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ABSTRACT

Natural grazing land plays a crucial role in extensive ruminant livestock systems, especially in semi-arid tropical
regions such as East Nusa Tenggara (ENT), Indonesia. The availability and quality of forage during the dry season
present significant challenges. This study aimed to identify variations in grass species composition and fluctuations
in forage nutritional content in natural grazing lands of ENT during the dry season (July—October 2024). Sampling
was conducted in four sub-districts: two representing lowland zones and two representing highland zones. In each
sub-district, four grazing fields were selected, and ten plots were sampled per grazing field, totaling 160 sampling
plots. Species identification and nutrient analysis included crude protein, crude fiber, energy content, and protein-
energy ratio. Statistical analyses using ANOVA and Tukey’s multiple comparison test were performed to evaluate
significant differences in nutritional parameters across months and zones. Dominant species identified were Themeda
arguens, Heteropogon contortus, Brachiaria decumbens, Ischaemum timorense, Cynodon dactylon, and Pennisetum
clandestinum. Results showed significant monthly fluctuations in crude protein and fiber contents (p < 0.05), with

protein levels decreasing from July (9.31 + 2.66%) to October (7.53 + 3.10%). Energy content and protein-energy ratio
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also varied significantly across the dry season. A monthly shift in dominant grass species composition was observed,

influenced by environmental conditions and species adaptability. The protein-energy ratio of forage remained below

optimal levels throughout the dry season, potentially limiting livestock productivity. These findings provide important

scientific insights for developing climate-resilient feeding strategies and support policy formulation for sustainable

tropical livestock farming in semi-arid regions.

Keywords: Dry Season; Forage; Nutrient Fluctuations; Tropical Grazing Land; East Nusa Tenggara

1. Introduction

Natural grazing land plays an important role in ex-
tensive livestock systems, especially in semi-arid tropi-
cal areas such as East Nusa Tenggara (ENT), Indonesia.
In this region, ruminant livestock such as cattle and
goats generally rely on pasture as the main source of
forage throughout the year. However, ENT is classified
as a dry tropical climate area characterized by low and
short rainfall and high temperatures, which potentially
and negatively impact biomass production, forage qual-
ity, and quantity through changes in rainfall patterns,
temperature, and extreme weather events ', as well as
plant distribution and abundance ',

The availability and quality of forage during the
dry season pose a major challenge. During this peri-
od, vegetation growth begins to decline, triggered by
drought, while overgrazing pressure further worsens the
productivity and sustainability of natural grasslands .
Climate change exacerbates this nutritional imbalance.
Increasing temperatures and drought frequency cause
forage plants to experience physiological stress, such as
impaired nitrogen metabolism and decreased photosyn-
thetic activity, which affect the quality of the biomass
produced . Studies have shown that pastures in dry
areas experience a crude protein concentration decrease
of more than 30% during the dry season compared to
the rainy season '°.

This condition directly affects livestock perfor-
mance. Declining availability and quality of forage
result in imbalanced nutrient intake, contributing to
reduced weight gain, digestive efficiency, and overall
livestock productivity " This has implications for the
decreasing cattle population in ENT, one of the nation-
al cattle producers, from 1,175,615 heads in 2022 to
593,636 heads in 2024 (Data from the Central Statistics

Agency of Indonesia 2025). Ruminant livestock face
significant challenges, with nutritional stress being one
of the most critical factors affecting animal health and
productivity ¥, Forage is an essential component of
the beef and dairy industries, playing a vital role in the
livelihoods of local farmers and national food securi-
ty. Therefore, a deep understanding of forage nutrient
fluctuation patterns during the dry season is needed as
a basis for formulating adaptive and sustainable pasture
management strategies.

This research was conducted as a case study to
identify variations in the nutrient content of natural
forage during the dry season in ENT grazing land. The
findings of this study are expected to provide a scientif-
ic basis for developing feed systems resilient to climate
change as well as policy recommendations supporting

sustainable tropical livestock farming.

