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Abstract  Seed yields of six range grass species grown 
at 80, 50 and 30% field capacity (FC) soil moisture content 
and rain fed condition were evaluated. The grasses included 
Chloris roxburghiana, Eragrostis superba, Enteropogon 
macrostachyus, Cenchrus ciliaris, Chloris gayana and 
Sorghum sudanense (Sudan grass). Watered treatments had 
higher seed yields compared to rain fed for all the grasses. 
Chloris roxburghiana had higher seed yields at 50 and 30 % 
FC (516.1 and 633.4 kg ha-1, respectively), and lower yields 
at 80% FC and rain fed treatment (103 and 54.3 kg ha-1, 
respectively). Eragrostis superba and Enteropogon 
macrostachyus showed no difference in seed yields across 
watered. Cenchrus ciliaris had no significant difference 
among watered and rain fed. Chloris gayana produced 
higher seed yields at 30% FC (1066.8 kg ha-1) while 80 and 
50% FC and rain fed having 766.9, 866.8 and 123.7 kg ha-1, 
respectively. The highest yield was observed in Sorghum 
sudanense at 80% FC and was different (p≤0.05) from the 
others (1250 kg ha-1), with 50, 30% FC and rain fed having 
700.5, 533.9 and 150.7 kg ha-1, respectively. Sorghum 
sudanense was highest yielder under rain fed (150.7 kg ha-1) 
with least being Cenchrus ciliaris (21.8 kg ha-1). Chloris 
gayana and Sorghum sudanense have demonstrated 
potential higher seed yielders under lower moisture supply. 
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1. Introduction 
The Kenyan rangelands have become less productive in 

terms of livestock forage due to range degradation [10], 
[22]. This has become more severe with the increasing 
climate change phenomenon that has resulted into reduced 
precipitations leading to reduced livestock productivity due 
to feed shortage [20]. The main drivers of rangeland 
degradation are related to overgrazing, inappropriate 
cultivation in the marginal and fragile areas, deforestation 

and climate change [5, 18] hence accelerated loss of dryland 
community’s livelihoods in the long term. The effects of 
land degradation has far much impacts on livestock 
production [21, 30] with direct effects on reduced feed 
supply, reduced carrying capacity and the frequently 
observed livestock mortality due to starvation.  

Production of pastures under irrigation for dry season use 
has been used as one of the interventions for sustaining and 
improving forage production and consequently improving 
livestock production in Kenyan rangelands [16, 18, 19]. 
Integration of crops, pastures and livestock production has 
shown some benefits in pastoral areas especially under 
irrigation conditions [2, 3] have argued that dryland 
ecosystems are more sustainable than has previously been 
accepted, as long as livestock, crops and pastures are 
integrated to complement each other. Establishment of 
irrigated pastures has been touted as one of the ways to 
enhance adaptation of livestock production to climate 
change in the drylands through utilization of established 
pastures for strategic feeding during dry seasons [36]. This 
is especially so because pasture production under natural 
rainfall has failed to sustain the pastoral production systems. 
Past studies on performance of range grasses under 
irrigation have shown greater potential in Kenyan 
rangelands [18, 24, 25, 26]. However, these studies looked 
at range grass biomass productivity and ecological 
restoration and never evaluated the productivity at different 
soil moisture content as an indication of water use 
efficiency. The increasing pressure on available water use 
for both crops as well as pastures calls for studies that 
maximize on water available with greater benefits in 
biomass and seed yields.  

