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Elephant grass is a tropical forage crop highly used in dairy cattle production, in Brazil. 
It has been getting special attention, because of its bioenergy potential, medicinal 
properties, and bioremediation profile. The aim of the present study is to investigate 
the effects of thermotherapy based on clonal cleaning methods and meristem 
culture on the mineral content of elephant grass (Cenchrus purpureus (Schumach.) 
Morrone). Cultivars “Mineiro”, “Taiwan A-147” and “Pioneiro” were subjected to the 
following methods: thermotherapy (T) combined to meristem culture (MC), 
meristem culture and mature stems (control). The experiment assessed the mineral 
contents of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur 
(S) at three cuttings, which were performed every 60 days, for 180 days. There was 
lack of effects from these methods on the mineral content of approximately 66% of 
the carried out assessments, standing out unanimity for all cultivars, methods, and 
most of the cuts. T+MC was the only method showing positive effect on P and Ca 
content, in all cuts, in the cultivars Taiwan A-147 and Pioneiro, respectively. There 
was clear negative effect of cleaning methods on P and Ca content, in all cuts, for 
cultivar Mineiro, and on Mg, for cultivar Taiwan A-147. These results, along with the 
positive effects observed in vegetative and nutritional parameters shown in other 
articles published in this Journal, show that the clonal cleaning methods are strongly 
recommended for cultivars with more than 15 years of ripe stem propagation. 
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INTRODUCTION 
 

It is necessary doubling food production (Ray, Mueller, West, et al., 2013), 
mainly of items such as cereals, meat, milk and eggs, in order to meet the sustainable 
development goals, set by the United Nations on hunger and to eradicate 
malnutrition by 2030 (Karasawa, 2021). The main animal–protein sources are meat 
and milk; approximately 95% of all beef and milk production in Brazil is mostly 
produced on pasture, which occupies 160 million hectares (Machado et al., 2021). 
Elephant grass, Cenchrus purpureum, is one of the forages mostly used in cattle feed, 
especially in dairy farming, among all tropical forage species (Wanjala et al., 2013; 
Karasawa et al., 2023). The option made for using elephant grass was mainly linked 
to its great potential for dry matter production and good quality (Tcacenco, 1988). 
This species has the cespitous habit of perennial growth; normally it can reach 3 - 5 
meters, in height. This forage’s propagation is primarily asexual, and happens 
through vegetative stem fragments, at the age of 100 days, with 2 to 3 buds, as the 
produced seeds are of low quality (Ocumpaugh & Sollenberger, 1995). 

This species has also been assessed in studies on bioenergy production, since it 
emerged as alternative source for biofuel production (Mohammed et al., 2015; 
Samson, et al., 2005; Rocha, et al., 2017) due to its high cellulose content level, fast 
growth, and biomass production (Campos et al., 2019), and carbohydrate content 
(Azeke, Eze, Ubong, & Kuroshi, 2019).  Taiwan and Cameroon cultivars’ total calorific 
value ranged from 3.905 - 4.047 Kg-1 and 4.033 - 4.042 Kg-1, respectively, and these 
were the best results among all assessed cultivars (Marafon et al., 2020). It is 
essential observing that these values are similar to those recorded for sugarcane. 

Mineral levels in plants have pointed out this species’ potential to provide the 
aforementioned elements for animal nutrition, because they are essential inorganic 
nutrients for energy production and for macromolecule construction, such as nucleic 
acids, lipids, proteins and enzymes. Phosphorus, for example, acts in energy 
formation in ATP form, in DNA and RNA molecules’ construction, in acid-base balance 
and in teeth formation. On the other hand, iron plays important role in binding and 
transporting oxygen in hemoglobin molecules and in the cellular respiration process, 
in cytochromes (Soetan, Olaiya, & Oyewole, 2010). In addition, many ions are 
important for the activity of enzymes in substrate processing, in metabolic activities 
(Nelson & Cox, 2014). 

Asexual reproduction is a problem because plants accumulate pathogenic 
contaminants, such as viruses, bacteria, fungi, and mycoplasmas, over generations 
(Wang & Charles, 1991; Negawo, Teshome, Kumar, Hanson, & Jones, 2017). This 
accumulation of pathogens has negative effect on forage production and quality 
since it reduces the amount of dry matter and the nutritional quality over the years. 
Researchers from “Dairy Cattle Embrapa” observed these elephant grass effects. 
Although many symptoms are visible and easy to diagnose, overall, symptoms caused 
by viruses and mycoplasmas are not visible and often go unnoticed (Pierik, 1990; 
Stone, 1978; Kumar et al., 2021). The observed effects also met scientific publications 
showing the presence of mosaic virus (Silva et al., 2013), bacteria Xanthomonas 
albilineans (Meng et al., 2019) and diseases caused by phytoplasma (Kogej, 
Dermastia, & Mehle, 2020; Kawube et al., 2015; Asudi, Muyekho, Midega, & Khan, 
2020). 

Clonal cleaning is a technique widely used to propagate plants infected by 
viruses (Cronauer & Krikorian, 1985; Kartha & Gambog, 1975), bacteria (Meng et al., 
2019), fungi (Cronauer & Krikorian, 1985) and phytoplasma (Accosta, Pantoja, & 
Perez-Lopez, 2020; Kogej et al., 2020; Tiwari, Tripathi, Lal, Sharma, & Chiemsombat, 
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2011). Meristem culture, chemotherapy and thermotherapy are among the 
techniques mostly used to remove pathogens (clonal cleaning). However, using 
antibiotics to control the aforementioned pathogens is difficult because they often 
translocate through the phloem, and it prevents the pathogens from being fully 
eliminated; moreover, this process does not protect plants for long periods-of-time 
(Accosta et al., 2020). Thus, the association between thermotherapy and meristem 
culture is widely used as strategy. 

Micropropagation through meristem culture mainly focuses on clonal cleaning 
and herbaceous, shrub and tree species’ multiplication (Grattapaglia & Machado, 
1998). This technique is seen as the most efficient and fastest ones to produce 
contaminant-free plants, mainly of virus-free ones (Torres, Teixeira, & Pozzer, 1998). 
Assumingly, lack of viral particles in meristematic tissues is related to the accelerated 
growth and development of these tissues, as well as to vascular disconnection, high 
protein synthesis level and viral particles’ inactivation (Mellor & Stace-Smith, 1977; 
Kassanis & Varma, 1967). This technique is widely used for clonal cleaning in plants 
infected by viruses (Kartha & Gambog, 1975; Krikorian and Cronauer, 1984), fungi 
(Pescador & Koller, 1992; Krikorian & Cronauer, 1984), bacteria (Meng et al., 2019) 
and phytoplasma (Kogej et al. 2020; Accosta et al., 2020; Tiwari et al., 2011). 

According to Cha-um, Hein and Kirdmanee (2006), meristems (0.5 - 1.5 mm) are 
capable of efficiently removing fungi and most bacteria. Studies conducted with 
sugarcane have shown that meristems (0.2 - 0.3 mm) often eliminate phytoplasmas 
(Tiwari et al., 2011) and that meristems (0.1 mm - 0.2 mm) are able to eliminate 
viruses (Ramgareeb et al., 2010; Cheong et al., 2012). They increase the tiller density 
of micropropagated plants over 100% (Karasawa et al., 2023), by 88% (Santana et al., 
1992), and by 30% in comparison to the traditional method (Perez & Rodriguez, 
1987). Meristems (0.1 and 0.5 mm) were able to eliminate viruses in cassava plants 
and to increase their production in comparison to the control (Deepthi & 
Makeshkumar, 2016). 

