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Abstract. This study investigated the effect of levels of artificial shading and harvesting age on four
micro mineral concentrations (iron, manganese, copper and zinc) of Congo grass (Brachiaria ruzizinensis
Germain & Evrard). The experiment was a 3 x 3 factorial arrangement in a split plot design with four
replicates, which is three levels of artificial shading (0, 30 and 60% shading) as the main plot and three
harvesting age (3, 6 and 9 weeks after cutback). The grass was established in May 2017 and grazed in
2018 and 2019, but a cutback was done in May 2020 for this study and was fertilized with NPK 20:10:10
at the rate of 200kgN/ha. The results showed that the micro minerals were affected (P<0.05) by the
shading and harvesting age. The iron concentration and manganese concentration increased as the level of
the shading increased whereas the copper concentration decreased with the increase in the level of
shading. The zinc increased with the 30% level of shading but at 60% shading, the concentration was
lesser than the concentration of the 0% shading. The effect of harvesting age showed decrease in the
micro minerals with advance in harvest age. The interaction effect of shading level x harvesting age had
significant (P<0.05) on the micro mineral concentrations of the grass. The grass shaded at 60% and
harvested at 3WAC had the highest Fe and Mn concentration whereas the unshaded grass harvested at
3WAC had the highest Cu and Zn concentrations. It could be concluded that harvesting the grass at
advanced age reduced micro mineral concentration and that shading as well affect the mineral
concentration.

Introduction

Ruminant production in the tropics have been noted to be limited by the low productivity of forages
(Annison and Bryden, 1998). Dele et al. (2021) reported that minerals are germane to the productivity of
ruminants in the tropics. Forages are a major feed resource for minerals in the diet of this class of
livestock either as natural or sown pastures. Previous studies (Cruz, 1997; de Castro et al., 2001) reported
on the effect of shading as it tends to increase nutritive quality of forages. Congo grass, a tropical forage
is gaining attention in recent times among the ruminant livestock stakeholders in Nigeria (Ojo et al.,
2018; Sani et al., 2019). The aim of this study was to investigate the level of shading and harvesting age
on the micro mineral concentration of B. ruzizinensis in Southwest Nigeria.

Methods and Study Site

The study was carried out at the Cattle Production Venture and the laboratory of the Department of
Pasture and Range Management, Federal University of Agriculture, Abeokuta (FUNAAB), Ogun State
Nigeria. FUNAAB is situated in the derived savanna zone of the south western Nigeria on latitude
7°26°11.98"N (Google Earth, 2020). Total land area measuring 448 m? was mapped out for the
experiment. The B. ruziziensis plot was established in May 2017 at the rate of 7kg/ha using broadcast
method and was grazed from October 2017 to 2019 and it was cut back to 5cm above ground level to
maintain uniformity in May 2020. At the onset of this study, a compound fertilizer (NPK 20:10:10) was
applied after a cutback at 5cm above ground level at the rate of 200 kgN/ha across all the plots using
broadcasting method. The experiment was a 3 x 3 factorial in a split-plot design. This consist of 3
different shading levels [control-unshaded (0%), single layered (30%) and double layered (60%) shade] as
the main plot and 3 harvesting age [3, 6 and 9 weeks after cutback (WAC)] as the sub plot, the subplot is
a 4 x 5 m% Polypropylene shading of various shade levels (unshaded, single and double shades) was used
in accomplishing the shading levels, fixed on brace. The screening was extended above the plots 2.0 m



above the ground level, to permit ventilation passage and simple entry below. The direction towards west
and east was slanted down at a 45° point to 1.2 m above the ground level, to shade the plants from
morning and evening sun. At each harvesting age, the grass was cut at 3, 6 and 9 weeks after cut back
using a 0.5 x 0.5 m quadrat. The harvested samples were oven dried at 105 °C to constant weight and
milled to pass through a 1 mm sieve screen. The samples were analysed for mineral analysis. The sample
was dried in an oven at 105 °C for 24 hours, followed by wet ash using nitric acid and hydrochloric acid
in ratio 3:1. After wet ashing on the samples in nitric and hydrochloric acids. The concentrations of Iron,
Manganese, Copper and Zinc was determined with atomic absorption spectrophotometry following
procedures described by Fritz and Schenk (1979). The unit of the measured elements was in mg/kg. Data
collected were analyzed using the General Linear Model Procedure of SAS (1999) computer package.
Statistical model

