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Abstract

A study was undertaken from January to April 2021 in a commercial dairy farm in Iringa,
Tanzania, to determine the effects of applying different types of fertilizers on the agronomic
characteristics of Chloris gayana (Rhodes grass). Four types of fertilizers, namely cattle farm
yard manure (CFYM), blended Nitrogen, Phosphorus, Sulphur, and Zinc (NPSZn), Sulphate of
Ammonium (SA), and Urea, were applied in experimental plots using six different combinations
in a Completely Randomized Design (CRD). The combinations were control (T1) with no
fertilizer, CFYM alone (T2), CFYM and NPSZn (T3), NPSZn alone (T4), NPSZn with SA (T5),
as well as NPSZn with Urea (T6) allocated in four replications per treatment. The physical and
chemical properties of the soil in the experimental plots and the CFYM were also determined. The
application of the fertilizers followed the protocols of the manufacturers. The seeds of C. gayana
were broadcasted in all the experimental plots at a rate of 20 kg/ha. On the 90th day, forages
in their respective sub-plots were clipped to obtain representative samples for the determination
of the agronomic characteristics. Parameters considered were plant population (PP), number of
tillers per plant (NTPP), stem height (SH), number of leaves per plant (NLPP), leaf length per
plant (LLPP), leaf width per plant (LWPP) and stem diameter (SD). Results showed that the soil
texture was primarily sandy clay loam. The soil and manure contained total N (%) of 0.15 and
1.76 respectively. The amounts of extractable P (mg/kg) in soil and manure were 3.38 and 40.35,
respectively. The study showed that the plots fertilized by a combination of NPSZn and Urea (T6)
produced the highest (p<0.05) mean values of PP (85.7 plants/m?), NTPP (24.5), SH (136.6 cm),
NLPP (6.9), LLPP (40.9 cm), LWPP (1.5) and SD (3.1 mm) compared with other fertilizers. The
control treatment (T1) with no fertilizer application had the least (p>0.05) mean values of PP
(27.6 plants/m?), NTPP (5.3), SH (53.9 ¢m), NLPP (3.7), LLPP (23.4 cm) LWPP (0.5) and SD (1.5
mmy). It is concluded that a mixture of blended NPSZn and Urea could improve the soil fertility and
hence promote the growth parameters of C. gayana. Further studies to determine biomass yield
and quality of the forage fertilized with different fertilizers under similar soil and environmental
conditions are recommended.
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Introduction is faced with several challenges, the major ones

Recently, the productivity of pastures
in both quality and quantity in natural
grassland has been deteriorating, making forage
farming common and of significant importance
in the tropics and sub-tropic regions (Rao et al.,
2015). Pasture farming in developing countries

being poor soil fertility attributed to inadequate
use of fertilizers, continuous cropping systems
and variations in climate (Lutatenckwa et al,
2021). It has been shown that most soils have
lost important fertility capacity and require
good management for sustainable yield (Stewart

Tanzania Journal of Agricultural Sciences (2024) Vol. 23 No. 1, 48-60



49 Tembo et al.

et al., 2020). Soil fertility could be improved in
different ways, notably fertilizing pasture with
animal manure or any other organic fertilizers,
use of inorganic fertilizers, or a mixture of
inorganic and organic fertilizers (Panchaban
et al., 2000; Bader et al, 2021; Mteta et al.,
2022). It is of great importance therefore to
investigate the means for increasing biomass
from cultivated pasture through the application
of appropriate types of fertilizers.

Fertilization is one of the pasture
management practices commonly used for
improving grass growth and development.
Fertilization with manure on its side has
paramount importance  for  successfully
enhancing soil fertility and improving soil
physical characteristics by adding the major
and minor plant nutrients, notably Nitrogen (N),
Phosphorus (P), Potassium (K), Calcium (Ca)
and Magnesium (Mg) (Panchaban et al., 2000).
These nutrients are useful in the establishment
of grasses for good agronomic characteristics,
high yield and nutritive values (Gezahagn et
al, 2017). It is generally known that plants
have different responses to various types of
fertilizers and rates of application. However, the
appropriate selection of the type, rate, and time
for fertilizer application on the forage for its
optimal growth are scarcely documented.

Therefore, this study aimed to evaluate
the influence of types of fertilizers on the
performance of C. gayana in terms of
agronomic characteristics to come up with
recommendations on the appropriate fertilizer
combinations to be applied for increasing
pasture production in a selected farm in Iringa
region of Tanzania.

Materials and methods
Description of the study area

The study was carried out at Matembo
pasture farm, owned by ASAS Dairies Company
LTD in Iringa region of Tanzania. The farm is
located 20 km East of Iringa Municipality at
Kising’a Ward in Matembo village. It is situated
between latitudes 6 to 7°37°6” South of the
Equator and longitudes 34 to 35°47°41” East of
Greenwich, with an altitude between 1300 and
2800 meters above sea level (Fussi, 2010 and
Massawe, 2011).

Experimental design and treatments

The experiment followed a Completely
Randomized Design (CRD) with six (6) different
types and combinations of fertilizers. The
fertilizer applications used were control (T1)
with no fertilizer application, the cattle farm
yard manure (CFYM) alone (T2), application
of CFYM together with a fertilizer containing
Nitrogen, Phosphorus, Sulphur, and Zinc
(NPSZn; T3), NPSZn alone (T4), NPSZn mixed
with Sulphate of Ammonium (SA; T5) and
NPSZn mixed with Urea (T6). Each treatment
was replicated into four, making a total of 24
sub-plots.

Source and preparation of fertilizers

The cattle farm yard manure (CFYM) was
collected from the cattle house on the farm
and heaped in one place for a period of 90
days, from October to December 2021. It was
covered with a polythene sheet to reduce losses
of nutrients, which could happen when exposed
to direct sunrays and rainfall or humidity.
The CFYM used was taken from the same
batch because different batches could contain
different concentrations of nutrients depending
on sources, types of feeds eaten by the animals,
and storage as reported by Murwira ef al,
(1995). Prior to the application, a representative
sample of CFYM was collected and submitted
to the Soil laboratory of the Sokoine University
of Agriculture (SUA) for analysis of physical
characteristics and chemical composition. The
SA and Urea were bought from the fertilizer
companies found in the Iringa region, while
NPSZn was ordered from a supplier found
in Dar es Salaam. The mineral composition
of the inorganic fertilizers according to the
specifications of the manufacturers and that
determined in the cattle farm yard manure is
shown in Table 1.

