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Abstract 

Plant performance depends directIy on the available light, and defoliation 
may change plant structure by altering light interception. These two factors, 
irraruance and defoliation, together may cause important effects on growth pat
terns. The present research was conducted to evaluate growth and biomass allo
cation of guineagrass (Panicum maximum Jacq.), a C4 shade-tolerant plant, 
after acclimation to three light regimes, and to establish the effect ofdefoliation. 
After seedling emergence, plant height and the number ofleaves and culms were 
recorded daily for 60 d. Harvests were made at 33 d and 63 d after planting. 
Other plants were clipped at 20 or 40 cm or left undefoliated (controls). Guineagrass 
was taller in the shade, with fewer leaves and culms than in full sunlight. In 
partialshade, leafarea and dry biomass were reduced less than in deep shade. 
Leaf area ratio (LAR) increased with decreasing irradiance due mainly to in
creases in specific leafarea (SLA), although leafweight ratio (LWR) contributed 
to this effect. The biomass response to clipping was fairly similar in an irradi
ances, but there was a significant interaction ofheight of clipping and irraruance 
on root/shoot ratio (R/S). Root/Shoot ratio decreased with clipping in deep shade 
and fullsunlight. The reduction was greatest under full sunlight conditions. The 
increases in LAR induced by shading may have adaptive significance in 
guineagrass. LWR was more affected by clipping than other biomass param
eters, because it increased with more intense clipping, regardless of the irradience 
regime. Changes in irradiance affected LAR and SLA, whereas the effect of clip
ping was significantly greatest on LWH. Generally, biomass allocation of 
guineagrass was affected by clipping and irradiance, and growth depended on the 
irradience received. 
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Resumen 

El comportamiento de las plantas depende directamente de la luz disponible, 
y la defoliación puede cambiar la estructura de la misma mediante alteraciones 
en la intercepción lumínica. Estos dos factores juntos, irradiación y defoliación, 
pueden causar efectos importantes en los patrones de crecimiento vegetal. La 
presen te investigación fue realizada para evaluar el crecimiento y distribución de 
biomasa de plantas de guinea (Panicum maximum Jacq.), planta C4 tolerante a 
la sombra, después de aclimatarse a tres regimenes lumínicos, y para establecer 
el efecto de la defoliación sobre dichos parámetros. Después de la emergencia de 
las plán tulas, se determinó la altura de la planta y el número de hojas durante 60 
d. Se realizaron cosechas a los 33 y a los 63 dias después de la siembra. Otras 
plantas fueron cortadas a 200 40cm de altura o dejadas sin corte como control. 
El pasto guinea fue más alto en la sombra, y con menos hojas y culmos que en luz 
solar total. En la sombra parcial, el área foliar y la biomasa disminuyeron menos 
que en sombra profunda. La relación de área foliar (RAF) aumentó con la 
disminución de la irradiación debido principaimente a aumentos en el área foliar 
especifica (AFE), aún cuando la relación de peso foliar (RPF) contribuyó a este 
efecto. La respuesta de la biomasa al corte fue bastante similar en todas las 
irradiaciones, pero hubo una interacción significativa de la altura de corte y la 
irradiación sobre la relación raizlvástago (RlV). La relación raizlvástago disminuyó 
con el corte en la sombra profunda y luz solar total. La reducción fue mayor bajo 
condiciones de luz solar total. Los cambios en la irradiación afectaron a RAF y 
AFE, mientras que el corte alteró principalmente a la RPF. En general el efecto 
del corte sobre el crecimiento y distribución de biomasa del pasto guinea dependen 
de la irradiación recibida durante el crecimiento de la planta. 
Palabras claves: Irradiación, corte, distribución de biomasa. 

