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Abstract 

Context: Plant growth analysis is a valuable tool to detect biomass formation and accumulation. The 

determination of growth indexes enables plants to adapt to different edaphoclimatic conditions, and to select 

the most promising responses among them. 

Aim: To characterize the growth dynamic of sugarcane cultivars C97-366 and C99-374, with forage purposes. 

Methods: A randomized experimental block design with three replicas was used. The following growth 

indicators were evaluated: foliage surface, foliage surface index, crop growth rate, and net monthly 

assimilation rate, at 181 days (February) and 342 days (July), after planting. Correlation analyses were made 

to determine the best model fit for every indicator evaluated in the two cultivars, as well as the analysis of 

variance of regressions.  

Results: Cultivar C97-366 was fit to a linear model for the foliage surface index, crop growth rate, and net 

assimilation rate; the foliage surface was fit to a polynomial model. Cultivar C99-374 was fit to a polynomial 

model for the foliage surface index, crop growth rate, and net assimilation rate; the foliage surface index was 

fit to a linear model. 

Conclusions: Cultivars C97-366 and C99-374 showed genetic and morphological characteristics that lead to 

efficient physiological processes that determine proper biomass production. 

Keywords: Foliage surface, foliage surface index, net assimilation rate, crop growth rate.  

 

Introduction 

Plant growth analysis is a valuable tool to know 

biomass formation and accumulation (Wilson García 

et al., 2017). Due to the large number of variables 

used to explain plant growth and development, the 

time used for its determination and variable 

instability resulting from different environmental and 

management factors that facilitates the interpretation 

of results and the general work, different indexes 

have been established (Fortes et al., 2014).  

Growth indexes, such as foliage surface, foliage 

surface index, net assimilation rate, and crop growth 

rate are indicators that permit a qualitative 

description of growth. Its components are relatively 

simple and enable analysis and comparison of the 

capacity of plants to grow and develop in a particular 

environment overtime (Lambers et al., 2008).  

Sugarcane is the crop with the highest production of 

useful biomass for ruminant nutrition. Cultivars 

grown in dryland conditions only need irrigation 

during the establishment. The plant shows high yields 
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with little chemical fertilization in the humid and sub-

humid tropical regions. It is the only poaceae that 

increases nutrient content with age. It helps prevent 

the costs of preserving the excess production during 

the rainy season, along with forage cuts at that time. 

It has a high genetic variability, so there are cultivars 

for most tropical and subtropical environments. All 

the cultivars are easily adapted to all the 

edaphoclimatic conditions. The plantations may be 

active for many years if properly handled. The 

harvest could be mechanized or manual, both with 

high productivity (Bastidas et al., 2012; Siqueira et 

al., 2012; Ramírez-Cathí et al., 2014; Bezerra et al., 

2017; Salazar-Ortíz et al., 2017). 

Bastidas et al. (2012) said that the agronomic 

evaluation of forage-producing species should not 

only rely on the final harvest; it may not show the 

particular effect of the environmental factors on the 

productive capacity of plants throughout their 

biological cycle. Therefore, describing their 

physiological behavior, production, and nutritional 

composition is significant (Bárcena et al., 2009). 

Hence, plant growth analysis is a valuable tool to 

know biomass formation and accumulation 

determined by the plant’s internal factors and the 

environment it grows (Calzada et al., 2014). 

This paper aims to characterize the growth dynamic 

of sugarcane cultivars C97-366 and C99-374 with 

forage purposes. 

Materials and Methods 

The study was done at the Mid-Eastern Territorial 

Sugar Cane Research Station (ETICA), located in the 

municipality of Florida, Camaguey, Cuba, on the 

following coordinates: 21º 31’ north latitude and 78º 

04’ west longitude, 57.08 m above sea level. The 

field experiment was conducted in brown soil with 

carbonates, according to Hernández et al. (2015). 

The climatic variables were recorded at the 

Agrometeorological Station in Florida, 600 m away 

from the field experiment. The relative humidity 

during the study had a mean of 76.59%; the average 

temperature was 25.6 0C. The total of precipitations 

was 1 203.6 mm in 105 days of rain. 

Sugarcane cultivars C97-366 and C99-374 selected 

by the Plant Breeding Department at the Mid-Eastern 

ETICA, in Camaguey, for forage production, were 

evaluated. The experiment was based on a 

randomized experimental block design with three 

replicas. The experimental area of each unit was 63 

m2 (14 m x 4.5 m), three 14 m long rows for 

cultivation. The plantation was performed in the 

second fortnight of August 2014, in dryland 

conditions The agrotechnical work was done 

according to the standards set for the crop (Santana et 

al., 2014).  

The plant growth indicators evaluated were foliage 

surface, foliage surface index, net assimilation rate, 

and crop growth rate. The evaluations were made 

monthly. Sample collection was started in February 

2015, at 181 days of plant age, and up to July 2015, 

342 days after planting. Each replica needed three 

representative samples by cultivar at every age 

evaluated. Each sample contained a stem with leaves 

and shoots, which was cut at the soil level, using a 

machete. 

