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ABSTRACT: The use of pasture is the most economical alternative for feeding ruminants. However, 

most pastures in Central Brazil are experiencing some degree of degradation. Crop-livestock integration has 
been shown to be a sustainable and viable alternative for the recovery of these degraded areas. The objective of 
this study was to evaluate the morphogenic and structural characteristics of Paiaguas palisadegrass and to 
determine the population dynamics and the survival rate of the tillers, through a stability diagram of the grass, 
after intercropping with sorghum for the recovery of pastures in different, integrated, crop-livestock forage 
systems. The experimental design was a randomized block design, with four replications. The treatments were 
composed of four forage systems: Paiaguas palisadegrass monoculture, sorghum intercropped with Paiaguas 
palisadegrass in the row, sorghum intercropped with Paiaguas palisadegrass in the interrow, and sorghum 
intercropped with oversown Paiaguas palisadegrass. The evaluations were performed in the four climatic 
seasons of the year (winter, spring, summer, and fall) in the same plots during the period of one year in 16 1042 
m2 enclosures under a continuous stocking system. No effect was observed for the forage systems and seasons 
of the year on the leaf elongation rate, leaf senescence rate, and leaf life span. The development of Paiaguas 
palisadegrass was reduced in the winter relative to the other seasons of the year. However, it presented 
satisfactory production during this period despite the low rainfall. The results showed that the Paiaguas 
palisadegrass showed satisfactory production in all forage systems and may be indicated for intercropping with 
sorghum to promote the recovery and formation of pastures. The use of crop-livestock integration systems is an 
efficient cultivation technique for the recovery and formation of low-cost pastures to meet the demands of 
animal production. 
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INTRODUCTION  

 
Pasture degradation is the largest problem 

facing the production of Brazilian livestock. 
According to a Lapig (2018) survey, of the 
180.890.097 ha of pasture land in Brazil, 63.745.727 
ha shows signs of degradation. This situation 
generates concern for cattle ranchers because 
pastures are the basis of the bovine herd diet due to 
the low production cost, high productive potential, 
and good adaptation of pastures to the different 
Brazilian ecosystems (COSTA et al., 2010; 
QUARESMA et al., 2011). 

The system of crop-livestock integration has 
contributed to reductions in degraded areas and 
promoted pasture recovery, in addition to 
diversifying areas that are currently planted with 
Marandu palisadegrass (COSTA et al., 2016). 

This technique is notable because it is a 
sustainable and competitive technology for 
leveraging agribusiness. Sowing of grazing forage 
intercropped with annual crops has been shown to 
be efficient and economically viable as a method of 
pasture recovery and renewal. After the crop is 
harvested, the pasture is established mainly for use 
during the dry season, when low forage production 
occurs (ALMEIDA et al., 2012). 

Among the forages used in integrated 
systems, Urochloa syn. (Brachiaria brizantha cv. 
BRS Paiaguas) stands out because it meets the 
requirements of different production systems with 
different technological levels, and it shows 
satisfactory forage production during periods of low 
rainfall or dry seasons (COSTA et al., 2016; 
SANTOS et al., 2016). 
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However, little is known about the 
management of Paiaguas palisadegrass after the 
annual crop has been harvested. Therefore, the 
qualitative and quantitative characteristics are far 
below the potential of the tropical forages, making 
the development of studies that aim at the 
improvement of pasture management techniques 
pertinent for rationalizing the use and maximizing 
the potential of the grasses. All this potential can be 
converted into animal gain, maximizing the cost-
benefit ratio of a production system (HOFFMANN 
et al., 2014). 

Because they have direct action on the 
productive characteristics of the pastures, the 
morphogenic variables are of paramount importance 
for the correct management of these areas. 
Morphogenesis can be described by three basic 
characteristics: appearance, elongation, and leaf life 
span. Despite being genetically determined, these 
characteristics can be influenced by environmental 
variables, such as temperature, light intensity, water 
availability, nutrients, and grazing effects, which 
define the rates and duration of the processes 
(CASAGRANDE et al., 2010). 

As with morphogenic variables, knowledge 
of the structural characteristics of the pasture, such 
as the population density of the tillers, the number 
of leaves per tiller, and the leaf:stem ratio, allows 
greater reliability in the results already being 
obtained with tropical grasses because the same 
characteristics determine the total mass available to 
the animal. The production of mass per tiller is 
dependent on the rates of leaf appearance and 
elongation, as well as on the life span of the leaf. 
However, the yield per area and the structure of the 
pasture is dependent on the density of the tillers 
(CAMINHA et al., 2010). 

While taking into consideration the above 
and the importance of pasture management and 
while seeking to contribute to sustainability and 
achieve high yield, the present study aimed to 
evaluate the morphogenic and structural 
characteristics and to determine the population 
dynamics and the survival rate of the tillers through 
a diagram of stability for Paiaguas palisadegrass 
after sorghum intercropping for pasture recovery in 
different forage systems with crop-livestock 
integration.  
 
