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Abstract

An experiment was conducted with 2 temperate (Trifolium pratense and T. repens) and 2 tropical (Stylosanthes guianensis 
and Centrosema molle syn. C. pubescens) forage legumes in an elevated tropical environment of Jos, Nigeria to determine 
the influence of age of growth on forage yield and nutrient concentrations in the establishment year. The experiment was 
a 4 harvest times (9, 13, 17 and 21 weeks after sowing; WAS) × 4 legume species (2 temperate and 2 tropical) factorial 
treatment arrangement in a randomized complete block design with 4 replications, conducted in the growing seasons of 
2015 and again 2016. In 2015, S. guianensis produced highest (P<0.05) dry matter yield (8.2 t DM/ha), while T. pratense 
produced the highest yield (3.6 t DM/ha) in 2016. In both years leaf:stem ratio decreased significantly with age. In 
2016 crude protein (CP) concentration declined in all species as age at harvest increased (P<0.05), while at any given 
age highest CP concentration occurred in T. repens and lowest in S. guianensis (P<0.05). At any age, concentration of 
calcium followed the pattern T. pratense>T. repens>C. molle>S. guianensis (P<0.05), while phosphorus concentration 
in forage declined with age at harvest with significant (P<0.05) differences only for tropical legumes. The detergent 
fiber concentrations (NDF and ADF) were higher in S. guianensis (P<0.05) at any harvest stage. Non-linear regression 
analysis suggested that these forage legumes, when planted in early June in this environment, could be harvested at the 
optimum stages of 15, 16, 18 and 21 WAS for T. pratense, T. repens, S. guianensis and C. molle, respectively. However, 
more studies, especially with earlier planting dates, need to be conducted on the temperate legumes to determine their 
full yield potential in this environment, especially over a wider range of seasonal conditions.

Keywords: Centrosema molle, crude protein, mineral composition, stage of maturity, Stylosanthes guianensis, Trifolium 
pratense, Trifolium repens.

Resumen

Se realizó un experimento con 2 leguminosas forrajeras de clima templado (Trifolium pratense y T. repens) y 2 
tropicales (Stylosanthes guianensis y Centrosema molle sin. C. pubescens) en un ambiente de trópico de altura en Jos, 
Nigeria, para determinar la influencia de la edad de crecimiento en el rendimiento de forraje y las concentraciones 
de nutrientes. El experimento consistió en un arreglo de tratamiento factorial de 4 tiempos de cosecha (9, 13, 17 y 
21 semanas después de la siembra; WAS) × 4 especies de leguminosas (2 templadas y 2 tropicales) en un diseño de 
bloques completos al azar con 4 repeticiones. Los cultivos se establecieron a principios de junio de las temporadas de 
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crecimiento de 2015 y 2016. En 2015, el S. guianensis produjo el rendimiento más alto (P<0.05) de materia seca (8.2 
t MS/ha), mientras que T. pratense produjo el rendimiento más alto (3.6 t MS/ha) en 2016. En ambos años, la relación 
hoja:tallo disminuyó significativamente con edad. En 2016, la concentración de proteína bruta (PB) disminuyó en todas 
las especies a medida que aumentaba la edad de cosecha (P<0,05), mientras que a cualquier edad la concentración de 
PB más alta se registró en T. repens y la más baja en S. guianensis (P<0,05). A cualquier edad, la concentración de Ca 
siguió el patrón T. pratense>T. repens>C. molle>S. guianensis (P<0.05), mientras que la concentración de fósforo en 
el forraje disminuyó con la edad de cosecha y las diferencias fueron significativas (P<0.05) solo para las leguminosas 
tropicales. Los contenidos de fibra detergente (FDN y FDA) fueron mayores en S. guianensis (p<0.05) en cualquier 
etapa de cosecha. El análisis de regresión no lineal sugirió que estas leguminosas forrajeras sembradas a principios de 
junio en este ambiente podrían cosecharse en las etapas óptimas de 15, 16, 18 y 21 WAS para T. pratense, T. repens, S. 
guianensis y C. molle. respectivamente. Sin embargo, es necesario realizar más estudios con la leguminosas de clima 
templado, especialmente con fechas de siembra más tempranas, para determinar su potencial de rendimiento completo 
en este entorno, especialmente en una gama más amplia de condiciones estacionales.

Palabras clave: Centrosema molle, composición mineral, etapa de crecimiento, proteína cruda, Stylosanthes guianensis, 
Trifolium pratense, Trifolium repens.