Thermotherapy consists of subjecting plants contaminated with active growth 
to environments with the highest temperature tolerated by their species for two 
weeks or more, without interruption (Quak, 1977; Boxus, Quorin, & Laine, 1977). 
Thermotherapy efficiency in controlling viruses and mycoplasmas has been proven 
for more than half a century, since the studies by Smith (1950) and Quak (1977). 
Higher temperatures would prevent, or reduce, pathogens’ multiplication in 
comparison to meristematic tissues that keep normal cell cycles to produce 
pathogen-free tissues (Oehl & Hughes, 1980; Torres, Teixeira, &Pozzer, 1998). 
However, Panattoni et al. (2013) believe that high temperatures would activate the 
host’s defense system due to induced viral silencing (VIGS), which would help 
avoiding viral infection. 

So far, none of the studies focused on using elephant grass culture in vitro 
(Zanete, Pailo, & Moraes, 1988; Umami, Akashi, Gondo, Ishigaki, & Tanaka, 2016; 
Crespo & Alvarez, 2014; Karasawa, Pinto, Pinto, & Pereira, 2002; Karasawa, Pinto, 
Pereira, & Pinto, 2006; Herrera, García, Cruz, & Romero, 2012; Herrera, Garcia, 
Fortes, Cruz, & Romero, 2013). They have assessed the effect of clonal cleaning 
techniques on macro and micronutrient concentration in cultivars presenting 
different asexual propagation ages. 

Because many pathogens do not always manifest themselves visibly (Pierik, 
1990; Stone, 1978; Kumar et al., 2021) and based on reports in previous study, the 
option was made to apply clonal cleaning techniques based on using meristem 
culture (MC) - 0.2 mm – in combination to thermotherapy (T + MC), or not. The aim 
of the present research was to assess clonal cleaning methods’ (T+MC and MC) effect 
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on macro and micronutrients’ concentration in elephant grass cultivars presenting 
different asexual propagation time in comparison to the control (CO). 

 

MATERIAL AND METHODS 
 

Thermotherapy 
 

The experiment was carried out in greenhouse, at the Animal Science 
Department of Federal University of Lavras. Lavras County - MG – the 

aforementioned county is located at latitude 2114'30” S and longitude 4500’10” 
W, at mean altitude of 918 m. It presents Cwb climate, with rainy summers and dry 
winters. Mineiro, Taiwan A-147 and Pioneiro elephant grass cultivars provided by 
Embrapa's Active Elephant Grass Germplasm Bank (BAGCE) were treated with 
thermotherapy (Figure 1). BAGCE culms were divided into cuttings with 3 - 4 buds to 
carry out the treatment; they were planted in late July 1999, in vessels filled with 5 
liters of soil, and observed until shoots reached 20 cm in height. Thermotherapy 
started at temperatures of 30°C at night and 45°C during the day, for 20 days (Lassois, 
Lepoivre, Swennen, Houwe, & Panis, 2012). Subsequently, the upper 20-cm of the 
stems, with apical meristem, were collected and prepared for disinfection. 

                                                             

Figure 1. Greenhouse details showing plants of elephant grass in the pots and the 
thermotherapy control panel with a red square. 
 

Meristem culture 
 

Stem fragments with apical meristem were disinfested at the Laboratory of 
Tissue Culture and Medicinal Plants of DAG (Department of Agriculture), at UFLA, in 
Lavras County, MG. It was done by using 1% sodium hypochlorite and 3 drops of 
Tween®, under agitation for 20 minutes. Then, 3 rinses were performed in sterile 
distilled water. The disinfested materials were taken to the laminar air flow and 
placed in petri dishes filled with sterile filter paper. Meristems were removed with 
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the aid of stereoscopic microscope (Figure 2). Each meristem (0.2 mm, in diameter) 
was isolated and inoculated in test tubes (25 mm x 150 mm) filled with 15 ml of MS 
culture medium (Murashige & Skoog, 1962), WPM vitamins (Lloyd & McCown, 1980), 
3 % sucrose - supplemented (or not) with 0.7% agar (Karasawa et al., 2006). The test 
tubes were incubated at temperature of 25±2°C, and 2000 lux lighting, after they 
were sealed. Developed meristems were multiplied, according to Karasawa et al., 
2002, rooted and acclimatized. 

 

Acclimation 
 
Elephant grass plantlets produced in vitro through the T+MC and MC treatments 

were removed from the test tubes. Their roots were washed and, subsequently, 
planted in 300 ml plastic cups filled with Plantimax® substrate (Figure 2b). In addition, 
untreated culms (1 cm of mature stem) were longitudinally fragmented; one bud and 
three root protuberances were left on them. These fragments were planted in 300-
ml plastic cups filled with Plantimax® substrate, in separate; they composed the 
experimental control. Seedlings remained in environment under high relative 
humidity, forced ventilation and 50% shading, for 30 days, in greenhouse, for 
acclimation purposes. Then, they were sent to the greenhouse at the Department of 
Animal Science (DZO – UFLA), where they were grown and assessed for 180 days. 

 

 

Figure 2. Steps involved in meristem culture (drawn by Karasawa, M.M.G.), and plant acclimatization details 
(thermotherapy + tissue culture, tissue culture and ripe stem, respectively, from the left to the right). 

 

Growing in greenhouse 
 
Acclimated seedlings were planted in pots, in separate (Figure 3) and taken to 

the greenhouse of the Department of Animal Science (DZO). Each pot was filled with 
10 L of red-yellow latosol, presenting the following features: water pH (1: 2.5) = 5.7; 
P and K (Mehlich I) = 18.0 and 69.0 mg/dm3; Ca, Mg and Al = 2.6; 1.0 and 0.0 
cmolc/dm3, respectively; V = 59.2% – soil was collected in Coronel Pacheco City, MG. 

The dry soil was previously sieved and fertilized with 16.06 g KCl; 24.45g SSP; 3.0 
g urea; 3.0 g MgSO4; 0.17 g H3BO3; 0.06 g CuSO4 and 0.01 g ZnSO4. Seedlings were 
irrigated on a daily basis and fertilized with nitrogen on a monthly basis. Ammonium 
and sulfate sources’ application were alternated. Mean temperatures inside the 
greenhouse ranged from 20 °C to 26°C. Cuts were made every 60 days, over 180 days, 
5 cm above ground over the experimental time; evaluations of phosphorus (P), 
potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) contents were made 
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during three cuts. 
 
 

 

 

 

 

Figure 3. Starting experiment (upper left), first cut (upper middle), second cut (upper 
right), third cut (down): left Mineiro, middle Taiwan A-147, and right Pioneiro. 

 

Analyses 
 
Three cuts were made 5 cm above the ground, at 60-day intervals, for 180 

days to determine phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and 
sulfur (S) levels. The contents of minerals P, K, Ca, Mg and S were first observed 
through nitro-perchloric digestion; Ca and Mg content was assessed through atomic 
absorption spectrophotometry; the P content was assessed through colorimetry, K 
content through flame photometry (Malavolta, Vitti, & Oliveira, 1989) and S content 
through turbidimetry (Blanchar, Rehm, & Caldewel, 1965). 

