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 50 

Abstract 51 

 52 

The objectives of this study were to evaluate the growth curve and chemical composition of Cratylia 53 

(Cratylia argentea). The experiment was conducted with Cratylia planted in two-line spacings of 2 or 3 54 

meters between rows and 0,5 m between plants. Cratylia plants were evaluated in a cycle of 126 days, with 55 

pruning events every 21 days, and a total of 6 assessments for each treatment. Parameters of bromatological 56 

composition (DM, CP, NDF, ADF) of plant edible fraction (EF) and productivity (total productivity and 57 

productivity of the EF in DM) were evaluated. The study was performed in a completely randomized design 58 

with 2 treatments (spacing) and 6 replications. The variations over days were evaluated using regression 59 

analysis, and the results were compared by Fisher test (p<0,05). The models that had the best fit for 60 

productivity was exponential and logistic, whereas, for the bromatological composition it was Gompertz 61 

and polynomial. The 3 m spacing had lower productivity and CP content. The Cratylia growth rate reduced 62 

with increased plant maturity, which suggested its prune at 86 days for the 2 m spacing and 91 days for 3 63 

m spacing. Based on the results found in this research, the 2 m showed greater yield and CP content. Both 64 

spacings presented values of CP, NDF, and ADF of 20.26, 60.29 and 40.63% for 2 m spacing and 18.97, 65 

60.61 and 42.11% for 3 m spacing, respectively for 105 days of pruning, which was less productive for 66 

both spacings. 67 
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 85 

Introduction 86 

Cratylia (Cratylia argentea) is a perennial shrub with high foraging potential. It is easily spread 87 

through seeds and is a leguminous plant, which performs biological nitrogen fixation (BNF) and contains 88 

high levels of crude protein (CP) (Matrangolo et al., 2018; Panadero et al., 2020). Due to its nutritional 89 

value, the species is promising for use in feeding different animal species, mainly ruminants (Mora et al., 90 



2017; Silva et al., 2018). Sarria and Martens (2013) also found promising results evaluating the quality of 91 

C. argentea silage for swine feeding. However, studies that seek to maximize its use in livestock are scarce, 92 

and the proper management of forages requires deep knowledge about the physiology of the plant and its 93 

growth habit (Machado Filho et al., 2021). 94 

The increased forage use efficiency requires an understanding of its optimal herbage accumulation 95 

to obtain greater biomass productivity. This optimal herbage accumulation (also known as optimal resting 96 

period) should ensure the plant restores its nutrient reserves to ensure successive regrowth, without 97 

decreasing productivity over the growing season (Machado Filho et al., 2021). A proper management at the 98 

optimum resting period should favor the plant perenniality, since it contributes to maintain its carbohydrate 99 

reserves (Machado 2010; Machado Filho et al., 2021). Furthermore, the greater efficiency of biomass 100 

production, especially when this production is not dependent on high doses of chemical fertilization, 101 

represents an increase in the fixation of greenhouse gases (GHG) (Machado Filho et al., 2021). This happens 102 

due to an increased photosynthetic efficiency, leading to greater fixation of carbon dioxide (CO2) in plant 103 

biomass (Cain et al., 2019; Viglizzo et al., 2019). 104 

It is essential to understand the nutritive value of potential forage plants to determine the best 105 

practices, according to animal category. In this case, the bromatological composition is the parameter used 106 

to evaluate the nutritional value of forages (Canul-Solis et al., 2020), since they affect the consumption, 107 

digestibility, and performance of the animals (Pereira et al., 2018). Thus, given the potential of Cratylia for 108 

animal feed, it is essential to study the adaptation of the species in an intensive cultivation system. 109 

The study of growth curves and their models is a widespread approach to analyze the productive 110 

efficiency of crop biomass (Silva, 2010) from a biological perspective. These models should have 111 

parameters whose biological interpretation help understanding the phenomena that occur during growth 112 

(Cao et al., 2019). In addition, regression models for the growth curve allow the estimation of accumulated 113 

biomass value for different plant ages within the evaluation interval (Cao et al., 2019; Silva, 2010).  114 

The biomass accumulation is determined by several factors, specific processes, and relationships 115 

(Cao et al., 2019). In general, it is composed of an initial phase of slow growth, which is followed by an 116 

exponential growth phase that ends with a stabilization phase, which growth continues, but with a decreased 117 

growth rate (Di Crescenzo et al., 2021). 118 

The current research aimed to better understand the ecophysiology of Cratylia, considering some 119 

criteria such as: (1) determining the optimal herbage accumulation (2) evaluating the effects of plant spacing 120 

on productive parameters and nutritional quality and (3) follow the evolution of the chemical composition 121 

over the days. The objective was also to maximize the productive potential of the Cratylia, based on the 122 

understanding of growth curve and its use in the optimal herbage accumulation timing. 123 

 124 

Materials and Methods  125 

The experiment was conducted at the experimental station of Embrapa Milho e Sorgo in Sete 126 

Lagoas, MG, Brazil, located at 19°28' 40°15' of Greenwich and an altitude of 732 m above sea level 127 

(Campos et al., 2019). 128 

The soil is classified as typical dystrophic Red Latosol with clayey texture with deep, porous, and 129 

great aggregate stability. Its structure is of the small and very small granular type, with a solid appearance 130 



and very well drained. The predominant vegetation is the Cerrado (Albuquerque Filho et al., 2022; Santos 131 

et al., 2018). 132 

The soil characterization in the experimental area was divided into a strata of 0-20 cm, 20-40 cm, 133 

40-60 cm. Organic matter levels, which are the basis for nitrogen fertilization, were considered good for all 134 

evaluated ranges with values of 3.44, 2.89, and 2,87 dag/dm3, for 0-20, 20-40 and 40-60 cm strata, 135 

respectively. Phosphorus (P) levels were considered very low for all ranges with 2.18, 1.43 and 1.62 mg/dm3 136 

for 0-20, 20-40 and 40-60 cm strata, respectively. The potassium (K) levels were considered low with 39.26, 137 