Introduction 

Light provides the energy needed grass has focused on the effects of de
for photosynthesis, and canopy shad foliation frequency and intensity (31) 
ing from trees may influence plant and the interaction ofdefoliation with 
productivity and seedling survival. Ir water stress (17,18). Little Informa
radiance (quantum flux density) is a tion is available concerning the com
key factor in the field which varies bined effects oflight and defoliation on 
seasonally, diurnally and spatially (2). plant responses in general. and on 

Guineagrass, as well as other guineagrass specifically (19,29,30). 
grasses are a very important compo Previous paper showed that 
nent of tropical pastures. The effects plants shaded by other trees produced 
oflight on sorne physiological responses larger. thinner and wider leaves, with 
ofguineagrass have been investigated no damage, and higher LAR, LWR and 
(7, 13). Previous work with guinea- SLA, lower allocation to the roots and 
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a fourfold decrease in net photosyn the
sis and stomatal conductance (19). The 
changes in the distribution pattern 
caused by the lower irradíence were 
not altered by clippíng intensity. In 
turn, intense clipping produced more 
changes in assímilation patterns. The 
more intensively clipped planta showed 
the greater photosynthetíc rate and 
stomatal conductance specially under 
fullsunlight (19). Very high irradiance 
and intense clipping may alter grass 
performance in sorne areas depending 
on the season. 

An enhancement in photosynthe
sis as a result ofclipping was observed 
in guineagrass (l8). This effect could 
lead to increased growth. The objec
tive ofthis research was to acclimate 
guineagrass to different ligh t regímes, 
evaluating its response, followed by 
differen t clipping treatments after ac
climation to each irradiance, to deter
mine ifthe effect ofclipping on growth 
and biomass allocation depended on the 
irradiance received during growth. It 
was assumed that shading attenuated 
the clipping effect. 

Materials and methods 

Seedlings were germinated in 50 
kg plastic pota filIed with a soíl mix
ture taken from the field. The soil pH 
was 6.2 to 6.4, conductivity was 80.3 
/lMhos, P was =5 g kg,1, K was =50 to 
100 g kg'!, and organic matter was 1.34 
%. The methods used for P, K, and 
organic matter determinations as well 
as other environmental variables are 
the same as described by Paez et al. 
(17). Plants were grown under three 
treatments: full sunlight (100 % of 
ambient light), partial shade (30 % of 
ambient light) and deep shade (10 % 
of ambient light). Partial and deep 
shade treatmenta were achieved by 
placing the plants under one or two 
layers ofneutral density shade cloth, 
respectively. The full sunlight treat
ment was in an adjacent unshaded 
area. The mean daily photosynthetic 
photon flux densities (PPFD) received 
in each light treatment during mea
surement days with clear skies were 
150,400 and 2 000 /lE m,2 S,l for the 
10,30 and 100 % sunlight treatments, 
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respectively. 
Treatments were replicated two 

times. Mter seedlings reached 10 cm 
in height, the population in each pot 
was thinned gradually to leave one 
plant per poto There were a total of 50 
plants per light treatment. At 33 and 
63 days after planting (DAP), two 
groups of five replicate plants from 
each of the three light treatments were 
harvested. They were selected at ran
dom since the begining of the experi
ment. The planta harvested at 63 DAP 
were previously used to record the 
number of leaves, number of culms 
and heights every two or three days. 

At each harvest, plants were 
separated into leaves, culms and 1'OOts. 
Leaf area was measured with a LI
3100leafareameter(Li-Cor, Lincoln, 
NE). Roots were washed to remove soil. 
Leaves, culms and roots were placed 
in individual bags, dried at 65 oC for 3 
d, and weighed to obtain dry biomass. 
The remaining 30 plants in each light 
treatment were divided into three se
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ries at the begining ofthe experimenta. 
In the first series, two groups of five 
randomly selected planta were clipped 
at 20 cm from the soH surface. In the 
second series, two groups offive planta 
were clipped at 40 cm from the soil 
surface. In the third series two groups 
of five plants were left uncapped as 
controls. Clippings were performed 
with a 4-wk interval between each 
other. A final harvest was determined 
at the end ofthe experimento 

