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ABSTRACT

In Ghana, peanut (Arachis hypogaea L.) grain
and fodder serve as important sources of protein
for human and livestock nutrition, respectively.
Experiments were conducted in four farming
communities to determine the effects of planting
annual peanut at four inter-row spacings of 30,
45, 65 and 75 cm on grain and fodder yields
(experiment I), growth performance and manure
quality (experiment II), and in situ digestibility
(experiment III) of Djallonké sheep fed fodder
from these plant spacings. Planting peanut at 30
cm inter-row spacing dually increased grain and
fodder yields compared to planting at 60, and 75
cm. Peanut fodder from 30 cm inter-row spacing
also had comparatively higher concentration of
crude protein and lower concentrations of acid
detergent fiber and acid detergent lignin, resulting
in significant improvements in dry matter digest-
ibility at 48 h and superior average daily weight
gain of sheep. The concentration of N excreted in
the manure of sheep fed the 30 cm fodder was
greater than those fed peanut grown at 60, and 75
cm inter-row spacing. Planting peanut at an inter-
row spacing of 30 cm therefore gave dual benefits
of increasing grain and fodder yields as well as
increasing the digestibility and growth perfor-
mance of sheep fed peanut fodder as a supple-
mentary diet to natural pasture for 70 days.
Higher concentration of N in the manure of sheep
fed 30 cm fodder could have additional benefits of
improving soil fertility in smallholder farming
systems where inorganic fertilizers are expensive
and inaccessible to farmers.
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Peanut (Arachis hypogaea L.) is an important
leguminous crop in smallholder integrated crop-
livestock production systems because of its nutri-

tious grain, highly palatable fodder and positive
contribution to soil fertility through natural
nitrogen (N) fixation (Bell et al., 1994; Konlan et
al., 2013). Manure obtained from animals fed
peanut fodder is also comparable in quality to
synthetic fertilizers and is very useful for improv-
ing soil fertility because of a high level of N
excreted in the feces and urine (Ansa et al., 2019;
Decandia et al., 2011). In west Africa, peanut is
grown primarily for its grain as food and the
fodder as a supplementary feed to natural pasture.
Compared to other leguminous forages such as
cowpea (Vigna unguiculata L.) and pigeon pea
(Cajanus cajan L.), demand and market value for
peanut fodder is higher because of its superior
nutritional value and is often sold to supplement
household income in the lean dry season (Konlan
et al., 2018; Samireddypalle et al., 2017). Peanut
fodder consists of leaves, stems, and roots, and is
obtained by sun-curing the fresh forage on the
farm field after harvesting and plucking off the
pods. The dry matter (DM) yield of 4547 kg per ha
and crude protein (CP) content of 19% DM for
annual peanut fodder (Larbi et al., 1999) is
superior to other tropical leguminous fodder such
as cowpea (16% DM) and pigeon pea (13% DM)
(Foster et al., 2011), and comparable to full-
bloom alfalfa hay in chemical composition (Yang,
2005). Peanut fodder is therefore an important
feedstuff in sub-Saharan Africa (Larbi et al.,
1999), parts of the USA (Johnson, 1979; Foster
et al., 2011) and semi-arid regions of Asia (Suttie,
2000).

Inter-row plant spacing affects grain and fodder
yields of peanut (Giayetto et al., 1998; Jaaffar and
Gardner, 1988; Onat et al., 2007). The recom-
mended inter-row plant spacing for both erect and
runner cultivars of peanut in Ghana ranges from 30
(Konlan et al., 2013) to 70 cm (Dapaah et al.,
2014). Inter-row spacing of 46 cm has been
reported to improve canopy closure, light intercep-
tion, and DM yield than wider spacing of 91 cm
(Jaaffar and Gardner, 1988). Closer plant spacing
increases plant densities and thus have additional
agronomic benefits of weed smothering. However,
increased plant density increases intraspecific com-
petition for resources and early canopy closure
(Jaaffar and Gardner, 1988). Canopy closure
causes shading which may reduce growth rate
resulting in thinner stems and leaves thereby
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reducing biomass yield. Shading however reduces
cellulose and lignin concentration, resulting in
increased ruminal organic matter digestibility of
forages whereas wider plant spacing increases
radiation penetration into the crop thereby increas-
ing the temperature of the crop and the concen-
tration of indigestible cell wall fractions (Buxton
and Fales, 1994). Plant spacing also affects the
amount of N fixed in the vegetative part of the crop
which affects the nutritional quality of the fodder.
Konlan et al. (2013) noted that planting peanut at
an inter-row spacing of 30 and 40 cm increased the
amount of N fixed in the haulm than planting at 50
cm. In contrast, Giayetto et al. (1998) reported that
an equal proportion of DM is partitioned to pods
and vegetative parts irrespective of planting spac-
ing.

