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Cultivation of Zanzibar Napier grass (Pennisetum purpereum) needs proper care and management 
because this species mines a lot of nutrients. The common practice of Napier grass fertilization 
technique enriched with other fertilizers was evaluated to gain higher yield and better nutrition forage. 
All Napier grass clumps were basal fertilized with goat’s dung and NPK compound fertilizer at 20kg and 
80g per clump respectively and enriched with Calcinit, Seasol and Powerfeet, Keical and Dolomite 
fertilizers (80g, 30mL/10L, 40g and 50g per clump respectively) at two weeks after sowing and 1 week 
after subsequent harvesting before being harvest after 45 days. The results showed that fertilizer 
enrichment significantly increases the number and size of stems and leaves, leaf chlorophyll content 
index, leaf to stem ratio and dry weight of leaves, stems and biomass. Proximate analysis of Napier 
leaves showed that fertilizer enrichment significantly increases the total crude protein, energy and 
minerals composition (N, Ca, Zn, Mn, and Cu) of Napier grass. Overall, enrichment with Calcinit fertilizer 
is the best treatment to extrapolated increase 52% of DM yield/ha/year with a better nutrition content 
of 119% protein and 8% energy which are important to reduce dependency and uptake of concentrate 
fodder thus reducing the food and production cost. 
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INTRODUCTION 
Agriculture and livestock are one of several 

high potential industries as the drivers and sources 
of economic development under the 12th Malaysia 
Plan. The livestock industry can be profitable if it is 

carried out in a planned, systematic and continuous 
manner. According to Hirooka (2010), the 
continued strong growth of this industry depends 
on farmer profitability which is influenced by 
production cost. The large proportion of production 
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costs in livestock industries is usually covered by 
the feedstuffs. Forages were certainly known as a 
cost-effective feed rather than commercial 
concentrate. The substitution of concentrate to 
forage from 30 to 70% in the ruminant diet could 
reduce up to 30% of production cost (Sanh et al., 
2002) 

Napier or elephant grass (Pennisetum 
purpureum) is the most common cultivated grasses 
for ruminant fodder in Malaysia. It was first 
introduced to Malaysia in the 1920s from East 
Africa and since then several cultivars had been 
introduced. Napier grass is robust, rhizomatous, 
tufted and has a vigorous root system, developing 
from nodes of its creeping stolons (Haryani et al., 
2018).  Their leaves are narrow and long up to 100- 
120 cm, flat, linear and hairy at the base (Haryani 
et al., 2018). Napier grass is tolerant to drought 
because of its high water use efficiency. This type 
of grass is currently the most popular forage in 
dairy and feedlot production systems due to its high 
productivity and nutritive value. The tender young 
leaves and stem of Napier grass are highly 
nutritious and palatable to livestock (Alias et 
al.2020). It is a fast-growing crop and has high 
annual productivity that depends on the type of 
cultivar which in turn is influenced by both the 
environment and management practices 
employed.  

Nowadays, development of the cattle and dairy 
industry is encouraging in the Besut district at 
Terengganu. Many farmers are involved in this 
industry on a small and medium scale. Other than 
dependency on dry food for animal feed, farmers 
started to plant Napier grass on their farms to be 
used as fodder for their ruminants. Various planting 
and management techniques as well as Napier 
types were selected by the farmers in this area. 
Observation showed that most farmers are prone 
to plant the Zanzibar Napier grass types in a clump 
technique because of its high yield and easy 
maintenance (Figure 1).  

Although Napier grass is a high-yielding 
fodder, it mines a lot of nutrients in addition to the 
decline of soil fertility (Farrel et al., 2002). The soil 
condition and incorporation of fertilizer input could 
also affect the yield (Rusdy, 2016). The dry matter 
yields are ranged from 20 to 80 tonnes/ha/year 
under high fertilizer input (Skerman and Riveros, 
1990). It is also easily affected by unpredictable 
weather conditions, diseases and pests and poor 
management could result in low dry matter yields. 
Its yield and quality also decline during the dry 
season.  

Fertilizer such as dolomite powder is a type of 

limestone that contains calcium and magnesium to 
provide valuable nutrients to plants and helps 
change the pH of soil by raising it to match the plant 
needs. This type of fertilizer contains 30% Ca 
(OH)2, 22.75% MgO, 0.09% Al2O3 and 0.37% SiO2. 
It's often used in addition to balanced fertilizers, 
particularly with seeding fruit. Calcinit fertilizer 
contains 15.5% total Nitrogen with the addition of 
14.4% Nitric Nitrogen and 1.1% Ammoniacal 
nitrogen. It is also enriched with 19.0% Ca and 
26.5% CaO. It is a free-flowing, fine granular that 
dissolves quickly in water without any residues. 
This type of fertilizer can be mixed up with all other 
water-soluble fertilizers, except stock solutions 
containing either phosphate or sulphate.  