Introduction

Legumes play vital roles for sustainable agricultural 
production. Søegaard et al. (2007) noted that legumes 
play an important role in grassland management 
through their ability to contribute to the nitrogen (N) 
economy of the sward via N fixation by associated 
rhizobial bacteria. According to Nulik et al. (2013) 
levels of fixed N can range from less than 50 kg/ha/yr 
(equivalent to approximately 100 kg urea/ha) to more 
than 200 kg/ha/yr (>400 kg urea/ha). Legumes can 
also act as a cover crop to control weeds and conserve 
soil moisture during dry periods (Kabirizi et al. 2013), 
as well as control pests and protect soil from erosion, 
including loss of soil organic matter by water and wind 
erosion (Rao et al. 2016). Legumes can increase dry 
matter yields when sown in mixtures with grasses and 
improve protein concentrations in associated grasses 
(Zemenchik et al. 2002; Johnson et al. 2007).

The temperate legumes selected for the study, red 
clover (Trifolium pratense) and white clover (T. repens), 
are widely grown for livestock feeding in temperate 
regions of the world, as well as in subtropical areas of 
Australia. The crops provide forages high in protein 
and digestibility, which facilitates high feed intake by 
livestock (Black et al. 2009). The tropical legumes, 
Cook stylo (Stylosanthes guianensis cultivar ´Cook´) 
and centro (Centrosema molle syn. C. pubescens), 
provide similar benefits in subhumid tropical and 
subtropical zones (Heuzé et al. 2016).

Many factors limit full utilization of tropical forages 
by livestock. Tropical legumes and grasses are more 
difficult to physically breakdown by livestock, and their 
N concentration can be lower than those in C3 grasses and 

cold-climate legumes (Chapman et al. 2014). Humphreys 
(1996) stated that tropical forage legumes are about 4 
units less digestible than their temperate counterparts 
and have a lower bulk density of succulent green leaf, so 
grazing animals have difficulty in taking sufficient bites 
to provide energy required for high production levels.

Locations like Jos-Plateau, Mambilla and Obudu 
in Plateau, Taraba and Cross-Rivers States in Nigeria 
are at elevations of 1,200‒1,600 masl, which are suited 
to the growth of temperate crop varieties. Thus, at  
Jos-Plateau examples of temperate crops are Irish potato 
(Solanum tuberosum) and strawberry (Fragaria × ananassa) 
and Holstein-Friesian cattle are commonly kept. Temperatures 
in these locations are in the range of 15–25 °C during the 
rainy season, which is similar to the 15.5–27 °C required for  
optimum growth of temperate species (Karki 2013).

Clovers have the potential to provide high quality 
forage and complement the existing tropical forages 
to improve animal productivity and food security in 
this environment. Temperate legumes can be grown in 
association with grasses and/or other tropical legumes 
for livestock feeding. The crops could also be grown as 
pure stands for hay making to be used as supplementary 
feeds during the dry season. Presently, sowing of forage 
legumes in grassland management is not a common 
practice in Nigeria, as farmers mostly depend on planted 
and natural grasses only. Therefore there is a paucity 
of literature on the production and utilization of forage 
legumes in Nigerian grassland systems.

Age of growth at harvest is an important factor 
affecting forage quality, which decreases with advancing 
maturity (Ball et al. 2001), especially from vegetative 
to reproductive stage (Karki 2013). As forage crops 
mature, dry matter yield increases, but digestibility of 
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neutral detergent fiber (NDF), starch, sugar and crude 
protein declines (Kilcer et al. 2003). Decisions on when 
to utilize a forage are based on stage of maturity to obtain 
a compromise between dry matter yield and quality. 
This might vary in different environments, so forages 
should be evaluated in different regions to determine the 
optimum growth stage that should translate to highest 
animal production. Optimal time of harvest could also 
vary with the particular species being used.

The aim of this study was to evaluate the effects 
of age of growth on dry matter yield and nutrient 
composition of 2 temperate (Trifolium pratense and 
T. repens) and 2 tropical (Stylosanthes guianensis and 
Centrosema molle) forage legumes in a cool tropical 
climate of Jos, Plateau State, Nigeria. The legumes were 
established in 2015 and again in 2016 as the temperate 
species did not produce seeds in 2015 to build up a soil 
seed bank for seedling recruitment in 2016 and also 
failed to regenerate from the crowns.

