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Abstract  Seed quality and effects of storage on viability 
of six range grass species grown at 80, 50 and 30% Field 
capacity soil water content and rain fed were evaluated. 
Freshly harvested seeds at week 2 from date of harvest 
(DOH) had the lowest percent germination. Enteropogon 
macrostachyus showed low GP (<10%) after 2 weeks 
storage but at the late incubation periods of 11th to 14th day. 
Sorghum sudanense showed higher GP (> 50%) after 
storage period of 2 weeks from DOH and GP>75% from the 
three soil water content after storage period of 36 weeks. 
The results also showed after storage periods of 12 weeks, 
all the grass species start to germination after day 3 of 
incubation, unlike in the freshly harvested -2 weeks storage 
period where germination starts after 7 days of incubation 
except for Sorghum sudanense. Germination index (GI) 
increased with storage periods for all the grass species with 
Sorghum sudanense having the highest GI of over 20 after 
12 weeks of storage. Storage period of 12 weeks increases 
seed viability of the six grasses and Sorghum sudanense has 
higher seed viability even when freshly harvested compared 
to the other species. 

Keywords  Germination Index, Germination Percentage, 
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1. Introduction 
Livestock production plays a crucial role in Kenya 

drylands, with 70% of livestock and 30% of human 
population, and over 80% of wildlife being supported by 
these ecosystems [9]. These areas have been under serious 
degradation, with increasing loss of native grass species that 
supported livestock population under pastoralism. 
Rangeland rehabilitation has been reported to be very 
effective in restoring these degraded areas [30], and this 
can be achieved through soil conservation by increasing  

vegetation cover to avoid runoff that depletes the fertile top 
soil [25]. Ecological restoration through reseeding has also 
been used to assist degraded areas recover for increased 
productivity [36] which has been achieved through grass 
reseeding of degraded Kenyan rangelands with native 
species [18,22,23]. However, the challenge has always been 
the source of quality grass seeds adapted to the local 
condition of the vast rangelands to be rehabilitated [22]. The 
choice of perennial native grasses has always been promoted 
due to their ability to improve soil moisture retention and 
increased infiltration besides protecting the top soil from 
erosion [20,26,32]. 

Research efforts are needed on grass seeds multiplication 
for rehabilitation of denuded areas and pasture establishment 
for improved pastoral livestock production [3,24,28]. 
Vegetation and mainly grasses forms an important 
ecosystem link in terms of energy flow within rangeland 
ecosystems [2,14]. The pastoralist main source of livelihood 
is livestock keeping and heavily relies on range grasses for 
products and income from their herds [21,37]. The scenario 
of reduced pastures, increased degradation and loss of native 
species has worsened their adaptive mechanism threatening 
their sole livelihood option [31]. For the attainment of 
millennium development goals (MDGS) and Kenya’s vision 
2030, of ensuring all citizens have access to adequate and 
quality food for better lives, a collective action in research 
and dissemination of information regarding grass seeds and 
reseeding in the ASALs is vital for the sustainable 
management of rangeland resources.  

Rangeland reseeding study by Mganga [18] reported 
farmer’s efforts to rehabilitated denuded southern rangelands 
to be affected by poor quality seeds and many efforts by 
farmers do not show sustainability of their interventions. 
This is related to use of dormant seeds, too old or too fresh to 
have reasonable germination rates. For the benefits of 
reseeding and pasture establishment to be realized, 
knowledge on seed production and handling under highly 
variable environment is required [19,24].  
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This study aimed at evaluating the quality of range grass 
seed produced under irrigation at different soil water content, 
specifically investigating on seed quality and quality changes 
with storage periods. Many studies done on range grasses 
have focused on evaluating the impacts of agronomic 
management on fodder yields with little attention to water 
management techniques and their effects on seed production 
[1,10] contributes to information on irrigation effects on 
range grass quality which is useful in large scale seed 
multiplication aiding in increasing farmers access to quality 
seeds. This is further supported by the present increased 
demand for rangeland rehabilitation and the increasing 
demand for livestock forage making grass seed production a 
priority in the Kenyan rangelands [8,22].  

1.1. Study Area 

This study was conducted from 15th September 2012 to 
30th January 2013 in Bura Irrigation Scheme located in 
Tana River County, Kenya, within coordinates 1°30′S, 
40°0′E, 1.5°S 40°E (figure 1). Climate of County is 
generally hot and dry with daily temperatures ranging 
between 20oC and 38oC. Rainfall pattern is bimodal with 
long rains occurring in April-June and short rains in 
November-December. Long-term average rainfall ranges 
between 220mm and 500mm and erratic in distribution. 
Temperatures are highest between February and April and 
September to October. About 72% of the people in the 
county live below the absolute poverty [9]. 