 

Experimental design and statistical analysis 
 
Pots planted with the seedlings were distributed in randomized blocks 

(Figure 3), with six replications. Treatments were distributed into subdivided plots, 
in space and time (Petersen, 1994). The three elephant grass cultivars (Mineiro, 
Taiwan A-147 and Pioneiro) were distributed in the plots. Methods applied to get the 
seedlings (T+MC, MC and CO, with 3 repetitions, each) were randomized in each sub-
plot. Three cuts were made in the time sub-plot every 60 days, starting from planting 
date. 
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Statistical analysis was performed through F and Scott tests, at significance 
levels P<0.05 and P<0.01, respectively. The used statistical model was: 

yijkl =  + ci + bj + eij + mk + cmik + eijk + ls + eijks + eijkst  
Wherein:  
yijkl = value observed for cultivar “i”, for method “k”, in block “j” and in cut “l” 

 = overall average; 
ci = effect of cultivar “i” on the plot - i = 1, 2, 3; 
bj = effect of block “j” - j = 1, 2, 3, 5, 6; 
eij= effect of plot-associated experimental error; 
mk = effect of method “k” - k = 1, 2, 3; 
cmik = effect of interaction between cultivar “i” and method “k” 
eijk = effect of experimental error associated with the subplot; 
ls = effect of “s” cuts - s = 1, 2, 3; 
eijks = experimental error associated with cuts; and 
eijkst = experimental error associated with interaction among cultivars, cuts and 
methods. 

 
RESULTS AND DISCUSSION 
 

Phosphorus (P) content 

 
Methods adopted to get the seedlings only affected phosphorus content in Cv 

Taiwan A-147, in the first cut, wherein T+MC produced the highest values, the MC 
method showed intermediate values and CO recorded the lowest values for this 
nutrient (Table 1). Taiwan A-147 and Pioneiro cultivars showed the highest P 
concentrations through the T+MC and MC methods; they did not differ from each 
other, whereas Cv Mineiro showed the lowest value for this element. On the other 
hand, there was no difference in P concentration in the control between cultivars. 
Difference in P content based on the method T+MC adopted to get seedlings has 
shown that different genotypes have different ability to absorb this element. 

The highest P content, in the second cut, was observed for the control method 
(CO) when it was applied to Cv Mineiro, whereas Cv Taiwan A-147 showed the 
highest values when it was subjected to the T+MC method; Cv Pioneiro results did 
not differ among methods applied to the tested seedlings (Table 1). Cultivars were 
also differently affected by the tested methods: T+MC showed better response in Cv 
Taiwan A-147, intermediate response in Cv Pioneiro and worse response in Cv 
Mineiro. All cultivars responded similarly to the MC method and Mineiro and 
Pioneiro cultivars responded similarly and quite well to the CO method.  

T+MC and MC methods produced the lowest P contents in Cv Mineiro, at the 
third cut, whereas methods MC and CO produced lower P values in cultivars Taiwan 
A-147 and Pioneiro (Table 1). The methods differently affected the response of the 
cultivars when it comes to P content. Cv Pioneiro showed the best P absorption in 
comparison to the other cultivars through the T+MC method, whereas methods MC 
and CO led to similar values in Mineiro and Pioneiro cultivars and to higher ones in 
Tawian A-147.  

The comparison among the three cuts showed the highest P levels in the first 
cut, and values kept on decreasing untill the third cut, under all methods applied to 
get to the tested seedlings, in all cultivars (Table 1). This finding evidenced that cuts 
had negative effect on the content of this nutrient in the herein assessed forage.
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Table 1. Contents (%) of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) in the dry weight of cultivars (CV) Mineiro, Taiwan A-
147 and Pioneiro, in three cuts (CUT), in relation to the three methods (M): thermotherapy + meristem culture (T + MC), meristem culture (MC) and 
control (CO). 
 

  MINEIRO  TAIWAN A-147  PIONEIRO 

Nutrients CUT T + MC MC CO T + MC MC CO T + MC MC CO 

P 1º 0.39 AbA1 0.40 AbA 0.42 AaA  0.51 AaA 0.46 AaB 0.39 AaC  0.42 AbA 0.43 AaA 0.41 AaA 

2º 0.30 BcB 0.31 BaB 0.36 BaA 0.41 BaA 0.30 BaB 0.29 BbB 0.35 BbA 0.33 BaA 0.36 BaA 

3º 0.25 CbB 0.26 CaB 0.28CaA 0.27 CbA 0.23 CbB 0.21 CbB 0.30 CaA 0.28 CaB 0.27 CaB 

Factors CV = 0.006382* M = 0.008415** CUT = 0.364619**  

Interactions CV x M = 0.023940** CV x CUT = 0.009097** M x CUT = 0.002369* CV x M x CUT = 0.001634* 

K 1º 1.36 AaA 1.45 AaA 1.45 AaA  1.43 AaA 1.34 AbA 1.40AaA  1.34 AaA 1.33 AbA 1.38 AaA 

2º 1.24 BaA 1.24BaA 1.31 BaA 1.21 BaA 1.26 AaA 1.26 BaA 1.31 AaA 1.31 AaA 1.24 BaA 

3º 1.25 BaA 1.29 BaA 1.31 BaA 1.28 BaA 1.29 AaA 1.24 BaA 1.31 AaA 1.26 AaA 1.29 BaA 

Factors CV = 0.8753ns M = 1.3374ns CUT = 15.9456**  

Interactions CV x M = 1.9550ns CV x CUT = 2.3871* M x CUT = 1.5917ns CV x M x CUT = 1.3913ns 

Ca 1º 0.13 AaB 0.14 AaA 0.15 AaA  0.13 AaA 0.14 AaA 0.14 AaA  0.14 AaA 0.12 AbB 0.11 AbC 

2º 0,11 BbB 0.12 AbB 0.15 AaA 0.15 AaA 0.15 AaA 0.13 AaB 0.12 AbA 0.12 AbA 0.11 AbB 

3º 0,10 BbB 0.13 AaA 0.12 BaA 0.12 BaA 0.11 BbB 0.11 BbA 0.12 BaA 0.10 BcB 0.10 AcB 

Factors CV = 0.003413** M = 0.001017** CUT = 0.007246**  

Interactions CV x M = 0.001007** CV x CUT = 0.000631** M x CUT = 0.000557** CV x M x CUT = 0.000563** 

Mg 1º 0.28 AbA 0.30 AbA 0.32 AbA  0.31 AaB 0.34 AaA 0.36 AaA  0.31 AaA 0.30 AbA 0.32 AbA 

2º 0.25 BaB 0.26 BaB 0.31 AaA 0.25 BaB 0.25 BaB 0.27 BbA 0.26 BaB 0.27 BaB 0.30 AaA 

3º 0.24 BbA 0.25 BaA 0.25 BbA 0.25 BbB 0.26 BaB 0.29 BaA 0.28 BaA 0.26 BaA 0.28 BaA 

Factors CV = 0.004341* M = 0.017686** CUT = 0.048467**  

Interactions CV x M = 0.000717ns CV x CUT = 0.004854** M x CUT = 0.001177ns CV x M x CUT = 0.000952ns 

S 1º 0.19 AaA 0.19 AaA 0.19 AaA  0.19 AaA 0.19 AaA 0.19 AaA  0.16 AbA 0.17 AbA 0.17 AbA 

2º 0.16 BaA 0.16 BaA 0.17 BaA 0.15 BaA 0.15 BaA 0.16 BaA 0.16 AaA 0.15 BaA 0.16 AaA 

3º 0.14 CbA 0.14 CaA 0.14 CbA 0.14 BbA 0.14 BaA 0.14 CbA 0.16 AaB 0.15 BaB 0.17 AaA 

Factors CV = 0.000160ns2 M = 0.001184* CUT = 0.015439**  

Interactions CV x M = 0.000359ns CV x CUT = 0.003639** M x CUT = 0.000048ns CV x M x CUT = 0.000371* 
1Capital letters in italic (column) compare cuts within method for the same cultivar, tiny letters (in the line) compare cultivars in the same method in each cut, and bold 
letters (in the line) compare different methods in the same cultivar and cut. 
2ns = not significant, * = significant 5%, ** = significant at 1% by F and Scott Knott test. 
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Lounglawan, Lounglawan and Suksombat (2014) discusses that cuttings applied 

every 45 or 60 days would provide the highest concentrations of nutrients and that 
cutting height that did not influenced these parameters. Próspero and Peixoto (1972) 
assessed elephantgrass at the age of 45 days and recorded 0.21% P. On the other 
hand, Guerrero, Fassbender and Blyndestain (1970) found P values ranging from 
0.32% to 0.38% when increasing N doses were applied. Cut-off intervals of 60 days 
were used in the current study, and values higher than those reported by the 
aforementioned authors were observed in our the first cut, under all tested methods, 
including the traditional one. Values in the present research were similar to those 
recorded by Guerreiro, Fassbender and Blyndestain (1970) and higher than those 
recorded by Próspero and Peixoto (1972), in the second cut. 