Peanut fodder has been used as sole (Blümmel et
al., 2005; Prasad et al., 2010;) or supplementary
(Ayantunde et al., 2017; Etela and Dung, 2011;
Khan et al., 2013; Manyuchi et al., 1997) diet to
increase the productivity of sheep (Ovis aries L.)
raised on natural pasture or low-quality forages. In
Ghana, the productivity of sheep is usually low
because of the poor quality of natural pasture in
the rainy season and their destruction by wildfires
in the dry season. The quality, especially CP
content, of tropical natural pasture is therefore
often inadequate to support the growth of sheep
without supplementary forage legume high in CP
(Ayantunde et al. 2007). Peanut planting systems
that concomitantly increase fodder yield and
quality without adversely affecting the nutritional
and market value of the grains can help address the
challenges of meeting the nutrient requirements of
sheep especially in the dry season. Even though
Larbi et al. (1999) has established a significant and
positive relationship between grain and fodder
yields in peanut, the effect of plant spacing on the
nutritional quality of peanut fodder in terms of
animal output such as daily weight gain, a function
of the quantity (yield) and quality (CP, intake and

digestibility of the fodder, and the quality of
manure, have not been adequately studied in
Ghana.

Three experiments were conducted to test the
hypotheses that 1) compact inter-row plant spacing
increases grain and forage yields (agronomic
experiment) of peanut, 2) the digestibility (in situ
experiment) and growth rate (growth performance
experiment) of sheep fed peanut fodder obtained
from compact inter-row plant spacing is greater
than those planted at wider spacing.

Materials and Methods
Agroclimatic characteristics of the study area

The study was conducted on-farm in four
peanut-growing communities (Tingoli, Cheyohi
No. 2, Duko and Tibali) in the northern region
of Ghana (Table 1) during the 2018 crop growing
season. Tingoli and Cheyohi No. 2 communities
are located in the Tolon District whereas Duko and
Tibali are located in Savelugu District. The main
source of livelihood of the people is smallholder
crop-livestock farming. The northern region has a
long and severe dry season (April�November) with
a unimodal rainfall pattern which commences in
late April and ends in October. The average daily
temperature was approximately 28.1 8C, annual
average rainfall is 1100 mm whereas relative
humidity is 70 to 90% in the raining season and
20% during the dry season (Attandoh et al., 2013).
Agronomic Experiment

The experiment was arranged as a randomised
complete block design with each treatment repli-
cated twice in each community (Table 1). Peanut
was planted on each farmer’s field at 30, 45, 60, and
75 cm apart between rows (inter-row) and 15 cm
apart within rows (intra-rows), resulting in four
experimental treatments per farmer in each com-
munity. The soils in the study areas had a pH of
5.6�6.3 with low organic carbon (5.5�9.7 g/kg),
total nitrogen (0.5�0.9 g/kg), available phosphorus
(9.5�16.6 mg/kg) and soil texture of loam to sandy
loam (Tetteh et al., 2016). Data on grain and
fodder yields were measured by harvesting peanut
plants in the two middle rows of each treatment
plot. After harvest, the peanut pods were removed
manually, oven-dried (658C) for 48 h to 87% DM
and the pods manually cracked to measure grain
yield. The remaining biomass obtained from the
two middle rows of each treatment plot were
similarly oven-dried (658C) for 48 h to 87% DM
for subsequent determination of fodder yield. The
rest of the forage on each farmer’s plot was

