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Abstract

Climate change and livestock expansion have affected forage supply in the dry tropics.
Therefore, optimizing planting methods adapted to adverse tropical environments is essen-
tial for establishment and yield. The objective of this study was to evaluate the effect of
different planting methods on the establishment rate, morphology, yield, and nutritional
composition of Cuba OM-22 under the soil and climate conditions of the dry tropics of Peru,
using a block design with four replicates and five methods for propagation by cuttings. The
S4 (two-node cuttings, 25 cm in length; horizontal position 180◦, parallel to the soil surface;
fully buried at 8 cm depth; no spacing between cuttings along the furrow) method offered
the best balance between yield and quality, with higher establishment rate (55.93%), height
(182.15 cm; higher than S1 and S5), and more tillers (surpassing S1 and S2 by 16.97% and
18.86%). In addition, it obtained good green forage yields (137.43 t ha−1) and was better
than all planting methods in dry matter yield (37.45 t ha−1). In nutritional composition,
S4 ranked among the highest averages for nitrogen-free extract (NFE) (43.22%) and ash
(11.06%). However, protein, crude fiber, and fat content did not differ between methods.
On the other hand, planting methods showed negative correlations between the number of
tillers and ash content (p = 0.006; r = −0.79), ash and NFE (p = 0.000; r = −0.92), and protein
with crude fiber (p = 0.029; r = −0.68). These findings highlight S4 as a key strategy for
optimizing establishment, yield, and quality in Cuba OM-22 in the dry tropics.

Keywords: vegetative propagation; climate change; nutritional composition; survival

1. Introduction
The global livestock sector has grown at an annual rate close to 3.81%, outpacing the

increase in crops and other agricultural products [1,2]. This dynamism has driven demand
for beef market, whose production is expected to increase by around 14% in the coming
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years [3]. In Peru, livestock accounts for 11.4% of the gross value of national production
and has grown by 6.2% over the last decade, with particular relevance in the Amazonas
region, where cattle and raw milk contribute more than 90% of the subsector’s value [4].

Ruminant feeding relies mainly on pastures, which constitute the largest source of
dry matter consumed annually in tropical and subtropical regions [5]. Their contribution
can reach up to 84% during the dry season and 58% in the rainy season [6]. However,
forage production in the tropics faces constraints associated with high temperatures, low
soil fertility, and marked seasonality, factors that reduce forage yield and quality and,
consequently, livestock productivity [7,8]. In more severe settings such as Africa, limited
forage availability not only causes weight loss in cattle but also nutritional disorders,
weakened immune systems, and greater susceptibility to infections and parasites [9,10]. In
Peru, the impact of climate change in the tropics has left a strong imprint on the Andes and
the Amazon, reducing the supply of water resources and favoring pests and diseases that
affect forage crops [11–14]. This increases dependence on imported supplements, raises
production costs, and heightens the economic vulnerability of smallholders [15–17].

In this context, the introduction of improved forage germplasm emerges as a strategy
to address these challenges, allowing up to a 2.6-fold increase in biomass production, with
grasses showing the greatest gains compared with other forage types [18]. Interspecific
hybrids between elephant grass (Pennisetum purpureum Schumach.) and pearl millet (Pen-
nisetum glaucum L.) are a viable alternative due to their good adaptability and productivity,
with use as fresh forage and silage [19,20]. Among the most notable hybrids is Cuba OM-22,
typically used as a cut-and-carry grass; it shows drought tolerance, produces good biomass,
and has high protein content under low soil fertility with short cutting intervals [21].

In tropical grasses, reproductive limitations such as low pollen viability, short pollen
longevity, and, in some cases, limited stigma receptivity reduce the availability of viable
seed [22]. In parallel, some forage grasses (Pennisetum ciliare) exhibit apomixis; when
present, it can produce clonal seed, although its expression and agronomic usefulness
vary among species and hybrids [23]. In the absence of apomixis, sexual reproduction
entails segregation in the progeny and therefore loss of genetic uniformity relative to the
parental material [24]. In perennial grasses, the propagation method plays a crucial role
in establishment (rhizomes, stolons, tillers, and stem cuttings), with the advantage of
providing genetically identical plants and, often, faster initial ground cover than direct
seeding; however, success depends on operational factors such as cutting length, number
of nodes, and orientation of the cutting with respect to the soil surface [25–27].