19.98, and 17.20 mg/dm3 for 0-20, 20-40 and 40-60 cm strata, respectively. Base saturation (V %) was 138 

considered low for the 0-20 and 20-40 cm ranges with values of 30.51 and 25.65%, and very low for 40-60 139 

cm with values of 15.71%. The exchangeable acidity (Al3
+) was very low for the 0-20 and 20-40 cm ranges 140 

with values of 0,14 and 0,20 cmolc/dm3, respectively and medium for the 40-60 cm range with values of 141 

0,52 cmolc/dm3 (Ribeiro et al., 1999). 142 

The experimental area had been managed with conservationist practices, without soil disturbance 143 

and with input of pruned biomass, which contributes to the maintenance of soil nutrients (Oliveira et al., 144 

2021). Mattar et al. (2020) evaluated Cratylia accessions in the Terra Ronca State Park, Goiás. Cratylia 145 

individuals were found in different soils, such as cambisols, argisols and lithosols. The P levels found in 146 

the soil are considered low over the entire sampled area. 147 

The climate in the region is Cwa type (according to the Köppen classification) considered as 148 

mesothermal with dry winter and hot summer. It is characterized by an average temperature below 18°C in 149 

the coldest month, and in the hottest month above 22°C. The total precipitation of the driest month was less 150 

than 30 mm. The average (annual) air temperature in the region is 22°C and the average annual precipitation 151 

is 1340 mm (Campos et al., 2019). 152 

The meteorological station located at the Embrapa Milho e Sorgo in Sete Lagoas, MG, provided 153 

data on rainfall and average air temperature throughout the experimental period. During the Cratylia growth 154 

cycle the area received a rainfall of 1,260 mm and the average temperature was approximately 23°C. The 155 

period before the harvest was composed of a sequence of low temperatures and little rainfall. The 156 

distribution of temperature and precipitation in the experimental area is illustrated on Figure 1. 157 



Fig. 1 Temperature and rainfall from January 2021 to July 2022. Orange bars represent the rainfall during 158 

the experimental period. 159 

 160 

The experiment was conducted over a period of 126 days (from November 2021 to March 2022). 161 

Cratylia seedlings were transplanted in 2009 with spacing of 0.5 m between plants and spacing of 1, 2, 3, 162 

4, and 5 m between rows, in an area of 450 m² (30 x 15m). For this experiment, only plants with spacing 163 

of 2 and 3 meters between the rows were used. The area was managed with periodic pruning of the plants, 164 

and the last standardization pruning carried out on July 20th, 2021. 165 

A harvest was made at 50 cm from the ground to standardize the Cratylia plants at the beginning 166 

of the experiment and at the end of each experimental cycle. The sampling unit consisted of 6 plants in each 167 

harvest, for each spacing used (using spacings of 2 x 0.5 and 3 x 0.5 m), totaling 72 evaluated plants. In 168 

each treatment, the plants were evaluated within the rows at the time of standardization. The plants that 169 

were closest to the average condition of the population were selected, eliminating outliers, edges, and those 170 

with flaws in the adjacent lines. After selecting the plants that were part of the experiment, a random draw 171 

was made to assign the date which a sample unit would be evaluated.  172 

Sections of Cratylia harvest individuals were made at 21, 42, 63, 84, 105 and 126 days of regrowth 173 

at 50 cm height. At the time of each harvest, the number of stems from each plant was evaluated, since the 174 

number of branches interferes with productivity (Matrangolo et al., 2018). The samples were weighed to 175 

evaluate the biomass production, aiming to determine the growth curve and chemical composition of each 176 

harvest. After the end of the experimental cycle, a backpack cutter model STIHL FS 160 (Andreas Stihl 177 

AG & Co, Waiblingen, Germany) was used for a standardized harvest at 50 cm from the ground. 178 

The collected samples were fractionated into Edible Fraction (EF), which is formed by stems 179 

smaller than 5 mm and leaves, and Woody Fraction (WF), which is formed by stems and branches larger 180 

than 5 mm (Panadero et al., 2020). The samples were wrapped in brown paper and dried in a forced 181 

ventilation oven at 55°C for 72 hours. Subsequently, they were grounded at 1mm in a Willey-type mill, 182 

identified and stored in plastic pots. 183 



The samples were used to evaluate crude protein (CP), dry matter (DM), neutral detergent fiber 184 

(NDF) and acid detergent fiber (ADF). The bromatological composition was made by the bench method in 185 

the laboratory (Silva and Queiroz, 2002). 186 

Several regression models (polynomial, exponential, logistic, Gompertz and Richards were tested 187 

to determine the growth curve in DM, EF, NDF, ADF and CP contents as a function of the experimental 188 

days. These models are widely used to represent the plant growth curve (Cao et al., 2019; Di Crescenzo et 189 

al., 2021). The models were adjusted for each level of the evaluated plant spacing based on a generalized 190 

linear model (GLM) and generalized nonlinear models (GNM) (Pinheiro and Bates, 2000). 191 

The models that presented adequate adjustment to the data and significance (P<0,05) for all 192 

parameters were compared according to the Likelihood-ration test. Models that showed no statistical 193 

difference were subjected to the Akaike criteria (Akaike, 1974) and its best performance in the adjustment 194 

for each treatment. 195 

Model identity analysis was performed to assess whether the estimated equations for each 196 

treatment could be replaced by a single equation, or the individual parameters differed between treatments 197 

(Pinheiro and Bates, 2000). 198 

To compare the linear and polynomial models, the value of the coefficient of determination (R²) 199 

regression models were also used to evaluate the growth of the edible fraction (EF). The growth of EF 200 

represents the biomass potentially usable as forage since it is the most nutritious fraction. Comparison 201 

between EF and total biomass production during the experimental period can provide information for 202 

choosing the best growth stage of Cratylia for animal feed. The comparison between the plant spacings for 203 

the variables %NDF, ADF, DM, CP, biomass production and EF of biomass production was performed 204 

using analysis of variance. Discrimination of means was performed using the Tukey test at p<0.05. 205 

The analyzed dataset was subjected to the Shapiro-Wilk normality test and Bartlett's 206 

homoscedasticity test (p<0.05). When normality assumptions were not met, data were transformed using 207 

the Box-Cox function. The weighted least squares method was used for analysis of variance for that showed 208 

no homoscedasticity. In addition, the logarithmic transformation of the data was performed using the natural 209 

logarithm (ln), if needed. 210 

All analyzes were performed using the R statistical analysis software (R Core Team, 2022). 211 

