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INTRODUCTION
 
In the Peruvian tropics, there is a great diversity 

of cutting grasses originating from tropical Africa, that 
have successfully adapted to the environmental condi-
tions of each area and represent a valuable alternative 
feed for livestock farming (Dixon et al., 2014). Breeding 
systems in this area are mostly developed extensively 
and semi-intensively. They are characterized by re-
stricted use of technology in the management of grazing 
and cutting pastures, resulting in moderate productiv-
ity rates (MINAGRI, 2017). In this context, cutting grass 
cultivation is an alternative to improve the productivity, 
nutritional quality, and seasonality of grazing pastures 
in tropical climate regions (Alves et al., 2022).

Among the cutting grasses, varieties of Pennisetum, 
such as Maralfalfa (Pennisetum sp.), King Grass Verde 
(Pennisetum purpureum x Pennisetum typhoides), King 
Grass Morado (P. purpureum x P. typhoides – Camerún), 
etc., are important forage resources for livestock feeding 
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ABSTRACT

Livestock farming in the Peruvian tropics is based on the use of grazing forage, but cutting 
grasses offers greater productivity and seasonality advantages. In this study, the morphological and 
productive characteristics of King Grass Morado (KGM), Cuba OM-22 (CU), and Maralfalfa (MA) 
were evaluated and correlated with chlorophyll content under Peruvian humid tropic conditions. Five 
plots of 1 ha each were installed for the three Pennisetum varieties (2-1-2), with three samples per 
plot. No significant differences were found in plant height, leaf length, number of nodes, number 
of leaves/stem, number of stems, stem circumference, length of nodes, leaf, stems, and total weight, 
chlorophyll index (atLEAF CLOR), performance index (API), and dry matter. KGM stood out in 
tillering (12.86) (p<0.01), but CU and MA showed greater leaf width (4.16 and 4.42 cm, respectively) 
(p<0.05). The calculated biomass production was 40.3 t/ha for KGM, 24.5 t/ha for MA, and 76.5 t/
ha for CU. MA had higher nitrogen (0.70%) and protein (4.33%) contents (p<0.01). The correlations 
were significant between stem height with the number of nodes and leaf width, stem circumference 
with stem, leaf, and total weight (p<0.05), and nitrogen and protein content were estimated with the 
atLEAF CLOR and API values of the basal leaves with R2 = 0.548 and R2 = 0.563, respectively (p<0.05). 
In conclusion, KGM, CU, and MA differed in some morphological and productive variables and were 
correlated with others; furthermore, the protein content could be estimated with the atLEAF CLOR 
and API values in these Pennisetum varieties.

Keywords: chlorophyll; Cuba OM-22; king grass Morado; maralfalfa; regression

due to their high productive potential and tolerance to 
harsh conditions in the tropics (González-Blanco et al., 
2018). Cuba OM-22 is a hybrid of the cross between P. 
purpureum x P. glaucum, characterized by its high yield, 
protein content, and high tolerance to drought due to its 
deep roots (Clavijo, 2016).

Pennisetum varieties stand out for their high 
biomass yield and adaptability but variable nutritional 
quality (Botero-Londoño et al., 2021). The genetic 
variety, agronomic management (cutting, irrigation, 
fertilization, etc.), and edaphoclimatic conditions of each 
area can influence the morphological and nutritional 
characteristics of Pennisetum (Benabderrahim & 
Elfalleh, 2021; Ortiz et al., 2017; Uvidia et al., 2015; 
Alves et al., 2022; Ribeiro et al., 2023). The evaluation of 
morphological and productive characteristics of grasses 
and the establishment of correlations based on easily 
measurable variables can contribute to the identification 
of Pennisetum varieties with greater productive 
potential. The selection of varieties for outstanding 
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characteristics is relevant for the development of genetic 
improvement programs and their establishment in each 
environment (Calzada-Marín et al., 2014). The study 
of correlations between some variables to estimate 
nutritional quality variables of Pennisetum varieties 
based on rapid and non-destructive measurements can 
contribute to the selection of the best individuals and 
varieties. The objective of this study was to evaluate the 
morphology and correlate the productive characteristics 
with the estimated chlorophyll content of three 
Pennisetum varieties (King Grass Morado, Cuba OM-22, 
and Maralfalfa) under conditions of the Peruvian humid 
tropics.

