feed resources of insufficient nutritional value for most 

part of the year (Robles et al., 2008; Boufennara et al., 2012). In the tropics, the nutritive 

characteristics of pasture forage fluctuate throughout the year (Hughes et al., 2012). General 

observations on season and species variations in terms of the nutritional quality of common grass 

species in the tropics have been documented by several authors (Evitayani et al., 2004; 

Gelayenew, 2012; Teka et al., 2012; Keba et al., 2013; Rasool et al., 2013) (Table 1). Arzani et 

al. (2008) argued that seasonal variation is one of the important factors in driving the dynamics 

of forage quality. Tolera and Abebe (2007) noted that in semiarid areas of Borana there is a 

marked seasonal variation in availability and quality of feed resources due to marked seasonal 

variation in rainfall distribution. In Uganda a wide variation in pasture quality and quantity was 

observed between seasons (Okello et al., 2005). In the savanna, the availability of palatable 

species varies in accordance with the season (Lundu, 2012). Teka et al. (2012) assumed that a 

difference among species in their chemical composition is due to the variation in the genetic 

characteristics inherent to specific individual plant species.  
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Seasonal variation affects livestock seasonal production in different regions of the world by 

affecting forage DM accumulation (Arizmendi-Maldonado et al., 2001). Pasture dry matter 

(DM) yield of natural pastures in most highland grazing lands of Ethiopia usually increases from 

dry to wet season (Tekletsadik et al., 2004) due to the direct effect of rainfall on pasture growth 

(Bogal et al., 2008; Mulindwa et al., 2009). Birnin-Yauri and Umar (2014) observed that the 

mean percent DM content of herbage of Giron Masa grazing reserve, Kebbi State Nigeria was 

significantly lower (P<0.05) in the early rainy season and highest in the late dry season. Results 

of Gelayenew (2012) regarding seasonal composition of major feed resources in Abobo wereda 

of Gambella; and the study of Teka et al. (2012) about the variation in nutritional quality of 

herbaceous species between the main rainy season (April) and the cool dry season (August) in 

the in semi-arid areas of Borana showed that the DM content of herbaceous forages increased as 

the stage of maturity advanced towards the dry season. Gelayenew (2012) reported that the DM 

content of Cynodon dactylon in the wet and dry seasons were 91.5 and 91.6%, respectively. 

Evitayani et al. (2004) reported OM contents in Panicum maximum across seasons to be 88.7 and 

89.9% during the wet and dry seasons, respectively.  

 

Gelayenew (2012) reported the ash content of Cynodon dactylon during the dry season (10.7%) 

and the wet season (9.9%). According to the findings of Teka et al. (2012), the ash content of the 

grass species greatly increased during the dry season. They further reported that the ash content 

of C. dactylon during the early and late rainy seasons were 14.97 and 12.37%, respectively. 

According to the same authors, the ash content of Panicum maximum during these same seasons 

were 18.86 and 13.21%, respectively. Other authors (Keba et al., 2013) reported more or less 

similar values for the ash contents of C. dactylon and P. maximum ranging between 11.5 to 

16.2% and 11.2 to 20.7%, respectively in different range sites of Borana during the main rain 

season. Rasool et al. (2013) reported the ash contents of Chloris gayana and P. maximum as 

being 2.92 and 4.08%, respectively.  

 

Teka et al. (2012) suggested that the CP content of the grass species is considerably influenced 

by seasonality. The authors attributed the seasonal variation in CP to the proportion of the 

structural fibers that build up in the herbage over the period between the growing wet season and 

the dry seasons. Growing heifers required at least 8.5% CP of the total diet DM to sustain 
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adequate growth rates (≥0.5 kg/d), whereas mature lactating cows, prior to the breeding season, 

require approximately 11% CP of diet (NRC, 1996). Tropical grasses are characterized by high 

structural carbohydrates content, low degradation rates, low soluble carbohydrates content and 

less than 10% crude protein (Juarez et al., 1999). Poor nutritive values of forages in the tropics 

have been acknowledged as an important factor contributing to underdevelopment of ruminant 

animals (Ikhimioya and Olagunju, 1996). The critical level of CP content for tropical herbaceous 

species should be greater than 10.6% (Minson, 1990). On the other hand, the CP content of 

herbaceous plants within the range of 6-8% has been found to be adequate for ruminants’ 

maintenance requirement (El-Shatnawi and Mohawesh, 2000; Ganskopp and Bohnert, 2001; 

Esmaeli and Ebrahimi, 2003; Hussain and Durrani, 2009a). On dry matter basis, the minimum 

required level of CP for optimal rumen functioning and microbial activity suggested is reported 

to be 7-8% (McDonald et al., 2002; Sampaio et al., 2009). Voluntary feed intake rapidly falls if 

CP concentration of forage is below 6.2% (Nasrullah et al., 2003). Norton (1994) reported that 

feeds with less than 6% CP levels are unlikely to provide the minimum ammonia levels required 

for maximum microbial growth in the rumen. However, most tropical forages usually decline in 

their CP content with increasing growth stage to levels lower than 7%, below which digestibility 

of ingested diet substantially decreases, a relationship attributed to a deficiency of nitrogen 

(protein) in the rumen that limits microbial activity (Minson, 1990; Moore at al., 1991; Bose and 

Balakarishnan, 2001). Under these circumstances, optimal rumen conditions (Ørskov, 2000), 

continuous microbial growth and adequate utilization of fibrous compounds will not be observed 

(Sampaio et al., 2009). Therefore, CP value that is lower than the proposed critical limit of 7% or 

even higher level of 10.6% has an implication that the native grass species could fail in 

supplying adequate levels of nitrogen for a considerable part of the year (Keba et al., 2013) 

particularly during the long dry season. The CP content of herbaceous plants in a semi-arid 

region of Ethiopia drastically declined (Tesfay et al., 2009) towards the onset of the dry season. 

This decline in CP content intern seriously affects the maintenance and production requirements 

of animals (Teka et al., 2012). During the dry period, protein is the most limiting nutrient, a 

deficiency that is manifested in overall low performance of the animal (Mtui et al., 2009).   

 

Seasonal forage yield and nutrient contents stability may be achieved through successful 

breeding programmes (Mislevy et al., 1999). Deficiencies in forage quality and/or quantity must 
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be corrected by nutrient supplementation to maintain the livestock at adequate levels of 

performance (Bohnert and Cooke, 2011). Provision of feed supplements late in the dry season 

has been suggested by Abusuwar and Ahmad (2010) to compensate for the drastic decline in the 

nutritive values of forage species as the dry season advances. Gautier et al. (2005) suggested that 

numbers of livestock could be increased or considerable parts of shortage in forage could be 

compensated through legume tree and shrub’s twigs which are known for their potential nutritive 

value. Protein supplements in the form of fodder legume can stimulate forage intake and may 

enhance the microbial digestion of forage. When the benefits of improved forage intake and 

improved digestion are combined, overall nutritional status of the animal is greatly enhanced 

(Bohnert and Cooke, 2011). Protein is the most limiting nutrient for ruminant productivity, a 

deficiency being manifested in overall low performance of the animal (Mtui et al., 2009). 

According to Bohnert et al. (2011), the forage intake response to supplemental protein is 

dependent on the type of low-quality (< 7% CP) forage. Intake and digestibility of low-quality 

C3 and C4 forages are not similar and, more importantly, that the physiological response of 

ruminants to supplemental protein may depend, in part, on the cell wall structure of the basal 

diet, with intake and digestibility of C4 forages increasing to a greater extent with 

supplementation compared with C3 forages of similar nutritional quality (Bohnert et al., 2011). It 

appears that this is a consequence of greater voluntary intake and digestibility of unsupplemented 

C3 forages compared to unsupplemented C4 forages with comparable nutritional indices 

(Bohnert and Cooke, 2011).  

 

Any feed offered to animal should provide enough nitrogen for the microbes in the rumen for 

optimal animal performance (Mtui et al., 2009). Nitrogen (N) availability in tropical pastures is 

expected to be higher in wet seasons (Hughes et al., 2011) due to higher availability of N in 

immature growing grasses than in more mature ones (Relling et al., 2001). Results obtained for 

seasonal nutrient contents of herbage at Giron Masa grazing reserve showed that the CP content 

of herbage declined from the early rainy season (13.3%) to the late dry season (5.6%) (Birnin-

Yauri and Umar, 2014). The quantity of CP supplied by tropical grasses to ruminants tends to 

increase from the dry to the wet season (Tekletsadik et al., 2004; Ruiz et al., 2008; Hughes et al., 

2011). Higher CP content of pasture herbage during the dry season have been reported by Abebe 

et al. (2012) and Evitayani et al. (2004) whereas other studies conducted on tropical pastures in 
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similar environment with distinct wet and dry seasons (Mtui et al., 2009; Tesfay et al., 2009; 

Hughes et al., 2011; Gelayenew, 2012; Teka et al., 2012) have reported a declined trend of CP 

from wet to dry season. This leads to prolonged periods of under nutrition of livestock raised 

under such adverse environmental conditions (Tesfay et al., 2009) because during the dry season 

grasses have less actively growing shoots, smaller proportion of leaves with higher stem to leaf 

ratio and are more fibrous than in the growing season (Hughes et al., 2011). The CP content of 

individual grass species declined as the stage of maturity increases from the main rain season 

towards the cool dry season (Keba et al., 2013). This is largely due to the changes associated 

with the advancing stage of maturity of individual species (Ammar et al., 1999; Moore and Jung, 

2001; Bayble et al., 2007). Michiels et al. (2000), Mahala et al. (2009) and Keba et al. (2013) 

suggested that CP often declines with increasing plant structural constituents (NDF, ADF and 

lignin) and increasing age of maturity.  

 

The CP content Cynodon dactylon reported by Gelayenew (2012) were 9.3 and 7.4% for the wet 

and dry seasons, respectively. Teka et al. (2012) reported that the CP contents of C. dactylon 

were 11.67% and 6.94% in the early and late rainy seasons, respectively; while for Panicum 

maximum the corresponding values were 7.93 and 5.11 %, respectively. Much lower CP values 

for Chloris gayana (2.93%) and P. maximum (3.03%) were reported by Rasool et al. (2013). 

Much higher values for CP contents of P. maximum were reported by Evitayani et al. (2004) to 

be 12.9 and 14.4% in the wet and dry seasons, respectively. In between these extreme values for 

CP contents of C. dactylon and P. maximum, Keba et al. (2013) reported values ranging between 

7.0 to 11.18% and 6.2 to 7.7%, respectively in different range sites of Borana during the main 

rain season. The results of comparative study by Mtui et al. (2009) in the Eastern parts of 

Tanzania showed that CP value of P. maximum were 10.9% in the wet season and 8.2% in the 

dry season which are between the extreme values.  

 

Seasonal changes of NDF content in tropical regions are routinely noticed and are due to 

maturity and the age of grass species with progress of season from dry to rainy seasons 

(Evitayani et al., 2004). Lower wet season NDF content compared to dry season for grass species 

was reported by Rueda et al., (2003), Hughes et al. (2011), Gelayenew (2012) and Abebe et al. 

(2013). But the findings Tekletsadik et al. (2004), Mtui et al. (2009), Lopez-Gonzalez et al. 
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(2010) and Teka et al. (2012) reported higher NDF content during the wet season than the dry 

season. The optimum NDF concentration of a ration should range between 27–30% (Jolly and 

Wallace, 2007). The threshold level of NDF in tropical plants beyond which feed intake of 

ruminants could be affected is 60% (Meissner et al., 1991). The differences in fiber components 

between seasons suggested that the high intensity of solar radiation and less amount of rainfall 

caused faster maturation during dry season and this resulted in higher cell wall contents and 

lower cell contents than those of rainy season (Evitayani et al., 2004). This was confirmed again 

by Pascual et al. (2000) and Boufennara et al. (2012) that the high level of fiber content in some 

of the forage species could be explained partly by the environmental conditions prevailing in the 

area as high temperatures and low precipitations tend to increase the cell wall fraction and to 

decrease the soluble contents of the plants. 

 

The high levels of NDF during the dry season might be due to high lignification with the 

advanced stage of plant maturity (Arzani et al., 2006; Abd El-Rehman, 2008; Hussain and 

Durrani, 2009b) and may negatively affect dry matter intake (Van Soest et al., 1991; Dewhurst et 

al., 2009) mainly because of physical rumen fill (Allen, 1996; Oba and Allen, 1999). Moreover, 

high NDF content of native pastures in association with lignin (Casler  and Jung, 2006; Abd El-

Rehman, 2008)  could limit nutrient availability for ruminants (Rueda et al., 2003; Casler  and 

Jung, 2006) since high fiber diets support less rumen microbial growth (Rueda et al., 2003). 

Therefore, strategies for proper management and conservation aspects of livestock feed resources 

are essential for the efficient utilization of the native forage resources (Teka et al., 2012). 

Gelayenew (2012) reported the NDF content of Cynodon dactylon in the wet and dry seasons to 

be 75.3 and 82.5%, respectively. The NDF contents of C. dactylon and Panicum maximum were 

reported by Teka et al. (2012) ranging between 71.75 to 77.5% and 74.9 to 78.0%, respectively 

in different sites of Borana rangeland during the main rain season. Keba et al. (2013) showed 

that the NDF content during the wet season for the sampled grass species was high (>70%). Mtui 

et al. (2009) reported NDF content of P. maximum 77.5 and 70.1% in the wet season and dry 

seasons, respectively. Evitayani et al. (2004) reported 60.3 and 62.9% % NDF content in P. 

maximum during the wet and dry seasons, respectively.  
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Mtui et al. (2009), Gelayenew (2012) and Teka et al. (2012) showed that the ADF content of 

tropical grasses being lowest in the wet season and highly increased during the dry season. The 

ADF content of Cynodon dactylon reported by Gelayenew (2012) and Teka et al. (2012) were 

(35.9 and 42.38 %) in the wet season and (49.3 and 45.03%) in the dry seasons, respectively. For 

the species Panicum maximum, Evitayani et al. (2004) and Teka et al. (2012) reported ADF 

contents of about 44 and 49.9%, respectively in both seasons. Whereas, Mtui et al. (2009) 

reported that the ADF contents for the same species were 48.2 and 46.6% in the wet and dry 

seasons, respectively. In different sites of Borana rangeland, similar values were reported by 

Keba et al. (2013) for the two grasses, C. dactylon and P. maximum ADF contents that ranged 

between 40.0 to 46.6% and 43.5 to 51.9% during the main rain season, respectively. Teka et al. 

(2012) reported that the ADF content of Setaria verticillata were 43.93 and 45% during the wet 

and dry seasons, respectively. 

 

Mountousis et al. (2008) and Teka et al. (2012) noted that the DM content had a strong negative 

correlation with the CP content of the herbage that were sampled and analyzed from native 

rangelands of northwestern Greece and rangelands of Borana, respectively. According to the 

report of Teka et al. (2012) the dry matter content of herbaceous species had a weak positive 

correlation with the NDF but a positive correlation was recorded between the NDF content of 

herbaceous species with the season of dry period. The study of the same author also showed that 

NDF positively correlated with ADF, but negatively correlated with CP content of herbaceous 

species. Shimelis (2010) showed that the ash content of herbaceous species was positively 

correlated with NDF which is contrary to results of Teka et al. (2012) that showed a negative 

correlation.  
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Table 1: Seasonal dynamics in nutritive values of important grass species in the tropics  

 
Season 

 
Species  

Chemical   Composition (%)   
Authors DM  OM Ash CP NDF ADF 

 
 
 
 
 
Wet 

Chloris gayana - - 2.92 2.93 - - Rasool et al. (2013) 
Cynodon dactylon 91.50 - 9.90 9.30 75.30 35.90 Gelayenew (2012) 
 - - 14.97 11.67 71.33 42.38 Teka et al. (2012) 
 - - 11.30-16.20 7.0-11.18 73.30-77.50 40.0-46.6 Keba et al. (2013) 
Panicum maximum - 88.70 - 12.90 60.30 44.10 Evitayani et al. (2004) 
 - - - 10.90 77.50 48.20 Mtui et al. (2009) 
 - - 18.86 7.93 71.75 49.89 Teka et al. (2012) 
 - - 11.20-20.70 6.20-7.70 74.90-78.00 43.50-51.90 Keba et al. (2013) 
 - - 4.08 3.05 - - Rasool et al. (2013) 
Setaria verticillata - - 14.25 9.57 68.00 43.93 Teka et al. (2012) 

 
 
Dry 

Cynodon dactylon 91.60 - 10.70 7.40 82.50 49.30 Gelayenew (2012) 
 - - 12.37 6.94 80.15 45.03 Teka et al. (2012) 
Panicum maximum - 89.90 - 14.40 62.90 44.60 Evitayani et al. (2004) 
    - - - 8.20 70.10 46.60 Mtui et al. (2009) 
 - - 13.21 5.11 81.53 49.90 Teka et al. (2012) 
Setaria verticillata - - 12.60 5.2 71.00 45.00 Teka et al. (2012) 

 DM=Dry matter; OM=Organic matter; CP=Crude protein; NDF= Neutral detergent fiber; ADF= Acid detergent fiber 
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2.2.2. Seasonal dynamics in nutritive values of browse species  
 

Many researchers have demonstrated the potential of browse species as a source of high quality 

fodder that can compensate a considerable part of shortage in forage resources in Africa savanna 

(Abule, 2003; Gautier et al., 2005; Larbi et al., 2005; Betete et al., 2012; Lotfi et al., 2012). The 

role of browse forages as nitrogen sources for ruminants, especially during lean periods, is the 

major contribution of the browses in many parts of the tropics where other nitrogen sources may 

not be readily available and/or are expensive (Osuga et al., 2006b). Browse species can make a 

large contribution to livestock nutrition especially during the dry season when livestock almost 

wholly depend on such species (Belete et al., 2012). Lands dominated by woody species, namely 

shrub lands, savannas and forest ranges provide green forage for grazing animals throughout the 

year (evergreen species) or at specific critical periods of the year (deciduous species) (Kökten et 

al., 2012). There were well documented results of chemical compositions for browse forages in 

the tropics by different authors (Abdulrazak et al., 2000a; Abdulrazak et al., 2000b; Arinathan et 

al., 2003; Gemedo-Dalle, 2004; Osuga et al., 2006b; Khanzada et al., 2008; Tesfay et al., 2009; 

Foguekem et al., 2011; Abebe et al., 2012; Belete et al., 2012; Gelayenew, 2012; Njidda et al., 

2013) (Table 2). 

 

Abdulrazak et al. (2000b) reported the DM content of Acacia senegal found to be 87.8% during 

the wet season. The DM content of Acacia seyal reported by Foguekem et al. (2011) was 95.65% 

during the main rainy season while Gelayenew (2012) reported 84 and 89.1% in the wet and dry 

seasons, respectively. Foguekem et al. (2011) and Belete et al. (2012) reported during the main 

rainy season, DM content of Balanites aegyptiaca to be 96.59 and 87.4%%, respectively. Results 

obtained from the reports of Foguekem et al. (2011) and Njidda et al. (2013) for the DM content 

of Tamarindus indica during the wet season were 93.63 and 94.37%, respectively. Comparable 

values for the OM content of A. seyal, B. aegyptiaca and T. indica obtained from the results of 

Foguekem et al. (2011) were 93.13, 92.28 and 91.31%, respectively. Osuga et al. (2006b) 

reported that the OM content of B. aegyptiaca and T. indica at the end of the rainy season were 

79.89 and 93.60%, respectively. According to the report of Njidda et al. (2013), during the wet 

season, OM content of T. indica was 82.26%. Abdulrazak et al. (2000b) reported the ash content 
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of A. senegal during the wet season found to be 7.7%. Abebe et al. (2012) and Gelayenew (2012) 

reported comparable ash content of 7.8 and 7.6% (in the wet season) and 7.39 and 7.7% (in the 

dry season) for A. seyal. Ash contents of B. aegyptiaca reported by Abebe et al. (2012) and 

Belete et al. (2012) were 11.23 and 21.2%, respectively during the main rainy season. Moreover, 

Abebe et al. (2012) reported the dry season value to be 10.82%. Njidda et al. (2013) reported ash 

content of T. indica during the wet season being 12.10%. 

 

Abebe et al. (2012) noted marked variations in CP content among several browse species. Such 

variations in chemical composition among species could be associated with the inherent nature 

of the species and may arise partly due to genotypic factors that control accumulation of foliage 

nutrients (Rubanza et al., 2005; Salem et al., 2006; Belete et al., 2012; Belachew et al., 2013) in 

the browse species during growth. Studies conducted by Belachew et al. (2013) indicated that 

tropical browse species had high CP contents of more than 7%. The high crude protein content 

(>8%) in acacia species were reported by Abdulrazak et al. (2000a), Abdulrazak et al. (2000b), 

Foguekem et al. (2011), Mokoboki (2011), Abebe et al. (2012) and Gelayenew (2012). 

Therefore, by virtue of their higher CP content (well above the critical level >7-8%) of the 

browse species throughout the year, they justified to be used as protein supplements for low 

quality tropical pastures and crop by-products (Osuga et al., 2006b; Belete et al., 2012; 

Belachew et al., 2013) specifically in the dry season.  

 

Belete et al. (2012) suggested that characterization of some of these locally available browse 

species could enhance their wider utilization, without any need for extra capital to purchase 

protein concentrate feeds. However, according to the same author, the supplementation of low-

quality feeds with local protein supplements is impeded at present by a lack of sufficient data on 

anti-nutritional factor (e.g. condensed tannin), rumen degradability and bioavailability. The high 

CP content of browse species is one of the main distinctive characteristics of browse compared 

to most grasses (Njidda et al., 2013). The CP content of browse was high as compared to grass in 

both seasons (Abebe et al., 2012). Browses have higher CP content in the rainy season but the 

fluctuations in the nutrient content of browses with changing seasons are less drastic than that of 

grasses and, therefore, can be harvested in both seasons to improve the nutritional status of 

animals (Ukanwoko and Ironkwe, 2013). Abdalla et al. (2014b) concluded that browse plants are 
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richer in protein than grass. This is due to that fact that most browse species have the ability to 

maintain their greenness and nutritive value through the dry season when grasses dry up and 

deteriorate both in quality and quantity (Tolera et al., 1997).  

 

The feeding of browses has become an essential practice especially in the dry season when 

grasses are of low quality and scarce (Ibeawuchi et al., 2002). Indigenous browse species are 

useful sources of animal feeds, as these plants remain green during the dry season and provide 

vegetation with better nutritive value than other annual grass and herbaceous species that become 

withered (Aregawi et al., 2008). In addition, the fiber of browse species fodder has been shown 

to be more digestible (El Hassan et al., 2000) than that of grasses and crop residues. In general, 

browse species are rich in most essential nutrients such as proteins and minerals and tend to be 

more digestible than the grasses (Devendra, 1990; Topps, 1992; Osuga et al., 2006a; Ukanwoko 

and Ironkwe, 2013; Abdalla et al., 2014b). Browses are important to improve the efficiency of 

protein digestion in the rumen and have been incorporated into feeding regime to improve the 

nutritional status of the animals (Rubanza et al., 2007; Ukanwoko and Ironkwe, 2013). 

 

Abdulrazak et al. (2000b) reported that during wet season, Acacia senegal had a significant 

higher CP content (23.8%) than the other Acacia species under study. The CP value of Acacia 

seyal reported by Abdulrazak et al. (2000a) during wet season was 13.4%; while report by 

Foguekem et al. (2011) was 11.29%. Results obtained by Gelayenew (2012) for the same species 

were 19.3% (in the wet season) and 15.5% (in the dry season) whereas Abebe et al. (2012) 

reported 15.86% and 21.08% in the wet and dry seasons, respectively. According to the results of 

Gemedo-Dalle (2004) the CP contents of Balanites aegyptiaca were 21.08% (in the wet season) 

and 15.86% (in the dry seasons). Whereas, Abebe et al. (2012) reported 13.77% and 16.06% in 

dry and wet seasons, respectively. Osuga et al. (2006b), Foguekem et al. (2011) and Belete et al. 

(2012) also reported CP content of the same species at the end of the rain season found to be 

within the ranges of 8.73% and 16.26 %. The total protein contents isolated from leaves and 

flowers of Tamarindus indica reported 15.6%, 10.8% and 8.7% in Jamshoro, Nawabshah Distt 

and Hyderabad Distt of Sindh, Pakistan, respectively (Khanzada et al., 2008). The total protein 

content of same species found to be 14% (Arinathan et al., 2003) in South India while it has been 
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reported by Osuga et al. (2006b), Foguekem et al. (2011) and Njidda et al. (2013) ranging 

between 6.8-14.66% during the wet season. 