 

Figure 1.  Study area and site 

Tana River County is divided into three livelihood zones, 
namely, pastoral, agro-pastoral (mixed farming) and 
marginal mixed farming. The soil types in the County are 
Vertisols and vertic Fluvisols. Dominant vegetation is thorny 

thickets of acacia trees and shrubs along the riverine areas 
with shrubs and grasses dominating most parts of the grazing 
areas. Extensive pastoral system is the main economic 
activity in the County. 

2. Materials and Methods 

2.1. Land Preparation, Experimental Design and 
Agronomic Procedures 

Land that had not been cultivated in previous two seasons 
was identified within the research site, cleared off bushes, 
ploughed and harrowed to a fine tilth. The ploughed area 
was then demarcated into 4 main plots of 39m X 11m 
which was then randomly allocated soil water content 
treatments of 80, 50, 30% Field capacity (FC) and rainfed 
conditions. The plots were 5 metres apart to minimize 
lateral seepage interference. Each main plot was thereafter 
sub-divided into 30 sub-plots measuring 3m x 3m with 1m 
boundary. 

The experimental design was 6x4 factorial experiments 
in a completely randomised design comprising two factors, 
grass species and soil water content at 6 and 4 levels, 
respectively. The 4 plots demarcated were each randomly 
assigned to a watering schedule as first treatment. The 
second treatment level- grass species- was assigned at 
random to the 30 sub-plots within the 4 main plots. The 
grass species evaluated were Chloris roxiburghiana- (CR), 
Eragrostis superba - (ES) Enteropogon macrostachyus - 
(EM), Cenchrus ciliaris - (CC), Chloris gayana - (CG) 
Sorghum sudanense (Sudan grass- SB). 

The watering schedule consisted of different soil 
moisture recharge levels based on the conventional Field 
Capacity (FC) determination procedures. Thus, 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). For each treatment, soil moisture 
was maintained at the prescribed level through irrigation. In 
order to know when to recharge the plots, soil moisture 
content was monitored by means of the Delmhorst Soil 
Moisture Meter Gypsum Blocks (GBs) installed within each 
sub-plots.  

The grass seeds used were sourced from Kenya 
Agricultural Research Institute (KARI), Kiboko Station. 
The seeds were tested for germination percentage using the 
standard seed test by germination method as described by 
[13]. The germination rates obtained were used to 
determine the mixing and sowing rates of the species. 
Sowing was done manually on the finely prepared seedbeds 
on the subplots at the predetermined sowing rates. 
Phosphate fertilizer was applied to all the treatments at the 
recommended rate of 200kg/ha to enhance establishment.  

2.2. Seed Harvest 

Seed yields were determined by hand harvesting of 
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mature and ripened seeds within a (1mX1m) systematically 
placed quadrat replicated three times on the six species 
sub-plots. This was done for each species at the time of full 
maturity and ripened seeds. The seeds were stored in 
labelled brown paper bags, then oven dried at 600C for 48 
hours, before quality determination with storage periods. 

2.3. Seed Quality Determination 

Seed quality was estimated by germination percent (GP) 
and germination index (GI). The seeds harvested from the 
six grass species grown under the three soil water content 
levels and rainfed were tested for quality as an indication of 
dormancy over a period of 36 months. The seeds were 
stored in brown papers at room temperature (28oC). Storage 
period as a factor of breaking seed dormancy has been 
reported by many studies [7,18,33]. Procedures followed in 
determining GP and GI are described below. 

2.4. Germination Percent with Storage Periods 

Germination percentage (GP) of the seeds after storage 
periods of weeks 2, 12, 24 and 36, was determined 
following procedures provided by International Seed 
Testing Association [12] of petri-dish germination method 
described by [34] and [17]. ISTA [13] recommends use of 
seed germination percentage to test the quality of seeds as a 
standard measure of seed quality. The methodology 
involved random selection of 100 seeds of each of the six 
grass species under evaluation, replicated 4 times. The 
seeds were then put on Whitman filter paper in a petridish 
under room temperature (28oC) at the University of Nairobi, 
range livestock nutrition laboratory. The seeds were 
incubated for 14 days and monitored for germination. All 
the germinated seeds were expressed as a percentage of the 
total number of seeds incubated during the period. This 
procedure was done to all the grass species at the end of 2, 
12, 24 and 36 weeks storage periods from the date of 
harvest (DOH). The percent germination was calculated 
using the equation 1 below: 

