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ABSTRACT: The objective of this study was to evaluate the structure of Tanzania grassland grazed by goats 

managed with different residue leaf area index (RLAI) under intermittent stocking. The experiment was carried out from 
February to August, 2008. The treatments consisted of three different targets RLAI (0.8, 1.6 and 2.4) and 95% light 
interception (LI) criterion determined the rest period. Forage samples were collected at average height sampling points and 
weighed. Subsequently, a smaller sample was removed to separate the morphological components (leaf, stem and dead 
material) and to determine the structural and productive features. The canopy architecture was evaluated by the method of 
inclined point quadrat. The pre-grazing height in the paddocks were significantly different among treatments. RLAI 
influenced dry matter contents of green forage, leaf, stem and total, with the exception of dry matter of dead material, 
where the lowest values were observed for 0.8 RLAI. Thus, RLAI modifies canopy structure and is sensitive to canopy 
height changes throughout the year. Pasture regrowth is not compromised by residual leaf area indexes between 0.8 and 
2.4, when climatic factors are not limiting. 
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INTRODUCTION 

 
Pasture inadequate management results 

from neglecting a fundamental condition necessary 
to balance the grassland ecosystems, which is the 
fine adjustment between supply and demand for 
good quality forage. If this balance is not achieved, 
plant productive capacity is compromised and the 
whole system becomes inefficient. So, it is 
important that pasture management takes into 
account grazing frequency and stubble in order to 
attain the conditions necessary to growth and 
development of forage system under either 
continuous or rotational stocking.     

Research on the use of light interception to 
set grazing frequency date back to the 50´s, a study 
conducted by Brougham. Korte et al. (1982) showed 
that 95% light interception (LI) could be used as a 
criterion for pre-grazing that during the vegetative 
phase; this criterion is valid year round without 
compromising forage growth rate. However, they 
concluded that controlling reproductive 
development is more important than LI management 
as criteria for early grazing. 

The study by Parsons et al. (1988) defined 
critical leaf area index as the moment when forage 
intercepts 95% of the incident light. From then on, 
this criterion has been used as a target grazing 
frequency in several studies using rotational 
stocking systems (DIFANTE et al., 2009; CUNHA 
et al., 2010; LANA SOUZA et al., 2011). This 
model optimizes accumulation rate of forage from 
tropical grass that presents high leaf proportion, low 
dead material proportion and reduced stem 
elongation. The Leaf Area Index (LAI) concept 
developed by Watson (1947) was the starting point 
for numerous studies dealing with the effect of 
grazing on the canopy LAI (BROUGHAM, 1956; 
WARREN WILSON et al., 1961; PARSONS et al., 
1988; CHAPMAN; LEMAIRE, 1993; DA SILVA 
et al., 2009; GIACOMINI et al., 2009). The LAI 
expresses forage yield via increasing percentage of 
LI by determining the plant response to grazing. 
Therefore, changing LAI promotes canopy 
structural changes such as, decreasing leaf/stem 
ratio, dead material accumulation and even, 
compromises plant regrowth after severe 
defoliation. 
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Currently, research focuses on intensity of 
defoliation that may present different responses 
during the year depending on the environment. 
Thus, the stubble of one period reflects on the next 
and may generate positive or negative response on 
the forage, animal performance or both, 
simultaneously. Stubble height and forage mass 
have been used often to define when to stop or 
adjust grazing, and animal load as well; however, 
these variables are lightly influenced by climate 
conditions. According to Korte et al. (1982) similar 
forage heights and masses may have different leaf 
area depending on the survival rate and the 
proportion of leaves.   

The classical model proposed by Chapman e 
Lemaire (1993), widely discussed by Da Silva e 
Nascimento Junior (2007) showed that for tropical 
plants, the interaction between the morphogenetic 
and structural characteristics of the pasture results in 
a LAI that is crucial to promote changes of canopy 
structure in subsequent periods. Therefore, the 
purpose of this study was to evaluate the changes of 
canopy structure over time under different residual 
LAI (RLAI), and to generate a potential RLAI that 
can be maintained in the plant community without 
compromising forage performance.    