There has been increasing demand of range grass seeds 
for rehabilitation of degraded rangelands of Kenya and 
establishment of irrigated native pastures; however, the 
challenge has always been access to adequate quantities of 
seeds of better quality [17, 27]. Many efforts to reclaim 
denuded rangelands have always shown some positive 
response, for example range land reseeding in Kenya by 
charitable trust organization; “Reclamation of Arid 
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Environments (RAE)”, has reclaimed denuded areas of 
Baringo County using range grasses under rainfall 
conditions. Other efforts have been done in the southern 
rangelands of Kenya with the support of Kenya Agricultural 
Research Institute (KARI). However, the impacts and areal 
coverage are far less from benefitting the vast degraded 
rangelands. This is due to low seed yields from 
multiplication practices under rainfed, which has also been 
unreliable from the prevailing seasonality and highly 
variable climatic conditions. This calls for more research on 
grass seeds multiplication for rehabilitation and pasture 
establishment for improved livestock production. Study by 
[18] reported farmer’s efforts to rehabilitate denuded 
southern rangelands to be affected by lack of adequate seeds, 
poor quality seeds and many efforts by farmers do not show 
sustainability of their interventions. 

This study aimed at evaluating the potential of six grass 
species for seed production under irrigation at different soil 
moisture content. Most studies have been focusing on 
evaluating the impacts of agronomic management on grass 
seed yields with little attention to water management 
techniques and its effects on seed production [4, 6, 7]. This 
study contributes to information on varied soil moisture 
content effects on range grass seed yields which could be 
useful in large scale seed multiplication for reseeding, as 
well as providing farmers with access to grass seeds for 
pasture production. This is further supported by the current 
increasing demand for rangeland rehabilitation, increasing 
livestock forage demand, making grass seed production a 
priority for Kenyan rangelands[16, 18, 19]. 

 

Figure 1.  Study area and site map  

2. Materials and Methods 

2.1. Study Area 

The study was carried out is in Tana River County (figure 
1), within coordinates 1°30′S, 40°0′E, 1.5°S 40°E. The 
climate of the area is hot and dry with daily temperatures 
ranging between 20 and 38oC. Rainfall is bimodal in 
distribution with long rains occurring in April-June and 
short rains in November-December. Long-term average 
rainfall ranges from 220 to 500 mm and is erratic in 
distribution. Temperatures are highest between February 
and April and September to October. The County is divided 
into three livelihood zones; namely, pastoral, agro-pastoral 
(mixed farming) and marginal mixed farming.  

The soil types are vertisols and vertic fluvisols associated 
with swelling and forming ponds during wet seasons with 
low infiltration rates from the sealing by high clay content. 
During dry seasons, the soil dry out and form cracks. At the 
hinterlands are shallow and have undergone seasons of 
trampling by livestock, thus are easily eroded during rainy 
seasons. 

Pastoralism and agropastoralism are the main economic 
activities in the study area, with two established National 
irrigation schemes, Hola and Bura, with the latter being the 
experimental study site. 

2.2. Experimental Layout and Design 

One-acre parcel of land that had not been cultivated 
during the last season was identified within Bura irrigation 
scheme, National Irrigation Board (NIB) research site. The 
land was cleared of all bushes, ploughed and harrowed to a 
fine tilth. The area was then divided into 4 main plots of 39 
m x 11 m size each. The plots within the one acre were 
demarcated to be 5 metres apart to minimize lateral seepage 
among main plots. Each main plot was then sub-divided 
into 30 sub-plots measuring 3 m x 3 m with 1 m boundary. 

The experimental design was factorial experiments in a 
completely randomised design comprising two factors, 
grass species and soil moisture content at 6 and 4 levels, 
respectively. Main plots demarcated were each randomly 
assigned a watering schedule as first treatment where 
treatment one (T1) was 80% FC, treatment two (T2) was  
50% FC, treatment three (T3) was 30% FC and treatment 
four (T4) was the control (rain fed). The second treatment 
level was grass species randomly assigned to the 30 
sub-plots within each of the 4 main plots in pure and mixed 
stands. The grass species treatments were; Chloris 
roxiburghiana - CR, Eragrostis superba- ES, Enteropogon 
macrostachyus -EM, Cenchrus ciliaris -CC, Chloris gayana 
-CG, Sorghum sudanense -SB. The species were randomly 
allocated to the sub-plots.  