Studies conducted on Cuba OM-22 report a yield of 6.7 to 11.3 t ha−1 of dry matter per
cut, with nitrogen applications between 50 and 150 kg N ha−1 [28]. Regarding its nutritive
quality, during the dry season 7.44% crude protein and 36.2% crude fiber have been reported;
in that study all treatments received 50 kg N ha−1 [29]. However, the establishment rate of
Cuba OM-22 plants during establishment is determined by environmental and edaphic
factors, temperature, radiation, moisture, and substrate type that directly affect rooting,
given that its multiplication is clonal via stem cuttings [30,31]. There are studies showing
that the number of nodes per cutting influences the rooting rate and dry matter, with
variation among grass varieties [32]. Likewise, Fanindi et al. [33] reported that the length
of the cuttings selected for planting influences the number of tillers and fresh weight per
plant. Nevertheless, much of the available evidence comes from geographical and climatic
contexts other than the Peruvian dry tropics, as well as from different management regimes.

Evidence on how planting methods using stem cuttings influence establishment, field
yield, and nutritional composition of Cuba OM-22 is limited. Most available studies come
from different edaphoclimatic contexts, species and management regimes, without inte-
grated evaluations of the effect of different planting methods on agronomic and nutritional
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parameters, focusing mainly on establishment rate and yield. Therefore, this study was
designed to fill this gap, generating a comparative scientific basis through data collection
that addresses this question and contributes to optimizing local livestock systems under
low-precipitation scenarios through the selection of planting methods. The objective was
to evaluate the effect of five planting methods using stem cuttings on the establishment,
morphology, yield, and nutritional composition of Cuba OM-22 under edaphoclimatic
conditions of the Peruvian dry tropics. We hypothesized that, in this context, at least one of
the five planting methods using stem cuttings of Cuba OM-22 would show significantly
higher values of establishment, morphological vigor, yield, and nutritional quality com-
pared with the other methods. The null hypothesis states that there are no differences
among methods. Accordingly, this study generates applied evidence specific to the dry
tropics to guide the choice of planting method in pasture establishment programs and
improve forage productivity and quality in livestock systems under low rainfall conditions.

2. Materials and Methods
2.1. Description of the Research Area

The research was carried out at the Estación Experimental Agraria Amazonas, Cen-
tro Experimental Huarangopampa del Instituto Nacional de Innovación Agraria (INIA),
located in the district of Milagro, province of Utcubamba, Amazonas region, Peru. The
area was located at an altitude of 396 m above sea level, at latitude 5◦ 39′ 48′′ S and longi-
tude 78◦ 32′ 8′′ W. Meteorological data were recorded using a Vantage Pro2-Davis (Davis
Instruments Corp., Hayward, CA, USA) weather station during the experimental period
from April to July 2023. As shown in Figure 1, the following parameters were monitored:
temperature (maximum: 31.52 ± 2.02 ◦C; minimum: 22.47 ± 0.92 ◦C) (Figure 1a), relative
humidity (79.83 ± 5.77%), and precipitation (2.97 ± 7.67 mm day−1) (Figure 1b). Prior to
experiment initiation, soil sampling was carried out in accordance with the standards of
soil study DS No. 013-2010-AG [34]. Soil subsamples were taken from the entire exper-
imental area (3200 m2) at 12 points distributed in a zigzag pattern. The surface of each
sampling point was cleaned, and a shovel was inserted to a depth of 32 cm; the subsam-
ples were mixed and homogenized, and a 1 kg composite sample was obtained using the
quartering method [35]. The samples were then coded and transferred to the Laboratorio
de Investigación de Suelos y Aguas (LABISAG), accredited by the Instituto Nacional de
Calidad, Ministerio de Producción, according to standard NTP-ISO/IEC 17025:2017 [36] of
the Universidad Nacional Toribio Rodríguez de Mendoza del Amazonas, where a sandy
clay loam textural class was obtained (sand 51%, silt 16%, and clay 33%). In addition, it was
determined the pH (7.5), electrical conductivity (4 dS m−1), organic matter content (1.88%),
carbon (1.09%), nitrogen (0.09%), phosphorus (7.35 ppm), and potassium (219.81 ppm)
were determined. All analyses were performed following the Bazán methodology [37].