2. Materials And Methods

2.1. Study Area

This study was conducted at four natural grazing
locations in South Central Timor Regency, East Nusa
Tenggara (ENT) Province, representing two agroeco-
logical zones: lowlands at 65-238 meters above sea
level (masl) and highlands at 1456—1489 masl, deter-
mined using Global Position System (GPS) aids "”\. The
locations were purposively selected based on the largest
cattle population, the largest grazing area, the condition
of grazing vegetation actively used during the dry sea-
son, and the representation of agroclimatic zones based
on secondary data from the Meteorology, Climatology,
and Geophysics Agency of Indonesia .

Within each agroecological zone (lowlands and

highlands), two subdistricts were selected as sampling
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sites. In each subdistrict, sampling was conducted in
four grazing fields, with ten observation plots of 1 m?
in each grazing field, using a 1x1 m? quadrant tool.
Thus, a total of 160 plots were observed (4 subdistricts
x 4 grazing fields x 10 plots). The initial plot locations
were determined by stratified random sampling to cap-
ture vegetation heterogeneity. Subsequent plots were
placed following wind directions (north, south, east,
west) using GPS tools ). Each plot was intensively

observed for the forage species consumed by livestock

(cattle and goats) through direct observation, consump-
tion traces, and interviews with local farmers.

The study was conducted during the dry season
from July to October 2024. Climate data from BMKG
indicated that the highland areas have an average tem-
perature of 22-25°C with rainfall less than 30 mm/
month, while lowland areas have an average tempera-
ture of 31-34°C and rainfall less than 20 mm/month
(Table 1) and the Geographical Location of the Re-
search Area (Figure 1).

Table 1. Geographical conditions of research locations in South Central Timor Regency, ENT Province.

Topography Altitude (MASL) Coordinate Temperature (°C) Humidity (%)
10°01°42”S 124°13°37’E o
Lowlands 65-238 10°10°00”S 124°23°42E 22-25°C 48-31
Highlands 1456-1489 941375 124°14°09"E 31-34°C 79-68

9°43°09”S 124°12°317E

East Nusa Tenggara

Figure 1. Geographical location of the research area.
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2.2.Forage Sampling Procedure

Forage sampling was conducted in each observation
plot measuring 1x1 m?, representing areas with actively
growing natural vegetation, free from erosion or bare soil
patches. The following standardized procedure was applied

across all sampling locations:

1. Plot establishment: Sampling plots (1x1 m?) were de-
marcated in the field using measuring tape and wood-
en stakes placed at ground level.

2. Vegetation inventory: All grass species present within
each plot were identified and recorded using a stan-
dardized botanical key to support species-level classi-
fication.

3. Forage harvesting: The aboveground biomass within
each plot was clipped using plant shears at approxi-
mately 3 cm above the soil surface. The harvested for-
age was then sorted by species (with emphasis on nat-
ural grasses) and weighed to determine fresh biomass
yield.

4. Sample labeling and processing: Forage samples from
each plot were labeled with unique identification codes
and placed into pre-labeled paper or plastic bags. Sam-
ples were initially air-dried at ambient room tempera-
ture to obtain air-dry weight. Subsequently, samples
were oven-dried at 105°C for 7 days to achieve a con-
stant dry weight. These dried samples were used for

proximate chemical analyses.

2.3.Identification and Sample Analysis

Dominant forage species in each plot were identified
based on local taxonomy and relevant scientific literature
19 After identification, forage samples were collected and
weighed to determine fresh biomass weight, then air-dried
at room temperature to determine air dry weight, followed
by oven drying at 60°C for 48 hours to obtain constant dry

" From each plot, a representative sample of 100 g

weight
was taken for nutrient content analysis.

Nutrient analysis included dry matter (DM %), organ-
ic matter (OM %), crude protein (CP %), crude fiber (CF
%), total digestible nutrients (TDN %), and energy (kcal/kg
DM), following the procedures of the Association of Official
Analytical Chemists (AOAC) ""*. The forage protein-energy

ratio was also calculated according to standard protocols .

2.4. Statistical Analysis

Nutrient measurement data were analyzed using anal-
ysis of variance (ANOVA) to test for significant differenc-
es among months and agroecological zones. Tukey’s post
hoc test was applied to identify specific group differences.
All analyses were conducted at a significance level of 5%
(p < 0.05). Results were presented as means and standard
deviations and interpreted to understand seasonal nutrient

fluctuation patterns in forage during the dry season.