MATERIALS AND METHODS

Location

The research was developed in the Estación 
Experimental Agraria El Porvenir of the Instituto 
Nacional de Innovación Agraria (INIA), Juan Guerra 
district, San Martín department, Peru. The area is locat-
ed between 354872.00 m East Latitude and 9271237.48 m 
North Latitude, at an altitude of 229 m.a.s.l. The climatic 
categorization of the zone, according to the Köppen-
Geiger classification, corresponds to a Humid Tropical 
(Af) climate with an average temperature of 26 °C and 
average annual precipitation of 1337 mm (Weather 
Station SENAMHI “El Porvenir”).

Experimental Design

The study was carried out under an unbalanced 
completely randomized design with three treatments 
and six, three, and six repetitions per treatment. The 
treatments were three varieties of Pennisetum: King 
Grass Morado or KGM (P. purpureum x P. typhoides 
– Camerún), Cuba OM-22 or CU (P. purpureum x P. 
glaucum), and Maralfalfa or MA (Pennisetum sp.). For 
this, five plots of 1 ha each were installed for the three 
varieties of Pennisetum (2 plots for KGM, 1 plot for CU, 
and 2 plots for MA), with 3 subplots per variety, making 
a total of 15 subplots of 0.33 ha each. The stem cuttings 
(vegetative seeds) of KGM and MA were obtained 
from the plots of the Instituto Superior Tecnológico 
Nor-Oriental de la Selva, Tarapoto, Department of 
San Martín, Peru, and the stem cuttings of CU were 
obtained from the experimental plots of the Universidad 
Nacional Toribio Rodríguez de Mendoza de Amazonas, 
Department of Amazonas, Peru; who acquired them 
from Colombia. For sowing, stem cuttings of KGM 
were sown at a distance of 0.80 m between lines, MA at 
0.90 m between lines, and CU at 0.80 m between lines. 
Fertilization with nitrogen, phosphorus, and potassium 
was applied at doses of 200 kg, 50 kg, and 150 kg/
ha/year, respectively. The evaluation and cutting for 
analysis were carried out in the summer of 2023.

Morphological and Productive Evaluation

Among the morphological traits, the following 
were measured: plant height (cm), N° tillers, N° leaves/

stems, leaf length (cm), leaf width (cm), N° nodes, and 
among the productive traits, N° stems, stem circumfer-
ence (cm), node length (cm), total weight (kg/m2), leaf 
weight (kg/m2), and stem weight (kg/m2). Biomass 
production was calculated based on total weight and 
expressed in t/ha. The measurements were made five 
months after sowing, the recommended age for estab-
lishment before the first cut, and the maximum use of 
biomass (Calzada-Marín et al., 2014).

Analysis of Nutritional Content and Chlorophyll

The nutritional content of the samples collected 
was analyzed, considering the dry matter, total nitrogen, 
and protein content. For dry matter, the samples were 
subjected to a microwave oven until a constant weight 
was obtained, according to the method of Rusdy et al. 
(2019). The nitrogen content was determined using the 
Kjeldahl method (ISO, 1995), and the protein content 
was estimated from the total nitrogen obtained on a dry 
matter basis (Buso et al., 2016). In addition, the atLEAF 
chlorophyll index and atLEAF performance index (API) 
were determined with a digital chlorophyll meter (CHL 
PLUS, atLEAF, USA). Three leaf measurements were 
considered for the regions: basal, middle, and apical of 
the plant. 