2.2. Experimental Design

This study used a randomized complete block design (RCBD) with four blocks (repli-
cates). The planting method factor (S) had five levels: S1, S2, S3, S4, and S5. Each block
contained one plot per method, resulting in five plots per block and 20 experimental units
in total (experimental unit = 120 m2 plot). For establishment rate, plant height, and number
of tillers, the effect of planting methods and days after planting (D) was considered, while
for yield and nutritional composition, only the planting method factor (S) was considered.
Planting methods are detailed in Table 1.
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Figure 1. Meteorological data records. (a) Maximum and minimum temperature, (b) residual
humidity and precipitation.

Table 1. Description of Cuba OM-22 planting methods.

Planting Methods (S) Description

S1 Two-node cuttings, 25 cm in length; orientation inclined at 45◦ relative to the soil surface;
insertion depth 12 cm; spacing between cuttings 50 cm, measured base-to-base along the furrow

S2 Single-node cuttings, 14 cm in length; orientation inclined at 45◦ relative to the soil surface;
insertion depth 12 cm; spacing between cuttings 50 cm, measured base-to-base along the furrow

S3 Two-node cuttings, 25 cm in length; horizontal position 180◦, parallel to the soil surface; fully
buried at 8 cm depth; spacing between cuttings 50 cm, measured base-to-base along the furrow

S4 Two-node cuttings, 25 cm in length; horizontal position 180◦, parallel to the soil surface; Fully
buried at 8 cm depth; no spacing between cuttings along the furrow, cuttings placed contiguously

S5 Nine-node cuttings, 170 cm in length; horizontal position 180◦, parallel to the soil surface; fully
buried at 8 cm depth; no spacing between cuttings along the furrow, cuttings placed contiguously

2.3. Establishment of the Experimental Area

Primary tillage consisted of one pass with a disc plow at a working depth of 30 cm.
Secondary tillage consisted of two transverse passes with an off-center disc harrow to
break up clods and homogenize the surface layer, followed by final leveling with a leveling
harrow. All tillage was carried out with adequate soil moisture (close to field capacity)
to minimize compaction. Plot layout and furrow construction were performed manually
using stakes, string, and hand tools. The trial was structured into experimental units of
120 m2 (12 m × 10 m) each, with a distance of 2 m between plots and 2 m wide access
roads around the area. Eleven furrows were established per experimental unit, each 11 m
long, with a distance of 80 cm between furrows. The cuttings were selected from the
lower and middle third of vigorous mother plants approximately 160 days old. The plant
material was provided by the agrostological garden of the Instituto Nacional de Innovación
Agraria (INIA). The length of the cuttings with one node was 14 cm, those with two nodes
was 25 cm, and the cuttings with nine nodes was 170 cm. All cuttings had a diameter of
3.5 ± 0.2 cm. The irrigation system was gravity-fed, with two scheduled irrigations per
week until field capacity was reached, with water distribution through secondary channels.
For weed control, manual weeding was performed after each week, following evaluation
to avoid nutrient competition with weeds. This study did not use fertilization in any of
the planting methods. The harvest was carried out 75 days after planting, at a cutting
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height of 8 cm above ground level, using a sickle and a machete. Next, yield and nutritional
composition were evaluated.

2.4. Evaluation of Indicators
2.4.1. Establishment Rate

Establishment rate was evaluated in the field, where the number of cuttings per furrow
(11 linear meters) was counted, evaluating 4 furrows per experimental unit, considering
as a living plant any cutting with at least one rooted shoot and green leaf tissue. The
evaluations were carried out every 15 days until 60 days after planting, and establishment
rate was calculated by date using the following equation:

Establishment rate (%) =
Number of living plants
Number of initial plants

× 100 (1)

2.4.2. Plant Height and Number of Tillers

Plant height was evaluated by selecting 10 plants at random, then following the
methodology of Vásquez et al. [38], where the height from the base of the stem to the tip
of the highest secondary leaf was measured using a flexometer Bahco (SNA Europe SAS,
Éragny-sur-Oise, Francia).

To evaluate the number of tillers, the number of tillers per plant was counted manually
in the field. Data were collected every 15 days until 75 days after planting.