3. Results And Discussion

3.1.Results

3.1.1. Changes in Grass Species Composition
and Availability

This study revealed significant differences in grass
species availability between months and agro-ecological
zones. In the lowland areas, the dominant grass species
were Themeda arguens and Heteropogon contortus, both
showing a significant increasing trend in their proportions
from July to October (p < 0.05). Themeda arguens reached
its peak availability in October. Conversely, species such as
Brachiaria decumbens, Ischaemun timorense, and Cynodon
dactylon exhibited a significant decline over the same peri-
od (ANOVA, p < 0.05), indicating their lower tolerance to
prolonged drought conditions.

In the highlands, Pennisetum clandestinum and Cyno-
don dactylon were the most dominant and stable species
throughout the dry season, showing no significant monthly
fluctuations (p > 0.05). Themeda arguens and Heteropogon
contortus had lower overall availability but displayed dif-
ferent trends; Heteropogon contortus showed a gradual in-
crease towards the end of the dry season (p < 0.05), while
Themeda arguens fluctuated without a clear trend.

These results suggest a clear shift in species dominance
driven by environmental conditions, with drought-toler-
ant species dominating in lowlands, and a relatively stable
composition observed in highlands. The spatial heterogene-
ity and adaptability of species to microclimatic variations
were captured by stratified random sampling as described

[9]

in the methods ", and the monthly shift trends are present-

ed in the following graph (Figure 2 and 3).
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Changes in Grass Percentage Over Time
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Figure 2. Graph of shifts in the dominance of grass species in lowland pastures during the dry season.
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Figure 3. Graph of shifts in the dominance of grass types in highland grazing fields during the dry season.
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3.1.2. Fluctuations in Nutrient Availability
during the Dry Season

The nutritional composition of forage exhibited a
statistically significant decline over the course of the dry
season across both agro-ecological zones, as confirmed by
one-way ANOVA (p < 0.05). Forage samples collected in

July recorded the highest nutritional values, which gradu-

ally declined through to October (Table 2). This downward
trend was particularly evident in the levels of crude protein
(CP), total digestible nutrients (TDN), and metabolizable
energy (kcal’kg DM). The reduction aligns with common
dry-season phenomena such as increased lignification, cell
wall thickening, and nitrogen depletion, consistent with

previous findings and AOAC analytical protocols !'*.

Table 2. Nutritional value and protein-energy ratio of forage available in natural grazing pastures.

Nutritional

Components July August September October MSE p-value
Dry Matter (%) 2623 +1.25°  27.80+1.80"  29.60+1.70b°  30.05+ 1.75° 0.89 0.013*
Orga“(i(;)?/[atter 88.20+£240°  8540+4.20"  84.20+3.10°  83.20+3.00° 2.75 0.041%

Crude Protein (%)  9.30 +2.50" 9.05 + 3.00° 7.80+£3.25° 7.55+3.05 1.90 0.032%*
Crude Fiber (%)  25.05+2.40 25.20 +2.00 28.50 + 1.00" 28.35+1.15 0.85 0.005*
Energgﬁ‘;al/ ke 419935+ 102" 406525+ 174"  3986.80+200°  3929.20 + 190" 2100.50 0.022%

TDN (%) 38.90 + 7.90° 35.25 £ 8.70" 30.95 + 4.00° 30.60 + 4.30" 5.50 0.028%
P/E Ratio 1:4.65 1:4.54 1:4.81° 1:4.79° 0.01 0.112

Note: *Significant difference (p < 0.05), Superscript values a,b,c indicate significant differences between months based on post-hoc tests (Tukey HSD), MSE = Mean

Square Error of one-way ANOVA, p-value is based on the results of one-way ANOVA.

In contrast, crude fiber (CF) content increased signifi-
cantly (p < 0.05) throughout the season, reflecting the typ-
ical shift toward more fibrous, less digestible forage under
prolonged drought stress. Such changes have well-docu-
mented implications feed intake, digestion, and nutrient
utilization in ruminants.

Interestingly, the protein-to-energy (P:E) ratio re-
mained relatively stable (p > 0.05) across months. This
suggests that despite the overall decline in nutrient concen-
trations, the relative balance between protein and energy
availability in the forage was preserved to a certain extent.
This condition, however, may still fall short of meeting the
nutritional requirements of growing or lactating animals
without supplementation.