2.3. Experimental Materials, Sowing and Irrigation 

Gypsum blocks (GBs) were used to determine different 
soil moisture content levels. GBs were installed at the 
centre of each sub plot, at two depths, 15 and 30 cm in 
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separate holes which were dug using a 50 mm soil auger. 
Prior to installation they were soaked overnight as 
recommended. Before installation, moisture readings 
corresponding to 80%, 50%, and 30% FC soil moisture 
content was calibrated for all the GBs using moisture meter 
which aided in determining prescribed soil moisture content 
for the main blocks. After installation, wire ends originating 
from the installed blocks were carefully supported by 
vertical sticks for ease of taking readings and identification 
of installation points.  

The source of grass seeds was Kenya Agricultural 
Research Institute (KARI), Kiboko Range Research Station. 
Before planting, the seeds were tested for germination 
percentage using the standard seed test by germination 
method as described by ISTA (1976) before planting. The 
germination rates obtained were used to determine the 
mixing and sowing rates of the species. Sowing was done 
manually in the finely prepared seedbeds. Phosphate 
fertilizer was applied to all the treatments at the 
recommended rate of 200 kg ha-1 to enhance establishment. 
Thereafter, no fertilizer application was done for the whole 
data collection period. All other routine pasture husbandry 
practices such as weeding were done for all the treatments. 
For each treatment, soil moisture was maintained at the 
prescribed level through irrigation at the prescribed soil 
moisture content by means of the Delmhorst Soil Moisture 
Meter Gypsum Blocks (GBs) installed within each 
sub-plots.  

2.4. Seed Yields Determination 

A seed yield were determined by hand harvesting of 
mature and ripened seeds from an area of 1 m x 1 m using 
quadrat and was replicated three times on each sub-plots. 
This was done at the time of full maturity and ripened seeds. 
The seeds were stored in labelled brown paper bags, oven 
dried at 600C for 48 hours, and weights taken using a digital 
balance which were later converted into yields per hectare. 

2.5. Data Analysis 

Data collected was subjected to Analysis of Variance 
(ANOVA) using SAS Version 9 [28] to determine the 
significance of the treatment effects of varied soil moisture 
content on productivity of the different grass species. 
Where significant difference was detected, the means were 
separated by least significant difference (LSD) at 5% 
probability level.  

4. Results 
Seed yields of the six range grasses are presented in 

Table 1. There was significant difference (p≤0.05) in seed 
yields for the different species at all the three soil moisture 
content levels and rainfed. Chloris roxburghiana showed 
significant differences (p≤0.05) in yields across the 80, 50, 
30 % FC soil moisture content and rain fed having 103.3, 
516.1, 633.4 and 54.2 kg ha-1, respectively. This species 
showed highest yield at 30% FC moisture content which 
was not significantly different than at 50% FC and lowest 
yield was under rain fed treatment. Eragrostis superba and 
Enteropogon macrostachyus did not have any significantly 
difference in yields across the three soil moisture content. 
However, they showed lower and significant different yield 
under rain fed treatment. Cenchrus ciliaris did not show any 
significant difference in yields across all the three soil 
moisture content levels and rain fed, but the yields under 
rainfall were lower. Chloris gayana showed the highest 
seed yield (1066.8 kg ha-1) at 30%FC soil moisture content 
compared to 80, 50% FC soil moisture content and rain fed 
having 766.9, 866.8 and 123.7 kg ha-1, respectively. 
Sorghum sudanense (Sudan grass) showed the highest yield 
that was significantly different (p≤0.05) from rest five grass 
species at 80% FC having 1250.7 kg ha-1 and was also the 
highest yielder under rain fed condition (150.7 kg ha -1). 
Generally, all the watered treatments produced higher seed 
yields than the rain fed treatment. 