Keical is calcareous fertilizers from limestone, 
calcium carbonate, or other waste of calcium 
products. Keical is manufactured using slag as raw 
material, and SiO2, CaO, Al2O3Is are soil modifiers 
mainly for supplementing alkali and silicic acid. 
Keical contains 40.5% CaO, 4% MgO and 1.2% 
SiO2. It is also enriched with various trace elements 
such as 0.05% Mo, 0.03% Cu, 1.2% ZnO, 4.2% 
P2O2, 5% CuO, 3.50% Mn, 0.5% B2O3 and 0.6% 
F2O3. While Seasol and Powerfeet are organic 
liquid fertilizers and soil conditioners. Seasol is 
made from seaweed concentrate. It is a complete 
soil health treatment that contains plant nutrients, 
trace elements, alginic acid and other bioactive 
compounds that promotes healthy roots, 
encourage inoculation of beneficial soil micro- 
organisms, stimulate flowering and fruiting and 
help plant copes with stresses like heat, drought, 
frost and pest and disease attack. While 
PowerFeed is a fish-based fertilizer fortified with N, 
P and K in the ratio of 12%: 1.4%: 7% respectively. 
PowerFeed contains dynamic soil conditioners in 
the form of humic acid that works at very low rates 
and is literally like adding liquid composts to the 
soil. PowerFeed also stimulates beneficial soil 
microbial activity and markedly reduces leaching in 
sandy soils. 
Normal practices by farmers in Besut, Terengganu 
area are by using organic material at 400 kg and 
NPK fertilizer at 200 kg/ha/year. Thus, this study 
was conducted on a selected community farm in 
Besut, Terengganu to evaluate their common 
fertilization practice on Napier grass with some 
other fertilization improvements. The addition of 
other fertilizer was hoped to increase the Napier 
growth and yield as well as its nutritional quality to 
be used as a standard and quality fodder for dairy 
and cattle ruminants. Several types of fertilizers 
such as Dolomite, Calcinit, Keical, Seasol and 
Powerfeet that are commonly used and readily 
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available in the market were tested for Napier grass fertilization in this study.

 
 

Figure 1: Zanzibar Napier grass plant in a clump technique 
MATERIALS AND METHODS 
 
Preparation and management of experimental 
materials  

A field experiment was conducted at UniSZA 
Community Field at Kampung Kubang Depu, 
Besut Terengganu with 5°43’10 North latitude 
and 102°29’51 East longitude. The experimental 
plot is located in a Tropical humid zone, with a 
clay soil texture and average minimum and 
maximum temperatures of 23.9°C and 32.2°C 
respectively. The stem cuttings of Zanzibar 
Napier cultivar were collected from the local 
source. The Napier grasses were planted on the 
seedbed in a clump system (1m x 1m quadrate) 
consisting of 5 plants per clump with a planting 
distance of 1m between every clump. The 
grasses were planted by stem cutting about 20 
cm in length and placed 45° from the ground level 
with half of the nodes buried in the soil and other 
nodes left exposed for tiller emergence. All 
clumps were watered once a day and basal 
fertilization applied were NPK 15-15-15 
compound fertilizer (YaraMila™) and goat’s dung 
at the same rate of 80 g and 20 kg respectively. 
There were five treatments with T1 was control 
with NPK compound fertilizer and goat dung while 
other treatments were enriched with other types 
of fertilizer as stated in Table 1. Fertilizer 
enrichment was given on 2nd week after sowing 
and 1 week after subsequent harvesting. Plant re-

growth was harvested 45 days after fertilization 
for further analysis.  
 
Table 1. Five different fertilization treatment 
(T1-T5) on Zanzibar Napier grass 

Treatment T1 T2 T3 T4 T5 

Goat dung (20 kg) √ √ √ √ √ 

NPK (80 g)  √ √ √ √ √ 

Calcinit (80 g)  √    

Powerfeet (30 mL)   √   

Seasol (10 L)   √   

Keical (40 g)    √  

Dolomite (60 g)     √ 

 
Measurement of Napier Growth, Physiology 
and Yield Parameters 

Growth and physiological parameters were 
taken at 45 days of harvesting ages as the plants 
have reached their optimum growth. The 2nd 
cutting Napier grasses were used as 
experimental materials by cutting 20 cm above 
ground level from randomly selected plants from 
the clumps. Growth parameters (plant height, 
stem diameter, number and size of leaves) and 
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physiological parameters (chlorophyll content) 
were recorded before harvesting. The leaf size 
was measured using LI-3100C Area Meter while 
the chlorophyll content was measured in 
Chlorophyll Content Index (CCI) using CCM-200 
plus Chlorophyll Content Meter. Measurement for 
yield was made by cutting all plants from 
randomly selected clumps for every treatment at 
45 days of harvesting ages. The Napier grasses 
were measured separately for leaves and stems. 
The grass yield obtained from sampling was oven 
dried (Protech FDD-1000) at 65oC for 72 h until a 
constant weight was achieved. The total dry 
matter biomass was calculated as dry matter 
(DM)/plant and the value of DM/ha/cut and 
DM/ha/year were extrapolated. The extrapolated 
values were calculated based on the information 
of the commonly planting method that 1 hectare 
could be planted with 7907 Napier grass with 6 
times harvesting for a year. 
 