MATERIAL AND METHODS  
 
Characterization of the area and treatments  

The experiment was conducted in the cattle 
sector of the Goiano Federal Institute, Rio Verde 
Campus, at 748 m altitude, 17°48'S and 50o55'W. 

The area used was Urochloa syn. (Brachiaria 
brizantha cv. Marandu) pasture, implemented more 
than 40 years ago and in an advanced stage of 
degradation. 

Soil samples were collected (Dystrophic 
Red Latosol) (Embrapa, 2013) to determine the 
physicochemical characteristics of the 0-20 cm layer 
of the soil in the experimental area before the forage 
systems were implemented, with the following 
results: clay: 500 g kg-1; silt: 220 g kg-1; sand: 280 g 
kg-1; pH in CaCl2: 5.51; Ca: 2.20; Mg: 0.91; Al: 
0.01; Al + H: 3.30; K2O: 0.09; CEC: 6.51 cmolc dm-

3; and P (Mehlich): 0.34; Cu: 2.2; Zn: 0.4; Fe: 14.4 
in mg dm-3; and MO: 28.70 g kg-1. 

The preparation of the area began with the 
desiccation of the previous crop by an application of 
the herbicide glyphosate at 2.058 g a.i. ha1 with a 
broth volume of 150 L ha1. Thirty days after crop 
desiccation, disking was performed with a disk 
harrow, followed by leveling with a disk. 

The experimental design was a randomized 
complete block design with four replications. The 
treatments were composed of the following forage 
systems: Paiaguas palisadegrass in monoculture, 
sorghum intercropped with Paiaguas palisadegrass 
in the row, sorghum intercropped with Paiaguas 
palisadegrass in the interrow, and sorghum 
intercropped with oversown Paiaguas palisadegrass. 
The evaluations were carried out in the four climatic 
seasons of the year (winter, spring, summer, and 
fall) in the same plots, over a period of one year, 
from July 2015 to August 2016.  
 
Implementation and maintenance of forage 
systems 

The area of each plot was 1042 m2, divided 
into 16 enclosures with electric fence. The sorghum 
used was the Buster hybrid of red grain, without 
tannin and of low size, and the Urochloa species 
was BRS cv. Paiaguas. 

The planting of the forage systems was 
performed mechanically on January 24, 2015, with 
the application of 240 kg ha-1 of P2O5 and 20 kg ha-1 
of FTE BR 20, in the sources of simple 
superphosphate and frits, respectively. 

In monoculture and intercropping, the 
sorghum was sown at a depth of 3 cm. In the 
Paiaguas palisadegrass monoculture, the grass was 
sown at a depth of 3 cm; in the row, it was sown at a 
depth of 6 cm; in the interrow, it was sown at a 
depth of 3 cm and 0.25 m from the sorghum row; 
and in the oversown treatment, it was sown at a 
depth of 6 cm and 0.25 m from the sorghum row, 15 
days after the sorghum had been sown. 
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At 15 DAS (days after sowing), 80 kg ha-1
 

of nitrogen and 40 kg ha-1
 
of K2O, in the form of 

urea and potassium chloride, were applied. On 
05/04/2015, all forage systems were harvested for 
silage by a row forage harvester at 20 cm height 
above the soil.  

After the plants were harvested from the 
forage systems, cover fertilization was conducted in 
all systems, with the application of 80 kg ha-1

 
of 

nitrogen and 30 kg ha-1
 

of K2O. The Paiaguas 
palisadegrass remained at rest for 94 days to allow 
regrowth and development. The long rest period was 
due to the low precipitation obtained during this 
period, which limited development of the grass. 

On 08/25/2015, the animals entered the area 
for evaluation of animal performance and forage 
production. The grazing method was continuous 
stocking, with a variable stocking rate. 

The animals used were of the Nelore breed 
and included 32 females, with a mean age of 12 

months (heifers) and mean initial weight of 180 kg. 
Evaluations were performed over a year, for all 
seasons of the year, with winter being the first 
season evaluated. During this period, eight cuts 
were performed: two cuts per season, with a 28-day 
interval and eight grazing cycles. 

All animals received water and a complete 
mineral mixture ad libitum in the area of each 
enclosure, in addition to sanitary management 
(vaccination and deworming). 

Due to the low availability of forage, in 
December 2015, 80 kg ha- 1 nitrogen and 50 kg ha-1 
of K2O were applied in the form of urea and 
potassium chloride. After fertilization, the Paiaguas 
palisadegrass was not grazed for 28 days for better 
forage development. 

Over the course of the experiment, rainfall 
and mean monthly temperature data were monitored 
daily (Figure 1).  

 

 
Figure 1. Rainfall (mm) and mean temperature (°C) in Rio Verde, Goiás, Brazil, from January 2015 to August 

2016.  
 
Evaluation of forage production  

The evaluations of the canopy height in the 
enclosures were accomplished by measuring 25 
points in each experimental unit with the aid of a 
ruler with centimeter graduations. Samples were 
collected from Paiaguas palisadegrass at medium 
height, according to the grazing cycle of the 
animals, every 28 days in each enclosure at 20 cm 
above the ground to evaluate the dry matter 
production and the leaf:stem ratio. 

