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Abstract

This study examines the impact of seasonal climate variations on the growth and productivity of Brachiaria
humidicola in Thua Thien Hue Province (renamed Hue City as of January 1, 2025), Vietnam. Field
experiments assessed key growth parameters: plant height, canopy height, shoot density, and biomass yield,
across two distinct seasons: the spring-summer dry season and the autumn-winter rainy season. The plant’s
adaptation to waterlogging was also analyzed through morphological and physiological assessments. Results
show that B. humidicola maintains high productivity across both seasons, with significantly greater biomass
yields during the springsummer period (P < 0.05). The species exhibited strong waterlogging tolerance,
supported by aerenchyma formation in its roots and leaf sheaths, as well as effective oxygen release
mechanisms. These traits highlight B. humidicola’s potential as a climate-resilient forage crop, capable of
adapting to extreme weather patterns associated with climate change, such as prolonged flooding and seasonal
droughts. These findings establish B. humidicola as a reliable forage crop for sustainable livestock production in
flood-prone and drought regions, ensuring a consistent feed supply for ruminants year-round while supporting
agricultural resilience in the face of changing climatic conditions.
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1. INTRODUCTION

Vietnam’s central coastal region serves as a primary center for ruminant livestock, hosting over 60% of the
country’s total population of these animals. As agriculture transitions from traditional extensive grazing to
semi-intensive and intensive farming systems, the need for dependable, high-quality forage has grown
increasingly urgent. Livestock productivity in this region relies heavily on the availability of green fodder, which
is derived from cultivated grasses, natural pastures, and agricultural by-products. However, the region’s variable
and harsh climate poses a persistent challenge to meeting the year-round nutritional demands of livestock [15].
Thua Thien Hue, situated at the core of this region (and designated as Hue City from January Ist, 2025),
experiences two sharply contrasting seasons: a hot, dry springsummer period and a rainy, flood-prone autumn-
winter period. These climatic extremes significantly disrupt agricultural and livestock productivity. The dry
season brings high temperatures, extended droughts, and parched soils, causing natural vegetation to wither
and forage supplies to dwindle. Conversely, the rainy season delivers heavy rainfall, frequent flooding, and
cooler temperatures, further limiting suitable feed options. Seasonal fluctuations in temperature, humidity,
sunlight, and rainfall directly affect the growth, yield, and nutritional quality of forage crops [17].

To address these challenges, forage species such as Napier grass (Pennisetum purpureum), lemongrass (Cymbopogon
spp.), and Ruzi grass (Brachiaria ruziziensis) have been introduced to the region. Although these grasses offer
high biomass yields and ease of cultivation, their adaptation to Hue’s extreme weather remains limited. This
underscores the need for resilient forage crops capable of thriving under drought and flooding conditions. B.
humidicola is a promising option, recognised for its adaptability to diverse environments, including waterlogged and
arid soils [6,8]. Native to tropical and subtropical zones, B. humidicola is globally valued for its ability to endure
adverse conditions. Its deep root system enhances drought resistance, while its capacity to form aerenchyma,
air-conducting tissues that transport oxygen to submerged roots, supports survival in waterlogged soils. These
traits make it well-suited for flood-prone areas like Hue [7]. The grass offers multiple advantages for sustainable
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livestock production: it provides a steady year-round supply of green fodder, mitigating seasonal shortages; its
high leafto-stem ratio boosts palatability and nutritional content, with studies showing ruminants favor leaf-
rich grasses for their elevated protein and nutrient levels; and its resilience reduces the need for intensive
management, lowering costs for farmers [18].

Despite its potential, the successful integration of B. humidicola into the forage systems of Hue requires a
thorough understanding of how seasonal climatic factors influence its growth and productivity. Previous
research has demonstrated that tropical grasses exhibit significant variations in growth performance across
different seasons. For example, higher temperatures and longer sunshine hours during the dry season often
promote faster growth and higher biomass yields. Conversely, the reduced light intensity and lower rainy
season temperatures can limit photosynthesis, leading to slower growth rates and lower yields. Additionally,
excessive rainfall and waterlogging during the rainy season may increase plant mortality and reduce harvested
forage quality [20,22].