 

Osuga et al. (2006b) showed that the browse species studied had low to moderate content of 

structural constituents (NDF and ADF). This is a positive attribute of the browse forages (Osuga 

et al., 2006b) since the voluntary DM intake and DM digestibility are dependent of the cell wall 

constituents especially the NDF and lignin (Bakshi and Wadhwa, 2004). Dzowela et al. (1995), 

Kamalak (2006) and (Kökten et al., 2012) indicated that cell wall content (NDF and ADF) 

increased with advancing maturity. Tree forages with a low NDF concentration (20–35%) are 

usually of great digestibility (Norton, 1994; Bakshi and Wadhwa, 2007). The fluctuation in the 

nutrient content of browses with seasons change is less drastic than that of grasses (Anugwa et 

al., 2000; Ukanwoko and Ironkwe, 2013). 

 

Abdulrazak et al. (2000b) reported NDF content of Acacia senegal (24.5%). The NDF content of 

Acacia seyal reported by Foguekem et al. (2011) was 56.87% in the wet season, while Abebe et 

al. (2012) and Gelayenew (2012) reported 17.09 and 38.3%, respectively. The corresponding dry 

season value of NDF content for the same species reported by Abebe et al. (2012) and 

Gelayenew (2012) were 23 and 42.7%, respectively. Gemedo-Dalle (2004), Osuga et al. (2006b), 

Foguekem et al. (2011), Belete et al. (2012) and Abebe et al. (2012) reported NDF contents of 

Balanites aegyptiaca during the wet season having range of values between 34.43 and 50.07%. 

The corresponding dry season value of the same species reported by Gemedo-Dalle (2004) and 

Abebe et al. (2012) were comparable and equivalent to the wet season lower value. Tesfay et al. 

(2009) reported that NDF values of Cadaba farinosa found to be 19.22% (in the wet seasons) 

and 23.68% (in the dry seasons). Foguekem et al. (2011) and Njidda et al. (2013) reported that 

Tamarindus indica found to have NDF content of 60.99 and 56.59%, respectively during the 

main rainy season.  

 

Abdulrazak et al. (2000b) reported ADF content of 14.1% for Acacia senegal during the wet 

season. Foguekem et al. (2011) reported ADF content of Acacia seyal to be 42.5% during the 

wet season while Abebe et al. (2012) and Gelayenew (2012) reported values of 15.36 and 20.2%, 

respectively. The corresponding dry season values for the species reported by Abebe et al. 
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(2012) and Gelayenew (2012) were 10.95 and 28.7%, respectively. The values of ADF content 

for Balanites aegyptiaca in the  reports of Gemedo-Dalle (2004), Osuga et al. (2006b), 

Foguekem et al. (2011), Abebe et al. (2012) and Belete et al. (2012) were within the range of 25-

33.8% during the wet season. Correspondingly, Gemedo-Dalle (2004) and Abebe et al. (2012) 

reported the dry season ADF contents of the same species as 30.35 and 24.92%, respectively. 

The values of ADF contents for Cadaba farinosa as reported by Tesfay et al. (2009) were 

(13.37%) in wet seasons and (17.22%) in dry seasons. Osuga et al. (2006b), Foguekem et al. 

(2011) and Njidda et al. (2013) reported values of  ADF content Tamarindus indica  during the 

rainy season found to in the range of 23.20-47.51%.  
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Table 2: Seasonal dynamics in nutritive values of important browse species in the tropics  

  
Species  

Chemical   Composition (%)  
Authors Season DM  OM Ash CP NDF ADF 

 
 
 
 
 
 
 
Wet 

 Acacia senegal 87.80 - 7.70 23.80 24.50 14.10 Abdulrazak et al. (2000b) 
Acacia seyal - - - 13.4 - - Abdulrazak et al. (2000a) 
  95.65 93.13 - 11.29 56.87 42.50 Foguekem et al. (2011) 
 - - 7.80 15.86 23.00 15.36 Abebe et al. (2012) 
 84.00 - 7.60 19.30 38.30 20.2 Gelayenew (2012) 
Balanites aegyptiaca - - - 20.60 46.03 29.87 Gemedo-Dalle (2004) 
 - 79.89 - 16.26 36.43 25.35 Osuga et al. (2006b) 
 96.59 92.28 - 8.73 50.07 32.40 Foguekem et al. (2011) 
 - - 11.23 16.06 45.98 25.00 Abebe et al. (2012) 
 87.40 - 21.20 15.20 44.60 33.80 Belete et al. (2012) 
 Cadaba farinosa - - - - 19.22 13.37 Tesfay et al. (2009) 
Tamarindus indica - - - 14.00 - - Arinathan et al. (2003) 
 - 93.60 - 11.99 52.53 32.27 Osuga et al. (2006b) 
 - - - 8.70-15.601 - - Khanzada et al. (2008) 
 93.63 91.31  - 6.80 60.99 47.51 Foguekem et al. (2011) 
 94.37 82.26 12.10 14.66 56.59 23.20 Njidda et al. (2013) 

 
 
Dry 

Acacia seyal - - 7.39 21.08 17.09 10.95 Abebe et al. (2012) 
    89.10 - 7.70 15.5 42.70 28.70 Gelayenew (2012) 
Balanites aegyptiaca - - - 14.21 36.21 30.35 Gemedo-Dalle (2004) 
  - - 10.82 13.77 34.66 24.92 Abebe et al. (2012) 
 Cadaba farinosa - - - - 23.68 17.22 Tesfay et al. (2009) 

DM=Dry matter; OM=Organic matter; CP=Crude protein; NDF= Neutral detergent fiber; ADF= Acid detergent fiber 
 1Range of values at different districts 
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2.3. Seasonal Dynamics in Soil Nutrient Status of Tropical Rangelands 

 

2.3.1. Seasonal dynamics in soil organic carbon (SOC) 
 

Rangeland sustainability is related to soil carbon and nutrient balance and the capability to 

maintain adequate soil conditions for water availability and root development (Noellemeyer et 

al., 2006). Soil organic carbon plays an important role in ensuring good health of the soil 

environment and is critical in providing needed ecosystem services (Bationo et al., 2007). Soil 

organic carbon improves soil physical, chemical, and biological properties for sustained plant 

growth (Li et al., 2007). SOC plays an important role in supplying plant nutrients, enhancing 

cation exchange capacity, improving soil aggregation and water retention and supporting soil 

biological activity (Dudal and Deckers, 1993; Tan, 2003). Changes in soil carbon can occur in 

response to a wide range of management and environmental factors (Schuman et al., 2002). Soil 

organic carbon is an index of sustainable land management and may offer further insight into 

fertility changes (Barrios et al., 1996; Nandwa, 2001; Du Preez and Snyman, 2003). Total 

organic carbon (TOC) is a sensitive soil quality indicator suggesting that within a narrow range 

of soil, it may serve as a suitable indicator of soil fertility (Murage et al., 2000; Tefera et al., 

2007). Soils of the tropics are variable in their chemistry and fertility, ranging from the most 

fertile to the most infertile in the world (Sánchez and Logan, 1992). The rangelands of east 

Africa are regarded as having a low fertility (Tefera et al., 2007). Kassahun and Asfaw (2008) 

described the fertility of the soil in the Baro River plains of Gambella rangelands as low.  

Organic carbon content of rangeland soils varies from under 1% to over 10%—even in drylands 

(Janzen, 2001). Windmeijer and Andriesse (1993) found levels of SOC for Guinea savanna and 

Sudan savanna to be 11.7, and 3.3 g kg-1. Otter and Schles (2000) reported that the floodplain 

soils in South Africa savanna have a higher organic carbon (2%). 

 

Seasonal patterns in organic carbon and nitrogen might be important for understanding the 

relationship between plant growth and carbon and nitrogen dynamics (Xiea and Steinberger, 

2001). The comparative study of Xiea and Steinberger (2001) showed that seasonal patterns 

affected the overall trend of soils under canopies have the highest total organic carbon (TOC) 

levels in autumn and the lowest in summer in responding to changes in soil moisture. Nik et al. 
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(2015) have shown that seasonal variation of total soil organic carbon was statistically significant 

between vegetation types, so that SOC was significantly higher in spring time due to the 

improved vegetation cover, as well as root and microbial activity. Murata et al. (1997) and 

Murata et al. (1999) suggested that soil chemistry of grasslands greatly varies with seasonal 

changes and William et al. (2008) showed that in African savannahs and woodlands, soil organic 

carbon stocks are highly variable (30–140 tC ha−1). According to the report of Jones (2007), 

SOC accumulation is positively correlated with precipitation. 

 

Mohammadi and Raeisi Gahrooei (2004) showed that spatial variation pattern of soil variables 

absolutely depends exactly on rangeland management history. Zhao (2007) reported that spatial 

variability of soil chemical and physical properties are affected by graze intensity. Geissen et al. 

(2009) showed the significant impact of grazing pressure on soil characteristics. Silt percentage, 

available potassium and acidity (pH) had strong spatial dependence according to the results of 

Weindorf and Zhu (2010) and Kavianpoor et al. (2012). On the other hand, Tefera et al. (2007), 

Moussa et al. (2008), Kgosikoma (2011) and Kgosikoma et al.(2013) suggested that livestock 

management systems do not have significant effect on soil properties. Mureithi et al. (2014) 

indicated that the contents of OC in different areas under study were approximately equal. 

Dabasso et al. (2014) have shown that seasonal effects on the carbon stocks are not significant 

for most carbon pools of Marsabit Central grazing lands (all P > 0.05).  Many findings (Reeder 

and Schuman, 2002; Schuman et al., 2002; Dabasso et al., 2014) showed the lack of significant 

impact of livestock grazing on carbon stock. Mills and Fey (2004) reported that removal of 

vegetation due to grazing or burning reduced soil C in all sites of the five contrasting biomes of 

South Africa exposed to different land uses. Piñeiro et al. (2010) suggested that soil carbon can 

decrease, increase or not change depending on the ecological condition. Furthermore, Dabasso et 

al. (2014) suggested that lack of significant impact of livestock grazing on carbon stock should 

be understood in the context of semi-arid ecosystems with annual precipitation of 400 to 750 

mm. A more elaborate carbon measurement repeated over series of years covering periods of dry 

and wet seasons is necessary to better understand the effects of seasons on rangeland carbon 

stocks. 
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2.3.2. Seasonal dynamics in total nitrogen (TN) 
 

In accordance with the standard range of SEMARNAT (2002) for tropical soils, Geissen et al. 

(2009) reported that in southern Mexico total nitrogen content in the first depth of all soils were 

medium (0.10–0.15 g 100 g−1) to high (0.15–0.25 g 100 g−1). Kassahun and Asfaw (2008) 

showed that the amount of total N in River Baro flood plain ranged from 0.06 to 0.31 per cent, 

which is very small according to the rating set by Landon (1991). It has been suggested by 

Endalew et al. (2014) that poor total N content in the rangelands might be due over grazing. The 

most evident impact of grazing in the rangeland ecosystem is removal of the major part of above 

ground biomass by livestock (Achalu et al., 2012). Hence, less biomass return results in less total 

N content in the grazing lands. In the periodically floodplain soils of South Africa savanna, Otter 

and Schles (2000) reported a higher nitrogen content (0.25%) than the sandy nutrient-poor 

(0.06% nitrogen) and nutrient-rich (0.15% nitrogen) soils. Xiea and Steinberger (2001) have 

found that there were differences in temporal dynamics with nitrogen levels being governed 

mainly by soil moisture. Nitrogen (N) -mineralization and nitrification is reported to be higher in 

tropical than temperate areas (Eaton, 2001). Agele et al. (2005) lend credence to the conclusion 

of high N availability in tropical forest soils. According to Bustamante et al. (2006), N dynamics 

are strongly related to microbial activity in the soil, may also be mineralized at higher rates 

during the wet season, when microbial activity is more intense. Mineralizable C and N are active 

components that can be used to characterize biochemical availability of organic resources 

(Lawal, 2013). Singh and Kashyap (2007) concluded that variations in rates of N-mineralization 

and nitrification in dry tropical ecosystems were related to differences in soil moisture content, 

nutrient status and vegetation cover in combination with other environmental factors.  

 

McNaughton et al. (1997) and Ahmad et al. (2011) stated that nitrogen correlate with the 

abundance of grazers varying at different sites during different seasons. In the tropical soils of 

southeast Mexico, Geissen et al. (2009) observed that land use or land use changes lack strong 

effect on soil chemical properties. Tefera et al. (2007) suggested that the nature of soil nutrient 

patterns is complex and largely dependent on land-uses and topography. According to the 

assumption of Geissen et al. (2009) such lack of strong effect is due to the fact that in the study 

area flooding is common over several periods in the years and this leads to reductive conditions 
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in the soils and inhibits mineralization processes. Geissen et al. (2009) suggested that the 

influence of water is overlapping the possible influence of land use on soil chemical properties. 

Toda et al. (2005) have determined the effects of flood flow on the geometrical and chemical 

characteristics of flood plain soil riparian vegetation in a gravel river. Results of the observations 

of Toda et al. (2005) showed that a decrease in the amounts of the particulate nutrients in the 

flood plain soil during fairly large floods.  

 

2.3.3. Seasonal dynamics in exchangeable cations 
 

Mureithi et al. (2014) reported that Ca2+ dominated the exchange complex, followed by large 

amounts of Mg2+ then K+ and Na+ in Marsabit district of Kenya. Ahmad et al. (2011) reported 

that potassium ion (K+) content was associated with winter season and that level remained 

higher. Based on their assessment on  impact of land use types on soil acidity in the highlands of 

Ethiopia, Endalew et al. (2014) suggested that although exchangeable Mg, K and Ca 

concentrations rated moderate to high, their availability may be limited due to the acidity of the 

soil.   Although Na+ is noted for its functional role as a plant nutrient, high concentrations in the 

growing medium promotes competition with K+, Ca2+ and Mg2+ that can result in toxic 

concentrations in plant tissue (Subarao et al., 2003; Brown et al., 2006). From Zambia the results 

of Lundu (2012) showed that there was no significant difference (P>0.05) between the cold dry 

and the wet season in K concentrations. On the other hand, the author reported that in Lusitu and 

Simamba locations, K concentration was significantly higher (P<0.05) in the hot dry season than 

in the wet and cold dry seasons. Endalew et al. (2014) stated that availability of K may be 

affected due to soil acidity in grazing lands.  Lundu (2012) indicated that Ca was significantly 

higher (P<0.05) in the hot dry season than in the cold dry and the wet seasons, in both localities. 

Moreover, his reports showed that there was no significant difference (P>0.05) in Ca 

concentrations between the cold dry and the wet season. According to the author’s report, in 

Simamba Mg concentration was significantly higher (P<0.05) in the hot dry season than in the 

cold dry and wet seasons. Whereas in Lusitu, no significant (P>0.05) seasonal variations in Mg 

was reported. 
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2.3.4. Seasonal dynamics in cation exchange capacity (CEC) 
 

The difference in CEC of the soils is influenced by organic carbon and clay content. The CEC 

values indicate the capacity of soil to retain nutrient cations against leaching (Ludwig et al., 

2001). Susanto et al. (2011) stated that high correlations between CEC and soil fertility status 

proved that CEC was important in determining soil fertility. According to his finding, the value 

of soil fertility status assessed was significantly influenced by exchangeable Ca and Mg, with 

highly significant coefficients of correlation. He further indicated that when Ca saturation is < 

8% of the CEC, the Ca will be deficient although the amount of exchangeable Ca in the soil is 

sufficient. According to Hazelton and Murphy (2007), CEC is the buffering capacity to manage 

soil pH, nutrient availability for plant growth, soil structure stability, and changes in soil reaction 

due to fertilizer or ameliorant application. Susanto et al. (2011) indicated that the low value of 

CEC is the main cause of the low soil fertility status. The high correlation between CEC and soil 

fertility status proved that CEC was important in determining soil fertility (Susanto et al., 2011).  

 

2.3.5. Seasonal dynamics in available phosphorus (P) 
 

Phosphorous is the most limiting mineral to productivity of grazing animals throughout the 

world because of low availability to range plants and loss through soil erosion (Holechek et al., 

1998; Akhtar et al., 2007). In most cases, P is the major limiting nutrient due to its fixation by Al 

and Fe oxides (Kochain et al., 2004). In accordance with SEMARNAT (2002), medium (5.5–

11.0 mg kg−1) to high (>11 mg kg−1) available P content in all tropical southern Mexico soils was 

reported by Geissen et al. (2009) implying that P fixation by Fe- and Al-oxides, as often 

described for tropical soils, did not occur (Sánchez et al., 2003). The amount of available P has 

been reported by Kassahun and Asfaw (2008) to be ranged from absolute deficit to excess levels. 

Geissen et al. (2009) observed that there was absence of P limitation in the rangelands unlike 

described for other tropical soils (Agele et al., 2005). Bustamante et al. (2006) indicated that 

when microbial activity is more intense in the soil it affects P dynamics strongly and P may also 

be mineralized at higher rates during the wet season. Brewere (1995) suggested that burning 

increases soil phosphorus levels, unlocking nutrients to the soil and making them available to the 



27 
 

plants. In Zambia, Lundu (2012) reported that there was no significant difference (p>0.05) in P 

concentrations between the cold dry and the wet season. 

 

2.3.6. Seasonal dynamics in soil pH 
 

Salinity and especially alkalinity can cause major impacts on plant production. Extreme values of 

soil pH, which affect the solubility of most of the elements necessary for plant growth, is an 

insidious problem in some regions. Soil pH affects the solubility of nutrients and uptake by 

plants (Rezaei and Gilkes, 2005). Of the changes that affect soil chemical properties, pH is 

considered very important as it influences the availability of plant nutrients (Bagayoko et al., 

2004; Ahmad et al., 2011). Soil pH often affects plant community composition because plants 

differ in nutrient requirements and soil acidity or basicity tolerance. Soil pH is influenced by 

elevation because soil parent materials of higher pH occur at the lower elevation (Laughlin and 

Abella, 2007). Salinity is a dynamic soil property; it varies temporally and spatially with depth 

and across the landscape. Salinity varies primarily due to the process of leaching with 

topographic effects contributing to this variation (Corwin et al., 2003). The acidic nature of the 

soils in the tropical rangelands has been indicated by Rasiah et al. (2004) and Geissen et al. 

(2009). On the other hand, Kassahun and Asfaw (2008) reported that soil pH in the Baro river 

plains is very high, from 7.19 to 8.63, which demonstrates the high level of alkalinity. Endalew 

et al. (2014) noted that over grazing might be responsible for leaching of basic cations that can 

lead to acidity of the grazing areas. Acidic soil conditions have been reported to limit microbial 

activity and slow mineralization of N as well as nitrification (Mullen, 2004; Kimura et al., 2009; 

Ahmad et al., 2011). 

 

Seasonal fluctuations in soil pH of tropical rangelands have been reported by the studies of 

Bagayoko et al. (2004), Funakawa et al. (2008), Ahmad et al. (2011) and Lundu (2012). In the 

study of Ahmad et al. (2011), pH increased following winter and spring rain falls and was 

recorded the lowest in summer. Moreover, the temporal variation was examined higher than the 

spatial one. Lundu (2012) reported that season had no significant effect on soil pH in Lusitu and 

Simamba of Zambia (p>0.05). Bagayoko et al. (2004) and Funakawa et al. (2008) suggested that 

seasonal and temporal fluctuations in soil pH could have a direct influence on the availability of 
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nutrient the area under study. Kassahun and Asfaw (2008) indicated that due to intensive rain or 

flood an increase in pH resulted from the leaching out of cations and exchanged with H+ ions.  

 

2.3.7. Seasonal dynamics in soil texture 
 

Soil texture is a fundamental property which determines largely the water balance and the 

potential biomass carbon production and in turn carbon input and stabilization. Soil moisture 

availability is determined by soil texture, which can influence the composition of the plant 

community (Laughlin and Abella, 2007). Soil texture also has a strong effect on biomass 

production and soil organic carbon in rangeland soils (Scholes and Archer, 1997). Otter and 

Scholes (2000) indicated that the periodically floodplain soils South Africa savanna contain a 

large proportion of alluvium, with the under lying sediments being distinctly stratified with 

alternating bands of clay-rich and sandy soils. The authors showed that theses floodplain soils 

have much higher clay content (54%) than those of the sandy savanna soils (20 - 22% clay; 71 - 

74% sand). They further noted that the floodplain soils are a 2:1 vertisol (clay), and the soil thus 

swells when it is wet and shrinks as it dries out. The authors also reported positive relation 

between texture and soil organic carbon. Noellemeyer et al. (2006) assumes that this could be 

attributed to the stabilization of organic compounds by clay particles and the influence of texture 

on the water availability for biological activities. Clay- sized particles are negatively charged on 

which cationic calcium (Ca
2+

) adsorbs, and this adsorption is substantial, since clay has large 

surface area (Kaiser et al., 1996). 
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2.4. Pastoralists’ Perception and Ecological Knowledge on Seasonal Dynamics in Botanical 

Composition and Nutritive Value of Vegetation, and Soil Nutrient Status of Tropical 

Rangelands 
 

2.4.1. Pastoralists’ perception and ecological knowledge on seasonal dynamics in botanical 

composition of tropical rangelands 

 

Pastoralists have local knowledge on a large diversity of plant species that provide food for 

livestock (Mapinduzi et al., 2003). Local knowledge is widely acknowledged to be a valuable 

source of data on the historical distribution of species which are generally difficult to assess 

using classical ecological methods (Lykke et al., 2004) and especially in the case when other 

historical and ecological information is not available (Sulieman et al., 2012) though these 

knowledge encountered constraints of perceived to be locally specific, qualitative and lacks 

impartiality (Oba and Kaitira, 2006). However, the knowledge of local people becomes 

indispensable in order to fully understand long-term changes in indigenous vegetation (Angassa 

et al., 2012). Borana pastoralists conduct seasonal assessments of range condition and trends 

(Alemayehu, 1998).  Pastoral herders monitor changes in their plant species composition over 

time, based on historical knowledge (Oba and Kaitira, 2006). Egeru et al. (2014) showed that a 

decline in wet weight forage quantity around the transitionary season (between August and 

November) provides a good rationale for pastoral mobility.  

 

Angassa et al. (2012) realized that local people’s knowledge in terms of assessing the status of 

indigenous vegetation using environmental indicators might be relevant in conducting integrated 

assessments that could help to set research and development priorities. Kilongozi et al. (2005) 

noted that Maasai and Barbaigs herders perceive the knowledge of botanical composition of 

rangeland as of particular importance in rating range suitability for livestock grazing. A 

comparative research conducted from pastoralists in three African countries—Mali, Botswana 

and Kenya by Angassa et al. (2012) indicated that the relative abundance of species (i.e., the 

number of individual species per unit area) was used to classify the various landscapes according 

to their suitability. Borana pastoralists attributed low livestock productivity to changes in 

rangeland vegetation composition from desirable to undesirable forage plants (Dabasso et al., 
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2012) and perceived that botanical composition was inferred from the body condition of their 

animals (Ayana and Fekadu, 2003). 

 

Sustainability of grazing and forage resources in pastoral areas requires the assessment and 

routine monitoring of spatio-temporal distribution and changes of these resources, as well as the 

awareness of the drivers of the observed change dynamics (Feng et al., 2009). Rainfall is 

attributed to be the dominant factor driving ecosystem dynamics in the drylands of Africa (Ellis 

and Galvin, 1994; Angassa and Oba, 2007) particularly that of the vegetation dynamics 

(Hermann et al., 2005). The rainfall patterns often coincide with the effects of seasonality which 

in turn have an effect on the productivity of grassland pastures (Ospina et al., 2012). In semi-arid 

rangelands, pastoralists perceived that among the factors to cause the differences between wet 

and dry season forage quantity are attributable to variation in rainfall over the seasons (Oba and 

Kaitira, 2006; Kgosikoma et al., 2012; Egeru et al., 2014). According to herders, the amount and 

time of precipitation were the most important determinants of changes in plant species (Sulieman 

and Ahmed, 2013) in terms of short- and long-term productivity (Fernandez-Gimenez, 2000). 

Egeru et al. (2014) showed that a decline in wet weight forage quantity around the transitionary 

season (between August and November) provides a good rationale for pastoral mobility. 

Fernandez-Gimenez (2000) suggested that knowledge of specific species is quite variable among 

herders of differing gender. Sop and Oldeland (2011) explained that age was not found to impact 

people’s opinions on vegetation dynamics and the strong perception consensus among 

informants demonstrates that local people are all aware of the changes affecting vegetation 

dynamics in their environment. 

 

2.4.2. Pastoralists’ perception and ecological knowledge on seasonal dynamics in nutritive values 

of forages in tropical rangelands 

 

It is known that local knowledge-based management strategies could ensure a focus on the 

optimal use of species and vegetation types that are most valuable to local communities 

(Sulieman et al., 2012). Herders recognize all the desirable and undesirable plant species by local 

names (Gemedo-Dalle et al., 2005). The herders categorized forage plants into desirability 

classes based on livestock preferences. The ‘very desirable’ forages are highly selected by 
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livestock and given preference during grazing. During the dry season when the most desirable 

species were over-utilized, the livestock tended to be less selective in their feeding habits 

(Dabasso et al., 2012).  
 