The morphological composition and yield 
of the Paiaguas palisadegrass were determined by 
leaf dry mass (LDM), stem dry mass (SDM), dry 
mass of dead material (DMDM), green dry mass 

(GDM), total dry mass (TDM), leaf blade:stem ratio 
(LB:S), and forage accumulation rate (FAR). 

The forage mass (dry green mass - GDM 
and total dry mass - TDM) was quantified by means 
of two samplings per 0.50 x 0.50 m (0.25 m2) square 
enclosures, arranged between rows, by cutting the 
forage contained inside the square at 20 cm above 
the soil, with those values expressed in kg ha-1. The 
samples were separated; fractionated into the leaf, 
pseudostem (stem + sheath), and dead material; and 
dried in a forced circulation oven at 55°C for 72 
hours. In each sample, the number of tillers was 
counted to determine the density of the tillers 
(tillers/m2). 
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The forage accumulation rate (kg ha-1) was 
determined by using two exclusion cages per 
enclosure. Every 28 days, the cages were placed in 
points representative of the mean enclosure height, 
with mass and morphological composition similar to 
the grazing areas. After each cut, made close to the 
ground and inside each cage, the exclusion cages 
were relocated in the enclosures. The forage 
accumulation rate was obtained by means of the 
difference between the forage masses collected 
inside (current cut) and outside (previous cut) of the 
cages, considering only the green portion of the 
plant. 
For evaluations of the morphogenic characteristics, 
five tillers per experimental unit were marked 
throughout the experimental period. Each tiller was 
marked with colored rings, and the position was 
marked with the use of iron rebar to facilitate 
localization. In each data collection cycle, a new 
tiller group was selected for evaluation. 

From the data recorded in the field, the 
following calculations were performed to determine 
the response variables: 
▪ leaf appearance rate (LApR) in leaf/tiller/day: the 
quotient between the number of leaves per tiller in 
the evaluated period and number of days in the 
period. 
▪ phyllochron in days: inverse of leaf appearance 
rate (days/leaf/tiller); 
▪ foliar elongation rate (LElR) in cm/tiller/day: 
mean length variation of the leaf in expansion 
during the evaluation period. 
▪ leaf senescence rate (LSR), in cm/tiller/day: mean 
variation in the length of the senescent portion of 
the leaf, and the result of the product between the 
length of the senescent leaf blade and the proportion 
of corresponding senescent tissue observed 
throughout the evaluation period. 
▪ number of live leaves (NLL): count of the number 
of non-senescent live leaves. 
▪ pseudostem elongation rate (SElR), in 
cm/tiller/day: mean variation of the pseudostem 
length during the evaluation period. 

For the evaluation of the population 
dynamics of the tillers, two PVC rings (20 cm in 
diameter) per experimental unit were used. The first 
tiller marking was performed after grazing, with all 
tillers being marked with a color and called zero 
generation (G0). In the following month, the 
existing tillers in the rings from G0 were counted 
(only the live ones), and the new ones marked with 
a different color. These tillers were then named as 
1st generation (G1) and so on in each month of 
evaluation. Thus, the tillers belonging to all 
generations evaluated were always recounted with 

each new evaluation, and the new tillers were 
marked with a new color, giving rise to a new 
generation. The mean interval between evaluations 
was 28 days.  
 
Statistical analysis  

The variables were submitted to the analysis 
of variance, through the R program version R-3.1.1 
(2014), using the ExpDes package (FERREIRA et 
al., 2014). The means were compared by the Tukey 
test at 5% probability. For the evaluation of the 
forage in the different seasons of the year, the 
analyses were carried out by the repeated measures 
in time model.  
 
RESULTS  

 
No effect was observed for the forage 

systems (p>0.05) on the leaf dry mass, stem dry 
mass, and dry mass of the dead material (Table 1). 
However, a significant difference (p<0.05) was 
observed for the seasons, where the highest value 
observed for the leaf dry mass was in the summer 
and the lowest in the winter. 

For stem dry mass, the highest value was 
obtained in the spring and the lowest in the winter, 
followed by autumn and summer (Table 1). 
However, during winter, the dry mass of the dead 
material was also statistically (p<0.05) higher. 

According to Table 2, values of the green 
dry mass, total dry mass, and leaf blade:stem ratio 
of the Paiaguas palisadegrass followed the same 
behavior of the variables mentioned previously 
(Table 1); that is, no effect (p>0.05) was observed 
of the forage system on these variables. However, a 
significant effect (p<0.05) of the seasons of the year 
on the variables was observed. 

For the dry green mass and total dry mass, 
the same behavior was observed, where the values 
of these variables were higher during spring 
(p<0.05). The leaf blade:stem ratio was higher 
during the summer; however, no significant 
difference (p>0.05) was observed for this ratio 
during the other seasons (Table 2). 