 212 

Results 213 

 214 

Growth curve 215 

 216 

The logistic regression model for dry matter production of the entire plant (g) in both planting 217 

spacings showed the best fit, considering the parameters of the AIC criterion. As far as the EF productivity, 218 

the exponential regression in spacings 2 and 3 meters showed the best fit (Table 1). 219 

Due to a high data dispersion, the data related to productivity (whole plant DM production and EF 220 

productivity) were transformed into logarithms in the Neperian logarithm to improve data accuracy and 221 

evaluation. 222 

 223 

 224 



Table 1  Estimates of regression equations for the variables Prod(g)1, Prod EF(g)2, as a function of 225 

evaluation time at 2 and 3 m spacing between rows 226 

 227 

Variable 

Models 

2 m spacing 3 m spacing 

Prod1(g) 6,177/ (1 + exp 3 (2,046 – 

0,064x)) 

 (AIC4 = 63,36) 

6,422/ (1 + exp(1,619 – 0,055x))  

(AIC =  60,73) 

Prod EF2 

(g) 

6,6948(1-exp(-0,0217x))  

(AIC = 58,64) 

6,525(1-exp(-0,025x)) 

 (AIC = 59,86) 

1 Prod - Total productivity per plant in g of DM 228 
2 Prod EF - Productivity of the edible fraction in g DM 229 
3 exp – Exponential function with Base e 230 
4 AIC - Akaike Information Criterion   231 

 232 

 233 

The Prod (g) growth curve for spacings 2 and 3 m showed similar behavior. The logistic function 234 

was characterized by a low growth phase, followed by an acceleration phase and later stabilization. The 3-235 

meter spacing had a greater initial growth and a less intense deceleration (Figure 2). Both spacings showed 236 

similar growth values in the final evaluation periods. 237 

 238 

Fig. 2 Regression estimates for dry matter production per whole plant in natural logarithm (Ln) for 2 and 239 

3 m spacing between rows over the evaluated period 240 

 241 

As far as the regression equation for DM production of EF, both spacings showed a similar 242 

behavior, which the growth rates had high levels at the beginning of the period followed by a decrease 243 

(Figure 3). The regression equation that best fitted this variable were exponential. 244 

 245 



 246 
 247 

Fig. 3 Regression estimates for dry matter production of the Edible Fraction (FC) in natural logarithm (Ln) 248 

for 2 and 3m spacing between rows over the evaluated period. 249 

 250 

In the absence of significant interaction between the factors (Spacing x Day) for Prod DM and 251 

Prod EF, the comparison was made on the average effect of the isolated factors (Spacing and Days of 252 

evaluation) (Table 2). 253 

 254 

Table 2 Analysis of variance, estimates of means and standard error of Prod MS1(g) Prod of EF2 (g) in the 255 

spacing of 2 and 3 m between lines, regardless of the evaluation days 256 

Variables 

Spacing 

SE3 

P-Value4 

2 3 Spacing Days ExD5 

Prod 

DM1(g) 

92,81 b 120,66 

a 

7,3

7 

9,25*10-3 4,51*10-

41 

0,09 

Prod EF2 

(g) 

82,79 b 106,73 

a 

6,4

8 

0,01 1,61*10-

39 

0,09 

Means followed by different letters are statistically different according to Fisher’s test (P<0.05). 257 
1 Production mean per plant (g of DM)  258 
2 Production mean of the edible fraction per plant (g of DM) 259 
3 Standard error 260 
4 Probability value  261 
5 Interaction between Spacing and Days 262 

 263 

The 3 m spacing showed a greater production for total and EF than the 2 m spacing, regardless of 264 

the evaluation days. This absence of interaction for the productive parameters indicates that there is no 265 

differentiated response to the spacing factor over the days. 266 



 267 

Bromatological composition 268 

 269 

The Gompertz model showed the best fit for DM content on both spacings (Table 3). While for 270 

the other bromatological parameters (CP, NDF, ADF), polynomial models performed best. The adjustment 271 

criteria of the coefficient of determination R² and the parameters of the AIC criterion were considered. 272 

 273 

Table 3 Equations of regression estimates for DM, CP, NDF and ADF contents as a function of evaluation 274 

time at 2 and 3 m spacing between rows 275 

Variable  

Regression Models 

2 m Spacing 3 m Spacing 

DM (%) 37,771exp 1 (-exp(1-0,0185(x+65,2167))) 

(AIC2 = 159,07) 

37,3923exp(-exp(1-0,0258(x+33,4425))) 

(AIC = 161,46) 

CP (%) 0,2608-0,00062x 

(R² 3 = 0,6951) 

0,292-0,001866x+0,00000824x2  

(R² = 0,81) 

NDF (%) 0,4554+0,002466x-0,00001x2 

 (R2 = 0,84) 

0,4425+0,003081x-0,00001435x2  

(R2 = 0,78) 

ADF (%) 0,3312+0,0018x-0,000009468x2  

(R2 = 0,54) 

0,3354+0,001658x-0,000008103x2  

(R2 = 0,48) 

1 exp – Exponential function with Base e  276 
2 AIC - Akaike Information Criterion   277 
3 R2 – Coefficient of determination 278 

 279 

At 3 m spacing, a steady drop was observed, followed by a stabilization and a slight increase in 280 

CP contents (Figure 4). It is worth noting that, the regrowth time was determinant for the CP contents for 281 

the two plant spacings. The minimum value was not reached for the 2 m spacing, and the lowest value 282 

found was at the end of the evaluation period on day 126. On the other hand, the minimum point was 283 

estimated on day 113 for the 3 m spacing. 284 



 285 

Fig. 4 Regression estimates of crude protein contents in percentage for 2 and 3 m spacing between rows 286 

over the evaluated period 287 

 288 

Based on the estimation of polynomial regressions, the points of maximum NDF values were 289 

estimated for days 123.30 and 107.35 for spacing of 2 and 3m between rows, respectively (Figure 5). Both 290 

planting spacings showed a quadratic function with an upward concavity, which there is a growth followed 291 

by a maximum point and a fall in NDF values. 292 

Fig. 5 Regression estimates of neutral detergent fiber levels in percentage for 2 and 3 m spacings between 293 

rows over the evaluated period 294 

 295 

The polynomial regression estimations for ADF showed a quadratic function, which was a similar 296 

