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Abstract: 

The present study aimed to evaluate the production and chemical composition of elephant 

grass (Pennisetum purpureum syn. Cenchrus purpureus cv. Mott) intercropped with Cajanus 

cajan (Mandarim and Fava Larga) and Stylosanthes guianensis (Bela) compared to its 

cultivation in monoculture under irrigated management in the semi-arid region. The 

experiment was conducted at the Campus of Agricultural Sciences of the Federal University 

of the São Francisco Valley, Petrolina, Brazil. The experiment consisted of the following 

treatments: elephant grass intercropped with each legume and two monoculture types, one 

with nitrogen fertilization (200 kg ha-1) and the other without. The legumes helped to improve 

the quality of the forage canopy, with high levels of crude protein. Nitrogen fertilization 

increased the mass of forage produced by elephant grass. The cumulative analysis of all the 

cuts showed that the intercropping between elephant grass and the Bela cultivar achieved the 

highest yield, with 13.49 Mg ha-1, mainly due to the increase in the population of the Bela, 

which proved to be superior to the other legumes over the cuts. Based on the results, the 

intercropping of elephant grass with the Bela cultivar is recommended as the most effective 

strategy for maximizing forage production in the semi-arid region. 
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Semi-arid regions suffer from seasonality in forage production caused by water scarcity and 

irregular rainfall(1). In addition, the soils of this region exhibit little organic matter, which 

reduces the fraction of essential nutrients and soil moisture(2), aggravating the production of 

food for the nutrition of domestic ruminants. Another point of attention is the limited number 

of native forage resources with phenotypic plasticity for this region. 

 

To overcome this situation, it is crucial to introduce cultivated forage plants. One promising 

option is elephant grass (Pennisetum purpureum syn. Cenchrus purpureus). When the sum 

of all cuts is performed to evaluate forage yield, up to 40 Mg ha-1 of forage mass can be 

obtained(3). Another advantage is its versatility, which can be used as fresh or preserved 

fodder animal feed(4,5). 

 

However, elephant grass is very demanding in its fertilization management since it exhibits 

maximum production potential when between 100 and 200 kg ha-1 of nitrogen fertilization is 

provided(3,6). Therefore, maintaining this grass can be costly for the production system. 

Despite this, there is a strategy that can be adopted to reduce the maintenance costs of 
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elephant grass: the introduction of forage legumes from tropical climates,  as this type of 

forage can increase nitrogen in the soil by  120 to  150 kg ha-1 yr-1(7), reducing dependence 

on chemical fertilizers, as well as promoting sustainability in the production system. 

 

The introduction of forage legumes, in addition to improving the chemical composition of 

the soil, will positively influence other agronomic parameters, as observed by Rezende et 

al(8). When pigeon pea (Cajanus cajan) was intercropped with Paiaguas palisade grass 

(Urochloa brizantha, cv. BRS Paiaguás) in the Brazilian Cerrado region, it was they found 

that this cultivation strategy boosted the efficiency of macronutrient use in the grass, 

generating increases in forage yield(8). In the same region, Epifanio et al(9) observed that the 

intercropping of Stylosanthes with two cultivars of Urochloa brizantha (Piata palisade grass 

and Paiaguas palisade grass) promoted increases in the forage mass values of the grasses, as 

well as improvements in the chemical composition of the forage produced. 

 

Based on the benefits provided by the forage legumes in the aforementioned systems, the 

following hypothesis was formulated: tropical climate forage legumes (Cajanus cajan and 

Stylosanthes), when intercropped with elephant grass will promote increases in forage yield 

compared to grass monoculture. In addition, the intercropping will positively impact the 

chemical composition of the forage produced in the semi-arid region. 

 

This study aimed to evaluate forage availability and the chemical composition of elephant 

grass intercropped with forage legumes, compared to the monoculture managed irrigated in 

the semi-arid region. 

 

The experiment was conducted in the experimental area at the Campus of Agricultural 

Sciences of the Federal University of the São Francisco Valley (UNIVASF), in Petrolina, 

Brazil (09º23'55" S, 40º30'03" W, an altitude of 391 m). The experiment began in December 

2020 and ended in June 2021. 