Materials and Methods

Location of the study

The experiment was carried out at the Nigerian Institute 
for Trypanosomiasis Research (NITR), Vom, Jos, 
Nigeria (9°44'15'' N and 8°48'31'' E; 1,263 masl) (Google 
Earth Engine, 2022). Meteorological data for the study 
area during the 2015 and 2016 cropping seasons were 
obtained from the National Root Crops Research 
Institute, Vom, Jos (1.5 km from the experimental site) 

and are shown in Table 1. The area is characterized by 
2 major seasons: the rainy season extending from late 
May to early October, and the dry season lasting from 
late October to early May. Peak rainfall normally occurs 
in the months of July and August. Temperatures range 
from 15–27 °C during the rainy season, while 11–32 °C is 
normally observed during the dry season. Grasses found 
on these highlands are shorter and trees are fewer than at 
lower elevations (Aregheore 2009). Soil samples (0–15 
cm depth) from the experimental area were collected at 
different random sites with a soil auger for evaluation of 
physical and chemical properties. The soil was low in N 
(0.33 %), organic matter (2.91 %) and P (7.53 ppm) and 
fair in K (247 ppm). The soil was classified as infertile 
clay-loam, with sticky soil surface when wet, and quickly 
becoming dry and hard and cracking easily (Aregheore 
2009), when there was no rain for 5–7 days.

Land preparation and experimental design

In each year the land was ploughed and harrowed twice 
using a tractor mounted with appropriate implements. 
The field was leveled with locally made hoes and all 
debris was removed to provide clean seedbeds. The trial 
design was a factorial arrangement of 4 forage legumes 
(T. pratense, T. repens, S. guianensis and C. molle) and 
4 ages at harvest (9, 13, 17 and 21 weeks after sowing; 
WAS) making 16 treatment combinations in a randomized 
complete block design replicated 4 times. Sixty-four plots 
of 5 × 3 m were used for the study with 1 m spacing 
between blocks and 0.5 m spacing between plots.

Table 1. Monthly mean maximum and minimum temperatures and rainfall for 2015 and 2016 plus medium-term mean rainfall 
(2004–2014) for Vom, Jos, Nigeria.
Month Maximum temperature (°C) Minimum temperature (°C) Rainfall (mm)

2015 2016 2004–2014 2015 2016 2004–2014 2015 2016 2004–2014
January 29 30 29 12 11 11 0 8 9
February 32 31 30 15 13 15 10 2 2
March 32 34 32 18 19 19 28 19 18
April 32 32 30 17 15 16 10 83 82
May 30 29 28 19 20 18 217 138 145
June 29 28 27 18 17 17 15 173 192
July 27 29 25 20 18 18 225 384 207
August 26 27 25 18 17 17 301 401 290
September 27 25 26 17 16 17 209 181 205
October 29 25 27 17 17 16 60 170 182
November 30 27 29 13 12 13 0 0 0
December 27 30 28 12 10 11 0 3 3

Source: National Root Crop Research Institute, Vom, Jos, Nigeria
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Sources of planting materials

Seed of the temperate forage legumes T. pratense 
(AberClaret variety) and T. repens (AberHerald 
variety) was obtained from the Institute of Biological, 
Environmental and Rural Sciences (IBERS), University 
of Aberystwyth, United Kingdom, while seed of the 
tropical forage legumes S. guianensis and C. molle 
(cultivar ´Cook´ and accession ILRI 152, respectively) 
was obtained from the Feeds and Nutrition Research 
Programme of the National Animal Production 
Research Institute (NAPRI), Ahmadu Bello University, 
Shika, Zaria, Nigeria. The particular varieties of the 
temperate legumes were bred for high performance in 
a temperate environment and not specifically for high 
performance in a subtropical environment.

Establishment of the forage legumes

Trials were conducted when rains were well 
established in the month of June during 2015 and 
2016 rainy seasons. While only 15 mm was received 
in June in 2015, 217 mm had been recorded in May. 
Seeding rates of 15.2 and 6.6 kg/ha for T. pratense and 
T. repens, and 8.8 and 11.6 kg/ha for S. guianensis and 
C. molle, respectively, were used. These seeding rates 
were determined using a Pure Live Seed (PLS) index 
[(% Germination × % Purity) ÷ 10,000)] described by 
Karki (2013). To overcome hardseededness of the tropical 
legumes and improve germination and establishment, 
seeds of S. guianensis were scarified by immersing in 
hot water at 90 °C for 1 min (Amodu 2004) prior to 
sowing, while seeds of C. molle were immersed in hot 
water at 80 °C for 4 min (Crowder and Chedda 1982). 
Based on previous observations at the experimental 
site, the two tropical legumes were known to nodulate 
with native rhizobia and subsequent nodulation was 
observed on all species, including the two clovers. 
Therefore, all the seeds were not inoculated. Seeds of 
T. pratense and T. repens were planted in a continuous 
flow of seeds at the recommended distance of 0.3 m 
between rows within a plot (Frater 2013), while those 
of S. guianensis and C. molle were planted at spacings 
of 0.3 and 0.5 m between rows, respectively (Crowder 
and Chedda 1982). The recommended sowing depth of 
0.5 cm was used for Trifolium species (Frater 2013), 
while the depth for S. guianensis and C. molle was 1 
and 2.5 cm, respectively (Crowder and Chedda 1982).