Preparation of the experimental plots

An area of 2,835 m?, measuring 63 m x 45
m, was selected, demarcated, cleared, ploughed,
and harrowed at a depth of about 15 cm. Within
the demarcated area, 24 plots with dimensions
of 10 m wide x 10 m length and spaces between
the plots of 1 m within the columns and 0.5
m rows apart from one plot to another were
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Table 1: Mineral composition of the different types of fertilizers

Type of fertilizer Mineral composition (%)

Nitrogen Phosphorus Sulphur Zinc
Urea 46 - - -
SA 21 - 24 -
NPSZn 12 45 5 0.2
CFYM 1.76 40.35 0.02 6.10

formed. Around the periphery, a 1 m width
was left as a path. Representative soil samples
were randomly drawn from the demarcated
experimental area using a 1 m* quadrant, which
was thrown at different sites. The soil samples
were drawn at depths of 0 - 20 cm and 20 - 40 cm
using a soil auger, then mixed thoroughly and
sub-sampled to obtain one composite sample.
The sample was weighed, air-dried and sent to
the soil laboratory of SUA for soil physical and
chemical analyses.

Pasture establishment and management

Prior to the establishment of the pasture,
fertilizers were applied to the demarcated plots
based on the assigned treatments. The rates of
application of CFYM and inorganic fertilizers
were estimated based on the results obtained on
the mineral composition (Table 1). The time and
rates of application of the different fertilizers for
each treatment are presented in Table 2.

germination. Weeding was done using a hand
hoe on the 35th day after sowing. Forty (40)
days after the grass had germinated, SA and
Urea were applied in the respective plots (Table
2).

Data Collection

Weather characteristics

Values of rainfall, temperature, and humidity
recorded in 2019/2020 from four mini
meteorological centers located in different
stations at the farm were collected and
summarised.

Agronomic characteristics

The agronomic characteristics of the
established C. gayana stands were assessed
on the 90th day of the plants' growth.
Representative samples of the plants were
obtained using a 1 m? quadrant, which was
randomly thrown three (3) times in each plot,

Table 2: Time and rate of application of the fertilizers in different treatments and the
calculated amount of the supplied nitrogen

Treatment Time of application Rate (kg/ha)
Sowing Growing N supplied (kg /ha)

T1:Control Nil Nil Nil

T2:CFYM 15 000 Nil 3.21

T3:CFYM+ NPSZn 15 000+130 Nil 18.81

T4:NPSZn 160 Nil 19.20

T5:NPSZn + SA 160 (NPSZn) 143 (SA) 49.23

T6:NPSZn + Urea 160 (NPSZn) 170 (Urea) 97.40

After land preparation and fertilization of
the respective plots, the seeds of C. gayana were
broadcasted in all the experimental plots using
a chest mount hand crank seed broadcaster at a
rate of 20 kg/ha. The sowing of the seeds took
place in mid-January during the rainy season
when the soil had sufficient moisture to enhance

for all the twenty-four (24) plots, making a
total of seventy-two (72) quadrants. The plants
that happened to fall within the quadrant were
clipped 10 cm above the ground using a sickle.
All the clipped plants in each plot were counted
to obtain the plant population (PP). Thereafter,
the clipped plants for each quadrant in each plot
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were packed in separate clean bags and labelled.
A systematic random sampling technique was
employed for the estimation of other agronomic
characteristics. The clipped plants from the
quadrant were spread on the floor, whereby the
first plant was chosen skipping the next two
plants and the third one was selected, and so
on for all plants. The selected plants were used
to determine the numbers of tillers (NTPP),
and leaves (NLPP) per plant by counting. The
length (LLPP) and width (LWPP) of the third
leaf from the newly developing top leaf in each
selected plant were measured as explained by
Wongsuwan (1999) and recorded. The LLPP
was taken from the base of the collar region
of the leaf to the tip of the leaf using a tape
measure. The stem height (SH) was taken from
ground level to the tip of the main stolon. The
diameter of each selected plant stem (SD) was
recorded at the lowest internodes using a vernier
caliper.

Laboratory Analyses

Samples of soil and CFYM were air-
dried in a dust-free screen house. The air-dried
samples were ground to pass through a 2 mm
sieve for physical analysis. The samples were
subsequently oven dried at 70°C to constant
weight. The oven-dried sample of CFYM was
then ground to pass through a 1 mm sieve
using a plant grinder and stored in clean plastic
bags (zip lock bags) at room temperature for
subsequent chemical analyses.

The texture of the soil was measured by the
relative proportions of sand, silt and clay in the
soil, which was determined by the hydrometer
method as per Beretta ef al. (2014) procedures.
The samples of soil and manure were analyzed
for pH using a pH meter at the ratio of 1:2.5 soils:
water as described by McLean (1982). Organic
carbon (OC) was determined using the Walkley
and Black method (Allison, 1965), while
electrical conductivity (EC) was determined
using the ammonium acetate saturation method
as described by Chapman (2016). Total N
in soil and manure was determined by the
Kjeldahl wet digestion-distillation method as
described by Bremner and Mulvaney (1982)
and estimated by titration with standard acid.
The available phosphorus (P) was determined

by the Bray 1 method (Olsen, 1954). The
contents of manganese (Mn**) and zinc (Zn*")
in the soil and manure were estimated following
the procedures given by Lindsay and Norvell
(1978). The exchangeable K*, Ca®, Mg*,
and Na+ were determined using an atomic
adsorption spectrophotometer as described by
Moberg (2001).

