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Abstract

Introduction. Drought can reduce grain production by up to 50 % and drastically reduce the biomass of
pastures and forages used for animal feed. Objective. To evaluate the establishment of ten new varieties of Cenchrus
purpureus that are tolerant to drought under conditions of intense seasonal drought in Cauto Valley, Cuba. Materials
and methods. The present study used a randomized block design with four replicates to evaluate ten new varieties of
Cenchrus purpureus (CT-600, CT-601, CT-602, CT-603, CT-604, CT-605, CT-606, CT-607, CT-608 and CT-609) on
Fluvisol soil in an area of intense seasonal drought in Cuba, from November 2019 to May 2020. The variety CT-115
was used as a control. At the time of sprouting, soil moisture, plant height, leaf area, biomass yield, and leaf-to-stem
ratio were monitored and calculated. Results. During the first 12 days after planting, varieties CT-608, CT-607, CT-
609, CT-600, CT-115, and CT-603 showed a higher percentage of sprouting (p < 0.05), a response maintained at 19
days. The varieties CT-603 and CT-608 reached the highest sprouting capacity, exceeding 60 % in 29 days, followed
by CT-600 and CT-609 with more than 50 %, and then CT-607 with 44 % (p < 0.05). The remaining varieties,
including the control, exhibited slower sprouting, with values ranging from 20 to 40 % by that period. Conclusions.
At the establishment cut, no significant differences were found between varieties in height, growth, leaf area, and dry
matter (DM) yield; however, biomass structure indicators varied, with only CT-604 surpassing the control in leaf-to-
stem ratio (2.1 vs. 1.5) and leaf percentage (67.4 vs. 57.8 %). The new varieties demonstrated the capacity to establish
under the conditions evaluated.
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Resumen

Introduccién. La sequia puede reducir la produccién de granos hasta en un 50 % y disminuir drasticamente
la produccién de biomasa de pastos y forrajes. Objetivo. Evaluar el establecimiento de diez nuevas variedades de
Cenchrus purpureus tolerantes a la sequia en condiciones de sequia estacional intensa en el Valle del Cauto, Cuba.
Materiales y métodos. El presente estudio utilizé un disefio de bloques aleatorios, con cuatro repeticiones, para
evaluar diez nuevas variedades de Cenchrus purpureus (CT-600, CT-601, CT-602, CT-603, CT-604, CT-605, CT-606,
CT-607, CT-608 y CT-609) en suelo Fluvisol e intensa sequia estacional en Cuba, de noviembre de 2019 a mayo de
2020. La variedad CT-115 se utilizé como control. En el momento de la germinacion de las variedades, se monitored
la humedad del suelo, altura de las plantas, drea foliar, rendimiento de biomasa y relacién hoja/tallo. Resultados.
Durante los primeros 19 dias después de la siembra, las variedades CT-608, CT-607, CT-609, CT-600, CT-115 y
CT-603 mostraron un mayor porcentaje de germinacion (p < 0,05). Las variedades CT-603 y CT-608 a los 29 dias
superaron la capacidad de germinacién del control en 60 % (p < 0,05). Conclusiones. En el momento del corte de
establecimiento, no se encontraron diferencias significativas entre las variedades en cuanto a altura, crecimiento, drea
foliar y rendimiento de materia seca (MS); sin embargo, los indicadores de la estructura de la biomasa variaron, y solo
la CT-604 superd al control en la relacién hoja-tallo (2,1/1,5) y en el porcentaje de hojas (67 4 frente a 57,8 %). Las
nuevas variedades demostraron su capacidad de establecerse en las condiciones evaluadas.

Palabras clave: Pennisetum purpureum, sequia, pastos, rendimiento.

Introduction

Drought can reduce grain production by up to 50 % (Asati et al., 2022; Upadhyaya et al., 2012) and drastically
reduce biomass production of pastures and forages used for animal feed. It involves molecular mechanisms on the
part of the plant with morphological manifestations that include but are not limited to reduction of the states (water
potential or relative water content), turgor pressure (Purbajanti et al., 2020) and, reduction of leaf expansion as
the first response of plants to drought stress (Perera et al., 2019). The above generally affects biomass production,
which is the main objective of grass and forage cultivation..