behavior to NDF for both 2 and 3 m spacings (Figure 6). However, the points of maximum ADF values 297 

were estimated at 95.06 and 102.31 for spacing of 2 and 3m between rows, respectively, which happened 298 

before the NDF. 299 



Fig. 6 Regression estimates of Acid Detergent Fiber in percentage for 2 and 3 m spacing between rows 300 

over the evaluated period 301 

 302 

Overall, an increase in the fibrous fractions content was observed throughout the evaluations, with 303 

a stabilization tendency in the final evaluation periods. The results found for NDF and ADF were consistent 304 

with forage development. However, the decrease in the final periods after the low period was an unusual 305 

result. 306 

Since there was no significant interaction between the factors (Spacing x Day) for the evaluated 307 

variables, the comparison was made on the average effect of the isolated factors (Spacing and Days of 308 

evaluation) (Table 4). 309 

The DM content showed no difference with the spacing treatments. However, there was a variation 310 

in time that evolves as the plants develop. As far as the NDF and ADF, no difference was observed from 311 

the spacing treatment as well. However, an upward growth to a maximum point, followed by a slight 312 

decrease was observed only from the days. 313 

 314 

Table 4 Analysis of variance, mean estimates, and standard error of the bromatological composition of the 315 

Edible Fraction (EF) of Cratylia in the 2 and 3 m spacing between rows, regardless of the days of evaluation 316 

 317 

 318 

 319 

 320 

 321 

 322 



Variables 

Spacing 

SE5 
P-Value6 

2 3 Spac. Days SxD7 

CP (%)1 21,51 a 20,85 b 2,10*1

0-3 

0,03 1,47*10-

21 

0,07 

NDF (%)2 56,94 a 57,29 a 3,06*1

0-3 

0,42 3,49*10-

22 

0,42 

ADF (%)3 40,12 a 40,41 a 2,99*1

0-3 

0,67 3,97*10-

10 

0,78 

DM (%)4 29,62 a 29,61 a 0,33 0,98 3,53*10-

27 

0,13 

Means followed by different letters are statistically different according to Fisher’s test (P<0.05). 323 
1 Mean of Crude Protein contents (%)  324 
2 Mean of Neutral Detergent Fiber (%)  325 
3 Mean of Acid Detergent Fiber (%)  326 
4 Mean of Dry Matter (%) 327 
5 Mean Standard Error 328 
6 P-Value  329 
7 Interaction between Spacing and Days 330 

 331 

Discussion 332 

 333 

The ideal temperature range for plant development and basal temperatures, are not known yet. 334 

However, low average temperatures retard its growth. Regarding rainfall, the amount of rainfall in the 335 

period allowed to infer that the growth of Cratylia was not slowed down by the lack of soil moisture, which 336 

as also stated by Matrangolo et al. (2018). 337 

Regarding the whole plant growth curve, both spacings had a similar response with a very small 338 

growth at 21 days (6.41 g DM/plant for 2 m spacing and 9.24 g DM/plant for 3 m spacing). This was 339 

followed by an accelerated growth with a growth reduction after 84 days (320.68 g for the 2 m spacing and 340 

434.00 g for the 3 m spacing). 341 

The EF behavior was very similar to that of the whole plant in both spacings. This indicates that 342 

during plant development, leaves and young stems appear in similar proportions, which composes the EF. 343 

This result indicates that Cratylia is a forage capable of maintaining nutritional quality over time, from the 344 

standpoint of the proportion between EF and the whole plant. 345 

At 105 days of regrowth, higher values of dry matter production and dry matter production of EF 346 

were obtained. The values were 816.15 and 631.37 g for 2 and 3 m spacing; 555.91 and 471.37 g for 2 and 347 

3 m spacing; 43.27 and 38.14 g for 2 and 3 m spacing, respectively. After 105 days, growth ceased or 348 

continued very slowly, which indicated a trend of deceleration in growth for the productivity variables. 349 

According to the regression models, the optimal DM accumulation timing occurred on day 86 and 350 

91 for 2 and 3 m spacings, respectively. The productivity values also suggested the following days for 351 

harvest, based on the evaluated spacings and the current experimental conditions. The use in later periods 352 

represented a decrease in productive efficiency for both planting spacings, especially after the 105 days of 353 

regrowth. 354 

The premature harvest of Cratylia prior to its optimal harvest time could provide a forage with a 355 

greater CP and lower levels of NDF and ADF. However, the harvest of plants before their optimal resting 356 

point can weaken plant reserves for a new regrowth, which could compromise the future regrowth and the 357 



perenniality of the plant (Machado Filho et al., 2021). 358 

However, these time intervals may not be fixed, since water availability, climatic conditions, the 359 

level of defoliation, fertility and other factors influence the growth rate of forage plants (Lima et al., 2020). 360 

In this sense, there are important research that seek to understand the ecophysiology of Cratylia with the 361 

objective of using its biomass in an optimized way. Understanding how to relate the resting time, the 362 

establishment of reserves and the impact on regrowth with successive harvest for different edaphoclimatic 363 

conditions can help to increase productive efficiency.  364 

The 3 m spacing between rows produced more biomass individually, regardless of the evaluation 365 

period, than the 2 m spacing. This may have occurred due to the greater solar radiation absorbed and the 366 

greater space for the development of stems. However, considering the density of plants/ha, the 2 m spacing 367 

between rows should result in greater yields per hectare than 3 m spacing. This result also indicates that the 368 

intraspecific competition is not being a decisive factor for a decreased production over the 2 m spacing. In 369 

the final evaluation period, it was observed that growth rates of the whole plant and the EF were very similar 370 

between spacings. Therefore, it was possible to point out that the development of biomass in the final stages 371 

of evaluation was not impaired by spacing of the 2 m spacing compared to 3 m spacing based on 372 

intraspecific competition. 373 

The Cratylia harvest at 105 days showed a productivity of 8.16 t/ha (DM) for and 4.21 t/ha (DM) 374 

for 2 and 3 m spacings in each growing cycle, respectively. This also indicates that the 2 m spacing between 375 

rows was more efficient, although the individual productivity may be lower, the total area productivity 376 

exceeded the yields found over the 2 m spacing. It can then be inferred that the increase in plant density 377 