2.4.3. Yield

To evaluate green forage yield, a 1 m2 frame was randomly placed in each experimental
unit. At 75 days, the forage was cut 8 cm above the ground and the biomass collected in the
quadrant was weighed on an electronic scale (Coretto, NC-30K), then the weight per m2

was extrapolated to tons of green forage per hectare. To determine the percentage of dry
matter, 100 g of green forage per experimental unit was weighed and dried in a forced-air
oven at 60 ◦C for up to 72 h or until constant weight. The percentage of dry matter was
then obtained as the ratio of dry weight to fresh weight of the subsample, expressed in
percentage. The dry matter yield per hectare was calculated by multiplying the green
forage yield by the percentage of dry matter.

2.4.4. Nutritional Composition

The nutritional composition analysis of ash, crude fat, protein, crude fiber, and
nitrogen-free extract (NFE) was performed at the Laboratory de Nutrición Animal y Bro-
matología (LABNUT) de la Universidad Nacional Toribio Rodríguez de Mendoza del
Amazonas. The samples arrived at the laboratory in properly labeled Kraft paper bags.
The material was cut with scissors into 5–10 cm segments, collecting between 250 and
500 g of chopped sample per unit. Each sample was transferred to new, pre-weighed
Kraft paper bags. The fresh weight was then recorded on a gram scale and dried in a
forced-air oven at 60 ◦C for 48 h until a constant weight was reached. After this process,
the dry weight was recorded and the material was ground in a hammer mill (2 mm screen),
collecting the material in glass jars. The samples were stored in labeled Ziploc bags for
nutritional analysis.

Crude protein was determined by the AOAC 928.08 method [30] with sulfuric acid
digestion, ammonia distillation, and titration with HCl; the measured nitrogen was con-
verted to protein (N × 6.25). Crude fiber was obtained using the ANKOM method 7, using
an ANKOM200 analyzer and F57 bags. 1 g of sample (dry matter basis) was weighed per
bag. The bags were subjected to successive acid and alkaline digestions with intermediate
rinses, followed by rinsing with acetone and pre-drying. They were then dried in an oven
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at 105 ◦C for 2 h, cooled in a desiccator, and weighed; they were subsequently calcined
in a muffle furnace at 650 ◦C and weighed again. The % crude fiber was calculated as
the ash-corrected insoluble residue, according to the equation in Method 7; a bag blank
correction was applied. Ash was quantified gravimetrically according to AOAC 942.05 [39],
after incineration in a muffle furnace (Thermo Fisher Scientific, Waltham, MA, USA). 2 g of
sample were weighed into porcelain crucibles, which were incinerated at 550 ◦C for 5 h
until a constant weight was obtained. Crude fat was determined by Soxhlet extraction
using petroleum ether as the solvent, in accordance with AOAC method No. 920.39 [39].
Samples with high moisture content were dried at 65 ◦C, then ground and sieved (1 mm).
Approximately 3 g of dry sample was weighed into tared cellulose or filter paper cartridges.
The aluminum containers were dried at 103 ± 2 ◦C for 30 min, cooled in a desiccator,
and weighed. Fifty to 60 mL of solvent was added to each container, and extraction was
initiated for 3 h at 120 ◦C. The solvent carried away the lipids, which were deposited by
evaporation and cyclic recovery. Finally, the vessels were dried again at 103 ± 2 ◦C for
2–3 h, cooled in a desiccator, and weighed. The nitrogen-free extract (NFE) was estimated
by difference under the Weende proximal system, following AOAC procedures. After
quantifying moisture, ash, crude fiber, crude fat, and crude protein, the NFE was calculated
as: NFE (%) = 100 − (% moisture + % ash + % crude fiber + % crude fat + % crude protein).

2.5. Statistical Analysis

The experiment was conducted under a randomized completely block design (RCBD)
with a confidence level of 95%. For each variable, the model assumptions were verified
using the Shapiro–Wilk (normality) and Bartlett (homogeneity of variances) tests with
functions from the R base package (stats) [40]. When assumptions were met, a two-
way ANOVA was fitted, followed by Tukey’s multiple comparisons using the agricolae
package [41]. When assumptions were not met, data were log-transformed before analysis.
In addition, a Pearson correlation analysis was performed to explore relationships between
agronomic and nutritional variables. The analysis was developed using the corrplot
package [42]. Graphical visualizations were performed with the ggplot2 package [43]; all
processing was performed in Rstudio software version 4.5.0 for Windows.