Table 1. Geographical position satellite (GPS) coordinates of

the agronomic trial (Experiment I) sites in the northern

region of Ghana

Communities Latitudes (N) Longitudes (W)

Cheyohi No. 2 9.445768 -0.993138

Cheyohi No. 2 9.446818 -0.991878

Tingoli 9.359378 -1.016738

Tingoli 9.562708 -0.824408

Duko 9.559078 -0.817878

Duko 9.668088 -0.846578

Tibali 9.670978 -0.845408

Tibali 9.666838 -0.846888
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harvested and used in a growth performance
experiment.
Growth Performance Experiment

The growth performance experiment was ar-
ranged as a randomised complete block design with
four treatments (30, 45, 60, and 75 cm) and three
replicate farmers. Each community received all
four treatments. Peanut fodder was collected from
each farmer’s field in the agronomic experiment
(experiment I) where they were planted at 30, 45, 60
and 75 cm apart between rows (inter-rows) and 15
cm apart within rows (intra-rows).

Triplicate farmers were sampled from the
agronomic experiment in each community (Duko,
Tibali and Tingoli). Five Djallonké sheep of similar
body weight (19.062.0 kg) were selected from each
farmer’s flock for the growth performance exper-
iment and were fed for 70 d. This resulted in a total
of 12 farmers and 60 sheep (36 females and 24
males). Animals were weighed consecutively for 2 d
at the beginning and end of the experiment. The
averages of these measurements were used as the
initial and final weights, respectively. Female sheep
involved in the experiment were continually ob-
served for signs of pregnancy or oestrus so that any
of them found to have conceived prior to the
experiment could be culled from the experiment.

The peanut fodder obtained from farmers’ fields
was chopped to a theoretical length of 3-5 cm after
manually pulling pods and sun-drying on large
tarpaulin sheets spread on concrete floors. The
fodder was turned-over to ensure uniform drying.
Fodder was placed in sacks and stored. Corn (Zea
mays L.) bran was purchased from local corn
millers, dried and stored in sacks. The fodder and
corn bran were mixed by weight into a ration
consisting of 60% DM peanut fodder and 40%
DM corn bran. Sheep were managed semi-inten-
sively and kept in their pens (438 m) at about 6:00
and offered their rations until 14:00 the next day

but allowed to graze natural pasture in the evening
from 14:00 to 18:00. They were offered measured
quantities of their diets (Table 2) daily between
6:30 and 9:30 each morning. Quantity of feed
offered daily was adjusted based on individual
daily intake of each sheep. Each pen was made of
concrete floor with rice (Oryza sativa L.) straw
beddings and was cleaned every morning. The
predominant species in the natural pasture was
northern gamba grass (Andropogon gayanus
Kunth) and Stylosanthes sp. Prior to the com-
mencement of the experiment, the sheep were
managed according to the procedure outlined in
the manual of sheep production in the humid
tropics of Africa (Charry et al., 1992). They were
adapted to their pens and feeding regimes for 10 d.
Each pen was provided with a mineral lick block.
Leftovers were weighed each morning prior to the
supply of the feed in the morning. The ingredients
(fodder and corn bran), feed offered and leftovers
were sampled weekly for determination of dry
matter. This data was used to calculate feed intake.
A portion (~500 g) of each of the fodder sampled
weekly was combined into bi-weekly samples and
stored for subsequent determination of DM
degradability in an in situ digestibility experiment.
The sheep were also weighed weekly for the
estimation of weight gain and average daily weight
gain (ADG) over a period of 70 days.

Manure samples (~500 g) were collected from
each pen every two ws, cleaned of bedding material
and other debris and stored (-408C). The samples
collected were subsequently pooled into a compos-
ite sample per pen. The composited samples were
stored in a freezer (-408C) until analysed for
determination of N, phosphorus, potassium, poly-
phenol and organic carbon concentration, and pH.
In Situ Digestibility Experiment

Fodder sampled (~500 g) during the feeding
trial in the growth performance experiment was

Table 2. Ingredient and chemical composition (mean 6 SD) of rations offered to sheep

Item (n¼3)

Planting space (cm)

