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ABSTRACT
Objective: To determine the dry matter yield of Guinea grass (M. maximus Jacq.) in response to mineral 
fertilization with N-P-K in a tropical humid climate.
Design/Methodology/Approach: We conducted an experiment with Guinea grass in Loma Bonita, Oaxaca, 
Mexico, during the cold front season (November 2018 to February 2019) and the dry season (March to May 
2019). The following N-P-K fertilization formulations were used: 00-00-00, 100-00-00, 140-20-00, 180-40-20, 
200-00-00, 240-40-20, 260-60-40, and 300-00-00. The response variables were: plant height (cm), chlorophyll 
content, and dry matter yield (kg ha1).
Results: The fertilization with the highest nitrogen, phosphorus, and potassium levels (p0.05) increased the 
dry matter yield, the chlorophyll content, and the height of the Guinea grass above the control.
Study Limitations/Implications: Mineral fertilization improved the productive performance of Guinea 
grass. However, studying more seasons is necessary to validate the results obtained.
Findings/Conclusions: The fertilizer formulas with 260-60-40 and 240-40-20 N-P-K units improved the 
productive performance of Guinea grass. Consequently, the season of the year had a considerable influence on 
grass yield in a humid tropical climate.
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INTRODUCTION
 Given their geographical position on the planet, the humid tropical regions of Mexico 
concentrate a high diversity and richness of forage resources (Ellis & Martínez, 2010). 
Nevertheless, livestock currently requires the production and preservation of forage 
resources that are scarce throughout the year, particularly during the dry season. Ruminant 
production is important in Oaxaca and it requires forage for animal feed. In 2018, 381,985 
ha of forage grasses were reported in this state; they provided an average fresh yield of 
34.1 t ha1. In the district of Tuxtepec, 163,507 ha with 38.0 t ha1 of forage yield were 
recorded, while, in Loma Bonita, 10,470 ha with 43.6 t ha1 of fresh forage yield were 
recorded (SIAP, 2019).
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 Guinea grass is one of the most important forage species used to feed domestic ruminants 
in regions with tropical and subtropical climates. This is the result of its great potential to 
produce dry matter per unit of area, wide adaptability, forage quality, easy establishment, 
and its capacity to support a high stocking rate (Munari et al., 2017). An emerging problem 
is that the plants are not fertilized, which impacts their development and reduces their 
quality and biomass yield (Shintate et al., 2017). In this sense, fertilization is an alternative 
that increases grass productivity by influencing the generation of photoassimilates during 
photosynthesis (Silveira et al., 2017).
 There are few studies about the fertilization of cut tropical grasses in the humid tropical 
region of Mexico. Throughout the region, Guinea grasslands are fertilized with the 100-00-
00 formula ( Joaquín et al., 2009). In addition, Joaquín et al. (2020) recommended using the 
100-50-50 fertilizer formula (N, P2O5, and K2O, respectively) to obtain a better seed yield 
with the said Poaceae in Loma Bonita, Oaxaca, Mexico. Evidently, in order to increase 
the biomass yield, the nutritional management of this grass must be identified at different 
seasons of the year (e.g., cold front and dry seasons).
 The objective of the present study was to quantify the biomass yield of Guinea grass 
fertilized with nitrogen, phosphorus, and potassium under the environmental conditions 
of Loma Bonita, Oaxaca, Mexico, during the cold front and dry seasons. The assumption 
was that fertilizing with high levels of these elements improves the components associated 
with the growth and dry matter yield of this grass.

MATERIALS AND METHODS
Geographical location of the study area
 The research work was carried out in Loma Bonita, Oaxaca, Mexico (18° 06’ N, 95° 
53’ W), at 25 m.a.s.l. The weather is warm humid (Am) in 81.7% of the territory, with 
abundant rainfall in summer, an average temperature of 25 °C, and an annual rainfall of 
1,845.2 mm. However, the Papaloapan weather station reported 2,135.3 mm of rain per 
year. The dominant soil type are acrisols (INEGI, 2005).