Statistical Analysis

Descriptive statistics were used to describe
the weather data, levels of mineral elements
in the soil and cattle farm yard manure. The
collected data on the agronomic characteristics
were entered in coded Excel sheets and then
transferred to the Statistical Analysis System
(SAS, 2010) for Windows analyzed using One-
way Analysis of Variance (ANOVA) and the
New Duncan’s Multiple Range tests (DMRT)
was used to test the significance differences
between pairs of means at (p<0.05). The
following model was used.
Yij =u + Fi + eij

Where:

Yij is the response variable, representing
the forage growth measurement for the i-th
fertilizer type and j-th replicate; u is the overall
mean; Fi is the effect of the i-th fertilizer type;
eij is the random error term. The Fisher’s Least
Significant Difference post hoc test was used
to do the pairwise comparison of the means.
The means were considered to be statistically
significantly different when p<0.05.

Results
Weather characteristics of the study area
The mean monthly (January to May)
trends of rainfall, temperature and humidity
for records collected in the study area for
three consecutive years of 2019 to 2021 are
shown in Figure 1. During the growing season
of 2021, the minimum amount of rainfall was
observed in May while the highest amount was
in January. On the other hand, the observed
temperature was lowest in January and April
and highest in March. The data showed that the
amount of humidity during the same period was
lowest in May and highest in February and kept
decreasing towards the end of the study period.

An International Journal of Basic and Applied Research



Influences of Different Types of Fertilizers on the Agronomic Characteristics of Chloris 52
_ 700
E oo
i 500
400
g 300
200
3 100 ;
° .
January Fobruary M.o‘n‘:m April May
Figurc a: Rainfall
- 30 2 24.5
£ 20 =2 S ——— 22
10 21 215 23 215 22
(]
= January February March April May
Months
Figurc b: Temperature
__ 100 86 78
R 80 74 —— Yeoar 2019
& 9 79 80 78 80 78 —=— Yoar 2020
? 20 —=— Year 2021
£ o0
January February March April May
Months
Figurc ¢: Relative humidity
Figure 1: Weather characteristics of the study area during the years 2019 to 2021
Physical and chemical properties of the soil Agronomic characteristics of C. gayana
and manure The LSmeans of the agronomic

The data on the physical and chemical
properties of soil samples collected from the
experimental plots are presented in Table 3. The
soil was observed to be highly dominated by
sand followed by silt and clay. There were also
some differences in chemical properties between
soil and CFYM (Table 3). The determined
values of organic carbon, total nitrogen, pH,
and extractable P were generally higher in the
CFYM than those of the soil samples, while the
value of CEC was observed to be higher in the
soil sample than in the CFYM. The values of
exchangeable bases that are Ca?", Mg?", K*, and
Na* were observed to be lower in the soil than
in CFYM. The extractable base of SO+ was
observed to be higher in the soil and insignificant
amount in CFYM while that of Zn>* was lower
in the soil than in CFYM. A similar mean value
of extractable Mn2+ was observed in the soil
and CFYM.

characteristics of the established C. gayana as
influenced by the different types of fertilizers
are presented in Table 4. The application of
fertilizers resulted in a high (p<0.0001) increase
in most of the agronomic characteristics of C.
gayana with some variations depending on the
type of fertilizer application. The plots fertilized
by a combination of NPSZn and Urea (T6)
produced the highest (p<0.05) mean values
of all the agronomic characteristics, followed
by those applied by NPSZn and SA (T5). The
mean differences however, between T5 and T6
for the population of the plants (PP), the height
of the stems (SH), and the number of leaves in
each stem (NLPP), were not different (p>0.05).
The control treatment (T1) with no fertilizer
application had the least (p<0.05) mean values
of all the parameters assessed on agronomic
characteristics, followed by those fertilized with
CFYM (T2).

The Lsmeans of stem height (SH) tended
to increase from the control plants (T1) to the
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Table 3: Physical and chemical properties of the soil and cattle farm yard manure (CFYM)

used in the study

Property Soil CFYM
Physical property (%)

Sand 52 NA
Silt 21 NA
Clay 35 NA
Chemical property

Organic carbon (OC, %) 0.57 2.43
Total Nitrogen (TN, %) 0.15 1.76
Extractable Phosphorus (P, mg/kg) 3.38 40.35
Cation Exchange Capacity (CEC, cmol(+)/kg 6.90 4.90
pH 5.68 8.26
Exchangeable bases (cmol(+)/kg)

Calcium (Ca*") 0.54 1.46
Magnesium (Mg?") 0.05 0.39
Potassium (K*) 0.28 0.45
Sodium (Na*) 0.03 0.08
Extractable bases (mg/kg)

Sulphur (SO+*) 2.67 0.02
Zinc (Zn*") 2.30 6.10
Manganese (Mn?") 6.59 7.00

NA = Not applicable

Table 4: LSMeans of agronomic characteristics of C. gayana forage

different treatments

as influenced by the

Treatments Agronomic characteristics
PP NTPP SH(ecm) NLPP LLPP LWPP SD
(cm) (cm) (mm)
T1:Control 27.62¢ 5.25¢ 53.94 3.69° 23.43¢ 0.54° 1.49¢
T2:CFYM+NPSZn  55.62¢ 9.28¢ 92.32¢ 5.54%®  31.59%  0.85" 1.91%
T3:FYM+NPSZn 62.68>  11.25¢  101.49° 5.53®  37.51®% 093> 2.24°
T4:NPSZn 70.34° 14.67>  109.89>  5.58® 3222  1.10°®  2.22°
T5:NPSZn+SA 75.34 17.25° 127.57%  6.33¢ 33.84%  1.29°  2.51°
T6:NPSZn+Urea 85.66 24.50? 136.57* 6.92¢ 40.88* 145+ 314
SEM 6.41 2.75 11.98 0.44 243 0.11 0.23
P value <.0001 <0001 <.0001 0.052  0.0076  <.0001 0.0007

NOTE: PP - Plant population, NTPP - Number of tillers per plant, SH - Stem height, NLPP - Number of
leaves per plant, LLPP - Leaf length per plant, LWPP - Leaf width per plant, SD - Stem diameter. SEM =
Standard error of the means, P- Value = Probability value. Means with different superscripts in a column are

significantly different at p<0.05.
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plants fertilized by a combination of NPSZn
and Urea (T6). However, the mean values of
(SH) of plants fertilized by CFYM (T2) and
those from the mixture of CFYM and NPSZn
(T3) were not significantly different (p>0.05).
The mean differences in the number of leaves
per plant (NLPP) between T2, T3, and T4 and
between TS5 and T6 were not different (p>0.05).
The mean differences in the length of leaves
(LLPP) and diameter of stems (SD) of the plants
between T4 and T5 were not different (p>0.05).
Furthermore, the mean differences in the width
of the leaves (LWPP) between all treatments
were not different (p>0.05) except the Lsmean
of LWPP in T6, which was higher (p<0.05) than
the rest.