 
MATERIAL AND METHODS 
 

The experimental area was utilized with 18 
paddocks of 243 m2 Panicum maximum Jacq. cv. 
Tanzania grassland in the College of Agriculture 
and Veterinary Sciences (FCAV), São Paulo State 
University (UNESP), Jaboticabal, Sao Paulo, Brazil. 
The treatments consisted of three targets of RLAI, 
0.8, 1.6 and 2.4, arranged in randomized block 
design with six repetitions. The RLAI was the 
criterion for period of animal occupation and 95% 
light interception the criterion to determine grazing 
frequency according to intermittent stocking 
management.  

The soil is classified as dystrophic Red 
Latosol, clay texture moderate, kaolinite hypoferric 
and gently undulating (EMBRAPA, 2006). The 
climate is classified as Aw, described as tropical, 
with well defined dry winters from June to 
September and rainy summers, with rainfall from 
December to March.  

The experimental period lasted from 
February to March, 2008 (first grazing cycle); from 
March to April, 2008 (second grazing cycle) and 
from May to August, 2008 (third grazing cycle). 
During August, 2007 soil samples were collected at 
depths from 0 to 20 cm, in order to detect possible 
deficiencies and make the necessary corrections. 

The soil of the experimental site had a pH of 5.6, 
considered suitable for grass. The phosphorus (P) 
and potassium (K) levels were, respectively, 28.0 
mg/dm3 and 2.7 mmolc/dm3. The paddocks were 
fertilized with 150 kg/ha of N (urea), split into three 
doses of 50 Kg/ha each, during January, March and 
April. There was no need for fertilization with 
phosphorus (P) and potassium (K), since soil 
chemical composition met the mineral requirements 
of the grass.   

Both LAI and LI of the grassland were 
measured with the aid of a Decagon AccuPAR 
canopy analyzer, model LP-80 (USA). Twenty 
random readings were conducted per paddocks, 
between 9 and 12 o´clock, according to the 
equipment manual.  RLAI was estimated  for the 
paddocks that were being grazed daily, until the 
sward reached the desired residue LAI.  LI was 
determined in the paddocks at recovery period 
weekly, and then daily when LI reached about 90%.  
Sward RLAI was controlled by adjusting the 
stocking rate in each paddock following the put-
and-take stocking method, according to Mott 
(1960). Number of animals was adjusted daily 
following routine RLAI measurement, aiming to 
reach the recommended residue level after 
approximately three days. This adjustment was 
reached by the equation below:  daily LAI = 
(critical LAI – residual LAI treatment) /stocking days – 
that is, the difference between critical LAI (95% LI) 
and recommended (0.8; 1.6; or 2.4 RLAI) divided 
by stocking days, resulted in an estimated LAI that 
should be consumed per day. When the measured 
value was lower than the daily LAI given by the 
mathematical equation, animal stocking was 
reduced by taking from the paddock regulator 
animals; likewise, when the value was higher, 
animal stock was increased by putting regulator 
animals. Eight crossbred Boer x Saanen goats, 
average age 6 months, were used as test animals per 
treatment, and a variable number of regulator 
animals. Daily grazing lasted 11 hours (7 a.m. to 6 
p.m.) and the goats were housed during the night.  

Canopy architecture was measured by 
inclined point quadrat (Laca and Lemaire, 2000). 
The equipment was placed at different average 
heights in the pre and post-grazing sward. The 
readings, in cm, were given by each canopy 
component touched the equipment ruler, up to 100 
readings were recorded in a worksheet. The 
following sward components were measured: stem 
(stem, sheath and inflorescence), leaves (leaf blade) 
and dead material. Pre and post-grazing sward 
height measurements were conducted in 20 random 
points, using a PVC tube type ruler (cm). In the 
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average canopy height forage samples were 
collected at soil level with the aid of pruning shears 
and ring (0,25 m2).  After weighing, a 400 g 
subsample was taken and separated into the 
following morphological components: stem, 
stem+sheath and dead material. The number of 
tillers was counted for each sample to determine 
tiller density (tiller/m2). Subsequently, plant 
morphological components were placed in paper 
bags and taken to a dryer air circulation (55 ºC) 
during 72 hours and weighed soon afterwards to 
determine dry matter of each component.  
Component dry matter data were used to determine 
the following ratios leaf:stem, green mass:dead 
material; as well as dry matter of green forage, leaf, 
stem and dead material, and finally, total dry matter 
in  kg DM/ha.  