Variability observed between months and between
ecological zones could be attributed to a combination of

factors, including shifts in dominant forage species, differ-

ences in soil fertility, and microclimatic variations. These
findings highlight the urgent need for climate-adaptive
forage management practices such as silvopastoral integra-
tion, forage conservation (hay/silage), and strategic water
resource management to mitigate the impacts of seasonal

nutrient deficits on livestock productivity /"',

3.2. Discussion

3.2.1. Availability of Grass Species

This study revealed a statistically significant shift
(p < 0.05) in the composition of grass species during the
dry season across different altitudes. In lowland areas,
drought-tolerant species such as Themeda arguens and
Heteropogon contortus became more dominant. This shift

reflects their high adaptability to arid microclimates and
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decreased rainfall, supporting their capacity to sustain
growth when water becomes limited. In contrast, other less
drought-resilient species declined, reducing the overall for-
age diversity and quality available to livestock.

These compositional changes underscore the impor-
tance of topographical and microclimatic factors in shaping
pasture vegetation. Environmental conditions, particularly
soil moisture and temperature, are primary determinants of
grassland productivity, typically favoring species diversity
and biomass under wetter and nutrient-rich conditions "*'*.
Although grazing intensity also influences species compo-
sition "% its effects are modulated by climatic and edaphic
contexts. For example, rotational grazing tends to be more
effective in areas with higher rainfall """, whereas grazing
exclusion in arid environments may reduce vegetation cov-
er and biodiversity.

Our data also suggest that pasture efficiency was gen-
erally higher in highland regions, supported by lower tem-
peratures and higher humidity, which favor optimal growth
phases of both tropical and subtropical grasses. This find-
ing aligns with previous studies that link modified climate
and hydrology in mountainous zones with shifts in pas-
ture dynamics "*'. For instance, global warming may shift
alpine grasslands to higher elevations, reducing pasture
availability in lower areas and causing ecosystem fragmen-
tation ",

Understanding the dominant species across topogra-
phies enables the formulation of adaptive grazing strate-
gies, including rotational systems and forage conservation
planning. The seasonal pattern of species availability is
especially critical for designing supplementary feeding
systems during forage-scarce periods. Moreover, this study
highlights the urgent need for climate-resilient pasture
and livestock management practices in tropical regions
like East Nusa Tenggara (ENT). The findings can inform
regional policies aimed at sustainable grassland use and
improved livestock productivity in the face of increasing

climatic variability.

3.2.2. Nutritional Content of Forage in Pas-

tures
Protein Content

Statistical analysis using ANOVA (p < 0.05) demon-

strated significant temporal variation in crude protein con-

tent from July to October. The highest protein levels were
recorded in July, likely due to favorable environmental
conditions moderate temperatures and residual soil mois-
ture that promote the growth of young, protein-rich forage.

In August, protein content slightly declined, a response
to advancing drought conditions and reduced rainfall,
which slow vegetative growth and initiate the reproduc-
tive phase in grasses. This trend continued into September,
when protein levels dropped more sharply, coinciding with
the maturation and senescence of forages. As grasses tran-
sition into flowering and seeding stages, nutrient allocation
shifts from leaf development to reproduction, reducing
crude protein availability.

By October, protein values were at their lowest. This
is attributed to the prevalence of standing hay mature, fi-
brous, and desiccated forage characterized by higher lignin
and cellulose content but lower protein concentration. This
seasonal decline reflects strong climatic controls on forage
quality, especially under heat and water stress conditions
(2223 Protein and lipid profiles, including amino acid com-
position, directly affect feed quality and animal perfor-

mance (2423

! Insufficient protein or amino acid imbalance
can impair livestock growth, reproduction, and feed con-
version efficiency.

Environmental stressors such as heat and drought
have been shown to disrupt nitrogen metabolism in plants,
decreasing protein synthesis and stability "**'. This study
reinforces the hypothesis that prolonged dry seasons re-
duce the nutritional value of forages, with implications for

*027 Furthermore, warming and

ruminant productivity |
moisture stress can reduce plant fitness and shift species
composition, compounding the nutritional challenges .
Although moderate drought may maintain forage
quality in certain cases, prolonged deficits cause a buildup
of structural carbohydrates and fiber, decreasing digest-

2 Rising atmospheric CO-

ibility and intake efficiency '
may alter forage quality by increasing non-structural car-
bohydrates and reducing nitrogen concentration, although
this response can vary with altitude and species [30]. In
highland regions, some forages may retain higher nitrogen
content due to changes in species composition or plant
physiology.