 

The climate of the region is semi-arid, with rainfall concentrated in the summer, low annual 

rainfall (435 mm), high potential evapotranspiration rates (1,520.9 mm), and a significant 

water deficit over the year. The weather data for the period studied (Figure 1) was monitored 

by the UNIVASF weather station, located approximately 50 m from the experimental area. 
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Figure 1: Rainfall and average, maximum, and minimum temperatures during the 

experimental period 

 
 

The experimental design was randomized blocks with four blocks (replication) and five 

cultivation systems associated with four cuts. The treatments were: elephant grass 

(Pennisetum purpureum Schum., cv Mott) intercropped with the Mandarim cultivar (Cajanus 

cajan cultivar Mandarin); Elephant grass intercropped with Fava Larga (Cajanus cajan cv. 

Fava Larga); Elephant grass intercropped with Bela (Stylosanthes guianensis cv. Bela); 

Elephant grass in monoculture with nitrogen fertilization (200 kg-1 ha-1 yr-1); Elephant grass 

in monoculture without fertilization. 

 

The soil in the area is classified as Argissolo Amarelo, sandy/medium texture(10). For the 

chemical characterization of the soil, samples were collected at the 0-20 cm soil layer at 

random points in the area. These were sent for analysis in the laboratory to determine the 

chemical parameters. Based on the analysis results, there was no need to correct the active 

acidity of the soil (Table 1). 

 

Table 1: Soil chemical characteristics in the 0-20 cm layer 

pH OM P K  Ca   Mg Na Al H+Al SB CEC V 

  g kg−1 mg dm−³ cmol dm−³ % 

6.80 8.80 31.0 0.07 2.30 0.60 0.04 0.00 0.33 2.98 3.31 90 

pH= active acidity; OM= organic matter, P= phosphorus, K= potassium, Ca= calcium, Mg= magnesium, Na= 

sodium, Al= aluminum, H+Al= potential acidity, SB= sum of bases, CEC= cation exchange capacity, V= 

base saturation. 

 

The elephant grass was established in March 2018 utilizing horizontal cuttings in furrows 20 

cm deep and spaced 100 cm apart. The legumes were sown in October 2020 between the 

rows of elephant grass in a system of pits with a spacing of 20 cm between pits. Five seeds 
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were sown per pit for the cultivars of pigeon pea (Madarim and Fava Larga). For the stylo 

(Bela), 0.5 grams of seed were sown per pit. The area of the plots was 2 x 5m (10 m²).  

The evaluation cuts were made at 45-d intervals, totaling four cuts in 6 mo. Irrigation was 

conducted by drip irrigation, with two rows per block arranged 0.5 m from the edge and 1.0 

m between rows, with an average flow rate of 1.3 L h-1, applying an average water depth of 

6.5 mm h-1. The irrigation shift was 24 h, four hours at a time, five days a week. 

 

Morphogenesis evaluations were conducted on three tillers of elephant grass in each 

experimental unit, starting seven days after each cut, with a 7-d interval between evaluations. 

Each tiller was marked with a colored ribbon and new tillers were selected at each cut. 

 

The data collected was the number of live leaves (expanded and expanding), the number of 

senescent and dead leaves by manual counting, the length of the pseudostem (stem + ligule) 

from the base of the soil to the ligule of the last expanded leaf, and the length of the leaf blade 

(expanded and expanding), from the ligule to the apex of the leaf blade. The data collected 

was used to estimate the Leaf appearance rate (LAR, leaf tiller d-1) - the difference between 

the number of final and initial leaves divided by the interval of days between measurements; 

the leaf elongation rate (LER, cm tiller d-1) - calculated as the difference between the sums 

of the final and initial leaf lengths (expanded and expanding) divided by the interval of days 

between measurements; stem elongation rate (SER, cm tiller d-1) - calculated  as  the 

difference  between the final  and initial  length of the stem divided by the interval of days 

between measurements; leaf lifespan (LLS, days) - the interval from leaf emergence to 50 % 

senescence; and phyllochron (Phyl, days) being the inverse of the LAR rate. 