Values herein recorded in the third cut were higher than those reported by 
Próspero and Peixoto (1972) and lower than those obtained by Guerreiro, 
Fassbender and Blyndestain (1970). Briefly, the methods adopted to get the 
seedlings influenced significantly (P<0.05) the cultivars (Cv) and highly significantly 
(P<0.01) the methods of obtaining seedlings (M) and the cuts (CUT). Interaction was 
also observed between Cv x M and Cv x CUT, at P<0.01, and between M x CUT and 
Cv x M x CUT, at P<0.05 (Tables 1 and 2). 

 
Potassium content (K) 

 
Potassium (K) content was not affected by the herein tested methods in the 

assessed cultivars, at any of the adopted cuts (Table 1). However, cultivars showed 
different responses to the method used to get the CT seedlings, at the first cut. Cv 
Pioneiro and Taiwan A-147 showed lower K–content response. 

The comparison among cuts showed their negative influence on K content in Cv 
Mineiro, under the three methods applied to the tested seedlings, and lower and 
similar values at the second and third cuts (Table 1). Cuts only influenced Cv Taiwan 
A-147 under the T+MC and CO methods. The second and third cuts produced similar 
and lower values under these methods. Cv Pioneiro presented the same effects 
under the CO method; lower results were observed at the second and third cuts. 
Potassium (K)_ content was only influenced by the cuts (CUT) at P<0.01; there was 
interaction between Cv x CUT at P<0.05 (Tables 1 and 2). Próspero and Peixoto (1972) 
assessed elephantgrass at the age of 45 days and recorded 5.07 K. This value is much 
higher than that recorded in the current study, under all methods applied methods 
to get the seedlings (Table 1). 

 

Calcium content (Ca) 

 
Calcium (Ca) content was differently affected by the methods applied to get the 

seedlings of cultivars assessed at the first cut. The highest Ca content value recorded 
for Cv Mineiro was observed under methods MC and CO, whereas the highest 
concentration of this element in Cv Pioneiro was observed under method T+MC, 
intermediate values were observed under method MC and lower ones under method 
CO. The comparison of responses from the three cultivars against the same methods 
for seedlings’ obtainment showed similar responses under T+MC, whereas Mineiro 
and Taiwan A-147 cultivar results under the MC and CO methods were better than 
those recorded for Cv Pioneiro under the same methods.  

Calcium (Ca) content in Cv Mineiro, at the second cut, was affected by the tested 
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methods similarly to what has happened at the first cut (Table 1): the lowest result 
was recorded under T+MC, whereas cultivars Taiwan A-147 and Pioneiro showed the 
highest values under T+MC and MC. The comparison of the effects from each method 
on Ca absorption by the assessed cultivars, at the second cut, showed that T+MC and 
MC methods led to higher Ca content in Taiwan A-147 cultivar than in Mineiro and 
Pioneiro, which produced similar values. With respect to the CO method, Mineiro 
and Taiwan A-147 cultivars showed similar values, but they were higher than that 
recorded for Cv Pioneiro. 

Calcium (Ca) content recorded for Cv Mineiro, at the third cut, was similarly 
affected by the tested methods, just as at the first and second cuts. It led to the 
lowest values recorded under method T+MC. Cv Taiwan A-147 accounted for the 
lowest Ca value under the MC method, whereas Cv Pioneiro recorded the highest Ca 
content under the T+MC method (Table 1). Cultivars also behaved differently under 
the assessed methods; there was a higher Ca absorption under the T+MC method by 
the Taiwan A-147 and Pioneiro cultivars, whereas the MC and CO methods led to 
highest Ca content in Cv Mineiro and to intermediate values in Taiwan A-147. 

The comparison among the three cuts evidenced that the methods applied to 
get the seedlings were differently affected by the adopted cuts (Table 1). Cv Mineiro 
registered higher Ca values, under the T+MC method, at the first cut; values recorded 
at the second and third cuts were similar and lower. Cultivars Taiwan A-147 and 
Pioneiro did not suffer the effect of cuts under the T+MC method. Cuts did not 
influence Cv Mineiro under the MC method. Cv Taiwan A-147 suffered the negative 
effect from the third cut; it recorded the lowest calcium content. Cv Pioneiro 
recorded the highest Ca content under the MC method, at the second cut; it recorded 
similar and inferior results at the first and third cuts. Cuts affected Ca content in the 
Taiwan A-147 and Mineiro cultivars under the CO method; Mineiro recorded the 
lowest values at the third cut. 

Tested factors Cv, M and CO affected Ca content at P<0.01; interaction was 
recorded for Cv x M, Cv x CUT, M x CUT and Cv x M x CUT at P<0 .01 (Tables 1 and 2). 
The herein recorded Ca values under the different tested methods, at the three 
applied cuts, were similar to those recorded by Próspero and Peixoto (1972), who 
found 0.14% Ca in elephant grass seedlings at the age of 45 days.  

 

Magnesium content (Mg) 

 
Magnesium (Mg) content was affected by the tested methods in Cv Taiwan A-

147, at the first cut; it recorded higher values under the MC and CUT methods and 
lower values under the T+MC method (Table 1). The comparison of the methods’ 
effect on the cultivars showed that the Taiwan A-147 and Pioneiro cultivars 
presented the highest Mg values under the T+MC method, whereas the MC and CO 
methods accounted for similar and lower values in Mineiro and Pioneer cultivars, 
respectively. 

All cultivars were similarly affected by the methods at the second cut. The CO 
method produced the best Mg absorption outcomes, whereas the other methods led 
to similar and inferior results (Table 1). The effect of the methods on cultivars’ 
behavior showed that T+MC and MC similarly affected the three of them, whereas 
the CO method led to the highest Mg content in Mineiro and Pioneiro cultivars.  
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Table 2: Analysis of variance of the content in dry matter of phosphorus (P), Calcium (Ca), Magnesium (Mg), potassium (K) and sulfur (S), obtained in the 
evaluation of three cultivars, submitted to three methods of obtaining seedlings and three cuts. 
 