% Germination = Total number of seeds germinated  X 100 
Seeds per petri−dish × Replicates

….(1) 

2.5. Germination Index 

Germination index as an indication of speed of 
germination of the six grass seeds was determined by 
picking random samples of 100 seeds for each grass species 
obtained from the different soil water content harvest, 
which were then put on a wet Whatman filter paper in 
standard laboratory petri-dishes. Each petri-dish had 
specific grass species with 25 grass seeds (caryopsis) 
replicated four (4) times. The petri-dish was then incubated 
in open air room temperature for 14 days at the University 

of Nairobi, range livestock nutrition laboratory. The filter 
paper was moistened with a few drops of water when it 
appeared dry. The grass seeds that germinated everyday 
were counted and removed from the petri-dishes. This was 
done after a clear identifiable radical was observed [27]. 
The number of seedlings emerging daily was counted from 
day of incubation to 14th day. Thereafter, Germination index 
(G.I.) was computed by use of the following formula 
(Equation 2). 

𝐺𝐼 = 𝑛/𝑑                   2) 

Where, n =number of seedlings emerging on day‘d’ and d = 
day after planting.  

Grass seeds that showed greater germination index were 
considered to be more vigorous and of better quality [12]. 

3. Results 

3. 1. Germination Percent (GP) 

Tables 1, 2, 3 and 4 presents the daily percent seed 
germination of the six grass species obtained from 80, 50,  
30% FC soil water content and rainfed conditions, 
respectively, after storage periods of 2, 12, 24 and 36 weeks 
from DOH. There was significant difference (p≤0.05) in seed 
germination percent for different grass species at week 12, 
with others showing higher and others low percent seed 
germination across the 80, 50 and 30% FC soil water content 
levels. Generally, an increase percent seed germination was 
observed with storage periods, where freshly harvested seeds 
at week 2 from DOH having lowest percent germination and 
at week 36 storage, all species showing above 50% 
germination percent. There was no significant difference in 
GP for specific species across the three soil water content 
and rain fed treatments. Chloris roxburghina, Eragrostis 
superba and Cenchrus ciliaris showed no germination after 2 
weeks of storage from DOH at the three soil water content 
and rain fed treatment. Enteropogon macrostachyus showed 
low germination percent (<10%) after 2 weeks storage but at 
the late incubation periods (from day 11 to 14).  

Sorghum sudanense showed higher germination percent 
(over 50%) after storage period of 2 weeks from DOH for the 
three soil water content, however, it had <50% germination 
at the same storage period under rain fed condition. Sorghum 
sudanense still showed higher percent germination (>75%) 
for watered conditions after storage period of 36 weeks from 
DOH, while under rain fed, just like with the two weeks 
storage period, still had lower germination percent compared 
to watered treatments, however was not significant different. 
The results showed after storage periods of 12 weeks, all the 
species start to germination after day 3 of incubation.  
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Table 1.  Daily % seed germination of six range grass species after storage period of 2, 12, 24 and 36  weeks from DOH, produced at 80% FC soil water 
content 

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Week 2               

C R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EM 0 0 0 0 0 0 0 0 0 0 6.1 6.4a 8.5 a 8.8a 

CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CG 0 0 0 0 0 0 0 8.2a 10.4a 10.5a 10.2a 11.4a 11.8a 14.5a 

SB 0 0 5.2a 6.3a 11.4a 12.0a 12.5a 16.1a 17.4a 31.5a 39.8b 45.5b 60.5c 60.3c 

Week 12               

C R 0 0 0 8.3a 8.0a 10.2a 11.5a 11.2a 12.4a 12.6a 12.5a 14.2a 16.a 21.2b 

E S 0 0 3.1a 6.5a 7.1a 7.0a 8.5a 10.2a 13.1a 13.0a 15.2a 14.9a 16.7a 19.8a 

EM 0 0 11.2a 15.4a 15.5a 15.9a 16.7a 18.6a 22.1b 22.0a 25.0a 24.8a 26.5b 26.6b 

CC 0 0 4.5 a 5.5a 5.3a 7.8a 7.0a 7.2a 9.7a 9.3a 8.7a 8.5a 10.2a 13.1a 

CG 0 1.1a 13.0a 15.7a 16.1a 19.3a 20.4a 37.0b 38.5b 44.5b 49.7c 51.9a 54.5c 58.7c 