To analyze the structural characteristics, the tiller population density (TPD, m²) was first 

measured by manual counting at three different points in a known area (0.25 m² quadrant), 

and six tillers close to the ground were collected from each experimental unit. The following 

were measured on the tillers: number of live leaves (NLL, leaves tiller-1) by manual counting 

and final leaf length (FLL, cm) from the base of the ligule to the end of the leaf blade using 

a graduated ruler. 

 

For the height assessments, the canopy height (CH, cm) of the elephant grass and the plant 

height (PH, cm) of the legumes were measured using a stick graduated in centimeters at three 

representative points in each plot. The CH corresponded to the average height of the 

curvature of the leaves around the stick from ground level. The PH corresponded to the apical 

bud of the highest branch. 

 

The cutting height adopted for the grass was close to the ground, while the legume cultivars 

were 20 cm above the ground. All the material contained in the central rows (5 m²) of the 

plot was collected and weighed to quantify the green weight. From this, a sub-sample of 
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approximately 1 kg was taken for each cultivar to determine the dry mass and separate it into 

leaf blade, stem, and senescent material fractions. 

 

After separation, the components were placed in a forced circulation oven at 55 °C for 72 h. 

Once the dry weight was obtained, the dry matter (DM) content was calculated, and the 

forage mass (FM, kg ha-1) and botanical components were determined: leaf forage mass 

(LFM, kg ha-1); stem forage mass (STFM, kg ha-1); dead material forage mass (DMF, kg ha-

1); forage mass to stem forage mass ratio (F:ST). During the experimental period, four cuts 

were made, so at the end of data collection, the four cycles were added together to quantify 

the production of the systems evaluated (Mg ha-1). 

 

The chemical composition of the forage was assessed on the whole plant obtained by cutting 

and drying in a forced circulation oven for 72 h. After drying, they were ground in a mill, 

identified, and submitted for analysis at the Multiuser Animal Nutrition Laboratory at the 

Jundiaí Agricultural School, Specialized Academic Unit in Agricultural Sciences of the 

Federal University of Rio Grande do Norte. The samples were evaluated for dry matter (DM), 

crude protein (CP, g kg-1), ash (g kg-1), neutral detergent fiber (NDF, g kg-1), acid detergent 

fiber (ADF, g kg-1), and lignin (g kg-1). All the analyses followed the recommendations of 

Detmann et al(11). 

 

The data was analyzed using three models: model I (Yijk = μ + Gi + Bk + eijk) was used to 

analyze the characteristics of the elephant grass; model II (Yijk = μ + Li + Bk + eijk) was used 

to analyze the characteristics related to the forage legumes; model III (Yijk = μ + Ai + Bk + 

eijk) was used to analyze the production of forage mass during the experimental period. 

 

The model parameters are represented by: Yijk represents the characteristic evaluated; μ 

model constant; Gi effect of the cultivation system (Elephant grass + Mandarin, Elephant 

grass + Fava Larga, Elephant grass + Bela, Elephant grass with fertilizer, Elephant grass 

without fertilizer); Bk block effect (I, II, III, IV); Li forage legume effect (Mandarin, Fava 

Larga, and Bela); Ai represents the cumulative effect of the intercropping and monocultures; 

eijk random error observed in each model. 

 

The factors of cropping systems and forage leguminous plants were considered fixed effects, 

while the block was considered as a random effect. Mixed model analyses were then 

conducted using the lme4 package(12). The means were calculated by least squares using the 

emmeans package(13), and when a statistically significant effect was observed (P<0.05), the 

means were compared using the Tukey test. All analyses were conducted using R software(14). 

 

The condition with fertilizer generated the highest FLL and SER values compared to the 

other systems evaluated (Table 2). There was no cultivation system effect for the other 
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characteristics. Therefore, for elephant grass, the average values obtained were as follows: 

LAR of 0.166 leaf tiller d-1, LER of 7.05 cm tiller d-1, Phyl of 6.78 d, LLS of 57.54 d, NLL 

of 8.65 leaves tiller-1 and TPD of 194 m². 