In recent years, drought periods have increased worldwide, and a decrease in rainfall volume has been
observed (Cruz et al., 2025). Rainy periods have shifted or become shorter (Allan, 2012), negatively affecting
biomass capacity accumulation and grain production. Researchers from the agricultural and livestock sectors
around the world focus their efforts on producing food in the context of climate change and a combination of abiotic
stresses (Liu et al., 2022), accentuated in arid and/or seasonally dry regions, the latter condition being present as a
characteristic feature in the tropical region.

Some plant species tolerate a wide threshold of available soil moisture. That is the case of Sorghum bicolor
L. Moench and Pennisetum glaucum L. (Cruz et al., 2025), the latter being a relative of Napier Grass (Cenchrus
purpureus (Schumach) Morrone syn. (formerly Pennisetum purpureum) (Chemisquy et al., 2010; Mogotsi et al.,
2020), native to sub-Saharan Africa. Due to its ecological plasticity, it has been distributed in regions with partially
humid climates, such as Australia, Asia, South America, Mesoamerica, and tropical Caribbean islands (Muktar et al.,
2023; Singh et al., 2013), because of its biomass production benefits, it became popular for feeding dairy cows first.
Then, its use in feeding other animal species became common. Its productive and quality history continues to this day.

This variety has been widely used as animal feed in Cuba since 1980, although there are no records of its
introduction (Herrera et al., 1995). The seasonality of rainfall in Cuba leads to food scarcity due to water scarcity,
hurting cattle production systems. Considering the above, a C. purpureus improvement program was created based
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on physical and chemical mutagens under in vitro conditions to obtain clones tolerant to drought and mixed stress
situations (drought and salinity) (Herrera et al., 2003). These clones maintained genetic stability, allowing them
to be identified as varieties (Herrera, 2009). Although they have been extensively studied in the western region of
Cuba, the eastern region, especially in the Cauto Valley (which occupies 4.5 thousand km?), has not been studied.
The Cauto Valley region is known for its livestock activity (approximately 90%) (Ponce Palma et al., 2020), its
hydrological (Sanchez-Sanchez et al., 2013), and geological features (Gonzalez, 1916).

These characteristics vary from those described for the western part of the country (Alvarez, 2017). In the
Cauto Valley, studies on the establishment and forage valuation of the new varieties obtained by tissue culture have
not yet been carried out. For this reason, the objective of the present study was to evaluate the establishment of ten
new varieties of C. purpureus that are tolerant to drought under conditions of intense seasonal drought in Cauto
Valley, Cuba.

Materials and methods

The research was conducted on Fluvisol soil at the Pasture and Forage Experimental Station of the Jorge
Dimitrov Agricultural Research Institute in Granma, Cuba, from November 2019 to May 2020. This site constitutes
a representative ecosystem of the Cauto Valley. The air temperature ranged from 24.2 °C during the dry season
(November—April) to 27.7 °C during the rainy season (May—October), reaching maximum values of 28.6 °C and
32.8 °C, respectively. Annual rainfall fluctuated between 630 and 1500 mm, with periods of intense drought during
the dry season, accounting for 7.0 to 11.9 % of the total.

Treatments and design

Eleven treatments were evaluated in a randomized block design with four replicates. Experimental units
consisted of 4 x 5-meter plots. The treatments included 10 new varieties of Cenchrus purpureus (CT-600, CT-601,
CT-602, CT-603, CT-604, CT-605, CT-606, CT-607, CT-608, CT-609) obtained by tissue culture from the apical
cone of the C. purpureus Cuba CT-115 variety, selected for its drought tolerance and as a control.

Procedure

Planting was done with a row spacing of 1 m and a planting density of 2.5 t ha! of cuttings. The number of
buds planted per plot was standardized, and the sprouting percentage was quantified through direct observation and
counting. Plant height was measured biweekly, from the base to the apical cone, to determine growth and the total
number of green leaves. The yield based on the grass response was measured by cutting at the end of the growth
spurt, with a decline in daily growth rate after 154 days. To obtain the green biomass yield, the edge effect (50 cm)
was excluded, and the total fresh weight of the plot was measured.