Statistic Analysis

The goodness-of-fit assumptions were verified us-
ing the Shapiro-Wilk test for normality (p>0.05) and the 
Levene test for homogeneity of variances (p>0.05). An 
ANOVA and Duncan’s test were used to compare the 
means of the variables with a normal distribution (plant 
height, N° tillers, leaf length, leaf width, N° nodes, 
atLEAF chlorophyll index, API, dry matter, nitrogen, 
and protein). The productive characteristics did not fit 
a normal distribution (N° leaves/stem, N° stems, stem 
circumference, node length, leaf weight, stem weight, 
and total weight), so they were subjected to a non-
parametric Kruskal-Wallis test (p<0.05). To determine 
correlations, Pearson coefficients were used for variables 
with a normal distribution and Spearman ranges for 
variables without a normal distribution (p<0.05). The 
linear regression analysis for the prediction of dry mat-
ter, nitrogen, and protein contents based on the atLEAF 
chlorophyll index and API was carried out using the 
successive steps method in the SPSS v.15.0 software.

RESULTS

According to Table 1, the morphological character-
istics of King Grass Morado (KGM), Cuba OM-22 (CU), 
and Maralfalfa (MA) did not vary significantly, except 
for leaf width and N° tillers (p<0.05). KGM showed the 
highest N° tillers (12.83 ± 4.02) but the lowest leaf width 
(2.76 ± 0.83 cm), and there was no significant differ-
ence between CU and MA for both characteristics. No 
significant differences were found in the productive 
characteristics among the three Pennisetum varieties. 
The calculated biomass productions were 40.3 t/ha for 
KGM, 24.5 t/ha for MA, and 76.5 t/ha for CU.
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No significant differences were found in the 
atLEAF chlorophyll index (atLEAF CLOR) among the 
three varieties of Pennisetum for a basal (Figure 1A), 
a middle (Figure 1B), and an apical leaf of the plant 
(Figure 1C), with averages of 40.87, 45.41, and 47.42, 
respectively. The atLEAF CLOR value in the apical 
leaves of KGM was slightly lower than in CU and MA, 
but not significantly different. Similarly, the API value 
of the atLEAF CLOR readings did not vary significantly 
among the three varieties of Pennisetum for a basal 
(Figure 1D), a middle (Figure 1E), and an apical leaf 
of the plant (Figure 1F), with averages of 50.17, 60.44, 
and 63.78, respectively. High variability in dry matter 
(DM%) content was found among Pennisetum varieties, 
with averages of 43.25% for KGM, 53.97% for CU, and 
38.69% for MA (Figure 1G); however, the differences 
were not significant. The nitrogen (Figure 1H) and 
protein contents (Figure 1I) varied significantly among 
Pennisetum varieties (p<0.01), highlighting MA with 
0.70% N and 4.33% protein, without differences between 
KGM (0.40% N and 2.51% protein) and CU (0.44% N 
and 2.78% protein).

Table 2 shows the Pearson coefficients for the cor-
relation between the morphological variables of KGM, 
CU, and MA. Plant height was positively correlated 
with N° nodes (p<0.01) and leaf width (p<0.05). In Table 
3, according to Spearman’s ranks for correlation, the 
total weight was positively correlated with the leaf 
weight (p<0.01), the stem weight (p<0.01), and the stem 
circumference (p<0.05). Furthermore, N° leaves/stem is 
correlated to stem weight (p<0.05), as is stem circumfer-
ence with leaf weight and stem weight (p<0.05).