Discussion

The observed amount of rainfall of 1515
mm during the study period was enough to
support the growth of C. gayana as suggested
by Allah and Bello (2019). On the other hand,
Cook et al (2005) proposed that C. gayana
can survive well in areas where annual rainfall
ranges between 300mm and 4000mm. The
present result is also in agreement with the
observation made by CASCAPE (2015) that C.
gayana grows better in areas where there are
necessarily supporting soil nutrients and annual
rainfall above 600 mm and altitude ranges
from 1400-2400 m.a.s.l. The observed range of
temperature was in line with the study by Allah
and Bello (2019), which shows that C. gayana
thrives well in places where annual temperatures
range from 16.5°C to >26 °C with a minimum
of 25°C and maximum growth at 30°C during
the night and day temperatures, respectively.
This wide geographical and thermal distribution
of growth conditions of C. gayana is reflected
in the variety of reports in the literature for
optimum growing temperatures ranging from
20°C to 37°C, with extremes of 5°C and 50°C
(Mannetje and Kersten, 1992).

The observed results of the soil sample that
was collected at the experiment site before the
application of manure showed that the soil was
slightly acidic and sandy clay loam (52% sand,
21% silt, and 35% clay) due to a high proportion
of the sand in it as supported by soil textural
triangle by the USDA (Gee and Or, 2002).

The observed value of organic carbon in
the sample of soil (0.57 %) was lower than
0.65 %, reported by Moberg (2001). The
reason could be that much of farm biomass is
utilized in feeding animals through cut and
carry practice without taking back the manure,
hence little humus accumulates in the field.
Most soil macronutrients (N, P, K, Ca, Mg, and
Na) were found to be below the critical levels
for optimal crop production (Sanchez, 2003),
which could be due to leaching as a result of
the high amount of rainfall (1617 mm) in the
previous growing rain season. Thus, the use of
organic and inorganic fertilizers is considered
necessary for replenishing the observed soil
nutrient insufficiency. The soil pH was almost
within the recommended range (5.5-7.5) for the
most favorable availability and plant uptake of
various essential soil nutrients (Sanchez, 2003).

The observed pH of the cow farm yard
manure (CFYM) was moderately alkaline and
most nutrients were at sufficient levels for
improving soil condition (Maleko et al. 2015).
The observed CEC of the soil (6.9 cmol(+)/kg)
and manure (4.9 cmol(+)/kg) were lower than
the 15.2 cmol(+)/kg reported by Landon (1991).
It shows that the low CEC levels in soil could
be influenced by soil texture and the soil organic
matter contents. In addition, the observed lower
values of exchangeable bases in the soil than in
manure could be due to the observed low organic
carbon, which usually leads to the availability of
exchangeable bases and determines the CEC of
the soil.

The extractable base of SO+ was observed
to be relatively high as categorized by Halvin
et al. (2003), probably due to a reduction in
the use of sulphur-containing fertilizers in the
previous years or burning of vegetation during
land preparation and heavy rainfall. The amount
of Zn** was observed to be lower in the soil
than in CFYM which could be due to taking
cattle farm yard manure from the cattle which
were previously used to be fed by grasses
fertilized by zinc containing fertilizers. High
concentrations of Na and P in the soil naturally
limit the availability of Zn?* as described by
Alloway (2009). The concentration of Mn*" in
the soil was observed to be higher than those
recommended by Landon (1991) and this could
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be due to the observed low pH that favours the
dissolution of Mn*" in the soils (Alloway and
Ayres, 1990).

The observed higher mean values of all
the agronomic parameters in the plots fertilized
by NPSZn+Urea (T6) than those in other
treatments could be due to the higher amounts
of N supplied to forage by this treatment (Table
2). Similar results were reported by Yossif and
Ibrahim (2013) and Berhe and Marie (2020),
who applied N-fertilizers to the growth and
yield of Rhodes grass and observed an increased
plant population as the amount of N content
increased. The recorded lower mean values of
all the agronomic parameters in the control (T1)
without fertilizer application could be due to the
observed low amounts of nutrients present in
the soil (inherent nutrients) and the effect of low
soil pH recorded in the study area, which might
influence other important nutrients not to be
available to plants. These results are in line with
the study by Yousif and Ibrahim (2013) who
reported small values of the plant population of
C. gayana raised without fertilizer. This implies
that apart from the influence of the level of N
present in the soil, the other nutrients in the
inorganic fertilizers (NPSZn, SA, and Urea)
were also important in producing more plants
per area. Each nutrient has its specific function
on the growth of the forages, for instance,
K present in CFYM assists in regulating the
capacity of water use by the plant by controlling
the opening and closing of stomata, where water
is released for cooling the plant and hence gets
time to grow as reported by Silva and Uchida
(2000). Moreover over adequate amount of
rainfall and favorable humidity present in the
study area supported the dissolution of minerals
in the soil to be available for plant growth as
observed by Roy et al. (2006). Although there
were differences in the amount of N contents
between T5 and T6, the results on PP were
shown to be not significantly different. This
incidence could be supported by the ability of S
in NPSZn and SA to dissolve faster than the one
in Urea, becoming available for plant use.