promoted an increase in Cratylia productivity. Other studies could investigate what would be the maximum 378 

density that the Cratylia coexists without a decrease in productivity. 379 

There are difficulties in evaluating the productivity growth curve due to the destructive method of 380 

evaluation requiring new plants in each growing cycle (Santos et al., 2021). Productivity was a parameter 381 

with a lot of variation between plants, since Cratylia does not have cultivars, only ecotypes with high genetic 382 

variability. The possibility of evaluating biomass production through technologies that do not require 383 

harvesting the plant would allow growth evaluations to be performed in the same individuals drawn for 384 

each spacing. It is also important to highlight the need for breeding programs to select plants specifically 385 

aimed for use in animal feed. Nowadays, there are technologies to carry out this type of evaluation in 386 

pastures (Santos et al., 2021), however, the viability in forage shrubs such as Cratylia is still unknown. A 387 

possibility would be to estimate biomass by measuring height, followed by counting the number of stems, 388 

number and size of leaves. Another possibility would be the periodic use of images taken by drones. 389 

Due to the scarcity of research related to Cratylia and its optimal herbage accumulation point, the 390 

comparisons made are in different conditions of the experiment. Matrangolo et al. (2019) used a fixed time 391 

of 90 days to harvest the Cratylia as a source of green manure, at the experimental station of Embrapa 392 

Maize and Sorghum in Sete Lagoas, Brazil. The authors found a productivity value per plant of 2,600 g 393 

with a 4 m spacing between rows and 0.5 m between plants. Panadero et al. (2020) evaluated the potential 394 

of Cratylia as a forage bank in tropical Colombia. Performing harvests at 45 days of regrowth, they found 395 

values of 157 g per plant using a dense culture with a 1 m spacing between rows and 1 m between plants. 396 

The estimated productivity for 45 days in this work in both spacings were higher than the values found by 397 



Panadero et al. (2020). The productivity values found by Panadero et al. (2020) and Matrangolo et al. (2018) 398 

indicate that the use of Cratylia at 45 days of regrowth represents a reduction in the productive potential. 399 

Due to the limited availability of information regarding the development of the plant's physiology 400 

for its use, manuscripts of literature review could contribute to the use efficiency of Cratylia. Arguello-401 

Rangel et al. (2019) reviewed the use of Cratylia for animal feed and evaluated several parameters. The 402 

authors found harvest times ranging from 60 to 550 days, however it was not pointed out which would be 403 

the best periods for using the plant. Depending on the results obtained, it can be estimated that regrowth 404 

periods longer than 105 days may decrease the productive efficiency of Cratylia. Furthermore, at very 405 

advanced ages, the branches become thick and very lignified (Matrangolo et al., 2018), which could reduce 406 

the nutritional potential. It is important to emphasize the difficulty of carrying out a review for a species 407 

whose works are scarce and are spread across different conditions in Latin America. This fact results in a 408 

lack of standardization of information to arrive at consistent conclusions. 409 

The 2 m spacing resulted in plants with greater CP contents in the EF between the evaluation days. 410 

This result may have occurred due to the greater shading of the leaves caused by greater density. There are 411 

no studies evaluating the effect of shading on the productivity and nutritional composition of Cratylia, but 412 

similar results are found in tropical grasses and legumes (Faria et al., 2018; Lista et al., 2019). 413 

It can be said that CP levels combined with DM production are decisive when investigating the 414 

optimal herbage accumulation for harvest or grazing. In this sense, in addition to greater productivity, the 415 

2 m spacing between rows provided a greater CP level regardless of the day of evaluation. At 105 days of 416 

regrowth, CP values for 2 and 3 m spacing were 20.26 and 18.97% in EF, respectively. 417 

However, the regression estimates provided different models for the spacings, while the model for 418 

the 2 m spacing was linear. Thus, CP decreased over time and the minimum value was found at day 126. 419 

The 3 m spacing had a quadratic model, and CP contents reached a minimum at day 113 followed by an 420 

increase. This may have occurred due to the increased shading of the plant itself at the basilar leaves and 421 

by adjacent plants, due to the size and architecture of the plants. 422 

The protein contents found for both spacings were similar to those found in literature. Braga et al. 423 

(2018) when evaluating the protein contents extracted from the leaves of Cratylia at 55 and 75 days of 424 

regrowth, found values of 27.62 and 22.42%, respectively. The estimated CP values for 2 and 3 m spacings, 425 

respectively for 55 days are 22.67 and 21.36%, and for 75 days are 21.43 and 19.72%. It was also possible 426 

to observe the drop in protein levels over the two evaluated days. It should be noted that CP evaluations 427 

occurred exclusively for the leaves, which leads to greater protein contents than the evaluation of the entire 428 

EF. 429 

Panadero et al. (2020) evaluated the CP content of Cratylia based on different parts of the plant. 430 

The results were 17.5, 15.5 and 11.5% for leaves, whole plant, and steams, respectively. This difference 431 

may have occurred due to soil fertility conditions, climate differences and genetic material. It should be 432 

noted that the authors worked with evaluations at 45 days of regrowth. In the same period, the estimated 433 

protein levels for FC are 23.29 and 22.43% for 2 and 3 m spacings, respectively. This difference suggest 434 

that protein contents suffer interference from soil fertility, in addition to being sensitive to spacing. 435 

The CP values found in the current experiment are greater than those of tropical grasses used for 436 

livestock in central Brazil. Cassimiro et al. (2020) when evaluating the response of Marandu grass 437 



(Brachiaria brizantha) to different sources and doses of fertilization found maximum values of 11.30% CP 438 

in the entire plant. Barbero et al. (2021) when preparing a review of Brazilian livestock grazing and main 439 

species, found maximum CP values of 15% for grasses in the rainy season. The CP levels were also greater 440 

than those found in other tropical legumes commonly used in cattle ranching. List et al. (2019) found CP 441 

values of 16.64% for perennial soybean (Neonotonia wightii Lackey) grown in full sun during the rainy 442 

season. Albores-Moreno et al. (2020) found CP values of 14.24% for leucaena (Leucaena leucocephala), 443 

another tropical shrub legume used in cattle farming and widely disseminated in Brazil. 444 