Grasslands have generally been observed to have nutritious and palatable forage (Reid et al., 

2005). Under arid conditions, the nutritional quality of herbaceous species is typically influenced 

by the seasonality of rainfall. In East African rangelands, grazers are greatly influenced by the 

nutritional dynamics of forage, especially during the dry season (Teka et al., 2012). Local 

communities harbor important information on valuable plants and vegetation dynamics (Lykke, 

2000). Herders in Northern Tanzania (Oba and Kaitira, 2006) and Mali, Botswana and Kenya 

(Angassa et al., 2012) used the abundance of palatable species as indicators for assessing range 

condition. Furthermore, these herders used the abundance of palatable species as indicators for 

assessing range condition. The herders’ observations suggested that the dominance of 

unpalatable grass species and forbs are indicators of poor range condition (Angassa et al., 2012). 

 

The use of browse species as fodder to ruminants has increasingly become important in African 

semi-arid environments (Abdulrazak et al., 2000a). According to Selemani et al. (2012), in 

Africa Acacia trees are considered to be dominants and are important sources of feed to livestock 

throughout the year. Kgosikoma et al. (2012) reported that pastoralists in semi-arid rangelands of 

Botswana generally acknowledged the importance of woody vegetation as a browsing resource, 

though not all woody plants were identified as suitable for browsing. Kilongozi et al. (2005) 

indicated that the Maasai communities are experienced and knowledgeable in nutritive values of 

the forage species assessment which could have a sound contribution in monitoring of livestock 

productivity and health. Fernandez-Gimenez (2000), suggesting that forage preference ranking 

exercises conducted among the Mongolian independently with male and female herders agree on 

the value of major forage species. 
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2.4.3. Pastoralists’ perception and ecological knowledge on seasonal dynamics in soil nutrient 

status in tropical rangelands 

 

The Maasai and the Barbaigs communities classify soils largely according to surface and sub-

surface characteristics namely color, texture and consistency (Kilongozi et al., 2005). According 

to Kilongozi et al. (2005) case studies, soil color and texture are related to both quality and 

quantity of the pasture as perceived by the herders. Black (clay) soils were described as muddy 

and sticky when wet and cracking upon drying and thus offer a modest quality pasture. It is 

associated with average fodder production and average livestock performance. Moreover, 

black/clay soil is perceived to be associated with high organic matter content, and supports better 

quality grasses, which are rich in minerals. Young et al. (1998) indicated that deep clay ‘black 

cotton’ vertisols support some of the most productive rangelands in East Africa.  On the other 

hand, red soils are perceived to produce a surplus amount of less desirable grasses.  Reed et al. 

(2008), soil looseness has been perceived as a potential indicator of fertility by pastoralists. 

Nutritional quality of herbaceous plants has been reported to be influenced by soil nutrient status 

(Tessema et al., 2011). The availability of huge trees and lush vegetation in an area meant that 

the area is rich in soil minerals (Kilongozi et al., 2005). As a function of fertility, variations in 

the composition of dominant woody plants in a particular area could be explained by landscape 

patches and heterogeneity (Boone, 2005; Tefera et al., 2008; Kgosikoma et al., 2012). 
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3. MATERIALS AND METHODS 

 

3.1. Description of the Study Area 

 

3.1.1. Geographical location 

 

The Gambella People's National Regional State (GPNRS) is located south west Ethiopia between 

the geographical coordinates 6028'38" to 8034' North Latitude and 330 to 35011'11" East 

Longitude. It covers an area of about 34,063 km2, about 3% of the nation (GPNRS, 2011) 

bordering with South Sudan and Oromiya and Southern Nations Nationalities Regional States of 

Ethiopia (Kassahun and Asfaw, 2008). Gambella is characterized by a variety of elevations. The 

eastern part has an elevation of 1000 -2000 meter above sea level. The middle part has an 

elevation of 500-900 meter above sea level and the western part has an elevation of 300-500 

meters above sea level (Woube, 1999). This study was conducted in the two districts of the 

regional state, Itang and Jikawo (Figure 1). 

 

 

Figure 1: Map of the study area and sampling sites                                                        
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3.1.2. Climate 

 

The climate of the study area is characterized by hot to warm sub humid conditions (MoA, 1998) 

and is formed under the influence of the tropical monsoon from the Indian Ocean, which is 

characterized by high rainfall in the wet period from May to October and has little rainfall during 

the dry period from November to April (GPNRS, 2011). According to Kassahun and Asfaw 

(2008) the mean annual rainfall is 797 mm and the mean annual evapotranspiration is 1452 mm 

and this makes the water balance of the area ‘net moisture deficit’. The total annual rain fall in 

the region ranges between 800-1200 mm and the distribution is considered as all year-round, but 

in reality about 85% of the rain is between May-October with less rain registered between 

February- April (Woube, 1999; Kassahun and Asfaw, 2008), making its distribution uni-modal. 

The mean annual temperature of the Region varies from 17.30C to 28.30C and annual monthly 

temperature varies throughout the year from 270C to 330C. The absolute maximum temperature 

occurs in mid-March and is about 450C and the absolute minimum temperature occurs in 

December and is 10.30C (GPNRS, 2011). 

 

3.1.3. Soil 

 

Four major soil types are found in the region. Fertile but poorly drained Vertisols covering 47 

percent of the region are found on the low-lying alluvial plains. On the interfluves between the 

plains are relatively infertile well-drained orthic Acrisols on 14 percent of the total surface area. 

On the gently sloping foothills below the escarpment are relatively fertile eutric Fluvisols, 

occasionally with high water tables, covering about 27 percent of the area. On the escarpment 

consisting of about 11 percent of the area are deep, well-drained dystric Nitosols of moderate 

fertility (GPNRS, 2011). 

 

3.1.4. Vegetation 
 

The existing land cover (vegetation) types of the region are identified as: cultivated land, forest-

land, wood-land, bush-land, shrub-land, grass-land, bamboo and wet (marsh-land). The natural 
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(i.e., undisturbed) vegetation patterns are closely related to patterns of rainfall and temperature, 

with local variations due to soil and drainage factors (GPNRS, 2011). The region is mapped into 

five pastoral districts, where the total pasture area is 17, 300 km2 (Kassahun and Asfaw, 2008). 

Seven plant communities of Gambella region identified by Awas et al. (2001) were: Commelina 

zambesica-Hygrophila auriculata, Sorghum purpureo-sericeum-Pennisetum thunbergii, 

Loudetia arundinacea-Hyparrhenia pilgeriana, Combretum adenogonium-Anogeissus leiocarpa, 

Tamarindus indica-Anogeissus leiocarpa, Baphia abyssinica-Tapura fischeri and Manilkara 

butugi-Cordia africana. The natural vegetation in the region is characterized as savannah 

grassland with scattered wood and shrub lands. The grassland is composed of almost uniform 

grass and herbaceous vegetation. The grass component consists typically of tall grass savannah 

including: Cymbopogon species, Echinochloa colona, Hyparrhenia species, Sorghum species 

and others attaining a height of up to 3 m or more (PADS, 2004). All the plant communities in 

the region have phyto geographical affinity to central and western Africa rather than to central 

and eastern Ethiopia. The plant communities in the forests of Gambella show affinity to the 

Guineo-Congolian vegetation type while those from the woodlands belong to the Sudanian 

vegetation type (Awas et al., 2001). The woodland savanna consists of Balanites aegyptica and 

Acacia species as a major tree species in the forest (GRS, 2003). Most of the rangeland in the 

region is characterized by open grassland with an extensive plain topographic feature (PADS, 

2004). 

 

3.1.5. Human and livestock population 
 

Based on the 2007 Census, the Region has a total human population of 306,916, consisting of 

159,679 men and 147,237 women; urban inhabitants number 77,878 or 25.37% of the 

population. With an estimated area of 34,063 square kilometers, the region has an estimated 

density of 9.57 people per square kilometer. The average household (HH) of the region is 

estimated to be 5 (GPNRS, 2011). Animal husbandry is the main economic activity of the region 

(MoA, 2004; GRDPPA, 2006). 
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The livestock in the western Gambella lowlands is composed of cattle, sheep, goats and poultry. 

There are no equines and camels registered in the area. The livestock number is: cattle 341,948; 

sheep 85,392; goats 102,447 and poultry 85,265 (PADS, 2004). The highest livestock population 

of the region in Tropical Livestock Unit (TLU) is found in Jikawo district 156,168.5 (53%), 

followed by Akobo, 114,390.8 (39.3%). The lowest TLU is found in Gog, which is, 1,341.6 

(0.5%). The density of livestock for western Gambella lowlands is 16.7 TLU/Km2. The average 

livestock holding per household is 11.8 TLU. The livestock type in the region is uniformly 

indigenous (PADS, 2004). The major cattle breed is the Nuer which is known for its very good 

performance in dairy and beef production, provided proper management levels are attained 

(GRS, 2003) and considered to have high tryps-tolerance (Alemayehu, 2004). 

 

3.2. Selection of the Study Sites and Field Layout 

 

A reconnaissance survey was conducted to select the study site. The grazing areas were 

systematically selected in such a way that they represent pastoralists’ seasonal grazing locations. 

In establishing the sampling plots, a combination of stratification and systematic sampling were 

used. Four representative sites were selected  from each districts which included three wet season 

grazing areas (open woodlands, riverine forests and woodlands) and one dry season grazing area 

(savanna grassland). Totally four transects, which are 100 m in length and 15 m apart, were used 

to collect vegetation and soil samples. Each transect position was marked by Global Positioning 

System (GPS). 
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   a       b 

Figure 2: Achuwa woodland dominated by Acacia hockii during dry season (a) and Thorow 

woodland dominated Acacia hockii with common Acacia seyal and Balanites aegyptiaca as well 

as Panicum maximum and Setaria incrassata beneath during wet season (b)  

                

   a        b 

Figure 3: Thokoath riverine forest dominated by Acacia hockii with some Balanites aegyptiaca 

and Sporobolus pyramidalis beneath during dry season (a) and Wurang riverine forest dominated 

by Acacia hockii and Acacia seyal with some Balanites aegyptiaca, Ipomoea aquatica and 

Rottboellia cochinchinensis during wet season (b)  
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   a       b 

Figure 4: Pulkod open woodland dominated by Acacia hockii, Acacia seyal, Azadirachta indica 

and Setaria incrassata beneath during dry season (a) and Pagag open woodland during wet 

season (b)  

            

   a       b 

Figure 5: Mekod savanna grassland that has been dominated by Ipomoea aquatica and 

Rottboellia cochinchinensis during wet season viewed degraded during dry season (a) and 

Theiluth savanna grassland dominated by Ipomoea aquatica and Rottboellia cochinchinensis 

during wet season (b)  
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3.3. Methods 

 

3.3.1. Vegetation survey 

 

Vegetation survey was carried out once in each of the two major seasons, dry and wet seasons of 

2013/14 in each identified sites. Systematically the quadrats were located at 0, 20, 40, 60, and 80 

m along 100 m line transect. Accordingly, the botanical composition of the herbaceous species 

was determined by examining 1×1 m2 quadrats while for shrubs and trees above 2 m height, 10 

m × 10 m quadrats were used. The species that occurred in each quadrat were counted and 

recorded. On the basis of their botanical group the species occurred in each quadrat were sorted 

out into: grasses, legumes, forbs and sedges (herbaceous species) and shrubs and trees (woody 

species). The herbaceous layer was classified based on the succession theory described by 

Dyksterhuis (1949); on the ecological information for the arid to semi-arid regions of South 

Africa (Tainton et al., 1980; Vorster, 1982) and on their ecological status determined by their 

perceived acceptability to animals and response to grazing (Amsalu and Baars, 2002; Van 

Oudtshoon, 1992) into: (i) highly desirable species (decreasers), (ii) desirable species (increaser 

IIa), and (iii) less desirable and undesirable species (increasers IIb and IIc). In addition, species 

were grouped into annuals and perennials in terms of their life form as well as by their 

abundance into (dominant, common and present). The grouping of species was also subjectively 

supported by the opinions of the pastoralists. The dormant browse species with no foliage were 

considered non-available (Hussain and Durrani, 2009b) particularly those of deciduous species. 

The leaves of the selected browse species were hand plucked when available along transects, 

while grass samples were harvested at about five cm above the ground. Samples were further 

used for chemical analysis. Samples of same species within transects were bulked for analysis. 

 

3.3.2. Soil nutrient status survey 

 

Similar to that of the vegetation, soil survey was conducted once in each of the two major 

seasons, dry and wet seasons of 2013/14. Along each transect, soil samples were collected at the 

depth of 20 cm close to the center of 1 m2 quadrats placed systematically at 20 m intervals. Two 



40 
 

soil samples were taken from a site. Each of the representative samples were put in a labeled 

plastic bag and stored in sack at moisture free area and transported to National Soil Laboratory 

for analysis.  
 

3.3.3. Pastoralists’ perception and ecological knowledge survey 

 
Formal household survey was conducted between April and May 2014 using a structured 

questionnaire to generate qualitative information on pastoralists’ perception and traditional 

ecological knowledge regarding seasonal dynamics in botanical composition, nutritional quality 

of the rangeland vegetation and soil fertility. The questionnaire included both closed (single 

response) and open (multiple responses) questions. A pre-test of the questionnaire was made 

before the actual survey, and appropriate modifications and corrections have been done as 

needed. Moreover, group discussions, semi-structured interviews and consultation meetings were 

conducted with pastoral elders and their council leaders so as to capture data on the existing 

pastoralists’ livelihood. The survey was administered to a total of 120 respondents in the two 

districts (Sixty respondents per district).  

 

3.4. Laboratory Analyses 

 

3.4.1. Laboratory analysis of the vegetation for nutritive value 

 

The laboratory analysis was done at the Ethiopian Agricultural Research Institute (EARI) Holeta 

Research Center. The forage samples collected were oven-dried at 650C for 72 h and ground to 

pass through 1 mm sieve for chemical analysis. The ground samples were kept in air-tight 

containers until used for analysis. Samples were analyzed for dry matter (DM), organic matter 

(OM), ash, crude protein (CP) contents, neutral detergent fiber (NDF) and acid detergent fiber 

(ADF). The determination of dry matter (DM), ash and nitrogen (N) was done according to 

AOAC (2005). Nitrogen content was determined by the micro-Kjeldahl method, while crude 

protein (CP) was calculated by multiplying the nitrogen content with a factor of 6.25. Neutral 
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detergent fiber (NDF) and Acid detergent fiber (ADF) were analyzed following the procedure of 

Van Soest et al. (1991). 

 

3.4.2. Laboratory analysis for soil nutrient status 

 

The parameters considered during analysis were organic carbon, total nitrogen, exchangeable 

cations (Na+, K+, Ca2+ and Mg2+), cation exchange capacity (CEC), available phosphorus,  pH 

water, electrical conductivity (EC), basic salts and soil texture (i.e., sand, silt and clay). 

Accordingly, soil organic carbon (SOC) was measured by wet digestion (Nelson and Sommers, 

1996) whereas total nitrogen was determined by Microkjeldahl method (Bremner, 1996). The 

basic cations (Na+, K+, Ca2+ and Mg2+) were quantified using ammonium acetate buffered with 

pH 8.2 (Anderson and Ingram, 1993). Cation exchange capacity (CEC) was measured after 

ammonium acetate (1 N NH4OAC) extraction (Van Reeuwijk, 1995). Available phosphorus was 

determined by the Olsen procedure so as samples were with pH <7 (Olsen and Sommers, 1982).  

Soil pH was measured with an electrode on a 1:2.5 soil – water solution (Hendershot et al., 

1993). The electrical conductivity (EC) was measured in the saturated paste extract to determine 

the level of salinity (Okalebo et al., 2002). Soil texture was analyzed using the hydrometer 

method (Gee and Bauder, 1986). 

 

3.5. Statistical Analyses 

 

3.5.1. Statistical analysis for botanical composition 

 

A two-way ANOVA was carried out using General Linear Model procedure of Statistical 

Package for the Social Science (IBM SPSS Statistics, 2011) to test differences in the effects of 

season on botanical composition and related parameters of the herbaceous and woody layer. For 

data that did not require analysis, simple descriptive statistics were employed where appropriate. 
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3.5.2. Statistical analysis of the vegetation for nutritive value 

 

Analysis of variance was carried out on chemical composition, using General Linear Model 

procedure of Statistical Package for the Social Science (IBM SPSS Statistics, 2011). Species, 

season and their interactions were the independent variables while DM, OM, ash, CP, NDF and 

ADF were considered as the dependent variables. Analysis of correlation of the variance was 

carried out. 

 

3.5.3. Statistical analysis for soil nutrient status 

 

The data were analyzed statistically using univariate analysis of variance testing for the effects of 

season, grazing areas and their interaction on soil nutrients, physical and chemical characteristics 

using Statistical Package for the Social Science (IBM SPSS Statistics, 2011). It was also carried 

out an analysis of correlation of the variables.  

 

3.5.4. Statistical analysis for pastoralists’ perceptions and ecological knowledge  

 

Qualitative data on pastoralists’ perceptions and ecological knowledge were converted to 

numerical values by EXCEL spread sheet and analyzed quantitatively using Statistical Package 

for the Social Sciences (IBM SPSS Statistics, 2011). Cross-tabulation and Chi-square tests were 

used to determine differences in pastoralists’ responses between districts, gender and age groups. 

As indicated by Kgosikoma et al. ( 2012) the response rates to some questions, such as dominant 

species in seasonal grazing areas, species acceptability to livestock and soil quality attributes, 

were too low to  make comparisons between districts. In such cases, the responses were grouped 

together irrespective of study districts, and the general pattern was reported.  
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4. RESULTS 
 

4.1. Seasonal Dynamics in Botanical Composition of the Rangelands of Gambella, 

Southwestern Ethiopia 

 

4.1.1. Seasonal dynamics in botanical composition and related parameters of the herbaceous 

layer 

 

A total of 38 herbaceous species that belong to 12 families were identified, of which 14 

(36.84%), 6 (15.79%), 14 (36.84%) and 4 (10.53%) were grasses, legumes, forb and sedges 

botanical group, respectively. In terms of the life forms, 23(60.53%) were annuals and 

15(39.47%) perennials. Based on their desirability, 6 species (15.79%) were highly desirable, 9 

species (23.68%) were desirable, 12 species (31.58%) were less desirable and 11species 

(28.95%) were undesirable. In terms of their ecological group, 6(15.79%), 4(10.53%), 

10(26.32%) and 18(47.37%) species were Decreasers, Increaser IIa, Increaser IIb and Increaser 

IIc, respectively (Table 3). 
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Table 3: Species identified and related parameters of the herbaceous layer in the Gambella rangelands of southwestern Ethiopia 

Scientific Name Vernacular 

Name 

Family Botanical 

Group 

Life 

Forms 

Desirability Ecological 

Group 

Achyranthes aspera L. Gar Amaranthaceae Forb A L IncIIc 

Aeschynomene indica L. Keck Fabaceae Legume A L IncIIc 

Brachiaria semiundulata (A. Rich.) Stapf. Dit Poeceae Grass A H Dec 

Centrostachys aquatica (R.Br.) Wall ex Moq Kowkow Amaranthaceae Forb A U IncIIc 

Chloris gayana Kunth Bok Poeceae Grass P D IncIIa 

Commelina benghalensis  L. Gnock Commelinaceae Forb A H Dec 

Corchorus fascicularis Lam. GnangJang Tiliaceae Forb A L IncIIc 

Corchorus trilocularis Lam. GnangJang Tiliaceae Forb A U IncIIc 

Cucumis pustulatus Naud ex Hook.f. Peet Cucurbitaceae Forb P U IncIIc 

Cynodon dactylon (L) Moth Poeceae Grass P D IncIIa 

Cyperus aethiops  Ridley Gnyal Cyperaceae Sedge P U IncIIc 

Cyperus distans L.f. Gode Cyperaceae Sedge P U IncIIc 

Cyperus pauper Hochst. Ex A. Rich. Duck Cyperaceae Sedge A U IncIIc 

Cyperus rotundus L. Kuiling Cyperaceae Sedge P L IncIIc 
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Table 3 (Continued) 

Scientific Name Vernacular 

Name 

Family Botanical 

Group 

Life 

Forms 

Desirability Ecological 

Group 

Desmodium uncinatum (Jacq.) DC. Unkown2 Fabaceae Legume P D IncIIb 

Dichondra repens JR. & G. Forst. Kuded Convolvulaceae Forb A U IncIIc 

Diplocyclos palmatus (L.) C Jefji-en Botbot Cucurbitaceae Forb P U IncIIc 

Echinochloa colona (L.)Link. Kut Poeceae Grass A D IncIIa 

Echinochloa pyramidalis (Lam.) Hitchc. & Chase Bor Poeceae Grass A H Dec 

Eriochloa fatmensis (Hochst. & Steud.) Clayton Wawich Poeceae Grass A L IncIIb 

Ethulia gracilis Del Gnier Asteraceae Forb P U IncIIc 

Hygrophila schulli (Hamilt.) MR. & S.M Almeida Theil Acanthaceae Forb P L IncIIc 

Indigofera arrecta Hochst. ex A.Rich. ThiathJang Fabaceae Legume A L IncIIc 

Ipomoea aquatica Forsk Thech Convolvulaceae Forb A D IncIIb 

Ipomoea purpurea (L.) Roth Naynay Convolvulaceae Forb A D IncIIb 

Oryza longistaminata A. Chev. & Roehr Pon Poeceae Grass P H Dec 

Panicum maximum Jacq. Gaw Poeceae Grass P H Dec 
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Table 3 (Continued) 

Scientific Name Vernacular 

Name 

Family Botanical 

Group 

Life 

Forms 

Desirability Ecological 

Group 

Pennisetum polystachion (L.) Schult. Chumear Poeceae Grass P L IncIIb 

Phyllanthus guineensis Waak Euphorbiaceae Forb A L IncIIc 

Rhynchosia stipulosa A. Rich. Unkown1 Fabaceae Legume A U IncIIc 

Rottboellia cochinchinensis (Lour.) Clayton Pon2 Poeceae Grass A L IncIIb 

Senna obtusifolia (L.) Irwin & Barneby Reir Fabaceae Legume A D IncIIa 

Setaria incrassata (Hochst.) Hack. Hol Poeceae Grass P L IncIIb 

Setaria pumila (Poir.) Roem. & Schult. JualJoack Poeceae Grass A D IncIIb 

Solanum incanum L. Tanglor Solanaceae Forb P U IncIIc 

Sporobolus pyramidalis P. Beauv. Thoath Poeceae Grass A L IncIIb 

Vigna membranacea A. Rich Reim Fabaceae Legume A D IncIIb 

A= Annual; P = Perennial; H= Highly desirable; D = Desirable; L= Less desirable; U=Undesirable; Dec= Decreaser; IncIIa = Increaser IIa; IncIIb = 
Increaser IIb; IncIIc = Increaser IIc 
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Table 4: Mean±SD and level of variation of seasonal dynamics in botanical composition (% of 

frequency of occurrence) of the herbaceous layer 

 
Species 

Seasons  
Significance Wet  Dry 

N Mean±SD  N Mean±SD 
Achyranthes aspera 2 10.84±5.89  - -  
Aeschynomene indica 3 7.08±2.05  - -  
Brachiaria semiundulata 4 26.23±11.34  - -  
Centrostachys aquatica 2 6.28±0.56  - -  
Chloris gayana 3 13.63±10.06  1 20.00  
Commelina benghalensis 9 11.04±4.28  - -  
Corchorus fascicularis 4 6.69±1.63  - -  
Corchorus trilocularis 2 8.34±2.35  - -  
Cucumis pustulatus 6 16.41±12.56  3 25.60±11.62  
Cynodon dactylon 24 44.17±31.95  14 63.61±28.33  
Cyperus aethiops   2 8.49±3.69  1 11.11  
Cyperus distans 3 11.55±7.53  - -  
Cyperus pauper 1 5.56  - -  
Cyperus rotundus 19 27.22±27.9  10 39.95±33.48  
Desmodium uncinatum 4 11.72±6.08  2 16.25±5.30  
Dichondra repens 1 5.88  - -  
Diplocyclos palmatus 1 10.00  - -  
Echinochloa colona 8 22.52±6.62  - -  
Echinochloa pyramidalis 6 21.59±11.52  - -  
Eriochloa fatmensis 4 30.44±10.16  - -  
Ethulia gracilis 10 25.30±27.68  5 39.67±34.16  
Hygrophila schulli 36 30.47±21.90  20 43.14±21.96  
Indigofera arrecta 3 13.33±5.77  - -  
Ipomoea aquatica 16 24.71±13.02  - -  
Ipomoea purpurea 3 11.11±1.92  - -  
Oryza longistaminata 15 13.77±8.52  7 19.44±8.93  
Panicum maximum 14 22.27±12.98  3 13.23±1.84  
Paspalum scrobiculatum 2 7.18±0.72  - -  
Pennisetum polystachion 5 17.72±4.45  2 20.84±5.89  
Phyllanthus guineensis 3 5.71±0.64  - -  
Rhynchosia stipulosa 4 10.03±4.54  - -  
Rottboellia cochinchinensis 8 26.33±16.73  - -  
Senna obtusifolia 13 16.21±8.92  - -  
Setaria incrassata 17 46.86±32.05  9 60.49±33.06  
Setaria pumila 3 6.61±1.81  - -  
Solanum incanum 5 39.76±30.12  3 60.71±12.88  
Sporobolus pyramidalis 11 27.53±26.89  6 41.98±29.46  
Vigna membranacea 5 12.00±5.70  - -  
       
                    Season      ** 
                    Species      ** 
                    Season*Species      ** 

N= Number of observations; **=Highly significant (P<0.01); SD= Standard deviation 
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In botanical composition of the herbaceous layer a significant variation was observed between 

seasons, species and their interaction at P<0.01(Table 4). From the total herbaceous species 

identified, 12 and 14 species were classified, respectively, as dominantly and commonly 

distributed over the major grazing areas of the two districts in wet season (Table 5). Of the 

dominant species 8 (66.67%) were grasses, 2(25%) were forbs, 1(8.33%) each were legume and 

sedge. The dominant grass species were Brachiaria semiundulata, Cynodon dactylon, 

Echinochloa colona, Echinochloa pyramidalis, Eriochloa fatmensis, Panicum maximum, 

Rottboellia cochinchinensis and Setaria incrassata. These species are known as the key forage 

species by the Nuer pastoralists in the Gambella rangelands of southwestern Ethiopia. 

