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Abstract 

Pensacola bahiagrass (Paspalum notatum Flugge) swards pre- 
treated with fertilizer nitrogen rates of 0 and 66-99 kg N ha1 
year-1 were exposed to repeated, severe defoliation (i.e., removal 
of all laminae) of every day (Dl), every 2 days (D2), and every 4 
days (D4). Responses of the grass were monitored in terms of 
tiller survival, lamina production and changes in the mass of the 
stubble-stolon-root system, in an effort to investigate the effects 
of nitrogen rate and defoliation frequency on defoliation toler- 
ance, to examine differences in survival ability of tillers among 
tiller age cohorts, and to evaluate contribution of the stubble- 
stolon-root system to defoliation tolerance. With the progress of 
defoliation treatments over 12 weeks, the swards degraded with 
decreasing tiller density, lamina production, and mass of stubble 
and stolons. Defoliation tolerance in terms of tiller survival was 
influenced only by defoliation frequency (Dl D2 < D4), with no 
significant effect of nitrogen fertilizer rate. There were no differ- 
ences in survival ability of tillers among age cohorts formed 
before the defoliation treatments, suggesting that all tillers in 
bahiagrass were able to share energy and nutrients in connecting 
stolons under severe defoliation. It was confirmed that stolons 
play a key role in defoliation tolerance in bahiagrass as the main 
storage organ supporting aboveground parts, whereas the contri- 
bution of roots seems nil. 

Key Words: Paspalum notatum, defoliation tolerance, tiller sur- 
vival, lamina production, stubble-stolon-root system 

Resumen 

Praderas de "Bahiagrass" (Paspalum notatum Flugge) pre- 
tratatdas con dosis de fertilizacion nitrogenada de 0 y 66-99 kg N 
ha-1 ano-1 fueron expuestas a defoliacion severa (i.e. remocion 
de toda la lamina) y repetida, cada dia (D1), cada 2 dias (D2) y 
cada 4 dias (D4). La respuesta del zacate fue monitoreada en ter- 
minos de sobrevivencia de hijuelos, produccion de tejido laminar 
de la hoja y cambios en la biomasa del sistema rastrojo-estolon- 
raiz, esto en un esfuerzo per investigar los efectos de la dosis de 
nitrogeno y la frecuencia de defoliacion en la tolerancia a la defo- 
liacion, para examinar las diferencias en la habilidad para sobre- 
vivir de los hijuelos entre generaciones de ellos y para evaluar la 
contribucion del sistema rastrojo-estolon-raiz a la tolerancia at a 
defoliacion. Al progresar los tratamientos de defoliacion hasta 12 
semanas, la pradera se degrado con la disminucion de la densi- 
dad de hijuelos, la produccion de lamina y la masa de estolones y 
rastrojo. La tolerancia a la defoliacion en terminos de sobre- 
vivencia de hijuelos fue influenciada solo por la frecuencia de 
defoliacion (D1 D2 < D4) sin un efecto significativo de la dosis 
de fertilizacion. No hubo diferencias en la habilidad de sobre- 
vivencia de los hijuelos entre generaciones de hijuelos formadas 
antes de los tratamientos de defoliacion, sugiriendo que bajo 
condiciones de defoliacion severa todos los hijuelos en 
"Bahiagrass" fueron capaces de compartir energia y nutrientes 
entre los estolones conectados. Se confirmo que los estolones jue- 
gan un papel cave en la tolerancia a la defoliacion de 
"Bahiagrass" como el organo principal de almacenamiento soste- 
niendo las partes aereas mientras que la contribucion de la raiz 
parece ser hula. 

Persistence of grasslands and rangelands is crucial for sustain- 
able agricultural production and/or conservation of the environ- 
ment (e.g., soil and water), wildlife, and recreational resource. In a 
grassland community, persistence of grasses is dependent on the 
ability of plants to maintain a high tiller density and the ability of 
individual tiller to maintain leaves (laminae) as photosynthetic 
organs (Hirata and Pakiding 2001, Pakiding and Hirata 2001). 