SB 0 0 18.2a 26.3b 27.4b 32.0b 32.5b 46.1c 57.4c 61.5c 69.8c 65.5c 70.5d 70.3d 

Week 24               

C R 0 0 10.5a 19.5a 29.1b 29.4b 29.5b 33.5b 37.4b 38.6b 37.5b 51.2c 56.1 54.7c 

E S 0 0 26.0b 28.5a 47.1c 47.0c 48.5c 51.2c 53.4c 53.0c 55.2c 54.9c 56.7c 59.8c 

EM 0 0 31.4b 35.5b 35.8b 35.9b 36.8b 38.2b 45.1b 52.0c 55.0c 59.4c 61.3c 66.7c 

CC 0 0 30.2b 35.5b 35.2b 37.9b 37.9b 42.2b 49.1b 49.7c 49.9c 51.5c 55.8c 57.9c 

CG 0 0 18.0a 25.7b 26.7b 39.3b 38.9b 37.0b 42.4b 47.3c 46.8c 52.4c 51.9c 57.4c 

SB 0 0 55.8c 59.5c 57.5c 59.0c 65.5c 65.9c 69.1c 69.5c 69.6c 71.5d 75.5d 73.3d 

Week 36               

C R 0 0 29.7b 30.4b 32.1b 32.4b 36.8b 37.9b 39.8b 42.5b 46.2b 47.8c 52.8c 57.2c 

E S 0 0 27.1b 27.5b 57.1c 57.8c 58.2c 58.5c 59.4c 61.0c 62.3c 64.9c 65.1c 65.3c 

EM 0 0 33.5b 35.0b 36.2b 36.9c 43.8b 45.8b 55.3c 62.0c 65.8c 69.6c 66.3c 69.8c 

CC 0 0 40.0b 41.8b 42.5b 45.2c 45.2b 45.1b 45.8b 48.8c 50.0c 53.6c 57.5c 61.4c 

CG 0 0 21.1a 23.8a 36.7b 39.8b 42.1b 43.0b 45.3b 48.6c 51.3c 58.6c 61.4c 67.9c 

SB 0 0 53.8c 58.5c 59.0c 59.2c 66.4c 68.9c 69.1c 69.4c 69.7c 71.5c 74.6d 75.2d 

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 
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Table 2.  Daily % seed germination of six range grass species after storage period of 2, 12, 24 and 36  weeks from DOH, produced at 50% FC soil water 
content 

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Week 2               

C R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EM 0 0 0 0 0 0 0 0 2.3a 4.5a 5.2a 6.1a 6.4a 9.2a 

CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CG 0 0 0 0 0 0 0 7.0a 8.0a 9.1a 9.6a 10.2a 10.8a 12.1a 