According to Teixeira et al. (2019), about 90% of the concentrate feeds marketed in Brazil and 445 

used for dairy cows, have CP contents between 20 and 22%. These values are close to those found for 446 

Cratylia in this experiment and in the literature (Canul-Solis et al., 2020). An important advance in the use 447 

of Cratylia would be studies that sought to evaluate the digestibility of Cratylia and the effects on animal 448 

performance. 449 

The increase in daily CP intake that Cratylia can promote in tropical grasses can result in increased 450 

performance and a reduction in GHG emissions (Canul-Solis et al., 2020; Albores-Moreno et al., 2020). In 451 

addition, the Cratylia maintains its green leaves throughout the dry period in several evaluated conditions 452 

(Matrangolo et al., 2018; Mattar, 2018). This property of Cratylia is a differential for the supply of high-453 

quality forage, in the period when grasses decrease production and, mainly, lose nutritional quality (Barbero 454 

et al., 2021). The use of Cratylia as forage can reduce the negative effects associated with water stress 455 

periods and increase livestock efficiency. 456 

Panadero et al. (2020) when evaluating the bromatological composition of Cratylia with 45 days 457 

of regrowth in a Colombian degraded soil, found substantially higher fiber values. Evaluating portions of 458 

leaves, entire plant and stems, respectively found 72.4, 70.3 and 82.8% for NDF and 45.6, 50.5 and 65.5% 459 

for ADF. The values found for all portions are greater than the fibrous portions found for 2 and 3 m spacings 460 

in the current research. Estimating the fibrous portions of EF for 45 days at 2 and 3 m spacings, respectively, 461 

54.61 and 55.21% of NDF and 39.30 and 39.36% for ADF. Taking into account the values found for CP 462 

and the fibrous portions, it can be said that the current research showed a higher quality forage than 463 

Panadero et al. (2020). 464 

It is also possible to find an increase in the fibrous portion over the research of Braga et al. (2018). 465 

When evaluating the forage composition of Cratylia in the eastern region of the Brazilian Amazon at 55 466 

and 75 days of regrowth, they found 63.3 and 65.92% for NDF and 55.61 and 56.59 for ADF, respectively. 467 

The estimated values for 2 and 3 m spacings at 55 days were 56.08 and 56.85% for NDF and 40.15 and 468 

40.21% for ADF, respectively. While the estimated values for 75 days were 58.41 and 59.29% for FDN 469 

and 41.29 and 41.42% for FDA, respectively. The NDF values estimated in this work were lower than those 470 

found by Braga et al. (2018), while the ADF values were close to the estimated ones. The NDF and ADF 471 

values found had a very similar behavior between the two variables and spacings. However, there was an 472 

unusual decrease on fibrous portion after the maximum herbage accumulation. This opposed to a 473 

progressive increase in fiber content with time, which is often found in literature (Braga et al., 2018). That 474 

might be explained by the methodology used: the EF was always evaluated, which was made up of leaves 475 

and branches smaller than 5 mm. This decrease in the fibrous portion in the EF may be due to shading of 476 

the leaves caused by the increase in plant size. 477 



Braga et al. (2018) indicates that the Cratylia in both regrowth periods obtained adequate in-situ 478 

digestibility for use as a protein bank in sheep diets. The spacing used in the current experiment opens up 479 

the possibility of seeding Cratylia with other plants, including grasses. The consortium with grasses allows 480 

other forms of use for the Cratylia, such as direct grazing in mixed sward pastures. Matrangolo et al. (2022) 481 

obtained good results in the intercrop between Cratylia and Piatã grass (Brachiaria brizantha) on the 482 

survival of Cratylia plants. Intercropping with other plants of interest such as beans and corn, and the use 483 

of Cratylia biomass to animal feeding are other forms of use (Matrangolo et al., 2018). In this sense, 484 

research that seeks new technologies for mechanized harvesting of biomass and hay efficiency is important. 485 

 486 

 487 

Conclusions 488 

For the conditions of the experiment and for the period evaluated, the optimal harvest timing for 489 

Cratylia was 86 and 91 days for 2 and 3 m spacing. The use in later periods, especially after 105 days of 490 

rest, represented a decrease in the bromatological composition and in productive efficiency. The 2 m 491 

spacing between rows was more efficient in terms of productivity and showed higher levels of CP in EF. 492 

 493 

Data Availability 494 

The data that support the findings of this study are available on re-quest from the corresponding author. 495 

 496 

References 497 

Akaike, H. (1974). A new look at the statistical model identification. Ieee Transactions on Automatic 498 

Control, 19(6), 716–723. 499 

Albores-Moreno, S., Alayón-Gamboa, J. A., Miranda-Romero, L. A., Alarcón-Zúñiga, B., Jiménez-Ferrer, 500 

G., Ku-Vera, J. C., & Piñeiro-Vázquez, A. T. (2020). Effect of supplementation with tree foliage on in 501 

vitro digestibility and fermentation, synthesis of microbial biomass and methane production of cattle 502 

diets. Agroforestry Systems, 94(4), 1469–1480. https://doi.org/10.1007/s10457-019-00416-1 503 

Albuquerque Filho, M. R., Viana, J. H. M., & Clemente, E. P. (2022). Avaliação de qualidade do solo no 504 

sistema ILPF (URTP Embrapa Milho e Sorgo). Embrapa Milho Sorgo e Boletim de Pesquisa e 505 

Desenvolvimento, 245, 42. 506 

Argüello-Rangel, J., Mahecha-Ledesma, L., & Angulo-Arizala, J. (2019). Fodder shrubs: Relevance in 507 

cattle systems of Colombian low altitude lands. Agronomia Mesoamericana, 30(3), 899–915. 508 

https://doi.org/10.15517/am.v30i3.35136 509 

Barbero, R. P., Ribeiro, A. C. de C., Moura, A. M., Longhini, V. Z., Mattos, T. F. de A., & Barbero, M. M. 510 

D. (2021). Production potential of beef cattle in tropical pastures: A review. Ciência Animal 511 

Brasileira, 22. https://doi.org/10.1590/1809-6891v22e-69609 512 

Braga, E., Filho, E. B., Da Silva, J. A. R., Faturi, C., Domingues, F. N., & De Brito Lourenço, J. (2018). 513 

Ruminal degradability of tropical leguminous plants from eastern Amazonia. Semina:Ciencias 514 