Table 1.  Seed yields (kg ha-1) of six range grass species produced at 80, 50, 30 % FC soil moisture content and rain fed 

 80 % FC 50 % FC 30 % FC Rain fed (control) 

C R 103.3a ± 5.77 516.1c ± 7.64 633.4c ± 14.43 54.2ab±9.62 

E S 350.1b ± 57.66 286.0b ± 41.63 343.2b ± 50.57 39.8 a±7.91 

EM 566.3c ± 2.88 550.4c ± 0.00 516.3c ± 5.77 105.3b±21.11 

CC 150.5a ± 13.22 136.6a ± 16.07 156.6a ± 20.21 21.8a±4.43 

CG 766.9d ± 15.27 866.8d ± 20.20 1066.8e ± 2.88 123.7c±33.21 

SB 1250.7e ± 7.07 700.5d ± 10.00 533.9c ± 2.88 150.7c±31.42 

Means within the same columns with different superscripts are significantly different at p≤0.05.  
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB= 
Sorghum sudanense 
±Standard deviation 
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Table 2.  Mean number of productive tillers of six range grass species produced at 80, 50, 30 % FC soil moisture content and rain fed 

 80 % FC 50 % FC 30 % FC Rain fed (control) 

C R 11.1a ±2.3 10.8ab±3.3 12.3ab ±6.3 3.3ab ±1.3 

E S 19.3 a ±4.7 14.3ab ±5.8 18.3b ±7.1 3.1ab ±1.1 

EM 16.2 a ±2.3 14.1ab ±3.3 12.1ab ±2.4 4.1b ±2.3 

CC 28.0b ±6.4 22.0b ±11.4 20.0b ±8.4 4.7b ±2.4 

CG 21.1b ±11.1 18.1ab ±9.1 16.3b ±9.4 4.3b ±1.2 

SB 31.0b ±16.1 29.0c ±6.1 31.2c ±11.1 5.2b ±2.1 

Means within the same columns with different superscripts are significantly different at p≤0.05.  
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, 
SB= Sorghum sudanense 
± Standard deviation  

Table 2 presents grass species reproductive tiller numbers 
during mature and ripened seed stage (week 12 from 
planting). The tiller numbers of the six grass species did not 
have significant difference for the 80, 50 and 30% FC soil 
moisture content. However, there was a significant 
difference (p≤0.05) in the tiller numbers under rain fed 
treatment compared to the three soil moisture content levels 
for all the grasses.  

5. Discussions 
The results suggest different grasses have varied seed 

productivity levels under varied soil moisture content. This 
may be attributed to the morphological characteristics of the 
specific grass species as determined by individual genetic 
composition and adaptability to different soil water 
conditions [14, 16]. Sorghum sudanense has larger seed size 
than all the five grass species and hence observed higher 
yields compared to Cenchrus ciliaris and Enteropogon 
macrostachyus which have spikelet’s measuring <10 mm 
long. When Eragrostis superba and Cenchrus ciliaris were 
compared for seed yields in relation to size of spikelets, 
where the latter has higher spikelet densities per 
inflorescence thus higher seed yields. The findings concur 
with those of [18], who reported Eragrostis superba to have 
higher seed yield compared to Cenchrus ciliaris and 
attributed this to inherent morphological characteristics. The 
number of tillers with panicles per plant may also have 
contributed to the differences in seed yields. This was also 
reported by [4] working with Sorghum sudanense who found 
a positive correlation between grain yields and number of 
productive panicles per plant. It has been reported that grass 
plants with many reproductive tillers produce more seeds [1, 
7, 29] compared to species having fewer productive tillers or 
many but unproductive tillers. This was observed in 
Sorghum sudanense under this study showing higher number 
of productive tillers that contributed to higher seed yields 
compared to Cenchrus ciliaris and Enteropogon 
macrostachyus (Table 2). This observation was also 
observed by [25] working with Enteropogon Macrostachyus, 
Eragrostis superba and Cenchrus ciliaris under rain fed 

trials with different land preparation methods (reaped and 
hand cleared).  