30 45 60 75

Ingredientsa % DM
Peanut fodder 60 60 60 60
Corn bran 40 40 40 40

Chemical compositionb % DM
Dry matter 85.960.81 86.160.99 88.160.76 85.660.18
Crude protein 13.861.01 12.461.22 10.960.17 11.160.16
NDF 39.260.12 40.261.32 38.960.13 39.760.16

ADF 26.560.11 32.460.31 33.861.11 33.960.19
ADL 5.1060.793 5.8760.379 6.4360.603 7.6060.20

aMinerals were provided in the form of a mineral lick block in each pen
bNDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin
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used for the in situ digestibility experiment. The
samples were pooled bi-weekly, frozen (�408C) and
subsequently dried and ground through a 2-mm
screen. Ground samples of each spacing were
mixed thoroughly and weighed (2 g per bag) into
monofilament nylon bags (5 3 10 cm; 50 lm pore
size; Ankom Technology Corp., Fairport, NY).
Bags were tightly sealed by heat and placed in the
rumens of two ruminally cannulated Nungua Black
Head ewes (~28 kg) housed in individual pens at
the Livestock and Poultry Research Centre of the
University of Ghana. Cannulated sheep were used
to facilitate DM disappearance (DMD) of peanut
fodder at 24 and 48 h in a Randomised Complete
Block Design with each cannulated sheep as a
block. Samples were placed in an oven at 808C for
24 h and allowed to cool at room temperature in a
desiccator. Triplicate nylon bags containing fodder
samples for incubation at 24 and 48 h were placed
into the rumens of the cannulated sheep by the
reversed sequential order, according to incubation
time, and were all removed at same time (Silva et
al., 1997). Each nylon bag was tied to a 25-cm
nylon string and anchored to the cannula cap
before being placed deep into the rumen of the
cannulated sheep. Triplicate bags per treatment for
each incubation period of 0, 24 and 48 h (Silva et
al., 1997) were inserted into the rumens of each
sheep at 8:00 prior to feeding in the morning. On
the first day of the 48-h incubation period,
triplicate samples of each plant spacing designated
for 48 h incubation period were marked and placed
deep into the rumen of each sheep. On the next
morning (day 2), samples designated for 24 h were
similarly placed the rumen. All the bags (including
the zero-hour samples) were retrieved after 48 h
and immediately washed with cold water for about
30 minutes under running tap water while rubbing
gently between the thumb and fingers until the
water ran clear. The washed bags containing the
residues after incubation were dried in the oven at
808C for about 48 h and allowed to cool in a
desiccator. The residues of replicate bags from the
two cannulated sheep were then pooled according
to spacing and incubation period and ground
through a 1-mm screen. Ground samples of the
pooled residues and unincubated haulms (0 h) were
analyzed for DM concentration and used to
estimate in situ DMD calculated as the difference
in weight of the samples before and after incuba-
tion.

The experimental protocol for the in situ
digestibility and growth performance experiments
were approved by the Research Ethics Committee
of the University for Development Studies and the
sheep were cared for and managed according to the

guidelines of the Research Ethics policy handbook
of the University for Development Studies.
Laboratory Analyses

Feed samples collected weekly were pooled into
replicate treatments samples for determination of
DM and CP concentrations according to the
official methods of analysis described by Associa-
tion of Official Analytical Chemist (AOAC, 2005).
All analyses were done in duplicates. For determi-
nation of DM, a sub-sample (20 g) of the dietary
ingredients, manure or rations were determined in
a forced air oven at 608C for 48 h. Total N was
determined by the Khejedal method and crude
protein was estimated as total N 3 6�25.