The observed higher NTPP in T6 and
T5 than in T1 and T2 could be due to the role
played by the relatively higher levels of N in
those treatments, having the ability to promote

more tillers of the plant. The N element helps
in the formation of chlorophyll and promotes
the tillering rate of the plants as observed by
Laidlaw (2005). An increase in the number of
tillers observed with different rates and amounts
of nitrogen fertilizer application in this study is
supported by the study conducted by Kizima et
al. (2015). Additionally, the present results are
also supported by the study of Mushtaque et
al. (2010) who reported that the higher rate of
nitrogen supplied a high number of N nutrients
in forages which triggered the activation of
dormant buds to produce more tillers per
plant. Moreover, the Zinc present in NPSZn
mixed with SA and Urea in TS and T6 used in
the present study was an essential component
of several metalloenzymes in plants (variety
dehydrogenases) and therefore was necessary
for different functions in plant metabolism, such
as tillering. Similarly, a study by Wongsuwan
(1999) observed a steady increase in the tillering
rate of Brachiaria ruziziensis on the application
of fertilizer containing nitrogen elements.
According to Lafarge and Loisecau (2013),
tiller production is vital for perennial grasses
to sustain forage production by replacing plant
parts that are lost through aging, grazing, or
cutting. Sodehinde (2006) observed that nitrogen
fertilizer influenced positively the number of
tillers produced per stand in an experiment on
the effect of nitrogen on the dry matter yield
of Pannicum maximum. The number of tillers
recorded was in agreement with what was
reported in the literature by Yesihak (2008). The
observed increased agronomic characteristics,
such as the number of leaves and number of
tillers due to different fertilizer applications are
expected to increase both the yield and quality
of the forage (Aderinola, 2011).

According to this study, the differences
in (SH) could be due to the type of fertilizers
applied and soil mineral reserve. The result
could be due to the effect of the P content in
soil and fertilizer as it influenced the increase in
stalk and stem length. Similar results for (SH)
were obtained for C. gayana by Arshad et al
(2016) who also observed the variation in plant
height of C. gayana on application of different
types of fertilizers. This result is supported
by the finding of Rambau et al. (2016) which

An International Journal of Basic and Applied Research



Influences of Different Types of Fertilizers on the Agronomic Characteristics of Chloris

56

revealed that agronomic parameters of grass
such as plant height were observed high on
the use of a mixture of blended fertilizers
NPS in Napier grass. This implies that at the
higher rate of application to the soil, sulphur
significantly improves the nitrogen absorption
by plants hence significantly increasing both
plant height and yield components. The results
can be supported by the study of Yibarkew et
al. (2020), who reported that stem height was
affected by fertilizer type particularly those
containing N applied at higher rates. The results
obtained in this study were in agreement with
Omer (1998), who showed that application of
fertilizers containing high amounts of nitrogen
urea resulted in a significant difference in plant
height, leaf number per plant, and leaf area index
of forage maize. Likewise, Mohammed (1990)
found that, nitrogen fertilization significantly
increased plant height, the number of green
leaves, and the plant density of both legumes
and grasses.

The P present in the TS5 and T6 plus N in
the Urea and SA had the metabolic function in
young cells, such as shoots and root tips, where
metabolism is high and cell division is rapid
hence the high number of leaves. This result can
also be supported by the study done by De Melo
et al. (2010) in bana grass, where increasing
P supply led to an increase in the number of
leaves per plant because it enhanced the rate
of leaf primordial initiation in the stem apex.
The study by Koul, (1997) also reported that
higher rates of nitrogen application resulted in
higher values of plant height, leaf numbers, and
leaf area of fodder maize. The results were in
agreement with Gasim (2001) who found that
the increase in the rate of N fertilizer increased
the leaf number per plant of maize forage. The
high amount of nitrogen applied to plots T5 and
T6 made the forage in these plots have a high
number of leaves per tiller.

The current result is in agreement with
those reported by Mihret et al. (2018) on the
LLPP of desho grass. The least LLPP observed
in plants fertilized by CFYM (T2) was due to
fewer amounts of nutrients taken by the plants
from the CFYM which has resulted from
delaying demineralization of CFYM. Moreover,
the LLPP upon chemical fertilizer application

had a significant effect (p<0.05) on the LLPP
of Brachiaria grass as observed in the study by
Yibarkew et al. (2020) where manure and control
plot had low LLPP. Other studies showed that
an increase in the nitrogen rate of fertilization
significantly increased grass height and leaf
length (Adam, 2004; Gasim, 2001; Mohammed,
1990). The results observed in this study were
contrary to those obtained by Riyana (2018)
who revealed that longer leaves were obtained
from the Elephantopus scaber fertilized by the
application of CFYM.

FAO (2014) reported that the growth of
some grass yield components like the number of
tillers and leaves may reduce other agronomic
traits especially when competition is induced.
On the other hand, the low LWPP observed
in Control (T1) was due to the plots using the
inherent nutrients found in the soil. The plants
used much Mg* and Ca** and other micro
minerals invested more on the development of
stem thickness and leaf size rather than other
parameters such as SH and leaf width. The
treatments T2 and T3 were observed to produce
no significant difference (p>0.05) between SH,
NLPP and LWPP as it is revealed that longer
stems have narrow leaves. However, the result
obtained in control (T1) without fertilizer in
this study was higher than the results obtained
by Allah and Bello (2019) and Yesihak, (2008)
whose study revealed the width of foliage to be
less than 1.5 cm in the control plots.

The mean stems diameter of plants (SD) was
increasing on the increase of S and associated
minerals. The gradual increase in SD due to the
application of fertilizer can be explained by the
fact that a higher amount of sulphur and zinc
contained in NPSZn and Urea promoted plant
growth by activation of nitrogen uptake by the
plant. On the other hand, the results obtained in
the present study were in agreement with those
of Elmar (2001) who observed an increase in
SD due to the application of fertilizers whose
sources were composed of many nutrients, such
as N, P, and S. These results can be supported
by the study done by Kropat ef al. (2011) where
the application of fertilizer containing a mixture
of some minerals had been found to increase
stem thickness and chlorophyll content. It can
be revealed that the T6 had more supply of N, P,
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S, and Zn to the plants than the other treatments
as it is known that Urea has 46% N/50kg. The
NLPP, LWPP, and SD for T3 and T4 had no
significant difference because of the nature
of the CFYM in T3 and the low amount of N
present in NPSZn which could not stimulate the
production of more leaves with higher width
and similar SD.