Overall, the protein content of forage followed a de-

clining trajectory across the dry season. Early dry months
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(July—August) offered relatively nutritious forage, but
quality deteriorated sharply in September and October.
These results corroborate the general principle that sea-
sonal rainfall patterns shape forage protein dynamics, with
greater leaf:stem ratios and protein synthesis occurring
under favorable moisture conditions °'**. However, even
during the rainy season, anti-nutritional factors like tannins
and lignin can limit digestibility and animal performance if
not properly managed *.

Crude Fiber Content

The crude fiber content of forage in July was record-
ed to be the lowest compared to other months, at 20.15 +
1.45%. This indicates that the forage during this month
was still young and fresh, with a lower proportion of crude
fiber. Young forage typically has better nutritional value,
including high protein content and lower crude fiber. In
this regard, in inadequately managed pasture grass with
rotational grazing, the supply of forage is nutritionally
beneficial because the grass does not reach physiological
maturity, resulting in a lower fibrous fraction *. This phe-
nomenon generally occurs in grazing fields, although other
factors such as climate and high temperatures also influ-
ence forage quality.

The crude fiber content increased slightly in August
to 25.25 + 2.09%. This increase is likely due to the initial
process of forage aging, where changes in environmental
conditions cause forage to enter the growth phase charac-
terized by a higher crude fiber content due to increasing
lignin and structural fiber proportions. As plants progress
toward maturity, their relative protein content tends to
decrease while their structural fiber content, indicated by
fractions such as ADF and NDF, tends to increase **'. This
observation aligns with the general phenological decline in
forage quality towards the end of the growing season "%,

In September, crude fiber content increased signifi-
cantly to 28.53 £ 0.98%. Statistical analysis using one-way
ANOVA confirmed that the increase in crude fiber from
July to September was significant (p < 0.05), with post-hoc
Tukey’s test revealing that September’s crude fiber con-
tent was significantly higher than July and August. This
increase indicates that most forage had entered the gener-
ative phase or was starting to experience drought stress.
The high crude fiber content in this phase results from

increased lignification in plant cells, a typical response

to hot and dry conditions. The smaller standard deviation
compared to August suggests more homogeneity in forage
quality during September.

Warming generally advances plant phenology, leading

[37-39

to earlier leaf and flower emergence I In some cases,

leaves also senesce earlier . Drought stress and elevated

[41]

temperatures accelerate leaf senescence - and reduce re-

. 30,42
productive success >

, causing plants to age more quick-
ly and increasing crude fiber content.

In October, crude fiber content decreased slightly to
28.38 + 1.20%, though still at a high level. This decrease,
not statistically significant compared to September (p >
0.05), likely resulted from plant conditions that began to
dry completely, causing slight fiber degradation. Nonethe-
less, the high crude fiber content remained a key character-
istic, indicating a decline in overall forage quality.

Overall, the data show a significant increasing trend
in crude fiber content from July to September (p < 0.05),
followed by a slight, non-significant decrease in October.
This pattern reflects natural forage aging and seasonal in-
fluences on plant structure. Increasing crude fiber over
time is accompanied by decreasing protein content and for-
age quality. These changes are closely linked to tempera-
ture and air-availability effects on plant metabolism, where
the optimal temperature for leaf photosynthesis is lower
than the temperature at which leaf respiration peaks “’!.
Energy Content

Forage energy content in July was the highest among
the months, recorded at 4199.37 + 102.35 kcal/kg. This
high energy content is likely influenced by the presence
of young, fresh forage rich in easily digestible compo-
nents. This typically occurs at the onset of the rainy season
when plants receive sufficient air and nutrients for optimal
growth and quality.