The rations were ground through a 1-mm screen
for analysis of neutral detergent fiber (NDF) and
acid detergent fiber (ADF) using an Ankom 200
system (Ankom Technology Corp., Fairport, NY).
Neutral detergent fibre was analyzed with the
addition of sodium sulphite and a-amylase, where-
as ADF was analyzed without a-amylase. After
determination of ADF, the residue was used for the
determination of acid detergent lignin (ADL) by
digesting the residue with 2% H2SO4 according to
a procedure previously described by AOAC (1991).
Statistical analyses

Data from the three experiments were analysed
by the MIXED procedure of SAS (version 9.4;
Statistical Analysis System Inc., Cary, USA). Data
on the growth performance experiment were
analysed with each farmer’s pen as the experimen-
tal unit and each farming community (Tingoli,
Cheyohi No. 2, Duko or Tibali) as a block or
random variable in the model. The data on growth
performance were adjusted for the effect of initial
weight using initial weight as covariate in the model
equation (Kaps and Lamberson, 2009) as yijk¼ lþ
Di þ b(vij) þ Ck þ eij with equation parameters as
follows:

yijk is the dependent variable (weight gain,
ADG) measured in the ith treatment (i.e. plant
spacing; 30, 45, 60 and 75 cm) on jth sheep used in
the growth performance experiment; l is overall
mean effect, b is the linear regression coefficient
indicating the dependency of yijk on vij; Di is the
effect of the ith treatment (ie planting space; 30, 45,
60, and 75 cm); vij is the independent continuous
variable (initial weight) used as a covariate to
control error and adjust the least square means of
the dependent variable in the ith treatment; Ck is
the random effect of each farming community
(Tingoli, Cheyohi No. 2, Duko or Tibali); eij is the
random error;

Data on the agronomic and DMD experiments
were analysed as a Randomised Complete Block
Design with each cannulated sheep as a block, and
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each replicate field and nylon bag as the experi-
mental units, respectively in the model equation:
yij¼l þ Di þ bj þ eij with equation parameters as
follows: yij is the dependent variable (manure
quality, grain yield, DMD) measured in the ith

treatment (ie planting space; 30, 45, 60, and 75 cm);
Di is the effect of plant spacing in the ith treatment
as in equation (1); bj is the random effect of each
community in the agronomic experiment or can-
nulated sheep in the in situ experiment whereas eij is
the random effect of error. Least square means
with significant differences were separated at a
probability level of 0.05.

Results and Discussion
Agronomic Experiment

Planting peanut at closer inter-row spacing
produced higher grain yield and more fodder than
the other inter-row spacing as grain and fodder
yields of peanut planted at 30 cm were higher
(P¼0.001) than those planted at 45, 60, and 75 cm
(Fig. 1). These could be attributed to increased
peanut plant density which resulted in more grains
and fodder. This observation supports earlier
reports that planting peanut at closer spacing
increases pod and fodder yields (Giayetto et al.,
1998; Tubbs et al., 2011), due to higher crop
population. In similar studies, Jaaffar and Gardner
(1988) found that planting peanut at closer spacing
increased grain and DM yields without adverse
effects on market quality of the grains. However, in
other studies (Onat et al., 2017), decreasing plant
spacing rather decreased grain and fodder yields
because of reduced photosynthesis attributed to
shading and competition for nutrients. This report-
ed reduction in yield due to intraspecific competi-
tion for light and nutrients in compact plant
spacing may however occur only at the plant level
because at the population level, compact plant

spacing produces more DM than wider plant
spacing. This is because the reduction in yield due
to intraspecific competition can be adequately
compensated by the increased density of plants
and greater interception of solar radiation in
compact spacing, resulting in greater fodder and
grain yields (Giayetto et al., 1998; Konlan et al.,
2013).

Differences in grain and fodder yields between
60 and 75 were not significant (P¼0.216). Fodder
yield increased with decreasing plant spacing. A
comprehensive elucidation of the dichotomy in
these observations requires an understanding of the
complex interaction between related factors such as
light interception and radiation use efficiency, and
how these affect fodder and grain yields of peanut
(Kinirya et al., 2005). The results of this study
suggest that farmers could dually increase grain
yield and still benefit from increased fodder yield if
peanut is planted at an inter-row spacing of 30 cm.
This observation is consistent with findings by
Larbi et al. (1999) which indicated a linear
relationship between grain and fodder yields for
different cultivars of peanut. In the present report,
the fodder yield increased from 1,322, 1,602, and
2,563 kg DM/ha for inter-row spacings of 75, 60
and 45 cm to 4,154 kg DM/ha for an inter-row
spacing of 30 cm. Larbi et al. (1999) assessed the
fodder yield of 38 cultivars of peanut and found a
maximum of forage yield of 6,075 kg DM/ha and a
minimum of 2,106 kg DM/ha.
Growth performance experiment