When exposed to continuous severe defoliation, tillers depend 
greatly on storage organs such as stubble, stolons, rhizomes, and 
roots for energy supply to maintain themselves and produce 
leaves. As energy storage in the supporting organs declines, 
tillers are thought to compete with each other for energy, result- 
ing in earlier death of tillers with lower competitive ability 
(Zhang and Romo 1995, McKenzie 1997). 

Bahiagrass (Paspalum notatum Flugge), a sod-forming, warm- 
season perennial, is widespread in the southern USA and Central 
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and South America (Skerman and Riveros 1989). It is also widely 
distributed in the low-altitude regions of southwestern Japan. 
This grass forms a highly persistent sward which tolerates severe 
defoliation (Beaty et al. 1970, 1977, Stanley et al. 1977, Hirata 
1993a, 1993b, Hirata and Ueno 1993). Beaty et al. (1970) report- 
ed that bahiagrass performed well even under weekly cuttings at 
the soil surface level. 

However, how bahiagrass behaves under extremely severe 
defoliation is not fully explored. Only by applying such a condi- 
tion, we can determine the limit to which each mechanism behind 
the persistence of bahiagrass successfully works, and understand 
the overall ability of the grass to tolerate defoliation. 

In this study, we imposed repeated, severe defoliation (i.e., 
removal of all laminae) of different frequencies on bahiagrass 
swards pretreated with different rates of nitrogen fertilizer, and 
monitored tiller survival, lamina production, and changes in the 
mass of the stubble-stolon-root system of bahiagrass. The aims of 
the study were to investigate the effects of nitrogen rate and defo- 
liation frequency on defoliation tolerance in bahiagrass, to exam- 
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me differences in survival ability of tillers 
among tiller age cohorts, and to evaluate 
contribution of the stubble-stolon-root sys- 
tem of bahiagrass to defoliation tolerance. 

Materials and Methods 

Study site and experimental plots 
and design 

The study was conducted on an estab- 
lished sward of bahiagrass at the Faculty 
of Agriculture, Miyazaki University, 
Japan (31°50'N, 131°24'E). The meteoro- 
logical conditions during the study are 
shown in Fig. 1. In March 1998, 24 plots 
(30 x 30 cm) were established in the 
sward. Each plot was isolated from the 
surrounding area by driving 4 iron plates 
(30 x 30 cm in area and 3 mm thick) into 
the soil to a depth of about 26 cm. The 24 
plots were grouped into 3 blocks or repli- 
cations with 8 plots each. 

The experiment consisted of 2 stages, 
i.e., nitrogen treatments from April 1998 
to July 2000 and defoliation treatments 
from August to October 2000. The first 
stage also included regular tagging of 
tillers to follow the fate (survival) of indi- 
vidual tiller age cohorts during defoliation 
treatments. Out of the 8 plots in each 
block, 2 plots were destructively sampled 
at the end of nitrogen treatments (begin- 
ning of defoliation treatments) to evaluate 
nitrogen effects on the stubble-stolon-root 
system. The experimental design at this 
first stage was an arrangement of 2 nitro- 
gen fertilizer rates, with 3 replications in 
randomized blocks. Then, the remaining 6 
plots in each block were used to evaluate 
sustained effects of nitrogen and impacts 
of defoliation on dynamics in tiller densi- 
ty, lamina production, and the stubble- 
stolon-root system during defoliation 
treatments. The experimental design at 
this second stage was a factorial arrange- 
ment of 2 nitrogen fertilizer rates x 3 defo- 
liation frequencies, with 3 replications in 
randomized blocks. 