SB 0 0 2.5a 4.1a 8.6a 12.3a 11.5a 15.1a 16.9a 28.5b 29.8b 35.5b 44.5b 59.1c 

Week 12               

C R 0 0 0 7.8a 8.1a 9.3a 10.5a 10.8a 11.3a 12.0a 13.4a 14.0 a 15.8a 19.5a 

E S 0 0 4.0a 5.2a 6.3a 6.6a 9.0a 9.2a 10.4a 12.3a 14.1a 15.9 a 17.4a 22.1a 

EM 0 0 10.2a 13.4a 14.3a 16.0a 16.6a 19.2a 23.1b 24.5a 25.7b 28.7b 29.5b 29.9a 

CC 0 0 3.0a 4.5a 6.0a 7.3a 7.6a 8.0a 9.5a 10.1a 11.0a 12.5 a 12.9a 13.6a 

CG 0 0 8.0a 8.7a 15.1a 17.5a 21.4b 27.0b 28.6b 34.9b 44.7b 48.6b 53.0c 54.0c 

SB 0 0 21.5b 27.8b 29.5b 33.0b 35.6b 44.1b 47.3b 51.5c 59.6c 63.0c 65.2c 68.0b 

Week 24               

C R 0 0 8.6a 15.3b 25.2b 29.0b 30.0b 36.2b 38.0b 42.4b 47.0b 50.1c 50.5c 52.0c 

E S 0 0 21.0b 22.8b 27.5b 37.0b 42.5b 50.0c 52.3c 53.5c 54.0c 57.0c 59.9c 61.9c 

EM 0 0 28.0b 30.7b 36.0b 39.0b 41.5b 42.3b 43.0b 50.2c 53.1c 55.5c 59.8c 68.0c 

CC 0 0 28.0b 33.0b 36.1b 38.2b 40.4b 44.0b 45.3b 48.7b 48.3b 53.7c 55.0c 55.3c 

CG 0 0 9.0a 24.3b 28.6b 37.0b 41.0b 43.1b 45.0b 45.5b 48.2b 50.0c 55.1c 59.2c 

SB 0 0 52.1c 55.1c 58.0c 61.0c 63.1c 65.2b 67.0c 70.5c 71.0d 72.0d 72.9d 76.5d 

Week 36               

C R 0 0 25.0b 29.0b 30.1b 32.1b 35.2b 35.6b 40.2b 45.1b 48.0b 50.5c 53.5c 58.0c 

E S 0 0 20.0b 25.2b 45.3b 55.1c 57.8c 59.0b 60.2c 63.1c 64.1c 65.0c 67.2c 68.0c 

EM 0 0 27.0b 30.2b 35.0b 38.8b 40.2b 44.0b 49.2b 58.6c 63.0c 65.2c 69.1c 70.1d 

CC 0 0 25.0b 31.2b 40.5b 43.5b 46.0b 46.9b 50.3c 52.2c 54.0b 61.0c 62.1c 65.1c 

CG 0 0 28.1b 33.2b 35.3b 40.8b 43.0b 45.2b 47.1b 50.5c 55.2b 59.0c 64.6 c 69.0c 

SB 0 0 55.0c 58.2c 60.1c 62.0c 64.2c 66.6c 67.9d 72.1d 74.1d 73.0d 74.2d 75.0d 

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 
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Table 3.  Daily % seed germination of six range grass species after storage period of 2, 12, 24 and 36  weeks from DOH, produced at 30% FC soil water 
content 

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Week 2               

C R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EM 0 0 0 0 0 0 0 0 2.0a 3.5 a 4.9a 5.8 a 6.0a 8.5a 

CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CG 0 0 0 0 0 0 0 4.1a 7.0 a 8.0a 9.5a 11.1a 11.8b 12.4a 