Yield measurements

Five (5) plants in the middle row of each plot were tagged 
in each treatment combination and used to determine 
morphological variables of plant height, number of leaves 
and number of branches per plant for the different stages 
of growth. Plant heights were measured from ground 
level to the tips of the plants using a graduated rule for 
T. pratense and S. guianensis. For C. molle and T. repens, 
the main stem was traced and the length of the stem was 
measured using a graduated meter rule. Numbers of 
leaves and branches were counted for each of the marked 
plants. The same 5 plants were used to determine 
leaf:stem ratio by harvesting and separating leaves from 
stems at each stage of growth on the appropriate plots. 
Leaves and stems were weighed immediately in the field 
after separation, then oven-dried at 65 °C until constant 
weight was attained. Thereafter, leaf dry weight was 
divided by stem dry weight to determine leaf:stem 
ratio. Forage DM yields were determined using 0.25 m2 
quadrats (1 quadrat/plot due to uniformity of growth 
within the plot). Plants within quadrats placed in the 
middle rows of the plots were cut at 5 cm above ground 
level with a sickle to determine forage yield. Harvested 
forages were weighed immediately to determine 
fresh weight, after which they were oven-dried at a 
temperature of 65 °C until constant weight was achieved 
to determine forage dry matter yields.

Sample analyses

Dried samples were ground with a Thomas Willey 
Laboratory Mill using a 1 mm sieve. N concentration 
was determined by the Kjeldahl method using digestion, 
distillation and titration, and crude protein (CP) 
percentage was determined as N % × 6.25 (AOAC 1990). 
CP yield was obtained as CP % × DM yield. Neutral 
and acid detergent fiber (NDF and ADF) concentrations 
were determined by the Refluxing method of Van Soest 
et al. (1991) and as specified in AFIA (2011) Forage 
Laboratory Manual. Approximately 2.0 g ground forage 
was burned in a box-type muffle furnace at 550 °C 
for 12 h, and the residue was weighed to determine 
ash concentration. CP, ash and fiber analyses were 
carried out at the Biochemistry and Animal Nutrition 
Laboratories, Departments of Animal Science and 
Animal Nutrition of Ahmadu Bello University (ABU), 
Zaria and University of Agriculture, Makurdi, Nigeria, 
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respectively. Mineral elements were determined using 
atomic absorption spectrophotometry (AOAC 1990) at 
National Animal Production Research Institute, Shika, 
ABU and Department of Science, ABU, Zaria, Nigeria.

Statistical analysis

All data generated were subjected to Analysis of 
Variance (ANOVA). The general linear model of SAS 
(2001) statistical software was used for the analyses and 
means were separated using the Tukey test. Non-linear 
regression was used to assess relationships between 
age at harvest, DM yield, number of leaves per plant 
and plant height to determine optimum stages at which 
legumes could be harvested to achieve different goals.

Yijkl=µ + Ai + Bj + Yk + Ai × Bj + eijkl,
where: 
µ=population mean;
Ai=ith effect of legume species;
Bj=jth effect of growth stage;
Yk=kth effect of year;
Ai × Bj=interaction between legume species and 

growth stage; and
eijkl=random error.

Results

Rainfall and temperature during the study

Mean monthly precipitation, plus minimum and 
maximum temperatures are presented in Table 1 above. 
Precipitation was higher in 2016 than in 2015, especially 
in June, when only 15 mm was recorded in 2015, which 
was well below the medium-term mean of 192 mm. Such 
a low amount of rainfall could affect seed germination 
and establishment of the crop in this area. Peak rainfall 
was recorded in July and August each year, in line with 
the medium-term means. Temperature during the study 
in each year ranged between a minimum of 16 °C and a 
maximum of 29 °C, which was suitable for the growth of 
all legume species involved.

Effects of species, stage of growth and year on  
morphological characters and yield

Interaction effects of growth stage and legume species 
on plant height, number of branches/plant and forage 
dry matter yield (DMY) in 2015 and 2016 seasons 

are presented in Table 2. While there were significant 
interactions between growth stage and species for 
plant height in 2015, plant height increased with age 
for all species except T. repens, which did not establish 
effectively, and no records were taken. Tropical legumes 
were taller/longer (P<0.05) than T. pratense. In 2016 all 
species increased in height with age, while C. molle was 
taller/longer than other legumes (P<0.05).