Yik p+Fi+ G+ (FG)i + sijk

Where;

Yiik : Observed value of the dependent variables

n : Population mean

Si : Shading levels

Hi : Harvesting age

(SH); Interaction effect of Shading levels and Harvesting age
Eijk : Random residual error

Results and Discussion

The interaction effect of shading levels and harvesting age on the micro mineral concentrations of B.
ruzizinensis is as presented in Table 2. The Fe concentration ranged from 256.2 to 718.2 mg/kg DM with
the grass with 60% shade level harvested at 3WAC having the highest value. The grass shaded at 60%
and harvested at 3WAC was also observed to have the highest Mn (74.7 mg/kg DM) concentration and
the least value was recorded for the unshaded grass harvested at 9WAC. The Cu and Zn concentration of
the unshaded grass harvested at SWAC were the highest.

The result obtained in this study showed that the B. ruzizinensis grass shaded (30 and 60% shaded) had
higher Fe and Mn concentration than the unshaded. The Fe concentration are found to be in excess of the
requirement for ruminants (Spears, 1994) and are lower than the maximum tolerable limit of 500 mg/kg
DM (NRC, 2016) except for the concentration of Fe for the grass at 60% shade and harvested at 3WAC,
which might be as a result of probably contamination with soil during harvest. The Fe concentration
showed that the grass was above the 50 mg/kg DM recommended for all classes of ruminants (NRC,
2016; Arthington and Ranches, 2021). The increase in the Mn concentration also attested to the fact that
as the intensity of sun is interfered with by the artificial shade imposed the Mn increased. The Cu
concentration as influenced by the shade was in a decreasing order as the intensity of the sun is interfered
with in this order 0% shade > 30% shade > 60% shaded whereas the Zn concentration had no definite
pattern as the 30% shaded grass had the highest Zn concentration, which implied that Zn concentration is
suppressed when Congo grass is grown under direct sunlight and when the shading effect is beyond 30%
shading. The decrease as observed in the micro minerals with advanced maturity in this study is in line
with the report of Dele et al. (2021). Fleming (1973) reported that with increase in dry matter
concentration as a plant advanced in maturity the minerals tend to decrease. The lower Cu concentration
(2.68-4.14 mg/kg DM) of Congo grass as observed in this study affirmed the report of Arthington and
Ranches (2021) that Cu deficiency are generally high in grazing cattle if forage is the sole source of
dietary Cu. This is lower than the range (8-10 mg/kg DM) recommended by NRC (1984) and NRC
(2016) and 14-16 mg/kg DM by NRC (2001) for beef and dairy cattle, respectively. The implication of
which is that grazing these classes of cattle on Congo grass as in this study will require Cu
supplementation. Zinc recommendation by NRC (2016) for beef cattle is 30 mg/kg DM but the Zn
concentration in this study is below this either for the shaded and unshaded suggesting that there will be
the need to supplement Zn for the cattle. It was also observed that maturity affect the Cu and Zn
concentration of Congo grass as the grass gets older, the concentration reduces.



Table 1: Interaction effect of shading and harvesting age on micro mineral concentrations (mg/kg
DM) of B. ruzizinensis

Shading levels (%0) Harvesting age Iron Manganese Copper Zinc
(WAQC)

0 3 481.9° 69.2° 4.12 22.52
6 4423 55.7¢ 3.2¢ 19.2¢
9 256.2° 36.1" 2.7 14.2¢

30 3 408.0% 64.7° 3.6 22.2%
6 438.0¢ 60.1¢ 3.00° 20.3°
9 391.2¢ 39.4" 2.8° 13.7¢

60 3 718.2% 74.7% 2.8° 20.7°
6 370.1¢ 55.6° 3.00¢ 19.5¢
9 256.6° 49.41 2.9° 14.0¢

SEM 33.22 1.49 0.07 0.45

P-value 0.03 0.01 0.01 0.01

SEM; Standard error of means; WAC: Weeks after cutback

Conclusion

The concentration of micro-minerals did differ with the shading levels and harvesting age. It could be
concluded that with or without shading, as the grasses mature the micro mineral concentrations decline.
Shading at 60% increased the Fe and Mn concentration of the grass and Cu concentration is suppressed
by shading. Shading can be concluded as a valuable management tool to improve the Fe and Mn
concentration of Congo grass and as a consequence potentially increase animal production.
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