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Abstract
Introduction: Rangelands are important source of pasture for livestock in Kenya since time immemorial to pastoral
households. However, seasonality on forage availability has been a big challenge in meeting animals’ feed requirements.
This demands harvest and storage of pastures for use during dry seasons. Hay making has been done to bridge this
forage deficit periods. However, hay quality in the rangelands is affected by curing methods, phonological stage at
harvest, and the storage duration. We therefore evaluated the effect of field curing and storage duration on the quality
(Crude Protein (CP)) of hay from six rangeland grasses in Kenya.
Methods: The grasses evaluated are Chloris roxburghiana, Eragrostis superba, Enteropogon macrostachyus, Cenchrus ciliaris,
Chloris gayana, and Sorghum sudanense. These grasses are the common species in the rangelands of Kenya and have
been promoted in the past for hay making and reseeding interventions. The grasses were harvested at the mature
flowering stage (12 weeks phenological stage), which is a period that provides high biomass without much effect on
quality as practiced in the study area. The grasses were then cured in the field for 1, 2, and 3 days before baling and
stored indoors for 12, 24, and 36 weeks. Samples were taken for CP content determination at the three periods following
Macro-Kjeldahl Method.
Results: There was significant decline (p ≤ 0.05) in crude protein content in all the grass species with storage periods.
Curing period did not affect the CP content for all the species at a given storage period; however, 3 days curing
changed the hay color from green to brownish which reduces palatability and consequently reduced feed intake.
Storage period of over 12 weeks adversely lowered CP to less than 6 % for all the species which is the required
minimum level for animal under production and maintenance. S. Sudanense had significantly higher decline in CP
after 24 weeks storage compared to the other species.
Conclusions: Therefore, hay from the six grass species harvested at mature flowering stage (12-week phonological
stage) and stored longer than 12 weeks supplies the animals with low CP. Also, to maintain palatability, 1–2 days
curing is recommended for the six grass species.
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Introduction
Rangelands play an important role in providing livestock
feed resources; however, these areas have been facing
many challenges resulting from increasing levels of
seasonality as a consequence of the changing climatic
conditions (McDermott et al. 2010; Thornton and
Herrero 2014). The seasonality has resulted to periods of
surplus and shortage in livestock feed supply. Consequently, hay production and conservation has been practiced for ages as one of the adaptation mechanisms to
bridging the animal feed shortages in the rangelands.
However, effect of the methods used in handling from the
farm to storage on the quality of the end product fed to
animals is little understood in the rangelands of Kenya.
Production and conservation of forages, including crop
residues, for feeding during periods of feed scarcity, is
an ages-old practice in virtually all livestock producing
systems of the world (Ndathi et al. 2011). Hay and
silage-making are some of the oldest and most popular
methods of conserving forages (Suttie 2000). The main
goal in production and conservation of any plant material
for feeding to livestock later is to minimize loss of quantity
and quality during harvesting, storage, and feeding
(Buskirk et al. 2003; Mackie 2004). Under good husbandry
practices, forage materials when growing can be of very
high quality but lose most of it between harvesting, transportation, storage, and feeding but mostly higher during
storage (Roberts et al. 2009; Bernués et al. 2011).
Prevailing weather conditions during the time of
cutting, curing, and baling can have huge adverse effect
on the forage material. For example, alfalfa hay DM
dropped by up to 22 % when exposed to about 10 mm
of rainfall during curing (Rankin and Undersander
2004). According to Rankin and Undersander (2004),
prevailing weather conditions affect forage quality
through (i) plant respiration that reduces soluble carbohydrates and energy content during storage; (ii) leaching
of soluble carbohydrates, protein, and minerals under
unprotected storage; (iii) leaf shattering and loss of
highly digestible proteins; (iv) microbial activity which
metabolizes soluble carbohydrates, reducing forage
energy content, and possibly producing harmful metabolites; and finally (v) color change through bleaching and
excessive drying reducing palatability of the hay (Roberts
1995). Moldy hay can be a health hazard to livestock
due to potential toxicity (Tangni et al. 2013). In a few
cases, hay baled at high-moisture content can spontaneously heat to combustion (Rotz and Muck 1994).
In Kenya, several range grasses have been promoted
for pasture production with the main species of interest
being Chloris roxburghiana, Eragrostis superb, Enteropogon macrostachyus, Cenchrus ciliaris, Chloris gayana,
Bracharia brizantha, and Sorghum sudanense (Ndathi
et al. 2012; Ndathi et al. 2013; Mganga et al. 2015).
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These species have been highly promoted for fodder
bulking through hay making in the rangelands of Kenya.
Grass production for storage as hay requires a lot of
care from harvest handling which may determine the
quality after storage to feeding. Crude protein (CP) has
been used widely as proxy for feed quality analysis and
has been reported to decline depending on post harvest
handling. The same nutrient has been reported to be
among the most limiting in the drylands especially
during the dry seasons. Mechanisms of handling and
storage to reduce its decline in forage during handling
are imperative. The measurement of this vital nutrient
that is most limiting in hay was therefore picked in this
study and was measured from different curing methods
and storage periods. We therefore evaluated the effect of
stage of maturity (mature flowering at 12-week phonological stage) and duration of curing before storage for
periods of 2, 12, 24, and 36 weeks on the quality of hay.
The selected grass species in were C. roxburghiana (CR),
E. superb (ES), E. macrostachyus (EM), C. ciliaris (CC),
C. gayana (CG), and S. sudanense (SB). The six were selected from their ranking as best species for hay and
reseeding in Rangelands. This study aimed to provide
vital information on hay handling from harvest to
storage in Kenyan rangelands for quality preservation of
pastures that has high demand during the dry seasons.
The study sort to answer our hypothesis that hay curing
and storage affects the quality of the end product in the
Kenyan rangelands.