3. Results
3.1. Establishment Rate

The establishment rate of Cuba OM-22 (Figure 2) showed significant effects on the
method of planting (S) and days of evaluation after planting (D); likewise, the interaction
(S×D) was significant (p < 0.05). At 15 days after planting (DAP), methods S2 and S4
exhibited greater stability in the establishment rate up to 60 DAP. In contrast, S1 recorded a
decrease at 30 DAP of 13.59% (from 54.68% to 47.25%), after which it remained stable, but
with values significantly lower than S3 and S4. S3 started significantly low at 15 DAP, but
showed an increase of 22.11% (from 43.50 to 53.12) at 30 DAP. Finally, the S5 method had
the lowest establishment rates at the end of the evaluation period at 60 DAP, significantly
lower than those of the other methods, indicating higher mortality rates with this planting
method. The findings show that the planting method determines establishment rate in
the field and, consequently, the number of plants established at harvest, with methods S2
(50.93%), S3 (54.68%), and S4 (55.93%) being the most outstanding, with a establishment
rate of over 50%.

3.2. Plant Height and Number of Tillers

The morphological parameters of plant height and number of tillers of Cuba OM-
22 (Figure 3) did not show significant effects on planting method (S), but did indicate
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variations according to the days of evaluation after planting (D). Similarly, the interaction
(S × D) was significant (p < 0.05) for both morphological variables. At 75 days after planting
(DAP), plant height did not differ significantly between S2 (182.15 cm), S3 (184.5 cm), and
S4 (182.15 cm), with the highest means, with S4 exceeding S1 (178.89 cm) and S5 by 1.82%
and 0.41% (181.40 cm), as shown in Figure 3a. On the other hand, in terms of the number
of tillers at 75 DAP, S4 again had the highest averages with 23.51 tillers, being statistically
higher than S1 (20.10 tillers) and S2 (19.78 tillers) by 16.97% and 18.86%; but did not differ
from methods S3 (23.06 tillers) and S5 (22.81 tillers). Starting from 60 DAP, no changes
were recorded in the number of tillers for any of the planting methods when analyzed
individually (Figure 3b).

 

Figure 2. Establishment rate. Planting methods (S): (2 nodes, length 25 cm, inclined at 45◦, insertion
depth 12 cm, spacing 50 cm), S2 (1 node, length 14 cm, inclined at 45◦, insertion depth 12 cm, spacing
50 cm), S3 (2 nodes, length 25 cm, horizontal 180◦, fully buried at 8 cm depth, spacing 50 cm), S4
(2 nodes, length 25 cm, horizontal 180◦, fully buried at 8 cm depth, no spacing), and S5 (9 nodes,
length 170 cm, horizontal 180◦, fully buried at 8 cm depth, no spacing). Days of evaluation after
planting (D): 15, 30, 45, and 60 days. Significant differences are indicated by different letters in vertical.

 

Figure 3. Evaluation of plant height (a) and number of tillers (b). Planting methods (S): (2 nodes,
length 25 cm, inclined at 45◦, insertion depth 12 cm, spacing 50 cm), S2 (1 node, length 14 cm, inclined
at 45◦, insertion depth 12 cm, spacing 50 cm), S3 (2 nodes, length 25 cm, horizontal 180◦, fully buried
at 8 cm depth, spacing 50 cm), S4 (2 nodes, length 25 cm, horizontal 180◦, fully buried at 8 cm depth,
no spacing), and S5 (9 nodes, length 170 cm, horizontal 180◦, fully buried at 8 cm depth, no spacing).
Days of evaluation after planting (D): 15, 30, 45, and 60 days. Significant differences are indicated by
different letters in vertical.
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3.3. Yield

The dry matter content was higher with the S4 method (27.25%), exceeding S1 (26.70%),
S2 (26.63%), and S5 (26.78%) by 2.06%, 2.33%, and 1.76%, respectively, with no differences
compared to S3 (27.11%) (Figure 4a). In terms of green forage yield, S4 reached 137.43 t ha−1

and was higher than S1, S2, and S5 by 6.66%, 8.11%, and 3.92% (Figure 4b). Similarly, for dry
matter yield, S4 recorded 37.45 t ha−1 and exceeded S1, S2, and S5 by 8.83%, 10.60%, and
5.73%, respectively (Figure 4c). Overall, S4 showed the best performance when combining
dry matter content (%) and green forage and dry matter yields, surpassing S1, S2, and S5,
confirming the planting method as a determining factor in the yields of Cuba OM-22.