To determine the leaf-to-stem ratio, a 200 g subsample of green biomass was placed in a forced-air circulation
oven until it reached constant weight. The dry matter was estimated through an arithmetic relationship between the
green and dry weight of the components. The leaf area was determined by using a planimeter after sampling two
plants per plot. The soil moisture was determined gravimetrically at 8, 12, 16, 20, and 22 weeks after planting. Soil
samples from five random points per plot were taken at two depths: 0-20 cm and 20-40 cm (Table 1).
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Table 1. Soil moisture (%) in the experimental plots. Estacion Experimental de Pastos y Forrajes del Instituto de Investigaciones
Agropecuarias “Jorge Dimitrov”. Cuba, 2020.

Cuadro 1. Humedad del suelo (%) en las parcelas experimentales. Estacion Experimental de Pastos y Forrajes del Instituto de
Investigaciones Agropecuarias “Jorge Dimitrov”. Cuba, 2020.

Week Depth (cm)
0-20 20 - 40

8 133 13.1
12 11.3 11.9
16 103 99
20 9.0 9.1
22 14.3 15.6
General mean 11.7 11.9
+SE 03

+SE: Standard error. /=SE: Error estandar.

Statistical analysis

Statistical analysis was performed using STATISTICA version 10.0 (StatSoft, 2011). Data normality was
assessed using the Kolmogorov-Smirnov test, and homogeneity of variance using Bartlett’s test. Each variable was
analyzed using analysis of variance (ANOVA). Means were compared using the Newman-Keuls test (StatSoft,
2011). The application of the mathematical model of the design controlled for the effect of variety, as shown in
equation 1.

Yi=pu+Vi+B+e )

Where: YU= response variable, i = constant common to all observations, 7, = effect of the i-the treatment
(varieties) (i = 1,...,11), ﬁj = effect of the j-the block (j = 1,....4), €= random error ~ N (0, 02¢).

To explore the relationship between early establishment vigor and final agronomic performance, a Pearson
correlation analysis was performed. The correlation coefficients (r) were calculated between the sprouting
percentage at 29 days after planting (as an indicator of early vigor) and the main agronomic variables evaluated at
the establishment cut (154 days after planting), including plant height, dry matter yield, leaf-to-stem ratio, and leaf
area per plant. Correlation significance was tested at p < 0.05.

Results

During the first 12 days after sowing, the varieties CT-608, CT-607, CT-609, CT-115, and CT-603 showed, in
that order, the highest sprouting percentages (p < 0.05), a behavior that was maintained until 19 days, when the
CT-600 variety was added to the highest performing group. At day 29, varieties CT-603 and CT-608 reached the
highest sprouting levels, exceeding 60 %, followed by CT-600 and CT-609, with values above 50 %, and CT-607,
with 44 % (p < 0.05). In contrast, the remaining varieties, including the control (CT-115), showed slower sprouting,
with percentages between 20% and 40% for the same period (Figure 1).
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Figure 1. Variation in the sprouting percentage of the varieties. Pasture and Forage Experimental Station of the Jorge Dimitrov
Agricultural Research Institute, Cuba. 2020.

abed Different letters within each age indicate differences for p < 0.05 according to Newman-Keuls

Figura 1. Variacion en el porcentaje de germinacién en nuevas variedades. Estacién Experimental de Pastos y Forrajes del Instituto de
Investigaciones Agropecuarias “Jorge Dimitrov”. Cuba 2020.

abed etras diferentes en una misma columna indican diferencias segiin Newman-Keuls (Statsoft, 2011) para p < 0,05.

The response of the evaluated varieties to the establishment cut is present in Table 2. No significant differences
were observed among varieties in plant height, average daily growth, leaf area, and dry matter (DM) yield (p =

Table 2. Agronomic variable’s behavior at the establishment cut (154 days). Estacion Experimental de Pastos y Forrajes del Instituto
de Investigaciones Agropecuarias “Jorge Dimitrov”. Cuba, 2020.

Cuadro 2. Comportamiento de las variables agronémicas en el corte de establecimiento (154 dias). Estacién Experimental de Pastos y
Forrajes del Instituto de Investigaciones Agropecuarias “Jorge Dimitrov”. Cuba, 2020.