Nitrogen treatments 
Two nitrogen treatments (ON and +N) 

were randomly allocated to the 8 plots in 
each block (4 plots for each treatment). 
The +N plots received 8 applications of 33 
kg N ha' over 3 years, i.e., in April, July, 
and September 1998 and 1999 and April 
and July 2000 (99 kg N ha' annually in 
1998 and 1999 but only 66 kg N ha' year' 
in 2000). In addition to nitrogen, all plots 
(including ON plots) received 27 kg P2O5 
and 27 kg K20 ha' at each application of 
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Fig. 1. Monthly means of maximum (-----), mean ( ) and minimum (.......) daily air tem- 
peratures, daily total short-wave solar radiation and monthly totals of rainfall at the 
Miyazaki Meteorological Station (about 10 km north of the study site) during the study. 

N. The sources of N, P2O5, and K20 were 
ammonium sulfate, superphosphate, and 
potassium sulfate, respectively. During 
May to October of 1998 and 1999 and 
May to July of 2000, all plots were cut 
monthly to a 2-cm height above ground 
level. 

Tiller cohort identification 
Tillers were regularly tagged during the 

nitrogen treatments to follow the fate of 
individual tiller age cohorts during defoli- 
ation treatments. On the day of plot estab- 
lishment (March 1998), a 20 x 20 cm per- 
manent quadrat was established in the cen- 
ter of each plot. All live tillers within the 
quadrat were tagged with a wire ring (9 
mm in diameter) with a colored bead at 
their base and grouped as the original 
tillers. This group consisted of tillers with 
various, unknown ages. Subsequent tag- 
gings were conducted at monthly inter- 

vals, and rings were removed from dead 
tillers at the same time. Beads of different 
colors were used to identify the times of 
tagging. Tillers were considered as dead 
when all parts were completely dried. The 
number of new tillers tagged and the num- 
ber of rings removed from dead tillers 
were recorded, from which densities of 
tillers in different age cohorts at the com- 
mencement of defoliation treatments were 
obtained. 

Tillers were classified into the following 
11 age cohorts according to the period of 
their initiation: 1. original tillers formed 
before March 1998, 2. spring 1998, 3. 
summer 1998, 4. autumn 1998, 5. winter 
1998-1999, 6. spring 1999, 7. summer 
1999, 8. autumn 1999, 9. winter 
1999-2000,10. spring 2000, and 11. sum- 
mer 2000. Spring, summer, autumn, and 
winter corresponded to March-May, 
June-August, September-November, and 
December-February, respectively. 
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Defoliation treatments and measure- 
ments of lamina production, tiller 
appearance and death 

Defoliation treatments commenced in 
early August 2000 and continued during 
summer-autumn seasons. At the com- 
mencement, all 24 plots were defoliated to 
a 2-cm height above ground level so that 
no laminae remained. Three defoliation 
treatments (Dl, D2, and D4) were ran- 
domly allocated to 3 of the ON plots and 3 
of the +N plots in each block; leaving a 
ON plot and a +N plot in each block for 
sampling of the pre-treatment mass. Dl, 
D2, and D4 plots were cut every day, 
every 2 days and every 4 days, respective- 
ly, to remove all regrown laminae until all 
tillers within the central quadrat of any 1 

plot were dead. No undefoliated treatment 
was included because the study aimed to 
explore behavior of bahiagrass under 
extremely severe defoliation. Tiller death 
was judged as described earlier. No fertil- 
izers were applied during the defoliation 
period. 

Lamina yield was measured at each 
defoliation time, except for the initial cut- 
ting. Harvested laminae were oven-dried 
at 85° C for 72 hours for dry matter deter- 
mination. Tiller appearance and death 
were monitored 5 days after the com- 
mencement of defoliation treatments and 
at 8-day intervals thereafter. 

Measurements of mass of stubble- 
stolon-root system 

Mass of the stubble-stolon-root system 
was measured at both the beginning and 
the end of defoliation treatments. The pre- 
treatment mass was measured immediately 
after the initial defoliation from the ON 
and +N plots in each block (plots not 
receiving defoliation treatments) by sam- 
pling a 20 x 20 cm to a 25-cm depth below 
ground surface. The post-treatment mass 
was measured immediately after the defo- 
liation treatments by sampling to a 25-cm 
depth using an iron tube 7 cm in diameter. 