API values correlated well with atLEAF CLOR 
readings in basal, middle, and apical leaves (p<0.01 and 
p<0.05); additionally, the atLEAF CLOR value of middle 
leaves was directly correlated with atLEAF CLOR of 
basal leaves (p<0.01) and apical leaves (p<0.05) (Table 
4). The API value of basal leaves was correlated with 
nitrogen and protein contents (p<0.05), and nitrogen 
content was positively correlated with protein (p<0.01). 
Negative correlation values were found between dry 
matter and nitrogen and protein contents, but they were 

not significant.
Based on the correlations found, multiple linear 

regression analyses were carried out. The dry matter 
content did not have significant correlations; therefore, 
the contributions of the chlorophyll variables were not 
significant. On the other hand, the nitrogen content 
could be predicted by the atLEAF CLOR and API values 
of basal leaves, with a direct correlation coefficient (R= 
0.740) and R2= 0.548 (p<0.01) using the following equa-
tion: y= 0.686 - 0.028 * atLEAF CLOR basal leaves + 0.020 
* API basal leaves (Figure 2A). Similarly, the protein 
content can be predicted by the atLEAF CLOR and API 
values of basal leaves, with a direct correlation coef-
ficient (R= 0.750) and R2= 0.563 (p<0.01) using the fol-
lowing equation: y= 4.307 - 0.179 * atLEAF CLOR basal 
leaves + 0.126 API basal leaves (Figure 2B).

DISCUSSION

Table 1 shows the morphological and productive 
characteristics of three varieties of Pennisetum (KGM, 
CU, and MA), where significant differences were 
obtained in leaf width and number of tillers. KGM 
was characterized by greater tillering but smaller leaf 
width, while CU and MA had greater leaf width but 
less tillering, which could affect their coverage capacity. 
The highest biomass yield of cutting grasses requires 
high production of leaves, stems, and tillers to increase 
the capacity to acquire resources to carry out the 
photosynthetic processes of the plant (Tubeileh et al., 
2016). In tropical pastures with a higher proportion of 
functional organs, greater interception of light intensity 
is achieved and CO2 uptake is enhanced, as well as 
the synthesis of photoassimilates for the growth and 
primary production of the grass (Irving, 2015; Calzada-
Marín et al., 2014). Furthermore, greater development of 
tillers contributes to greater coverage of the soil surface, 
which is necessary for better use of light and a reduction 
in the development of competing plants. Calzada-Marín 
et al. (2014) found sizes smaller at 150 days (2.3 m) and 
biomass production of 37297 kg MS/ha. On the other 
hand, Villanueva-Avalos et al. (2022) compared the 

Table 1. Morphological and productive characteristics of three varieties of Pennisetum

Variables Varieties of Pennisetum p-value K-W testKing Grass Morado (KGM) Cuba OM-22 (CU) Maralfalfa (MA)
Plant height (cm) 2.91 ± 0.68 3.92 ± 1.10 3.15 ± 0.50 0.17
N° tillers 12.83 ± 4.02a 7.33 ± 4.04b 4.00 ± 1.26b <0.01
Leaf length (cm) 0.98 ± 0.25 1.01 ± 0.12 1.04 ± 0.35 0.94
Leaf width (cm) 2.76 ± 0.83b 4.16 ± 0.63a 4.42 ± 0.86a 0.01
N° nodes 13.33 ± 5.65 18.00 ± 6.08 12.00 ± 3.58 0.27
N° leaves/Stem* 17.50 (10-24) 18.00 (17-58) 18.00 (12-23) 0.68
N° stems* 8.00 (6-17) 8.00 (3-11) 6.00 (5-8) 0.25
Stem circumference (cm)* 4.05 (2.00-6.50) 6.50 (2.04-7.00) 5.70 (2.03-7.50) 0.46
Node length (cm)* 12.08 (11.33-17.17) 18.00 (12.67-18.33) 13.92 (13.00-16.67) 0.21
Leaf weight (kg/m2)* 1.10 (0.45-1.90) 1.45 (0.35-1.55) 0.62 (0.45-1.10) 0.32
Stem weight (kg/m2)* 2.93 (1.15-4.70) 6.10 (1.30-7.30) 1.83 (1.10-3.50) 0.24
Total weight (kg/m2)* 4.03 (1.60-6.90) 7.65 (1.65-9.45) 2.45 (1.55-4.60) 0.22
Biomass production (t/ha)* 40.3 (16.0-69.0) 76.5 (16.5-94.5) 24.5 (15.5-46.0)