In August, energy content decreased to 4065.31 +
173.84 kcal/kg, coinciding with the dry season’s onset.
This decline is due to plant maturation and senescence, in-
creasing crude fiber and lignin contents that reduce digest-
ibility and available energy. Key nutritional indicators such
as Acid Detergent Fiber (ADF), Neutral Detergent Fiber
(NDF), and Dry Matter Digestibility (DMD) correspond
with these energy fluctuations **,

Energy content further decreased in September to
3986.83 + 200.55 kcal/kg, reflecting dry season effects.
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The greater standard deviation suggests increased variabil-
ity in forage quality across the pasture. In October, energy
content reached its lowest at 3929.28 + 191.41 kcal/kg.
One-way ANOVA analysis indicated that energy content
decreased significantly from July to October (p < 0.05).
Regression analysis showed a strong negative correlation
between crude fiber content and energy content (p < 0.01),
highlighting that increasing fiber lowers forage energy.
The decline in energy reflects drought impacts where
plants invest more energy in flowering and seed formation
rather than vegetative growth, which typically contains
higher energy ’. Changes in plant community composi-
tion and functional groups also contribute to shifts in pal-
atability and nutritional value. The forage energy content
demonstrated a significant downward trend from July to
October, corresponding with natural aging and drying pro-
cesses in pasture plants. While forage quantity is easier to
measure, quality assessment requires detailed nutritional

evaluation as conducted here ",

3.2.3. Total Digestible Nutrients (TDN)

The TDN content of forage in July was recorded as
38.90 + 7.93%, representing the highest value during the
observation period. This elevated TDN level indicates that
forage quality was relatively high, characterized by greater
digestibility and a higher proportion of nutrients available
for absorption by ruminants. These conditions are likely
attributable to the presence of young, fresh plant material
at the onset of the rainy season, which tends to be rich in
protein and energy while relatively low in crude fiber.

In August, TDN content declined to 35.20+8.73%.
This reduction may be associated with environmental shifts
and plant physiological changes as the region transitions
into the dry season. During this period, forages advance in
maturity, accumulate more structural carbohydrates such
as lignin, and exhibit reduced digestibility. The increase
in standard deviation also reflects a greater heterogeneity
in forage quality across grazing areas. Forages with TDN
content above 50% are generally considered adequate to
meet the energy requirements of grazing ruminants **,
that high TDN values contribute to favorable rumen micro-
bial activity, enhancing fermentation efficiency . Addi-
tionally, that elevated atmospheric CO- concentrations can

enhance forage digestibility by approximately 7% ©”.

As the dry season intensifies, the TDN content contin-
ued declining in September, reaching 30.91 + 4.04%. This
trend reflects increased lignification and reduced nutrient
bioavailability, particularly as forages enter a more senes-
cent state. Although the standard deviation was lower, in-
dicating more uniform quality, the overall digestibility had
substantially declined. By October, the TDN content fur-
ther dropped to 30.57 + 4.33%, suggesting that the major-
ity of available forage had reached an advanced maturity
stage with high fiber and lignin contents, and consequent-
ly, diminished nutritional value. TDN serves as a proxy for
overall forage digestibility ",

Interestingly, no significant difference (p > 0.05) in
TDN percentage between seasons during their trial period,
with an average of 51.38 + 5.83% in the rainy season and
38.36 + 6.45% in the dry season “”. Similar values were
in Brachiaria-dominated grasslands during peak rainfall,
a period marked by increased photoassimilate production
which supports higher metabolic efficiency in grazing ani-
mals ",

Overall, the data demonstrate a consistent decline in
TDN content from July to October, paralleling a progres-
sive reduction in forage quality due to plant aging and wa-
ter stress during the dry season. While moderate drought
stress can sometimes delay plant maturation and temporar-

[53.54]

ily preserve digestibility , the prolonged dry conditions
observed in this study led to reductions in the apparent di-
gestibility of organic matter (OM), dry matter (DM), and
crude protein (CP) ®*. These reductions are often exacer-
bated by nitrogen deficiency, which compromises rumen
metabolism, microbial activity, and ultimately the efficien-

cy of nutrient utilization.