Vegetal material and establishment
 In June 2018, 24 experimental units were sown with Megathyrsus maximus Jacq cv. 
Guinea vegetative material, after digging 40-cm deep times 20-cm wide holes. In October 
30, a uniform cut was made with gardening shears. On November 16, the cold front season 
samplings of the growth and dry matter yield of the grass began. This season started on 
November 2018 and finished on February 2019 and is characterized by low intensity 
rains and low temperature (Figure 1). The dry season was evaluated from March to May 
2019. The dry season is characterized by high temperatures and low rainfall. During both 
seasons, samples were collected every seven days from the same plants.

Treatments and experimental design
 Eight fertilizer formulas (FM) with nitrogen, phosphorus, and potassium were 
applied to Guinea grass: 00-00-00 (FM1), designated as control treatment, 100-00-00 
(FM2), 140-20-00 (FM3), 180-40-20 (FM4), 200-00-00 (FM5), 240-40-20 (FM6), 260-
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60-40 (FM7), and 300-00-00 (FM8). Urea (46-00-00), diammonium phosphate (18-
46-00), and potassium chloride (00-00-60) were used as nutrient sources. The tested 
fertilizer formulas were defined based on a soil analysis that was done prior to the 
establishment of the grass and contemplated 300 units of N, 60 units of P, and 40 
units of K per ha, in order to determine a dose that does not have an economic impact 
on the producer.
 The grass was homogeneously fertilized in November (cold front season) and in March 
(dry season), before a 15-cm uniformity cut was made in each case and when the regrowth 
began. In each season, the soil was fertilized after it had rained or when there was enough 
moisture in the soil.
 The experimental design was completely randomized with eight treatments (fertilizer 
formulas) applied to 3.0-m long  2.0 m wide (6 m2) experimental units and three 
replications. The evaluations were made in the central part of each experimental plot. The 
size of the useful plot was 4.2 m2.

Response variables
 The response variables were: plant height (cm), chlorophyll content in the leaves, and 
dry matter yield. Plant height was measured with a flexible metal tape, from ground level 
to the top of the plant, with its leaves fully extended. The chlorophyll content of leaves was 
measured in five plants per plot, using a Minolta® portable SPAD-502 chlorophyll meter, 
that establishes the greenness index, which is directly related to the chlorophyll content 
of the leaves (Rincón & Ligarreto, 2010). The production of fresh biomass (kg ha1) was 
determined by weighing the plant material from the aerial part of the plant on a 5.0-kg 
digital scale, with a 1.0 g margin of error; this result was used to calculate the dry matter 
yield (kg ha1). The methodology consisted of taking a 200-g sample of fresh forage from 
each of the useful plots and placing it in a forced air stove at 65 °C for 72 hours or until 
the sample reached a constant weight which could be used to calculate the dry matter 
percentage.

Figure 1. Precipitation (mm), and maximum, minimum, and average temperature (°C), in Loma Bonita, 
Oaxaca, Mexico ( June 2018-June 2019).
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Statistical analysis
 The statistical analysis of the data was carried out separately for each season (cold 
front and dry season), based on a completely randomized design, with eight fertilization 
treatments and three repetitions, using the linear model: 

YijTiEij 

where Yij is the response variable,  is the general mean of the experiment, Ti is the 
effect of the fertilization treatments, and Eij is the source of variation associated with the 
experimental error. The analysis of variance was carried out using Proc GLM for Windows 
version 9.4 (SAS, 2013) and the means of the variables whose treatments showed them to 
be statistically different were compared using Tukey’s test (p0.05). 