Samples were washed to remove soil 
and were then separated into stubble 
(stems, leaf sheaths, and aboveground 
dead materials), stolons, roots, and below- 
ground dead materials (dead stolons and 
roots). Laminae were rarely sampled 
because of their complete removal by 
defoliation treatments. Dead stolons and 
roots were distinguished from live tissues, 
based on their degree of decay by appear- 
ance and touch (color, fragility, and solidi- 
ty). Tissues under decay were separated 
and categorized as dead materials. The 
samples were oven-dried at 85° C for 72 
hours for dry matter determination. 

Data analyses 
The effect of nitrogen treatments on the 

mass of the stubble-stolon-root system at 
the commencement of defoliation treat- 
ments was evaluated by a paired t-test. 
The effect of nitrogen (ON and +N) and 
defoliation (Dl, D2, and D4) treatments 
on tiller density, tiller survival, lamina 
production and mass of the stubble-stolon- 
root system was evaluated with ANOVA 
(block as an independent source of varia- 
tion) and the means were compared with 
LSD. 

The rate of decrease in tiller density of 
individual cohort with the progress of 
defoliation treatments was expressed by a 
decay constant (b, tillers tiller' day'), tak- 
ing the decrease as an exponential change: 

N = N0 exp(-bt) (1) 

where N is the tiller density (tillers m 2), 

N0 is a constant (initial tillers m 2), and t is 
time (day). This equation was fitted sepa- 
rately for data from 2 stages of defoliation 
treatments (i.e., Weeks 1 to 4 and 5 to 9) 
because tiller survivorship showed differ- 
ent patterns between these stages. Data 
after Week 9 were not included in the cal- 
culation for decay constants because zero 
survival (not logarithmically trans- 
formable) was common in some treat- 
ments. Lamina production rate was 
expressed as daily yield of laminae which 
was calculated every 4 days for compari- 
son between Dl, D2, and D4 treatments. 
Percentage or relative change (AMrei) in 
the mass of stubble, stolons, and roots dur- 
ing defoliation treatments was calculated 
as: 

'rel =100 x (Mpost - Mpre) " Mpre (2) 

where Mpre and Mpost are masses (g DM 
m 2) at the beginning and the end of the 
treatments, respectively. 

Table 1. Treatment means and ANOVA results 

Results and Discussion 

Sward characteristics at the beginning 
of defoliation treatments 

At the commencement of defoliation 
treatments (i.e., end of nitrogen treat- 
ments), total tiller densities were higher in 
+N than in ON (Table 1 and Fig. 2). 
Within each nitrogen level, total tiller den- 
sities did not differ among plots allotted to 
3 defoliation regimes (P > 0.05). In all 
treatments, original tillers (formed before 
the initial tagging in March 1998) and 
tillers initiated in the following 3 springs 
showed relatively high densities. In +N 
treatments, tillers initiated in the 3 sum- 
mers also showed relatively high densities. 
Mass of stubble-stolon-root system was 
between 1,276 and 1,596 g DM m 2 (Fig. 
3). Stolons accounted for 31 to 36% of 
total mass (395 to 570 g DM m 2) and 
belowground dead materials accounted for 
only 14 to 16% (204 to 225 g DM m 2). 

+N showed higher mass of stubble and 
stolons than ON. 

Thus, preceding nitrogen treatments pro- 
duced swards with different characteristics 
at the commencement of defoliation treat- 
ments. The higher total tiller density and 
mass of stubble and stolons in +N than in 
ON agree with previous observations that 
an increase in nitrogen fertilizer rate 
increased tiller density (Pakiding and 
Hirata 2000) and stolon mass (Hirata 1994) 
in bahiagrass swards. The relatively high 
contributions of tillers initiated in spring 
(ON and +N) and summer (+N) to the total 
tiller population also agree with previous 
observations that tiller recruitment in bahi- 
agrass is most active in mid- to late spring 
or early summer (Pakiding and Hirata 
2000, Hirata and Pakiding 2001). 