Note:  a,bMeans in the same row with different superscripts differ significantly at the p<0.05 and p<0.01 level. *Variables without normal distribution 
were analyzed with the Kruskal-Wallis (K-W) test; median (minimum – maximum) is shown.
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varieties: Elefante, Uruguana, Taiwán, CT-169, Caña 
Africana, Maralfalfa, Mott, Roxo, King Grass morado, 
CT-115, Merkerón, Camerún, King Grass verde, Elefante 
Tamps, Maralfalfa Tamps, and Roxo Tamps; and they 
found significant differences in plant height, the density 
of stems per crown, the basal and central diameter of 
stem, width and length of central leaf, the number of 
internodes, and length of the central internode. There 
is variation between reports due to the heterogeneity 
in the conditions of each experiment, management, and 
environment. A similar study, but at an altitude of 3000 
meters above sea level, reported lower tillering and size 
in King Grass Morado (5.79 tillers/plant and 0.90 m) 
and King Grass Verde (5.31 tillers/plant and 0.73 m), 
but higher in Maralfalfa (8.93 tillers/plant and 0.98 m) 

(Prudencio-Velásquez et al., 2020), suggesting different 
modes of adaptability of these Pennisetum varieties. 

The biomass production of leaves and stems was 
correlated to the height and circumference of the stems, 
which coincides with Calzada-Marín et al. (2014), who 
maintain that in Maralfalfa these variables are directly 
related to the age of the plant. In this study, a significant 
correlation was found between plant height with leaf 
width and plant height with the number of nodes due to 
the vegetative development of the stem, which promotes 
the vigorous development of nodes and larger leaves 
at each node. Likewise, the greater stem circumference 
related to the greater development of stems and leaves 
translates into vigorous vegetative growth (Rodrigues et 
al., 2014; Animasau et al., 2018).

Figure 1. Chlorophyll content index (atLEAF CLOR), atLEAF performance index (API) and forage nutritional values of three varieties 
of Pennisetum. Different letters in each subdiagram (a, b) represent significant differences at the p<0.01 level. (A) atLEAF 
CLOR basal leaf, (B) atLEAF CLOR middle leaf, (C) atLEAF CLOR apical leaf, (D) API basal leaf, (E) API middle leaf, (F) API 
apical leaf, (G) Dry matter, (H) Nitrogen, (I) Protein.
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No differences were found in the dry matter con-
tent between the forages evaluated, but MA showed 
the highest levels of nitrogen and protein. Hermitaño-
Osorio et al. (2022) found lower levels of dry matter in 
Maralfalfa in the season of high precipitation at 60 days 
of cutting (12.59 ± 0.50%) and in the season of lower 
precipitation at 75 days of cutting (15.65 ± 0.50%). In this 
study, the cut was carried out five months after sowing, 
a period considered adequate for the establishment of 
the pastures before the first cut (Calzada-Marín et al., 

2014). In perennial grasses, the morphology and physi-
ological state of the plant at the first cut determine the 
vigor of subsequent regrowth and the persistence of the 
crop, due to the energy reserves accumulated for re-
growth (Deregibus et al., 2018). The volume of biomass 
and the dry matter content of grasses are directly related 
to the age of growth of the plant, since the older the age, 
the more fibrous and structural components of the plant 
develop (Tilahun et al., 2017; Jaime et al., 2019).