Using dry biomass and leafarea 
data, mathematical growth analysis 

techníques were applied (19) to caIcu
late LAR, LWR, SLA and RIS. The 
experíment was a 3 -factorial arrange
ment in a completely randomized de
signo This arrangement was used to 
test for the effect of the two factors. 
irradiance and cLipping height. Analy
sis of variance was applied to deter
mine maín effects and their interac
tions (23) on plant growth and biom
aas allocation. Tukey's test was applied 
for mean separation ofthe dependent 
variables at a 5 % probability level. 

Results 


Effect ofirradiance. Planta grown culm and root biomass than those 
in íull sunlight showed a linear in grown in deep shade (table 1). 
crease in height with time. Plant SignificantIy LAR increased with 
height was greatest under partíal decreasing light treatment (table 2). 
shade (figure O. The number ofleaves This effect was due mainly to increases 
(figure 2) and culms (figure 3), how in SLA both at 33 and 63 DAP. Leaf 
ever, increased with increasing irra weight ratio (LWR) was greater in deep 
diance. and partial shade than in full sun at 

At 33 DAP, plants grown in full 33 DAP. Root-to-shoot ratio was 
sun hadsignificantly greater leafarea higher in deep shade than in partial 
and total dry biomaas than those grown shade and full sun at 33 DAP, at the 
under partial-and deep- shade (table second harvest, 63 DAP, RlS ratio was 
1). In partial shade, leaf area was re lower in deep shade (table 2). 
duced 17 % at33 DAP, and21 %at63 lnteraction oí irradiance with 
DAP. In deep ahade, the reduction in defoliation. The response to clipping 
leafarea was 93.5% and 95 %, respec was consistent with the light condi
tively. In addition, dry biomass was tions. In deep (figure 4) and partíal (fig
reduced 55 and 72 % under partial ure 5) shade, clipping the plants at 40 
ahade, and 97 % and 99 % under deep cm height reduced dry biomass rela
ahade (table 1). tive to the controls. But in full sun

Components oí dry biomass light, there were no differences be
(leaves, culms and roota) were signifi tween the 40 cm treatment and the 
cantly greater under full írradiance unclipped controls (figure 6). 
than under partial and deep shade. In deep (figure 4) and partíal (fig
Similarly, guineagrass plants grown ure 5) shade, root, culm, leaf, and 
underpartial shade produced more leaf, panicle biomass increased with less 

628 



Rev. Fac. Agron. (LUZ). 1997, 14: 625-639 

Tahle 1. 	Total leaf area per plant and dry hiomass of leaves, culms, 
roots and total Momaaa of guineagraaa planta grown under 
fu1l sun, partíal and deep shade (100, 30 and 10 % ol amhient 
light) at 33 and 63 DAP. n =10*. 

First harvest 
33DAP 

Treatment Leafarea Leaf Culm Root Total 
and sheath 

% dm 2 g plant l 

10 
30 

100 

0.55a 
7.04b 
S.43c 

O.lla 
1.52b 
3.05c 

0.04a 
0.7Sb 
1.9Sc 

0.03a 
0.21b 
0.52c 

O.16a 
2.52b 

5.54c 

Second harvest 
63DAP 

Treatment Leafarea Leaf Culm 
and sheath 

Root Total 

% dm 2 g plant· l 

10 0.S9a 0.25a 0.04a O.06a 0.29a 
30 14.S5b 3.76b 2.60b 2.36b 6.56b 

100 IS.75c S.76C S.26c 6.36C 23.4OC 

*different letters following means on the same column are significantly different at the 5 % 
level oí probllbilíty. 