(F-value) for tiller densities at the beginning and 
the end of defoliation treatments and survival rate of tillers. 

Nitrogen rate Defoliation Tiller density 
frequency Pre-treatment Post-treatment 

(days) --------------- ----- 2 --------------- (m) ----- 
0 1 4,600 

2 4,008 108 
4 4,325 1,442 
1 5,242 
2 5,275 58 
4 6,392 2,417 

Source of variation' 
Nitrogen rate (N) 38.9*** 
Defoliation frequency (D) 3.9 26.7*** 
N x D 3.8 1.9 
Block 7.9** 0.3 
LSD(0.05) 820 911 

P S 0.01, ***: P <_ 0.001 
'N x D denotes interaction between N and D. Degrees of freedom are 1 for N, 2 for D, 2 for N x D, 2 for block, and 10 
for error. 

610 JOURNAL OF RANGE MANAGEMENT 56(6) November 2003 



L±J Pre-tagging 

Summer 99 

Spring 98 

Autumn 99 

.............. .............. .............. .............. .............. .............. 

Summer 98 

Winter 99-00 

Time (week) 

i 

...................... 

Spring 99 

During def trt 

Fig. 2. Changes in density of tillers in different age cohorts after commencement of defoliation treatments over 8-day intervals. Tiller cohorts 
are stacked in an order of their age (the oldest cohort in the bottom and the youngest cohort on the top): pre-tagging, spring 1998, summer 
1998, autumn 1998, winter 1998-1999, spring 1999, summer 1999, autumn 1999, winter 1999-2000, spring 2000, summer 2000, and during 
defoliation treatments. Vertical bars indicate SE of mean of total tiller density. 
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Table 2. Decay constant of tiller density (tillers (1,000 tillers)'' day'1) for individual tiller cohorts at 2 stages (Weeks 1 to 4 and 5 to 9) during defoliation 
treatments. 

Weeks Initiation time of tiller 
cohorts 

1 

1 to 4 Pre-tagging 
Spring 1998 3 

4bcd 2.6a 2.6" 2.9' 
5.4a 1.4" 

Summer 1998 5.6bc 1.8" 
Autumn 1998 5.9b` 0.0" 
Winter 1998-1999 14.5 0.0" 
Spring 1999 
Summer 1999 

7.1b 
4 3bcd 10.2a 3.0" 41b 5.7a 2.8a 

Autumn 1999 1.7cd 0.0" 
Winter 1999-2000 O.Od 0.0" 
Spring 2000 7.1b 5.9a 

Summer 2000 O.Od 0.0" 

5 to 9 Pre-tagging 45.3 
Spring 1998 
Summer 1998 
Autumn 1998 

34.4bcde 

38.7bcd 

a 

27.4b 
lab 

2a 

14.9" 
33.7a 

63.3" 
86.0" 

44.6" 
57.7a 

15.6" 
21.5a 

Winter 1998-1999 15.le 
O.Ob 

Spring 1999 16.4de 42.0" 
Summer 1999 55.8ab 48.7" 
Autumn 1999 37.obcde 52.6" 
Winter 1999-2000 15.1e 46.4a 

Spring 2000 68.2a 45.0" 
Summer 2000 30 8cde 27.8"b 

'Values with different alphabetical letters within each treatment at each defoliation stage (weeks) are different at P <_ 0.05. 
2Not calculated because data included zero survival. 

Sward dynamics during defoliation 
treatments 

After the commencement of defoliation 
treatments, tiller densities tended to 
remain constant for the first 4 to 6 weeks, 
but sharply declined thereafter (Fig. 2). 
Almost all tillers were dead after 12 weeks 
in Dl and D2. The final tiller densities and 
survival rates of tillers were ranked D1 
D2 < D4, with no significant effect of 
nitrogen (Table 1). Some new tillers 
appeared during the defoliation treatment 
(i.e., the 12th cohort; Fig. 2). Tillers in the 
11 age cohorts formed before the defolia- 
tion treatments showed similar survivor- 
ship and there were usually no significant 
differences in the decay constants among 
cohorts within each treatment at each 
defoliation stage (Table 2). 