Dry matter intake, in situ digestibility and
growth performance of sheep supplemented with
the peanut fodder are shown in Table 3. Feed
intake of sheep fed the 30 cm fodder was lower
(P¼0.001) than those fed 75 cm fodder but did not
differ from those fed 45 (P¼0.2614) and 60 cm
(P¼0.0917) fodder. The superior digestibility of the
30 cm fodder may account for the lower intake of
the diet and the corresponding higher ADG of the
sheep. In ruminants, intake of forage diets is
generally limited by gut-fill due to bulkiness and
other factors, however, when digestibility of the
forage is higher, intake may be controlled less by
forage factors and reticulo-rumen capacity but
more by nutrient requirements (Horrocks and
Vallentine, 1999). Crude protein content of fodder
obtained from 30 cm plant spacing had compara-
tively higher CP and lower ADL than the other
fodder (Table 2). The lower intake of the 30 cm
diet, and its higher CP content and DMD,
compared to the other fodder suggest that the
sheep in that group were meeting their require-
ments for growth as shown by the greater ADG
whereas the higher concentration of ADIN and

Fig. 1. Effects of inter-row spacing of peanut on grain and fodder yields.

Grain and fodder yields differed (P,0.01) among inter-row spacings
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ADL in the other fodder (45, 60, and 75 cm; Table
1) are suggestive of poor quality and the sheep had
to consume more to meet their requirements. The
data on DM intake and N content of the diets in
this study are however inconsistent with those
reported by Khan et al. (2013) who found DM
intake to increase with increasing dietary N as
wheat straw was replaced with peanut fodder. In
contrast to feed intake, ADG of sheep fed the 30
cm fodder was higher (P¼0.010) than those
supplemented with the other types of peanut
fodder. The ADG values observed in this study
for the 30 and 45 cm spacing are higher than 1.4,
19.3, and 40.2 g/d reported by Ayantunde et al.
(2007) when bush hay was supplemented with 150,
300 and 450 g/d of peanut hay, respectively, but are
comparable to the ADG of sheep fed the 60, and 75
cm diets. When different varieties of peanut fodder
was evaluated on growing Deccani sheep as a sole
diet, the ADG ranged from 65 to 137 g/d (Prassad
et al., 2010). Differences in the growth performance

of sheep in the literature in response to supple-
mentation of native pasture with peanut fodder
should be interpreted cautiously because variations
in the botanical and nutritional composition of
native pasture could confound such comparisons
because of the associative effects of the native
pasture on ruminal digestibility of the supplemen-
tary fodder offered.
Manure quality

Chemical composition of manure obtained from
sheep fed peanut fodder diets planted at different
inter-row spacings is shown in Table 4. Nitrogen
concentration of manure was greater (P¼0.001) for
sheep fed the 30 cm peanut fodder than for those
fed the other fodder. Differences in the N content
of the manure may be related to differences in the
nutritional quality of the fodder obtained from the
different plant spacing. Palm et al. (2001) classified
the quality of manure based on the N content as
either low (N , 2.5%) or medium (N . 2.5%).
Although the range of N content of manure

Table 3. Effects of inter-row plant spacing of peanut on growth performance and rumen degradability of sheep fed peanut fodder

Item

Planting space (cm)

30 45 60 75 SEMx P value

Growth performance (n¼4)y % DM
Intake (g/d) 356.1bc 362.7b 346.0c 378.4a 8.36 ,0.001
Initial weight (kg) 21.1 21.0 18.9 19.3 0.94 0.060

Final weight (kg) 23.4a 22.2b 22.1b 21.8b 0.31 0.008
Weight gain (kg) 3.4a 2.2b 2.1b 1.8b 0.24 0.010
Average daily gain 79.2a 52.0b 49.8b 42.0b 7.92 0.010

DM degradability (n¼3) % DM

24 h 29.47 26.32 28.8 27.7 1.164 0.928
48 h 44.41a 42.58ab 38.3bc 34.6c 0.714 0.052

xSEM: Pooled standard error of least square means.
yGrowth performance data was adjusted by using initial weight as a covariate in the statistical model for analyzing the data.
abcSuperscripts denote differences (P,0.05) with rows specific to grouping.