Proximate composition of Napier grass 

Proximate analysis of Napier grass 
sample was conducted to determine the 
moisture, ash, crude protein, carbohydrates, 
crude fat, crude fibre and energy contents 
according to AOAC (2000). Moisture content was 
determined by oven-drying method while ash 
content was determined by furnace drying. Crude 
protein (N=6.25) was determined by Kjeldahl 
method and crude fat by Soxhlet method. Total 
carbohydrate was determined by calculation in 
which the total amount of crude fibre, ash, protein 
and fat were deducted from 100%. Energy values 
were calculated using Atwater’s conversion factor 
(4 x % Protein + 9 x % Fat + 4 x % Carbohydrate) 
and expressed in kcal/100g as described by 
Agbon et al. (2010).  
 
Mineral Analysis of Napier grass 
Mineral analysis was done on the leaf sample as 
the leaf is more digestible and contains a higher 
level of nutrients and less fibre than the stem. 
Sample preparation was done by the standard 
method of drying the homogenized leaves and 
ground for further chemical analysis. The macro 
minerals (N, P, K, Mg and Ca) and micro minerals 
(Fe, Zn, Mn and Cu) content of Napier grasses for 
every treatment were determined. The element of 
N was measured using Kjeldahl method. 
Standard solutions of macro and microelements 
were prepared from the stock solution (1000 
mg/L) and diluted to 1-10 mg/L using ultrapure 
water. The leaves sample were blended into 
powdered form and 1.0g of powdered samples 

were subjected to ashing overnight and digested 
using 2 mL concentrated hydrochloric acid and let 
evaporated until dried on a hot plate 
(approximation temperature ~ 100°C). Then 10 
mL of 20% nitric acid were poured into digested 
samples and incubated in the water bath at a 
temperature of 70°C for 1 hour. The digested 
samples were filtered using Whatman filter paper 
no. 2 and marked up the volume to 100 mL with 
ultrapure water. The digested sample solutions 
were analyzed using an inductively coupled 
plasma optical emission spectrometer with an 
axially-viewed configuration (ICP-OES, Optima 
8300, Perkin Elmer). The mineral content was 
expressed as in dry matter (DM).    
 
Data Analysis 
The experiment was laid out in a completely 
randomized design (CRD) consisting of 5 
replications of clumps for five treatments. The 
experiment was repeated for three cycle of 
growing. Data analysis was done using a one-
way analysis of variance (ANOVA) from SPSS 
version 21. The difference between treatment 
means was measured using Duncan’s multiple 
comparisons at P<0.05. 

 
RESULTS 
 
Growth and Physiology Parameters of 
Zanzibar Napier 
The results showed that the addition of other 
fertilizers (T2-T5) to the common practice of using 
organic material and NPK fertilizer (T1) had 
significantly increased Napier growth (Table 2). 
The increased number of the leaf was not 
significant, however the number of stem and leaf 
area was significantly increased (p < 0.05) 
between treatments. Compare to control (T1), T4 
showed the highest number of the stem with an 
increment of 18%, T2 showed the highest leaf 
area with an increment of 22% and T5 showed 
the highest stem diameter with an increment of 
12%. 
The addition of fertilizer in T2 to T5 has also 
increased the leaf chlorophyll content index 
(Figure 2). Compared to T1, T2 showed the 
highest CCI with an increment of 11%, followed 
by T5 (9%), T4 (6.5%) and T3 (5.7%). The results 
for T2 were not significant to T5 while T3 was not 
significant to T4. Meanwhile, the result in Figure 
3 showed that the increasing trend of CCI 
between different treatments was correlated to 
the plant leaf area (r=0.95). 
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Table 2. Growth parameters for a clump of Zanzibar Napier grass as affected by different fertilizer 
treatment. 

Treatment Number of Leaf Number of Stem Leaf Area (cm2) Stem diameter (cm) 

T1 239 ± 4.96a 17 ± 0.40a 205.72 ± 3.76a 6.17a ± 0.12a 

T2 244± 4.86a 19 ± 0.47bc 251.41 ± 6.72d 6.49ab ± 0.14ab 

T3 243 ± 5.12a 18 ± 0.34b 220.14 ± 4.46b 6.37a ± 0.11a 

T4 248 ± 5.45a 20 ± 0.6c 245.16 ± 6.20cd 6.84bc ± 0.10bc 

T5 251 ± 5.12a 19 ± 0.51c 230.77 ± 4.81bc 6.93c ± 0.15c 

Data indicates mean ± Standard error. Means with the same letters are not significantly different within treatments at 
P< 0.05 Duncan’s multiple comparisons, n=5. T1 (goat dung + NPK), T2 (goat dung + NPK + Calcinit), T3 (goat dung 
+ NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + Dolomite); Goat dung= 20kg, NPK= 80g, 
Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 40g, Dolomite= 60g.  