SB 0 0 3.0 a 5.1a 6.5 a 11.3a 12.6b 14.3a 15.3a 30.1a 33.8b 34.2b 40.5b 58.0c 

Week 12               

C R 0 0 3.0 a 5.1a 7.0 a 8.0a 10.0a 11.7a 11.9a 12.4a 13.7a 14.2a 14.8a 18.3a 

E S 0 0 5.0 a 5.7a 6.0 a 7.0a 9.5a 10.2a 11.6a 12.0a 13.2a 14.1a 15.0a 19.5a 

EM 0 0 12.0a 14.1a 15.5a 17.2a 18.6a 19.4a 22.5a 25.0b 27.1c 31.5b 35.5b 42.8b 

CC 0 0 4.0 a 6.1a 8.0 a 10.2a 11.3a 12.2a 13.4a 14.9a 15.6b 18.0a 22.2b 29.5b 

CG 0 0 6.0 a 10.3a 16.0a 18.8a 22.1b 26.5b 29.3b 32.4b 41.8b 47.3b 51.2c 53.4c 

SB 0 0 24.5b 29.3b 29.0b 32.1b 34.8b 42.0b 45.5b 49.8b 54.3c 58.0c 62.7c 65.4c 

Week 24               

C R 0 0 3.0a 9.5a 15.2a 13.5a 25.6b 33.1b 35.0b 41.5b 45.0b 47.2b 51.6c 54.0b 

E S 0 0 16.3a 21.9b 26.0b 35.0b 40.1b 45.5b 47.2b 51.0c 53.2c 54.0c 55.4c 59.6b 

EM 0 0 24.5b 33.8b 39.2b 42.0b 45.7b 48.0b 47.2b 52.1c 54.0c 57.1c 59.3c 64.2c 

CC 0 0 21.0b 26.2b 32.0b 35.1b 39.4b 42.5b 44.1b 46.9b 48.0b 51.3c 53.0c 52.8c 

CG 0 0 5.2 a 22.4b 33.1b 38.2b 43.0b 45.6b 47.0b 49.5c 52.2c 54.0c 56.1c 58.8c 

SB 0 0 49.8c 53.8c 55.0c 58.9b 60.0c 63.1b 64.0c 67.1c 69.4c 73.0d 74.8d 75.5d 

Week 36               

C R 0 0 18.3a 25.0b 28.8b 30.5b 33.8b 37.5b 41.1b 44.6b 47.0b 51.2c 54.4c 56.1c 

E S 0 0 25.2b 27.0b 35.8b 45.7b 55.1c 54.0b 57.8c 61.2c 62.0c 63.9c 65.1c 65.2c 

EM 0 0 30.0b 33.2b 36.1b 39.2b 42.9b 44.9b 47.6b 51.4c 55.5c 58.8b 62.4c 68.8c 

CC 0 0 23.8b 27.9b 30.7b 37.7b 41.2b 44.4b 47.3b 51.6c 53.9c 55.6b 58.8c 62.0c 

CG 0 0 7.0a 22.1b 31.8b 36.4b 41.0c 44.2b 45.0b 48.6b 52.7c 55.0b 61.1c 63.2c 

SB 0 0 52.9c 61.0c 63.1c 64.1c 66.1c 68.2c 68.9c 71.0d 72.4d 74.5d 75.1d 76.1d 

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 
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Table 4.  Daily % seed germination of six range grass species after storage period of 2, 12, 24 and 36  weeks from DOH, produced under rain fed treatment 
(Control) 

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Week 2               

C R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EM 0 0 0 0 0 0 0 0 3.0a 3.0a 4.2a 5.2a 6.3a 7.5a 

CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CG 0 0 0 0 0 0 0 3.0a 6.5a 7.7a 8.5a 11.1a 12.0a 12.0a 