Agrarias, 39(2), 845–853. https://doi.org/10.5433/1679-0359.2018v39n2p845 515 

Cain, M., Lynch, J., Allen, M. R., Fuglestvedt, J. S., Frame, D. J., & Macey, A. H. (2019). Improved 516 

calculation of warming-equivalent emissions for short-lived climate pollutants. Npj Climate and 517 

Atmospheric Science, 2(1). https://doi.org/10.1038/s41612-019-0086-4 518 

Campos, A. G., Silva B. M., Freitas, D. A. F., & Oliveira, M. F. (2019). Qualidade Física do Latossolo 519 

Vermelho Distrófico Cultivado com Milho. Embrapa Milho e Sorgo-Circular Técnica, 27. 520 

Canul-Solis, J., Campos-Navarrete, M., Piñeiro-Vázquez, A., Casanova-Lugo, F., Barros-Rodríguez, M., 521 

Chay-Canul, A., Cárdenas-Medina, J., & Castillo-Sánchez, L. (2020). Mitigation of rumen methane 522 

emissions with foliage and pods of tropical trees. Animals, 10(5). https://doi.org/10.3390/ani10050843 523 

https://doi.org/10.1007/s10457-019-00416-1
https://doi.org/10.15517/am.v30i3.35136
https://doi.org/10.1590/1809-6891v22e-69609
https://doi.org/10.5433/1679-0359.2018v39n2p845
https://doi.org/10.1038/s41612-019-0086-4
https://doi.org/10.3390/ani10050843


Cao, L., Shi, P. J., Li, L., & Chen, G. (2019). A new flexible sigmoidal growth model. Symmetry, 11(2). 524 

https://doi.org/10.3390/sym11020204 525 

Cassimiro, J. B., Rochetti, A. C. A., Heinrichs, R., & Castillo, E. O. F. (2020). Volatilização da amônia e 526 

avaliação do capim-marandu sob doses e fontes de fertilizantes nitrogenados. Research, Society and 527 

Development, 9(8). https://doi.org/10.33448/rsd-v9i8.5823 528 

Di Crescenzo, A., Paraggio, P., Román-Román, P., & Torres-Ruiz, F. (2021). Applications of the multi-529 

sigmoidal deterministic and stochastic logistic models for plant dynamics. Applied Mathematical 530 

Modelling, 92, 884–904. https://doi.org/10.1016/j.apm.2020.11.046 531 

Faria, B. M., Morenz, M. J. F., Paciullo, D. S. C., Lopes, F. C. F., & Gomide, C. A. de M. (2018). Growth 532 

and bromatological characteristics of Brachiaria decumbens and Brachiaria ruziziensis under shading 533 

and nitrogen. Revista Ciencia Agronomica, 49(3), 529–536. https://doi.org/10.5935/1806-534 

6690.20180060 535 

Lista, F. N., Deminicis, B. B., De Carvalho Almeida, J. C., Do Carmo Araujo, S. A., & Zanella, P. G. 536 

(2019). Forage production and quality of tropical forage legumes submitted to shading. Ciencia Rural, 537 

49(7). https://doi.org/10.1590/0103-8478cr20170726 538 

Lima, J. R. L., Rodrigues, R. C., Sousa, G. O. C., Costa, C. D. S., Parente, H. N., & Santos, F. N. de S. 539 

(2020). Ecophysiology of andropogon grass subjected to different cutting frequencies and intensities. 540 

Revista Brasileira de Engenharia Agricola e Ambiental, 24(9), 610–615. 541 

https://doi.org/10.1590/1807-1929/agriambi.v24n9p610-615 542 

Pinheiro Machado Filho, L. C., Seó, H. L. S., Daros, R. R., Enriquez-Hidalgo, D., Wendling, A. V., & 543 

Pinheiro Machado, L. C. (2021). Voisin Rational Grazing as a Sustainable Alternative for Livestock 544 

Production. Animals, 11(12), 3494. https://doi.org/10.3390/ani11123494 545 

Machado, L. C. P. (2010). Pastoreio Racional Voisin: tecnologia agroecológica para o terceiro milênio. 546 

Expressão Popular. 547 

Matrangolo, W. J. R., Brasileiro, B. P., Silva, C. J., Martins Neto, D. A., Mattar, E. P. L Junior, E. F. E., 548 

Silva, I. H. F., Silva, I. F., Crivelaro, J, C, B., Ribeiro, J. P. O., Ferraz, L. C. L., Malta, P. C. C., Da 549 

Cruz, S. C. B., Gomes, S. X., & Gonçalves, V. A. D. (2018). Aspectos de Cratylia argentea na região 550 

central de Minas Gerais e potencialidades em sistemas agrobiodiversos. 42. 551 

Matrangolo, W. J. R., Paulo, M., Pereira, R., & Sena, I. (2011). Cratylia argentea: Produção de Fitomassa 552 

e Crescimento em Sistemas de Aléias na Região Central de Minas Gerais 553 

https://www.researchgate.net/publication/333677292 554 

Matrangolo, W. J. R., Teixeira, E. C., Abreu, L. F., Climaco, L. C. T., Silva, K. T.,  Lana, A. M. Q., & 555 

Passos, A. M. A. (2022). Introdução de Cratylia argentea (Desv.) Kuntze em pastagem de Urochloa 556 

brizantha cv. BRS Piatã na região Central de Minas Gerais. Embrapa Milho e Sorgo-Circular 557 

Técnica, 17.   558 

Mattar, E. P. L., Matrangolo, W. J. R., Brasileiro, B. P., Frade Junior, E. F., Albuquerque, T. A. de, Oliveira, 559 

J. R. de, De Paula-Souza, J., & Dias, D. C. F. dos S. (2020). Terra Ronca State Park: A potential 560 

natural Cratylia argentea (Desv.) Kuntze conservation area in Goiás, Brazil. Tropical Grasslands-561 

Forrajes Tropicales, 8(3), 280–288. https://doi.org/10.17138/tgft(8)280-288 562 

Mattar, E. P. L., (2018). Propagação e conservação de espécies arbustivas de uso múltiplo: Tithonia 563 

diversifolia e Cratylia argentea, Universidade Federal de Viçosa, 74.  564 

Oliveira, M. W., Nascif, C., Oliveira, T. B. A., Rodrigues, T. C., Assis, W. O., Santos, D. de F., & Moura, 565 