For number of branches per plant in 2015, all species 
showed increases with age and S. guianensis displayed 
more branches than other species (P<0.05). In 2016 all 
species except T. pratense displayed more branches 
with increasing age (P<0.05) and in contrast to 2015, 
T. repens had more branches than other species (P<0.05). 

Highest forage dry matter yields in 2015 ranged 
from 2.0 to 8.2 t DM/ha for the different species 
with no yield recorded for T. repens, which failed to 
establish effectively, and highest yield for S. guianensis 
(P<0.05). In 2016 highest DM yields ranged from 1.8 to 
3.6 t/ha, with few consistent patterns in differences with 
age and species. Temperate legumes did not manifest 
their full DM yield potential because the combination 
of limited rain in October in 2015 and increasing 
temperature led to wilting and loss of leaves, when 
fewer than 2 % of plants started flowering, unlike the 
tropical species. Non-linear regression analysis showed 
highest estimated DMY at 15, 16, 18 and 21 WAS for 
T. pratense, T. repens, S. guianensis and C. molle, 
respectively (Figure 1).

Main effects of legume species and stage of growth 
on leaf number per plant and leaf:stem ratio for 2015 
and 2016 cropping seasons are presented in Table 3. In 
2015 number of leaves per plant was greater (P<0.01) in  
S. guianensis (85.6) than in other species, with T. repens 
having no record. In contrast, T. repens had highest 
(P<0.01) number of leaves per plant (156.9) in 2016. In 
both years, leaf numbers were affected by age (P<0.01), 
increasing until 17 weeks after sowing and then 
plateauing or declining. Leaf:stem ratio in C. molle was 
greater (P<0.01) than in other legumes in both years but 
decreased significantly with time since sowing (P<0.01). 
No data were available for T. repens in 2015.

Table 4 shows interaction effects of growth stage and 
legume species on CP, ash, NDF and ADF concentrations 
and CP yield for 2016. CP concentration declined in all 
species as age at harvest increased (P<0.05), while at any 
given age highest CP concentration occurred in T. repens 
and lowest in S. guianensis (P<0.05). In all species CP 
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Table 2. Interaction effects of species and growth stage (WAS) on plant height (cm), number of branches and forage dry matter 
yield (DMY; t/ha) of four legumes in 2015 and 2016 seasons.
Legume WAS 2015 2016

Plant height Branches/plant DMY Plant height Branches/plant DMY
T. pratense 9 28.6g 2.7gh 1.0hi 26.2ef 4.0g 1.6cdef

13 35.0fg 4.2fgh 1.6g 42.0de 5.0fg 2.8ab

17 41.9f 6.3ef 2.7d 63.1c 6.5efg 3.6a

21 42.1f 6.5de 1.6g 64.6c 7.0efg 1.9bcd

T. repens 9 na na na 20.7e 13.2def 1.1def

13 na na na 40.7def 24.5b 1.8bcde

17 na na na 62.2cd 37.7a 1.8bcde

21 na na na 62.5c 37.5a 1.3def

S. guianensis 9 29.7g 5.3efg 1.1h 26.0ef 2.0g 0.7ef

13 64.4d 22.0b 5.6c 25.3ef 9.5efg 1.9bcd

17 99.2b 34.3a 8.2a 67.7c 14.7cde 1.9bcd

21 101.1b 36.3a 6.3b 64.7c 22.7bc 2.6abc

C. molle 9 52.6e 2.0h 0.4j 70.3c 4.2fg 0.6f

13 83.0c 4.0gh 0.9i 99.0b 8.2efg 1.4def

17 102.5b 8.7cd 2.0e 148.4a 17.2cd 3.4a

21 111.7a 9.5c 1.8f 148.5a 19.3bc 2.9ab

s.e.m. 3.5 1.4 0.1 10.2 4.6 0.6
Means with different letters within columns are significantly different (P<0.05). na=data not available.