SB 0 0 2.1a 3.1a 5.5a 9.8a 14.2a 14.6a 18.2a 25.2b 28.8b 32.0b 36.1b 48.2c 

Week 12               

C R 0 0 2.2a 3.0a 6.0a 8.2a 11.0a 12.3a 12.5a 13.4a 14.2a 14.0a 16.0a 17.2a 

E S 0 0 4.0a 8.3a 9.0a 9.1a 9.8a 11.4a 12.7a 13.0a 13.1a 13.0a 16.0a 18.5a 

EM 0 0 7.0a 11.1a 14.2a 17.3a 18.2a 20.4b 21.0a 24.0b 25.8b 29.5b 34.0b 39.5b 

CC 0 0 3.0a 6.5a 7.5a 11.1a 11.8a 13.0a 13.0a 14.0a 14.5a 19.0a 28.1b 30.0b 

CG 0 0 5.1a 6.0a 13.0a 16.4a 20.1a 24.2b 24.4b 28.4b 33.1b 37.0b 41.5b 47.0c 

SB 0 0 14.5a 27.0b 28.1b 32.4b 33.0b 37.0b 42.3b 45.0b 45.3b 48.0c 50.3c 55.1c 

Week 24               

C R 0 0 2.8a 6.3a 9.2a 12.3a 24.0b 30.1b 34.0b 38.0b 42.0b 44.2b 46.7b 49.3c 

E S 0 0 10.2a 19.3a 22.0b 28.0b 37.2b 42.0b 45.1b 49.1c 51.2 52.0c 50.4c 52.5c 

EM 0 0 14.3a 21.2b 28.1b 37.0b 43.1b 45.0b 45.2b 47.0c 49.3 52.0c 54.1c 54.2c 

CC 0 0 18.0a 21.7b 27.0b 34.2b 35.2b 40.5b 43.6b 47.3c 47.0 47.3c 47.5c 49.5c 

CG 0 0 5.9a 14.6a 24.5b 29.6b 33.0b 38.6b 41.1b 45.5c 46.2 47.0c 46.1b 52.0c 

SB 0 0 33.1b 38.0b 42.0b 48.7c 52.0c 54.0c 54.0b 57.2c 57.0c 59.1d 62.0d 65.3d 

Week 36               

C R 0 0 14.8a 18.7a 23.8b 29.0b 31.0b 34.2b 38.1b 42.0b 44.0b 47.2c 48.4c 51.0c 

E S 0 0 19.8a 20.4b 27.0b 35.2b 35.3b 41.0b 45.9b 49.7c 51.0c 53.6c 55.0c 55.7c 

EM 0 0 24.6b 25.2b 34.2b 38.0b 40.0b 43.9b 47.0c 50.1c 52.6c 55.0c 55.4c 58.8c 

CC 0 0 23.4b 23.0b 29.7b 38.4b 44.1b 45.0b 48.2c 53.7c 53.9c 54.0c 55.8c 57.0c 

CG 0 0 6.5a 19.3a 29.0b 38.0b 44.0b 44.6b 49.0c 49.6c 48.0c 51.3c 55.6c 61.2d 

SB 0 0 45.8b 50.3c 50.8c 52.2c 53.7c 56.0c 57.0c 57.9c 62.4d 64.5d 65.1d 69.5d 

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 

3.2. Germination Index (GI) 

Germination index for the grasses are presented in table 5. There was no significant difference in germination rates for 
specific species across the different soil water content levels of 80, 50 and 30% FC and the rain fed condition. Seeds produced 
under rain fed conditions had lower GI but not significantly different from watered conditions. There was significant 
difference (p≤0.05) in GI for the specific species with storage period (2, 12, 24 and 36 weeks from DOH) for five grasses 
except Sorghum sudanense. The general trend observed was an increase in GI with storage period. Sorghum sudanense 
showed higher GI (>20) across all the soil water content levels. However, under rain fed treatment the GI was <20 except 
after storage duration of 36 weeks which was not significant different from the other storage periods. After storage period of 
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12 weeks onwards, the GI of Sorghum sudanense were higher, followed by Enteropogon macrostachyus and Cenchrus 
ciliaris.  

These findings suggest storage period of grass seeds influences germination and hence viability. The observed significant 
differences (p≤0.05) on grass seeds germination after different storage periods provides insights on understanding the 
agronomic practices that informs farmers on harvesting, storage and the optimum use periods for reseeding or establishment 
of pastures. Similar findings were reported by Mganga [18] who found out freshly harvested seeds of Enteropogon 
macrostachyus, Cenchrus ciliaris and Eragrostis superba failed to germinate under laboratory tests. However, the same 
seeds were tested for germination after two years storage and observed to germinate under the same condition. This 
observation relate to the observations of Chloris roxburghiana and Cenchrus ciliaris in this study which failed to germinate 
after two weeks of storage from DOH but at 36 weeks storage period, showed over 50% percent germination.  

Table 5.  Germination Index of six range grass species after storage period of 2, 12, 24 and 36  weeks from date of harvest, produced at 80, 50, 30% FC soil 
water content and Rain-fed  

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

Week 2     

C R 0.0 0.0 0.0 0.0 

E S 0.2a 0.0 1.1a 1.0a 

EM 3.1a 2.7a 2.0a 1.5a 

CC 0.0 0.1a 0.0 0.0 

CG 2.4a 1.8a 2.1a 1.7a 

SB 25.3b 28.4b 24.3a 13.4 a 

Week 12     

C R 6.4a 8.1a 8.8a 3.4a 

E S 12.4a 16.3a 11.5a 8.8a 

EM 21.6b 27.5b 23.2b 12.5a 

CC 14.2a 15.1a 18.3a 6.8a 

CG 12.5a 15.7a 16.8a 10.2a 

SB 27.7b 31.6b 26.5b 18.8a 

Week 24     

C R 8.5a 8.6a 9.4a 5.5a 

E S 13.1a 15.5a 14.2a 10.3a 

EM 20.9b 24.3b 22.8b 12.5a 

CC 18.6a 21.2b 24.4b 15.2a 

CG 15.2a 13.8a 16.1a 13.4a 

SB 25.2b 26.3b 24.8b 18.3a 

Week 36     

C R 8.8a 7.3a 9.2a 7.5a 

E S 14.1a 13.9a 12.6a 11.3a 

EM 22.3b 25.1b 23.7b 17.1a 

CC 19.1a 18.6a 24.7b 15.2a 

CG 14.8a 15.9a 15.8a 12.9a 

SB 25.2b 23.6b 27.2b 21.1b 

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
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4. Discussions 
The observed no effects of the three soil water content on 

seed quality should not be the only factor in consideration for 
seed production, this is so since soil water content had effect 
on seed quantity yields which is critical for pasture 
productivity. Range grass seeds for reseeding should be 
produced in adequate quantities and better quality if 
sustainable pasture management is to be maintained [15]. 
Lusembo [16] reported that many East African drylands 
could not depend on imported grass seeds under the low local 
seed production challenges, hence the need for pasture seed 
production intensification. The observed higher germination 
percentage for Chloris gayana and Sorghum sudanense 
provides a greater opportunity for pasture seed production 
under the current declining water for irrigation, which is 
further threatened by climate change phenomenon.  

The observed increase in GP of Cenchrus ciliaris, 
Enteropogon macrostachyus, Chloris roxburghiana, 
Eragrostis superba and Chloris gayana which attained 
germination >50 % by week 24 gives in-depth insights on the 
need to avoid use of freshly harvested seeds of these grasses. 
The high GP observed in Sorghum sudanense at early stages 
can be related to the large seed size compared to the other 
five species [11]. Dourado [6] reported seed size to have 
direct bearing on seed quality and established a positive 
correlation between seed size and germination percent. The 
higher germination percent observed in Enteropogon 
macrostachyus over Cenchrus ciliaris and Eragrostis 
superba can be attributed to the know seed dormancy related 
to integument only for Enteropogon macrostachyus, with the 
latter having both integument and embryo dormancy 
especially at early storage period [17].  