The experimental data were analyzed using 
the SAS 9.0 statistical program. The variables were 
analyzed as a split-plot design by the MIXED 

procedure, which looked at the best structure of the 
covariance matrix. Treatment means were compared 
by Tukey test at 5%.  

 
RESULTS AND DISCUSSION 
 

RLAI values of 0.8, 1.6 and 2.4 were 
reached after average 37days/67days; 
37days/42days and 37days/42days rest periods, 
respectively, over three grazing cycles.  

Pre-grazing light interception values (LI) 
shown in Table 1 indicated that the 95% LI target to 
put the animals in the paddock was reached, and 
average critical LAI values were 5.4 for different 
RLAI. According to Parsons et al., (1988), critical 
LAI is reached when 95% of the incident radiation 
is intercepted. Humphereys (1991) reported that, for 
pastures in general, LAI values lie typically between 
3 and 5.  

 
Table 1. Light interception (LI), average height (Height) and leaf area index (LAI), pre and post-grazing of 

Tanzania grass submitted to different RLAI*, along the grazing cycles.  
 Pre-grazing Post-grazing 

Treatment LI (%) Height LAI LI (%) Height LAI 
RLAI – 0,8 94,72 a1 49,55 c 5,31 a 40,50 c 25,14 c 0,89 c 
RLAI – 1,6 95,17 a 56,12 b 5,25 a 52,06 b 32,32 b 1,38 b 
RLAI – 2,4 95,67 a 60,81 a 5,75 a 69,06 a 40,96 a 2,23 a 

Cycle            
Feb-Mar/08 95,05 a 57,59 a 5,37 a 50,89 b 31,17 b 1,39 b 

Mar-April/08 95,44 a 59,39 a 5,7 a 53,89 ba 35,42 a 1,57 a 
May-Aug/08 95,05 a 49,49 b 5,23 a 56,83 a 31,84 b 1,55 ab 

1 Means followed by the same letter do not differ by Tukey (P>0,05). 
* Structure of Covariance matrix: AR (1) - autoregressive. 

 
In the pre-grazing, the residue of less 

intensive grazing resulted in higher plants. This fact 
indicates that shorter residue allows the grass to 
grow more prostrate, modify foliage arrangement 
and increase the efficiency of light interception. 
Although, different RLAI resulted in plants with 
changing heights, it did not change LI and LAI. 
Likewise, this plasticity was observed over the 
grazing cycles, which had lower pre-grazing heights 
in the last cycle (May-Aug/08), a period of 
increased solar radiation. 

According to Lemaire & Agnusdei (2000), 
swards can be considered a highly adjustable 
system, where any structural change determines 
responses of plant morphogenesis and, in turn, 
modifies canopy structure. These authors stated that 
this phenomenon known as phenotypic or 
morphological plasticity, is very important for plant 
adaption process to defoliation. Pearce et al. (1967) 
stated that vertical leaves may intercept less light 

compared to the more horizontal ones. However, 
such leaf positioning allows light to be reflected and 
to reach leaves that are positioned lower in the 
sward. Therefore, in environments where light 
intensity is high, more efficient use of light occurs 
with lower values of light extinction coefficient, 
when leaf lamina is more upright and the base more 
horizontal (WARREN WILSON, 1961). The pre-
grazing height was 55.5 cm when LI was 95%. This 
result is corroborated by Mello and Pedreira (2004), 
who reported that a canopy of Tanzania grass 
reached 95% LI at approximately 55 cm. On the 
other hand, Barbosa et al. (2007) and Difante et al. 
(2009) reported values close to 70 cm for average 
put height, at 95% LI  for Tanzania grass. In the 
post-grazing, heights were significantly (P<0.05) 
different for changing RLAI, but this variation was 
determined by the stocking management adopted to 
generate the desired RLAI that corresponded to the 
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treatments, and as a consequence, differences in 
residual LI were also found.  