Variation sources DF P Ca Mg K S 

Block 5 0.000362 0.000273 0.000906 0.8748 0.000295 

Cultivar (Cv) 2 0.006382*1 0.003413** 0.004341* 0.8753ns 0.000160ns 

Error a 10 0.001287 0.000114 0.000667 2.0004 0.000329 

Method (M) 2 0.008415** 0.001017** 0.017686** 1.3374ns 0.001184* 

Interaction (Cv x M) 4 0.023940** 0.001007** 0.000717ns 1.9550ns 0.000359ns 

Error b 30 0.000971 0.000108 0.000494 0.8169 0.000307 

Cutting (CUT) 2 0.364619** 0.007246** 0.048467** 15.9456** 0.015439** 

Error c 10 0.001737 0.000430 0.000740 0.7343 0.000145 

Interaction (Cv x CUT) 4 0.009097** 0.000631** 0.004854** 2.3871* 0.003639** 

Interaction (M x CUT) 4 0.002369* 0.000557** 0.001177ns 1.5917ns 0.000048ns 

Interaction (Cv x M x CUT) 8 0.001634* 0.000563** 0.000952ns 1.3913ns 0.000371* 

Error d 80 0.000687 0.000083 0.000581 0.8833 0.000140 

CV a (%)  10.56 8.50 9.22 10.81 11.19 

CV b (%)  9.17 8.26 7.93 6.91 10.81 

CV c (%)  12.27 16.47 9.70 6.55 7.43 

CV d (%)  7.72 7.22 8.60 7.18 7.29 

Overall average  0.340 0.126 0.280 13.09 0.16 
1nsNot significant. * and **Significant at 5 and 1% of probability, respectively, by the F test. 
Note: As the cuts are made in the same experimental subplot, there is no randomization of the cuts in the different blocks, since the measurements are taken at the same 

time in the same subplots. As a result, there is no independence of the measures taken over time. In this case, it is not possible to use only one residue to evaluate 
the effects of the cut and the cut x treatments interaction, being necessary the use of 2 experimental errors, one for each effect. Therefore, the analysis presents 4 
errors. 

Plot=Cultivar. 

Subplot=Method. 

Subsubplot=Cut. 
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The methods adopted to get the seedlings only affected Mg values in Cv Taiwan 

A-147 at the third cut: the lowest results were recorded under methods T+MC and 
MC (Table 1). There was behavioral difference between cultivars, under the same 
method, at this cut. The highest Mg content values recorded for Cv Pioneiro were 
observed under T+MC method. The MC method did not cause any difference 
between values recorded for the assessed cultivars, but Cv Taiwan A-147 and 
Pioneiro showed the highest Mg values under the CO method.  

The assessed cultivars showed significant effect on Mg content, at P<0.05, under 
assessed methods (M) and cuts (CUT), at P<0.01 level there was interaction between 
Cv x CUT at P<0.01 (Tables 1 and 2). Magnesium (Mg) concentration recorded under 
the different herein tested methods, cultivars and cuts was more than 100% higher 
than values recorded by Próspero and Peixoto (1972), who found 0.10% Mg in 
elephant grass, at the age of 45 days. On the other hand, results in the present study 
are similar to those recorded by Vélez-Santiago, Arroyo-Aguilú and Rivera (1982), 
who found 0.30% Mg in elephant grass Cv. Mercker. 

 

Sulfur content (S) 
 

Sulfur content in the assessed cultivars was not affected by the tested methods 
(Table 1) in association with the adopted cuts, except for Cv Pioneiro, which recorded 
negative effect on S content in plants subjected to clonal cleanup methods (T+CM 
and MC), at the third cut, in the 180th experimental day. 

The behavior of the assessed cultivars under the same tested methods showed 
that Mineiro and Taiwan A-147 cultivars presented S levels similar to, and higher 
than, those recorded for Cv Pioneiro, at the first cut. All cultivars showed similar 
behavior under the tested methods at the second cut. On the other hand, Pioneiro 
cultivar recorded higher S content than the other cultivars, at the third cut, under 
methods T+MC and CO – results recorded for the other cultivars were similar to each 
other. There was difference in S absorption under the MC method. The comparison 
of the effect from the three cuts on the cultivars, under each tested method 
presented progressive decrease in S content from the first to the third cut, under all 
methods, in Cv Mineiro (Table 1). This finding points out that the cuts had strongly 
affected this nutrient’s concentration, in this cultivar. Cultivar Taiwan A-147 showed 
decrease from the first to the second cut under methods T+MC and MC, but values 
remained similar at the second and third cuts, except for the CO method, which led 
to progressive decrease in it, from the first to the third cut. The third cut affected S 
content in Pioneiro cultivar under the MC method, and reduced such a value from 
the second to the third cut. 

Overall, significant effects were detected in S content at P<0.05 under the tested 
methods (M) and at P<0.01 under the adopted cuts (CUT); there was interaction 
between Cv x CUT at P<0.01 and between Cv x M x CUT at P<0.05 (Tables 1 and 2).  
Sulfur contents recorded for the three herein assessed cultivars, methods and cuts 
were higher than those recorded by Próspero and Peixoto (1972), who found 0.15% 
S in elephant grass, at the age of 45 days. 

CONCLUSIONS 

Methods to get clonal cleanning did not affected mineral element contents in 
the assessed elephant grass cultivars in most referenced studies. However, some 
positive and negative results were observed for them. 
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Positive effects were observed in cultivar Taiwan A-147 for P content, and in 
cultivar Pioneiro for Ca content. The present results pointed out that pathogenic 
agents that have affected the absorption of this element probably were eliminated; 
however, further studies are needed to validate this observation at molecular level.  

The negative effects observed on P and Ca content in Mineiro cultivar; and for 
cultivar Taiwan A-147 on Mg content may indicate that clonal cleaning methods also 
eliminated beneficial microorganisms that help these elements’ absorption. Yet, 
further molecular studies are needed to validate this observation. 

 

ACKNOWLEDGMENT  

 
The authors thank CAPES (Coordination for the Improvement of Higher 

Education Personnel) for the first author scholarship and FAPEMIG (Minas Gerais 
Research Support Foundation) for the second author scholarship. We also thank 
BAGCE from Embrapa Gado de Leite for providing the study material. Good Deal 
revised the text. Technical revisions were by JEBPP and MMGK. 

  

AUTHOR CONTRIBUTIONS 
 

MMGK conceived and designed this research, performed the experiments, draw 
the tables, and wrote the article. VBT performed the experiments. AVP provided the 
plant material and performed the thermotherapy process. JEBPP and JCP conceived 
the research and supervised the experiment. FJSL performed the statistical analysis. 
All authors read and approved the manuscript. 

 

REFERENCES 
 
Accosta, K., Pantoja, M.Q., & Perez-Lopez, E. (2020). Diversity of phytoplasma in 

Cuba, their geographic isolation and potential development of management 
strategies. In: Olivier, C., Dumonceaux, T., & Pérez-López, E. (Eds.). Sustainable 
Management of Phytoplasma Diseases in Crops Grown in the Tropical Belt. 
Sustainability in Plant and Crop Protection. vol 12. p. 87-123. , Cham.: Springer. 
https://doi.org/10.1007/978-3-030-29650-6_4  

Anderlini, T.A., & Kostka, S.J. (1986). Initial yield responses of kleentek tissue culture-
produced seedcane in Louisiana. Proceedings ISSCT, 19, 391–401. 

Alves, F.G.S, Carneiro, M.S. S., Edvan, R.L., Pimentel, P.G., Ribeiro, M.X., ... & Vieira, 
M.C.C. (2020). Effect of cutting frequency on the yield and properties of 
elephant grass biomass for bioenergy and animal feed. International Journal 
of Agriculture and Natural Resources, 47(1), 12-22. 