3.2.4. Protein-Energy Ratio (P:E)

The protein-energy (P:E) ratio is a crucial indicator
reflecting the nutritional balance of forage for ruminants,
representing the proportion between available crude pro-
tein and metabolizable energy. This ratio is influenced by
forage digestibility, degradation rates of plant components,
and the synchronization of ruminal fermentation. A low
P:E ratio indicates an energy-rich diet, whereas a high ratio
suggests a relatively higher protein availability. However,
this balance may be disrupted when protein is poorly de-

gradable in the rumen or when energy is limited, ultimate-
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ly reducing nutrient utilization efficiency.

Based on ANOVA results, the P:E ratio in July was
1:4.65 (p > 0.05), indicating a relatively high energy con-
centration compared to protein, which reflects the early
vegetative stage of forage with higher digestibility and
nutrient availability. In August, the ratio slightly declined
to 1:4.54 (p > 0.05), suggesting a relative reduction in pro-
tein as plants transitioned to later growth stages and forage
quality began to decline due to prolonged drought. This
trend coincided with the accumulation of structural carbo-
hydrates, which reduce digestibility and increase the ani-
mal’s energy requirements.

In September, the P:E ratio increased significantly to
1:4.81 (p < 0.05), the highest value observed during the
study period. This shift implies that although energy con-
tent declined due to rising crude fiber levels (CF increased
significantly from 25.06% in July to 28.53% in September
(p < 0.05), protein levels remained relatively stable. How-
ever, this elevated ratio is more indicative of a nutrition-
al imbalance caused by energy deficiency rather than an
improvement in feed quality. In October, the ratio slightly
decreased to 1:4.79 (p > 0.05), indicating further deterio-
ration in forage quality as lignification intensified during
plant senescence.

Phenological changes in forage plants, particularly
flowering and seed development between September and
October, accelerated the decline in nutritional value, as
shown by increased fiber content and decreased protein
and energy concentrations. The accumulation of dry straw
and plant litter in November further led to a dramatic re-
duction in forage nutritional quality.

Overall, the P:E ratio remained relatively stable
throughout the observation period, with minor fluctuations
that aligned with seasonal changes and forage quality dy-
namics. The lowest ratio in July (1:4.65) corresponded to
the period of optimal forage quality, whereas the highest
ratio in September (1:4.81) coincided with increased fiber
and reduced energy content. Although the October de-
crease was not statistically significant (p > 0.05), the trend
reflected an ongoing energy limitation that could constrain
ruminant productivity.

According to the literature, the ideal P:E ratio for op-

timal ruminant performance is approximately 1:5.1"%,

Deviations from this ratio may impair feed utilization effi-
ciency. Structural characteristics of forage such as the leaf-
to-stem ratio and crude fiber content are highly season-de-
pendent and influence protein-energy balance *.

To counter the decline in forage quality, particularly
during the dry season, targeted nutritional supplementa-
tion strategies are essential. Low-dose nitrogen fertiliza-
tion may serve as a sustainable intensification measure to
enhance pasture productivity, forage quality, and reduce
both grazing pressure and greenhouse gas emissions "',
Nitrogen deficiency, especially in low-protein diets, limits
rumen microbial activity, protein synthesis, and fiber deg-
radation, reducing feed conversion efficiency and increas-
ing reliance on body reserves, often leading to significant

weight loss in ruminants during drought periods.

4. Conclusions and Recommenda-
tions

This study demonstrates significant monthly fluctu-
ations in forage nutritional quality during the dry season
in tropical grazing areas of East Nusa Tenggara, Indone-
sia. Using one-way ANOVA, the research confirmed that
dry matter, organic matter, crude fiber, TDN, energy, and
protein-energy ratio all showed statistically significant
variations (p < 0.05) from July to October. Forage quality
consistently declined over time, with a marked increase in
dry matter and crude fiber, and a notable decrease in ener-
gy and digestibility (TDN), which could compromise live-
stock productivity.

Additionally, changes in dominant grass species were
observed monthly in both lowland and highland zones,
shaped by environmental conditions and species adapt-
ability. These findings underline the urgent need for cli-
mate-adaptive forage management strategies, including
early harvesting, forage conservation (e.g., silage/hay), and
potential rotational grazing systems to prevent nutritional
stress in ruminants during prolonged dry seasons.

Further research incorporating the rainy season and
broader ecological indicators is recommended to optimize
sustainable pasture-based livestock systems in semi-arid

tropical regions.
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