This study investigates the seasonal growth dynamics and productivity of B. humidicola in Hue, analyzing key
indicators such as plant height, canopy height, leaf-to-stem ratio, and shoot density under spring-summer and
autumn-winter conditions. It also explores the grass’s waterlogging adaptations, including aerenchyma
formation and root oxygen release, to elucidate its resilience in flooded settings. By offering evidence-based
insights into B. humidicola’s growth patterns and adaptive mechanisms, this research seeks to advance
sustainable forage systems in Vietnam’s central coastal region. The results aim to inform farmers and
policymakers in selecting resilient forage species and optimizing management practices to enhance livestock
productivity, stabilize feed supplies, and bolster the economic sustainability of livestock farming in Hue and
comparable agroecological zones.

2. MATERIALS AND METHODS

2.1. B. humidicola cultivation

B. humidicola was cultivated in experimental fields in Huong Tho commune, Hue, Vietnam, from January 2021
to December 2022.

Experimental design: A completely randomised design (CRD) was designed, featuring two seasonal treatments:
springsummer (the dry season) and autumn-winter (the rainy season). B. humidicola was planted across four
replicated plots, each spanning 1 hectare (250 m? per plot). The planting process included: (1) Soil
preparation, weeding and tilling to a depth of 20-30 cm for aeration before planting; (2) Fertilization was
applied around 30 tons of organic manure per hectare before planting; (3) Healthy grass stems with evenly
spaced leaf nodes were selected and planted in rows, with three-stem clusters buried 7-10 cm deep at 30 cm
spacing and (4) Watering and maintenance: Irrigation was applied daily (on non-rainy days) for the first 15-20
days, and dead plants were replaced. Weeding was conducted 2-3 times weekly until full ground cover was
achieved.

2.2. Growth parameters and measurement methods

Maximum Plant Height: Measured from the soil surface to the highest leaf tip.

Canopy Height: Measured at five random points within each plot.

Shoot Density: Counted at various growth stages.

Leaf-to-Stem Ratio: Determined from a 10 kg sample per plot, with a 1 kg subsample analyzed.

Assessment of B. humidicola's adaptation to waterlogging conditions

Dissolved Oxygen Content: Measured using an oxygen probe 5 cm above the soil surface.

Leaf Sheath and Root Morphology: Postharvest, leaf sheath and root samples were collected. Thin cross-
sections were prepared with a razor blade, stained with 1-2 drops of acetocarmine, and examined
microscopically to compare waterlogged and non-waterlogged structures.

Oxygen Release from Roots: Three samples per plot were tested for oxygen release from waterlogged and non-
waterlogged roots. Grass sections with intact roots were submerged in a solution of 0.1% agar, 12 mg/L
methylene blue, and 130 mg/L sodium thiosulfate. [10, 11], oxygen release triggers a redox reaction: methylene
blue turns blue in the agar solution, becomes colorless with sodium dithionite (Na2S204), and reverts to blue
with oxygen presence, indicating root oxygen release.

2.3. Evaluation of growth performance

Green Matter Yield: Biomass, including wilted and dried branches (excluding weeds), was harvested on dry,
dew-free days, cut 5-10 cm above ground, and weighed fresh in the field.
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Dry Matter Yield: Calculated as Dry Matter Yield = Green Matter Yield x % Dry Matter Content, with dry
matter content determined by drying samples at 105°C to constant weight.

Protein Yield: calculated as Protein Yield = Dry Matter Yield x % Protein Content in Dry Matter.

2.4. Data processing

Collected data were managed using Microsoft Excel and analyzed with Minitab software (version 16.0)
following the ANOVA method.