Lamina production started to decline 
immediately after the commencement of 
defoliation treatments and decreased to 
almost zero after 10 weeks (Fig. 4). 
Lamina production rate which was higher 
in +N/D4 than in other treatments 
throughout the treatment period (P < 0.05) 
was also reflected in the total lamina pro- 
duction (Fig. 5). 

By the end of the defoliation treatments, 
the mass of remaining stolons was as low 
as 0 to 95 g DM m'2 (0 to 6% of total 
mass) with a trend of Dl D2 < D4 (Fig. 
6). Belowground dead materials, mainly 
dead stolons, were as high as 507 to 1,136 
g DM m 2 (46 to 60% of total mass), 
showing a trend of greater masses in 

+N/D 1 and +N/D2 than other treatments. 
The mass of stubble and stolons was 
always reduced by defoliation, but root 
mass seemed almost unchanged with no 
consistent trend of increase or decrease 
(Fig. 7). The percentage loss in stolon 
mass was greater than that in stubble 
mass, with the loss tending to be D4 < Dl 
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D2. By contrast, there were no signifi- 
cant treatment effects on the percentage 
changes in stubble and root masses. 

Plants utilize reserve substances for 
growth and maintenance when photosyn- 
thetic capacity (i.e., leaf area) is limited by 
defoliation (Briske 1991, Briske and 
Richards 1994, Heady and Child 1994, 

+N 

Stubble 

8talans 

Roots 

Below ground 

dead m ate rials 

Fig. 3. Mass of stubble-stolon-root system at the start of defoliation treatments. System com- 
ponents are stubble (stems + leaf sheaths + aboveground dead materials), stolons, roots, 
and belowground dead materials, shown from the top to the bottom. Values with different 
letters within each component are significantly different at P < 0.05. 
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Thornton et al. 2000). Although the cur- 
rent study did not quantify reserves as car- 
bon or nitrogen compounds, the largest 
biomass losses in stolons within the stub- 
ble-stolon-root system (Fig. 7) indicate 
that bahiagrass coped with the defoliation 
treatments at the cost of stolons. Thus, the 
results of this study confirm that stolons 
play a key role in defoliation tolerance in 
bahiagrass as the main storage organ sup- 
porting aboveground parts (Beaty et al. 
1970). On the contrary, the almost 
unchanged root masses during defoliation 
treatments (Fig. 7) may reflect little contri- 
bution of reserves in root systems to defo- 
liation tolerance in bahiagrass. It has been 
shown that carbohydrates allocated to root 
systems in perennial grasses are not capa- 
ble of being remobilized for subsequent 
use in aboveground parts following defoli- 
ation (Briske 1991, Briske and Richards 
1994), even when root mass is reduced by 
severe defoliation (Heady and Child 1994, 
Dawson et al. 2000). 

The higher tiller survival in D4 than Dl 
and D2 (Table 1 and Fig. 2) can be largely 
explained by the fact that tillers in D4 
were able to maintain laminae longer than 
Dl and D2, i.e., D4 tillers were less 
dependent on remobilized reserve sub- 
stances. This explanation is supported by 
the tendency of smaller relative losses in 
stolon mass in D4 than in Dl and D2 (Fig. 
7). In spite of the higher total tiller density 
and mass of stubble and stolons in +N 
than in ON at the commencement of defo- 
liation treatments, tiller survival was not 
affected by nitrogen rate (ON +N) 
(Table 1 and Fig. 2). A possible hypothe- 
sis for explaining this phenomenon is that 
+N tillers consumed more reserves in 
stolons for lamina production and depleted 
reserves to the same level as ON tillers, 
thus leading to the same degrees of tiller 
survival in ON and +N. Hirata (2000) 
reported that rates of both leaf appearance 
and extension in bahiagrass increased with 
increased nitrogen rate. Our hypothesis is 
supported for D4, as +N/D4 produced 
more laminae than ONID4 (Figs. 4 and 5). 
However, the hypothesis is not supported 
for Dl and D2 because lamina production 
was not significantly influenced by nitro- 
gen rate, though +N tended to show higher 
production than ON. Further studies are 
necessary for fully understanding the 
mechanisms behind the absence of nitro- 
gen effects on tiller survival in bahiagrass. 