intense clípping. Therefore, the biomass of green leaves was similar, 
undefoliated controls produced more and dry leaves increased in the con
biomass than plants clipped at 40 cm trols (figure 6). In this full light re
and 20 cm. Biomass production was, gime, the plants clipped at 20 cm pro
in fact, similarly affected by clipping duced the least root, culm and lembio
height: In full sunlight, root, leaf and mass. 
panicle biomass increased with less Shaded leaves had a greater lAR 
intense clipping, but culm biomass and SLA than leaves produced in full 
was greatest in the plants clipped at sun (ftgure 7 and S). More clipping in
40 cm (figure 6). This result suggests creased LAR in partíal shade and full 
that leaf senescence had taken place sunlight, and increased SLA in both 
in the undefoliated controls. The dry shading treatments (figure 7 and 8). 
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O;---~~--~----~----r---~----~--~ 
o 5 10 15 20 25 30 35 

Days after planting 

Figure 1. 	Height ol guineagrass plants grown lrom seeds under fuIl 
sun, partial and deep shade (100,30 and 10 o/e olambient light). 
n= 10. 

o 

Figure 2. The numberofleaves ofguineagras8 grown from seeds under 
fullsun, partia} and deep shade (100, 30 and 10 o/e of ambient 
light). n = 10. 
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Figure 3. Tbe number olculms olguineagrass plants grown under fuU 
sun, partial and deep sbade (lOO, 30 and 10 % olambient ligbt). 
n= 10. 
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Height of clipping 

Figure 4. Dry biomass (g) ol roots, culms, green leaves, dry leaves and 
panicles olguineagrass plants grown lrom seeds under deep 
shade (10 % ol ambient ligbt) and clipped at 20- and 40-cm 
lrom tbe soíl eurlace. Unclipped controle are aleo preeented. 
Different letters for the same plant organ indicate signifi
cant differences at tbe 0.05 level. n= 10. 
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Table 2. 	Leaf area ratio (LAR), leaf weight ratio (LWR), specific leaf 
area (SLA) and root-shoot ratio (RIS) of guineagrass plants 
grown under full sun, partial and deep shade ( 1 00, 30 and 10% 
of ambient light) at 33 and 63 DAP. n =10. 

First harvest 
33DAP 

Treatment LAR LWR SLA RlS 
% dm2g 1 gg.l, dm2g 1 gg.l, 

10 3.39C 0.62b 5.5OC O.19b 

30 2.80b 0.60b 4.64b 0.098 
100 1.53a 0.55a 2.77a O.lOa 

Second harvest 
63DAP 

Treatment LAR LWR SLA RlS 
% dm2g 1 gg'l, dm2g 1 gg.l, 

--_......~-

10 2.64c 0.70b 3.85b 0.22a 

30 2.04b 0.42a 4.65b 0.36b 

lOO 0.798 0.42a 2.16a 0.33b 

*different letters following means on the sorne column are significantly different at the 5 % 
leveloCprobability. 

Height of clipping did not affect SLA 
ofplants grown in full sun. Leafweight 
ratio, or the distribution ofplant bio
mass as leaf weight increased with 
clipping in alllight conditions (figure 
9). Plants clipped at 20 cm had higher 
LWR at alIlight treatments: controls 
showed the smallest values. These data 
suggested that increases in LAR due 
to intense clipping (figure 7) resulted 
in partialIy shaded plants from the 
increases in SLA (figure 8) and L WR 
(figure 9). In full sunlight, however, 
the increases in LAR due to intense 
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clipping (figure 7) were due primarily 
to increases in LWR (figure 9). 

There was a significant interac
tion of height of clipping and irradi
ance on RlS due to the increase of RlS 
in the uncapped contrnls grown at full 
sunlight (figure 10). Root-to-shoot ra
tio decreased linearly with height of 
clipping in deep shade and remained 
almost.constant and slightly higher in 
the clipped plants relative to unclipped 
controls under partial shade (figure 
10). 
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Figure 5. Dry biomass (g) of roots, culms, green leaves, dry leaves and 
panicles of guineagrass plants grown from seeds under par
tial shade (30 % oC aDlbient light), and clipped at 20- and 40
cm from the soil surCace. Unclipped controls are.also pre
sented. DiCCerent letters Cor the same plant organ indicate 
significant differences at the 0.05 leve!. n =10. 