3. RESULTS AND DISCUSSION

3.1. Climatic conditions in Hue during the experiment period

Seasonal variations in temperature, humidity, sunshine hours, and average monthly rainfall were recorded
across the springsummer (dry) and autumn-winter (rainy) seasons in Hue. Data in [Fig. 1, 6] indicate that
temperature, humidity, and sunshine hours remained relatively high and comparable between seasons, but
rainfall differed significantly. Autumn-winter rainfall peaked at 339.1 mm, far exceeding springsummer levels.
Temperature in Hue fluctuated widely throughout the year. The average temperature was 24.4°C in spring-
summer and 25.7°C in autumn-winter. Peak temperatures occurred in June, July, and August, averaging 28-
29°C and occasionally reaching 40-41°C due to hot southwesterly winds. In contrast, the lowest temperatures
in autumn-winter averaged 19°C in January, dipping below 10°C during cold northeastern winds. Monthly
temperature shifts were more pronounced in winter, with rapid declines in November and December and
sharp increases in March and April. Daily lows typically occurred between 5-6 a.m., and highs between 12-2
p.m. (Thua Thien Hue Statistics Office, 2022). These climatic variations significantly influence grass growth
and productivity, challenging livestock farming. Effective heat management in summer and cold protection in
winter are thus critical.

3.2. Humidity Patterns

Relative humidity in Hue remains high year-round, with significant seasonal, monthly, and daily variations.
Average relative humidity was 80.2% in springsummer and 84.7% in autumn-winter [Fig. 1,6], contributing to
an annual average of 87.3%, one of the highest in Vietnam. Humidity inversely correlates with temperature
and displays distinct seasonal patterns. Low humidity periods, from April to August, range from 74% to
87.6%, peaking in July with hot southwesterly winds. High humidity spans September to March, peaking at
93.4% in December. Daily fluctuations are most pronounced between 4-6 a.m. (highest) and 1-2 p.m.
(lowest).

Sunshine Hours: Hue records fewer sunshine hours than other Vietnamese regions, with 167.4 hours in
springsummer and 181.0 hours in autumn-winter. This pattern distinguishes its climate from the Northern,
Central Highlands, and Southern regions.

Rainfall Characteristics: Hue receives Vietnam’s highest annual rainfall, averaging 3,877 mm. Spring-summer
rainfall averaged 118.4 mm, while autumn-winter reached 339.1 mm [Fig. 1, 6]. Rainfall is driven by the
northeast monsoon’s early phases, peaking in October at 1,234 mm. The driest months, February to April, see
a minimum of 78 mm in February. Rainy days range from 150 to 220 annually, with 21-24 days per month in
October and November. Maximum rainfall events (500-1,000 mm) often last 4-6 days, triggering widespread
flooding. High rainfall intensity and variability challenge agricultural and livestock production. Frequent
drizzle from December to April, especially in February and March, reduces evaporation, sustaining elevated
humidity during the dry season.

3.3. Impact of seasons on the growth

Key growth parameters, leaf-to-stem ratio, maximum plant height, canopy height, number of shoots per clump,
and clump circumference—are essential for evaluating the forage potential of B. humidicola. These metrics were
monitored across the spring-summer and autumn-winter seasons [Tab. 1]. Results reveal significant seasonal
differences in these parameters (P<0.05), with higher values consistently recorded in spring-summer compared
to autumn-winter. This is likely due to favorable spring-summer conditions, including moderate temperatures,
balanced humidity, longer sunshine hours, and lower rainfall [Fig. 1,6], which optimize B. humidicola’s growth
and development.

The leaf-to-stem ratio, a quality parameter reflecting grass palatability for livestock, was significantly higher in
springsummer (53.79%) than in autumn-winter (41.99%) (P<0.05). Livestock prefer higher ratios (Phan et al.,
2020). Le et al. (2012) reported a leaf-to-green matter ratio of 57.1-64.5% for Brachiaria species, while [18]
found ratios of 23.9-39.3% for Guinea grass and 42.1-55.3% for Ruzi grass. Maximum plant height of B.
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humidicola also varied seasonally (P<0.05), reaching 77.96 cm in spring-summer versus 71.59 cm in autumn-
winter. [4,5] recorded heights of 82.61 cm for Guinea grass and 90.87 cm for Mulato II grass. Canopy height
showed significant seasonal differences (P<0.05), averaging 62.07 cm in springsummer and 58.67 cm in
autumn-winter. [10] noted Brachiaria canopy heights of 45-65 cm, while [20] reported 54.9 cm (rainy season)
and 51.5 cm (dry season) for S. guianensis CIAT 184. [17] found Guinea grass canopy heights of 48.55 cm at 40
days and 65.22 cm at 50 days.