 
Figure 4. Evaluation of dry matter content (a), dry matter (b), and green forage (c). Planting methods
(S): (2 nodes, length 25 cm, inclined at 45◦, insertion depth 12 cm, spacing 50 cm), S2 (1 node, length
14 cm, inclined at 45◦, insertion depth 12 cm, spacing 50 cm), S3 (2 nodes, length 25 cm, horizontal
180◦, fully buried at 8 cm depth, spacing 50 cm), S4 (2 nodes, length 25 cm, horizontal 180◦, fully
buried at 8 cm depth, no spacing), and S5 (9 nodes, length 170 cm, horizontal 180◦, fully buried at
8 cm depth, no spacing). Significant differences are indicated by different letters in vertical.

3.4. Nutritional Composition

The nutritional composition varied significantly depending on the planting method;
however, the fat, protein, and crude fiber contents were not affected by the planting
method. Fat content ranged from 1.34% to 1.77% among the different planting methods,
while protein varied between 6.9% and 7.44%, and crude fiber between 30.9% and 32.67%.
Although the results did not show significant variability, the highest relative protein
averages were obtained in S4 with 7.44%, accompanied by the lowest relative fat content
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with 1.34% (Figure 5a–c). In terms of nitrogen-free extract (NFE), method S5 (44.62%) had
the highest average, exceeding S1 (41.89%) and S2 (41.45%) by 6.52% and 7.65%, but did
not differ from S3 (43.42%) and S4 (43.22%) (Figure 5d). On the other hand, in terms of ash
content, method S1 (13.19%) had the featured value, but did not differ significantly from S2
(12.27%) and S4 (11.06%), but it was higher than S3 (10.56%) and S5 (9.36%) (Figure 5e).

 

Figure 5. Nutritional composition. Fat content (a), protein (b), crude fiber (c), nitrogen-free extract
(NFE) (d), and ash (e). Planting methods (S): (2 nodes, length 25 cm, inclined at 45◦, insertion depth
12 cm, spacing 50 cm), S2 (1 node, length 14 cm, inclined at 45◦, insertion depth 12 cm, spacing 50 cm),
S3 (2 nodes, length 25 cm, horizontal 180◦, fully buried at 8 cm depth, spacing 50 cm), S4 (2 nodes,
length 25 cm, horizontal 180◦, fully buried at 8 cm depth, no spacing), and S5 (9 nodes, length 170 cm,
horizontal 180◦, fully buried at 8 cm depth, no spacing). Significant differences are indicated by
different letters in vertical.

3.5. Correlation of Agronomic and Nutritional Parameters

The correlation analysis of the agronomic and nutritional parameters of Cuba OM-22
is presented in Figure 6, which shows 10 significant correlations between the variables
studied, of which 3 were negative and 7 were positive. Among the negative correlations,
the number of tillers and ash content (p = 0.006; r = −0.79), ash and nitrogen-free extract
(NFE) (p = 0.000; r = −0.92), and protein with crude fiber (p = 0.029; r = −0.68). In addition,
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positive correlations were observed between number of tillers and dry matter content
(p = 0.0195; r = 0.72), number of tillers and green forage (t ha−1) (p = 0.000; r = 0.92), number
of tillers and dry matter (t ha−1) (p = 0.000; r = 0.90), number of tillers and nitrogen-free
extract (NFE) (p = 0.005; r = 0.80), dry matter content and green forage (t ha−1) (p = 0.005;
r = 0.80), dry matter content and dry matter (t ha−1) (p = 0.000; r = 0.89), green forage (t
ha−1) and dry matter (t ha−1) (p = 0.000; r = 0.99).

Figure 6. Pearson correlation between the variables evaluated, both agronomic and forage quality.
Asterisks show significant correlations: ∗, p < 0.05; ∗∗, p < 0.01; and ∗∗∗, p < 0.001.