Table 4. Effect of plant spacing on chemical composition of manure obtained from sheep fed groundnut fodder planted at different

planting distances

Item (n¼12)

Planting space (cm)

30 45 60 75 SEMa P value

pH 8.03 8.06 8.22 7.85 0.128 0.128
%DM

Polyphenol 2.85 1.95 2.69 1.79 0.306 0.057
Nitrogen 2.10a 1.98ac 1.77b 1.87bc 0.043 0.001
Phosphorus 0.64 0.69 0.65 0.67 0.053 0.910
Potassium 0.33 0.27 0.30 0.27 0.038 0.633

Organic carbon 36.67 29.32 35.33 35.00 2.525 0.207
Lignin 28.77 31.38 31.75 29.59 1.398 0.395
Organic carbon: nitrogen 17.51 14.73 20.01 18.81 1.312 0.056

Polyphenol: nitrogen 1.35bc 0.98ac 1.51b 0.97c 0.147 0.039
Lignin: nitrogen 13.78b 15.88ab 18.01ac 15.84ab 0.865 0.023

aSEM: Pooled standard error of least square means.
abcSuperscripts denote differences (P,0.05) with rows specific to grouping.
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produced from the peanut fodder fed to the sheep
in this study (Table 3) could be categorized as low
quality (Palm et al., 2001), the N content of the
manure produced from the 30 cm plant spacing
was higher than those of the other plant spacing.
The dietary CP concentration of the 30 cm diet was
17% greater than the CP content of the 45 cm diet
and 27% higher than both the 60 cm and 75 cm
diets (Table 1). The minimum dietary CP required
for effective rumen function is estimated at 6�8%
(Minson, 1990) whereas the National Research
Council (NRC, 1985) recommends a CP of 14.5%
for sheep fed for maximum growth. The CP of the
30 cm diet was 14% (Table 1), notwithstanding the
additional CP intake from natural pasture. There is
a general agreement that when the rate of ruminal
dietary protein degradation exceeds the rate of
carbohydrate fermentation, large amounts of N
compounds are excreted via urine and faeces
(Decandia et al., 2011; Woyengo et al., 2004).
Though the lower DM intake and increased N in
the manure may be irreconcilable, the results are
consistent with some literature. A review of 154
mean values concerning diet composition, nutrient
intake and digestibility, and faecal and urinary N
excretion at different physiological stages in sheep,
suggest that the faecal excretion of N is particularly
high when the diet is high in soluble N (Decandia et
al., 2011). The latter found that, in sheep, faecal N
excretion increases exponentially as dietary CP is
increased. Foster et al. (2009) evaluated four warm-
season legumes (annual peanut, perennial peanut,
cowpea, pigeon pea) as supplementary protein for
sheep and found that N intake and faecal N were
highest in annual peanut compared to the other
legumes. These observations appear to explain the
results of the present study because peanut fodder
has a lower concentration of ruminally fermentable
carbohydrate (Foster et al., 2011) but a higher
concentration of soluble N (Khan et al., 2013;
Larbi et al., 1999; Yang, 2005). This lack of
adequate synchronization of energy and protein
could account for the excretion higher amounts of
N in the manure of sheep fed the 30 cm fodder.

Supplementation of maize stover plus cassava/
yam peels with either cowpea or peanut fodder
increased the manure N of Djallonké sheep by 67%
and 63%, respectively, compared to the N content
of the manure of the control group (Ansa et al.,
2019). Supplementation of bush hay with increas-
ing levels of peanut fodder also increased N intake
and N excreted in the faces of sheep without
adverse effects on ADG (Ayantunde et al., 2007).
Though high N in the manure generally has
negative effects on the environment, under small-
holder crop-livestock integrated farming systems

where inorganic fertilizers are economically inac-
cessible, manure with higher N content is very
useful for improving soil fertility where soils have
been exhaustively used and depleted of N.