RESULTS AND DISCUSSION
Plant height
 Table 1 revealed that, when Guinea grass received different doses of fertilization with 
nitrogen or its combination with phosphorus and potassium, plant height (PH) in the 
cold front season always was statistically superior than control. The maximum PH was 
148.4  cm and was obtained with the 260-60-40 treatment (Table 1), although it was 
not different from the PH obtained with the 180-40-20 formula on 135.2 cm tall plants 
(p0.05); in the dry season, the plant height response was lower than in the cold front 
season (Table 1).
 Other researchers suggest that for grasses to grow, vegetative structures, elongation, 
and development of leaves according to their genetic nature must be present. These 
characteristics are influenced by rainfall, temperature, light, and soil fertility (Costa et al., 
2017). Muñoz et al. (2007) indicated that Guinea grass adapts to average annual rainfalls 
of 800 to 1,200 mm; although it tolerates droughts, Guinea grass recovers quickly at the 
beginning of the rainy season and it keeps a green foliage. The plant height was different 
between the cold front and dry seasons, because the rain and temperature data promoted 
a differential growth between seasons (Figure 1).

Chlorophyll content of leaves
 In the cold front season, the chlorophyll content of Guinea grass increased in the 
treatments that received fertilization. They were statistically different (p0.05) than 
control, from day 14 to day 84 of sampling (Table 2). Such behavior confirmed that high 
nitrogen fertilization had a positive correlation with the color (green) of the leaves and it 
affected their chlorophyll content.
 In Brazil, the application of nitrogen doses of 0, 50, 100, 150, and 200 kg ha1 to 
Brachiaria decumbens resulted in an increase of the color (green) of the leaves, with intervals 
of 32 to 54 and 30 to 48 SPAD units, in the first and second cut, respectively (da Silva et al., 
2013). In another study, Salman et al. (2016) reported foliar chlorophyll values of 48.4 for 
marandu grass and 40.7 for Guinea grass; these values are consistent with the results of the 
present work.
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 However, during the dry season, the behavior of chlorophyll in leaves was lower than 
in the cold front season (Table 2), as a consequence of the scarcity of edaphic moisture 
from March to May 2019 (Figure 1). C4 plants (such as Megathyrsus maximus) can present 
biochemical and anatomical modifications whose aim is to increase their photosynthetic 
efficiency through adjustments in leaf area. These adjustments modify their root/aerial part 
ratio, potentially increasing the concentration of chlorophyll in the leaves, all intervened by 
edaphic moisture content and nutrient availability (Barragán & Cajas, 2019).

Guinea grass dry matter yield
 During the cold front season, the dry matter production of M. maximus increased as 
a result of fertilization (Table 3). From day 21 to 84, the 240-40-20 and 260-60-40 NPK 
formulas stood out, with the exception of days 63 and 77, when the presence of strong 
winds bent plants, modifying the previous tendencies. Overall, these ternary formulas 
surpassed the control in DM production, including the rest of the fertilization treatments.

Table 1. Plant height (cm) of Guinea grass (Megathyrsus maximus) depending on fertilization in the cold front and dry seasons. Loma Bonita, 
Oaxaca, Mexico.