On the other hand, the protein content in this 

Table 2. Pearson coefficients for correlation between morphological variables of three varieties of Pennisetum

Variables N° tillers Leaf length Leaf width N° Nodes
Plant height 0.128 0.411 0.539(*) 0.828(**)

0.648 0.128 0.038 <0.01
N° tillers 0.228 -0.335 0.197

0.414 0.222 0.482
Leaf length 0.505 0.334

0.055 0.223
Leaf width 0.396

0.143
Note: (*) Significant correlation at the p<0.05 level, (**) Significant correlation at the p<0.01 level.

Table 3. Spearman ranks for correlation between morphological and productive variables of three varieties of Pennisetum

Variables N° Stems Stem circumference Node length Total weight Leaf weight Stem weight
N° leaves/stem 0.032 0.417 -0.208 0.485 0.448 0.544(*)

0.910 0.122 0.457 0.067 0.094 0.036
N° stems 0.149 -0.025 0.352 0.318 0.267

0.596 0.929 0.198 0.248 0.335
Stem circumference 0.279 0.607(*) 0.589(*) 0.587(*)

0.314 0.016 0.021 0.021
Node length 0.267 0.200 0.252

0.337 0.476 0.364
Total weight 0.956(**) 0.989(**)

<0.01 <0.01
Leaf weight 0.938(**)

<0.01
Note: (*) Significant correlation at the p<0.05 level, (**) Significant correlation at the p<0.01 level.

Table 4.  Pearson coefficients for correlation between chlorophyll index atLEAF, atLEAF performance index, and nutritional content 
of the forage of three varieties of Pennisetum

Variables API basal 
leaves

atLEAF CLOR 
middle leaves

API middle 
leaves

atLEAF CLOR 
apical leaves

API apical 
leaves Dry matter Nitrogen Protein

atLEAF CLOR basal 
leaves 0.96(**) 0.66(**) 0.68(**) 0.51 0.50 0.08 0.43 0.44

<0.01 0.01 0.01 0.06 0.06 0.78 0.11 0.10
API basal leaves 0.65(**) 0.63(*) 0.58(*) 0.57(*) 0.12 0.58(*) 0.59(*)

0.01 0.01 0.03 0.03 0.67 0.02 0.02
atLEAF CLOR middle 
leaves 0.99(**) 0.63(*) 0.64(*) -0.10 0.44 0.45

<0.01 0.01 0.01 0.73 0.10 0.10
API middle leaves 0.60(*) 0.61(*) -0.08 0.38 0.39

0.02 0.02 0.77 0.16 0.15
atLEAF CLOR Apical 
leaves 0.99(**) 0.33 0.24 0.24

<0.01 0.23 0.40 0.39
API apical leaves 0.30 0.25 0.25

0.28 0.37 0.36
Dry matter -0.35 -0.34

0.20 0.21
Note: (*) Significant correlation at the p<0.05 level, (**) Significant correlation at the p<0.01 level.
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study was low (2.51 to 4.33%) due to the advanced age 
of the initial grass cut (150 days for establishment), 
which was inverse to the dry matter increase, and also 
because the protein content in the forage is affected by 
the nitrogen contribution from the soil and the fertilizers 
(Delevatti et al., 2019), although we applied 200 kg N/
ha at the beginning of the experiment. Related reports 
support the significant influence of cutting age on the 
nutritional quality of Pennisetum varieties. In Maralfalfa 
after 45 days in high and low precipitation, the protein 
content can reach up to 11.08 ± 0.43% and 16.06 ± 0.43%, 
respectively (Hermitaño-Osorio et al., 2022); however, 
in other Pennisetum varieties, the protein content can 
decrease between 6.11 and 8.77% at 84 days in Napier 
grass (P. purpureum) (Budiman et al., 2012), 9.30% at 
135 days (Tilahum et al., 2017), and 7.58% at 150 days 
(Kefyalew et al., 2020) in Pennisetum pedicellatum Trin., 
6.36% at 140 days in the entire plant (Araya & Boschini, 
2005), and 5.60% at 180 days in the leaves of P. purpureum 