Despite the fact that same pre-grazing 
criterion was adopted for sward management (95% 
LI), DMleaf and DMstem contents were affected by 
the lowest RLAI (0.8). The highest intensity grazing 
resulted in less elongated stem and consequently, 
less stem dry matter. Thus, the smaller stem resulted 
in smaller green leaves because the ligule was more 

quickly exposed compared to the other treatments, 
which probably reduced leaf dry mass (Table 2). 
According to Lemaire & Chapman (1996), leaf final 
length is a plastic trait responsive to defoliation. 
Pena et al. (2009) reported lower values of leaf final 
length for 25 cm height in response to decreased 
length of leaf sheath, when submitted to more 
severe defoliation as demonstrated by Duru and 
Ducrocq (2000), while the opposite is also true.   

 
Table 2. Dry matter contents of green forage (DMgreen), leaf (DMleaf), stem (DMstem), dead material dry 

matter (DMdeadM) and total (DMtotal),  in the pre-grazing,  submitted to different RLAI *, along the 
grazing cycles.  

 Pre-grazing 
Treatment DMgreen DMleaf DMstem DMdeadM DMtotal 

 --------------------------- Kg DM/ha ------------------------- 
RLAI - 0,8 4828,0 b1 2332,1 b 1517,4 b 2416,4 a 7244,4 b 
RLAI - 1,6 6234,4 a 3044,4 a 2260,2 a 2841,6 a 8871,4 a 
RLAI - 2,4 6994,4 a 3404,9 a 2475,6 a 2789,3 a 9783,7 a 

Cycle           
Feb-Mar/08 5074,7 b 2938,8 a 1444,0 b 1640,3 b 6715,0 b 

Mar-April/08 6356,5 ba 2914,1 a 2320,9 a 3036,7 a 9188,5 a 
May-Aug/08 6625,6 a 2928,5 a 2488,4 a 3370,3 a 9995,9 a 

1 Means followed by the same letter do not differ by Tukey (P>0,05); * Structure of Covariance matrix: AR (1) - autoregressive. 
 
In the post-grazing, DMdeadM were not 

significantly different, but dry matter of DMgreen 
and DMtotal changed with changing RLAI 
(P<0.05). The RLAI 0.8 yielded the smallest forage 

mass. This result may be attributed to the 
experimental treatments, since different  RLAI 
results in different  post-grazing stubble (Table 3).   

 
Table 3. Dry matter of green forage (DMgreen), dead material (DMdeadM) and total (DMtotal) in the post-

grazing, of Tanzania grassland submitted to different RLAI* along the grazing cycles.  
 Post-grazing 

Treatment         DMgreen DMdeadM DMtotal 
 -------------------- Kg DM/ha --------------------- 

RLAI - 0,8 2974,5 c1 2482,4 a 5456,9 b 
RLAI - 1,6 4018,5 b 2937,1 a 6955,5 ab 
RLAI - 2,4 5531,4 a 2992,3 a 8693,5 a 

Cycle       
Feb-Mar/08 3417,3 b 1899,4 b 5316,8 b 

Mar-April/08 4807,8 a 3337,0 a 8314,6 a 
May-Aug/08 4299,2 a 3175,3 a 7474,5 a 

1 Means followed by the same letter do not differ by Tukey (P>0,05); * Structure of Covariance matrix: AR (1) - autoregressive. 
 
The pre-grazing ratios of green mass, leaf 

and stem in the forage, as well as dead material 
were not significantly (P>0.05) affected by 
changing RLAI (Table 4); but they did change over 
time. In the post-grazing, the green mass ratio 
(P>0.05) and the percentage of dead material 
(P=0,063) did not change with either changing 
RLAI or grazing cycles.  

The Tanzania grass of this experiment 
displayed different values for dry matter of green 

forage, leaf, stem and similar dead material for 
changing RLAI (Table 2). Also, their percentage in 
the forage mass was similar for different RLAI 
(Table 4), which resulted in similar tiller density 
(NP/m2), similar leaf:stem and green mass:dead 
material ratios for changing RLAI (P>0.05), except 
for dry matter per tiller (DM/tiller) and the ratio 
green mass:dead material, which were higher for 2.4 
RLAI (P<0.05) (Table 5). 
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Table 4. Percentage of green mass (%greenM), leaf (%leaf), stem (%stem) and dead material (%deadM) in the 
pre-grazing, and green mass (%greenM) and dead material (%deadM) in the post-grazing of a 
Tanzania grassland submitted to different RLAI*, along grazing cycles.  