F E   FM1   FM2   FM3   FM4   FM5   FM6   FM7   FM8 Dhs CV

14
1   54.7e   60.5d   57.4e   67.3b   66.9bc   65.2bc   64.1c   71.0a 2.8 4.5

2   38.3a   33.0a   40.3a   37.3a   41.00a   37.0a   32.3a   30.0a 11.2 10.9

21
1   66.5e   73.0d   75.7cd   91.0a   77.3c   83.7b   83.6b   84.4b 3.2 4.1

2   40.7bc   36.0cd   40.7bc   39.3bc   42.3ab   45.7a   38.0bcd   34.3d 4.7 4.2

28
1   69.7d   85.3c   83.0c   98.7a   84.4c   92.1b   96.2ab   92.7b 5.6 10.3

2  42.3bc   38.3cd   41.3bcd   42.3bc   48.3b   48.0a   41.7bcd   37.7d 4.4 3.7

35
1  72.7e   92.2d   90.3d 106.2a   93.6cd   99.4b 108.7a   98.7bc 6.0 11.3

2 43.7abc   41.0bc   42.0bc   45.0ab   45.0ab   47.7a   44.0ab   39.0c 4.7 3.8

42
1   80.7e 103.3bcd   96.1d 110.6ab   98.7cd 105.5bc 114.9a 102.2bcd 8.5 10.1

2   46.0bc   43.0bc   43.3bc   46.7ab   46.7ab   50.3a   47.0ab   41.7c 4.9 3.8

49
1   84.2d 107.1bc 100.3c 115.8ab 107.0bc 112.7ab 121.0a 103.6c 8.4 10.3

2 46.3cde   43.7e   45.3de   50.0ab   48.3bcd   52.0a   49.3abc   45.7de 3.1 2.3

56
1   89.7e 111.7bcd 103.1d 121.9ab 108.4cd 115.8bc 128.4a 106.7cd 11.3 3.6

2   48.3c   44.3d   47.3cd   53.0b   47.7cd   57.7a   51.0bc   47.7cd 3.8 2.8

63
1   92.0d 113.3bc 108.9c 126.1ab 110.0c 118.2bc 133.6a 108.4c 14.1 4.3

2   49.0ef   57.7ab   48.0ef   55.7bc   51.7cde   61.0a   55.0bcd   51.3de 4.3 2.9

70
1   93.6d 116.8c 112.4c 128.1ab 111.4c 119.2bc 136.2a 110.0c 11.4 3.5

2   50.0b   68.0a   54.7b   57.0ab   53.3b   61.7ab   57.7ab   57.0ab 11.8 7.3

77
1   97.1d 121.7bc 115.1c 129.4ab 115.4c 120.7bc 140.6a 112.3c 11.3 3.4

2   52.0c   81.0a   61.3bc   62.7bc   60.3bc   66.7b   64.7b   64.0b 11.9 6.4

84
1   99.8c 125.9b 123.1b 135.2ab 126.8b 128.4b 148.4a 126.1b 14.1 6.4

2   54.7c   87.3ª   66.0bc   67.7b   64.7bc   71.0b   71.0b   70.3b 11.6 5.9

FSampling date (d), ESeason (1: cold front of november 2018-february 2019), (2: march-may 2019 drought), FM100-00-00, FM2100-
00-00, FM3=140-20-00, FM4=180-40-20, FM5=200-00-00, FM6=240-40-20, FM7=260-60-40, FM8=300-00-00 de N-P-K-, Dhs= Significant 
honest difference (Tukey, p≤0.05), CV=Coefficient of variation (%), a,b,c… different letters in columns mean significant differences.
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 At 42 days of sampling, during the cold front season, the Guinea grass yield was 
4,674 and 4,449 kg DM ha1 with the 240-40-20 and 260-60-40 formulas, respectively 
(Table  3). A trial carried out by Homen et al. (2010) with Megathyrsus maximus in 
Venezuela (2,450 mm of rain and an average temperature of 26.5 °C) recorded a yield 
of 4,376 and 5,097 kg DM ha1 on days 35 and 42; they recommended cutting the 
grass 42 days after regrowth for animal feed. At a greater cutting interval, a PH and 
forage accumulation increase was reported for Guinea grass, as a possible consequence 
of the high presence of stems and dead material, which modify the leaf-stem ratio in the 
grass —a behavior that can affect the efficiency with which animals use the grassland 
(Ramírez et al., 2009).
 The dry matter yield was lower in the dry season than in the cold front season (Table 3), 
as a consequence of the lack of moisture from March to May 2019 (Figure 1), which hindered 
the grass’ potential to induce the development of meristematic tissues and promote the 
growth of the grass.

Table 2. Chlorophyll (SPAD units) of Guinea grass (Megathyrsus maximus), depending on fertilization in the cold front and dry seasons. Loma 
Bonita, Oaxaca. Mexico.