 
 
Figure 2. Chlorophyll content index (CCI) of the leaf of Zanzibar Napier grass for different fertilizer 
treatments (T1-T5). The vertical bar represents the standard error of the mean. Different letters 
indicate significantly differences (P < 0.05), n=5.  T1 (goat dung + NPK), T2 (goat dung + NPK + 
Calcinit), T3 (goat dung + NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + 
Dolomite); Goat dung= 20kg, NPK= 80g, Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 
40g, Dolomite= 60g.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Correlation between the leaf chlorophyll content index and leaf area of Zanzibar Napier 
grass for different fertilizer treatments (T1-T5). T1 (goat dung + NPK), T2 (goat dung + NPK + 
Calcinit), T3 (goat dung + NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + 
Dolomite); Goat dung= 20kg, NPK= 80g, Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 
40g, Dolomite= 60g.  
Dry matter yield of leaf, stem and plant 
biomass 

The addition of different fertilizers was 
found to give different impacts on the DM yield 
of different plant parts of Napier grass (Table 3). 
It was recorded that the DM yield of stems was 
higher than leaves and its value does affect the 

total plant DM biomass.  T5 showed the highest 
DM weight of stems and biomass for a plant as 
well as the extrapolated value of DM 
yield/ha/cut and DM yield/ha/year followed by 
T2, T4, T3 and T1 (Table 4). However, the leaf's 
DM yield and LSR ratio of T2 were higher 
compared to T5.

Table 3. Dry weight of different plant part for a clump of Zanzibar Napier grass at different 
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treatment. 
Treatment Dry Weight (g/plant) 

 Leaf Stem Biomass 

T1 333.99 ± 6.75a 472.29 ± 10.24a 806.28 ± 13.25a 

T2 607.72 ± 2.01d 621.61 ± 11.07c 1229.32 ± 12.75d 

T3 457.88 ± 9.61b 523.07± 15.49b 980.95 ± 11.27b 

T4 514.74 ± 8.81c 645.21 ± 15.13c 1159.96 ± 6.33c 

T5 599.58 ± 2.23d 656.35 ± 13.42c 1255.93 ± 14.83d 

Data indicates mean ± Standard error. Means with the same letters are not significantly different between treatments 
at P< 0.05 Duncan’s multiple comparisons, n=3. T1 (goat dung + NPK), T2 (goat dung + NPK + Calcinit), T3 (goat dung 
+ NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + Dolomite); Goat dung= 20kg, NPK= 80g, 
Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 40g, Dolomite= 60g.  
  
Table 4. Extrapolated dry matter yield and leaf to stem ratio of Zanzibar Napier grass at different 
treatment 

Treatment Dry Matter Yield (T/Ha/cut) Dry Matter Yield (T/Ha//Year) Leaf-to-Stem Ratio 

T1 6.38 ± 0.10a 38.25 ± 0.63a 0.71 ± 0.02a 

T2 9.72 ± 0.10d 58.32 ± 0.60d 0.98 ± 0.02d 

T3 7.76 ± 0.09b 46.54 ± 0.53b 0.88 ± 0.04bc 

T4 9.17 ± 0.05c 55.03 ± 0.30c 0.80 ± 0.03b 

T5 9.93 ±  0.12d 59.58 ± 0.70d 0.91± 0.02cd 

Data indicates mean ± Standard error. Means with the same letters are not significantly different between treatments 
at P< 0.05 Duncan’s multiple comparisons, n=3. T1 (goat dung + NPK), T2 (goat dung + NPK + Calcinit), T3 (goat dung 
+ NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + Dolomite); Goat dung= 20kg, NPK= 80g, 
Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 40g, Dolomite= 60g. 

 
 
Proximate and mineral analysis of Zanzibar 
Napier 

The proximate analysis showed that there 
was some improvement in the proximate 
composition of Napier grass as affected by 
different fertilizer treatments (Table 5). Moisture 
content increase was not significantly different 
between the treatments, with nearly the same 
moisture content for all treatments at an 
average of 79.06%.  However, there are 
differences in the value of other proximate 
compositions between the treatments. The 
composition of ash, protein and energy 
contents were increased while the value of 
crude fibre and total carbohydrate was 
decreased with the addition of other fertilizers 
(T2-T5) compared to the common fertilization 
technique (T1). T2 showed the highest ash, 
crude protein, crude fat and energy contents,  
 

 
 
 
whereas T5 showed the highest crude fibre 
content and T4 exhibited the highest total 
carbohydrate content.   