 Pre-grazing Post-grazing 
Treatment % greenM %leaf %stem %deadM %greenM %deadM 
RLAI - 0,8 81,17 a1 42,89 a 38,72 a 19,05 a 77,67 a 22,33 a 
RLAI - 1,6 83,33 a 41,28 a 42,17 a 16,44 a 80,06 a 19,94 a 
RLAI - 2,4 83,28 a 42,89 a 40,78 a 16,28 a 82,28 a 17,72 a 

Cycle             
Feb-Mar/08 96,22 a 50,22 a 36,11 b 12,67 b 81,61 a3 18,38 a3 

Mar-April/08 80,83 b 40,28 b 40,78 ba 19,83 a 77,56 a 22,44 a 
May-Aug/08 80,72 b 36,56 b 44,78 a 19,28 a 80,83 a 19,17 a 

1 Means followed by the same letter do not differ by Tukey (P>0,05); * Structure of Covariance matrix: AR (1) - autoregressive. 
 
 

Table 5. Dry matter per tiller (DM/tiller), tiller density (tiller/m2), leaf:stem (L/S) and  green mass:dead 
material (greenM/deadM) ratios in pre-grazing, and green mass:dead material (greenM/deadM) ratio 
in post-grazing, of Tanzania grassland submitted to different RLAI*, along grazing cycles 

 Pre-grazing Post-grazing 
Treatment DM/tiller 1 tiller/m2 L/S greenM/deadM greenM/deadM 
RLAI - 0,8 0,16 b2 1048,29 a 1,77 a 2,92 a 1,37 b 
RLAI - 1,6 0,20 ba 1277,65 a 1,55 a 3,03 a 1,63 b 
RLAI - 2,4 0,22 a 1179,06 a 1,62 a 2,85 a 2,10 a 

Cycle           
Feb-Mar/08 0,22 a 649,2 b 2,34 a 4,10 a 1,94 a 

Mar-April/08 0,18 ab 1344,8 a 1,36 b 2,49 b 1,68 ab 
May-Aug/08 0,17 b 1511 a 1,23 b 2,21 b 1,49 b 

1 Dry matter values are expressed as g DM/tiller; 2 Means followed by the same letter do not differ by Tukey (P>0,05); * Structure of 
Covariance matrix: AR (1) - autoregressive. 
 

The first grazing cycles resulted in lower 
DM/tiller (P<0.05), showing that tiller weight 
decreases when tiller density increases. In the last 
two grazing cycles (Mar-April/08 and May-Aug/08) 
the ratios leaf/stem and green mass/dead material 
were similar (P>0.05), but lower than the first 
grazing cycle. In the post-grazing, the green 
mass/dead material ratios were similar (P>0.05) for 
0.8 and 1.6 RLAI and lower for 2.4 RLAI (P<0.05) 
(Table 5).  

Figure 1 shows that the pitch was quite 
dense and displayed high percentage of stem and 
dead material in the first 24, 32 and 40 cm for the 
RLAI of 0.8, 1.6 and 2.4, respectively. However, 
average post-grazing heights of 25, 32 and 41 cm 
(Table 1) for the RLAI of 0.8, 1.6 and 2.4, 
respectively; show that increasing grazing intensity 
to adjust the RLAI for the different treatments 
forced the goats to graze in the paddocks until they 
reached the strata with greater stem participation, 
thus effectively controlling this component. Difante 
et al. (2009) observed higher proportions of stem 
and dead material in the layer between 25 and 50 cm 
tall and higher proportions of leaf in the strata above 
50 cm. 

The efficient control of stem elongation, 
resulting from the habit exhibited by the goats of 
selecting the youngest leaves of the canopy, the 
large majority non-expanded leaves, induced to 
strong tillering by capturing the meristem, which 
breaks the apical dominance and consequently, 
stimulates sprouting of new tillers. This fact resulted 
in high tiller density, along with low DM/tiller 
during the grazing cycles (Table 5). According to 
Zarrough and Nelson (1980), the two components of 
plant weight, tiller number and weight, vary 
inversely.    