Methods
Study area

The study was done in the arid rangelands in South
Eastern Kenya, within Bura Irrigation Scheme located in
Tana River County, coordinates 1°30′ S, 40°0′ E, 1.5° S
40° E (Fig. 1). The experimental period was from
September 2012 to January 2013. The area is generally
hot and dry with daily temperatures of between 20 and
38 °C and the highest months being between February
and April. Rainfall pattern is bimodal with long rains
occurring in April–June and short rains in November–
December. The rainfall is erratic in nature with a longterm mean between 220 and 500 mm. Majority of the
population (70 %) in the county live below the absolute
poverty line have been on permanent food relief recipient for the last 10 years (GoK 2005). The study county is
divided into three livelihood zones, namely, pastoral,
agro-pastoral (mixed farming), and marginal mixed
farming. Livestock production is the main economic
activity in the county under extensive pastoral system.
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 develop cracks.
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Fig. 1 Study country—Kenya (top right) in relation to study area—Tana. Source: Author developed using GIS

At the hinterlands are shallow and have undergone
seasons of trampling by livestock, thus are easily eroded
during rainy seasons. This has necessitated reseeding with
range grass that is going on at the present to increase
pasture availability.
Vegetation in the county ranges from thorny thickets
of acacia trees to shrubs along the riverine ecosystems.
Shrubs and native grasses dominate the most parts of
the grazing areas in the county, with trees and perennial
range grasses selected for this study dominating the
wetter parts along the delta. The county is also affected
by invasive species such as Prosopis juliflora, commonly

known as “Mathenge.” The area has also been experiencing conflicts over pasture lands during dry seasons
among the pastoral communities of Somali, Wardei,
Pokomo, and Oromo who inhabit the area. These conflicts
have resulted to increased need for pasture production
and conservation to abate the conflicts.
Land preparation, experimental design, and agronomic
procedure