The addition of other fertilizers (T2-T5) has 
increased the macro minerals composition in 
the leaves of Napier grass compared to control 
(T1), (Table 6). T2 showed the highest 
concentration of N, P and Ca, T5 showed the 
highest Mg content and T3 showed the highest 
K content but the lowest N, P, Ca and Mg 
compared to T2, T4 and T5. Meanwhile, the 
increased concentration of microelements in 
response to different treatments was significant 
for Zn, Mn and Cu but contrast results were 
obtained for Fe (Table 7). T2 showed the 
highest Fe content while T4 accumulated the 
highest Zn, Mn and Cu content but the lowest 
Fe content compared to T2, T3 and T5. 
Compared to control (T1), the micro-minerals

concentration of Fe was increased up to 45% 
Fe (T2), 43% Zn (T4), 49% Mn (T4) and 39% 

Cu (T4).
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Table 5. Proximate composition (%) for different treatments of Napier grass leaf part.   
Treatment Proximate Composition (%) 

Moisture Ash Crude Protein Crude Fibre Crude Fat Total 

Carbohydrate 

Energy 

(kcal/100g) 

T1 79.01±3.36a 7.49±0.31a 8.05± 0.81a 39.06±0.14a 0.97±0.04a 44.43 ±0.66c 218.68± 0.90a 

T2 78.52±3.24a 8.53±0.14b 17.59± 2.51c 34.93 ± 1.4a 1.95±0.38b 36.99 ± 3.69a 235.92± 3.94b 

T3 79.02±4.70a 8.11±0.5ab 11.27± 1.10ab 35.75±0.16ab 0.85±0.04a 44.02±1.15c 228.77±0.26ab 

T4 79.04±3.44a 8.27±0.31b 12.65±0.56abc 35.03a± 0.05a 0.83±0.04a 43.23±0.89bc 230.93±1.45ab 

T5 79.71±3.37a 8.45±0.25b 15.62± 1.91bc 36.41±1.76ab 1.71±0.21b 37.81±0.77ab 229.10±7.03ab 

Data indicates mean ± Standard error. Means with the same T1 (goat dung + NPK), T2 (goat dung + NPK + Calcinit), 
T3 (goat dung + NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + Dolomite); Goat dung= 
20kg, NPK= 80g, Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 40g, Dolomite= 60g.  
 letters are not significantly different between treatments at P< 0.05 Duncan’s multiple comparisons, n=3.  

 
 
 
Table 6. Macro minerals composition (g/kg DM) for different treatments of Napier grass leaf part. 

Treatment 
Macro mineral composition (g/kg DM) 

N P K Ca Mg 

T1 12.88 ± 1.30a 10.91 ± 0.19a 14.11 ± 2.06a  8.11 ± 1.48a  3.13 ± 0.30a 

T2 28.15 ± 4.02d 14.12 ± 0.14a  15.51 ± 2.91a  12.79 ± 0.38b  3.67 ± 0.08a  

T3 18.03 ± 1.76ab 11.94 ± 0.26a 19.67 ± 2.74a  10.26 ± 0.32ab  3.64 ± 0.22a  

T4 20.23 ± 0.89abc 12.30 ± 1.05a  17.35 ± 3.09a  12.30  ± 0.33b 3.78 ± 0.38a  

T5 24.99 ± 3.05bc 12.82 ± 1.88a 16.15 ± 2.61a 11.27 ± 0.72b 4.27 ± 0.58a  

* N= Nitrogen, P= Phosphorus, K= Potassium, Mg= Magnesium, Ca= Calcium 
Data indicates mean ± Standard error. Means with the same letters are not significantly different between treatments 
at P< 0.05 Duncan’s multiple comparisons, n=3. T1 (goat dung + NPK), T2 (goat dung + NPK + Calcinit), T3 (goat dung 
+ NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + Dolomite); Goat dung= 20kg, NPK= 80g, 
Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 40g, Dolomite= 60g.  

 
 
Table 7. Micro minerals composition (g/kg DM) for different treatments of Napier grass. 

Treatment 
Micro Mineral composition (mg/kg DM) 

Fe Zn Mn Cu 

T1 21.63 ± 3.97a  20.47 ± 0.56a  22.54 ± 0.92a 6.58 ± 0.25a   

T2 31.26 ± 4.0a  28.33 ± 0.46c  30.80 ± 0.78bc  7.36 ± 0.27ab   

T3 26.87 ± 3.48a 23.38 ± 0.68b  28.25 ± 1.03b 8.23 ± 0.36bc   

T4 26.19 ± 3.33a 29.24 ± 0.3c 33.60 ± 0.91c 9.17 ± 0.44c   

T5 27.96 ± 2.37a  21.18 ± 0.76a 27.03 ± 2.50b 8.61 ± 0.42c 

* Fe= Iron, Zn= Zinc, Mn= Manganese, Cu= Copper, B= Boron 
Data indicates mean ± Standard error. Means with the same letters are not significantly different between treatments 
at P< 0.05 Duncan’s multiple comparisons, n=3. T1 (goat dung + NPK), T2 (goat dung + NPK + Calcinit), T3 (goat dung 
+ NPK + Powerfeet + Seasol), T4 (goat dung + NPK), T5 (goat dung + NPK + Dolomite); Goat dung= 20kg, NPK= 80g, 
Calcinit= 80g, Powerfeet= 30mL, Seasol= 10mL, Keical= 40g, Dolomite= 60g.  