Conclusions and recommendations

It can be concluded that mineral nitrogen
is the most limiting nutrient used in the growth
of C. gayana forage in the study area. Thus, the
application of a combination of fertilizers with
nitrogen bases, such as blended NPSZn and
Urea, and the sulphate of ammonia (SA) could
improve the soil fertility and hence promote
agronomic parameters of C. gayana forage.
Further studies are recommended to determine
the effects of the different types of fertilizers
used in this study on the forage yield, quality and
the economic benefits of using such fertilizers
on the production of pastures.

Acknowledgments

The authors extend their gratitude to the
management of the ASAS group of companies
as sponsors and whose farm and facilities were
used for carrying out the experiments which
led to observed results. A lot of appreciation is
extended to the Chief Executive Officer of the
Livestock Training Agency (LITA), Tanzania
for permitting and financing the lead researcher
to perform the current research study.

Conflict of Interest

The authors affirm that there is no personal
relationship that may have in one way or
another influenced them in writing this article.
The expressed opinions are those of the authors
and do not necessarily reflect those of the
organization to which the authors are affiliated
and sponsored.

Funding
The Livestock Training Agency (LITA),
Dodoma, Tanzania, and the family of

Ahmed Salum and Sons (ASAS group of
companies) located in Iringa, Tanzania are
highly acknowledged for financial support

to accomplish this study. This study is part of
the first author’s Master of Science in Tropical
Animal Production (MSc. TAP) at Sokoine
University of Agriculture in 2023.

References

Adam, M.Y. (2004). Effect of Seed Rate and
Nitrogen on Growth and Yield of Teff
Grass (Eragrostis teff, zucc.) Trotter MSc.
Thesis. Faculty of Agriculture, University
of Khartum, Sudan.

Aderinola, O.A., Akinlade, J.A., Akingbade,
A.A.,Binuomote, R. & Alalade, J.A. (2011).
Performance and nutritional composition of
Andropogon tectorum during a minor wet
season as influenced by varying levels of
inorganic fertilizer. Journal of Agriculture,
Forestry and Social Sciences, 9, 129-142.

Allah, Y.N. & Bello, A. (2019). The Potentials
of Rhodes grass (Chloris gayana Kunth)
as Drought Resistant Perennial Forage
Grass in Nigeria. American Journal
of Biomedical Science and  Research,
6(3), 188-194. https://doi.org/10.34297/
ajbsr.2019.06.001025.

Allison, L.E. (1965). Organic carbon. In:
Methods of soil analysis: The determination
of soil organic carbon. (Edited by Black,
C.A., Evance, D.D., Ensiminger, L.E.,
Clark, F.E., and White, J.L.), John Willey
and Sons, Oxford. 136-137pp.

Alloway, B.J. & Ayres, D.C. (1990). Chemical
principle of environmental pollution.
IstEdition. Academic Glasgow Ltd., New
York. 291pp.

Alloway, B.J. (2009). Soil factors associated
with zinc deficiency in crops and humans.
Environ Geochem Health 31, 537-548
(2009).  https://doi.org/10.1007/s10653-
009-9255-4.

Arshad, I., Ali, W., Khan, Z.A. & Bhayo, W.
A. (2016). Effect of Water Stress on the
Growth and Yield of Rhodes grass (Chloris
gayana. L. Kunth.). PSM Biol. Res., 01(2):
58-61.

Bader, B.R., Taban, S.K., Fahmi, A.H., Abood,
M.A. & Hamdi, G.J. (2021). Potassium
availability in soil amended with organic
matter and phosphorous fertilizer under
water stress during maize (Zea mays L)

An International Journal of Basic and Applied Research



Influences of Different Types of Fertilizers on the Agronomic Characteristics of Chloris

58

growth. Journal of the Saudi Society
of Agricultural Sciences 20:390-394.
Available at:  https://doi.org/10.1016/J.
JSSAS.2021.04.006.

Beretta, A.N., Silbermann, A.V., Paladino, L.,
Torres, D., Bassahun, D., Musselli, R. &
Garcia-Lamohte, A. (2014). Soil texture
analyses by hydrometer: modifications of
the Bouyoucos method. Cien. Inv. Agr.
41(2): 263-271.

Berhe, H.M. & Marie, F.B. (2020). Evaluation
of Blended Fertilizer (NPSZnB) Rates on
grain yield, nutrient uptake and economic
feasibility of maize (Zea mays L.) in Kolla-
Temben, Central zone of Tigray, Ethiopia.
https://doi.org/10.21203/rs.3.rs-24987/v1.

Bremner, J.M. & Mulvaney, C.S. (1982). Total
Nitrogen analysis in soils. 2™ Edition.
MacMiller Press, New York. 529pp.
Budotela.

CASCAPE, (2015). Capacity building for
Scaling up evidence-based practices in
Agricultural Production in Ethiopia.

Chapman, H.D. (2016). Cation-exchange
capacity. Methods of Soil Analysis, Part 2:
Chemical and Microbiological Properties,
891-901.https://doi.org/10.2134/
agronmonogr 9.2.c6.

Cook, B.G, Pengelly, B.C, Brown, S.D,
Donnelly, J.L. & Eagles, D.A, (2005).
Tropical Forages: an interactive selection
tool, (CD-ROM), CSIRO, DPI&F(QId),
CIAT, and ILRI, Brisbane, Australia.

De Melo, A.S., Fernandes, P.D., Sobral, L.F.,
Brito, M.E.B. & Dantas, J.D.M. (2010).
Growth, biomass yield, and photosynthetic
efficiency of banana, under fertilization
with nitrogen and potassium. Rev. Cienc.
Agron. 41, 417¢426.

Elmar, S. (2001). The importance of ammonium
sulphate nitrate (ASN) as highly efficient
sulphate Sudanese crops (Fertiva CmbH,
Germany). Fertilizer Workshop on May 26,
2001, Khartoum, Sudan.