(Ordaz-Contreras et al., 2018). The protein content and 
non-structural carbohydrates were inversely related to 
age, the development of fibrous tissues in the stems, 
and the lignification of the cell walls (Fassio et al., 2018; 
Prudencio-Velásquez et al., 2020). Although Pennisetum 
varieties are not characterized by high levels of protein, 
the content of this nutrient in grasses varies depending 
on the age and moisture percentage of the plant. Higher 
protein values of up to 14.81% in Maralfalfa, 12.45% in 
King Grass Morado, and 16.18% in King Grass Verde 
were reported in high Andean conditions (Prudencio-
Velásquez et al., 2020); in coastal conditions, levels 
ranging from 6.22% to 16.50% in King Grass Morado, 
throughout the year up to 70 days of cutting (Jaime et 
al., 2019); or in Cuba OM-22, where productions of up 
to 459 kg, 751 kg, 1180 kg, and 1459 kg of protein/ha/
cut were found, applying 50, 100, 150, and 200 kg N/
ha/cut, respectively (Cerdas-Ramírez et al., 2021). The 
differences between reports are mainly attributed to the 

Figure 2.  Dispersion of found and predicted values of nitrogen (A) and protein (B) contents in three Pennisetum variet-
ies, based on the atLEAF chlorophyll content index and atLEAF performance index of basal leaves.
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edaphoclimatic conditions and management of the cut-
off in each study.

Chlorophyll is one of the most important 
components for plant function, which indicates the 
photosynthetic capacity of plants and is related to the 
production of biomass, nitrogen, and protein content 
(Ernawati et al., 2023; Pakwan et al., 2020; Croft et 
al., 2017). There are few reports on the estimation of 
chlorophyll content in Pennisetum varieties from the 
tropics. In this study, the values of the chlorophyll 
content index by a non-destructive method, recorded by 
an atLEAF device, were used to estimate the nutritional 
quality of the forage quickly. Although there were no 
differences between atLEAF CLOR and API values 
between KGM, CU, and MA in basal, middle, and 
apical leaves, these were significantly correlated with 
nitrogen and protein contents. Although the correlation 
coefficients of the multiple linear regression models 
were high, to predict the nitrogen and protein contents 
based on the atLEAF CLOR and API values of basal 
leaves of the Pennisetum varieties in this study, medium 
determination coefficients were found (R2 = 0.548 for 
nitrogen and R2 = 0.563 for protein). No reports of 
estimation of nitrogen content with atLEAF values in 
forage grasses from the tropics were found; however, 
in shrubs Viburnum tinus, Pittosporum tobira, and 
Arbutus unedo, low coefficients of determination were 
reported between atLEAF CLOR with the chlorophyll 
concentration found and the nitrogen content (0.12 and 
0.27) (Martín et al., 2007; Mendoza-Tafolla et al., 2022). 
In other herbaceous plants, higher and more significant 
correlations (0.96 y 0.99) were reported between atLEAF 
CLOR values and the nitrogen content in Eruca sativa 
mill., using the equation %N=0.0378 atLEAF CLOR – 
0.1298 (Mendoza-Tafolla et al., 2022), Ociman basilicum 
(Ontiveros-Capurata et al., 2022), Salvia slendens (Dunn et 
al., 2018), and Dianthus chinensis (Basyouni et al., 2015). 
It is likely that in plants other than herbaceous plants, 
such as shrubs and forages in the tropics, the tissue 
structure makes it difficult to predict nutritional quality 
with values from the atLEAF device.

CONCLUSION

The present study evaluated the morphological 
and productive characteristics of King Grass Morado 
(KGM), Cuba OM-22 (CU), and Maralfalfa (MA) in the 
Peruvian humid tropics. KGM stood out in tillering, but 
CU and MA had greater leaf widths. MA had a higher 
nitrogen and protein content, and biomass volume was 
positively correlated with most morphological variables. 
In addition, the chlorophyll content of basal leaves can 
contribute to estimating protein content through non-
destructive measurements.
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