The observed higher tiller numbers for Sorghum 
sudanense at all the three soil moisture content and rain fed 
treatments may explain the observed higher seed yields for 
the species at 80, 50% FC and rainfed conditions. This 
finding concurs with those of [18], where tiller densities 
varied with range grass species and influenced biomass 
productivity. Besides tiller numbers influencing seed yields 
of grasses, they also influenced adaptability to grazing 
pressure, determining photosynthetic rates and as source of 
food reserves [11]. The number of tillers in a plant 
determines the biomass production and the quality of forage 
yield [16, 32]. The tillers contain leaves which have more 
easily digestible nutrients and less structural components 
especially from the newly developed tillers with young 
leaves [38]. However, typically, a tiller will have both old 
leaves from previous growth season and young leaves. The 
old leaves are lower in quality but contribute to the total 
biomass yields [33], while the young ones bring in the 
balance to improve the quality.  

The lower tiller numbers under rain fed treatment can be 
attributed to the grass plants water stress during the growing 
season which enhances response of leaf and tiller firing to 
reduce transpiration losses [31, 37]. On the other hand, the 
observed increase in tiller numbers for watered treatments 
can be attributed to adequate water supply that reduced water 
stress and enhanced tiller recruitment. Water plays important 
role in nutrient absorption and translocation by plants as well 
as maintaining plant temperature through transpiration [23] 
which could have been a challenge for rain fed treatment 
under this study. These findings are contrary to those of [35] 
who working on Bothriochloa ischaemum grass under 
rainfall and rainfall plus 25 mm/week of supplementary 
irrigation reported soil moisture content to have no impact on 
tiller density.  

Irrigation has been documented to not only increase the 
chances of successful establishment of grasses but also to 
have effects on subsequent seed yields for pastures [8, 12, 
34]. The observed low seed yields by the six grass species 
under rain fed conditions compared to the watered treatments 
can be attributed to water stress that limited the plants 
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physiological process and hence low productivity of biomass 
that translated into low seed yields. [13] reported Sorghum 
sudanense to have seed yields of 130 kg ha-1 and 110 kg ha-1 
under irrigation and rain fed production, respectively. This 
finding closely mirrors our study findings showing rainfed 
treatment having lower seed yields than irrigated conditions. 
[9] working with perennial ryegrass, white clover, and tall 
fescue (Festuca arundinacea Schreb.) also observed the leaf 
DM to be lower under water stress plants than in irrigated 
plants by the end of the drought. 

6. Conclusions 
This study reveals that watering of grass species increases 

seed yields and different grass species have different 
responses to varied soil moisture content. Chloris gayana 
has demonstrated to have greater potential of producing 
higher quantities of seeds at low watering levels having more 
than 1 t ha-1. Eragrostis superba and Enteropogon 
macrostachyus had no significant difference in seed yields at 
different soil moisture content levels. Chloris roxburghiana 
having higher seed yields at medium irrigation level and 
reduced yields at higher and at lower moisture levels. 
Sorghum sudanense showed highest seed yields at higher 
soil moisture content of 80%FC compared to the five grasses 
and was still the highest seed yielder under rain fed treatment. 
These findings are very handy for farmers who are doing 
pasture seed multiplication and give a means of making 
guided decisions on agronomic practices for seed production. 
Sorghum sudanense, Enteropogon macrostachyus and 
Chloris gayana showed better performance for biomass 
production even at lower moisture levels and also better seed 
production at lower moisture levels puts them at a strategic 
point as farmer’s choice where moisture deficit is more 
pronounced. Also, Cenchrus ciliaris showed potential for 
seed production even under moisture deficits under this 
study (rain fed) by having no significant difference with the 
watered treatments in terms of seed yields. We, therefore, 
recommend that range grass irrigation increases grass seed 
yields for all the species tested compared to water deficit 
observed under rainfed with Sorghum sudanense and Chloris 
gayana performing better at watered and rainfed conditions. 
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