Faster seed germination is desirable for range grasses 
under field conditions, as this allow seeds to germinate and 
establish faster during the initial precipitation received, 
hence increasing chances of survival if dry spell follows [18]. 
This can explain the higher establishment and subsequent 
higher biomass yields observed for Sorghum sudanense and 
Chloris gayana (964.8 and 832.7 Kg/ha, respectively) in this 
study under rain fed conditions.  

The observed higher percent germination of Chloris 
gayana over Cenchrus ciliaris in this study confirms the 
sentiments by Dourado [6] that some grass species can have 
higher germination percent but low germination rates. 
Germination percentage is a measure of seed quality [13], 
however, the seeds vigour and the rates of germination are 
other important measure of seed quality and can be evaluated 
through GI tests [4,16].  

The findings showed grass species to have similar 
germination percent but varied germination index for some 
species. This was observed in Sorghum sudanense, Chloris 
gayana and Enteropogon macrostachyus which attained 
higher germination index within 4 days of incubation while 
Chloris roxburghiana, Cenchrus ciliaris and Eragrostis 
superba attaining higher germination index at over 7 days 
incubation periods. Dourado [6] also reported that seeds may 

have same germination percent but the rates of germination 
are different. Seed that germinate faster have an advantage of 
head start and hence reduce competition from fast 
germinating weeds as well as avoiding moisture stress in the 
dry rangelands [17,20,2235]. Sorghum sudanense and 
Enteropogon macrostachyus showed higher germination 
rates which can be attributed to seed size and dormancy 
mechanism which were relatively better compared to the 
other four species.  

The observed higher GI for Cenchrus ciliaris over Chloris 
gayana can be attributed to the presence of hairy fascicles 
that reduced moisture loss around the caryopsis of Cenchrus 
ciliaris, hence enhancing germination rates. This was also 
reported for the same species by [5,20,38] where Cencrus 
ciliaris had higher germination rates than Eragrostis superba. 
This finding suggests that individual grass species have 
different germination rates, which could be attributed to 
plants adaptive strategies to survival under the harsh and 
unpredictable climates through either morphological or 
physiological responses [29,27].  

The observed low germination rate for Cenchrus ciliaris 
under rainfed treatment compared to watered condition 
suggests an imposed dormancy by water stress during seed 
maturation. This was observed from the dry seasons that 
prevailed during seed setting under rainfed condition lasting 
for the whole seeding period and hence probable reason of 
the dormancy. This finding concurs with Sharif-Zadeh and 
Murdoch [33] working with Cenchrus ciliaris and reported 
seed dormancy to increase when water stress is imposed 
during maturation, especially when mother plants are 
exposed to water stress after caryopses are fully matured. 
This was observed in this study where maturity and heading 
of the grasses occurred when rains had ceased and the 
species matured and seeded under dry season. 

These findings on percent seed germination and 
germination index for the six grass species under rainfed 
conditions closely explains the normally observed 
performance of these grasses under natural condition. 
Sorghum sudanense, Enteropogon macrostachyus had 
higher performance in terms of biomass yields and also 
emerged with higher germination percent. This represents 
the true responses under natural field condition for the grass 
species with better GP and GI being dominant over others. 
The same species also get added advantages when grown 
under irrigation where water stresses are reduced. 

5. Conclusion and Recommendation 
The results have shown that storage period of more than 

12 weeks gives better germination percent and germination 
index for all the six grass species. Sorghum sudanense 
showed better adaptation to germination at early storage 
period of 2 weeks by having >50% germination percent at 
week 2. Enteropogon macrostachyus and Chloris gayana 
showed lower (<15%) germination percent at week 2. 
Eragrostis superba, Cenchrus ciliaris, and Chloris 
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roxburghiana did not germinate after 2 weeks of storage. It 
is therefore recommended that; 

1. Farmers should not use freshly harvested seeds of 
Eragrostis superba, Cenchrus ciliaris, and Chloris 
roxburghiana to reseed or establish pastures, at least 
12 weeks storage duration is required.  

2. Sorghum sudanense and Enteropogon macrostachyus 
have early germination abilities but also needs at 
least 12 weeks storage period for increased 
germination rates and germination percentage. 

3. Irrigation at the three soil water content does not 
affect germination percentage and germination index. 
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