Figure 1. Correlations between dry matter yield and growth stage for 2 temperate and 2 tropical forage legumes. Data for  
T. pratense, S. guianensis and C. molle are averages for 2 years (2015 and 2016), while T. repens data are for 1 year (2016).
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Table 3. Main effects of species and growth stage on yield components of four forage legumes for 2015 and 2016 rainy season.
Parameter Leaf no./plant Leaf:stem ratio

2015 2016 2015 2016
Species 
T. pratense 27.8c 53.4b 0.6b 0.5b

T. repens na 156.9a na 0.4c

S. guianensis 85.6a 46.8b 0.6b 0.3c

C. molle 31.7b 57.0b 0.8a 0.9a

s.e.m. 1.4 10.5 0.02 0.08
P value <0.01 <0.01 <0.01 <0.01
Stage of growth (weeks after sowing)
9 15.9d 23.7c 1.1a 1.0a

13 33.7c 57.5b 0.7b 0.6b

17 71.5a 115.6a 0.5c 0.3c

21 65.2b 117.2a 0.3d 0.2c

s.e.m. 2.2 11.89 0.02 0.06
P value <0.01 <0.01 <0.01 <0.01

Means with different letters within columns and parameters are significantly different (P<0.05). na=data not available.

Table 4. Interaction effects of species and growth stage on crude protein (CP) concentration, crude protein yield (CPY) and ash, 
acid detergent fiber (ADF) and neutral detergent fiber (NDF) concentrations of four legumes for the year 2016 (g/kg).
Legume WAS CP CPY Ash ADF NDF
T. pratense 9 208.8d 275.0efgh 118.0bc 234.7gh 341.2i

13 198.2e 308.7defgh 113.7cd 247.0fg 368.3g

17 188.3fgh 608.7abc 100.6f 262.3f 399.0e

21 180.3hi 453.7bcde 96.0fg 282.4e 435.2c

T. repens 9 256.2a 292.7efgh 132.5a 198.8i 278.3k

13 246.5b 452.9bcde 129.9a 221.1h 308.7j

17 240.4b 440.4bcde 120.6b 238.9g 348.4hi

21 222.2c 280.2efgh 111.2de 261.4f 377.7fg

S. guianensis 9 189.9efg 167.5gh 97.9f 304.2d 402.8de

13 176.7ij 572.5bc 80.1hi 339.5c 434.5c

17 162.2jk 816.3a 76.9ij 361.2b 470.5b

21 143.6l 640.0ab 71.2ij 391.3a 494.1a

C. molle 9 195.1ef 106.3h 108.3bc 275.4e 361.1gh

13 188.5fgh 219.0fgh 96.9fg 301.2d 363.3gh

17 181.9hi 494.7bcde 91.0g 332.2c 430.9e

21 169.2jk 384.7defgh 84.6h 357.3b 471.5b

s.e.m. 4.2 113.7 3.1 8.1 9.4
Means with different letters within columns are significantly different (P<0.05).
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yield increased with harvesting age to 17 weeks (P<0.05) 
and then declined but not significantly so (Table 4). 
Highest CP yields were recorded for S. guianensis and 
T. pratense at 17 WAS, despite having lower CP % at that 
age than at younger ages.

In all species, ash concentration declined 
with age at harvest (P<0.05) and at any given age 
followed the order T. repens>T. pratense>C. molle> 
S. guianensis (P<0.05). NDF and ADF concentrations 
increased significantly in all species as age at harvest 
increased (P<0.05) and followed the pattern of  
S. guianensis>C. molle>T. pratense>T. repens (P<0.05). 
Generally, fiber concentrations were higher in tropical 
species than in temperate species. 

Figure 2 shows a negative linear correlation (R2=0.85) 
between CP and NDF concentrations.

Interaction effects of growth stage and legume species 
on macro-mineral concentrations in forage for the year 
2016 are presented in Table 5. Calcium concentration 
in forage changed little with age (P>0.05), except for  
S. guianensis, where significant decline in Ca concentration 
occurred with age. At any age, concentration of Ca 
followed the pattern T. pratense>T. repens>C. molle> 
S. guianensis (P<0.05). While phosphorus concentration 
in forage declined with age at harvest, differences were 
significant (P<0.05) only for tropical legumes. At any age, 
there was a trend of highest values for T. repens and lowest 

for C. molle. Concentrations of magnesium, potassium 
and sodium in forage also declined with age at harvest 
(P<0.05). At any age at harvest, Mg concentration followed 
the pattern T. pratense>T. repens>S. guianensis>C. molle 
(P<0.05), while potassium concentration followed the 
pattern T. repens>T. pratense>S. guianensis>C. molle 
(P<0.05). Sodium concentrations in forage at 9 weeks 
of age were highest for T. repens and lowest for C. molle 
(P<0.05) but differences declined with age at harvest with 
few significant differences past 13 weeks of age.

Figure 2. Correlation between neutral detergent fiber and 
crude protein concentrations for 2 temperate (T. pratense and 
T. repens) and 2 tropical (S. guianensis and C. molle) legumes.