Asudi, G.O., Muyekho, F.N., Midega, C.A.O., & Khan, Z.R. (2019). Integrated 
Management of Napier Grass Stunt Disease in East Africa. In: Olivier, C., 
Dumonceaux, T., & Pérez-López, E. (Eds.). Sustainable Management of 
Phytoplasma Diseases in Crops Grown in the Tropical Belt. Sustainability in 
Plant and Crop Protection. vol 12p. 105-123. Cham.: . Springer.  
https://doi.org/10.1007/978-3-030-29650-6_5  

Azeke, E. M., Eze, C. L., Ubong, I., & Kuroshi, L. (2019). The Potential of Elephant Grass 
(Pennisetum Purpureum Schum), a Nigerian Indigenous Grass, in Bioethanol 
Production: A Decarbonization Alternative for the Maritime Industry. Southern 
African Transport Conference. http://hdl.handle.net/2263/74305 

https://doi.org/10.1007/978-3-030-29650-6_4
https://doi.org/10.1007/978-3-030-29650-6_5
http://hdl.handle.net/2263/74305


ASB JOURNAL          Effects of thermotherapy and meristem…  

Agronomy Science and Biotechnology, Rec. 182, Volume 9, Pages 1-19, 2023 
 

14 / 19 

 

  

Blanchar, R.W., Rehm, G., & Caldewel, A.C. 1965. Sulfur in plant materials by 
digestion with nitric and perchloric acid. Soil Science Society of America 
Proceedings, 29 (1), 71-72. 

Boxus, P.H., Quorin, M., & Laine, J.M. 1977. Large scale propagation of strawberry. 
In: Reinert, J., & Bajaj, Y. P. S. (Eds.). Applied and fundamental aspects of plant 
cell, tissue and organ culture. p. 130-143. Berlin: Springer Verlag.  

Campos, B. B., Diniz, R. H., Silveira, F. A. D., Ribeiro, J. I., Fietto, L. G., Machado, J. C., 
& Silveira, W. B. D. (2019). Elephant grass (Pennisetum purpureum Schumach) 
is a promising feedstock for ethanol production by the thermotolerant yeast 
Kluyveromyces marxianus CCT 7735. Brazilian Journal of Chemical 
Engineering, 36, 43-49. https://doi.org/10.1590/0104-
6632.20190361s20170263  

Cha-um, Y., Hein, T.-T., & Kirdmanee, C. (2006). Disease-free production of sugarcane 
varieties (Saccharum officinarum L.). Biotechnology, 5(4), 443-448. 

Cheong, E. J., Mock, R., & Li, R. (2012). Elimination of five viruses from sugarcane 
using in vitro culture of axillary buds and apical meristems. Plant Cell, Tissue 
and Organ Culture (PCTOC), 109(3), 439-445. https://doi.org/10.1007/s11240-
011-0108-3  

Crespo, G., & Álvarez, J. (2014). Comparison of biomass production of Pennisetum 
purpureum clones N fertilized. Cuban Journal of Agricultural Science, 48(3), 
287-291. 

Cronauer, S. S., & Krikorian, A. D. (1985). Aseptic multiplication of banana from 
excised floral apices. HortScience, 20(4), 770-771. 
https://doi.org/10.21273/HORTSCI.20.4.770   

Deepthi, D. C., & Makeshkumar, T. (2016). Elimination of cassava mosaic disease 
through meristem culture and field evaluation for yield loss assessment in 
cassava genotypes. Journal of Root Crops, 42(1), 45-52. 
http://journal.isrc.in/index.php/jrc/article/view/397  

Drew, R. A., & Smith, M. K. (1990). Field evaluation of tissue-cultured bananas in 
south-eastern Queensland. Australian Journal of Experimental 
Agriculture, 30(4), 569-574. https://doi.org/10.1071/EA9900569  

Drew, R. A., & Vogler, J. N. (1993). Field evaluation of tissue-cultured papaw clones 
in Queensland. Australian Journal of Experimental Agriculture, 33(4), 475-479. 
https://doi.org/10.1071/EA9930475  

Ferraris, R. (1978). The effect of photoperiod and temperature on the first crop and 
ratoon growth of Pennisetum purpureum Schum. Australian Journal of 
Agricultural Research, 29(5), 941-950. https://doi.org/10.1071/AR9780941  

Grattapaglia, D., & Machado, M. A. (1998). Micropropagação. In: Torres, A. C., Caldas, 
L. S., & Buso, J. A. Cultura de tecidos e transformação genética de plantas. p. 
183-260. Brasília, DF: EMBRAPA-SPI/EMBRAPA-CNPH. 

 Habte, E., Muktar, M. S., Abdena, A., Hanson, J., Sartie, A. M., Negawo, A. T., ... & 
Jones, C. S. (2020). Forage performance and detection of marker trait 
associations with potential for Napier grass (Cenchrus purpureus) 
improvement. Agronomy, 10(4), 542. 
https://doi.org/10.3390/agronomy10040542   

https://doi.org/10.1590/0104-6632.20190361s20170263
https://doi.org/10.1590/0104-6632.20190361s20170263
https://doi.org/10.1007/s11240-011-0108-3
https://doi.org/10.1007/s11240-011-0108-3
https://doi.org/10.21273/HORTSCI.20.4.770
http://journal.isrc.in/index.php/jrc/article/view/397
https://doi.org/10.1071/EA9900569
https://doi.org/10.1071/EA9930475
https://doi.org/10.1071/AR9780941
https://doi.org/10.3390/agronomy10040542


ASB JOURNAL          Effects of thermotherapy and meristem…  

Agronomy Science and Biotechnology, Rec. 182, Volume 9, Pages 1-19, 2023 
 

15 / 19 

 

  

 

Herrera, R. S., García, M., Cruz, A. M., & Romero, A. (2012). Evaluación de clones de 
Pennisetum purpureum obtenidos por cultivo de tejidos in vitro. Revista 
Cubana de Ciencia Agrícola, 46(4), 427-433. 

Herrera, R. S., Garcia, M., Fortes, D., Cruz, A., & Romero, A. (2013). Variability of the 
agronomic indicators of Pennisetum purpureum cv. Cuba CT-115 with the 
sampling distance. Cuban Journal of Agricultural Science, 47(3), 295-299. 

Johns, G. G. (1994). Field evaluation of five clones of tissue-cultured bananas in 
northern NSW. Australian journal of experimental agriculture, 34(4), 521-528. 
https://doi.org/10.1071/EA9940521  

Johnston, M., Onwueme, I. C., Dowling, A. J., & Rodoni, B. C. (1997). Comparison of 
suckering, leaf and corm characteristics of taro grown from tissue culture and 
conventional planting material. Australian journal of experimental 
agriculture, 37(4), 469-475. https://doi.org/10.1071/EA96059   

Karasawa, M. M. G. (2021). Current challenges in plant breeding to achieve zero 
hunger and overcome biotic and abiotic stresses induced by the global climate 
changes: A review. Journal of Plant Science and Phytopathology, 5, 53-57. 
https://doi.org/10.29328/journal.jpsp.1001060  

Karasawa, M. M. G., Botega, V. T., Pinto, J. E. B. P., Lédo, F. J. S., Pereira, A. V., & Pinto, 
J. C. (2023). Effects of thermotherapy and meristem culture on forage 
production and nutrition value in elephant grass cultivars. Agronomy Science 
and Biotechnology, 9, 1-24. https://doi.org/10.33158/ASB.r176.v9.2023 

Karasawa, M. M. G., Pinto, J. E. B. P., Pinto, J. C., & Pereira, A. V. (2002). Proliferação 
de capim elefante em diferentes concentrações de regulador de crescimento 
e consistências do meio de cultura. Ciência e Agrotecnologia, 26(6), 1243-
1251. 