Zhang and Romo (1995) and McKenzie 
(1997), investigating impacts of defolia- 
tion on survival of tillers in different age 
cohorts in northern wheatgrass 
(Agropyron dasystachyum (Hook.) 

Time (week) 

Fig. 4. Changes in lamina production rate after commencement of defoliation treatments. 
Nitrogen and defoliation treatments are ON/D1 (O), ON/D2 (0), ON/D4 (o), +N/D1 (V), 
+N/D2 (), and +N/D4 (A). Vertical bars indicate LSD (P <_ 0.05). 

Scribn.) and perennial ryegrass (Lolium 
perenne L.), respectively, observed that 
the youngest tillers died first when the 
whole plant was stressed. They attributed 
the low defoliation-resistance of the 
youngest tillers to the fact that new tillers 
are entirely dependent on their parent 
tillers for energy and nutrient supplies and 
if parent tillers are defoliated, the resource 
is diverted for maintaining parent tillers 
(e.g., lamina elongation) rather than for 
supporting daughter tillers. However in 
the current study, the youngest tillers, i.e., 
produced in summer 2000, did not die 
most quickly under severe defoliation, 
usually showing similar survivorship to 
other cohorts (Table 2). A possible expla- 
nation for this inconsistency may be that 

200 
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the youngest tillers of bahiagrass were 
able to utilize energy and nutrients in 
stolons without depending greatly on their 
parent tillers. Bahiagrass has a large mass 
of stolons (up to 1,200 g DM m 2; Beaty et 
al. 1970, Hirata and Ueno 1993, Hirata 
1994) which act as the main storage organ 
supporting aboveground growth (Beaty et 
al. 1970, 1974, Hirata et al. 1990). In the 
current study, stolons also showed a high 
biomass of 395 to 570 g DM m-2 at the 
commencement of defoliation treatments 
(Fig. 3). We thus assume that all tillers 
shared energy and nutrients in connecting 
stolons under severe defoliation, though 
further detailed studies are needed for val- 
idating this hypothesis. 

a 
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Fig. 5. Total lamina production during defoliation treatments. Values with different letters 
are significantly different at P <_ 0.05. 
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Fig. 6. Mass of stubble-stolon-root system at the end of defoliation treatments. System compo- 
nents are stubble (stems + leaf sheaths + aboveground dead materials), stolons, roots, and 
belowground dead materials, shown from the top to the bottom. Values with different let- 
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Fig. 7. Percentage changes in the mass 
of stubble (stems + leaf sheaths + 
aboveground dead materials), stolons 
and roots during defoliation treat- 
ments. Values with different letters 
within each component are signifi- 
cantly different at P < 0.05. 

Conclusions 

Removing all laminae every 1-4 days 
degrades bahiagrass swards, with tiller 
density, lamina production and mass of 
stubble and stolons being reduced. 
Survival of tillers and loss of stolon bio- 
mass are dependent on defoliation fre- 
quency but not on nitrogen fertilizer rate. 
Unlike some other grasses, survival ability 
of bahiagrass tillers does not differ among 
tiller age cohorts, suggesting that all tillers 
in bahiagrass are able to share energy and 
nutrients in connecting stolons under 
severe defoliation. Stolons play a key role 
in defoliation tolerance in bahiagrass as 
the main storage organ supporting above- 
ground parts, whereas the contribution of 
roots seems nil. 
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