4. Discussion
The evaluation of the effect of planting methods on the agronomic and nutritional

parameters of Cuba OM-22 guides decision-making for the establishment of pastures under
field conditions and provides applied evidence for management plans in the dry tropics
affected by climate change.

Our results showed an establishment rate >50%, 60 days after planting, with planting
methods S2, S3, and S4 standing out under limited water availability in open fields. These
results are superior to those reported by du Toit [44], who reported an establishment
rate of 39% in Eragrostis racemosa. However, they were lower than those described by
Díaz-Páez et al. [45], who evaluated the establishment rate of cuttings in tropical Andean
conditions and observed percentages of 81% and 64% in forage grasses. The difference in
the establishment rate observed in Cuba OM-22 compared to other studies can be explained
by genetic variability between species [46] and by the specific environmental conditions
under which each trial was conducted. On the other hand, a limitation of our study, which
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probably contributed to the low establishment rate, was the low availability of water in
the soil during planting, associated with the application of only two gravity irrigations per
week. In addition, the amount of sand (51%) present in the soil may have influenced the
low water retention capacity of the soil [47].

As a result, the lack of continuous hydration of the cuttings may have increased initial
mortality [48]. This had a more drastic effect on the S5 planting method throughout the
evaluation period, despite having been planted with a greater number of shoots and with
the longest stake length (170 cm). This differs from the study by Pollock et al. [49], who
noted that there is a higher probability of establishment rate in cuttings with greater length
(50–100 cm) and diameter (>2.0 cm), due to greater availability of total carbohydrates for
rooting, suggesting that results may depend on the water context. However, in our study,
25 cm cuttings with two nodes had a more stable establishment rate, supporting the idea
that the planting method is decisive for the establishment of forage grasses such as Cuba
OM-22 in tropical conditions. Consequently, standardizing the length and number of nodes
of the vegetative material could reduce mortality in pastures established in the dry tropics.
In addition, as a recommendation, it is important to consider reseeding to increase the plant
population without significantly affecting the final biomass cover [50,51].

The superiority of S3 and S4 in plant height and number of tillers could be ex-
plained by the horizontal position (180◦) in which they were planted. However, Nyi-
ramvuyekure et al. [52] reported higher sprouting and establishment rates in cuttings
placed vertically and at an inclined rather than horizontally. Similarly, Monteiro et al. [53]
stated that cuttings planted at angles of 90◦ show positive results in plant height and dry
mass of shoots, being significantly higher than those at 10 and 30◦ (with no effect on the
number of shoots). However, under our dry tropical conditions, horizontal orientation
produced more tillers and greater height. In contrast, S2 (1 node) had the lowest tillering,
probably due to insufficient internal reserves and the redistribution of photosynthetic
products (soluble sugars) to basal structures to sustain regrowth [54]. Likewise, despite
having 9 nodes per cutting, S5 did not outperform S3 and S4; this behavior suggests that
mainly the basal nodes contributed to establishment, while the middle nodes showed less
vigor, limiting the total number of tillers per plant [55]. In grasses, auxin produced in the
apical meristem inhibits the emergence of buds near the apex, so that more distant nodes
are less suppressed [56]; in addition, strigolactones inhibit the emission of shoots near the
apical region, while cytokinins promote their activation [57–59]. In summary, a greater
number of nodes (9 nodes) does not guarantee more tillers; in certain cases, it may be
associated with lower tiller production due to compensatory effects on plant growth and
development [60].

The S4 planting method, despite not using spacing between cuttings, achieved the
highest yield of dry matter and green forage, which could be associated with a more
efficient use of resources when managing two shoots, favoring a balance in the supply of
water and nutrients, and mitigating competition between plants [61]. However, reducing
spacing increases the number of plants per unit area, which consequently increases biomass
yield, even if individual yield is not the most outstanding [62,63]. The advantage of this
method is that it can help reduce labor costs for weeding, as reduced or zero spacing closes
the canopy more quickly, reducing early weed competition and promoting growth and
productivity [64,65].