Among the morphogenic and structural 
characteristics, no influence (p>0.05) of the forage 
system was observed for the variables of final leaf 
size, leaf appearance rate, and leaf elongation rate 
(Table 3). For the seasons of the year, a significant 
difference (p<0.05) was observed in the final leaf 
size and leaf appearance rate, with a decrease in the 
values of these variables during the seasons. 
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Table 1. Leaf dry mass (LDM), stem dry mass (SDM), and dry mass of dead material (DMDM) of Paiaguas 
palisadegrass after intercropping with sorghum in different forage systems and seasons.  

Forage systems 
LDM SDM DMDM 

 kg ha-1  

Paiaguas in monoculture 1235.43 2078.75 1481.06 
Sorghum x Paiaguas in the interrow 1145.15 1741.18 1687.40 
Sorghum x Paiaguas in the row 1142.03 1602.59 1442.93 
Sorghum x Paiaguas oversown 941.90 1729.75 1564.43 

P value 0.367 0.097 0.200 
Seasons  
Spring 1177.59 b 3429.46 a 2368.03 a 
Summer 1551.18 a 1210.40 b 1096.06 b 
Fall 947.12 bc 1221.21 b 841.31 b 
Winter 788.62 c 1291.18 b 1870.43 a 

P value <0.001 <0.001 <0.001 
Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5% probability.  
 

Table 2. Green dry matter (GDM), total dry mass (TDM), and leaf blade: stem ratio (LB:S) of Paiaguas 
palisadegrass after intercropping with sorghum in different forage systems and seasons.  

Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5% probability. 
 
 

Table 3. Final leaf size (FLS), leaf appearance rate (LApR), and leaf elongation rate (LElR) of Paiaguas 
palisadegrass after intercropping with sorghum in different forage systems and seasons.  

Forage systems FLS 
(cm) 

LApR  
(cm/ tillers days) 

LElR  
(cm/ tillers days) 

Paiaguas in monoculture 6.458 0.130 0.948 
Sorghum x Paiaguas in the interrow 7.070 0.115 1.113 
Sorghum x Paiaguas in the row 6.960 0.123 0.914 
Sorghum x Paiaguas oversown 6.174 0.127 0.827 
Pvalor 0.107 0.723 0.469 
Seasons  
Spring 8.012 a 0.175 a 1.400 
Summer 6.994 ab 0.145 a 1.053 
Fall 6.281 b 0.109 b 0.980 
Winter 5.374 c 0.065 c 0.370 
P value <0.001 <0.001 <0.001 
Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5% probability.  

Forage systems 
MVS MST LF:C 

 kg ha-1  

Paiaguas in monoculture 3314.09 4795.18 0.72 
Sorghum x Paiaguas in the interrow 2886.31 4573.78 0.72 
Sorghum x Paiaguas in the row 2744.68 4187.59 0.86 
Sorghum x Paiaguas oversown 2671.65 4236.25 0.80 
P value 0.255 0.325 0.144 
Seasons  
Spring 4980.56 a 7348.81 a 0.58 b 
Summer 2388.03 b 3484.09 b 1.25 a 
Fall 2168.28 b 3009.53 b 0.66 b 
Winter 2079.87 b 3950.37 b 0.62 b 
P value <0.001 <0.001 <0.001 
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Among the morphogenic and structural 
characteristics, no influence (p>0.05) of the forage 
system was observed for the variables of final leaf 
size, leaf appearance rate, and leaf elongation rate 
(Table 3). For the seasons of the year, a significant 
difference (p<0.05) was observed in the final leaf 
size and leaf appearance rate, with a decrease in the 
values of these variables during the seasons. 

For the leaf senescence rate and leaf life 
span, no significant effects (P>0.05) were observed 
among the forage systems and seasons (Table 4).  

However, the forage systems did not 
influence the stem elongation rate and number of 
live leaves (P>0.05). However, for the seasons of 
the year, a significant effect (P<0.05) was observed, 
where the highest value for stem elongation rate was 
obtained in summer, and a lower rate was observed 
in winter. For the variable number of live leaves, the 
highest values were obtained during the spring and 
fall (Table 4). 

 
Table 4. Leaf senescence rate (LSR), leaf life span (LLS), stem elongation rate (SElR), and number of live 

leaves (NLL) of the Paiaguas palisadegrass after intercropping with sorghum in different forage 
systems and seasons of the year. 

Forage systems 
LSR 

(cm/ tillers days) 
LLS (days) 

SElR 
(cm) 

NLL 
(n. leaves) 

Paiaguas in monoculture 0.237 21.271 0.294 2.687 
Sorghum x Paiaguas in the interrow 0.222 20.898 0.304 2.650 
Sorghum x Paiaguas in the row 0.163 23.219 0.272 2.756 
Sorghum x Paiaguas oversown 0.147 19.168 0.243 2.418 
P value 0.344 0.628 0.632 0.823 
Seasons  
Spring 0.185 20.938 0.305 a 3.518 a 
Summer 0.219 20.916 0.393 a 2.287 b 
Fall 0.158 18.847 0.269 b 2.775 b 
Winter 0.207 23.854 0.145 c 1.931 c 
P value 0.422 0.448 <0.001 0.003 
Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5% probability.  
 