The grass species were grown in land that had not been
cultivated for the previous two seasons which was
cleared, and half acre plot ploughed by tractor and
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harrowed to a fine tilth. The land was later divided into
18 subplots measuring 5 × 5 m with 1 m boundary
between the subplots. The experimental design was
completely random design (CRD) where the subplots
were then randomly allocated the six grass species with
three replicates. The grass seeds were sourced from
Kenya Agricultural Research Institute (KALRO), Kiboko
Station. Before planting, the grass seeds were tested for
germination rates using the method described by ISTA
(1976). The germination rates obtained were used to
determine the sowing rates of 4 kg/ha for each species
such that >75 % germination rates were obtained. Sowing
was done manually by broadcast. All other routine pasture
husbandry practices such as weeding were conducted at
the same time for all the plots during the establishment.
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Table 1 Crude proteins (% CP) of selected grasses harvested at
12th-week phenological stage, cured for 1, 2, and 3 days, before
indoor storage for 2, 12, 24, and 36 weeks
% CP
Curing period

1 day

2 days

3 days

CR

7.5a ± 2.1

7.8a ± 1.4

7.5a ± 3.1

ES

7.0a ± 1.7

7.8a ± 3.2

7.7a ± 2.2

Week 2

a

EM

7.0 ± 3.1

7.2 ± 2.1

7.1a ± 2.0

CC

7.3a ± 1.3

7.1a ± 1.3

7.1a ± 1.9

a

a

a

CG

7.5 ± 3.1

7.8 ± 1.4

7.4a ± 1.5

SB

7.2a ± 3.1

7.8a ± 2.7

7.3a ± 2.1

7.0a ± 1.1

7.1a ± 2.1

6.9a ± 2.1

Week 12
CR

Sample preparation, chemical analyses, and data analysis

ES

6.3 ± 1.7

6.5 ± 1.0

6.8a ± 3.0

Samples of forage materials were harvested from the
plots at week 12 growth periods. The material was
divided into three equal portions from each subplot, one
portion hand-baled after 1, 2, and 3 days curing periods.
The materials (bales) collected each day were stored
indoors in an iron sheet-roofed store house with wooden
walls. Prior to storage, the moisture content was determined using 50-g subsamples for each species at the
three curing periods, which were oven dried and percent
moisture at storage determined. To avoid mix-ups in the
store, the experimental materials were carefully tagged
before being stored. To determine the effect of storage
period, experimental material batches from each of the
curing treatment levels were sampled at 12, 24, and
36 weeks storage period using core sampling method as
described by Rotz and Abrams (1988) and taken for CP
analysis following Macro-Kjeldahl Method as describe
by Association of Analytical Chemists (AOAC 1990;
2005). All chemical analyses were conducted in three
replicates per grass species for all the three curing
periods and four storage period at the Department of
Animal Production, University of Nairobi.
The data were analyzed using SAS Version 9. Statistical analyses included analysis of variance (ANOVA) at
95 % confidence level. Where significant differences
were detected, the means were separated by the least
significant difference (LSD) method at 5 % probability
level.

EM

6.4a ± 2.1

6.8a ± 1.2

6.7a ± 1.3

Results
The results showed no significant difference (p ≥ 0.05) in
percentage CP content for all the grass species at the
three curing periods at a given storage period (Table 1).
However, there was a significant (p ≤ 0.05) decline in
percentage CP with storage from 24 weeks onwards for
all the grass species in the three curing periods. The
2-week storage period yielded 7–8 % CP for all the

a

a

a

CC

6.1 ± 1.0

6.6 ± 2.1

6.9a ± 2.1

CG

6.0a ± 2.1

6.5a ± 3.1

6.1a ± 1.5

6.4 ± 1.3

6.3 ± 1.3

6.1a ± 2.0

CR

6.4a ± 2.1

5.5b ± 1.1

6.1a ± 1.6

ES

5.8b ± 1.6

5.9b ± 1.2

5.3b ± 1.2

SB

a

a

a

Week 24

b

EM

5.8 ± 2.1

5.2 ± 1.0

5.2b ± 1.1

CC

5.3b ± 1.1

5.5b ± 1.3

5.3b ± 1.4

b

b

b

CG

5.6 ± 1.4

5.1 ± 1.2

5.0b ± 1.8

SB

5.3b ± 1.4

5.0b ± 2.0

5.0b ± 1.0

4.3c ± 0.4

4.2c ± 0.7

4.1c ± 1.0

Week 36
CR

c

ES

4.2 ± 1.1

4.4 ± 0.3

4.0c ± 1.1

EM

4.0c ± 0.5

4.1a ± 0.0

4.8c ± 0.7

CC

4.5 ± 1.6

3.9 ± 0.2

4.1c ± 1.3

CG

4.2c ± 0.9

4.0c ± 0.7

4.1c ± 1.2

SB

c

c

d

3.4 ± 1.1

c

d

3.8 ± 1.1

3.3d ± 0.09

Means within the same columns with different superscript letters 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