 
 
DISCUSSION 

The results showed that Napier grass 
growth, physiology, yield and quality were easily 
affected by nutrient content in the soil. The 
addition of other fertilizers (Dolomite, Calcinit, 

Keical, Seasol and Powerfeet) to common 
fertilization techniques (organic material plus 
NPK 15-15-15 compound fertilizer) has increased 
Napier grass growth and physiology. As in 
Figures 1 and 2, fertilizer enrichment has 
increased leaf CCI and plant leaf area. This result 
is in agreement with Mortola et al. (2019) who 
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stated that the improvement of leaf CCI is 
correlated to leaf area and this could probably 
happen due to the nitrogen level in the soil. 
Chlorophyll is the main pigment for 
photosynthesis which is an important source of 
energy for plant growth. Chlorophyll synthesis 
requires many elements such as nitrogen and 
phosphorus from soil (Freeden et al., 1990). To 
some extent, chlorophyll content could reflect the 
photosynthesis rate of plants thus reflecting the 
plant growth as well. 

Meanwhile, the DM yield of Napier grass 
was also increased based on different 
treatments. Even though T5 showed the highest 
DM biomass for a plant and extrapolated DM 
yield/ha, T2 showed the highest leaves DM yield. 
This is probably due to the value of leaf CCI and 
leaf area of T2 that were higher than T5. The 
number and size of the stem might also reflect a 
higher DM yield of the stem in T5. Fertilizer 
enrichment in T2 and T5 were extrapolated to 
increase DM yield/ha/year for an average of up to 
54%. The use of the common fertilization 
technique (T1) showed almost the same result as 
recorded by Zailan et al. (2016) but slightly higher 
than Haryani et al. (2018) for the DM yield/ha/cut. 
According to Rusdy (2016), the productivity of 
Napier grass depends on the climate, soil 
condition and planting management. Inadequate 
or no fertilizer application could affect the yield of 
Napier grass while high fertilizer application could 
give yield in a range of 20- 80 t/ha/year DM 

(Skerman and Riveros, 1990) and it is in 
agreement with our findings.  

Leaf to stem ratio is the criterion for 
evaluating the quality of pasture. The higher 
proportion of leaves compared to stems indicate 
a better nutritive quality as leaves contain a 
higher level of nutrient and are less fibrous 
compared to stems fraction (Zailan et al., 2016). 
Zanzibar Napier is classified as the tall type of 
Napier grass because of the plant height that 
exceeds 130cm compared to the short types that 
are shorter than 90 cm (Halim et al., 2013). The 
study by Zailan et al. (2016) found that the tall 
types of Napier cultivar recorded LSR values 
ranging from 0.74 to 1.84 which is parallel to our 
results.  

Apart from yield improvement, nutritional 
composition is another important factor that 
needs to be observed. Determining the nutritive 
value of grass forage is crucial in livestock 
nutrition as they are related to effective livestock 
production (Schut et al., 2010). The results of ash 
content in this study were almost in the same 

range as the studies by Kamaruddin et al. (2018; 
2020) which were also conducted in the area of 
Besut, Terengganu. Determination of moisture 
and ash is important for the implication of the 
fodder quality, microbial stability, food processing 
and nutrient labeling (Mc Clements and Decker, 
2009). Moisture content represents the index 
quantity of water in the plant and is being used as 
a scientific parameter because changes in 
moisture content could affect the weight and also 
the taste and texture of the feed. While ash is 
considered as the total mineral or inorganic 
content in the sample.  

The crude protein content is an important 
indicator for high-quality forage. Protein is an 
important element for ruminant physiological 
growth and development including appetite, 
muscle growth, reproduction system, and 
maintenance of body function including 
absorption, transport and metabolism of trace 
elements (Rasby et al., 1991; Solaiman, 2006x). 
Previous studies by other researchers showed 
that the range of protein content of Napier grass 
should vary from 4.4 % to 20.4 % with a value of 
mean around 12 % (Rusdy, 2016). Meanwhile, 
the critical level of crude protein that is necessary 
for voluntary ruminants feed intake in sustaining 
the rumen microflora should exceed 7% 
(Lazzarini et al., 2009). 

In contrast, feeding diets with low or 
inadequate protein levels (≤ 7%) may negatively 
impact ruminant's function and productivity. 
Concentrate fodder is mostly containing around 
12-20% crude protein composition to fulfill the 
15% crude protein need for ruminants in normal 
state conditions and 16-19%  in lactating and 
milking ruminants (Mc Dowell and Arthington, 
2005; Puastuti et al., 2021). Our study showed 
the addition of fertilizer (T2- T5) to the common 
fertilization technique (T1) had significantly 
increased (p<0.5) protein content from 8.05% 
(T1) to 17.59% (T2). This indicates that Napier 
grass forage produced by this method of 
fertilization contains a sufficient amount of crude 
protein for a ruminant diet in the normal state. 
While animals in lactating state only need the 
addition of 2-4% concentrate to meet the optimal 
growth requirements. This is an important fact as 
the production cost on animals concentrate food 
could be reduced to 80% thus increasing farmers’ 
income.    