Echinochloa colona was dominantly occurring in woodlands and riverine forests of Itang district 

whereas P. maximum was distributed in the woodlands and open woodlands of Jikawo. Cynodon 

dactylon and E. pyramidalis were the dominant grass species of grassland savanna of Itang. Of 

the commonly distributed herbaceous species 4 (14.29%) were grasses (Chloris gayana, Oryza 

longistaminata, Pennisetum polystachion and Sporobolus pyramidalis); 6 (42.86%) were forbs 

(Achyranthes aspera, Corchorus fascicularis, Cucumis pustulatus, Ethulia gracilis, Hygrophila 

schulli and Ipomoea purpurea); 3 (21.43%) were legumes (Indigofera arrecta, Rhynchosia 

stipulosa and Vigna membranacea) and 1(7.14%) was sedge (Cyperus distans). 

 

In the dry season, of the total herbaceous species identified 9 and 2 species were classified, 

respectively, as dominantly and commonly distributed over the major grazing areas of the two 

districts (Table 5). Four (44.44%) grass species (Cynodon dactylon, Rottboellia cochinchinensis, 

Setaria incrassata and Sporobolus pyramidalis), 4 (44.44%) forbs (Cucumis pustulatus, Ethulia 

gracilis, Hygrophila schulli and Solanum incanum) and 1 (11.11%) sedge (Cyperus rotundus) 

were the dominant ones. Of the commonly distributed herbaceous species 1 (50%) was grass 

species (Chloris gayana) and 1(50%) was legume (Desmodium uncinatum).  
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Table 5: Seasonal dynamics in species composition (%) based on frequency of occurrence of the herbaceous layer in the Gambella 

rangelands of southwestern Ethiopia 

 

 

Species 

Seasons 

Wet  Dry 

Grazing Areas  Grazing Areas  Grazing Areas  Grazing Areas 

JW JR JO JS  IW IR IO IS  JW JR JO JS  IW IR IO IS 

Achyranthes aspera   - - C -  - - - -  - - - -  - - - - 

Aeschynomene indica   - P - -  - - - -  - - - -  - - - - 

Brachiaria semiundulata  - D - -  - - - -  - - - -  - - - - 

Centrostachys aquatica - - - -  - P P -  - - - -  - - - - 

Chloris gayana C - - -  - - - -  C - - -  - - - - 

Commelina benghalensis C P P -  - - C D  - - - -  - - - - 

Corchorus fascicularis - - - -  P C - -  - - - -  - - - - 

Corchorus trilocularis - - P -  - - - -  - - - -  - - - - 

Cucumis pustulatus - - C -  - - - -  - - D -  - - - - 

Cynodon dactylon - - - C  - P - D  - - - D  - C - D 

Cyperus aethiops   P - - -  - - - -  P - - -  - - - - 

Cyperus distans - C - -  - P - -  - - - -  - - - - 

Cyperus pauper - - - -  P - - -  - - - -  - - - - 

Cyperus rotundus C D P -  - - - -  D D D -  - - - - 

Desmodium uncinatum - - - -  - - P -  - - - -  - - C - 

Dichondra repens P - - -  - - - -  - - - -  - - - - 

Diplocyclos palmatus - - P -  - - - -  - - - -  - - - - 

Echinochloa colona - - - -  D D - -  - - - -  - - - - 

Echinochloa pyramidalis - - P -  - - - D  - - - -  - - - - 
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Table 5 (Continued) 

 

 

Species 

Seasons 

Wet  Dry 

Grazing Areas  Grazing Areas  Grazing Areas  Grazing Areas 

JW JR JO JS  IW IR IO IS  JW JR JO JS  IW IR IO IS 

Eriochloa fatmensis - - - -  - D - -  - - - -  - - - - 

Hygrophila schulli C C - -  C C - C  D D - -  D D - D 

Indigofera arrecta - - C -  - - - -  - - - -  - - - - 

Ipomoea aquatica - P - D  D P P -  - - - -  - - - - 

Ipomoea purpurea - - C -  - - - -  - - - -  - - - - 

Oryza longistaminata - - C -  - P - C  - - P -  - P - P 

Panicum maximum D P D -  - - P -  P P P -  - - - - 

Paspalum scrobiculatum - - - -  - - P -  - - - -  - - - - 

Pennisetum polystachion - - - -  - - C -  - - - -  - - P - 

Phyllanthus guineensis P - P -  - - - -  - - - -  - - - - 

Rhynchosia stipulosa - - - -  - - C -  - - - -  - - - - 

Rottboellia cochinchinensis P C - -  - D - -  - - - -  - D - - 

Senna obtusifolia - - P P  D D P P  - - - -  - - - - 

Setaria incrassata C - - -  - - D -  D - - -  - - D - 

Setaria pumila - - - -  P - - -  - - - -  - - - - 

Solanum incanum - - P -  - - - -  - - D -  - - - - 

Sporobolus pyramidalis - C - -  C C - -  - D - -  D - - - 

Vigna membranacea - P C -  - - - -  - - - -  - - - - 

JW=Woodland at Jikawo district; IW=Woodland at Itang district; JR=Riverine forest at Jikawo district; IR=Riverine forest at Itang district; JO=Open 
woodland at Jikawo district; IO=Open woodland at Itang district; JS= Savanna grassland at Jikawo district; IS= Savanna grassland at Itang district; D = 
Dominant (>15%); C= Common (>5-15%); P= Present (<5%); -=Not present 



51 
 

The botanical group of the herbaceous layer differed significantly (P<0.05) and their 

proportion across season showed a highly significant difference (P<0.01). However, their 

interaction with season did not show a marked variation (P>0.05). The proportion of 

desirability and ecological group of the herbaceous layer across seasons, between species 

and their interaction with season showed a marked variations (P<0.01) (Table 6). 

Table 6: Mean±SD and level of variation of seasonal dynamics in botanical group, 
desirability and ecological group of the herbaceous layer 

 
Parameters 

Seasons  
Significance Wet   Dry 

N Mean±SD   N Mean±SD 
Botanical Group        
          Grass 83 20.29±13.69   42 45.81±31.41  
          Legume 2 16.25±5.30   1 25.00  
          Forb 69 13.99±9.57   31 42.58±23.33  
          Sedge 14 11.69±7.38   11 37.33±32.93  
        
               Season       ** 
               Botanical Group       * 
               Season*Botanical Group       ns 
Desirability        
          Desirable 67 18.59±10.55   17 55.47±31.35  
          Highly desirable 40 17.27±11.72   10 17.58±7.93  
          Less desirable 64 16.24±13.39   47 44.69±28.00  
          Undesirable 25 8.97±4.39   12 39.03±26.97  
        
               Season       ** 
               Desirability       ** 
               Season*Desirability       ** 
Ecological Group        
          Decreaser 40 17.27±11.72   10 17.58±7.93  
          Increaser IIa 34 17.68±7.95   15 60.7±29.53  
          Increaser IIb 57 21.13±15.42   19 45.82±31.77  
          Increaser IIc 65 10.81±5.68   42 41.21±25.85  
        
               Season       ** 
               Ecological Group       ** 
               Season*Ecological Group       ** 

N= Number of observations; **=Highly significant (P<0.01); *=Significant (P<0.05); ns= Non-significant 
(P>0.05); SD= Standard deviation 
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In their botanical group the proportion of grasses, legumes, forbs and sedges decreased 

from the wet season to the dry (Figure 6). 

 

 
 
Figure 6 : Seasonal dynamics in botanical group of the herbaceous layer 

 

The proportion of highly desirable species decreased in dry season, while those of 

desirable, less desirable and undesirable ones tended to increase (Figure 7).  
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Figure 7: Seasonal dynamics in desirability of the herbaceous layer 

 

The proportion of Increasers (IIa, IIb and IIc) showed an increased trend following the dry 

season (Figure 8).  

 
 
 
Figure 8: Seasonal dynamics in ecological group of the herbaceous layer 



54 
 

4.1.2. Seasonal dynamics in botanical composition and related parameters of the woody 

layer 

 

Botanical composition of the woody layer consisted of 12 species that belong to 7 

families. These were trees and shrubs species of 6 in number each contributing 50% of the 

botanical group. In terms of their life forms, 7 species (58.33%) were evergreen and 5 

species (41.67%) were decideous. From the total woody species, on the other hand, 4 

species (33.33%) were highly desirable, 5 species (41.67%) were desirable, 2 species 

(16.67%) were less desirable and 1species (8.33%) was undesirable (Table 7).  

 

Table 7: Species identified and related parameters of the woody layer in the Gambella 
rangelands of southwestern Ethiopia 

Scientific Name Vernacular 

Name 

Family Botanical 

Group 

Life 

Form 

Desirability 

Acacia hockii De Wild. Lor Fabaceae Tree EG D 

Acacia senegal (L.) Wild. Chidock Fabaceae Tree EG H 

Acacia seyal  Del. Theap Fabaceae Tree EG H 

Azadirachta indica A. Juss. ByBy Meliaceae Tree EG U 

Balanites aegyptiaca (L.) Del. Thow Balanitaceae Tree EG D 

Cadaba farinosa Forsk Neth Capparaceae Shrub EG H 

Catunaregam  nilotica (Stapf) Tirveng. Koech Rubiaceae Shrub DC D 

Harrisonia abyssinica Oliv. Kom Simaroubaceae Shrub DC L 

Hibiscus calyphyllus Pour Malvaceae Shrub DC L 

Piliostigma thonningii (Schumach.) 

Milne-Redh. 

Goany Fabaceae Shrub DC D 

Tamarindus indica L. Koat Fabaceae Tree EG D 

Ziziphus mauritiana Oliv. Bow Simaroubaceae Shrub DC H 

 DC = Deciduous; EG= Evergreen; D= Desirable; H= Highly desirable; L= Less desirable; U= Undesirable 

 

Botanical composition (Table 8) and related parameters of the woody layer (botanical 

group and desirability) (Table 9) did not show a marked variations (P>0.05) between 
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seasons. This is due to the dominance of evergreen browse species like Acacia hockii, 

Acacia seyal and Balanites aegyptiaca (Table 7). However, the woody layer’s botanical 

composition (Table 8) and desirability (Table 9) showed significant variation (P<0.05) 

between species.  

 

Table 8: Mean±SD and level of variation of seasonal dynamics in botanical composition 
of the woody layer 

 
Species 

Seasons  
Significance Wet  Dry 

N Mean±SD  N Mean±SD 
Acacia hockii 23 38.69±17.04  23 44.41±18.72  
Acacia senegal 5 7.19±7.31  5 7.68±7.42  
Acacia seyal   20 25.99±18.06  20 29.05±17.93  
Azadirachta indica 4 25.5±10.82  4 25.5±10.82  
Balanites aegyptiaca 19 26.32±13.93  19 31.41±15.76  
Cadaba farinosa 5 8.4±6.06  5 9.43±6.59  
Catunaregam nilotica 6 9.54±8.46  1 3.45  
Harrisonia abyssinica 6 8.13±2.95  - -  
Hibiscus calyphyllus 3 6.71±3.08  - -  
Piliostigma thonningii 2 3.88±1.95  - -  
Tamarindus indica 3 3.09±1.3  3 3.48±1.04  
Ziziphus mauritiana 10 16.13±16.98  - -  
       
Season      ns 
Species      * 
Season*Species      ns 
N= Number of observations; *=Significant (P<0.05); ns=Non-significant (P>0.05); SD= Standard 
deviation 
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Table 9: Mean±SD and level of variation of seasonal dynamics in botanical group and 

desirability of the woody layer 

 
Parameters 

Seasons  
Significance Wet   Dry 

N Mean±SD   N Mean±SD 
Botanical Group        
         Tree 72 2.40±0.92   72 2.40±0.92  
         Shrub 34 0.96±0.92   8 0.70±0.60  
        
               Season       ns 
               Botanical Group       ns 
               Season*Botanical Group       ns 
Desirability        
          Desirable 59 2.36±2.34   46 2.82±2.44  
          Highly desirable 40 1.40±1.04   30 1.35±0.91  
          Less desirable 3 0.80±0.35   - -  
          Undesirable 4 2.10±1.04   4 2.10±1.04  
        
               Season       ns 
               Desirability       * 
               Season*Desirability       ns 
N= Number of observations; *=Significant (P<0.05); ns= Non-significant (P>0.05); SD= Standard 
deviation 

 

Of the total woody species identified, 5 species were classified as dominantly and/or 

commonly distributed over the major grazing areas of the two districts across the seasons 

(Table 10) and Acacia hockii were by far the most dominant followed by Acacia seyal, 

Balanites aegyptiaca and Azadirachta indica. 
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Table 10: Seasonal dynamics in species composition (%) based on density of the woody layer in the Gambella rangelands of 

southwestern Ethiopia 

 

 

Species 

Seasons 

Wet  Dry 

Grazing Areas  Grazing Areas  Grazing Areas  Grazing Areas 

JW JR JO JS  IW IR IO IS  JW JR JO JS  IW IR IO IS 

Acacia hockii  D D C -  D D D -  D D C -  D D D - 

Acacia senegal  - - - -  P P - -  - - - -  P P - - 

Acacia seyal   C D D -  P P D -  D D D -  P P D - 

Azadirachta indica  - - - -  - - D -  - - - -  - - D - 

Balanites aegyptiaca  C C D -  D C - -  D C D -  D C - - 

Cadaba farinosa  - - - -  P P - -  - - - -  P C - - 

Catunaregam  nilotica - - C -  - P - -  - - P -  - - - - 

Harrisonia abyssinica  P - - -  P P - -  - - - -  - - - - 

Hibiscus calyphyllus - - - -  - P - -  - - - -  - - - - 

Piliostigma thonningii  P P - -  - - - -  - - - -  - - - - 

Tamarindus indica  - P - -  - P - -  - P - -  - P - - 

Ziziphus mauritiana  D - - -  P P - -  - - - -  - - - - 

JW=Woodland at Jikawo district; IW=Woodland at Itang district; JR=Riverine forest at Jikawo district; IR=Riverine forest at Itang district;  JO=Open 
woodland at Jikawo district; IO=Open woodland at Itang district; JS=Savanna grassland at Jikawo district;  IS=Savanna grassland at Itang district; D = 
Dominant (>20% of density); C= Common (>10-20% of density); P= Present (<10% of density); -=Not present 
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4.2. Seasonal Dynamics in Vegetation’s Nutritional Status of the Rangelands of 

Gambella, Southwestern Ethiopia  

 

4.2.1. Seasonal dynamics in nutritive value of the grass species  

 

Seasonal dynamics and species variations in nutritive value of the grass species is 

presented in Table 11. Except OM contents all the parameters showed marked variations 

between seasons. The DM, CP, NDF and ADF contents of the grass species were highly 

significantly influenced (P<0.01) by season while the ash content varied significantly 

(P<0.05) across seasons. The DM and ADF contents of the grass species were not 

significantly influenced (P>0.05) by the species of the plants whereas OM and ash 

content varied between species significantly (P<0.05). A highly significant difference 

(P<0.01) was obtained between species in CP and NDF values. The result revealed that 

there were significant interaction effects on NDF and ADF (P<0.01) and (P<0.05), 

respectively. The DM content ranged between 93.19% in Oryza longistaminata and 

89.65% in Setaria incrassata during the wet and dry seasons, respectively. Setaria 

incrassata had highest OM content (90.70%) and the lowest OM value (82.54%) 

recorded for Panicum maximum. The ash content varied from 17.46% in P. maximum to 

10.78% in O. longistaminata during the wet season while in the dry season, the 

corresponding values for the species were 15.14% and 9.17%, respectively. The overall 

mean CP content of the grass species varied between 13.73 and 7.98% during the wet and 

dry seasons, respectively. The CP content was highest in P. maximum (17.82%) and 

Cynodon dactylon (11.03%) during the wet and dry seasons, respectively. The lowest CP 

content (7.82%) was recorded in O. longistaminata during the wet season and (5.08%) in 

the dry season. The NDF content of the grass species varied from 80.76% for O. 

longistaminata in the wet season to 44.10% for S. incrassata in the dry season. The ADF 

content varied from 54.95% for O. longistaminata during the wet season to 25.30% for S. 

incrassata in the dry season.  
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Table 11: Seasonal dynamics and species variations in nutritive value of the grass species in Gambella renagelands, southwestern 

Ethiopia (N=2) 

 

Season 

 

Species  

Chemical Composition (%) 

DM OM Ash CP NDF ADF 

 

 

Wet 

   Chloris gayana 92.78±0.51 87.18±0.80 15.42±4.46 12.06±2.56  78.78±1.48 48.22±1.22 

   Cynodon dactylon 92.22±0.24 87.64±4.60 14.41±1.70 13.39±0.79 74.02±1.80 35.23±0.23 

   Oryza longistaminata 93.19±0.21 85.50±1.83 10.78±0.39 7.82±1.07 49.59±10.54 36.84±11.43 

   Panicum maximum 92.75±0.03 84.87±0.49 17.46±2.57 17.82±0.78 63.28±1.44 44.91±6.80 

   Setaria incrassata 91.77±0.78 90.70±2.33 14.08±2.43 17.54±0.74 44.10±6.38 25.30±3.08 

 

 

Dry 

   Chloris gayana 91.60±0.80 87.09±0.93 12.83±0.80 6.16±0.33 79.05±0.14 49.65±4.98  

   Cynodon dactylon 91.42±0.87 89.05±1.20 10.46±1.90 11.03±0.75 79.17±4.59 44.74±2.47 

   Oryza longistaminata 90.86±0.78 88.10±0.65 9.17±2.52 5.08±2.47 80.76±5.87 54.95±1.99 

   Panicum maximum 91.34±1.64 82.54±2.57 15.14±0.49 9.49±1.24 75.17±0.61 46.85±2.86 

   Setaria incrassata 89.65±0.17 89.23±0.39 10.78±0.94 8.13±3.97 78.78±0.34 51.54±3.01 

        

                             Season ** ns * ** ** ** 

                             Species ns * * ** ** ns 

                            Season*Species ns ns ns ns ** * 

N=Number of observations;** = Highly significant (P<0.01); *= Significant (P<0.05); ns= Non-significant (P>0.05); DM=Dry matter; OM=Organic 
matter; CP=Crude protein; NDF= Neutral detergent fiber; ADF= Acid detergent fiber 
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4.2.2. Seasonal dynamics in nutritive values of the browse species 

  

Seasonal dynamics and species variations in nutritive value of the browse species is 

presented in Table 12. All the parameters showed marked variations. The DM, OM, ash 

and NDF contents of the browse species were highly significantly influenced (P<0.01) by 

season while CP and ADF varied significantly (P<0.05) seasonally. The NDF and ADF 

contents of the browse species were not influenced (P>0.05) by the species of the plants. 

Overall, the two-way interactions were not significant (P>0.01). The DM content 

obtained in the present study for browse species fell within the range of 89.80–92.85% in 

Cadaba farinosa and Balanites aegyptiaca during the dry and wet seasons, respectively. 

The highest content of OM was recorded for Acacia seyal (93.26%) during the wet 

season while the least OM content was obtained in C.  farinosa (83.71%) during the dry 

season. The mean CP content of the browse species ranging between 18.91% (in dry 

season) to 22.55% (in wet seasons) was recorded. Among the browse species total ash 

content (%) was lowest in A. seyal in rainy (8.07) and dry (6.10) seasons while the 

highest was for C. farinosa (16.29) and (11.28) in the wet and dry season, respectively. 

The CP content of the browse species was highest for Acacia senegal (29.03%) followed 

by C. farinosa (28.42%) during the wet season. CP contents in dry season for A. seyal 

and C. farinosa were 24.72% and 26.23%, respectively. Tamarindus indica showed the 

lowest CP content (16.73%) and (11.50%) in wet and dry seasons, respectively. The NDF 

content of the browse species ranged from 53.92% in A. seyal to 43.22% in T. indica 

during the wet season. Corresponding values during dry season ranged from 41.47 to 

25.88% in B. aegyptiaca and C. farinosa, respectively. During the wet season, the highest 

ADF contents (32.81%) were recorded for A. seyal while the lowest value (20.20%) was 

recorded for C. farinosa. During the dry season as well C. farinosa had the lowest ADF 

content (13.96%) while B. aegyptiaca had the highest (27.14%). In general, the CP 

content of the browse species was higher than those recorded for the grass species in both 

seasons whereas the ash, NDF and ADF content of browse species was lower than those 

recorded for the grass species. 
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Table 12: Seasonal dynamics and species variations in nutritive value of the browse species in Gambella rangelands, southwestern 

Ethiopia (N=2) 

 

Season 

 

Species  

Chemical   Composition (%) 

DM  OM Ash CP NDF ADF 

 

 

Wet 

   Acacia senegal 91.82±0.06 91.66±1.59 10.54±0.98 29.03±2.88 48.96±15.76 23.56±3.46  

   Acacia seyal 92.28±0.86 93.26±1.09 8.07±0.92 18.63±1.27 53.92±7.75 32.81±13.12 

   Balanites aegyptiaca 92.85±0.24 89.05±1.65 14.67±3.05 19.92±2.01 49.15±0.82 29.96±1.45 

   Cadaba farinosa 91.52±0.16 88.72±0.69 16.29±0.49 28.42±0.33 47.25±0.59 20.20±7.01 

   Tamarindus indica 92.60±0.23 92.17±1.23  9.75±0.25 16.73±7.27 43.22±3.17 30.18±0.12 

 

 

Dry 

   Acacia senegal 90.08±0.01 89.46±0.98 8.35±0.80 24.72±4.61 32.37±7.00 19.78±1.29 

   Acacia seyal 92.05±0.57 90.93±0.50 6.10±0.18 17.48±0.87 38.63±2.46 18.19±2.90 

   Balanites aegyptiaca 91.31±0.93 85.53±3.32 10.77±1.40 14.64±0.40 41.47±2.26 27.14±0.47 

   Cadaba farinosa 89.80±1.15 83.71±0.49 11.28±0.69 26.23±1.76 25.88±6.50 13.96±0.25 

   Tamarindus indica 91.83±0.86 90.26±0.25 7.83±1.23 11.50±1.80 33.56±0.37 22.27±1.63 

        

           Season ** ** ** * ** * 

           Species * ** ** ** ns ns 

          Season*Species ns ns ns ns ns ns 

N=Number of observations;** = Highly significant (P<0.01); *= Significant (P<0.05); ns= Non-significant (P>0.05); DM=Dry matter; OM=Organic 
matter; CP=Crude protein; NDF= Neutral detergent fiber; ADF= Acid detergent fiber 
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The correlation coefficient between the different parameters in grass species is presented 

in Table 13. The DM content of the grass species was correlated weak positively with ash 

and CP whereas weak negatively with the structural constituents (NDF and ADF). The 

OM content of the browse species had a weak positive correlation with ash and CP 

whereas it had correlated weak negatively with the structural constituents (NDF and 

ADF). The ash content had a significant (P<0.05) positive correlation with CP. The CP 

content of the sampled grass species had a significant (P<0.05) negative correlation with 

NDF as well as highly significantly (P<0.01) with ADF. The correlation between the 

structural components NDF and ADF were positive and highly significant (P<0.01). 