An interaction was observed between the 
forage systems and seasons of the year for the 
phyllochron (Table 5), with the difference 
significant (p<0.05) for the winter period, which 
obtained the highest value for the intercropping in 
the oversown treatment (14,020 leaves/day/tiller) 
and row (13,087 leaves/day/tiller), followed by the 

Paiaguas palisadegrass in monoculture (1,003 
leaves/day/tiller) and the lowest for the 
intercropping in the interrow (9,876 
leaves/day/tiller). Among the seasons, no significant 
effect (p>0.05) was observed, but the highest value 
was in the winter period (11,003 leaves/day/tiller). 

 
Table 5. Phyllochron (leaves/day/tiller) of the Paiaguas palisadegrass after intercropping with sorghum 

indifferent forage systems.  
Forage systems Seasons 
 Spring Summer Fall Winter 
Paiaguas in monoculture 5.303 9.663 7.142 11.003 b 
Sorghum x Paiaguas in the interrow 6.050 9.596 6.982 9.876 c 
Sorghum x Paiaguas in the row 6.465 8.731 7.122 13.087 a 
Sorghum x Paiaguas oversown 5.675 8.446 6.847 14.020 a 
P value 0.741 0.596 0.992 0.008 
Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5% probability. 
 

Among the variables of tillering dynamics, 
the tiller appearance rates, tiller survival rate, tiller 
mortality rate, and tiller population density were not 
influenced (p>0.05) by the different forage systems. 
However, for the seasons, a significant effect 
(p<0.05) was observed (Table 6). 

The tiller appearance rate presented the 
highest values in summer and fall. The tiller 
survival rate was higher in the spring and summer. 
The tiller mortality rate was higher in the winter, 
followed by fall. The population density of tillers 
was higher in the fall and summer (Table 6).  
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Table 6. Tiller appearance rate (TAR), tiller survival rate (TSuR), tiller mortality rate (TMoR) and tiller 
population density (TPR) of Paiaguas palisadegrass after intercropping with sorghum in different 
forage systems and different seasons of the year.  

Forage systems TAR TSuR TMoR TPR (tiller/m2) 
Paiaguas in monoculture  45.72 37.17 62.82 1452 
Sorghum x Paiaguas in the interrow 34.45 40.63 59.37 1877 
Sorghum x Paiaguas in the row  44.7 37.82 62.18 1804 
Sorghum x Paiaguas oversown  33.95 34.61 65.39 1924 
P value 0.354 0.738 0.739 0.421 
Seasons     
Spring 26.11 b 52.52 a 47.48 c 1554 b 
Summer 52.72 a 44.43 ab 55.57 bc 1886 ab 
Fall 51.56 a 28.97 b 71.02 ab 2717 a 
Winter 15.43 b 17.44 c 82.56 a 779 c 
P value <0.001 <0.001 <0.001 <0.001 

Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5% probability. 
 
DISCUSSION  

 
There were no differences among forage 

systems for the leaf dry mass, stem dry mass, dry 
mass of dead material, green dry mass, total dry 
mass, leaf blade:stem ratio, final leaf size, leaf 
appearance rate, leaf elongation rate, leaf 
senescence rate, leaf life span, stem elongation rate, 
number of live leaves, tiller appearance rate, tiller 
survival rate, tiller mortality rate, and population 
density of tillers, wich showed that the Paiaguas 
palisadegrass can be intercropped with sorghum in 
different sowing ways without harming the 
development of the forage. 

Therefore, the importance of the use of 
crop-livestock integration for the recovery and 
formation of pasture can be observed; that is, after 
the annual crop is harvested, the pasture can be 
developed for use in the dry season of the year, 
when a low availability of forage would typically be 
found due to the seasonality of forage production. 

The highest leaf dry mass yield (Table 1) 
was observed during the summer, when the highest 
final leaf size and leaf appearance rate (Table 3) 
occurred due to the higher amount of precipitation 
during this period (Figure 1), which favored the 
development of the forage. 
Because the Paiaguas palisadegrass is a tropical 
grass, it presents a greater yield of leaf dry mass in 
the months of greater rainfall and higher 
temperature, which increases its yield of leaf blades 
(COSTA et al., 2016; EPIFANIO et al., 2019). 

Relative to the stem dry mass, the higher 
yield in the spring is due to the low rainfall, 
resulting in a higher production of stems and 
consequently lower leaf production, also proven by 
the leaf blade:stem ratio (Table 2). According to 

Lemos et al. (2014), tropical grasses decrease the 
production of leaf blades and increase stem 
elongation due to the low availability of water. 