According to Thapar (2011), crude fibre 
generally consists of hemicelluloses, lignin, 
oligosaccharides, pectin, gums, and waxes. Its 
contents could affect the ruminant body weight as 
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it is a dietary fundamental to the ruminant 
digestion system (Hsu et al., 1991; Thapar, 
2011).  Besides, crude fibre also indicates the 
fraction commonly used in evaluating the 
carbohydrate content of ruminant feeds. It is 
important as carbohydrate makes up 65 % to 75% 
dry weight of most forage thus supplying most of 
the energy required by ruminant (Guyer et al., 
1997). Other than carbohydrates, fats are another 
important nutrition as source of energy for normal 
life processes. The low level of fat content is 
important for proper rumen feeding to avoid off-
feed problems (Grant and Kononof, 2007). The 
fat content needed by cattle is generally low 
which is less than 3% diet dry matter and more 
than 6% fat in the total diet should be avoided.  

Our study showed that fertilizer enrichment 
had significantly increased protein and energy 
levels but decreased carbohydrate content in 
Napier grass. The result of low carbohydrates 
does not give serious harm as energy is the main 
driving force of animal metabolism. Sufficient 
nitrogen and degradable protein supplied 
maximize energy digestibility and feed intake by 
ruminants (Alderman and Cottril, 1993). The bulk 
of dry matter in plants is made up of protein, 
carbohydrates and fat which is used by animal 
cells to convert into various forms of energy.  This 
energy is used for many functions in animal 
metabolism such as for mechanical work of 
muscles, synthesis of macromolecules from 
simpler molecules, and for providing heat (USDA, 
1997). Different kinds of animals whether from 
various breeds or different growth developmental 
stages have different nutritional and energy 
requirements. The factors of genetics, 
physiological state, environmental and forage 
quality and quantity affect the energy needs of 
ruminants to meet the requirements of their basal 
metabolism (Mc Dowell and Arthington, 2005). 
This study showed that fertilizer enrichment on 
Napier grass could increase the forage energy 
level which is a good indicator for a good 
nutritional forage to fulfil the various requirement 
of energy needed by ruminants.  

Meanwhile, mineral compositions in soil are 
very important for optimum plant and ruminant 
physiologically growth and development. 
Minerals are needed for many metabolic 
processes and functions of an animal’s body.  
The highest nutritional requirements needed by 
dairy cattle and ruminants are for their growth and 
body functional maintenance including lactation. 
Some minerals are needed in large quantities 
(macronutrients) and some in much smaller 

quantities (micronutrients). Based on a practical 
view, three (N, P and K) of the six macronutrients 
(N, P, K, Mg, Ca and S) are most often limited in 
soil and managed by the addition of fertilizers 
while the others are most often found in sufficient 
quantities in most soils. However, all minerals 
whether macronutrients or micronutrients must 
be adequate to plant needs as most growth-
limiting nutrients will limit growth, no matter how 
favourable the nutrient supply of other elements.  

The addition of other fertilizers in this study 
was also intended to increase mineral content 
such as nitrogen, calcium and magnesium in the 
soil thus could increase plant growth, yield and 
nutrients of the Napier grass to be used as higher 
quality forage for ruminants. The macronutrients 
(N, P, K, Ca and Mg) concentrations in Napier 
grass are varied between treatments. Nitrogen is 
the constituent of amino acids and proteins and is 
a component of nucleotides and nucleic acids 
(Grusak, 2001). They are really important for the 
production of crop biomass as well as to support 
tissue growth and milk production of dairy and 
cattle ruminants. In contrast, the value of N and K 
in this study were higher while P was almost in 
line with the report by Rahman et al. (2019) and 
Turano et al. (2016). Meantime, the average 
concentration of  Ca in this study is 10.95 g/kg 
DM and Mg is 3.70 g/kg DM is high and passed 
the minimal recommended requirement for 
ruminants which are 3.0 g/kg DM and 2.0 g/kg DM 
respectively (Mc Dowell and Arthington, 2005). 
Calcium is a vital component in the ruminant diet 
as it is required to be supplemented in daily feeds 
for the development of skeleton structure, 
especially bone and tooth. Instead, a deficiency 
of the element may contribute to poor milk 
production or even worse death as they are 
exposed to hypocalcemia and milk fever (Yusoff, 
2010)   

Micronutrients are often required as 
cofactors for enzyme activity and metabolism 
which regulate plant growth and development. A 
deficiency of any one of them may result in 
decreased plant productivity and/or fertility. 
Similar animals such as dairy and cattle 
ruminants need micronutrient elements for their 
cellular activity and metabolism. T4 showed the 
highest Fe concentration (31.26 mg/kg DM) 
which would supply the normal critical 
requirement for ruminants (30 mg/kg DM) (Mc 
Dowell and Arthington, 2005).  Meanwhile, T2 
and T4 showed the Mn composition that also 
passed the normal critical requirement for 
ruminants (30 mg/kg DM) (Mc Dowell and 
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Arthington, 2005).  However, Zn and Cu 
compositions by different treatments were slightly 
lower than the critical requirement for ruminants 
which is 30 and 10 mg/kg DM respectively (Mc 
Dowell and Arthington, 2005).   