 

Table 13: Correlation coefficient (r) between the different parameters in grass species of 

Gambella rangelands, southwestern Ethiopia 

 DM OM Ash CP NDF 

OM -0.160     

Ash 0.347 0.248    

CP 0.352 0.336 0.534*   

NDF -0.427 -0.081 -0.132 -0.485*  

ADF -0.434 -0.375 -0.185 -0.592** 0.812** 

** = Correlation highly significant (P<0.01); * = Correlation significant (P<0.05); DM=Dry matter; 
CP=Crude protein; NDF=Neutral detergent fiber; ADF=Acid detergent fiber 
 

The correlation coefficient between the different parameters in browse species is 

presented in Table 14. The OM content of the browse species was correlated positively 

with DM at P<0.05 whereas the structural constituents (NDF and ADF) had a strong 

positive correlation with DM. Significant (P<0.05) positive correlation was found 

between OM and NDF contents of the browse species. The ash content had a weak 

positive correlation with CP, NDF and ADF. The CP content of the sampled browse 

species had a weak positive correlation with NDF and weak negative correlation with 

ADF. The correlation between the structural components (NDF and ADF) of the browse 

species were positive and highly significant (P<0.01). 
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Table 14: Correlation coefficient (r) between the different parameters in browse species 

of Gambella rangelands, southwestern Ethiopia 

 DM OM Ash CP NDF 

OM 0.495*     

Ash 0.092 -0.409    

CP -0.344 -0.133 0.386   

NDF 0.603** 0.517* 0.220 0.112  

ADF 0.642** 0.383 0.055 -0.307 0.685** 

** = Correlation highly significant (P<0.01); * = Correlation significant (P<0.05); DM=Dry matter; 
CP=Crude protein; NDF=Neutral detergent fiber; ADF=Acid detergent fiber 
 

 

4.3. Seasonal Dynamics in Soil Nutrient Status of the Rangelands of Gambella, 

Southwestern Ethiopia 

 

Results on dynamics of soil nutrients, physical and chemical characteristics across 

seasons and along grazing areas are presented in Table 15. On soil OC, TN, 

Exchangeable Na+ and Ca2+, CEC and available P, there were no significant differences 

(P>0.05) that occurred over seasons. However, exchangeable cations K+ and Mg2+ 

showed marked variations (P<0.05) seasonally (Figure 9a and b). Seasonally, there were 

no significant (P>0.05) difference that occurred in the soil physical and chemical 

characteristics. Except exchangeable Na+ results of all soil nutrient parameters were also 

remarkably similar (P>0.05) across seasonal grazing areas. This showed the occurrence 

of spatial variability in the contents of exchangeable Na+ (Figure 10a).The concentration 

of Na+ was higher in riverine forests followed by savanna grasslands, woodlands and 

open woodlands. In the exchangeable cations, Ca2+ dominated the exchange complex, 

followed by large amounts of Mg2+,   Na+ and K+. Across the seasonally grazing areas 

only the proportion of silt soil texture showed significant difference (P<0.05) showing 

spatial variability (Figure 10b). The pH of the soil in the rangelands ranged from 6.33 to 

6.73, which is considered acidic. 
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Table 15: Mean±SD of soil characteristics across seasons and along seasonal grazing areas with two-way ANOVA in Gambella 

rangelands, southwestern Ethiopia 

 

 

Parameters 

Seasons  Two-way 

ANOVA Wet  Dry 

Grazing areas Grazing areas S G S*G 

WL OW RF SG WL OW RF SG 

OC (%) 0.98±0.18 0.86±0.13 0.89±0.11 1.17±0.54  1.24±0.60 1.37±0.43 1.16±0.17 0.98±0.23  ns ns ns 

TN (%) 0.10±0.00 0.10±0.02 0.11±0.02 0.11±0.04  0.13±0.05 0.12±0.03 0.12±0.01 0.09±0.04  ns ns ns 

Na+ (cmol(+)kg-1) 0.80±0.16 0.55±0.49 0.96±0.24 0.94±0.25  0.60±0.33 0.39±0.32 1.18±0.31 1.17±0.45  ns * ns 

K+ (cmol(+)kg-1) 0.31±0.05 0.51±0.21 0.43±0.12 0.52±0.19  0.68±0.54 0.98±0.30 0.54±0.20 0.49±0.13  * ns ns 

Ca2+ (cmol(+)kg-1) 17.09±4.01 19.61±9.74 17.29±6.05 17.42±3.91  16.82±2.14 23.48±3.80 17.20±4.56 18.78±5.25  ns ns ns 

Mg2+ (cmol(+)kg-1) 8.28±0.73 8.42±0.74 8.95±1.50 9.11±0.59  8.49±1.26 6.51±1.45 7.58±1.23 8.00±1.30  * ns ns 

CEC (cmol(+)kg-1) 43.15±6.78 44.17±14.06 44.23±9.72 42.54±5.41  41.48±2.70 46.82±5.99 40.35±7.69 44.03±9.38  ns ns ns 

P  (ppm) 3.10±0.71 9.31±10.68 5.23±2.12 9.00±8.04  14.99±22.04 19.87±19.28 11.12±4.63 11.73±6.10  ns ns ns 

pH H2O  (1:2.5) 6.58±0.49 6.70±0.20 6.55±0.53 6.48±0.34  6.33±0.25 6.73±0.36 6.40±0.26 6.40±0.50  ns ns ns 

EC(dSm-1) 0.11±0.10 0.15±0.10 0.14±0.03 0.11±0.05  0.10±0.06 0.12±0.08 0.09±0.03 0.13±0.04  ns ns ns 

Sand (%) 40.50±2.52 31.00±7.12 39.00±9.93 36.50±3.42  37.50±6.61 31.50±3.11 44.50±15.26 37.00±12.57  ns ns ns 

Silt (%) 13.00±2.58 32.50±16.92 18.00±3.27 17.00±6.22  25.00±14.65 34.00±17.81 18.50±5.51 22.50±12.15  ns * ns 

Clay (%) 46.50±4.12 36.50±21.56 43.00±7.12 46.50±5.51  37.50±9.71 34.50±15.67 37.00±9.80 40.50±6.46  ns ns ns 

WL= Woodlands; OW= Open woodlands; RF= Riverine forests; SG= Savanna grasslands; S= Seasons; G= Grazing areas; S*G= Seasons*Grazing areas; * = Significant 
(P<0.05); ns= Non- significant (P> 0.05) 
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Seasonal dynamics of exchangeable cations K+ and Mg2+ and spatial variability of 

exchangeable Na+ and silt proportion are shown in Figure 9 and Figure 10, respectively. 

 

  
 

 
  
 
Figure 9: Seasonal dynamics in exchangeable K+ (a) and exchangeable Mg2+ (b)  
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Figure 10: Spatial variations in exchangeable Na+ (a) and silt proportion (b) 
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Correlation analysis of soil parameters is shown in Table 16. A highly significant positive 

(P<0.01) correlation was found between OC with K+ and available P while Na+ was 

significantly (P<0.05) and negatively correlated with OC. Exchangeable Na+ negatively 

correlated with TN in highly significant difference (P<0.01). On the other hand, K+ and 

available P positively correlated with TN and was highly significant (P<0.01). 

Exchangeable Ca2+ and Mg2+ correlated positively to CEC (P<0.01) and (P<0.05), 

respectively. There were no significant correlations between pH and EC as well as 

between other soil parameters. 
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Table 16: Correlation coefficient (r) between soil characteristics of Gambella rangelands, southwestern Ethiopia 

 OC TN Na+ K+ Ca2+ Mg2+ CEC P pH EC Sand Silt 

TN 0.847**            

Na+ -0.371* -0.443**           

K+ 0.731** 0.539** -0.309          

Ca2+ -0.011 -0.211 0.171 0.330         

Mg2+ -0.025 -0.011 0.177 -0.074 0.070        

CEC 0.052 -0.145 0.247 0.300 0.911** 0.359*       

P 0.744** 0.625** -0.541** 0.669** -0.188 -0.128 -0.186      

pH -0.049 -0.198 -0.168 0.047 0.149 -0.005 0.050 0.129     

EC 0.021 0.166 -0.176 -0.006 -0.112 0.085 -0.078 -0.022 0.266    

Sand -0.093 0.156 0.016 -0.367* -0.561** -0.005 -0.556** -0.174 -0.346 0.125   

Silt 0.312 0.194 -0.533** 0.361* -0.132 -0.263 -0.224 0.720** 0.433* -0.022 -0.506**  

Clay -0.277 -0.344 0.588** -0.113 0.598** 0.300 0.698** -0.673** -0.211 -0.075 -0.231 -0.723** 

OC= Organic carbon; TN=Total nitrogen; Na+= Exchangeable sodium; K+=Exchangeable potassium; Ca2+= Exchangeable calcium; Mg2+=                   
Exchangeable magnesium; CEC= Cation exchange capacity; P= Available phosphorus; EC= Electric conductivity; * and ** indicates statistical                    
significance at the 0.05 and 0.01 level, respectively. 
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4.4. Pastoralists’ Perception and Ecological Knowledge on Seasonal Dynamics in 

Botanical Composition and Nutritive Value of Vegetation, and Soil Nutrient Status 

of Gambella Rangelands, Southwestern Ethiopia 

 

4.4.1. Pastoralists’ perception and ecological knowledge on seasonal dynamics in 

botanical composition 

 

Nuer herders identified a total of 16 herbaceous dominant forage species distributed over 

the seasonal grazing areas (Table 17) and were also able to rank their abundance in the 

vegetation across seasons. A significant proportion of pastoralists 88.3%, 52.8%, 72.4% 

and 82.5% respectively identified Echinochloa pyramidalis, Setaria incrassata, Setaria 

verticillata and Sporobolus pyramidalis as a dominant grass species during the wet 

seasons in savanna grasslands, woodlands, open woodlands and riverine forests. About 

56% of the pastoralists mentioned Setaria incrassata, 76% each of Panicum maximum 

and Tetrapogon villosa and 72% Cynodon dactylon as dominant grass species during the 

dry seasons in woodlands, open woodlands, riverine forests and savanna grasslands 

respectively. In Itang and Jikawo districts, 55% and 90.0% of the pastoralists perceived 

that there is seasonal dynamics in botanical composition of the herbaceous layer in their 

locality. In terms of gender and age groups, males (92.6%) and of females (91.7%), age 

groups 35-45 (50%), 46-55 (69.2%), 56-60 (96.2%) and all above age group 60 of the 

respondents perceived the presence of seasonal dynamics in herbaceous layer of their 

locality. Their perceptions did not show a marked variation between districts (² = 1.08, 

P > 0.01) and gender (² = 0.01, P > 0.01). However there was a significant perception 

variation among the age groups (²= 30.74, P <0.001).  
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Table 17: Ranking of seasonal dynamics in botanical composition of herbaceous layer over grazing areas by Nuer pastoralists 

(N=120) 

                             N=Number of respondents 

Grazing Area Scientific Name Vernacular Name Wet  Season  Dry Season 
Rank % respondents  Rank % respondents 

 
 
Woodlands 

Setaria incrassata Hol 1 52.8  1 55.8 
Panicum maximum Gaw 2 54.2  2 55.8 
Eragrostis multiplosa Lum 3 46.7  - - 
Rottboellia cochinchinensis Pon 4 53.3  - - 
Senna obtusifolia Reir 5 80.0  - - 

 
 
Open 
woodlands 

Setaria verticillata Dreck 1 74.2  - - 
Panicum maximum Gaw 2 62.5  1 77.5 
Digitaria ternatea Gam 3 70.8  2 79.2 
Echinochloa procera Nyiew 4 60.8  - - 
Paspalum scrobiculatum Gok 5 69.2  - - 

 
 
Riverine 
Forests 

Sporobolus pyramidalis Thoat 1 82.5  - - 
Tetrapogon villosa Thir 2 81.7  1 77.5 
Chloris gayana Bok 3 82.5  3 55.8 
Cynodon dactylon Moth 4 81.7  2 66.7 
Oryza longistaminata Pon 5 78.3  4 59.2 

 
 
Savanna 
Grasslands 

Echinochloa pyramidalis Bor 1 88.3  - - 
Oryza longistaminata Pon 2 68.3  2 71.7 
Ipomoea aquatica Theach 3 58.3  - - 
Chloris gayana Bok 4 61.7  - - 
Cynodon dactylon Moth 5 70.0  1 71.7 
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Nuer herders perceived that seasonal dynamics in botanical composition of the key grass 

species are common under their seasonal grazing areas (Figure 11). 

 

 
 

 
 
Figure 11: Perception of Nuer pastoralists regarding seasonal dynamics in botanical 

composition of key grass species over seasonal grazing areas 

 

The Nuer pastoralists conduct seasonal assessment of the grazing areas condition and 

trend on the basis of the most valuable grass species composition. The herders used the 

relative abundance of species to classify the suitability of various landscapes for grazing. 

Nuer pastoralists also used the abundance of palatable species as indicators for assessing 

range condition and they perceived that the dominance of unpalatable grass species and 

forbs are indicators of poor range condition. A decline in wet weight forage quantity 

around the transitionary season provides a good rationale for their transhumance mobility 

oscillating between wet and dry season grazing areas. Nuer herders attributed low 

livestock productivity to changes in rangeland vegetation composition from desirable to 
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undesirable forage plants and perceived that botanical composition was inferred from the 

body condition of their animals. 

 

Pastoralists identified a total of 5 woody browse plant species to be dominant all the year 

round over the grazing areas except the savanna grasslands.  Acacia hockii, Acacia seyal 

and Balanites aegyptiaca were perceived by Nuer pastoralists as dominant species in 

their locality (Table 18).  Acacia hockii  followed by B. aegyptiaca  and  A. seyal were 

perceived by 85.8%, 73.3% and 70% of the pastoralists, respectively, to be dominant at 

woodlands, while A. seyal was considered to be the dominant species in the open 

woodlands by 82.5% of pastoralists. Acacia hockii was also largely perceived by 82.5% 

pastoralists to be dominant in riverine forests. Absence of seasonal dynamics in botanical 

composition of the woody layer was perceived by 85% and 90% of the respondents in 

Itang and Jikawo districts, respectively. In terms of gender, 88.9% of the male and 75% 

of the females perceived the absence of seasonal dynamics in botanical composition of 

the woody layer. Similarly, 66.7%, 76.9%, 86.5% and all of the respondents, 

respectively, of 35-45, 46-55, 56-60 and >60 age groups perceived that there is no 

seasonal dynamics in botanical composition of the woody layer. Their perception showed 

no significant difference between districts (² = 0.69, P > 0.01) gender (² = 1.91, P > 

0.01) and age groups (² = 9.46, P > 0.01).  
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Table 18: Ranking of seasonal dynamics in botanical composition of woody layer over grazing areas by Nuer pastoralists (N=120) 

Grazing Areas Scientific Name Vernacular Name Wet  Season  Dry Season 

Rank % respondents  Rank % respondents 

 

 

Woodlands 

Acacia hockii  Lor  1 85.8  1 74.2 

Balanites aegyptiaca Thow  2 73.3  2 63.3 

Acacia seyal Theap 3 70.0  3 60.0 

Acacia senegal Chidock 4 78.3  4 75.0 

Cadaba farinosa Neth 5 80.0  5 77.5 

 

Open woodlands 

Acacia seyal Theap 1 82.5  1 81.7 

Acacia hockii Lor 2 72.5  2 69.2 

Balanites aegyptiaca Thow 3 76.7  3 75.0 

 

 

Riverine Forests 

Acacia hockii  Lor  1 82.5  1 78.3 

Acacia seyal Theap 2 75.0  2 70.0 

Balanites aegyptiaca Thow 3 66.7  3 60.8 

Cadaba farinosa Neth 4 64.2  4 60.0 

Acacia senegal Chidock 5 80.0  5 76.7 

N=Number of respondents 
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4.4.2. Pastoralists’ perception and ecological knowledge on seasonal dynamics in 

vegetation nutritive value 
 
Nuer herders identified a total of 11 and 5 herbaceous species which are known for their 

nutritive value during the wet and dry seasons respectively. They perceived that the 

seasonal dynamics in nutritional value of the herbaceous layer was directly associated 

with availability and contribution of nutritious species in the botanical composition. The 

herders were also able to rank these species according to nutritional value across seasons. 

They perceived that the nutritional value of a particular forage species was attributable to 

its desirability. Accordingly, the herders classify forage species on the basis of index of 

their livestock species preferences. They gave four desirability indexes: highly desirable, 

moderately desirable, less desirable and undesirable that were ranked first through fourth 

respectively. However, during the questionnaire survey, the respondents listed and ranked 

herbaceous species of the first two categories (i.e., those of the highly desirable and 

moderately desirable ones). They also further ranked each key species under their 

perceived acceptability (i.e., Ranks 1 to 8 for highly desirable species and Rank 9-11 for 

moderately desirable ones) (Table 19). 

 

Nuer pastoralists ranked Brachiaria semiundulata, Echinochloa pyramidalis, Panicum 

maximum, Chloris gayana, Digitaria ternatea, Echinochloa procera, Oryza 

longistaminata and Paspalum scrobiculatum as the top eight highly desirable, while 

Cynodon dactylon, Ipomoea aquatica and Senna obtusifolia were largely perceived as 

only moderately desirable species by livestock during the wet seasons. Among nutritious 

grasses, P. maximum followed by C. gayana, D. ternatea and O. longistaminata were 

mainly perceived as the top four highly desirable species during the dry seasons. C. 

dactylon is the only moderately desirable grass species during the dry period as perceived 

by the pastoralists. 
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About 95.0% and 98.3% of the respondents in Itang and Jikawo, respectively, perceived 

the existence of seasonal dynamics in nutritive value of the herbaceous layer. On the 

basis of gender, 98.1% of males and 85.7% of female respondents, respectively, shared 

the perception. Respondents of age groups 35-45 (83.3%), 46-55 (88.2%), 56-60 (98.0%) 

and all of >60 age groups perceived the existence of seasonal dynamism in nutritive value 

of the herbaceous layer. Their perception showed no significant difference between 

districts (² = 1.03, P > 0.01), between gender (² = 5.9, P > 0.01) and among the age 

groups (² = 8.97, P> 0.01).  
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Table 19: Rank of seasonal dynamics in nutritious herbaceous species by Nuer pastoralists (N=120) 

Scientific Name Vernacular 

Name 

Perceived 

Acceptability 

Wet  Season  Dry Season 

Rank % respondents  Rank % respondents 

Brachiaria semiundulata Dit HD 1 80.0  - - 

Echinochloa pyramidalis Bor HD 2 65.0  - - 

Panicum maximum Gaw HD 3 73.3  1 76.7 

Chloris gayana Bok HD 4 49.2  2 62.5 

Digitaria ternatea Gam HD 5 59.2  3 60.0 

Echinochloa procera Nyiew HD 6 53.3  - - 

Oryza longistaminata Pon HD 7 71.7  4 53.3 

Paspalum scrobiculatum Gok HD 8 52.5  - - 

Cynodon dactylon   Moth MD 9 52.5  5 77.5 

Ipomoea aquatica Theach MD 10 51.7  - - 

Senna obtusifolia Reir MD 11 70.8  - - 

N=Number of respondents; HD=Highly desirable; MD=Moderately desirable 
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Nuer herders identified a total of 6 browse species (throughout the year) and 3 browse 

species (during wet seasons) which are known for their nutritive (Table 20). The 

pastoralists also perceived that the dominant evergreen and the top five highly desirable 

browse species available in their locality were Acacia seyal, Acacia senegal, Cadaba 

farinosa, Balanites aegyptiaca and Tamarindus indica.  About 91.7% and 93.3% of the 

respondents in Itang and Jikawo perceived the existence of seasonal dynamics in nutritive 

value of the woody layer. On the basis of gender, 93.4% of males and 85.7% of female 

respondents shared the perception. Respondents of age groups 35-45 (66.7%), 46-55 

(82.4%), 56-60 (93.9%) and >60 (97.9%) perceived the existence of seasonal dynamism 

in nutritive value of the woody layer. Their perception showed no significant difference 

between districts (² = 0.12, P > 0.01), between gender (² = 1.05, P > 0.01) and among 

the age groups (² = 10.46, P> 0.01). 

 

The Nuer pastoralists are knowledgeable about the relationship between  nutritious 

pasture species and  animal general condition such as gut-fill, animal activities, high milk 

yield, short calving intervals, libido in bulls, heat in heifers and cows, smooth and shiny 

coat, good body condition, rapid animal weight gain, resistance to diseases and parasites 

and reduced calf mortality. They also employed vegetation indicators for grazing quality 

assessment such as height, greenness and tillering ability of the herbaceous layer and 

degree of sprouting and production of new leaves and pods for the browse species. 
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Table 20: Rank of seasonal dynamics in nutritious browse species by Nuer pastoralists (N=120) 

Scientific Name Vernacular 

Name 

Perceived 

Acceptability 

Wet  Season  Dry Season 

Rank % respondents  Rank % respondents 

Acacia seyal Theap HD 1 81.7  1 85.0 

Acacia senegal    Chidock HD 2 63.3  2 69.2 

Cadaba farinosa  Neth HD 3 45.8  3 54.2 

Balanites aegyptiaca Thow HD 4 55.8  4 46.7 

Tamarindus indica Koat  HD 5 71.7  5 63.3 

Ziziphus mauritiania Bow HD 6 66.7  - - 

Piliostigma thonningii Goany MD 7 49.2  - - 

Catunaregam  nilotica Koeck MD 8 60.8  - - 

Acacia hockii  Lor  MD 9 74.2  6 66.7 

N=Number of respondents; HD=Highly desirable; MD=Moderately desirable 
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Perception of Nuer pastoralists regarding nutritional dynamics in the key forage species at 

different seasons of a year is presented in Figure 12 (for grass species) and Figure 13 (for browse 

species). 

 
 

 
 

 
Figure 12: Perception of Nuer pastoralists regarding seasonal dynamics in nutritive value of key 

herbaceous species during wet seasons (a) and dry seasons (b)  
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Figure 13: Perception of Nuer pastoralists regarding seasonal dynamics in nutritive value of key 

browse species during wet seasons (a) and dry seasons (b) 
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4.4.3. Pastoralists’ perception and ecological knowledge on seasonal dynamics in soil nutrient 

status 

 

Soil classification and characterization in terms of grazing areas and vegetation attributes as 

perceived by Nuer pastoralists is presented in Table 21. The Nuer pastoralists use local indicators 

of soil quality such as soil color ‘mun bil’, soil texture ‘mun sur’, fertility ‘mun liet’, muddiness 

‘mun juack’ and flooding (poorly drained soil) ‘mun ngech’. On the basis of soil colour they 

classify the soil into two types:  red soil ‘mun mulwal/mun pin’ and black soil ‘mun michar/mun 

dock’. Based on texture they also classify the soil into four types: stony ‘pum’, sandy ‘leth’, loam 

‘lum’ and clay ‘doc’.  

 

Nuer pastoralists associate the nutrient status of soil with the major seasons in the grazing areas. 

During wet season red soil is perceived as fertile soil ‘mun liet’ attributed by best quality pasture 

but infested with tsetse. On the other hand, the black soil, which is muddy and flooded during the 

wet season still perceived as fertile enough to support good quality forage especially after the 

receding of the flood. Black soil is generally perceived as fertile soil; it is the feature of dry 

season grazing areas which are open grassland savannas ‘tor’, tsetse free and associated with 

herbaceous layer ‘juach’. Whereas red soil is the characteristics of the wet season grazing areas 

(open woodlands ‘kur’, woodlands ‘rup’ and riverine forests ‘lol’) or woody layer ‘jiath’. This 

would indicate that pastoralists do perceive the dynamics of soil nutrients and its association with 

the forage types quality and quantity of the grazing areas across seasons. In Itang (83.3%) and 

Jikawo (80.3%) of the respondents perceived that there is seasonal dynamics in soil nutrient 

status. On the basis of gender this perception is of males (85.7%) and females (81.3%). Age 

groups 35-45 (50.0%), 46-55 (64.7%), 56-60 (84.0%) and >60 (89.6%) share the perception. No 

significant perceptional difference was shown between districts (² = 0.18, P > 0.01), gender (² 

= 0.16, P > 0.01) and age groups (² = 9.46, P > 0.01).  
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Table 21: Soil classification and characterization over seasonal grazing areas and vegetation attributes as perceived by Nuer 

pastoralists 

 Soil Classification Criteria Grazing 

Area 

Vegetation Attributes 

Color Texture Fertility Muddiness 

(Stickiness) 

Flooding 

Red Loam Fertile Non-muddy, 

non-sticky 

Flood free  Open 

woodland  

Scattered trees and shrubs dominated by Acacia 

species while the herbaceous layer beneath the trees 

and shrubs dominated Panicum maximum. 

Red Loam Fertile Non-muddy, 

non-sticky 

Flood free  Woodland  Trees and shrubs dominated by Acacia species and 

Balanites aegyptiaca while the herbaceous layer 

beneath the trees and shrubs dominated by 

Echinochloa colona and Setaria incrassata. 

Red with 

some 

black  

Loam 

with some 

clay  

Fertile Moderately 

muddy and 

sticky  

Flooded  Riverine 

forest 

  

Trees dominated by Acacia species and Balanites 

aegyptiaca while the herbaceous layer beneath the 

trees and shrubs dominated by Brachiaria 

semiundulata and Eriochloa fatmensis. 