FAO. (2014). Brachiaria ruziziensis - Germain
and Everard. Accessed 24 September,
2014. Available:http://www.fao.org/ag/agp/
AGPC /doc/gbase/data/Pf000193.HTM.

Fussi, J.I. (2010). Strategies to increase milk
deliveries to the Tanzanian milk processing

industry A case of ASAS Dairies Ltd in
Iringa district in September 2010.

Gasim, S.H. (2001). Effect of nitrogen,
phosphorus, and seed rate on growth, yield,
and quality of forage maize (Zea mays L.).
M.Sc. Thesis, Faculty of Agric., Univ. of
Khartoum.

Gee, W.G. & D. Or. (2002). Particle-Size
Analysis. p. 255-293. In: Dane, J., and
G.C. Topp (eds.). Methods of Soil Analysis.
Book Series: 5. Part 4. Soil Science Society
of America.The USA.

Gezahagn, K., Fekede, F., Getnet, A.,
Mengistu, A., Alemayehu, M., Aemiro, K.,
Kassahun, M., Solomon, M., Estifanos, T.,
Shewangizaw, W, & Mergia, A. (2017).
Agronomic performance, dry matter yield
stability, and herbage quality of Napier grass
(Pennisetum purpureum (L.) Schumach)
accessions in different agroecological
zones of Ethiopia. Journal of Agricultural
and Crop Research, 5(4): 49-65.

Halvin, L., James, B., Samuel, T. & Warner.,
N. (2003). Soil fertility and fertilizer an
introduction to nutrient management 6th
(ed.), Pearson Education Inc. New Delhi,
India.

Kizima, J.B. (2015). Seed Yield and quality of
Cenchrus ciliaris Cv. Biloela under Various
Agronomic Practices in Sub-Humid Eastern
Zone of Tanzania. A thesis submitted
in fulfilment of the degree of Doctor of
Philosophy of the Sokoine University of
Agriculture. Morogoro, Tanzania. 76pp.

Koul, G.G. (1997). Effect of sowing methods,
nitrogen levels and seed rates on yield and
quality of fodder maize (Zea mays L.).
MSc. Thesis, Univ. of Khartoum, Faculty
of Agriculture.

Kropat, J., Hong-Hermesdorf, A., Casero,
D., Ent, P., Castruita, M., Pellegrini, M.,
Merchant, S.S. & Malasarn, D. (2011).
A revised mineral nutrient supplement
increases biomass and growth rate in
Chlamydomonas reinhardtii. Plant J. 66,
770e780.

Landon, J.R. (1991). Booker tropical soil
manual, Hand Book for soil survey and
agricultural land evaluation in Tropics and
sub-tropics. Longman. New York. 74pp.

Tanzania Journal of Agricultural Sciences (2024) Vol. 23 No. 1, 48-60



59 Tembo et al.

Lafarge, M. & Loiseau, P. (2013). Tiller density
and stand structure of tall fescue swards
differing in age and nitrogen level, Eur
J. Agron. 17 (3) (2013) 209-219, DOI:
10.1016/S1161-0301(02)0 0 011-4.

Laidlaw, A. (2005). The relationship between
tiller appearance in spring and contribution
of dry-matter yield in perennial ryegrass
(Lolium perenne L.) cultivars differing

in heading date. Grass Forage Sci.
2005;60:200-9.
Lindsay, W.L. & Norvel, W.A. (1978).

Development of a DTPA Soil Test for Zinc,
Iron, Manganese and Copper. Soil Science
Society of America Journal, 42, 421-428.
https://doi.org/10.2136/sssaj1978.0361599
5004200030009x.

Lutatenekwa, D.L., Mtengeti, EJ. &
Msalya, G.M. (2021). Morphological
Characterization of Selected Ecotypes of
African Foxtail Grass. Tanzania Journal of
Agricultural Sciences, 20(2), 268-2717.

Maleko, D., Kileo, N., Abdul-Rahman, Y. &
Sangeda, A. (2015). Short-term Effects of
Cow Manure on Above Ground Growth
Characteristics of Brachiaria ruziziensis
in Tropical Sub-humid Environment,
Tanzania. International Journal of Plant
& Soil Science, 6(5), 283-293. https://doi.
org/10.9734/ijpss/2015/14709.

Mannetje, L.’t & Kersten, SM.M. (1992).
Chloris gayana Kunth. In: Mannetje, L.’t
and Jones, R.M. (eds) Plant Resources of
South-East Asia No. 4. Forages. Pudoc
Scientific Publishers, Wageningen, the
Netherlands. p. 90-92. edepot.wur.
nl/327785.

Massawe, H. (2011). Evaluation of the current
performance of dairy cattle in ASAS and
Kitulo farms in Tanzania. A Dissertation
Submitted In Partial Fulfillment of the
Requirements for the Degree of Master of
Science In Tropical Animal Production of
the Sokoine University of Agriculture.

McLean, E. (1982). “Soil pH and lime
requirement,” in Methods of Soil Analysis.
Part 2 - Chemical and Microbiological
Properties, A.L. Page, R.H. Miller, and D.R.
Keeney, Eds., pp.199-224, Soil Science
Society of America, 2™ edition, 1982.

Mihret, B., Asmare, B. & Mekuriaw, Y. (2018).
Effect of fertilizer type and plant spacing
on plant characteristics, yield and chemical
composition of desho grass (Pennisetum
pendicellatum  Trin) in Northwestern
Ethiopia.  Agricultural  Science  and
Technology, 2018, 10(2), 107-114.

Moberg, J.P. (2001). Soil Analysis Manual.
Revised Edition.

Mohammed, G.G. (1990). Effect of Nitrogen
and Phosphorous Fertilizers on Growth and
Yield of Some Grasses and Leguminous

Forages. MSc. Thesis. Faculty of
Agriculture, University of Khartoum,
Sudan.

Murwira, HK., Swift, M.J. & Frost, P. G.H.
(1995). Manure as a key resource in
sustainable agriculture: A case study
of communal area farming systems in
Zimbabwe. A keynote address. In: Powell
JM., Fernandez- Rivera S., Williams
T.O. and Renard C. (eds), Livestock and
sustainable nutrient cycling in farming
systems of sub-Saharan Africa. Volume
II. Technical Papers. Proceedings of a
conference held at ILCA, Addis Ababa,
Ethiopia. 22-26 November 1993. ILCA
(International Livestock Centre of Africa),
Addis Ababa, Ethiopia. pp. 131-148.