Karasawa, M.M.G., Pinto, J.C., Pereira, A.V., & Pinto, J.E.B.P. (2006). Avaliação da 
consistência do meio de cultura na propagação in vitro de capim-elefante 
(Pennisetum purpureum Schum.). Plant Cell & Micropropagation, 2(1), 35-42. 

Kartha, K.K., & Gamborg, O.L. (1975). Elimination of cassava mosaic disease by 
meristem culture. Phytopathology, 65(7), 826-828. 

Kassanis, B., & Varma, A. (1967). The production of virus‐free clones of some British 
potato varieties. Annals of Applied Biology, 59(3), 447-450. 
https://doi.org/10.1111/j.1744-7348.1967.tb04461.x 

Kawube, G., Talwana, H., Nicolaisen, M., Alicai, T., Otim, M., Kabirizi, J., ... & Nielsen, 
S. L. (2015). Napier grass stunt disease prevalence, incidence, severity and 
genetic variability of the associated phytoplasma in Uganda. Crop 
Protection, 75, 63-69. https://doi.org/10.1016/j.cropro.2015.04.020    

Kogej, Z., Dermastia, M., & Mehle, N. (2020). Development and Validation of a new 
TaqMan real-time PCR for detection of ‘Candidatus Phytoplasma 
pruni’. Pathogens, 9(8), 642. https://doi.org/10.3390/pathogens9080642  

 

 

https://doi.org/10.1071/EA9940521
https://doi.org/10.1071/EA96059
https://doi.org/10.29328/journal.jpsp.1001060
https://doi.org/10.1111/j.1744-7348.1967.tb04461.x
https://doi.org/10.1016/j.cropro.2015.04.020
https://doi.org/10.3390/pathogens9080642


ASB JOURNAL          Effects of thermotherapy and meristem…  

Agronomy Science and Biotechnology, Rec. 182, Volume 9, Pages 1-19, 2023 
 

16 / 19 

 

  

 

Kumar, P. L., Cuervo, M., Kreuze, J. F., Muller, G., Kulkarni, G., Kumari, S. G., ... & 
Negawo, A. T. (2021). Phytosanitary interventions for safe global germplasm 
exchange and the prevention of transboundary pest spread: the role of CGIAR 
germplasm health units. Plants, 10(2): 328. 
https://doi.org/10.3390/plants10020328   

Lassois, L., Lepoivre, P., Swennen, R., Houwe, I. V. D., & Panis, B. (2012). 
Thermotherapy, chemotherapy, and meristem culture in banana. In: Lambard, 
M., Ozudogru, E. A., & Jain, S., M. (Eds.). Protocols for micropropagation of 
selected economically-important horticultural plants. p. 419-433. Totowa, NJ: 
Humana Press. https://doi.org/10.1007/978-1-62703-074-8_32   

Li, X., Geng, X., Xie, R., Fu, L., Jiang, J., Gao, L., & Sun, J. (2016). The endophytic 
bacteria isolated from elephant grass (Pennisetum purpureum Schumach) 
promote plant growth and enhance salt tolerance of Hybrid 
Pennisetum. Biotechnology for Biofuels, 9(1), 1-12. 
https://doi.org/10.1186/s13068-016-0592-0  

Lounglawan, P., Lounglawan, W., & Suksombat, W. (2014). Effect of cutting interval 
and cutting height on yield and chemical composition of King Napier grass 
(Pennisetum purpureum x Pennisetum americanum). APCBEE procedia, 8, 27-
31. https://doi.org/10.1016/j.apcbee.2014.01.075  

Lloyd, G.B., & McCown, B.H. (1980). Commercialy feasible micropropagation of 
moutain (Kalmia latifolia) by use of shoot tip culture. Combined Proceedings 
International Plant Propagators´ Society, 30, 421-437. 

Machado, J.C., Pereira, J.F., Azevedo, A.L.S., Mittelman, A., Pereira, A.V., Sobrinho, F. 
de S., Benites, F.R.G., & Lédo, F.J. da S. (2021). Melhoramento genético de 
forrageiras e o uso de ferramentas genômicas. Cap. 1 

Malavolta, E., Vitti, G.C., & Oliveira, S.A. (1989). Avaliação do estado nutricional das 
plantas: princípios e aplicações. Piracicaba, SP: POTAFÓS. 

Marafon, A. C. C., Amaral, A. F. C., Machado, J. C., Carneiro, J., Bierhals, A. N., & 
Guimarães, V. D. S. (2020). Elephant grass biomass attributes for bioenergetic 
applications compared to other feedstocks. Available at SSRN 3598084. 
http://dx.doi.org/10.2139/ssrn.3598084   

Mellor, F.C., & Stace-Smith, R. (1977). Virus-free potatoes by tissue culture. In: 
Reinert, J., Bajaj, Y.P.S.(Eds.). Applied and fundamental aspects of plant cell, 
tissue and organ culture. p. 616-646. Berlin: Springer-Verlag. 

Meng, J. Y., Ntambo, M. S., Luo, L. M., Huang, M. T., Fu, H. Y., & Gao, S. J. (2019). 
Molecular identification of Xanthomonas albilineans infecting elephant grass 
(Pennisetum purpureum) in China. Crop Protection, 124, 104853. 
https://doi.org/10.1016/j.cropro.2019.104853  

Mohammed, I. Y., Abakr, Y. A., Kazi, F. K., Yusup, S., Alshareef, I., & Chin, S. A. (2015). 
Comprehensive characterization of Napier grass as a feedstock for 
thermochemical conversion. Energies, 8(5), 3403-3417. 
https://doi.org/10.3390/en8053403  

 

https://doi.org/10.3390/plants10020328
https://doi.org/10.1007/978-1-62703-074-8_32
https://doi.org/10.1186/s13068-016-0592-0
https://doi.org/10.1016/j.apcbee.2014.01.075
http://dx.doi.org/10.2139/ssrn.3598084
https://doi.org/10.1016/j.cropro.2019.104853
https://doi.org/10.3390/en8053403


ASB JOURNAL          Effects of thermotherapy and meristem…  

Agronomy Science and Biotechnology, Rec. 182, Volume 9, Pages 1-19, 2023 
 

17 / 19 

 

  

 

Mora, B.V., & Silva, G.R. L. (1988). Efecto de un regulador del crescimiento en plantas 
sobre la producción del pasto elefante (Pennisetum purpureum). Veterinária 
México, 19, 225-229. 

Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and bioassay 
with tobacco tissue cultures. Plant Physiology, 15(3), 473-497. 

Negawo, A. T., Teshome, A., Kumar, A., Hanson, J., & Jones, C. S. (2017). 
Opportunities for Napier grass (Pennisetum purpureum) improvement using 
molecular genetics. Agronomy, 7(2), 
28.  https://doi.org/10.3390/agronomy7020028  

Nelson, D. L., & Cox, M. M. 2014. Princípios de bioquímica de Lehninger. (6th ed.). 
Porto Alegre, RS: Artmed.  

Ocumpaugh, W.R., & Sollenberg, L.E. (1995). Other grasses for the humid South. In.: 
Barnes, R. F., Miller, D. A., & Nelson, C. J. (Eds.). Forages. Ames, Iowa: Iowa 
State University Press. 

Panattoni, A., Luvisi, A., & Triolo, E. (2013). Elimination of viruses in plants: twenty 
years of progress. Spanish Journal of Agricultural Research, 11(1), 173-188. 
DOI: 10.5424/sjar/2013111-3201 

Petersen, R. G. (1994). Agricultural field experiments: design and analysis. Crc Press. 

Pierik, R.L.M. (1990). Cultivo in vitro de las plantas superiores. Madrid: Mundi-Prensa. 