S. C. de S. (2021). Adubação verde com Crotalaria juncea em áreas de implantação ou reforma de 566 

canaviais, em pequenas propriedades rurais. Extensão Rural: Práticas e pesquisas para o 567 

fortalecimento da agricultura familiar, 2(1), 45–66 https://doi.org/10.37885/201102246 568 

Panadero, A. N., Daza Cárdenas, J. I., & Montaña Barrera, V. (2020). Desempeño de bancos forrajeros de 569 

Cratylia argentea (Desv.) Kuntze, en suelos degradados en el departamento de Casanare. Revista de 570 

Medicina Veterinaria, 1(39), 29–42. https://doi.org/10.19052/mv.vol1.iss39.3 571 

Pereira, T. P., Modesto, E. C., Nepomuceno, D. de D., de Oliveira, O. F., de Freitas, R. S. X., Muir, J. P., 572 

Dubeux Junior, J. C. B., & Almeida, J. C. de C. (2018). Characterization and biological activity of 573 

condensed tannins from tropical forage legumes. Pesquisa Agropecuaria Brasileira, 53(9), 1070–574 

1077. https://doi.org/10.1590/S0100-204X2018000900011 575 

Pinheiro, J., Bates, D. (2002). Mixed-Effects Models in S and S-PLUS. Springer. 576 

https://doi.org/10.3390/sym11020204
https://doi.org/10.33448/rsd-v9i8.5823
https://doi.org/10.1016/j.apm.2020.11.046
https://doi.org/10.5935/1806-6690.20180060
https://doi.org/10.5935/1806-6690.20180060
https://doi.org/10.1590/0103-8478cr20170726
https://doi.org/10.1590/1807-1929/agriambi.v24n9p610-615
https://doi.org/10.3390/ani11123494
https://www.researchgate.net/publication/333677292
https://doi.org/10.17138/tgft(8)280-288
https://doi.org/10.37885/201102246
https://doi.org/10.19052/mv.vol1.iss39.3
https://doi.org/10.1590/S0100-204X2018000900011


R Core Team. (2022). A Language and Environment for Statistical Computing. R Foundation for Statistical 577 

Computing. 578 

Ribeiro, A. C., Guimarães, P. T. G., & Alvarez V. H. V. Calagem. (1999). Recomendações para o uso de 579 

corretivos e fertilizantes em Minas Gerais - 5ª Aproximação. Comissão de Fertilidade do Solo do 580 

Estado de Minas Gerais. 581 

Santos, A. P.  S. , Pires, A. J. V., Fries, D. D., Dias, D. L. S., Bonomo, P., Jardim, R. R., Seixas, A. A., 582 

Rossa, F., Santos, C. P. da S. dos, Cruz, N. T., & Paiva, L. S. (2021). Métodos de avaliação de 583 

pastagem: Uma breve revisão. Research, Society and Development, 10(16), e52101622864. 584 

https://doi.org/10.33448/rsd-v10i16.22864 585 

Sarria, P., & Martens, S. D. (2013). The voluntary intake in growing pigs of four ensiled forage species. 586 

Agricultural and Food Science, 22(1), 201–206. https://doi.org/10.23986/afsci.6957 587 

Silva, D. J., & Queiroz, A. C. (2002). Análise de alimentos: métodos químicos e biológicos. Universidade 588 

Federal de Viçosa.  589 

Silva, M. E. da, Araújo, J. V. de, Silveira, W. F. da, Carvalho, L. M. de, & Ribeiro, R. R. (2018). 590 

Effectiveness of Cratylia argentea as an animal feed supplement in the control of gastrointestinal 591 

nematodes in sheep. Semina: Ciências Agrárias, 39(2), 657. https://doi.org/10.5433/1679-592 

0359.2018v39n2p657 593 

Silva, N. A. M. (2010). Seleções de modelos de regressão não lineares e aplicação do algoritmo saem na 594 

avaliação genética do crescimento de bovinos Nelore. Escola de Veterinária, Universidade Federal de 595 

Minas Gerais, 60. 596 

Teixeira, R. M. A., Martins, J. M., Silva, N. G., Silva, E. A., Fernandes, L. O., Oliveira, A. S., Salvador, F. 597 

M., & Faria, D. J. G. (2019). Protein supplementation of dairy cows grazing Tifton 85 during the dry 598 

season. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 71(3), 1027–1036. 599 

https://doi.org/10.1590/1678-4162-9805 600 

Tjørve, K. M. C., & Tjørve, E. (2017). The use of Gompertz models in growth analyses, and new Gompertz-601 

model approach: An addition to the Unified-Richards family. Plos One, 12(6), 17. 602 

https://doi.org/10.1371/journal.pone.0178691 603 

Valles-de la Mora, B., Castillo-Gallegos, E., Alonso-Díaz, M., Ocaña-Zavaleta, E., & Jarillo-Rodríguez, J. 604 

(2017). Live-weight gains of Holstein × Zebu heifers grazing a Cratylia argentea/Toledo-grass 605 

(Brachiaria brizantha) association in the Mexican humid tropics. Agroforestry Systems, 91(6), 1057–606 

1068. https://doi.org/10.1007/s10457-016-9980-5 607 

Viglizzo, E. F., Ricard, M. F., Taboada, M. A., & Vázquez-Amábile, G. (2019). Reassessing the role of 608 

grazing lands in carbon-balance estimations: Meta-analysis and review. Science of the Total 609 

Environment, 661, 531–542. https://doi.org/10.1016/j.scitotenv.2019.01.130 610 

 611 

 612 

 613 

 614 

 615 

 616 

 617 

 618 

 619 

 620 

 621 

 622 

https://doi.org/10.33448/rsd-v10i16.22864
https://doi.org/10.23986/afsci.6957
https://doi.org/10.5433/1679-0359.2018v39n2p657
https://doi.org/10.5433/1679-0359.2018v39n2p657
https://doi.org/10.1590/1678-4162-9805
https://doi.org/10.1371/journal.pone.0178691
https://doi.org/10.1007/s10457-016-9980-5
https://doi.org/10.1016/j.scitotenv.2019.01.130