Black Clay Fertile Muddy, 

sticky, 

cracks when 

dry  

Extremely 

flooded 

Savanna 

grassland  

Open grassland entirely layer of herbaceous species 

covered with grass vegetation dominated by 

Echinochloa pyramidalis, Oryza longistaminata, 

Cynodon dactylon and herbs mostly Ipomoea 

aquatica. 
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5. DISCUSIONS 

 

5.1. Seasonal Dynamics in Botanical Composition of the Rangelands of Gambella, 

Southwestern Ethiopia 

 

5.1.1. Seasonal dynamics in botanical composition and related parameters of the herbaceous 

layer 

 

Highly significant variation (P<0.01) between seasons, species and their interaction was 

recorded suggesting that there is great seasonal dynamism in the semi-arid vegetation 

communities, especially of the grass cover as commonly reported for tropical vegetation 

communities (Trodd and Dougill, 1998). This result agrees with the reports of Keba et al. 

(2013) who concluded on the basis of his assessments that production of herbaceous biomass is 

primarily determined by the amount, distribution and duration of rainfall. The result is also 

consistent with the studies of Awa et al. (2002) and Egeru et al. (2014) who attributed forage 

quantity variations over seasons as a function of the rainfall distribution in a given rangeland 

ecosystem.  

 

During the wet season desirable and highly nutritious grass species like Cynodon dactylon 

turned out to be the dominant species despite the selection pressure inflicted by herbivores. 

This anomaly whereby the highly desirable and nutrient-rich species such as C. dactylon, 

became abundant in areas where grazing pressure was high might be related to the prostrate 

and short-stature growth habit (O’Connor and Roux, 1995; Treydte et al., 2006; Haftay et al., 

2013). Similarly, Van der Westhuizen et al. (2005) and Tefera et al. (2007) noted that C. 

dactylon was rather the dominant key species in rangelands that are severely overgrazed. 

Remarkably, owing to its spreading growth habit, C. dactylon was uniformly abundant in the 

grassland savannas of both Itang and Jikawo that receive heavy grazing pressure.  
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The grassland savannas of Jikawo are degraded and the less palatable semiaquatic annual forb 

Hygrophila schulli is commonly and dominantly distributed throughout the seasons. The 

highly desirable grass species such as Brachiaria semiundulata, Echinochloa pyramidalis and 

Paspalum scrobiculatum were distributed in few grazing areas of the districts. Their annual 

form of life, as indicated by Gemedo-Dalle et al. (2006) and Haftay et al. (2013) seems to be 

responsible for such limited spatial distribution in relation to the grazing pressure and this can 

be taken as an indicator of the rangeland deterioration. Overgrazing affects the botanical 

composition and species diversity by depressing the vigor of dominant species, which then 

enables colonization by less competitive, but grazing tolerant plant species (Sternberg et al., 

2000). Most grasses in savanna ecosystems are fairly tolerant to grazing, however, prolonged 

intense grazing eventually leads to a shift in species composition (Skarpe, 1992). 

 

Panicum maximum is the dominant species in woodlands and open woodlands of Jikawo 

district during the wet season. The only dominant grass species during the wet season in the 

open woodlands of Itang and grassland savanna of Jikawo were Setaria incrassata and 

Rottboellia cochinchinensis, respectively. Setaria incrassata was distributed in Jikawo 

woodlands and Itang open woodlands. Sporobolus pyramidalis occurred in riverine forests of 

Jikawo and woodlands of Itang. As reported by Haftay et al. (2013) less desirable grass 

species, such as Setaria verticillata and Sporobolus marginatus were found only in the open-

access grazed areas due to their short life span and also due to their low preference by grazing 

livestock.  

 

Cynodon dactylon has been reported as the dominant key species in rangeland that is severely 

overgrazed in the Grassland Biome of South Africa (Jordaan, 1997; Van der Westhuizen et al., 

2005). Cynodon dactylon occurred during the dry season in grassland savannas of both districts 

which are the communal grazing areas of the Nuer pastoral communities. This is consistent 

with the reports of Amsalu and Baars (2002); Adane (2003) and Admasu et al. (2010), that in 

other rangelands of the country, Cynodon dactylon was both tolerant for drought and heavy 

grazing. Setaria incrassata was distributed in Jikawo woodlands and Itang open woodlands. 

Sporobolus pyramidalis occurred in riverine forests of Jikawo and woodlands of Itang. 

Hygrophila schulli was dominant in woodlands and riverine forests of the two districts as well 
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as grassland savanna of Itang. Cyperus rotundus is one of the most serious weed problems in 

many parts of the world (Travlos et al., 2009). Similarly, it occurred in woodlands, riverine 

forests and open woodlands of Jikawo. The undesirable perennial forb Solanum incanum was 

dominant in the open woodlands of Jikawo. According to Coppock (1994), Solanum species 

are indicators of a change in the condition of the rangeland towards deterioration and are also 

considered as poisonous plant species. The only common grass species in Jikawo woodlands 

and legume species in open woodlands of Itang were Chloris gayana and Desmodium 

uncinatum, respectively.   

 

A declining proportion of perennial grasses definitely contribute to reduced composition of 

desirable and highly desirable species in the herbaceous layer during dry season. The presence 

of the perennial highly desirable grass Oryza longistaminata, in seasonally flooded plains of 

savanna grasslands in this finding concurs with the findings of Agnoun et al. (2012) who noted 

that O. longistaminata is distributed in all tropical Africa (including Madagascar), maintained 

in a stable and very less disturbed swampy habitat and colonizing the regularly flooded African 

and Malagasy plains. Panicum maximum is a tufted perennial grass very succulent and 

nutritious; highly palatable and preferred by grazers; suitable for mix seeding with other 

legumes (Ullah et al., 2006; Arsenault and Own-Smith, 2008). It persists throughout the dry 

season along some of the major grazing areas especially in the savanna grasslands which are 

seasonally flooded. The widespread occurrence of P. maximum signifies the importance of 

palatable perennial plant species to the productivity of the rangeland. Hussain and Durrani 

(2009b) noted that seasonal availability of palatable fodder species depended upon the 

phenological stage, which in turn depended upon the climate. On the other hand, Tefera et al. 

(2007) indicated that classifications of species into desirability groups relied most importantly 

on the merits of species with respect to their life forms and palatability. Tefera et al. (2007) 

further argued that such a classification may not be valid in some cases, particularly when 

palatability is taken as criterion and under such situations, even less palatable species may be 

heavily grazed and be assumed relatively palatable. This is observed under the high grazing 

pressures as experienced in the communal lands of Gambella 
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In the present finding, the proportion of Increasers (IIa, IIb and IIc) showed an increasing trend 

following the dry season. Similarly, Kirkman (1999) observed that the vigor of preferred 

(palatable) grasses declined during the season following grazing, while vigor of unpreferred 

(unpalatable) grasses increased during the following season, probably due to reduced 

competition from the regularly defoliated preferred grasses with livestock type having a 

significant impact on species response to grazing intensity. This implies that the impact of 

herbivores on vegetation is important even where intra- and inter-seasonal climatic fluctuations 

are significant (Kirkman and de Carvalho, 2003). 

 

 

5.1.2. Seasonal dynamics in botanical composition and related parameters of the woody layer 

 

Trees and shrubs are important sources of fodder for livestock in the tropics and dry 

environments and withstand harsh climatic conditions better than herbaceous species 

(Silanikove et al., 1996). They provide green forage for grazing animals throughout the year 

(evergreen species) or at specific critical periods of the year (deciduous species) (Kökten et al., 

2012). In arid and semi-arid regions most perennial browse species are reported to maintain 

vegetative growth with fresh leaves and twigs hence with apparent maintenance of nutritive 

value throughout the dry season while grasses dry up and deteriorate both in quality and 

quantity (Tolera et al., 1997; Hussain and Durrani, 2009b; Cavalcante et al., 2014). Similar to 

these reports, the present finding showed that there was no marked variation in the botanical 

composition and related parameters of the woody layer which is assumed to be due to the 

dominance of evergreen browse species particularly Acacia species and Balanites aegyptiaca. 

 

Acacia woodlands represent one of the most widespread vegetation types of dry lands in Africa 

(Traoré et al., 2012). Acacia hockii which is dominant in woodlands and riverine forests also 

reported to be native to many dry areas in tropical Africa south of the Sahel, to eastern and 

southern Africa (ILDIS, 2013). The occurrences of Acacia senegal in open woodlands and 

riverine forests of Itang district confirms the reports of Raddad (2006) and Wekesa et al. 
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(2009) who noted that A. senegal is a widespread leguminous tree distributed in the drier parts 

of tropical Africa. Similarly, Acacia seyal is reported to be widespread in the semi‐arid zone of 

tropical Africa from Senegal eastwards to Somalia and the Red Sea and from the Nile valley 

south to Zambia (ECOCROP, 2004; Fall et al., 2009). In Gambella, A. seyal is dominant in 

open woodlands of the two districts and riverine forest of Jikawo which are prone to seasonal 

flooding. According to McAllan (1993),   A. seyal is widely distributed in the African savannas 

where it is one of the most common trees on clay plains that flood during the rainy season. 

Several species of A. seyal have been recognized by grazers because of their feeding value 

during the drought (Olivers-Pérez et al., 2013). It has been reported that the pods and leaves of 

A. seyal are nutritious and palatable to livestock (Orwa et al., 2009; Abdalla et al., 2014a). 

 

Balanites aegyptiaca was found to be dominant in the study areas. There are reports that 

supported the wide distribution of B. aegyptiaca.  Sands (2001) noted that B. aegyptiaca was 

one of the most widely distributed trees in the dry-lands of Africa and Sudan. Some of the 

attributions for its dominance are its  drought tolerance and resistance to wild fires (Elfeel et 

al., 2007) in areas where grassland burning is a common practice as in Nuer pastoral 

community (Tilahun, 2007). Wild fires are common occurrences in Gambella where large 

areas are burnt every year (Kassahun and Asfaw, 2008). Cadaba farinosa is distributed 

throughout the world mostly in tropical and sub-tropical regions (Telrandhe and Uplanchiwar, 

2013) and so is common in riverine forests of Itang during dry season. Tamarindus indica has a 

wide geographical distribution in the subtropics and semiarid tropics (El-Siddib et al., 2006); is 

well adapted to semiarid tropical conditions and also grows well in many humid tropical areas 

with seasonally high rainfall (Zulkhairi et al., 2009). Similarly, this tree species did appear in 

riverine forests of the study area.  
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5.2. Seasonal Dynamics in Vegetation’s Nutritional Status of the Rangelands of Gambella, 

Southwestern Ethiopia 

 

5.2.1. Seasonal dynamics in nutritive value of the grass species 

 

A reliable supply of good quality pasture is critical for successful pasture-based production 

systems (Hughes et al., 2012). The problem of animal feed supply and quality is aggravated in 

arid, semi-arid and tropical regions with scarce and erratic rainfall that limits the growth of 

herbaceous species and biomass yield in rangelands. Thus, livestock in such regions have to 

survive on scarce forage supply of mostly poor nutritional value for most part of the year 

(Robles et al., 2008; Boufennara et al., 2012). This situation is apparently less of a concern in 

Gambella where the rainfall is high both in amount and distribution to support lush pasture 

growth for a good part of the year. The concern is rather related to seasonal fluctuation of the 

pasture in quality (Hughes et al., 2012) with subsequent effects on livestock production. Arzani 

et al. (2008) argued that seasonal variation is one of the important factors in driving the 

dynamics of forage quality.  

 

The wide seasonal dynamics in nutritive values of the grass species was found to be as 

expected confirming the arguments of Tolera and Abebe (2007) who indicated that the 

presence of marked seasonal variations in availability and quality of feed resources due mainly 

to the fast maturity and associated rapid decline in nutritive value the grass species and to a 

limited extent to a seasonal moisture availability. Okello et al. (2005) stated that in Uganda a 

wide variation in pasture quality and quantity was observed between seasons. Lundu (2012) 

also indicated that in the savanna ecosystem the availability of palatable species varies in 

accordance with the season. Therefore, it can be argued that these reports suggest what was 

true in the present study – there is seasonal fluctuation in the nutritive value of the pastures in 

Gambella. The only exception was in structural components (NDF and ADF) that did not 

significantly fluctuate. Besides, the results of the present study indicated that the nutritive value 

of grass species was greatly influenced by the plant species. Teka et al. (2012) assumed that a 

difference among species in their chemical composition is due to the variation in the genetic 
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characteristics inherent to specific individual plant species. The nutritional analysis results of 

the present study were within the ranges of values in the tropics that have been documented by 

several authors (Evitayani et al., 2004; Gemedo-Della, 2004; Mutanga et al., 2004; Rubanza et 

al., 2006; Snyman, 2006; Mahala et al., 2009; da Silva, 2011; Gelayenew, 2012; Teka et al., 

2012; Keba et al., 2013; Rasool et al., 2013; Birnin-Yauri and Umar, 2014). 

 

Unlike the present results, Birnin-Yauri and Umar (2014) observed that the mean percent DM 

content of herbage of Giron Masa grazing reserve, Kebbi State Nigeria was significantly lower 

(P<0.05) in early rainy season and highest in late dry season. In contrary to the results of the 

present study, Gelayenew (2012) and Teka et al. (2012) showed that the dry matter content of 

herbaceous forages increased as the stage of maturity advanced towards the dry season. 

Gelayenew (2012) reported similar to the present results of seasonal DM contents for Cynodon 

dactylon in Gambella. Evitayani et al. (2004) reported similar values of OM contents in 

Panicum maximum across seasons. In consistent with the findings of Teka et al. (2012), the ash 

content of the grass species greatly increased during the dry season. Gelayenew (2012) 

reported consistent dry season ash content of C. dactylon with the current finding. Whereas 

Teka et al. (2012) reported almost similar to the present results of the ash content of the same 

species during early and late rainy seasons. According to the same authors, the ash content of 

P. maximum during both seasons are consistent for the wet season results of the present finding 

but a little bit higher than the dry season values. The ash contents of C. dactylon and P. 

maximum in the present study are within the ranges of the values reported by Keba et al. 

(2013) in different range sites of Borana during the main rainy season. Rasool et al. (2013) 

reported quite lower ash contents of Chloris gayana and P. maximum than the values obtained 

in the present study.  

 

Marked seasonal variability in CP contents of grass species in the present study agrees with the 

report of Teka et al. (2012) which indicated that the CP content of the grass species is 

considerably influenced by seasonality. The authors attributed the seasonal variation in CP to 

the proportion of the structural fibers that build up in the herbage over the period between the 

growing wet season and the dry season.  A highly significant differences (P<0.01) between 

species in CP values implied the potential species effect on the nutritive value of tropical 
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grasses. In accordance with the literatures, the present study’s overall mean CP value of grass 

species sampled in the rangelands of Gambella is quite above the critical levels. The wet 

season mean CP is above the suggested critical threshold levels. On the other hands, in 

consistence with other findings in tropical pastures (Mahala et al., 2009; Teka et al., 2012) 

however, the dry season mean CP value was lower than the critical limit of 10.6% proposed by 

Minson (1990). Therefore, CP value that is lower than the proposed critical limit of 7% or even 

higher level of 10.6% has an implication that the native grass species could fail in supplying 

adequate levels of nitrogen for a considerable part of the year (Keba et al., 2013) particularly 

during the dry season.  

 

Seasonal forage yield and nutrient contents stability may be achieved through successful 

breeding programmes (Mislevy et al., 1999). Deficiencies in forage quality and/or quantity 

must be corrected by nutrient supplementation to maintain the livestock at adequate levels of 

performance (Bohnert and Cooke, 2011). Provision of feed supplements late in the dry season 

has been suggested by Abusuwar and Ahmad (2010) to compensate for the drastic decline in 

the nutritive values of forage species as the dry season advances. Gautier et al. (2005) 

suggested that numbers of livestock could be increased or considerable parts of shortage in 

forage could be compensated through legume tree and shrub’s twigs which are known for their 

potential nutritive value. Protein supplements in the form of fodder legume can stimulate 

forage intake and may enhance the microbial digestion of forage. When the benefits of 

improved forage intake and improved digestion are combined, overall nutritional status of the 

animal is greatly enhanced (Bohnert and Cooke, 2011). Therefore, developing management 

strategies such as identification of appropriate grazing time based on the nutrient yield of the 

dominant species over season, conservation strategies, and grazing management is of 

paramount importance. These would help in tackling the seasonal nutritional variability and 

constraints encountered by the extensive livestock production systems in the pastoral areas to 

maximize the livestock production performance. 

 

Any feed offered to animal should provide enough nitrogen for the microbes in the rumen for 

optimal animal performance (Mtui et al., 2009). The higher wet season CP content of the grass 

species conforms the suggestion of (Hughes et al., 2011) that nitrogen (N) availability in 
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tropical pastures is expected to be higher in wet seasons. This is due to higher availability of N 

in growing immature grasses than in more mature ones (Relling et al., 2001). In support of the 

present finding, results obtained from other studies conducted on tropical pastures with distinct 

wet and dry seasons (Mtui et al., 2009; Tesfay et al., 2009; Hughes et al., 2011; Gelayenew, 

2012; Teka et al., 2012) indicated that the quantity of CP supplied by tropical grasses to 

ruminants tends to increase from the dry to the wet season.  In contrary, higher CP content of 

pasture herbage during the dry season was reported in the findings of Abebe et al. (2012) and 

Evitayani et al. (2004).  

 

Drastic decline in CP content of the herbaceous species during the dry season leads to 

prolonged periods of under nutrition of livestock raised under such adverse environmental 

conditions (Tesfay et al., 2009). This is because during the dry season grasses have less 

actively growing shoots, smaller proportion of leaves with higher stem to leaf ratio and are 

more fibrous than in the growing season (Hughes et al., 2011). The CP content of individual 

grass species declined as the stage of maturity increases from the main rainy season towards 

the cool dry season (Keba et al., 2013) largely due to the changes associated with the 

advancing stage of maturity of individual species (Ammar et al., 1999; Moore and Jung, 2001; 

Bayble et al., 2007). The present finding is also consistent with Michiels et al. (2000), Mahala 

et al. (2009) and  Keba et al. (2013) who suggested that CP often declines with increasing plant 

structural constituents (NDF, ADF and lignin) and increasing age of maturity. Dry season is, 

therefore, the most difficult period in ruminant production in the tropics as grasses, which form 

basal diet tend to have low protein contents (Mtui et al., 2009).  

 

The CP content of Cynodon dactylon in the present study was higher than the values reported 

by Gelayenew (2012) and Teka et al. (2012) across seasons. In the current finding, the CP 

contents of Panicum maximum was higher than the wet season values reported by Evitayani et 

al. (2004) whereas  these authors have reported higher dry season values of the same species. 

The results of Mtui et al. (2009), Teka et al. (2012) and Rasool et al. (2013) showed much 

lower CP value of P. maximum during the wet season than the current report. The present study 

showed quite greater CP contents in P. maximum and a little bit greater in C. dactylon than the 

values reported by Keba et al. (2013) in different sites of Borana rangelands during the main 
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rain season. This finding revealed much higher CP values for Chloris gayana than reported by 

Rasool et al. (2013). Therefore, in addition to the effect of season on the nutritive value of 

forage species, variability could be resulted by individual plant species (Mahala et al., 2009), 

soil nutrient status of production location (Tessema et al., 2011), grazing pressure (Henkin et 

al., 2011), management aspects (van der Westhuizen et al., 2005) and site (Keba et al., 2013). 

 

Variation in the NDF content of the grass species studied across seasons agreed with the 

observation of Evitayani et al. (2004) who suggested that seasonal changes in tropical regions 

are routinely noticed and are due to maturity and the age of grass species with progress of 

season from dry to rainy seasons. In consistent with the present finding, lower wet season NDF 

content compared to dry season for grass species have been reported by Rueda et al., (2003), 

Hughes et al. (2011), Gelayenew (2012) and Abebe et al. (2013). Whereas, the findings of 

Tekletsadik et al. (2004), Mtui et al. (2009), Lopez-Gonzalez et al. (2010) and Teka et al. 

(2012) have reported results contrary to the current study. However, all the grass species 

studied have higher NDF contents than the optimum concentration suggested by (Jolly and 

Wallace, 2007) that a ration should have. Furthermore, except Oryza longistaminata and 

Setaria incrasata the rest grass species studied marginally had above 60% that has been 

proposed by Meissner et al. (1991) as a threshold level in tropical plants beyond which feed 

intake of ruminants could be affected. The differences in fiber components between seasons 

suggested that the high intensity of solar radiation and less amount of rainfall caused faster 

maturation during dry season and this resulted in higher cell wall contents and lower cell 

contents than those of rainy season (Evitayani et al., 2004). In general, the high level of fiber 

content in some of the forage species could be explained partly by the environmental 

conditions prevailing in the area as high temperatures and low precipitations tend to increase 

the cell wall fraction and to decrease the soluble contents of the plants (Pascual et al., 2000; 

Boufennara et al., 2012). 

 

The reported high levels of NDF during the dry season might be due to high lignification with 

the advanced stage of plant maturity (Arzani et al., 2006; Abd El-Rehman, 2008; Hussain and 

Durrani, 2009a) and may negatively affect dry matter intake (Van Soest et al., 1991; Dewhurst 

et al., 2009) mainly because of physical rumen fill (Allen, 1996; Oba and Allen, 1999). 
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Moreover, high NDF content of native pastures in association with lignin (Casler  and Jung, 

2006; Abd El-Rehman, 2008)  could limit nutrient availability for ruminants (Rueda et al., 

2003; Casler  and Jung, 2006) since high fiber diets support less rumen microbial growth 

(Rueda et al., 2003). Therefore, strategies for proper management and conservation aspects of 

livestock feed resources are essential for the efficient utilization of the native forage resources 

(Teka et al., 2012). The NDF content of Cynodon dactylon in the present study is comparable 

with the reports of Gelayenew (2012) and Teka et al. (2012). In confirming the results of Keba 

et al. (2013) the only sampled grass species that high NDF content (>70%) were Chloris 

gayana and C. dactylon. Mtui et al. (2009) reported for Panicum maximum higher NDF 

content than the wet season value and lower than the dry season values of the present study. 

Whereas, Evitayani et al. (2004) reported similar NDF content for the same species during the 

wet season while the dry season value is lower than the present finding.  

 

In consistent with the present finding, Mtui et al. (2009), Gelayenew (2012) and Teka et al. 

(2012) showed that the ADF content of tropical grasses being lowest in the wet season and 

greatly increased during the dry season. The ADF content of Cynodon dactylon obtained from 

the present results are comparable with the reported values by Gelayenew (2012), Teka et al. 

(2012) and Keba et al. (2013). In the present finding, the ADF contents of Panicum maximum 

are within the ranges of values reported by Evitayani et al. (2004), Mtui et al. (2009), Teka et 

al. (2012) and Keba et al. (2013).  The ADF contents of Setaria verticillata in the current study 

are lower than the values obtained from by Teka et al. (2012).  

 

Positive but weak correlation between DM and CP contents of the grass species studied is in 

contrary to the reports of Mountousis et al. (2008) and Teka et al. (2012) who noted strong 

negative correlations of the herbage that were sampled and analyzed in native rangelands of 

northwestern Greece and the herbaceous species in Borana rangelands, respectively. The 

present study supports the reports of Teka et al. (2012) that NDF correlated positively with 

ADF but negatively correlated with CP content of grass species. Similarly, there was a 

concurrent decline in the CP content of the native grass species indicating that structural 

constituents of plants have a depressing effect on CP content of forages (Michiels et al., 2000; 

Shimelse, 2010; Teka et al., 2012). Moreover, in agreement with the reports of Teka et al. 
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(2012) and contrary to that of Shimelse (2010), the ash content of the sampled grass species 

correlated negatively with NDF. Strong positive correlation between structural constituents in 

this finding agreed with the results of Teka et al. (2012) that showed a positive correlation 

between the NDF content of herbaceous species and the occurrence of dry season. 

 

 

5.2.2. Seasonal dynamics in nutritive value of the browse species 

 

The role of browse forages as nitrogen sources for ruminants, especially during lean periods, is 

the major contribution of the browses in many parts of the tropics where other nitrogen sources 

may not be readily available and/or are expensive (Osuga et al., 2006b). Browse species can 

make a large contribution to livestock nutrition especially during the dry season when livestock 

almost wholly depend on such species (Belete et al., 2012). Lands dominated by woody 

species, namely shrub lands, savannas and forest ranges provide green forage for grazing 

animals throughout the year (evergreen species) or at specific critical periods of the year 

(deciduous species) (Kökten et al., 2012). Seasonal dynamics and species variation in the 

chemical compositions of the studied browse species were comparable with a range of values 

reported for browse forages in the tropics by (Abdulrazak et al. (2000a), Abdulrazak et al. 

(2000b), Arinalhana et al. (2003), Gemedo-Dalle (2004), Osuga et al. (2006b), Khanzada et al. 

(2008), Tesfay et al. (2009), Foguekem et al. (2011), Abebe et al. ( 2012), Belete et al. 

(20012), Gelayenew (2012) and Njidda et al. (2013). 