The number of shoots per clump differed significantly (P<0.05), with 59.7 shoots in spring-summer and 47.13
in autumn-winter, influenced by soil, water, fertilizers, and climate. [16] reported 22 shoots per clump for
Brachiaria after 60 days, while (12, 13, 14] found 7.98-14.90 for Paspalum grass. Clump circumference was
larger in spring-summer (73.91 cm) than in autumn-winter (66.81 cm), with significant differences (P<0.05).
3.4. Impact of seasonal variations on the productivity

As shown in [Tab. 2] B. humidicola exhibited significantly higher productivity in springsummer than in
autumn-winter (P<0.05). Green matter yield averaged 14.97 tons/ha/cut in spring-summer, compared to 12.89
tons/ha/cut in autumn-winter. Dry matter and protein yields followed the same trend, reflecting the negative
effects of lower temperatures, reduced sunshine, and excessive rainfall in autumn-winter.

These results are consistent with prior studies showing that tropical grasses thrive under high light intensity
and moderate temperatures [20,14] found that grass productivity in Thanh Hoa dropped in winter, with
herbaceous species yielding only 22.93-37.23% of annual totals. [12] reported that spring-summer conditions,
higher temperatures, longer sunshine hours, and lower rainfall, boosted grass productivity to 72-75% of
annual yield (over five cuts), while autumn-winter, spanning 40% of the year, contributed just 25-28% (over
three cuts). They attributed this to waterlogging-induced plant mortality, slower growth from lower
temperatures and reduced sunshine, and inadequate care due to unfavorable weather. [14], observed that dry
matter yields peaked during moderate rainfall and high temperatures, followed by low rainfall and high
temperatures, and were lowest with high rainfall and low temperatures. Grass regeneration and growth rely
heavily on light and water availability. In low-rainfall months (April-September), adequate irrigation and
extended sunshine enhanced productivity, whereas low temperatures and insufficient light reduced yields in
the rainy season (October-December). Reduced sunshine hours, critical for C4 plants like B. humidicola, lower
chlorophyll o concentration and overall chlorophyll density, limiting photosynthesis and biomass
accumulation [6]. Contrasting findings emerged from [12], who reported higher grass productivity in Gia Lai’s
rainy season, linked to red basalt soil and a prolonged dry season (November-April) causing water shortages
that constrained growth. Similarly, [16] noted comparable trends in Ha Giang, highlighting the role of regional
soil and climate differences.

3.5. Assessment of adaptation to waterlogging conditions

Dissolved oxygen content

Dissolved oxygen is essential for metabolic processes, supporting the growth, reproduction, and productivity of
plants and aquatic organisms. Dissolved oxygen levels increased with wider planting distances, indicating that
lower plant density reduced root oxygen consumption. For example, plots with 50 x 50 cm spacing retained
significantly higher oxygen levels (2.41 mg/L) than those with 20 x 50 cm spacing (1.45 mg/L), [4, 15].
Experimental results suggest that denser planting leads to greater root oxygen consumption, lowering dissolved
oxygen content in water. In potted experiments, dissolved oxygen levels were generally lower due to limited
water movement, reduced air contact, and minimal light exposure. However, dissolved oxygen levels remained
higher in pots than in field conditions. By the 30th day after waterlogging, dissolved oxygen in pots with a 25
cm water depth had dropped to 0.30 mg/L, likely due to the small pot diameter (40 cm) and a planting density
of three cuttings per pot. Additionally, stagnant water with minimal air exchange and low light penetration
further reduced oxygen levels. Unlike in the pot experiment, water samples from field trials did not turn dark
[Tab.3].

Dissolved oxygen levels also varied significantly across harvest cycles (P < 0.05) [2,3]. In each season, oxygen
levels were highest in the first cycle, gradually declined in the second, and reached their lowest in the third.
During the first cycle, root systems were still developing, resulting in minimal oxygen consumption. By the
third cycle, well-established roots consumed more oxygen, further depleting dissolved oxygen levels. Our
findings align with previous research, [13] reported that dissolved oxygen levels in Paspalum grass were
influenced by planting density and harvest cycles.