Other chemical constituents and pH did not
differ among planting spaces. Lignin: N of the 30
cm manure was lower (P¼0.003) than manure from
60 cm but did not differ (P�0.091) from the other
types of manure. Polyphenol: N of 60 cm manure
was also higher and differed from 45 cm (P¼0.021)
and 75 cm (P¼0.017) manure but was similar
(P¼0.091) to 30 cm manure. Bioavailability of N to
plants is controlled by many chemical indices such
as lignin, polyphenols and N concentration.
However, the mineralization and utilization of N
by plants is greatly influenced by polyphenol:N
ratio than by these other indices (Oglesby and
Fownes, 1992). Livestock manure is particularly
important in Africa because N input from livestock
manure is by far the largest source of N input to
African soils representing about 87% of total N
input compared to synthetic fertilizers (FAO,
2018).
In situ digestibility experiment

The DMD obtained after 24 and 48 h of in situ
incubation in this study are within ranges previ-
ously reported by Yang (2005) after 48 of
incubation in situ (Table 3). In situ digestibility
of peanut at 24 h was not affected (P¼0.928) by
plant spacing, however, planting peanut at 30 and
45 cm produced fodder that was more (P¼0.052)
digestible at 48 h than those obtained from peanut
planted at 75 cm. The average DMD of thirty-
eight cultivars of peanut after 48 h of incubation
was 54.2% and 42.9% for leaves and stems,
respectively (Larbi et al., 1999). Acid detergent
lignin concentration was generally lower in the 30
cm diet but increased with increasing plant
spacing (Table 1). Dietary ADL reduces fiber
digestibility and therefore growth performance of
animals. Previous studies have shown that ADL
concentration of peanut fodder alone accounted
for 58 and 72% of the variation in organic matter
digestibility and ADG of sheep, respectively, with
80% of the variation in N retention being
attributable to the combined effect of N and
ADL concentration of the fodder (Prasad et al.,
2010). Carvalho et al. (2017) reported that the
poorer digestibility of tropical forages in sheep
may be related to their higher concentration of
ADIN and lignin. The manner in which ADL
limits ruminal digestion has long been known in
literature; ADL provides limited sites for rumen
microbial colonization (Akin, 1989; Van Soest,
1982). In legumes, shading of lower parts of a
plant by upper parts of the same plant or
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neighbouring plants in compact planting arrange-
ments reduces the interception of solar radiation,
and the biosynthesis and accumulation of lignin
(Wei-gua et al., 2014). This alters the nutritional
composition, morphological development, bio-
mass yield and digestibility of forages. Lower
shading in sparsely planted forages is however
expected to increase the concentration of indigest-
ible cell wall fraction such as lignin, resulting in
poorer DMD as observed in 45 and 65 cm fodders.
Stem elongation in legumes increases with in-
creasing plant density as a result of shading and
elongated stems have lower concentration of
recalcitrant cell walls (Buxton and Fales, 1994).
Differences within compact (30 and 45 cm) and
wider (60 and 7 cm) spacing categories were not
however significant as the differences between 45
and 60 cm, and between 60, and 75 cm was not
significant (P�0.06; Table 3).

Summary and Conclusions
Planting peanut at an inter-row spacing of 30

cm resulted in improved grain and fodder yields.
The nutritional quality of fodder obtained from 30
cm inter-row plant spacing was also superior,
resulting in increased in situ DMD and growth
performance of sheep. This study recommends an
inter-row plant spacing of 30 cm for the dual
benefits of increasing grain and fodder yields as
well as improving the nutritional quality of fodder
as supplementary fed to poor natural pasture. The
high concentration of N in the manure of sheep fed
peanut fodder obtained from 30 cm inter-row plant
spacing may have additional benefits of improving
soil fertility in smallholder crop-livestock farming
systems. Although planting peanut at an inter-row
spacing of 30 cm was more beneficial than the other
spacings, the cost-benefit analysis and pest man-
agement implications of the 30 cm inter-row
spacing were not evaluated in this study. Future
studies on the implications of these in 30 cm inter-
row spacing for peanut production in northern
Ghana is recommended.
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