Quak, F. (1977). Meristem culture and virus-free plants. In: Reinert, J., Bajaj, Y.P.S. 
(Eds.). Applied and fundamental aspects of plant cell, tissue and organ culture. 
p. 130-140. Berlin: Springer Verlag.  

Ramgareeb, S., Snyman, S. J., Van Antwerpen, T., & Rutherford, R. S. (2010). 
Elimination of virus and rapid propagation of disease-free sugarcane 
(Saccharum spp. cultivar NCo376) using apical meristem culture. Plant Cell, 
Tissue and Organ Culture (PCTOC), 100(2), 175-181. 
https://doi.org/10.1007/s11240-009-9634-7  

Ray, D.K., Mueller, N.D., West, P.C., & Foley, J.A. 2013. Yield trends are insuficiente 
to double global crop production by 2050. PLOS ONE, 8(6), e66428.  

Rodriguez, M.E., & Perez, E. (1987). Distribucion de carbono en un ecosistema de 
Panicum maximum, en ambiente modificado por el pastoreo. Ciencias, 59, 67.  

Rocha, J. R. A. S., Machado, J. C., Carneiro, P. C. S., Carneiro, J. C., Resende, M. D. V., 
Lédo, F. J. S., & Carneiro, J. E. S. (2017). Bioenergetic potential and genetic 
diversity of elephantgrass via morpho-agronomic and biomass quality 
traits. Industrial Crops and Production, 95, 485-492. 

Samson, R., Mani, S., Boddey, R., Sokhansanj, S., Quesada, D., Urquiaga, S., ... & Ho 
Lem, C. (2005). The potential of C4 perennial grasses for developing a global 
BIOHEAT industry. Bpts, 24(5-6), 461-495. 
https://doi.org/10.1080/07352680500316508 

 

https://doi.org/10.3390/agronomy7020028
https://doi.org/10.1007/s11240-009-9634-7
https://www.sciencedirect.com/science/article/pii/S0926669016306707#!
https://doi.org/10.1080/07352680500316508


ASB JOURNAL          Effects of thermotherapy and meristem…  

Agronomy Science and Biotechnology, Rec. 182, Volume 9, Pages 1-19, 2023 
 

18 / 19 

 

  

   

Santana, I., Nodarse, O., & Fernández, Z. (1992). Estúdio comparativo de la 
propagación in vitro y por estacas en cuatro variedades de caña de azúcar. 
Caña de azúcar, 10(02), 51-59. 

Santana, J.R., Pereira, J.M., Arruda, N.G., & Ruiz, M.A.M. (1989). Avaliação de 
cultivares de capim-elefante Pennisetum purpureum Schum. no sul da Bahia. I 
- Agrossistema cacaueiro. Revista da Sociedade Brasileira de Zootecnia, 18(3), 
273-283. 

Santos, M. D. C. S., Tabosa, J. N., & Dias, F. M. (1994). Comportamento de clones de 
capim-elefante e de híbridos de capim-elefante x milheto no semi-árido do 
nordeste do Brasil1. Pesquisa Agropecuaria Brasileira, 29(10), 1609-1615. 

Santos, C. M., Nascimento, W. B., Nascimento, B. P., Schwab, S., Baldani, J. I., & Vidal, 
M. S. (2021). Temporal assessment of root and shoot colonization of elephant 
grass (Pennisetum purpureum Schum.) host seedlings by Gluconacetobacter 
diazotrophicus strain LP343. Microbiological Research, 244, 126651. 
https://doi.org/10.1016/j.micres.2020.126651  

Silva, K. N., Nicolini, C., Silva, M. S., Fernandes, C. D., Nagata, T., & Resende, R. O. 
(2013). First Report of Johnsongrass mosaic virus (JGMV) Infecting Pennisetum 
purpureum in Brazil. Plant disease, 97(7), 1003. https://doi.org/10.1094/PDIS-
01-13-0013-PDN   

Smith, K.M. (1950). Virus de los vegetales. Buenos Aires: Acme Agency. 

Smith, M. K., & Hamill, S. D. (1996). Field evaluation of micropropagated and 
conventionally propagated ginger in subtropical Queensland. Australian 
Journal of Experimental Agriculture, 36(3), 347-354. 
https://doi.org/10.1071/EA9960347  

Soetan, K. O., Olaiya, C.O., & Oyewole, O. E. (2010). The importance of mineral 
elements for humans, domestic animals and plants – a review. African Journal 
of Food Science, 4(5), 200-222. 

Tcacenco, F.A. (1988). Seleção de caracteres para a classificação de capim-elefante. 
Pasturas tropicales, 10, 14-19. 

Tiwari, A. K., Tripathi, S., Lal, M., Sharma, M. L., & Chiemsombat, P. (2011). 
Elimination of sugarcane grassy shoot disease through apical meristem 
culture. Archives of Phytopathology and Plant Protection, 44(20), 1942-1948. 
https://doi.org/10.1080/03235408.2010.544446  

Torres, A. C., Teixeira, S. L., & Pozzer, L. 1998. Cultura de apices caulinares e 
recuperação de plantas livres de virus. In: Torres, A. C., Caldas, L. S., & Buso, J. 
A. (Eds.). Cultura de tecidos e transformação genética de plantas. P. 133-146. 
Brasília, DF: EMBRAPA-SPI/EMBRAPA-CNPH.  

Umami, N., Akashi, R., Gondo, T., Ishigaki, G., & Tanaka, H. (2016). Study on callus 
induction system of 4 genotype of Napiergrass (Pennisetum 
purpureum). Animal production, 18(3), 131-140. 
http://dx.doi.org/10.20884/1.anprod.2016.18.3.528   

 

https://doi.org/10.1016/j.micres.2020.126651
https://doi.org/10.1094/PDIS-01-13-0013-PDN
https://doi.org/10.1094/PDIS-01-13-0013-PDN
https://doi.org/10.1071/EA9960347
https://doi.org/10.1080/03235408.2010.544446
http://dx.doi.org/10.20884/1.anprod.2016.18.3.528


ASB JOURNAL          Effects of thermotherapy and meristem…  

Agronomy Science and Biotechnology, Rec. 182, Volume 9, Pages 1-19, 2023 
 

19 / 19 

 

  

 

Vélez-Santiago, J., Arroyo-Aguilú, J.A., & Torres-Rivera, S. (1982). Yield, crude protein, 
and chemical composition of five Napier grass cultivars on the northwestern 
coastal plains in Puerto Rico. Journal of Agriculture of the University of Puerto 
Rico, 67(2), 70-78. https://doi.org/10.46429/jaupr.v67i2.7695 

Wang, P. J., & Charles, A. (1991). Micropropagation through meristem culture. In: 
Bajaj, Y. P. S. (Ed.). High-Tech and Micropropagation I. p. 32-52. Berlin, 
Heidelberg: Springer. 

Wanjala, B. W., Obonyo, M., Wachira, F. N., Muchugi, A., Mulaa, M., Harvey, J., ... & 
Hanson, J. (2013). Genetic diversity in Napier grass (Pennisetum purpureum) 
cultivars: implications for breeding and conservation. AoB Plants, 5, plt022. 
https://doi.org/10.1093/aobpla/plt022 

Zanete, F., Pailo, W.N. & Moraes, A. (1988). Obtenção de mudas de capim-elefante 
(Pennisetum purpureum Schum. var. napier) por cultura de meristemas. 
Revista do Setor de Ciências Agrárias, 10(1-2), 175-177. 

 

 

 

https://doi.org/10.1093/aobpla/plt022