Various studies on the establishment of the Tifton 85 bermudagrass (Cynodon spp.)
cultivar have shown that high planting rates at a depth of 6 cm increase dry matter yield [66].
Similarly, in our study, the highest yield was observed with the S4 method, without spacing
between planting units reflecting a higher planting density with higher performance when
the entire plant was buried horizontally at a depth of 8 cm. In dwarf napier grass, studies
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have shown that completely covering stem cuttings with soil significantly increases plant
emergence [67]. This evidence helps explain our findings, where the S4 planting method,
with cuttings completely covered with soil, outperformed inclined planting with partial
coverage, resulting in higher dry matter yield. On the other hand, the literature mentions
that horizontal planting may experience a reduction in starch and phenolics, although these
do not directly affect green forage and dry matter yield [68]. In our study, the S3 and S5
planting methods could demonstrate the opposite; however, our study did not evaluate
biochemically, which constitutes a knowledge gap for future studies.

In relation to nutritional composition analyses, the highest ash averages ranged from
11.06 to 13.19 for S4, S2, and S1. The increase in ash content observed in these planting
methods can be attributed to low precipitation. Some studies report that, during rainy sea-
sons, ash tends to vary between 8.7% and 12.2%, while during periods of low precipitation,
values vary between 7.6% and 10.8% [69]. Similar results were reported by Valqui et al. [70],
who observed ash values ranging from 8.59% to 12.19% during the summer season. The
nitrogen-free extract (NFE) showed higher content in planting methods S3, S4, and S5,
which presented values above 43% without statistical differences. Different studies indicate
that a high NFE content facilitates lactic fermentation, reduces pH, and limits the growth
of undesirable microorganisms, improving silage preservation [71]. On the other hand,
forages harvested for preservation with low NFE may require additives such as molasses
to optimize fermentation and silage quality [72,73]. Nitrogen-free extract (NFE) alone does
not define the preservation capacity of grass silage, but it is a fundamental component for
efficient fermentation and good nutritional quality. An adequate NFE level promotes the
preservation, energy value, and digestibility of silage, which is key in animal production
based on pre-preserved forages [74]. While high NFE is positive, it must be balanced with
other nutrients to avoid deficiencies or imbalances in the diet [75]. Overall, our S4 study
showed a balance between yield and nutritional composition (NFE and ash), indicating
that it is a viable method for establishing Cuba OM-22 in tropical conditions.

The number of tillers showed a positive and significant correlation with green forage
(r = 0.92; p < 0.001), consistent with the findings of Aswini et al. [76], who demonstrated
a strong association between these variables. On the other hand, a negative correlation
was observed between ash content and nitrogen-free extract (NFE) (r = −0.92; p < 0.001),
similar to that observed by Culqui et al. [77], who reported (r = −0.66; p = 0.00) for the
same variables. However, these relationships may vary depending on the season (summer
and winter), cutting times, and fertilization [71,78].

Among the limitations of this study are the absence of synthetic nitrogen fertilization
and the evaluation in a single planting season. These restrictions limit the extrapolation
of the results and raise questions about the performance of Cuba OM-22 under different
nutrition regimes and establishment schedules. Given that N dosage is a key determinant of
growth, future trials with N gradients could show additional increases in yield and quality,
especially in cut-and-carry systems [79]. The results presented should be considered pre-
liminary, but they provide a scientific basis for replications at different times, seasons, and
cutting ages [80–82]. The implementation of these practices could contribute to improving
the efficiency and sustainability of forage production in the dry tropics.

5. Conclusions
The results revealed that different planting methods had different impacts on agro-

nomic and nutritional variables. The S4 planting method showed the best balance between
forage yield and nutritional composition, with an establishment rate of 55.93%, greater
plant height (182.15 cm) compared to S1 and S5, and a greater number of shoots that
exceeded S1 and S2 by 16.97% and 18.86%, respectively. In addition, it obtained good green
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forage yields (137.43 t ha−1) and was better than all planting methods in dry matter yield
(37.45 t ha−1). It also ranked among the top three averages for nitrogen-free extract (43.22%)
and ash (11.06%). Based on protein, crude fiber, and fat content, no differences were found
between planting methods. Our results indicate that the choice of planting method is
key to optimizing the yield and nutritional composition of Cuba OM-22. However, vali-
dations are required in different geographical contexts, seasons, and species. Given that
the study covered a single season and a single cut, longer-term evaluations are needed to
support extrapolation to other areas and guide strategies to reduce feed costs and address
establishment problems in the dry tropics.
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