grass species, while 12 and 24 weeks had 5–7 % CP
and 36-week storage had less than 5 % CP. SB had
the highest decline (<4 %) in CP that was significantly
different (p ≤ 0.05) among the six species at the
storage period of 36 weeks. CR showed slightly higher
CP among the six grass species at the three curing
periods for the 2- and 12-week storage periods,
however, and was not significantly different, but after
24-week storage period, at 1- and 3-day curing, the
species showed significant difference among the six
species. The 3-day curing had visual color change
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from green to brownish for all the six grass species
unlike in the 1- and 2-day period which retained
greenish color shades.

Discussion
The observed lack of significant difference in CP content
across the three curing periods could be attributed to
the lower forage moisture content which did not
enhance deterioration. The grasses depicted 1-day curing
moisture content ranging between 14.5 and 18.5 % at
the time of storage; 2-day curing had 8.0–14.3 % moisture;
and 3-day curing having 5.2–11.2 % moisture level.
The 2- and 3-day curing period had moisture levels
below 15 % which do not reduce hay quality (Rotz
and Muck 1994; Coblentz et al. 2000). During bailing,
the temperatures were between 26 and 35 °C, and
this might have significantly reduced hay moisture
content for the species and hence observed no significant
differences in quality across curing periods. However,
there was observed changes in hay color in the 3-day
curing which turned brownish at bailing unlike the 1- and
2-day curing period which retain some green color. This
was attributed to excessive moisture loss through evaporation in the 3-day curing which was also observed to by
Dunn and Billingsley (2007) for extended curing periods.
Collins et al. (1995; 1997) and Arinze et al. (1996) also
observed baling at moisture level of greater than 15 % to
cause some change in hay color towards brown shades
along with microbial growth and heating. Change in color
despite not affecting quality has a negative effect on palatability (Dunn and Billingsley 2007). The observed decline
in CP with storage periods may be attributed to weathering, microbial, and fungal activities that resulted to
fermentation of soluble carbohydrates and hence decline
in CP levels in the process. However, this study did not investigate the microbial activity with storage period. Elawad
et al. (2003) observed similar findings where CP declined
with storage periods for grasses.
The losses in CP under this study can be attributed to
weathering, continued respiration of stored grasses, and
microbial activity during storage which was observed by
Rotz (2003). Other studies attributed changes in CP
content of mixed grass hay stored outside for 5 months
to weathering (Verma and Nelson 1983; Collins et al.
1997). Enoh et al. (2005) attributed a decline in CP for
Hyparrhenia species and cultivated Brachiaria ruziziensis
under shade storage conditions to the same factors. The
observed high decline of S. sudanense in this study could
be attributed to its slightly thicker stems that might have
reduced curability and hence retained more moisture
compared to the other species, hence increased degradation rates by fermentation. Other studies have also
reported low drying rates for S. sudanense during sun
curing (Maiki et al. 1990).
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Conclusions
This study has demonstrated that the 2–3-day curing as
practiced in Kenyan rangelands by pastoralists does not
significantly affect forage CP; however, at 3 days, it has
effects on forage color which may reduce palatability
and intake, hence affecting productivity. It is therefore
recommended that 1–2-day curing be adopted under
similar environments in the arid and semi-rangelands.
Lastly, the study shows hay deterioration increases with
storage duration, where 12-week indoor storage maintains
CP above 6 % which is the recommended minimum
content for livestock maintenance; beyond this storage
period, CP declines drastically to <5 % making it poor diet
for animals.
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