Discussion 

Growth ofcrops may be inhibited 
by canopy shade (21). Although it is a 
shade-tolerant C4 grass, guineagrass 
is found in areas where canopy shad· 
ingfrom trees may influence its growth 
andsUIvival In this study guineagrass 
growth was directly influenced by ir
radiance (figure 2 and 3). 

Considerable information is 
available concerning plant response to 
irradiance (1,3,8,15,27). lrradiance 
is the 'main environmental factor to 
which the plants must adapt, and in a 
particular habitat, photosynthetic flux 
density varíes seasonaly, diumally ~md 
spatially (2). 

Several reviews discuss plant 
adaptation to light (2, 3,8) and other 

6:33 

literature mentions individual growth 
responses ofplants to irradiance (4, 5, 
6, 11, 12, 14, 22, 24), Httle research 
has examined the combined effect of 
light and defoliation on plant responses 
(19,29,30). Plants growing in dense 
populations are often taller than those 
growing in ample ones, which has 
be en attributed to the difference in ir
radiane e intensity and quality (14) in 
partial and deep shade. 

Shaded guineagrass plants sho
wed increased stem elongation (figure 
1) which is consídered to be due to pho
tosynthetic limitation under these 
treatments. Kephart el al. (11) found 
that increased stem elongation .was 
associated with modera te reductions in 
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Figure 6. Dry biomass (g) of roots, culms, green leaves, dry leaves and 
panicles of guineagrass plants grown from seeds under f ull 
sunlight (100 % ofambient light), and clipped at 20- and 40-cm 
from the soH surface. Unclipped controls are also presented. 
Different letters for the values corresponding to the same 
plant organs indicate significant differences at the 0.06 level. 
n =10. 

2.0 HolQtIl 01 chpping 

O 200m 

11 <IOem 

• como! 

lmodianc. P""""""QII 

Figure 7. 	Leaf area ratio (LAR) of guineagrass grown under fuIl sun
light, partial and deep shade, and clipped at 20- and 40-cm 
from the soH surface. Values for unclipped control planta 
are also given. For each irradiance regime, different letters 
represent significant differences at the 0.06 level. Bars repre
sent standard errors ofthe means. n = 10. 
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Figure 8. Specific leaf area (SLA) of guineagrass plants grown under 
fuIl sun, partial and deep shade, and clipped at 20- and 40-cm 
from the soH surface; Values for unclipped control plants 
are also given. For each irradiance regime, different letters 
represent significant differences at the 0.05 leyel. Bars rep
resent standard errors ofthe means. n =10. 
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Figure 9. Leaf weight ratio (LWR) of guineagrass plants grown under 
fuIl sun, partial and deep shade, and clipped at 20- and 40-cm 
from the soH surface. Values for unclipped controla are also 
given. For each irradiance regime, different letters represent 
significant differences at the 0.05 level. Bars represent stan
dard errors of the means. n = 10. 
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irradiance, which is influenced by pho
tosynthate availability and photosyn
thatepartitioning into stem growth. 
Kephart et al. (11) observed that stem 
elongation may not occur when irra
diance is reduced to a level where plant 
developmental processes become pho
tosynthate limited. 

Leaf, culm and root biomass in
creased proportionately with irradiance 
(table 1, figures 4-6). Total dry biom
ass was greater in the full sun treat
ment than the partial-(30 % sunlight) 
and deep-(10% sunlight) shaded treat
ments (figure 6). In contrast with these 
findings, Wong and Wilson (30) found 
increased herbage yields for green 
panic gross (Panicum maximum varo 
trichoglume Ey les) grown under 40 and 
60 % ambient sunlight and harvested 
at 8-wk intervals, as compared with 
plants grown in full sunlight. Shad
ing, however, markedly reduced dry 
matter production of itchgrass 
(Rottboellia exaltata) and tended to 
decrease tiller production (20). 