Variety ('Iutting Mean growth Leaf area Yield (t ha™! Leaf/s'tem % leaves
height (cm) (cm day')  Per leaf (cm?)  Per plant (m?) DM) ratio
CT-600 89.7 0.56 97.5 0.10 9.0 1.9%® 65.7%
CT-601 98.6 0.61 83.7 0.08 9.5 1.8® 64.5%®
CT-602 91.2 0.57 85.3 0.08 9.0 1.5° 59.2:®
CT-603 833 0.52 1335 0.36 92 1.8® 64.6°
CT-604 87.2 0.54 874 0.07 8.5 2.1* 67 4*
CT-605 74.2 0.46 154.8 0.17 10.9 2.0%® 66.2:®
CT-606 57.3 0.36 72.0 0.06 3.7 1.8%® 64.1%®
CT-607 70.4 0.44 62.6 0.05 10.5 1.8%® 63 .4
CT-608 994 0.62 130.0 0.13 8.0 1.9 64.8°
CT-609 79.6 049 123.7 0.12 7.7 1.7%® 62.6%°
CT-115 99.4 0.62 106.0 0.11 8.0 1.5° 57.8°
+SE 05 0.03 0.14 0.005 0.1 001 0.08

2 Different letters in the columns indicate differences according to Newman-Keuls (StatSoft 2011) for p < 0.05. DM: Dry matter. +SE:
Standard error. / ** Letras diferentes en una misma columna indican diferencias segiin Newman-Keuls (Statsoft, 2011) para p < 0,05.
MS: Materia seca. +EE: Error estdndar.
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0.05), indicating a uniform agronomic response after 154 days of growth under intense seasonal drought conditions
and without irrigation.

Biomass indicators showed significant differences in structure and distribution. The CT-604 variety
outperformed the control (CT-115) in leaf-to-stem ratio (2.1 vs. 1.5) and leaf percentage (67.4 % vs. 57.8 %)
(p =0.05). The other varieties showed no significant differences (p = 0.05), except in CT-602, which presented a
leaf-to-stem ratio statistically similar to that of the control (p = 0.05). To date, there is no information available on
the performance of these new varieties during the establishment phase under intense seasonal drought conditions.
These results constitute the first documented report in a dryland livestock production system.

To further investigate the relationship between early establishment vigor and final agronomic performance, a
Pearson correlation analysis was performed between sprouting percentage at 29 days (Figure 1) and the variables
evaluated at the establishment cut at 154 days (Table 2). The results (Table 3) showed a positive but low and non-
significant (p > 0.05) correlation with final plant height (r = 0.32) and dry matter yield (r = 0.28). The correlation
with leaf-to-stem ratio was practically null (r = —0.05). These findings suggest that, under the intense seasonal
drought conditions of this study, early sprouting vigor is not a reliable predictor of final yield or biomass structural
quality in C. purpureus.

Table 3. Pearson correlation coefficients (r) between sprouting percentage at 29 days and agronomic variables at the establishment cut
(154 days).

Cuadro 3. Coeficientes de correlacion de Pearson (r) entre el porcentaje de brotacién a los 29 dias y las variables agronémicas al corte
de establecimiento (154 dias).

Variable (154 days) Correlation with sprouting at 29 days (r) p-value
Plant height (cm) 0.32 0.18
Dry matter yield (t ha') 0.28 0.24
Leaf-to-stem ratio -0.05 0.84
Leaf area per plant (m?) 0.21 0.39
Discussion

Sprouting studies conducted in western Cuba with these new varieties show similarities to their parent, CT-
115, whose germination is characterized by a gradual, prolonged pattern extending beyond 28 days (Herrera et
al., 1995). In this study, the fact that between 30 and 65 % of the planted buds sprouted after 29 days suggests an
adequate establishment capacity under seasonal drought conditions, considering that soil moisture did not exceed
13.2 %, a value lower than the wilting coefficient desired for this type of soil (Hernandez-Jiménez et al., 2015). The
plant height values indicated a short stature, which may be related to abiotic stress, particularly water deficit. Water
deficit affects plant growth rate due to cellular dehydration and altered metabolism (Zhang et al., 2018), aspects
that are subject to high variability, as manifested in controlled experimental conditions, when developed under
production conditions, or in open fields (Mustamu et al., 2023), as was the case in the present study.