 

Table 2: Morphogenesis and tiller structure of elephant grass in different cropping systems 

Cultivation 

systems 

LAR  

(leaf 

tiller 

d−1) 

LER  

(cm 

tiller 

d−1) 

SER  

(cm 

tiller  

d −1) 

Phyl 

(days) 

LLS  

(days) 

NLL  

(leaves 

tiller−1) 

FLL  

(cm) 

TPD  

(m²) 

Elephant grass + 

Mandarin  
0.168a 6.86a 0.172ab 6.96a 56.20a 8.34a 40.10ab 185.10a 

Elephant grass + 

Fava Larga 
0.164a 6.96a 0.149b 6.79a 59.30a 8.88a 40.50ab 184.70a 

Elephant grass + 

Bela  
0.159a 6.29a 0.143b 7.03a 58.30a 8.44a 37.40b 196.50a 

Elephant grass 

with fertilizer 
0.178a 8.37a 0.206a 6.16a 54.30a 8.92a 44.30a 204.70a 

Elephant grass 

without fertilizer 
0.160a 6.76a 0.139b 6.99a 59.60a 8.67a 39.20ab 197.30a 

SEM 0.004 0.376 0.011 0.205 1.50 0.099 0.870 7.50 

P-value 0.375 0.060 0.001 0.424 0.546 0.209 <0.001 0.292 

LAR= leaf appearance rate; LER= leaf elongation rate; SER: Stem elongation rate; Phyl= Phyllochron; LLS= 

leaf lifespan; NLL= number of live leaves; FLL= final leaf length; TPD= tiller population density. P-value= 

probability of significant effect. SEM= Standard error of the mean. 
ab Means followed by distinct lowercase letters in the column differ by the Tukey test. 

 

When checking the CH, FM, LFM, STFM, and DMF of elephant grass, the scenario with 

fertilization generated the highest values (Table 3). The cultivation systems had no effect on 

F:ST, with an average value of 2.98. 
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Table 3: Structural and botanical characteristics of elephant grass in different cultivation 

systems 

Cultivation systems 
CH 

(cm) 

FM (kg 

ha−1) 

LFM (kg 

ha−1) 

STFM 

(kg ha−1) 

DMF (kg 

ha−1) 
F:ST 

Elephant grass + 

Mandarin 
39.10b 1238c 832c 355b 51.10b 2.94a 

Elephant grass + Fava 

Larga 
37.50b 1333bc 901bc 380b 51.60b 2.97a 

Elephant grass + Bela 40.30b 1227c 828c 345b 53.90b 3.16a 

Elephant grass with 

fertilizer 
45.50a 2209a 1475a 651a 83.30a 2.79a 

Elephant grass without 

fertilizer 
40.20b 1681b 1125b 484ab 71.80ab 3.03a 

SEM 0.757 80.93 46.08 35.02 4.94 0.136 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.452 

CH= canopy height; FM= forage mass; LFM= leaf forage mass; STFM= stem forage mass; DMF= forage 

mass of dead material; F:ST= ratio of forage mass to stem forage mass. P-value: probability of significant 

effect. SEM: Standard error of the mean. 
abc Means followed by distinct lowercase letters in the column differ by the Tukey test. 

The Mandarin and Fava Larga cultivars had the highest PH values, while the Bela cultivars 

had high LFM, PD, and FSM values (Table 4). The cropping systems did not affect LFM, 

with an average value of 1,041 kg ha-1. 

 

Table 4: Structural and botanical characteristics of forage legumes intercropped with 

elephant grass 

Cultivation systems 
PH 

(cm) 

PD  

(m²) 

FM  

(kg ha−1) 

LFM  

(kg ha−1) 

FSM 

(kg ha −1) 

Elephant grass + 

Mandarim 
104.90a 6.99b 1551b 987a 564b 

Elephant grass + Fava 

Larga  
98.90a 6.87b 1482b 983a 499b 

Elephant grass + Bela 55.00b 59.77a 2145a 1153a 991a 

SEM 4.27 0.279 121.56 56.42 3,70 

P-value <0.001 <0.001 0.008 0.268 <0.001 

PH= plant height; PD= plant density; FM= forage mass; LFM= leaf forage mass; FSM= forage stem mass. P-

value: probability of significant effect. SEM: Standard error of the mean. 

ab Means followed by distinct lowercase letters in the column differ by the Tukey test. 