The leaves with over 50% of their photosynthetic 

area were considered active. The dry mass of laminae 

and active leaf pods, shoots, and stems, were 

determined. All plant parts were weighed by separate 

using a technical balance to determine the dry mass, 

and were sectioned. Then they were exposed to 

sunlight in a greenhouse, reaching ± 7 0C above the 

room temperature. Upon losing most humidity, they 

were dried in a stove (65 0C) to reach a constant 

weight. The dry mass of all plant parts was 

determined. The total weight by individual was 

determined by summing the biomass data (dry mass). 

The data of the nine individuals by cultivar were used 

to determine every growth indicator, including the 

foliage surface. The growth analysis was performed 

according to Kvet et al. (1971), as follows: 

Determination of foliage surface: (A) 

To know the total foliage surface per individual, the 

length and width of all the active laminae were 

measured. Each lamina surface was calculated by 

multiplying length by width and factor 0.7 (Lerch et 

al., 1977). The sum of all the factors represents the 

foliage surface of every individual, expressed in cm2. 

A = ANLB x LGLB x 0. 70 

o ANLB = Limb width, taken from the widest 

portion of the lamina (cm), with up to 1 mm 

accuracy. 

o LGLBB = Limb length, measured from the apex 

to the pod insertion (cm), with up to 1 mm 

accuracy. 

http://www.revistas.reduc.edu.cu/
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Determination of foliage surface index: (IAF) 

It was calculated by dividing the foliage surface (m2) 

between the land area.  

IAF = A / At (m2 m-2) 

o A = Foliage surface with over 50% of active 

foliage lamina (m2). 

o At = Land area (m2). 

Determination of crop growth rate: (TCC) 

It was calculated by dividing the difference of the 

total dry mass of the plant between the land area 

product by the time difference that mediates between 

sample collections. 

TCC = W2 – W1 / At (t2 – t1) (g m-2 day-1) 

o W1 = Total plant dry mass overtime 1. (g). 

o W2 = Total plant dry mass overtime 2. (g). 

o t2 –  t1 = Time interval of evaluation (days). 

o At = Land area (m2). 

Determination of the net assimilation rate: (TAN) 

As much as twice the difference of the plant total dry 

mass was calculated, then it was divided between the 

product of the foliage surface sum by the time 

difference that mediates between sample taking. 

TAN = 2 x (W2- W1) / (A1 + A2) (t2 – t1) (mg cm-2 

day-1) 

o W1 = Total plant dry mass overtime 1. (g). 

o W2 = Total plant dry mass overtime 2. (g). 

o A1 = Foliage surface with over 50% of active 

foliage lamina overtime 1 (cm2). 

o A2 = Foliage surface with over 50% of active 

foliage lamina overtime 2 (cm2). 

o t2 –  t1 = Time interval of evaluation (days). 

A database containing all the information collected 

during the evaluations was set up for statistical 

processing. Correlation analyses were made to 

determine the mathematical models that describe the 

growth indicators evaluated. A variance analysis was 

performed to validate the equations of the models 

obtained. STATGRAPHICS Centurion for Windows, 

version 15.1 (2006) was used for statistical analysis. 

Results and discussion 

The foliage surface (A) describes the size of the 

assimilation organ (leaf) of a plant. Its development 

is critical for production, by maximizing the 

intersection of solar radiation and the accumulation 

of biomass (Endres et al., 2018). 

Fig. 1 shows the behavior of this growth indicator (A) 

in C97-366 and C99-374, from day 181 and until 342 

after planting. As shown, the cultivars were fit to a 

third order polynomial equation, with significant 

(p<0.05) determination coefficients (r2 = 98.41 and r2 

= 98.42) that validate the model. 

It also shows that the behavior of the foliage surface 

was highly variable during the study; the least values 

were achieved in the first two evaluations, in 

February and March, at plantation ages of 181 and 

215 days, respectively. Particularly, cultivar C99-374 

reached the highest value at 342 days (52.29 dm2), 

whereas C97-366 reached it at 277 days (49.87 dm2) 

 

Fig. 1. Behavior of foliage surface (A) 

These results are attributed to the prevailing climate 

conditions observed during the study, where the 

monthly precipitations and the mean monthly 

temperature played a major role in sugarcane growth 

(Fig. 2). 
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Fig. 2. Behavior of climatic variables throughout the study 

Fig. 2 corroborates the previous; in February and 

March, the lowest records or precipitations and mean 

temperature occurred, below the upcoming months 

evaluated. 

These results corroborate the reports of Ejaz et al. 

(2011) that water was not always present in the 

desired quantity during all the growth phases of the 

crop, and very importantly, the presence of water 

stress not only brought about a reduction of foliage, 

but also caused considerable losses to yields. 

Torres (2006) reported lower values in terms of 

foliage surface in a study of growth indicators of 

three sugarcane commercial cultivars grown in the 

same edaphoclimatic conditions, whose plantation 

evaluations in the cold season  coincided with the 

ones reported in this research.  

This results has a relevant practical value, as it 

demonstrates the high green biomass production from 

foliage by the two novel cultivars of sugarcane (C97-

366 and C99-374) selected for use as forage 

production to feed ruminants. 