Table 5. Interaction effects of species and growth stage on macro-mineral concentrations of four legumes for 2016 (g/kg).
Legume WAS Calcium Phosphorus Magnesium Potassium Sodium
T. pratense 9 18.3a 3.6abc 5.1a 20.1c 1.6b

13 18.1a 3.2abc 4.5b 19.1e 1.0c

17 17.8ab 2.4cd 3.9c 18.6f 0.8de

21 17.7ab 2.4cd 3.5d 18.0gh 0.2f

T. repens 9 17.2bc 4.7a 3.8c 25.2a 2.6a

13 16.6cd 4.1ab 3.2fg 24.4b 2.1ab

17 16.3d 3.7abc 2.6i 24.1b 1.8b

21 16.2d 3.4abc 3.3def 23.9c 0.8de

S. guianensis 9 12.4gh 4.1ab 3.4de 19.5d 0.7def

13 11.8h 3.1bc 3.0gh 18.2g 0.5def

17 10.1i 2.7bcd 2.1j 17.7h 0.4ef

21 9.8i 2.3cd 1.5k 17.0i 0.2f

C. molle 9 14.8e 3.3abc 3.1gh 15.4j 0.3ef

13 14.8e 2.3cd 2.5i 14.7k 0.2f

17 14.1ef 1.5d 2.1j 14.2l 0.4ef

21 13.6f 1.2d 1.0l 13.2m 0.2f

s.e.m. 0.4 0.8 0.1 0.2 0.3
Means with different letters within columns are significantly different (P<0.05).
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Discussion

Morphological characters and DM yield

This study has provided information which should prove 
useful in assessing the likely performance of temperate 
and tropical legumes in elevated areas of Nigeria. 
Morphological characteristics provide information on 
traits influencing crop improvement and productivity. 
While climatic conditions during the study were quite 
similar to the medium-term means for the area, except 
for very low rainfall in June 2015, the performance of 
the different species varied markedly between years, 
especially in the case of T. repens and S. guianensis. 
Our data from the first year of the study suggested that 
T. repens was particularly susceptible to low rainfall in 
the month of June when planted, which led to poor plant 
establishment. Only few isolated stands of plants of 
T. repens survived in 2015, and most of them were not in 
the sampling area, resulting in no record of morphological 
characters and DM yields. This could be attributed to 
low rainfall (15 mm) in the month of June 2015 during 
plant establishment. Nichols et al. (2014) and Brock and 
Hay (1993) noted that, once soil moisture falls towards 
wilting point in hot weather, leaves of T. repens wither, 
die and disappear quickly, leaving stolons and soil 
surface exposed to direct radiation. Rainfall is one of the 
major environmental factors affecting performance of 
T. repens (Brock et al. 2003) and crop survival is reduced 
with less than 35 mm rain and temperatures above 20 °C 
(Rattray 2005). This was in marked contrast to results in 
the second year when rainfall during June was similar 
to the mean figure and yields were quite significant 
(1.1‒1.8  t DM/ha). Dry matter yields of S. guianensis 
on the other hand were much higher in 2015 than in 
2016 (5.3 vs. 1.8 t DM/ha) as a result of infestations of 
Botrytis cinerea and Colletotrichum gloeosporioides in 
2016, which caused head blight and anthracnose diseases, 
respectively, at the peak of the rainy season (months of 
July and August) in 2016. Yields of T. pratense (1.7 vs. 
2.5 t DM/ha) and C. molle (1.3 vs. 2.1 t DM/ha) were 
lower in 2015 than in 2016, responding to better rainfall 
during establishment in 2016.

The higher number of leaves and branches in 
S. guianensis in 2015 were indicative of the plant’s ability 
to accumulate DM yield. However, the morphological 
components of temperate species in 2016 resulted in 
promising DM yields in this cool tropical environment. 
As reported by Ramírez de la Ribera et al. (2008) 
leaf:stem ratio declined as plants aged, reflecting the 

increase in stem weight as plants grow. The higher DMY 
of the tropical forages in 2015 compared with temperate 
legumes agrees with Buxton (1996) that tropical forages 
can accumulate more dry matter than temperate species, 
especially if heat and moisture stress occur. This may 
be due to a more efficient process of photosynthesis 
by tropical species to accumulate DM (Crowder and 
Chedda 1982; Humphreys 1999). However, DM yields 
of the temperate legumes in 2016 offer the prospect that 
the crops can be grown successfully in the cool tropical 
climate of Jos, as these legumes produced acceptable 
yields outside the environment to which they are known 
to be well adapted. The dry matter yields obtained in 
this study in 2015 for the legumes at 9 WAS were similar 
to the findings of Akpensuen (2022) at the primary 
harvest at 9 WAS in the same location in another 
experiment. The non-linear regression (Figure 1) clearly 
demonstrated that the tropical species could withstand 
moisture stress combined with high temperatures better 
than the temperate species, especially C. molle, which 
is known to remain relatively green for 2‒3 months in 
the early dry season. This could be due to the deep tap 
root system and the better adaptation of tropical legumes 
to these conditions. Improved forage yields displayed 
by temperate species in 2016 cropping season could be 
attributed to better plant establishment as a result of a 
well-distributed rainfall pattern in the establishment 
month of June (173 mm) compared with 15 mm in the 
same month of 2015, followed by above-average rainfall 
in July and August.