F E FM1 FM2 FM3 FM4 FM5 FM6 FM7 FM8 Dhs CV

14
1 44.4b 50.7ª 52.0a 50.0a 45.9b 44.8b 51.6a 50.6a 3.0 4.9

2 20.6b 38.5ª 32.5ab 21.6b 25.8b 24.4b 32.5ab 22.3b 11.9 15.4

21
1 40.3c 47.6ª 46.1ab 46.0ab 47.2a 43.9b 48.2a 47.5a 3.2 4.3

2 22.3a 32.6ª 35.9a 37.3a 38.5a 38.5a 35.9a 32.6a 20.5 21.1

28
1 35.0c 40.0bc 40.3bc 50.7a 45.2ab 40.6bc 43.2b 43.2b 5.7 4.8

2 25.8bc 38.8a 22.0c 32.5ab 32.6ab 32.6ab 21.6c 35.9ab 10.2 11.9

35
1 29.4d 37.3c 38.8abc 40.0abc 37.5bc 43.0ab 44.1a 41.3abc 5.8 5.1

2 21.6c 25.8bc 38.5a 35.9ab 38.8a 38.8a 43.9a 38.5a 10.7 10.7

42
1 31.9c 41.2b 43.0ab 40.0bc 45.5ab 43.3ab 40.7b 50.0a 8.0 7.2

2 33.9ab 52.7a 32.5ab 22.3b 20.6b 32.5ab 22.3b 32.5ab 22.2 25.2

49
1 31.0c 43.9ab 42.0ab 40.8ab 44.6ab 44.6ab 39.3bc 47.9a 8.5 7.3

2 25.8bc 33.7ab 38.8a 25.8bc 21.6c 35.9a 38.5a 38.8a 9.2 10.0

56
1 31.5b 39.6ab 40.7a 43.0a 42.5a 40.9a 43.7a 45.2a 8.4 7.8

2 35.9a 35.9a 21.6a 38.5a 37.3a 21.5a 32.5a 25.8a 20.5 23.2

63
1 30.7c 43.4b 42.8b 42.6b 39.6b 41.9b 44.6b 50.6a 5.6 4.7

2 21.6a 38.5a 37.3a 32.5a 22.3a 37.3a 38.8a 21.6a 26.7 30.3

70
1 29.9c 39.6ab 41.9a 43.3a 34.7bc 40.9a 40.8a 43.7a 5.3 5.1

2 25.9ab 43.9a 25.8ab 38.8ab 32.5ab 22.3b 25.8ab 37.3ab 21.4 24.0

77
1 33.0c 42.7a 41.2ab 40.7abc 32.7c 42.7a 44.1a 41.4ab 8.5 7.5

2 22.7c 38.3a 22.3c 20.0c 35.9ab 25.8bc 21.3c 23.9c 11.7 15.6

84
1 32.9b 41.0ab 39.1ab 39.9ab 38.5ab 42.9a 41.6a 41.5a 8.4 7.6

2 23.3c 38.8a 25.6c 26.7c 35.9ab 28.2bc 26.3c 27.3c 8.3 10.2

FSampling date (d), ESeason (1: cold front of november 2018-february 2019), (2: march-may 2019 drought), FM100-00-00, FM2100-
00-00, FM3140-20-00, FM4180-40-20, FM5200-00-00, FM6240-40-20, FM7260-60-40, FM8300-00-00, DhsSignificant honest 
difference (Tukey, p0.05), CVCoefficient of variation (%), a,b,c... different letters in columns mean significant differences.
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CONCLUSIONS
 The productive performance of Guinea grass varied depending on the environmental 
conditions. Precipitation was a determining factor, because the highest productions 
of dry matter (DM) occurred in the cold front season, when the 240-40-20 and 260-
60-40 formulas generated the highest yield of dry matter and chlorophyll in leaves; 
the latter formula also promoted greater plant height. In the dry season, the opposite 
phenomenon occurred, since the dry matter productivity decreased in comparison with 
the cold front season.
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