 

In the present finding the DM content of Acacia senegal was found to be higher than the values 

reported by Abdulrazak et al. (2000b).  The DM content of Acacia seyal  obtained in this study 

were lower than the values reported by Foguekem et al. (2011) during the main rainy season 

while higher than the values reported by Gelayenew (2012) in wet and dry seasons. The DM 

content of Balanites aegyptiaca during the wet season is within the range of values reported by 

Foguekem et al. (2011) and Belete et al. (2012). Consistent values of DM content of 

Tamarindus indica with the results of Foguekem et al. (2011) and Njidda et al. (2013) were 

obtained. In the present finding, the OM content of A. seyal, B. aegyptiaca and T. indica 
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recoreded are comparable with the results of Foguekem et al. (2011). Similar values of OM 

content of B. aegyptiaca and T. indica were obtained to the report by Osuga et al. (2006b) at 

the end of the rainy season. Quit higher values than the report of Njidda et al. (2013) for OM 

content of T. indica were found in this finding. The ash content of A. senegal were higher than 

the values reported by Abdulrazak et al. (2000b). For the species A. seyal, Abebe et al. (2012) 

and Gelayenew (2012) reported comparable ash content with the current values across seasons. 

The ash contents of B. aegyptiaca in the present study were higher than the values reported by 

Abebe et al. (2012) and lower than that of Belete et al. (2012) during the main rainy season. 

Whereas the dry season values of the parameter were found to be consistent with the reports of 

Abebe et al. (2012). Njidda et al. (2013) reported higher ash content for T. indica than the 

values in the present finding. 

 

Marked variations resulted in CP content between the browses studied was in consistence with 

the reports of Abebe et al. (2012). Such variations in chemical composition among species 

could be associated with the inherent nature of the species and may arise partly due to 

genotypic factors that control accumulation of foliage nutrients (Rubanza et al., 2005; Salem et 

al., 2006; Belete et al., 2012; Belachew et al., 2013) in the browse species during growth. The 

high mean CP content of the browse forage species studied confirms the observation done by 

Belachew et al. (2013) that tropical browse species had high CP contents of more than 7%. The 

high mean crude protein content of acacia species in the present finding were comparable to 

those reported by Abdulrazak et al. (2000b) and Gelayenew (2012) during the wet season and 

to the reports of Abebe et al. (2012) during the dry season. Furthermore, such high CP contents 

of the browse species studied were comparable with the results of Mokoboki (2011) for other 

acacia species in winter, summer and spring seasons. The high CP content of the browse 

species throughout the seasons indicated that they could satisfy the required level of CP for 

rumen functioning and microbial activity (McDonald et al., 2002) through providing the 

required ammonia levels for maximum microbial growth Norton (1994). The browse species 

definitely do not require any supplemental nitrogen sources to improve their ingestion and 

digestion by the ruminants (Paterson et al., 1996) attributed by increased voluntary feed intake 

(Nasrullah et al., 2003). Accordingly, in the present study none of the browse species fell 

below this critical threshold. Therefore, by virtue of their higher CP content (well above the 
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critical level >7-8%) of the browse species throughout the year, they justified to be used as 

protein supplements for low quality tropical pastures and crop by-products (Osuga et al., 

2006b; Belete et al., 2012; Belachew et al., 2013). 

 

Belete et al. (2012) suggested that characterization of some of these locally available browse 

species could enhance their wider utilization, without any need for extra capital to purchase 

protein concentrate feeds. However, according to the same author, the supplementation of low-

quality feeds with local protein supplements is impeded at present by lack of sufficient data on 

anti-nutritional factors, rumen degradability and bioavailability. The high CP content of browse 

species is one of the main distinctive characteristics compared to most grasses (Njidda et al., 

2013). In support of the report of Abebe et al. (2012), Ukanwoko and Ironkwe (2013) and 

Abdalla et al. (2014b) the CP content of browse was high as compared to grass in this study 

across seasons. This is due to that fact that most browse species have the ability to maintain 

their greenness and nutritive value through the dry season when grasses dry up and deteriorate 

both in quality and quantity (Tolera et al., 1997). Consistent with the reports of Anugwa et al. 

(2000) and Ukanwoko and Ironkwe (2013) the present finding also indicated less drastic 

seasonal dynamics in the nutrient contents of the browse species than those of grasses. In 

addition, the fiber of browse species fodder has been shown to be more digestible (El Hassan et 

al., 2000) than that of grasses and crop residues. In general, browse species are rich in most 

essential nutrients such as proteins and minerals and tend to be more digestible than the grasses 

(Devendra, 1990; Topps, 1992; Osuga et al., 2006a; Ukanwoko and Ironkwe, 2013; Abdalla et 

al., 2014b). Browses are important to improve the efficiency of protein digestion in the rumen 

and have been incorporated into feeding regime to improve the nutritional status of the animals 

(Rubanza et al., 2007; Ukanwoko and Ironkwe, 2013) and therefore can be harvested in both 

seasons to improve the nutritional status of animals (Ukanwoko and Ironkwe, 2013). 

 

The CP content for the Acacia senegal obtained during the wet season was higher than the 

values reported by Abdulrazak et al. (2000b), while consistency was found with the reported 

dry season CP value. Overall, in agreement with the same author, A. senegal had a significant 

higher CP content than other Acacia species under study. The CP values of Acacia seyal in this 

study were higher than values reported by Abdulrazak et al. (2000a) and Foguekem et al. 
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(2011) (in the wet season) and Abebe et al. (2012) (in the dry season). Whereas, the values 

obtained were within the ranges reported by Gelayenew (2012). Higher values of CP content in 

wet season for A. seyal were recorded than reported by Abdulrazak et al. (2000a), Foguekem et 

al. (2011) and Abebe et al. (2012) while the dry season value was lower than that of reported 

by Abebe et al. (2012). Whereas the results obtained for the same species across season were 

with the range of values reported by Gelayenew (2012). The CP contents of Balanites 

aegyptiaca in both seasons were found consistent with the report of Gemedo-Dalle (2004) 

while Osuga et al. (2006b), Foguekem et al. (2011), Abebe et al. (2012) and Belete et al. 

(2012) reported lower CP content of the same species at the end of the rain season. The CP 

content of Tamarindus indica in the present finding was within the range of values reported by 

Arinathan et al. (2003), Osuga et al. (2006b), Khanzada et al. (2008) Foguekem et al. (2011) 

and Njidda et al. (2013).  

 

In consistent with the reports of Osuga et al. (2006b), the browse species studied  had low to 

moderate content of structural constituents (NDF and ADF). This is a positive attribute of the 

browse forages (Osuga et al., 2006b) since the voluntary DM intake and DM digestibility are 

dependent on the cell wall constituents especially the NDF and lignin (Bakshi and Wadhwa, 

2004). NDF content varied from 34.38 to 48.50 % during the dry and wet seasons, 

respectively. These results are within the ranges of the findings of (Kokten et al., 2012) and 

consistent with Dzowela et al. (1995), Kamalak (2006) and Kökten et al.(2012) who indicated 

that cell wall content (NDF and ADF) increased with advancing maturity. Optimum NDF 

concentration of a ration should range between 27–30% (Jolly and Wallace, 2007). The 

threshold level of NDF in tropical plants beyond which feed intake of ruminants affected is 

60% (Meissner et al., 1991) suggesting that all of the browse species studied marginally have 

below 60% NDF in DM which is unlike the reports of Belachew et al. (2013). Tree forages 

with a low NDF concentration (20–35%) are usually of great digestibility (Norton, 1994; 

Bakshi and Wadhwa, 2007). This can induce even greater fermentation rate, therefore, 

improving its digestibility (Van Soest, 1994). Accordingly, in the present findings among the 

browse species studied, Acacia senegal, Cadaba farinose and Tamarindus indica found to have 

low NDF concentration (20-35%) thus could be considered of great potential in terms of 

digestibility and inducing fermentation. 
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In the present finding the NDF content of Acacia senegal found to be almost doubled the 

results reported by Abdulrazak et al. (2000b). The wet season value of NDF content for Acacia 

seyal in the current finding were consistent with the report of Foguekem et al. (2011) and 

higher than the values reported by Abebe et al. (2012) and Gelayenew (2012). The 

corresponding dry season value of NDF content for the same species found to be within the 

range of values reported by Abebe et al. (2012) and Gelayenew (2012). The NDF contents of 

Balanites aegyptiaca during the wet season were comparable with values reported by Gemedo-

Dalle (2004), Foguekem et al. (2011), Belete et al. (2012) and Abebe et al. (2012). The 

corresponding dry season value of the same species was higher than the values reported by 

Gemedo-Dalle (2004) and Abebe et al. (2012). The obtained wet season NDF value for 

Cadaba farinosa was higher than that of reported by Tesfay et al. (2009) and consistent with 

the dry season value reported by the same author. Lower value of NDF content for Tamarindus 

indica was obtained than those reported in Foguekem et al. (2011) and Njidda et al. (2013) 

during the main rainy season.  

 

The value of ADF content for Acacia senegal in the present finding was higher than that of 

reported in Abdulrazak et al. (2000b) during the wet season. The wet season ADF content for 

Acacia seyal obtained was lower than the values reported by Foguekem et al. (2011) but higher 

than those reported in Abebe et al. (2012) and Gelayenew (2012). The corresponding dry 

season value for the species was within the ranges reported by Abebe et al. (2012) and 

Gelayenew (2012). The wet season value of ADF content for Balanites aegyptiaca was within 

the range of values reported by Gemedo-Dalle (2004), Osuga et al. (2006b), Foguekem et al. 

(2011), Abebe et al. (2012) and Belete et al. (2012). Similarly, the corresponding dry season 

value ADF content of the same species was found to be within the range of values reported by 

Gemedo-Dalle (2004) and Abebe et al. (2012). Season wise, the values of ADF contents for 

Cadaba farinosa were contrasted to the reports of Tesfay et al. (2009). The ADF content of 

Tamarindus indica obtained was within the range values reported by Osuga et al. (2006b), 

Foguekem et al. (2011) and Njidda et al. (2013) during the rainy season.  
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5.3. Seasonal Dynamics in Soil Nutrient Status of the Rangelands of Gambella, 

Southwestern Ethiopia 

 

Rangeland sustainability is related to soil carbon and nutrient balance and the capability to 

maintain adequate soil conditions for water availability and root development (Noellemeyer et 

al., 2006). Soil organic carbon (SOC) plays an important role in ensuring good health of the 

soil environment and is critical in providing needed ecosystem services (Bationo et al., 2007). 

According to the classification of SEMARNAT (2002) the result of this study showed that OC 

content was low to medium (0.86–1.37 g 100 g−1). This level of OC in the major grazing areas, 

particularly those of seasonally flooded savanna grasslands is in contrary to the finding of Otter 

and Schles (2000) who reported that the floodplain soils in South Africa savanna have a higher 

organic carbon (2%) than the sandy nutrient-poor (0.06% nitrogen) and nutrient-rich (0.15% 

nitrogen) soils. In this study, OC did not show marked seasonal and special dynamics which is 

contrary to the comparative study of Xiea and Steinberger (2001) who showed that seasonal 

patterns to have affected the overall trend of soils under canopies that have the highest total 

organic carbon (TOC) levels in autumn and the lowest in summer in response to changes in 

soil moisture. This finding is also contrary to reports of Nik et al. (2015) who have shown that 

seasonal variation of total soil organic carbon had been statistically significant between 

vegetation types, so that SOC was significantly higher in spring time due to the improved 

vegetation cover, as well as root and microbial activity.  

 

Absence of marked seasonal dynamics in OC content in this finding is consistent with the 

reports of Mureithi et al. (2014) who indicated that the contents of OC in different areas under 

study were approximately equal. This finding is also in line with Dabasso et al. (2014) who 

have shown that seasonal effects on the carbon stocks are not significant for most carbon pools 

of Marsabit Central grazing lands. Lack of significant impact of livestock grazing on carbon 

stock in this study is consistent with the findings of Reeder and Schuman (2002), Schuman et 

al. (2002) and Dabasso et al. (1014). The present finding is contrasted the study of Mills and 

Fey (2004) who reported that removal of vegetation due to grazing or burning reduced soil C. 

As suggested by Piñeiro et al. (2010), soil carbon can decrease, increase or not change 

depending on the ecological condition. Furthermore, Dabasso et al. (2014) suggested that such 
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findings should be understood in the context of semi-arid ecosystems with annual precipitation 

of 400 to 750 mm. A more elaborate carbon measurement repeated over series of years 

covering periods of dry and wet seasons is necessary to better understand the effects of seasons 

on rangeland carbon stocks.  

 

In accordance with SEMARNAT (2002) classification system, the total nitrogen content in the 

first depth of the soils was low to medium (0.09 to 0.13 g 100 g-1) which is consistent with the 

reports of Geissen et al. (2009) for tropical soils. Similarly, Kassahun and Asfaw (2008) 

showed that the amount of total N in River Baro floodplain found to be very low according to 

the rating set by Landon (1991). Poor TN content in the rangelands might be due over grazing 

and resulted in the removal of major part of aboveground biomass of the ecosystem (Achalu et 

al., 2012; Endalew et al., 2014). Lower amount of TN content in the major grazing areas in 

general and seasonally flooded plains of savanna grasslands in particular, are contrary to the 

report of  Otter and Schles (2000)  who showed that the periodically floodplain soils of South 

Africa savanna have a higher nitrogen content (0.25%) than the sandy nutrient-poor (0.06% 

nitrogen) and nutrient-rich (0.15% nitrogen) soils. Xiea and Steinberger (2001) have found that 

there were differences in temporal dynamics with nitrogen levels being governed mainly by 

soil moisture.  However, seasonal dynamics in TN content did not differ significantly (P>0.05). 

 

In line with the reports of several authors (Tefera et al., 2007; Moussa et al., 2008; Kgosikoma, 

2011) but contrary to the report of Mohammadi and Raeisi Gahrooei (2004), Zhao (2007)  and 

Geissen et al. (2009), all soil physical and chemical properties did not differ significantly 

across grazing areas. However, the significant variations of exchangeable Na+ and silt 

proportion across seasonal grazing area contrasted this suggestion. Spatial variability in the 

proportion of silt supports the results of Weindorf and Zhu (2010) and Kavianpoor et al. (2012) 

who reported strong spatial dependence of silt percentage. The higher content of exchangeable 

K+ and its significant variation of over seasons in agreement with the report of Ahmad et al. 

(2011) who indicated that potassium ion (K+) contents associated with winter and remained 

higher. In contrast to the present study the results of Lundu (2012) from Zambia showed that 

there was no significant difference (p>0.05) between the cold dry and the wet season in K 

concentrations. On the other hands, Lundu (2012) reported that in Lusitu and Simamba 



101 
 

locations, K concentration was significantly higher in the hot dry season than in the wet and 

cold dry season which is consistent with the present finding. In support of Endalew et al. 

(2014) suggestion, availability of K may be affected due to soil acidity in grazing lands.  

Calcium concentration did not show significant variation over season, which is in agreement 

with the report of Lundu (2012) that indicated absence of significant difference in Ca 

concentrations between the cold dry and the wet season. Magnesium concentration had 

significant variation over season in the present study which is contrasted the report of Lundu 

(2012) who indicated that in Simamba, Mg concentration was significantly higher in the hot 

dry season than in the cold dry and wet seasons.  

 

Phosphorous is the most limiting mineral to productivity of grazing animals throughout the 

world because of low availability to range plants and loss through soil erosion (Holechek et al., 

1998; Akhtar et al., 2007).  In the present study, available P content in all soils was medium 

(5.5–11.0 mg kg−1) to high (>11 mg kg−1) according to SEMARNAT (2002) classification. 

This is in agreement with the reports of Geissen et al. (2009) implying that P fixation by Fe- 

and Al-oxides, as often described for tropical soils, did not occur (Sánchez et al., 2003). The 

amount of available P has been reported by Kassahun and Asfaw (2008) to have ranged from 

absolute deficit to excess levels. In consistent with the present finding Lundu (2012) reported 

that there was no significant difference in P concentrations between the cold dry and the wet 

season. Though variation across seasons in P content was not found to be significant in the 

present study, it has been indicated by Bustamante et al. (2006) that when microbial activity is 

more intense in the soil it affects P dynamics strongly and P may also be mineralized at higher 

rates during the wet season. Due to the grassland burning practices in the study area, a 

comparatively higher P level was recorded during the dry season. Brewere (1995) suggested 

that burning increases soil phosphorus levels, unlocking nutrients to the soil and making them 

available to the plants.  

 

Unlike the reports of Bagayoko et al. (2004), Funakawa et al. (2008) and Ahmad et al. (2011) 

in this study there was no seasonal fluctuations in soil pH. In conformity with the present 

finding, Lundu (2012) reported that season had no significant effect on soil pH in Lusitu and 

Simamba of Zambia. The pH ranges below the neutral (< 6.73) level that was recorded for the 
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study sites implied the acidic nature of the soils in the rangelands which concurs with the 

report of Rasiah et al. (2004) and Geissen et al. (2009) for tropical soils. However, this pH 

level is contrary to the report of Kassahun and Asfaw (2008) who indicated that soil pH in the 

survey area was as high as 7.19 to 8.63, which demonstrates the high level of soil alkalinity. In 

agreement with Endalew et al. (2014) over grazing might be responsible for leaching of basic 

cations that can lead to acidity of the grazing areas.  
 

Acidic soil conditions have been reported to limit microbial activity and slow mineralization of 

N as well as nitrification (Mullen, 2004; Kimura et al., 2009; Ahmad et al., 2011). N 

mineralization and nitrification is reported to be higher in tropical than temperate areas (Eaton, 

2001). According to Bustamante et al. (2006), N dynamics are strongly related to microbial 

activity in the soil, may also be mineralized at higher rates during the wet season, when 

microbial activity is more intense. Lawal (2013) noted that mineralizable C and N are active 

components that can be used to characterize biochemical availability of organic resources. 

Singh and Kashyap (2007) reported that variations in rates of N-mineralization and nitrification 

in dry tropical ecosystems were related to differences in soil moisture content, nutrient status 

and vegetation cover in combination with other environmental factors. 

 

Generally, the soil of the study area could be characterized as fertile according to soil 

classification of SEMARNAT (2002) which is contrary to the reports of Kassahun and Asfaw 

(2008) that described the fertility of the soil under study as low. The results implied that season 

and grazing gradients in the study area did not affect soil chemical properties that characterize 

soil fertility such as organic carbon, total nitrogen, available P and CEC. Total organic C is a 

sensitive soil quality indicator suggesting that within a narrow range of soil, it may serve as a 

suitable indicator of soil fertility (Murage et al., 2000; Tefera et al., 2007). Susanto et al. 

(2011) indicated that the low value of CEC is the main cause of the low soil fertility status.  

 
The high correlation between CEC and soil fertility status indicates that CEC is important in 

determining soil fertility (Susanto et al., 2011). According to Susanto et al. (2011), the value of 

soil fertility status assessed was significantly influenced by exchangeable Ca and Mg, with 

coefficients of correlation of 0.70. The same author indicated that when Ca saturation is < 8% 

of the CEC, the Ca will be deficient although the amount of exchangeable Ca in the soil is 
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sufficient. Consistence with the suggestion of Endalew et al. (2014) although exchangeable 

Mg, K and Ca concentrations rated moderate to high, their availability may be limited due to 

the acidity of the soil.   Although Na+ is noted for its functional role as a plant nutrient, high 

concentrations in the growing medium promotes competition with K+, Ca2+ and Mg2+ that can 

result in toxic concentrations in plant tissue (Subarao et al., 2003; Brown et al., 2006). Of the 

changes that affect soil chemical properties, pH is considered very important as it influences 

the availability of plant nutrients (Bagayoko et al., 2004; Ahmad et al., 2011). However, in this 

study pH level in the soil was found to have no marked influence on other soil characteristics. 

Though pH levels did not show significant variation across seasons, consistent with the 

suggestion of Kassahun and Asfaw (2008) due to intensive rain or flood in the entire 

rangeland, a relatively increased pH might result from the leaching out of cations and 

exchanged with H+  ions.  

 

Soil moisture availability is determined by soil texture, which can influence the composition of 

the plant community (Laughlin and Abella, 2007). Soil texture also has a strong effect on 

biomass production and soil organic carbon in rangeland soils (Scholes and Archer, 1997). 

Much higher proportion of clay soil (46.50%) in the seasonally flooded plains of savanna 

grasslands of the present finding conforms with the reports of Otter and Scholes (2000) who 

showed that floodplain soils have much higher clay content (54%) than those of the sandy 

savanna soils (20 - 22% clay; 71 - 74% sand). There was negative correlation between soil 

organic carbon and a soil texture (clay and sandy) which is contrary to Noellemeyer et al. 

(2006) who suggested that, positive relationship could be attributed to the stabilization of 

organic compounds by clay particles and the influence of texture on the water availability for 

biological activities. The strong significant correlation between Ca2+ and clay texture is due to 

the negatively charged of clay- sized particles on which cationic calcium (Ca
2+

) adsorbs, and 

this adsorption is substantial, since clay has large surface area (Raiser et al., 1996). 
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5.4. Nuer Pastoralists’ Perception and Ecological Knowledge on Seasonal Dynamics in 
Botanical Composition and Nutritive Value of Vegetation, and Soil Nutrient Status of 
Gambella Rangelands, Southwestern Ethiopia 
 

5.4.1. Pastoralists’ perception and ecological knowledge on seasonal dynamics in botanical 

composition 

 

In the Nuer pastoral community there has been an in-depth ecological knowledge on seasonal 

dynamics in botanical composition of the rangeland. Knowledge of botanical composition 

dynamics helps them in monitoring of their range quality and make decisions in their 

transhumance mobility. For example, a decline in wet weight of forage quantity determination 

around the transition season (between August and November) provided a good rationale for 

pastoral mobility. This thought is current study is consistent with the finding of Kilongozi et al. 

(2005) who noted that Maasai and Barbaigs herders perceive the knowledge of botanical 

composition of rangelands that was of particular importance in rating range suitability for 

livestock grazing. The Nuer herders used the relative abundance of species to classify the 

various landscapes according to their suitability. This practice is similar to the herders in Mali, 

Botswana and Kenya as reported by Angassa et al. (2012). Furthermore, the Nuer pastoralists 

used the abundance of palatable species as indicators for assessing range condition. According 

to the Nuer pastoralist perception and ecological knowledge the dominance of unpalatable 

grass species and forbs are indicators of poor range condition which is consistent with the 

suggestion of the herders from other Africa countries (Angassa et al., 2012). Nuer herders 

attributed low livestock productivity to changes in rangeland vegetation composition from 

desirable to undesirable forage plants as was the case for Borana pastoralists (Dabasso et al., 

2012).  

 

The Nuer pastoralists attributed dynamics in the composition of the herbaceous layer in their 

ecosystem as mainly due to rainfall variability. Consistency in the Nuer pastoralists’ 

experience and knowledge regarding seasonal dynamics in botanical composition of the 

rangelands is in contrast with the suggestion of (Fernandez-Gimenez, 2000) that the knowledge 

of specific species is quite variable among herders of differing gender. The marked variation 

between age groups is contrary to the views of Sop and Oldeland (2011) who explained that 
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age was not found to impact people’s opinions on vegetation dynamics. The strong perception 

uniformly among informants demonstrates that local people are all aware of the changes 

affecting vegetation dynamics in their environment. 