Mushtaque, M., Ishaque, M., Haji, M.AA. &
Bakhsh, A. (2010). Influence of maturity on
morphological characters and biomass of
buffel grass. Pakistan Journal of Science,
2010, 62(2).

Mteta, S.K., Maleko, D.D. & Massawe, B.H.
(2022). Selected soil properties and small-
holder dairy farmers’ perceptions on
improved forage varieties in the Southern
highlands of Tanzania. 18(10), 887-897.
https://doi.org/10.5897/ AJAR2022.16147.

Olsen, S.R., Cole, C.V.,, Watanabe, F.S. &
Deal, L.A. (1954). Estimation of Available
Phosphorus in Soil by Extraction with
Sodium Bicarbonate. pp 1-19. Government
Printing Office, USDA Circular 939,
Washington, DC.

Omer, E.A. (1998). Farmyard manure and Urea
fertilization on growth and forage yield of
two maize (Zea mays L.) cultivars. MSc.
Thesis, Faculty of Agriculture, University

An International Journal of Basic and Applied Research



Influences of Different Types of Fertilizers on the Agronomic Characteristics of Chloris

60

of Khartoum.

Panchaban, S., Ta-oun, M. & Sanunmuang, S.
(2000). Effect of organic and inorganic
fertilizers on yield and quality of ruzi grass
(Brachiaria ruziziensis) grown on saline
sandy soils of the Northeast, Thailand. The
Management of These Agro-Ecosystems,
Session 6, 383-416.

Rambau, M.D., Fushai, F. & Baloyi, J.J. (2016).
Productivity, chemical composition, and
ruminal degradability of irrigated Napier
grass leaves harvested at three stages of
maturity. South African Journal of Animal
Science, 46(4): 398- 408.

Rao, I., Peters, M., Castro, A., Schultze-
Kraft, R., White, D., Fisher, M., Miles, J.,
Lascano, C., Blimmel, M., Bungenstab, D.,
Tapasco, J., Hyman, G., Bolliger, A., Paul,
B., Van Der Hoek, R., Maass, B., Tiemann,
T., Cuchillo, M., Douxchamps, S. & Rudel,
T. (2015). Livestock Plus - The sustainable
intensification of forage-based agricultural
systems to improve livelihoods and
ecosystem services in the tropics. Tropical
Grasslands-Forrajes Tropicales, 3(2), 59—
82. https://doi.org/10.17138/TGFT(3)59-
82.

Riyana, Y., Widiyastuti, H., Widodo, E.,
Purwanto & Samanhudi. (2018). Effect
of manure and plant spacing on yield
and flavonoid content of Elephantopus
scaber L., IOP Conf. Ser.: Earth Environ.
Sci.,142012038. doi:10.1088/1755-
1315/142/1/012038, 2018.

Roy, R., Finck, A., Blair, G. & Tandon, H.
(2006). Nutrient management guidelines
for some major field crops. Plant Nutrition
for Food Security, 235-348.

Sanchez, P.A., Palm, C.A. & Boul, S.W. (2003).
Fertility capability classification: A tool
to help assess soil quality in the tropics.
Geoderma. 2003;114:157-185.

Silva, J. & Uchida, R. (2000). Essential
Nutrients for Plant Growth : Plant Nutrient
Management in Hawaii’s Soils, Approaches
for Tropical and Subtropical Agriculture,
31-55.

Sodehinde, F.G., Asaolu, V.O., Adeleye, 1.O.A.,
Adewumi, M.K., Oyebanji, B. & Adeniya,

S.A. (2006). Effect of nitrogen on the dry
matter productivity of Pannicum maximum
and soil copper manganese content in
the derived savanna zone of Nigeria.
Proceedings of the 31 annual conference
of Nigerian Society for Animal Production
12-15" March 2006. Bayero University
Kano. 206;399- 402.

Stewart, Z.P., Pierzynski, G.M., Middendorf, B.
J. & Vara Prasad, P.V. (2020). Approaches
to improve soil fertility in sub-Saharan
Africa. J. Exp. Bot. 2020; 71:632-641.

Yesihak, K. (2008). Effect of seed proportions
of Rhodes grass (Chloris gayana) and
White sweet clover (Melilotus alba) at
sowing on agronomic characteristics and
nutritional quality. Livestock Research for
Rural Development. 2008;20. http:/www.
Irrd.org/Irrd20/2/yise200282.htm.

Yibarkew, N.G., Mekuriaw, Y.C. & Asmare,
B.L. (2020). Effects of fertilizer types
and plant spacings on plant morphology,
biomass yield, and chemical composition
of brachiaria hybrid Mulato II grass
grown in lowlands of northwest Ethiopia.
Scientific Papers: Animal Science and
Biotechnologies, 53(1), 20-35. http://spasb.
ro/index.php/spasb/article/view/2590.

Yossif, A.M. & Ibrahim, Y.M. (2013). Effect of
Fertilizers (Urea, Farmyard, and Chicken
Manure) on Growth and Yield of Rhodes
grass (Chloris gayana L. Knuth.). Universal
Journal of Plant Science, 1(3), 85-90.
https://doi.org/10.13189/ujps.2013.010305.

Walkley A. & Black, L.A. (1934). An
examination of the Degtjareff method
for determining soil organic matter and a
proposed modification of the chromic acid
titration method. Soil Science. 37: 29-38.

Wongsuwan, N. (1999). Effects of cutting,
nitrogen, and water on herbage and seed
production in Ruzi grass (Brachiaria
ruziziensis Germain and Everard): A thesis
presented in partial fulfillment of the
requirement for the degree of Doctor of
Philosophy (PhD.) in Plant Science (Seed
Technology) at Massey University, New
Zealand. 1999;31-35.

Tanzania Journal of Agricultural Sciences (2024) Vol. 23 No. 1, 48-60