However, the parent of the new varieties (CT-115) is short and ideal for grazing (Gudifio-Escandén et al.,
2025; Retureta-Gonzélez et al., 2019). In the present study, no differences (p = 0.05) were observed in the height of
CT-115 concerning the new varieties, suggesting that, due to their genetic origin, they could be showing this trait.
Thus, the low-height response could not necessarily be linked to an effect of intense seasonal drought.
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The higher percentage of leaves in some of the new varieties, compared to the control, indicates a favorable
structural response and positive implications for the production of quality biomass in water-constrained regions.
The number of leaves is primarily affected as a physiological compensation mechanism when the plant is under
water stress, since both the morphology of this organ and its number constitute an important portal for water
exchange with the environment, for the development of vital aspects such as gas exchange, water balance, and
photosynthesis (Azcén-Bieto & Talon, 2013). Therefore, under seasonal drought conditions, the plants’ ability to
respond by producing more leaves than stems suggests potential uses in animal feed.

This behavior coincides with that reported by Mengistu et al. (2022), who highlights the role of leaves as
indicators of tolerance to water stress in forage crops. A higher proportion of functional leaf tissue can favor
digestibility and nutritional forage value, representing an advantage in livestock systems located in arid areas or
with irregular rainfall.

In addition to favorable leaf production of the new varieties, the productive results based on dry matter yield
were also encouraging. In studies involving the parent cultivar (Cenchrus purpureus [Schumach] Morrone cv. Cuba
CT-115). Productivity and yield responses are closely related to soil and climate characteristics of the experimental
or production sites.

Under conditions of the Mexican dry tropics, to evaluated several cultivars of C. purpureus, some of them,
such as CT-169, also obtained through genetic improvement programs, and observed productive responses that
ranged between 1.4-1.8 t ha! DM (Villanueva-Avalos et al., 2022), while in the Veracruz region, Mexico in a
warm humid climate, yields of up to 18 t ha! DM were reported (Reyes et al., 2018). In Honduras, during rainfall
regimes of 1419 mm year' obtained yields of 2.25 t ha'! DM at 90 days (Medrano-Escobar et al., 2024), Although
structurally they did not differ from the rest of the varieties (p = 0.05), these results suggest that CT-604 could
express relevant differences in biomass quality, as demonstrated in previous studies (Ray-Ramirez et al., 2018).
This finding justifies its subsequent evaluation under nutritional analysis and digestibility schemes, to validate its
potential in animal feed in rainfed areas.

The lack of a significant correlation between early sprouting and final dry matter yield (r = 0.28, p > 0.05) is
a key finding of this study. This result indicates that, while rapid emergence is desirable for soil cover and weed
competition, it does not determine the productive potential of the variety under prolonged water stress. Recent
studies in wheat support this observation; Lan et al. (2022) found no significant correlation between early root and
shoot vigor and demonstrated that traits responsible for early drought tolerance (such as root biomass) differ from
those conferring tolerance to late drought stress (such as grain weight and leaf area).

It is possible that varieties with slower sprouting, such as CT-604, possess physiological mechanisms (e.g., a
deeper root system or greater water-use efficiency) that allow them to match or even surpass the growth of fast-
sprouting varieties when stress intensifies in later stages. Additionally, Vukasovic et al. (2022) identified that early
vigor in wheat is governed by specific genetic loci (such as QTLs on chromosomes 2D, 1B, and 5A) that are not
necessarily associated with final yield, reinforcing the idea that these are genetically dissociable traits. This result
underscores the importance of comprehensive evaluations covering the entire establishment phase, rather than
relying solely on initial indicators.

Conclusions

This study concluded that the new Cenchrus purpureus varieties evaluated established adequately in Fluvisol
soils during the dry season and that early sprouting was not related to final dry matter yield. The results confirmed
that, of the ten varieties studied, CT-604 showed the greatest potential during the establishment phase, based on a
higher number of leaves and a better leaf-to-stem ratio. This suggests its suitability for forage systems in arid zones
and areas with intense drought in the Cauto Valley.
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