 

The cultivation systems affected the forage yield (Figure 2), where it can be seen that the 

intercropping involving elephant grass and the Bela cultivar had the highest cumulative 
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production (13.49 Mg ha-1). When no fertilization was applied, the elephant grass in 

monoculture generated the lowest yield, with a value of 6.72 Mg ha-1. 

 

Figure 2: Forage yield obtained in the cultivation systems during the evaluation period. 

Lowercase letters in the columns differ by Tukey test 

 

P-value: probability of significant effect. SEM: standard error of the mean. 

 

The highest ash value is observed when elephant grass is intercropped with the Bela cultivar 

(Table 5). As for the other chemical characteristics of the grass in the different cultivation 

systems, averages of 73.10 g kg-1 of CP, 676.20 g kg-1 of NDF, 374.80 g kg-1 of ADF, and 

62.12 g kg-1 of lignin. The Mandarim and Fava Larga cultivars had the highest CP, ADF, and 

lignin values. On the other hand, there were increases in ash values for the Bela cultivar. The 

highest concentration of NDF was found in the Mandarim cultivar. 

 

By analyzing the morphogenesis and structure characteristics of elephant grass, such as LAR, 

LER, Phyl, LLS, and TPD, the cultivar evaluated (Elephant grass - Mott) in the semi-arid 

region shows remarkable phenotypic plasticity, enabling it to integrate effectively with 

different forage resources. This adaptability is highly advantageous, as it significantly 

expands the opportunities for diversification in forage production. In different climatic and 

soil contexts, as found by Silva et al (15) and Seibt et al (16), elephant grass has demonstrated 

its ability to coexist with other forage legumes, such as forage peanuts (Arachis pintoi), 

arrowleaf clover (Trifolium vesiculosum), and Asian pigeonwings (Clitoria ternatea). 

 

The FLL is one canopy characteristic that reflects leaf area gain(17). In the case of elephant 

grass, it was observed that the greatest leaf length was achieved under monoculture 

conditions and with chemical nitrogen fertilization. In this management, the absence of other 

forage species that could restrict leaf area dynamics allowed for an increase in leaf size. In 

addition, the supply of chemical nitrogen fertilizer guarantees the immediate availability of 
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this nutrient, optimizing the dynamics of leaf area(18) and SER(19), justifying the higher values 

of FM, LFM, and STFM in the monoculture. 

 

As some researchers mentioned(20,21), the NLL is a genetically predetermined trait. Therefore, 

the tillers maintain a constant number of leaves in ideal conditions without stresses that could 

inhibit the plant potential. Even in monoculture management without nitrogen fertilization, 

when the soil has good fertility parameters (Table 1), creating an environment conducive to 

expressing this constant pattern in the NLL is possible. Likewise, the NLL measurement 

observed is similar to the results of other authors(22), who obtained a value of 8.58 leaves 

tiller-1 in elephant grass, cultivar Pioneiro (Pennisetum purpureum Schum. cv. Pioneiro). 

 

When adding up the FM of elephant grass and legumes, it can be seen that the potential of 

monoculture is limited, as the intercropping of elephant grass and Bela had the highest forage 

production (Figure 2). In the literature, it is reported that intercropping between different 

forage resources promotes increases in the efficiency of utilization of abiotic resources, 

resulting in increases in plant production (grain and biomass) and soil utilization 

efficiency(23). 

 

This increase in production can only be achieved by carefully selecting the forage resources 

that make up the intercropping, so when selecting the forage plants to form this production 

system, the decision must be based on various agronomic parameters. In the case of the Bela 

cultivar, despite having the lowest PH, there was a higher PD compared to the guandu bean 

cultivars, which allowed the stylo cultivar to increase its FM. 