Nutrient composition

As was to be expected (Marković et al. 2008), all legume 
species showed a decline in nutritive value as stage of 
growth at harvest increased, as reflected in declining CP 
concentration and increasing fiber concentration. The 
negative correlation between CP and NDF concentrations 
corroborated the statement of Matias et al. (2016), that a 
negative correlation between CP and fiber concentrations 
exists in forage species. Reduction in CP concentration 
with age of forage would also be due to increase in 
proportion of stem and decrease in proportion of leaves 
(declining leaf:stem ratio) as stems contain lower 
amounts of CP than leaves (Humphreys 1999; Solati et 
al. 2017). Lower fiber and higher CP concentrations in 
T. repens forage compared with those of the other 
legumes highlighted the value of this species as forage 
for livestock in agreement with the findings of Woodfield 
and Caradus (1996) and INRA (2010), as the crop lacks 
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structural components such as stems and sheaths. The 
higher CP concentrations in temperate legumes than 
in tropical legumes was in agreement with the findings 
of Archimède et al. (2011) and Lowe et al. (2017). CP 
concentrations in forage from T. repens, T. pratense and 
C. molle as a sole diet would meet the CP requirements 
of 15–17 % and 18–19 % for growth and reproduction, 
respectively, in rabbits (Lebas 2004), while that of  
S. guianensis would meet requirements for growth only. 
Similarly, these legumes would meet the CP requirements 
of 7–16 % required by small ruminants for growth and 
all productive/physiological functions (Rashid 2008), as 
well as the 7–14 % CP generally required by beef cows 
and 10.5–14 % CP for replacement heifers and steers 
in the tropics (NRC 2000). Temperate legumes could 
also meet the 17–18.5 % CP required by lactating dairy 
cows (NRC 2001), while animals consuming the tropical 
legumes would need to be supplemented with cereal 
and legume seed concentrates. All legumes would be 
most useful for feeding as a supplement to low quality 
roughage for ruminants. Van Soest (1994) stated that 
NDF concentration in forages is the most important 
factor limiting intake, and concentrations in excess of 
60 % could reduce forage consumption. In this study 
NDF concentrations in the legumes were well below 
60 %, indicating that at the stages when harvested these 
legumes are valuable forage resources for improving 
livestock production.

The general decrease in mineral composition of 
the forage legumes from 9 to 21 weeks after sowing 
agreed with findings of Kellems and Church (2002), that 
concentrations of macro-minerals and most trace minerals 
decline as forage matures. All forages can meet Ca 
(0.3– 0.8 %) and Mg (0.18–0.4 %) concentrations required 
for growth and all productive/physiological functions of 
small ruminants (Rashid 2008). The legumes can also 
supply 0.53–0.67 % Ca, 0.22–0.44 % P, 0.18–0.21 % Mg 
and 0.11 % K required for lactating cows (NRC 2001).

Conclusions

This study has shown that both tropical and temperate 
forage legumes can be grown satisfactorily in elevated 
regions of Nigeria when planted in June, but limited 
rainfall during the establishment phase could have a 
marked impact on obtaining acceptable establishment 
and growth, especially in the case of T. repens. With the 
onset of the dry season in October, temperate legumes 
can suffer moisture stress resulting in leaf fall and a 
decline in both quantity and quality of harvestable forage. 

However, while rainfall during May is traditionally 
adequate to ensure satisfactory establishment of forages, it 
is suggested that investigating earlier planting, especially 
of temperate species, is warranted to take advantage of 
earlier rainfall and avoid moisture stress as plants mature. 
If planting in June, our results suggest harvesting should 
be at the optimum stages of 15, 16, 18 and 21 weeks of 
age for T. pratense, T. repens, S. guianensis and C. molle, 
respectively, to minimize leaf fall and achieve a balance 
between quantity and quality of forage DM harvested. 
Similar studies should be conducted over a wider range 
of seasonal conditions than examined in this study.
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