In guineagrass, shade resultedin 
thinner leaves in both harvests (table 
2, figure 8), which was reflected in their 
greater SLA or area per unit leaf 
weight (table 2). Many plants develop 
smaller and thicker leaves in the sun 
and larger and thinner leaves in the 
shade (2,3,8, 14, 19). Therefore, spe
cmc leafarea decreased in fuD sun. The 
distribution of plant biomass as leaf 
weight (LWR) also increased signifi
cantly with lower irradiance (table 2). 
This effect was seen in the more in
tensively defoliated plants grown un
der aIl irradiances (figure 9). 80th the 
increase in SLA with reductions in ir
radiance (table 2) and in LWR with 

more intense clipping (figure D), re
sulted in increases in LAR as the irra
diance decreased from 100 to 300r 10 
% (table 2) and clipping height de
creased (fIgure 7) in partíal shade and 
full sun. 

These guineagrass data indicate 
that in full sunlight SLA (or its in
verse, specific leafweight (SLW» does 
not varywith clipping height (figure 
8). With shading, however, SLA in
creased with clipping (figure 8). Leaf 
weight ratio (LWR) increased signifi
cantly with clipping in aIl irradiance 

. regimes (figure 8). It was reported in 
a previous paper (17) that increasing 
heights of clipping reduced the 
leafmess (LAR) ofwaterstressed plants 
and increased the dry matter in the 
leaves (SLW), whereas LAR and SLW 
ofwell-wateredplants remainedcon
stant. In contrast, Wallace (25) ob
served a decrease in SLW (increase in 
SLA) with lower clipping height in P. 
coloratum plants without mycor
rhizae. Oesterheld and McNaughton 
(16) found that Therneda triandra 
Forssk. plants compensated for the 
removal ofleaf area by producing new 
leaves with lower specific weights. 

The increase in LAR may have 
adaptive significance in shade-grown 
guineagrass plants because it repre
sents a greater investment of plant 
biomass in photosynthetic tissue (21). 
LWR was more affected by clipping 
than other biomass parameters, be
cause it increased with more intense 
clipping, regardless ofthe irradiance 
regime. Likewise, this increase in 
LWR may have adaptive significance 
for planta subjected to defoliation. LAR, 
LWR and SLA decreased with increas
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Figure 10. Effect of clipping height and irradiance level on RIS of 
guineagrass grown under full sunlight, partia) and deep 
shade, and clipped at 20- and 40-cm from the soilsurface or 
left unclipped. n =10. 

ing irradiance ofitchgrass (20). Shad· 
ing green panic pasture stimulated 
greater growth and higher nitrogen 
concentration compared with adjacent 
plots in fun sunlight (28). The data 
reported here, and those ofBoardman 
(3) and Jones (1985) support the con
clusion that increases in LAR, SLA 
and stem length and decreases in plan t 
dry biomass, leafblade thickness, and 
root growth relative to shoot growth 
are common plant responses to low ir· 
radiance. However, it is important to 
note that changes in irradiance af· 
fected biomass distribution to leaf area; 
whereas clipping shifted biomass ano· 

6:37 

cation to leaves. 
The response of RIS to clipping 

after acclimation varied with light 
treatment. In fullsun, RIS was high· 
est and the increase in RJS was due to 
a much larger increment in root bio· 
mass (figure 10). Values of RIS de· 
creased with clipping compared to 
unclipped controls under deep shade 
(figure 10), and were higher in clipped 
then uncapped plants in partialshade 
(figure 10). A1though the increase in 
RJS with irradiance has been observed 
prevíously (26), in thís research it was 
amo found that RJS decreased with clip· 
ping in full sunlight and deep shade. 
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