 

This shows that this cultivar can be good option for forage production in the semi-arid region 

when intercropped with elephant grass. Another advantage of using stylo in intercropping 

with grasses is the positive residual effect on the soil. Even if this legume disappears from 

the area, the increase in nitrogen and organic matter ensures forage production in future 

crops(24). 

 

Grasses from tropical climates naturally exhibit a lower protein fraction in the composition 

of the FM, and it is common for this group of plants in the vegetative phase to exhibit a CP 

value ranging from 72.43 g kg-1 to 119.30 g kg-1(25,26). On the other hand, high values of NDF 

and ADF are observed in the chemical composition of DM from tropical climate 

pastures(27,28,29).  

 

Higher NDF and ADF values generate a forage resource, a potential limiting factor for forage 

consumption when fed to animals. In addition, increases in fibrous and lignin fractions are 

associated with forages with high STFM fractions in the forage canopy, impacting a low 

F:ST ratio(30). 
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In a study by Lima et al(31), different genotypes of elephant grass showed F:ST values ranging 

from 0.95 to 1.43 when the forage was harvested 56 d after regrowth from the previous cut. 

In the cutting management adopted for elephant grass intercropped and monocultures in the 

semi-arid region, a better F:ST ratio was observed when cutting was conducted at the height 

of 20 cm above the ground, reducing the share of stem in FM. These results indicate that this 

management strategy was suitable for harvesting elephant grass in the different cropping 

systems evaluated. 

 

The legumes are expected to have a higher CP content in their composition, making it 

possible to produce a better-quality feed for animal nutrition. Ligoski et al(32) found that the 

intercropping of pigeon pea (Cajanus cajan cv. Super N) with Xaraes palisade grass 

(Urochloa brizantha cv. BRS Xaraés) and maize (Zea mays) not only had a higher protein 

content compared to maize monocropping, but also resulted in a forage that contributes to 

lower methane emission rates. 

 

The intercropping between the Bela cultivar and elephant grass increased ash fractions for 

the grass and the legume. Prado et al(33) observed that the intercropping of the Bela cultivar 

with Tamani guinea grass (Megathyrsus maximus cv. BRS Tamani) produced FM with 

higher ash values than monocultures. The introduction of forage legumes through 

intercropping with other forage resources directly impacts the chemical composition of the 

soil, where this form of cultivation promotes increases in the bioavailability of essential 

nutrients. As a result, the grasses in this type of cultivation develop in an environment that 

enables greater nutrient absorption for the aerial part, which alters the mineral composition 

of the produced forage(8,34). 

 

It was recommended to intercrop elephant grass with the cultivar Bela, as it resulted in 

significant increases in total forage production, which highlights the potential of this 

cultivation system to optimize forage production in the semi-arid region. 
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Table 5: Chemical composition of elephant grass and forage legumes (g kg-1) 

 *Elephant grass *Forage legumes 

Cultivation systems CP  Ash NDF  ADF  Lignin CP  Ash  NDF  ADF  Lignin 

Elephant grass + Mandarin 74.60a 124.00ab 681a 381a 61.40a 168a 45.40b 616a 434a 178.0a 

Elephant grass + Fava Larga 76.20a 124.00ab 669a 371a 58.50a 165a 38.8c 611ab 430a 178.90a 

Elephant grass + Bela 72.70a 135.00a 673a 370a 62.30a 147b 77.20a 557b 357b 99.30b 

Elephant grass with fertilizer 71.10a 112.00b 683a 375a 67.60a - - - - - 

Elephant grass without 

fertilizer 
70.90a 118.00ab 675a 377a 60.80a - - - - - 

SEM 0.743 2.59 6.40 3.34 1.79 6.58 3.65 10.02 11.95 8.31 

P-value 0.108 0.010 0.894 0.250 0.371 <0.001 <0.001 0.006 <0.001 <0.001 

* Values expressed concerning dry matter. CP= crude protein, NDF= neutral detergent fiber; ADF= acid detergent fiber. P-value: probability of significant effect. SEM: 

Standard error of the mean. 
abc Means followed by distinct lowercase letters in the column differ by the Tukey test.
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