The high foliage values observed by the two new 

cultivars (April-July), which coincided with the 

period of accelerated growth, are important for forage 

production, considering the study done by Echarte et 

al. (2008), who noted that an increase of the foliar 

surface leads to a rise in the dry matter accumulation 

rate (light interception is directly related to the 

duration of the foliar surface in this stage of 

development), while an increase of dry matter 

accumulation leads to higher foliar surface (the dry 

matter proportion in the leaves is quite constant). 

IAF permits the estimation of the photosynthetic 

capacity of plants, and helps understand the relation 

between biomass accumulation and low yields under 

the prevailing environmental conditions in a 

particular area (Endres et al., 2018). Fig. 3 shows the 

behavior of this growth indicator (IAF) in C97-366 

and C99-374, from day 181 and until 342 after 

planting. 

 

Fig. 3 Behavior of foliage surface index growth indicator (IAF) 

As shown, the sugarcane cultivars were fit to a linear 

equation, with significant (p<0.05) determination 

coefficients (r2 = 83.07 and r2 = 88.60) that validate 

the model. Biologically, the linear equation obtained 

indicated that the two cultivars increased their surface 

daily (0.01 m2) in terms of foliar surface per each m2 

of land area (Fig. 3). 

These results can also be attributed to the prevailing 

climatic conditions during its development (Fig. 2). 

As the monthly evaluations took place, the recorded 

precipitations and temperatures produced favorable 

conditions for crop development. 

The IAF value observed in C97-366 at 277 days may 

be considered optimum (3.44), and from that 

plantation age to 342 days, the values were above the 

optimum. The particular case of C99-374 reached the 

optimum values at 244 (3.08), at 310 and 342 days, 

with values above the optimum range for the crop 

(Fig. 3). All the criteria corroborate Hui et al. (2009), 

who said that the crop’s canopy from the six upper 

leaves intercept 70% of the solar radiation, and that 

the leaves’ photosynthetic rate diminishes because of 

mutual shading. Therefore, an effective utilization of 

solar energy by IAF, within 3.0-3.5 is thought of as 

optimum. 

In a study where three sugarcane cultivars with 

different maturing dynamics were evaluated in two 

planting cycles, Torres et al. (2015) reported mean 

IAF values of 2.47, and 2.55 m2 m-2, from the spring 

and winter cycles, respectively. The two new forage-

producing cultivars overcame those results  with 

higher increases (over 60%) than that indicator. It 

demonstrates the potentialities of these two genotypes 

for the biomass production purposes they were 

selected. It is a highly significant indicator to 

estimate sugarcane yields, for its relation to the 

interception of radiation and precipitations, energy 

conversion, and water balance (Srinivasan et al., 

2017; Endres et al., 2018). In turn, Jun et al. (2013) 

found a positive correlation between IAF and dry 

matter accumulation. 

Fig. 4 shows the behavior of indicator TCC in C97-

366 and C99-374, from day 181 and until 342 after 

planting. As seen, C99-374 was fit to a third order 

polynomial equation, and C97-366, to a linear 

equation. The two cultivars showed significant 

(p<0.05) determination coefficients (r2 = 98.68 and r2 

= 91.47) that validate the models. 

These results evidence that the genotypes studied did 

not have the same behavior over time, regarding 

TCC, which was corroborated by Calheiros et al. 

(2012), a complex parameter determined by a number 

of physiological, morphological, and biomass 

increase components of each genotype in particular. 

http://www.revistas.reduc.edu.cu/
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Fig. 4 Behavior of growth indicator crop’s growth rate (TCC). 

Fig. 5 shows the behavior of indicator TAN in C97-

366 and C99-374, from day 181 and until 342 after 

planting. As seen, C99-374 was fit to a third order 

polynomial equation, and C97-366, to a linear 

equation. The two cultivars showed significant 

(p<0.05) determination coefficients (r2 = 99.99 and r2 

= 98.47) that validate the models. 

 

Fig. 5 Behavior of growth indicator net assimilation rate (TAN). 

During the last evaluations both cultivars showed an 

increase of this indicators (TAN), which may be 

attributed to a rise in precipitations (amount and 

days), and an increase of the mean temperature 

values recorded in the preceding months (May-June). 

It confirms the findings of Larios (2016), when he 

noted the importance of the climatic factors in the 

production of biomass and the accumulation of dry 

matter from sugarcane. 

This is a relevant indicator in terms of forage 

production, since it represents the speed of plant dry 

weight increment by foliar surface unit. This net 

weight increase results from the balance of 

photosynthesis and breathing (Barrera et al., 2010). 

Torres (2006) published lower results in relation to 

TCC and TAN, in a study involving three 

commercial sugarcane cultivars. It evidenced that the 

new forage-producing cultivars have morphological 

features that confer them more efficiency in biomass 

production. 

Conclusions 

Sugarcane cultivars C97-366 and C99-374 showed 

genetic and morphological characteristics that enable 

them perform efficient physiological processes that 

determine proper biomass production for ruminant 

nutrition. 
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