On the other hand, the lowest values of stem 
dry mass during summer, fall, and winter are due to 
high temperature and higher amount of rainfall, 
which contribute to a higher leaf blade:stem ratio in 
these seasons. However, in the same period, the 
animal stocking rate was high (SANTOS, 2017), 
that is, control of the stem growth was achieved by 
grazing animals, which favors the structural 
components of the pasture. 

The control of the stem through grazing is 
an efficient method to guarantee a good canopy 
structure and prevent the loss of material and 
accumulation of dead leaves (ANJOS et al., 2016; 
GOMIDE et al., 2009). 

The higher values of dry mass of dead 
material and stem dry mass obtained in the spring 
(Table 1) can be explained by the leaf senescence 
rate and leaf life span (Table 4), although these 
variables were not significant between the 
treatments. This finding may have occurred due to 
the high animal load throughout the experimental 
period (7.9, 9.3, 10.1, and 9.2 UA ha-1 for the 
spring, summer, fall and winter, respectively), 
resulting in excessive pasture, thus incurring 
excessive defoliation and reduction of leaf area. In 
addition, these results may be associated with 
climatic conditions (SANTOS et al., 2016; 
CASAGRANDE et al., 2011) such as lower 
temperature and rainfall in the spring (Figure 1). 

The highest green dry mass values in spring 
(Table 2) may be correlated with the final leaf size, 
leaf appearance rate, and number of live leaves. This 
fact can also be explained by the higher dry mass of 
the stem in the same period (Table 1). This result is 
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associated with grazing because more stem occurs 
in the pasture due to the consumption of the leaves 
by the animals. 

The difference found between spring and 
summer was 64.7% for stem dry matter, while the 
difference in the leaf dry mass was 24.1%, 
providing evidence of the higher proportion of 
stems compared to green dry mass. This behavior by 
the grass can be explained by the low rainfall 
(Figure 1) and the time of entry of the animals into 
the enclosures. After harvesting the sorghum, the 
area was closed for 94 days until the addition of the 
animals. During this period, the grass was in free 
growth, which may be explained by the higher 
amount of stem in the increased green dry mass. 

The highest values of stem dry mass and dry 
mass of dead material (Table 1) contributed to the 
observed result for total dry mass in the spring 
period. The pasture closing period (interval between 
the harvest of the plants of the sorghum forage 
systems and the addition of the animals) has a direct 
impact on the proportions of stem and dead material 
in some circumstances. This characteristic may have 
a prolonged effect throughout the spring, which may 
impair the animals' intake of dry matter. 

Even during the dry period, the forage 
availability was satisfactory, especially in the 
spring, which obtained the highest total dry mass 
yield, demonstrating the potential of the Paiaguas 
palisadegrass to produce forage, even with low 
rainfall and while maintaining a high stocking rate. 

Evaluating the dry mass production of 
Paiaguas palisadegrass after intercropping with 
millet, Costa et al. (2016) verified production of dry 
mass of 4,910; 4,822; and 3,675 g ha-1 for forage 
systems in the row, interrow, and oversown 
treatments, respectively. These results were close to 
those obtained in this study, which obtained a mean 
yield of forage systems of 4,448 kg ha-1. 

The highest proportion of leaves, based on 
the leaf blade:stem ratio during the summer, is 
explained by the greater amount of dry mass of leaf 
produced during the same period as well as the 
lower values for the dry mass of the stem. The 
rainfall that occurred during the summer months 
(Figure 1) favored the highest leaf yield in relation 
to the stem (Table 1). 

Evaluating the weight gain of steers and the 
yield of Paiaguas palisadegrass and Piata 
palisadegrass, Euclides et al. (2016), verified values 
of leaf blade: stem ratio of 1.48, a result close to that 
observed in the present study. 

Studying the structural and productive 
attributes of Marandu palisadegrass in response to 
supplemented cattle and grazing cycles, Gomide et 

al. (2009) found leaf dry mass values between 654 
and 2,225 kg DM ha-1 and leaf blade: stem ratios 
from 0.72 to 0.33, and these values were lower than 
those obtained in this work. This difference may be 
due to the morphological characteristics of the 
forages, with the Paiaguas palisadegrass producing 
more DM and a greater leaf blade: stem ratio 
(COSTA et al., 2016; SANTOS et al., 2016). 

The values of final leaf size and leaf 
elongation rate as a function of the different forage 
systems, although not significant, showed a 
numerical increase, which may be related to light 
competition. When the Paiaguas palisadegrass was 
sown in the oversown treatment, the values were 
lower due to the shading provided by the sorghum 
crop. Both variables (Table 3) during the spring and 
summer months were higher due to favorable 
climatic conditions, such as rainfall and temperature 
(Figure 1), favoring the development of the plants. 

Thus, the plant prioritizes the production of 
new leaves and consequently produces new tillers. 
In a study of the morphogenetic and structural 
characteristics of the Xaraes palisadegrass, Sousa et 
al. (2011) verified a final leaf size of 12.2 cm in 
summer and 9.5 cm in fall and a leaf elongation rate 
of 1.54 cm/tiller/day in summer and 1.13 
cm/tiller/day in fall. 