 
 

5.4.2. Pastoralists’ perception and ecological knowledge on seasonal dynamics in nutritive 

value of forage species 

 

Use of  desirability indexes by Nuer pastoralists for the ranking of valuable grasses and browse 

species  was closely related to the classification of forage species on the ecological status 

determined by their perceived acceptability to animals (Amsalu and Baars, 2002; Gemedo-

Dalle et al., 2006; Dabasso et al., 2012).  As elsewhere in Africa (Selemani et al., 2012) in the 

study area, Acacia trees were dominant components of the vegetation and where they serve as 

important sources of feed to livestock throughout the year. Nuer herders have a profound 

knowledge about the nutritive value of browse species. The same experience has been reported 

by Kgosikoma et al. (2012) who stated that pastoralists in semi-arid rangelands of Botswana 

generally acknowledged the importance of woody vegetation as a browsing resource. In 

agreement with the Maasai communities (Kilongozi et al., 2005) as could be judged from their 

experience, the Nuer pastoralists are well experienced on assessments of the nutritive values of 

the forage species, which can be applied in monitoring and evaluation of livestock production 

performance and health status. There was consistency of data between genders their perception 

of seasonal dynamics in the nutritive value of forage species. This observed uniformity of 

perceptions between genders conformed to the reports of Fernandez-Gimenez (2000) that 

indicated forage preference ranking exercises conducted independently with male and female 

herders concurred on the value of major forage species. 
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5.4.3. Pastoralists’ perception and ecological knowledge on seasonal dynamics in soil nutrient 

status 

 

The basis for classification and use of soil by the Nuer pastoralists is almost similar with those 

of the Maasai and the Barbaigs communities (Kilongozi et al., 2005), which are largely 

according to surface and sub-surface characteristics namely color, texture and consistency. As 

perceived by pastoralists, soil color and texture are related to both quality and quantity of the 

pasture. Similarly, they described black (clay) soils as muddy and sticky when wet and 

cracking upon drying and according to them these characteristic was related to production of  a 

modest quality pasture which in turn was associated with average fodder production and 

average livestock performance. Consistent with the pastoralists perception, Young et al. (1998) 

indicated that deep clay ‘black cotton’ Vertisols support some of the most productive 

rangelands in East Africa. Red soils were perceived to produce a surplus amount of highly 

desirable grasses, which is contrary to the views of Kilongozi et al. (2005). Soil looseness was 

perceived as a potential indicator of fertility by pastoralists as was the case in the report of 

Reed et al. (2008). Nutritional quality of herbaceous plants has been reported to be influenced 

by soil nutrient status (Tessema et al., 2011). Pastoralists’ perception and ecological 

knowledge regarding soil nutrient status was directly related with vegetation quantity and 

quality attributes. The availability of huge trees and lush vegetation in an area meant that the 

area is rich in organic matter and soil minerals (Kilongozi et al., 2005). As a function of 

fertility, variations in the composition of dominant woody plants in a particular area could be 

explained by landscape patches and heterogeneity (Boone, 2005; Tefera et al., 2008a; 

Kgosikoma et al., 2012).  
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6. CONCLUSION AND RECOMMENDATIONS 

 

6.1. Conclusion 

 

Results in the present study revealed that there was seasonal dynamics in the botanical 

composition; nutritive value of important forage species and nutritional status of soil in the 

rangelands of Gambella, southwestern Ethiopia. Moreover, the findings indicated that the Nuer 

pastoralists have an in-depth ecological knowledge regarding the changes undertaking in their 

ecosystem as a result of seasonal fluctuations in important ecological parameters. This 

knowledge is consistently shared within the pastoral community.  

 

The composition of the herbaceous layer in the study area includes predominantly grass, grass-

like plants, forbs and sedges that are grazed or have potential to be grazed. This layer is used as 

a natural ecosystem for the survival of grazing herds of wild and domestic ungulates. The 

effect of season on the botanical composition of the herbaceous layer was highly pronounced. 

This suggests that there is great seasonal dynamism in the vegetation communities, especially 

of the grass cover. The results also indicated that production of herbaceous biomass is 

primarily determined by the amount, distribution and duration of rainfall. Moreover, botanical 

group, desirability and ecological group of the herbaceous layer showed significant seasonal 

dynamics. A declining proportion of perennial grasses definitely contribute to reduced 

composition of desirable and highly desirable species in the herbaceous layer during dry 

season. During the wet season desirable and highly nutritious grass species like Cynodon 

dactylon and Panicum maximum turned out to be the dominant species despite the selection 

pressure inflicted by herbivores. The grassland savannas especially those with impeded 

drainage are degraded and the less palatable aquatic annual forb Hygrophila schulli is 

commonly and dominantly distributed throughout the seasons. The highly desirable grass 

species such as Brachiaria semiundulata, Echinochloa pyramidalis and Paspalum 

scrobiculatum were distributed in few grazing areas of the districts. The absence of any marked 

variation in botanical composition and related parameters of the woody layer was due to the 

dominance of evergreen browse species like Acacia hockii, Acacia seyal and Balanites 
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aegyptiaca. This phenomenon was favorable to livestock in that the browse species maintained 

their greenness and nutritive value throughout the dry season when grasses dry up and 

deteriorate both in quality and quantity. The result indicated that browse species were valuable 

as fodder  by providing green forage for grazing animals throughout the year (evergreen 

species) or at specific critical periods of the year (deciduous species). 

 

Most nutritional contents of the selected native grass and browse species are comparable and 

within the range of levels reported in previous findings for the forage species elsewhere in the 

tropics. In terms of seasonal dynamics in nutritive value of the selected grass species, except 

OM contents, all the parameters showed marked variations between seasons. The DM and 

ADF contents of the grass species were not influenced by the species of the plants whereas OM 

and ash content varied between species significantly. A highly significant difference was 

obtained between species in CP values that implied the potential of the existing species on the 

nutritive value of tropical pastures. This is assumed to be due to the variation in the genetic 

characteristics inherent to specific individual plant species. Seasonal and species variations in 

nutritive value of the browse species showed marked differences in all measured parameters. 

Nutritive value of the forage species grown in the rangelands was relatively higher during rainy 

season compared with dry season. The results revealed that grass species failed to supply 

sufficient nutrients for ruminants particularly in the dry season. In contrast, the browse species 

have considerable potential to be used as protein supplement for the low quality native pasture 

especially during the dry season. 

 

Soil OC, TN, exchangeable Na+ and Ca2+, CEC and available P were not significantly affected 

by seasons. However, exchangeable cations K+ and Mg2+ showed marked variations seasonally. 

On the other hand, season did not have any significant effect on the soil physical and chemical 

characteristics. Except exchangeable Na+ all soil nutrient parameters were similar across 

seasonal grazing areas. This showed the spatial variability in the contents of exchangeable Na+. 

The rangeland ecosystem could be impacted by over grazing in terms of soil acidity. Flood had 

effects on the geometrical and chemical characteristics of flood plain soil. Absence of season 

and grazing effect on the soil chemistry in the rangelands was assumed to be the result of over-
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flooding in the entire grazing areas particularly the savanna grasslands. This leads to reductive 

conditions in the soils and inhibits mineralization processes. Therefore, the influence of water 

has apparently overlapped with the possible influence of season and grazing on soil chemical 

properties. 

 

Nuer herders identified the dominant herbaceous and browse forage species distributed over 

the seasonal grazing areas, and were also able to rank their abundance in the vegetation across 

seasons. The pastoralists in both districts perceived that there is seasonal dynamics in botanical 

composition of the herbaceous layer in their locality. Their perceptions did not show a marked 

variation between districts. However, there is a significant perception variation among the age 

groups. The Nuer pastoralists conduct seasonal assessment of their grazing areas in terms of 

condition and trends on the basis of the abundance of most valuable grass species. Nuer 

herders attributed low livestock productivity to changes in rangeland vegetation composition 

from desirable to undesirable forage plants and perceived that botanical composition was 

inferred from the body condition of their animals. A significant proportion of the herders 

perceived that there is no seasonal dynamics in botanical composition of the woody layer. 

Their perception showed no significant difference between districts, gender and age groups. 

Knowledge of botanical composition dynamics helps the pastoralists in monitoring of range 

quality and make decisions in transhumance mobility. 

 

Nuer herders identified herbaceous and browse species which are known for their nutritive 

value during the wet and dry seasons. The pastoralists perceived the existence of seasonal 

dynamics in nutritive value of both the herbaceous and woody layer. They perceived that the 

seasonal dynamics in nutritional value of the herbaceous layer was directly associated with 

availability and contribution of nutritious species in the botanical composition. The herders 

were also able to rank the forage species according to nutritional value across seasons. Nuer 

pastoralists used desirability indexes for the ranking of valuable grasses and browse species on 

the ecological status determined by their perceived acceptability to animals. They perceived 

that the nutritional value of a particular forage species was attributable to its desirability. The 

Nuer pastoralists are knowledgeable about the relationship between nutritious pasture species 

and animal responses. Their experience and knowledge in assessing forage nutritive values and 
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range condition helped them soundly to monitor livestock productivity and health by 

themselves. 

 

The basis for classification and use of soil by the Nuer pastoralists is almost similar with other 

pastoralists elsewhere in the tropics, which are largely according to surface and sub-surface 

characteristics namely: color, texture and consistency. Nuer pastoralists associate the nutrient 

status of soil with their major seasons in the grazing areas. Pastoralists’ perception and 

ecological knowledge regarding soil nutrient status was directly related to the vegetation 

quantity and quality attributes. The herders perceived that black/clay soil to have association 

with average fodder production and average livestock performance. Moreover, black/clay soil 

is perceived to be associated with high organic matter content, and supports better quality 

grasses, which are rich in minerals. On the other hand, red soils are perceived to produce a 

surplus amount of highly desirable grasses. 

 

Overall, the results of the current study indicated that season did play a significant role in 

determining the botanical composition, nutritive values of the forage species, nutritional status 

of the range soil and livelihood of the pastoral communities in Gambella rangelands.  These 

results will have implications for pastoralists, rangeland managers, scientists (ecologists) and 

policy makers in order to utilize, evaluate and manage the rangeland resources.  

 

6.2. Recommendations 

 

The present results indicated the need to investigate periodically quantifying seasonal 

dynamics of the available feed resources for sustainable rangeland resource management and 

utilization. Long-term studies are required to assess more comprehensively the impact of 

season and other important factors on the botanical composition of the rangeland vegetation for 

improved range sustainability and enhanced productivity. These long-term ground-based 

ecological monitoring of dynamics in vegetation cover should be conducted in conjunction 

with satellite-based monitoring.  
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In order to overcome the impacts of seasonal dynamics in botanical composition, forage 

banking should be developed and practiced in the area through harvesting the herbage at the 

optimum maturity stage and conserving for the later use at the peak scarcity periods. More 

attention must be given to the restoration of native pastures and regeneration of key forage 

species which are evolved under the extreme climatic condition and grazing pressure. Thus, 

enclosure of potential areas should be established for optimum durations (at least for two to six 

years) in order to rehabilitate the rangelands’ vegetation and soil. This helps to improve the 

composition of the most valuable forage species that decreased in sever grazing intensity. In 

addition, more emphasis should be given for native pasture improvement and agronomic 

screening leading to development and release of forage varieties. 

 
Proper supplementation with nitrogen and energy sources might be required besides the use of 

nutritious fodder trees. This supports grazing ruminants to compensate the decline in the 

nutritive value of the native grass species, especially during the dry season. However, such 

protein sources are expensive and unaffordable to the pastoralists. Therefore, enhancing the 

utilization of native browse species as a local protein supplement is a preferred strategy. 

Further investigation is required to validate the current finding; where the need to determine 

the nutritive potential of the various valuable native grass and browse species; and at the same 

time elucidate other nutritional factors not addressed in the current study. Hence, full 

exploitation of the potentiality of the available feed resources could play a vital role in 

supporting and/or improving livestock production and productivity. The study suggested also a 

need for a detailed study on seasonal dynamics in nutritive value of edible parts (leaves, twigs, 

flowers and pods) of browse species over a number of years under the varying climatic 

conditions. Moreover, determination of the chemical composition of forage is not an 

exhaustive measure of nutritive value of forage; further mineral concentration studies, anti-

nutritional factor evaluations, gas production determination, agronomic and feeding trials 

should be conducted to verify the nutritional values of the forage species that are valuable to 

enhance the utilization of the resources. The studies have to be addressed through the regional 

and national research and development systems. Besides, effects of seasonality and species 

variability on the forage resources nutritive value needs more investigations with the effects of 

other environmental factors such as climatic change.  
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To alleviate soil acidity problems in the rangeland ecosystem, controlled grazing or cut and 

carry system should be practiced. For the better understanding of seasonal dynamics in soil 

nutrient status of the rangeland ecosystem, a wider repeated measurement of soil chemistry 

should be undertaken over series of years on seasonal basis. Furthermore, due to the complex 

nature of soil nutrient patterns, which are largely dependent on other dynamic factors such as 

climate change, additional research is required that would help for the better understanding of 

the interactive relationships of these factors.  

 

  
Pastoralists’ perception and ecological knowledge has a profound importance and potential for 

integration into scientific knowledge of range science, and practical value in the understanding 

of the rangeland ecosystems and sound rangeland management. Thus, participation of pastoral 

communities with rangeland ecologists and livestock researches is crucial. Furthermore, policy 

issues on conservation of plant genetic resources and their habitat; conservation of livestock 

breeds such as the Nuer (zebu) cattle breed need attention. Complementary use of traditional 

ecological knowledge (TEK) and scientific methods need to be the future research agenda at a 

national level. Further investigations on the perception and ecological knowledge of the 

pastoralists regarding dynamics in the ecological status of Gambella rangelands is another area 

to be consider. 
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APPENDICES 
 

Appendix A: GPS Coordinates 

Appendix A1: GPS coordinates of transects for the major grazing areas in Jikawo district 

 
Grazing 
area 

Grazings 
site 

Points Transect Longitude 
(Degree 
Decimals) 

Latitude 
(Degree 
Decimals) 

Altitude 
(m.a.s.l.) 

Remark 

 
 
 
Woodland 

 
 
 
Thorow 

1 1 34.003723 8.319173 426.0 Initial 
2 1 34.004178 8.318382 414.1 Terminal 
3 2 34.003872 8.319164 402.6 Initial 
4 2 34.004317 8.318384 416.4 Terminal 
5 3 34.004010 8.319174 419.1 Initial 
6 3 34.004451 8.318382 416.0 Terminal 
7 4 34.004148 8.319172 427.0 Initial 
8 4 34.004587 8.318378 412.9 Terminal 

 
 
 
Riveine 
forest 

 
 
 
Wurang 

9 1 33.980551 8.344799 411.0 Initial 
10 1 33.980232 8.343973 410.6 Terminal 
11 2 33.980716 8.344832 404.3 Initial 
12 2 33.980368 8.343973 410.6 Terminal 
13 3 33.980848 8.344852 397.0 Initial 
14 3 33.980507 8.343989 403.5 Terminal 
15 4 33.980982 8.344877 403.2 Initial 
16 4 33.980635 8.344017 397.4 Terminal 

 
 
 
Open 
woodland 

 
 
 
Pagag 

17 1 34.004844 8.454244 431.0 Initial 
18 1 34.005251 8.455062 431.0 Terminal 
19 2 34.004966 8.454195 438.0 Initial 
20 2 34.005371 8.455009 424.0 Terminal 
21 3 34.005096 8.454142 424.0 Initial 
22 3 34.004497 8.454956 429.0 Terminal 
23 4 34.005218 8.454088 432.0 Initial 
24 4 34.005622 8.454899 428.0 Terminal 

 
 
 
Savanna 
grassland 

 
 
 
Theiluth 

25 1 33.935290 8.303761 409.4 Initial 
26 1 33.934385 8.303910 410.2 Terminal 
27 2 33.935245 8.303626 412.5 Initial 
28 2 33.934347 8.303783 410.5 Terminal 
29 3 33.935215 8.303500 408.1 Initial 
30 3 33.934310 8.303656 411.7 Terminal 
31 4 33.935172 8.303350 412.8 Initial 
32 4 33.934280 8.303520 409.0 Terminal 
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Appendix A2: GPS coordinates of transects for the major grazing areas in Itang district 

 
Grazing 
area 

Grazings 
site 

Points Transect Longitude 
(Degree 
Decimals) 

Latitude 
(Degree 
Decimals) 

Altitude 
(m.a.s.l.) 

Remark 

 
 
 
Woodland 

 
 
 
Achuwa 

33 1 34.252764 8.210949 432.2 Initial 
34 1 34.252115 8.210326 425.1 Terminal 
35 2 34.252672 8.211056 426.9 Initial 
36 2 34.252023 8.210413 428.0 Terminal 
37 3 34.252577 8.211159 425.0 Initial 
38 3 34.251918 8.210505 418.9 Terminal 
39 4 34.252480 8.211232 415.2 Initial 
40 4 34.251823 8.210608 422.2 Terminal 

 
 
 
Riveine 
forest 

 
 
 
Thokoth 

41 1 34.281626 8.196534 415.5 Initial 
42 1 34.280707 8.196480 424.1 Terminal 
43 2 34.281690 8.196650 422.5 Initial 
44 2 34.280784 8.196602 417.9 Terminal 
45 3 34.281750 8.196764 419.1 Initial 
46 3 34.280840 8.196726 413.1 Terminal 
47 4 34.281808 8.196886 420.4 Initial 
48 4 34.280898 8.196851 420.6 Terminal 

 
 
 
Open 
woodland 

 
 
 
Pulkod 

49 1 34.268710 8.255777 428.0 Initial 
50 1 34.268687 8.254880 430.0 Terminal 
51 2 34.268847 8.255796 431.0 Initial 
52 2 34.268823 8.254889 423.0 Terminal 
53 3 34.268984 8.255810 430.0 Initial 
54 3 34.268959 8.254894 435.0 Terminal 
55 4 34.269119 8.255831 435.0 Initial 
56 4 34.269096 8.254913 431.0 Terminal 

 
 
 
Savanna 
grassland 

 
 
 
Mekod 

57 1 34.258939 8.196944 402.2 Initial 
58 1 34.258473 8.197731 417.2 Terminal 
59 2 34.258823 8.196879 417.2 Initial 
60 2 34.258348 8.197663 417.5 Terminal 
61 3 34.258701 8.195812 418.1 Initial 
62 3 34.258224 8.197601 417.8 Terminal 
63 4 34.258583 8.196751 415.9 Initial 
64 4 34.258109 8.196944 417.3 Terminal 
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Appendix B: Sampling Formats and Notes 

 

Appendix B1: Herbaceous vegetation layer sampling format 

 

Date_______________   Name of the site________________________ 

District: - Itang  Jikawo 

Season: - Dry  Wet 

Grazing area: -  Dry season grazing 

   Savanna grassland  

  Wet season grazing 

   Open woodland  Woodland   Riverine forest 

Location: - Longitude ________________ Latitude__________________ Altitude___________ 

Transect No.________________   Quadrate No.______________ 

S
N 

Vernacular 
Name 

Sceintific Name Spp. 
count 

Bot. 
Group 

Life 
Form 

Percieved Desirability Remark 
H D L U 

           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
H=Highly desirable; D=Desirable; L=Less desirable; U=Undesirable 
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Appendix B2: Woody vegetation layer sampling format 

 

Date_______________   Name of the site________________________ 

District: - Itang  Jikawo 

Season: - Dry  Wet 

Grazing area: -  Dry season grazing 

   Savanna grassland  

  Wet season grazing 

   Open woodland  Woodland   Riverine forest 

Location: - Longitude ________________ Latitude__________________ Altitude___________ 

Transect No.________________   Quadrate No.______________ 

S
N 

Vernacular 
Name 

Sceintific Name Spp. 
count 

Bot. 
Group 

Life 
Form 

Percieved Desirability Remark 
H D L U 

           
           
           
           
           
           
           
           
           
H=Highly desirable; D=Desirable; L=Less desirable; U=Undesirable 
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Appendix B3: Plant specimen notes 

         Specimen No.___________ 

Date_______________ District______________  Name of the site______________________ 

Vernacular name_____________                 Scientific name_____________________________ 

Botanical group: - Grass  Legume   Forb   Sedge 

Life form:- Annual  Perennial 

Desirability:- Highly desirable  Desirable  Less desirable  Undesirable 

Grazing area: -  Dry season grazing 

   Savanna grassland  

  Wet season grazing 

   Open woodland  Woodland   Riverine forest 

Location: - Longitude ________________ Latitude__________________ Altitude___________ 

Transect No.________________   Quadrate No.______________ 

Name of Collector________________________  Signiture_________________ 

 

Appendix B4: Vegetation sampling notes for chemical analysis 

 

Date_______________   Name of the site________________________ 

District: - Itang  Jikawo 

Season: - Dry  Wet 

Grazing area: -  Dry season grazing 

   Savanna grassland  

  Wet season grazing 

   Open woodland  Woodland   Riverine forest 

Vernacular name_______________________ Sceintific name_________________________ 

 Location: - Longitude ________________ Latitude__________________ Altitude___________ 

Transect No.________________   Quadrate No.______________ 

Name of Collector________________________  Signiture_________________  
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Appendix B5: Soil sampling notes for chemical analysis 

 

Date_______________  Name of the site______________________ 

District: - Itang  Jikawo 

Season: - Dry  Wet 

Grazing area: -  Dry season grazing 

   Savanna grassland  

  Wet season grazing 

   Open woodland  Woodland   Riverine forest 

Location: - Longitude ________________ Latitude__________________ Altitude___________ 

Transect No.________________   Quadrate No.______________ 

Name of Collector________________________  Signiture_________________ 
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Appendix C: Questionnaire 

 

Questionnaire designed to collect information on the perception and ecological knowledge of 

the Nuer pastoralists 

Date: ----------- 2014/15 

Section One 

 

1. Pastoralists’ demography 

 

1.1 District:   Itang  Jikawo 

1.2 Gender:       Male  Female                 

1.3 Age:  35-45  46-55  56-65  66+ 

1.4 Livelihood: Pastoral                 Agro-pastoral 

 

Section Two 

 

2. Perceptions of the Nuer pastoralists regarding seasonal dynamism in botanical 

composition of the rangelands 

2.1. According to your perception what are the importance of knowledge of plant species?  

2.2.What are the basis of classification/characterization of your pasture/grazing areas?  

2.3. In your opinion what is an ideal grazing site?  

2.4. How could you assess the botanical composition of you grazing areas? What are the 

indicators used?  

2.5. What are the dominant species in your rangelands? Rank them on the basis of their 

abundance.  

 2.5.1. Do you perceive that there is seasonal dynamics in botanical composition of 
herbaceous species’?  

 2.5.2. Do you perceive that there is seasonal dynamics in botanical composition of browse 
species’?  
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2.6. Mention and rank the dominant forage species in your locality across seasons.  

2.7. Have you ever noticed the key forage species disappeared due to the effect of season?  

2.8. Under which seasonal grazing areas are changes in the key grass species composition more 
common?  

 
 

 
Section Three 

 
3. Perception of the Nuer pastoralists regarding the seasonal dynamism of key forage 

species’ nutritive value in the rangelands 

 
3.1. What are the attributes you used to assess the potential of a grazing area in terms of its 

quality?  

3.2. In your opinion what are the indicators of good quality/nutritive value pasture in relation to 

animal factors? Rank them.  

3.3. What are the parameters you used to assess forage palatability on the basis of plant 

indicators and animal cues or their combination?  

3.4. What are the most nutritious/palatable species in your rangelands? Rank them.  

3.5. How could you understand seasonal dynamics in nutritive values/palatability of forage 

species in your locality? What are the indicators you set to measure such variation? 

 3.5.1. Do you perceive that there is seasonal dynamics in nutritive value of herbaceous 

species’?  

 3.5.2. Do you perceive that there is seasonal dynamics in nutritive value of browse species’?  

3.6. Mention and rank the nutritious/palatable species in your locality across seasons.  
 
3.7. Mention those forage species that do not dry throughout the seasons and used as feed 

source for livestock in your locality. 

3.8. How would you decide the appropriate stage of the key forage species for 

grazing/browsing being nutritionally advantageous? (Suggest your own experience!) 
  

3.9. What considerations do you make in selecting the forage species as key resource in 

relation to animal feeds? (Mention the criteria you set for selection) 
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 3.10. Comment on the nutritional dynamics of the key forage species in the different seasons 
of a year. 

3.11. What measures you are taken to alleviate this problem  

 

Section Four 

 

4. Perception of the Nuer pastoralists regarding the seasonal dynamism of soil nutrient 

status in the rangeland 

4.1.What are the indicators of soil suitability for grazing? Rank them.   

4.2. What are the attributes you used to assess soil fertility? 

4.3. How could you describe the seasonal dynamics in terms of rangeland soil nutritional 

status? What are the indicators you set to understand such dynamism? How could you 

measure the indicators? 
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Appendix D: Maps 

 

 
   a      b 
 
 

 
   c      d 
 
 
 Appendix D1: Map of major grazing areas and sampling sites in Jikawo district 
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a      b 
 

 
c      d 

 
 
Appendix D2: Map of major grazing areas and sampling sites in Itang district 
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Appendix E: Pictures 

 
 
Appendix E1: Picture showing cattle grazing on Thorow woodland during the wet season 

 

 
 
Appendix E2: Picture showing cattle grazing on Wurang riverine forest during the wet season 
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Appendix E3: Picture showing cattle grazing on Theiluth savanna grassland during the wet 

season 

 
 
Appendix E4: Picture showing cattle grazing on Pagag open woodland during the dry season 

 



164 
 

 
 

Appendix E5: Pictures showing site selection representing the major grazing areas with the 

Nuer elders 

 
 
 
Appendix E6: Pictures showing group discussions with male and female elders of the Nuer 

pastoralists 

 
 
 
 



165 
 

 
 
 
 
Appendix E7: Pictures showing transects layingout for vegetation and soil sampling in 

Thorow woodland 

 

 
 
 

  
 
 
Appendix E8: Pictures showing GPS fixation in savanna grasslands of Theiluth and Mekod 

during the wet season 
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Appendix E9: Pictures showing herbaceous species recording from the quadat in Mekod 

savanna grassland and quadrat laying for herbaceous vegetation and soil sampling in Thorow 

woodlands  

 
 

         
 
 
Appendix E10: Pictures showing herbaceous species recording in the quadrat and speceis 

specimen preparation for identification at Herbarium from Theiluth savanna grassland during 

the wet season 
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Appendix E11: Pictures showing soil depth measurement in Theiluth savanna grassland 

during the wet season and soil sampling during dry season from Achuwa woodland during the 

dry season  

 

 