This study has tested several fertilizers that 
are sold in the market to be used as value-added 
fertilizer on standard fertilization techniques to get 
optimum growth and yield as well as more 
nutritious Napier grass for ruminants. The use of 
Dolomite in this study was aimed to enrich the 
composition of Ca and Mg in Napier grass to 
increase the grass quality to be more nutritious 
forage, especially for dairy and cattle ruminants. 
Meanwhile, Calcinit is a fully water soluble 
nitrogen and calcium fertilizer. The use of Calcinit 
could strengthen the plant cell wall strength 
and help the plant tolerate disease and insect 
infection. It also acts as a soil conditioner to 
maintain soil structure thus helping to maintain an 
optimum root environment for high-yielding crops. 

Keical is common to use with other fertilizers 
because calcium is a material that does not 
contain any of the three elements of fertilizer (N, 
P and K). However, it is very efficient as a source 
of silicon and soil conditioner which has the 
potential to mitigate environmental stresses and 
soil nutrient depletion and as an alternative to the 
extensive use of NPK fertilizers for maintaining 
sustainable agriculture (Guntzer et al., 2012). In 
comparison, Keical contains more micro minerals 
compared to other fertilizers. However, Dolomite 
has shown better results perhaps because of the 
mixture and ratio of Ca and Mg that are higher 
and balanced in that fertilizer. Calcinit application 
has shown impressive results compared to 
Dolomite might because this fertilizer has more 
nitrogen and calcium contents.  

Organic fertilizers such as goat dung, Seasol 
and Powerfeet usually contain plant nutrients in 
low concentrations compared to chemical 
fertilizers. These nutrients have to be converted 
into inorganic forms by soil bacteria and fungi 
before plants can use them. Organic fertilizer is a 
slow-release fertilizer that releases a small, 
steady amount of nutrients over a course of time. 
This type of fertilizer stays longer in the soil and 
is a save greener approach compared to the use 
of chemical fertilizer that is quickly released but 
could easily leach out from the soil and produce 
more harm to the environment. The nature of the 
slow release reaction might be the cause of 
organic fertilizer to produce lower results 
compared to the use of other chemical fertilizers 
in this study. A comparable study in terms of 

application frequency, doses and effectiveness of 
organic and chemical fertilizer should be done for 
a longer period. Over time, the use of organic 
fertilizer might produce better results on plant 
yield and nutrition as well as soil condition 
compared to chemical fertilizer as beneficial 
microbes will successfully colonize and function 
well in that particular area. 
 
CONCLUSION 

The greatest challenge associated with 
successful forage production and livestock 
management is animal nutrition. Understanding 
the complex issues that influence forage 
nutritional values and production and animal 
nutritional demand is the key to successful 
planning and management of the ruminant 
livestock industry. It is essential to give the 
animals good quality of feed especially pastures 
because the development of dairy and cattle 
ruminant industries depends largely on the 
successful establishment of improved pastures. 
The practice of planting Napier grass by farmers 
can save on feed costs and reduce dependence 
on concentrate. A good planting system including 
fertilization can increase yield, prolong life and 
maintain the overall performance of Napier grass 
thus providing optimal returns to farmers. The 
standard fertilization technique for Napier grass 
usually uses N, P and K fertilizer together with 
urea to maintain plant growth before harvesting. 
However, the cultivation of forage species must 
take into consideration of the yield, digestibility 
and nutrient composition.  

In terms of Napier growth, physiology and 
dry matter yields, the addition of Dolomite, 
Calcinit, Keical, Seasol and Powerfeet had a 
significant impact on Napier grass. The results for 
proximate and mineral analysis were also 
significantly increased. Overall, T2 (Calcinit) 
showed almost the same performance as T5 
(Dolomite) while T3 (Seasol and Powerfeet) 
showed almost the same performance as T4 
(Keical). T2 and T5 showed the best performance 
in increasing Napier growth, yield and nutritious 
value while T3 and T4 showed and average 
results. The use of Dolomite (T5) showed the 
highest increment of Napier grass stem size and 
DM biomass compared to the use of other 
fertilizers. However, the results of LSR, proximate 
and minerals analysis showed that the use of 
Calcinit (T2) is better than Dolomite and more 
recommended to be practiced for Napier grass 
fertilization for preparation of dairy and cattle 
ruminants forage. Fertilizer enrichment in this 
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study especially treatment with Calcinit has 
successfully increased 52% of DM yield/ha/year. 
Moreover, the minerals, protein and energy 
content values that are important for animal daily 
uptake were also increased. This sufficient 
amount of yield and nutritious forage could 
reduce dependency and uptake of concentrate 
fodder thus reducing the food and production 
cost.  
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