Formation of internal air-conducting structures
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Microscopic observations revealed that in non-waterlogged leaf sheaths [Fig. 2], air-conducting tissues
(aerenchyma) were either absent or not well-developed. In contrast, waterlogged samples [Fig. 3] exhibited well-
developed aerenchyma with larger diameters, facilitating oxygen transport between roots and shoots.

Root observations showed a similar trend: non-waterlogged roots had fewer air pores, whereas waterlogged
roots developed more numerous and prominent air pores, forming interconnected networks for oxygen
exchange [Fig. 4, 5]. This adaptation helps plants maintain oxygen supply under prolonged waterlogging
conditions. According to [9] and [2], some plant species respond to waterlogging by developing aerenchyma,
which transports oxygen to submerged roots and mitigates oxygen deficiency caused by flooding.

Observation of oxygen release from roots

To assess oxygen release, three samples per plot were tested under waterlogged and non-waterlogged
conditions. In non-waterlogged roots, oxygen release was negligible, as no visible color change occurred in the
surrounding solution after 30 minutes, consistent with the absence of air-conducting tissues.

Conclusion

This study highlights the ability of B. humidicola to maintain high productivity yearround in Hue, with
significantly higher yields in the springsummer season (P < 0.05). Its strong adaptability to waterlogging,
evidenced by aerenchyma formation and oxygen release mechanisms, makes it a reliable forage option for
flood-prone areas. Integrating B. humidicola into local forage systems can help farmers mitigate seasonal feed
shortages and enhance livestock production. Further research should explore optimal cultivation methods and
their long-term effects on soil health and animal performance to maximize their benefits.
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Figure 1. Seasonal climate conditions in Thua Thien Hue (designated as Hue City from January 1, 2025).

Figure 2. Cross-section of a non-waterlogged leaf sheath.

Figure 3. Cross-section of a waterlogged leaf sheath.
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Figure 4. Cross-section of a mature root (non-waterlogged).

Figure 5. Cross-section of a mature root (waterlogged).

Figure 6. Experiment observing oxygen release in B. humidicola roots under non-waterlogged (A) and
waterlogged (B) conditions.
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Some pictures during the experiment

B

6.2. The non-waterlogged (A) and waterlogged (B) B. humidicola
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6.3. The non-waterlogged (A) and waterlogged (B) B. humidicola before the observing oxygen release experiment
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Tables
Table 1-=
. Seasonal impact on growth parameters of B. humidicola.

Growth Parameter Spring-Summer  Autumn-Winter SEM  P-value

Leaf-to-Stem Ratio (%) 53.79° 41.99 0.768 0.000

Maximum Plant Height (cm) 77.96 71.59° 0.909  0.000

Canopy Height (cm) 62.07" 58.67° 0.939  0.011

Number of Shoots per Clump 59.70° 47.13" 1.200  0.000

Clump Circumference (cm) 73.91° 66.81° 1.438  0.001

Values with different letters indicate statistically significant differences between the two seasons at P<0.05

Table 2. Seasonal impact on productivity parameters of B. humidicola

Parameter Spring-Summer Autumn-Winter SEM  P-value
Green Matter Yield (tons/ha/cut) 14.97* 12.89° 0.254  0.000
Dry Matter Yield (tons/ha/cut) 3.66 3.18" 0.062  0.000
Protein Matter Yield (tons/ha/cut) 1.12° 0.97° 0.019  0.000

Values with different letters indicate statistically significant differences between the two seasons at P<0.05

Table 3. The dissolved oxygen content in experimental plots
Planting Distance Cut 1 (mg/L) Cut2 (mg/L) Cut3 (mg/L) Planting Distance

20x 50 cm 1.45b 1.37b 1.05b 20x 50 cm
30x 50 cm 1.78ab 1.61ab 1.12ab 30x 50 cm
40 x50 cm 2.08a 1.95a 1.08a 40 x 50 cm
50 x 50 cm 2.41a 2.25a 1.09a 50 x 50 cm
P-value * * P-value

* indicates significant differences at P<0.05
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