The values of DMdeadM could imply a 
worse condition of the paddocks, with 33% of total 
dead material while for RLAI of 1.6 and 2.4 it was 
30 and 29%, respectively. However, this variable 
was similar for all RLAI (Table 2). This fact 
confirms the assumption that the maximum 
production of green leaf with minimum loss by 
senescence is reached at 95% LI, as described by 
Korte and al. (1982). In this sense, Parsons et al. 
(1988) stated that this point coincides with the end 
of the linear phase of the growth curve described by 
Brougham (1955). 

 



1816 
Tanzania grass structure…       LEMOS, N. L. S. et al. 

Biosci. J., Uberlândia, v. 30, n. 6, p. 1811-1818, Nov./Dec. 2014 

 
Figure 1. Canopy structure of Tanzania grassland with different Residual Leaf Area Index (RLAI); A) 0.8 

RLAI; B) 1.6 RLAI and C) 2.4 RLAI.  
 

In this study, DMleaf did not change over 
time; however, the complete restoration of leaf area 
to capture 95% LI was possible by increasing the 
rest period, which resulted in  pasture qualitative 
losses due to increasing dry matter of both, stem and 
dead material (P<0.05) (Table 2).  

The effect of the grazing cycle is clearly 
evident in the proportion of morphological 
components. Successive grazing cycles decreased 
the proportion of leaves and increased stem and 
dead material contribution in the canopy 
architecture (Table 4), which changed the resulting 
forage mass during the grazing cycles (Table 2). 
Nevertheless, these results show that these 
components are distributed in different layers in the 
canopy and the most efficient canopy architecture 
management should have higher percentage of stem 
and dead material in layers below 32 cm and leaves 
in the upper layers (Figure 1).     

Difante et al. (2010) found no differences 
for the ratios between leaves and dead material for 
the heights between 25 and 50 cm, however, the 
authors observed that the stem proportion was 

higher for pastures managed with post-grazing 
residue of 50 cm. Thus, the authors stated that 
higher post-grazing stubble promote less control of 
canopy architecture and may affect accumulation 
and the nutritive value of the forage produced in the 
medium and long term. On the other hand, shorter 
stubble promotes greater tissue renewal, which is 
associated with more efficient forage production 
(MARCELINO et al., 2006). 

 
CONCLUSION 
 

The RLAI modifies canopy structure  and is 
sensitive to sward changes throughout the year. The 
regrowth of the sward is not compromised when 
RLAI ranges from 0.8 to 2.4, and climatic factors 
are not limiting. From the results presented, it can 
be concluded that 1.6 RLAI combined with 32 cm 
height is recommended for grazing goats during the 
rainy season, due to high leaf dry matter, good 
canopy structure and good stocking rate per unit 
area.    

 
 
RESUMO: O objetivo deste estudo foi avaliar a estrutura do capim Tanzânia manejado com diferentes índices 

de área foliar residual (IAFR) pastejado por caprinos sob lotação intermitente. O experimento ocorreu de fevereiro a 
agosto de 2008. Os tratamentos consistiram em três diferentes estratégias de IAFR (0,8, 1,6 e 2,4) e o critério de 95% de 
interceptação luminosa (IL) para determinação do período de descanso. Amostras de forragem em pontos de altura média 
foram colhidas e pesadas. Posteriormente, uma subamostra foi colhida para separação dos componentes morfológicos 
(folha, colmo e material morto) e para determinação das características estruturais e produtivas. A arquitetura do dossel foi 
avaliada pelo método do ponto inclinado. No pré-pastejo, os valores de altura dos piquetes foram diferentes entre os 
tratamentos. O IAFR influenciou a massa seca dos componentes de forragem verde, folha, colmo e total, com exceção da 
massa seca de material morto, onde foram observados menores valores no resíduo de 0,8 IAFR. Portanto, o IAFR modifica 
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a estrutura da planta e é sensível a mudanças na altura do dossel ao longo do ano. Índices de área foliar residual entre 0,8 e 
2,4 não comprometem a rebrota do pasto, quando os fatores climáticos não são limitantes. 

 

PALAVRAS-CHAVE: Analisador de dossel. Interceptação luminosa. Massa de forragem. Ponto inclinado. 
Resíduo. 
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