When evaluating the morphogenic and 
structural characteristics of Xaraes palisadegrass at 
different seasons of the year, Rodrigues et al. (2014) 
obtained higher values for the leaf appearance rate, 
with 0.09 cm/tiller/day in the rainy season and 0.07 
cm/tiller/day in the dry season, and for leaf 
elongation rate, they reported 3.18 cm/tiller/day in 
the rainy season and 2.36 cm/tiller/day in the dry 
season. 

Smaller heights tend to increase the 
concentration of auxin (plant growth hormone) and 
the incidence of luminosity in the basal buds, 
allowing the emergence of new tillers and the 
appearance of new consecutive leaves and, 
consequently, increasing the rate of appearance of 
leaves (RODRIGUES et al., 2014), which occurred 
in the present study (Table 3). 

Studying the morphogenic characteristics of 
Marandu palisadegrass in new and old tillers, Paiva 
et al. (2011) observed a leaf appearance rate of 
0.097 cm/tiller/day for young tillers and 0.048 
cm/tiller/day for old tillers, with the leaf appearance 
rate being correlated with the final leaf size. 

The rate of leaf appearance is largely 
determined by two factors: the leaf elongation rate 
and the length of the sheath through which the leaf 
travels to emerge. Thus, any changes in one of these 
factors directly influence the rate of leaf appearance 
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(SALES et al., 2014). In the case of this study, the 
leaf elongation rate did not have as much influence, 
as it experienced no significant effect from the 
treatment. 

As colder months and shorter days 
approached, the Paiaguas palisadegrass increased 
the leaf life span and decreased the leaf appearance 
rate. Although the leaf life span in this study did not 
differ for the seasons (P> 0.05), it tended to increase 
from fall to winter (Table 4) due to unfavorable 
climatic conditions (low rainfall and temperature) 
(Figure 1) for the emission of new leaves. 

In this case, the plant increases the life span 
of the leaves, thus being able to have less loss due to 
senescence. This process is controlled by several 
physiological factors that are associated with grass 
morphogenesis and may also be affected by 
management and region (ANJOS et al., 2016). 

The highest stem elongation rate values, 
observed in the summer and spring (Table 4), are 
associated to the period when there is greater light 
availability and higher temperatures, providing 
better development conditions for the grass. 
However, during this same period, higher leaf dry 
mass production (Table 1) and higher leaf blade: 
stem ratio (Table 2) were observed, showing a 
higher forage yield. 

For the number of live leaves, the highest 
values, which were observed in the spring months, 
are due to the effects of winter, which experienced 
low rainfall. Similar results were reported by 
Casagrande et al. (2010), who studied the 
morphogenetic and structural characteristics of 
tillers of Marandu palisadegrass under intermittent 
stocking and verified values for number of live 
leaves between 3.6 and 4.5 (leaves/tiller). 

This response to the defoliation results from 
compensation by the plant because it allows the 
plant to respond quickly to changes in the 
defoliation system (SALES et al., 2014). This 
resource is activated according to the restricted 
lifetime of the leaf, determined by genetic 
characteristics and influenced by climate and 
management conditions. This event is important 
because the leaves are the portion of the plant with 
the highest nutritional value (PEREIRA et al., 
2011). 

When evaluating the morphogenic and 
structural characteristics of Xaraes palisadegrass, 
Sousa et al. (2011) observed 4.73 leaves/tiller for 
live leaves in the summer and 5.40 leaves/tiller in 
the fall. These values were higher than those 
obtained in this study, which was 2.28 leaves/tiller 
in the summer and 2.77 leaves/tiller in the fall. 

Contrary to the number of live leaves, the 
leaf elongation rate, leaf senescence rate, and leaf 
life span were not significantly different among the 
seasons. However, a tendency existed for these 
values to be lower in the fall, which is explained by 
the low total dry mass production. 

Rodrigues et al. (2014) observed values 
higher than those from this study when evaluating 
Xaraes palisadegrass in the dry and rainy season; 
they observed leaf senescence rate in the rainy 
season of 0.98 (cm/day/tiller) and in the dry season 
of 0.13 (cm/day/tiller) and observed a leaf life span 
in the rainy season of 19.32 (days/leaf) and in the 
dry season of 24.11 (days/leaf). 

Higher levels of residues result in higher 
performance of dead matter because they have a 
higher index of leaf area, which may lead to 
competition for light, thus causing the senescence 
process of the basal leaves of the tiller 
(RODRIGUES et al., 2014). 

The highest values of phyllochron were 
observed in the winter period (Table 5), due to 
shorter days, which contribute to the decrease in the 
average temperatures, affecting the development of 
the plant. Phyllochron represents the time required 
for the appearance between two successive leaves in 
a tiller (PEREIRA et al., 2011). 

On the other hand, the lower value of the 
phyllochron obtained in the system with sorghum 
with Paiaguas palisadegrass in the interrow, 
suggests this form of sowing can be beneficial for 
the interval of emergence for leaves during the 
winter. Lower phyllochron results were reported by 
Junior et al. (2013), who evaluated the productive, 
morphogenic, and structural characteristics of the 
piatã grass submitted to organic fertilization, and 
verified values ranging from 5.14 to 7.84 
(days/leaf/tiller). 

When studying the morphogenetic and 
structural characteristics of the Marandu 
palisadegrass managed under intermittent grazing 
with different forage, Casagrande et al. (2010) 
observed values of phyllochron from 9 to 13.6 
(day/leaf/tiller), values similar to those obtained in 
the winter period in the present study. 

For the tiller dynamics variables, the 
appearance, survival, and mortality rates of tillers 
and the population density of tillers are directly 
correlated with light intensity, rainfall, temperature, 
and nutrients, especially nitrogen. Although not 
significantly different between the forage systems, 
tiller appearance rates and tiller survival rates were 
numerically lower in the oversown treatment (33.95 
and 34.61), with the opposite being observed for the 
tiller mortality rate and tiller population density, 
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which were higher in this treatment, with values of 
65.39 and 1924, respectively (Table 6). 

The highest tillering rates and population 
density of tillers were obtained in summer and fall, 
the highest tiller survival rate was observed in the 
spring and summer, and the highest tiller mortality 
rate was observed in winter and fall (Table 6); these 
variables are directly correlated with the leaf 
appearance rate, leaf life span, and number of live 
leaves. This result is explained by variations in 
climatic conditions (Figure 1) and management 
(GIMENES et al., 2011).  

Paiva et al. (2011), while studying the 
tillering of the Marandu palisadegrass, observed that 
from June to October, the tiller appearance rate was 
low and the tiller survival rate was high. Such 
response indicates that under such limited 
environmental conditions, plants resort to resource 
conservation strategies as a means of ensuring 
persistence, and these strategies are usually 
associated with the final leaf size and tiller lifespan 
(GIACOMINI et al., 2009). 

Evaluating Marandu palisadegrass under 
rotational stock management strategies, Fialho et al. 
(2012) found tiller appearance rate values between 
23 to 48, tiller mortality rate between 20 to 44, and 
TPR between 765 to 1471. These results are similar 

to those obtained in this study and those reported by 
Casagrande et al. (2010) for the population density 
of tillers, with values from 918 to 1742.  
 
CONCLUSIONS 

 
Paiaguas palisadegrass showed satisfactory 

production in all forage systems and may be 
indicated for intercropping with sorghum to promote 
the recovery and formation of pastures. 

The development of Paiaguas palisadegrass 
was reduced in the winter relative to the other 
seasons of the year. However, it presented 
satisfactory dry mass production during this period 
despite the low rainfall. 

The use of crop-livestock integration 
systems is an efficient cultivation technique for the 
recovery and formation of low-cost pastures to meet 
the demands of animal production. 
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RESUMO: O uso de pastagens é a alternativa mais econômica para a alimentação de ruminantes. No 
entanto, a maioria das áreas de pastagens no Brasil Central, encontra-se em algum grau de degradação. Com 
isso, a integração lavoura-pecuária tem se mostrado como alternativa sustentável e viável para a recuperação 
dessas áreas. Sendo assim, objetivou-se avaliar as características morfogênicas e estruturais, determinar a 
dinâmica populacional e taxa de sobrevivência dos perfilhos através do diagrama de estabilidade do capim-
paiaguás, após o consórcio com o sorgo, na recuperação de pastagens, em diferentes sistemas forrageiros na 
integração lavoura-pecuária. O delineamento experimental utilizado foi o de blocos casualizados, com quatro 
repetições. Os tratamentos foram constituídos de quatro sistemas forrageiros: capim-paiaguás em monocultivo; 
sorgo consorciado com o capim-paiaguás na linha; sorgo consorciado com o capim-paiaguás na entrelinha e 
sorgo consorciado com o capim-paiaguás na sobressemeadura. As avaliações foram realizadas nas quatro 
estações climáticas do ano (inverno, primavera, verão e outono) nas mesmas parcelas, durante o período de um 
ano, em 16 piquetes de 1042 m2 sob sistema de lotação contínua. Não foi observado efeito dos sistemas 
forrageiros e estações do ano sobre a taxa de alongamento foliar, taxa de senescência foliar e duração de vida 
das folhas. No período de inverno, houve redução do desenvolvimento do capim-paiaguás em relação as outras 
estações do ano. No entanto, apresentou desempenho satisfatório de produção, mesmo com baixa precipitação. 
Os resultados demostraram que o capim-paiaguás apresenta produção satisfatória em qualquer sistema 
forrageiro, podendo ser indicado para o consórcio com sorgo, para a recuperação e formação de pastagens. O 
sistema de integração lavoura-pecuária tem-se mostrado como técnica de cultivo eficaz para recuperação e 
formação de pastagens de baixo custo, para atender a demanda da produção animal. 
 

PALAVRAS-CHAVE: Urochloa brizantha, perfilho, massa de forragem, pastejo intensivo. 
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