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OIKOS 34: 219-226. Copenhagen 1980

The growth of Bothriochloa pertusa and Dichanthium
annulatum in relation to crowding and herbage removal

R. S. Tripathi and G. P. Gupta

Tripathi, R. S. and Gupta, G. P. 1980. The growth of Bothriochloa pertusa and
Dichanthium annulatum in relation to crowding and herbage removal. — Oikos 34:
219-226.

The response of the two closely related sympatric fodder grasses, Bothriochloa per-
tusa (L.) A. Camus and Dichanthium annulatum (Forsk.) Stapf to increasing density
and herbage .removal has been compared. Both the species showed predominantly
plastic reaction to density although at highest density (32 plants per pot of 25 cm
diameter) some mortality, 9% in D. annulatum and 6% in B. pertusa, was also
observed after 6 months growth. Increase in density from 1 to 32 plants per pot
caused substantial decrease in production of tillers, leaves, aboveground herbage and
total biomass of both the species. There was also some delay in flowering, and the
percentage of fertile tillers was greatly reduced owing to increasing density. In the
case of D. annulatum, a great reduction was noticed in the number and length of
rhizomes and allocation of dry matter to them at higher densities. In general, the
plastic reduction in various growth parameters due to crowding was comparatively
greater in D. annulatum.

In both the grasses, the maximal yield was achieved when 4 plants per pot were
grown. With an increase in density from 1 to 4, there was some increase in yield but
this was never in proportion to increase in plant number per unit area. Any increase
in density beyond 4 resulted in decreased yield per pot.

Both the grasses recovered well from the single treatment of clipping at 5 cm height
which was done to simulate grazing. In terms of aboveground biomass production, D.
annulatum seems to have suffered greater setback due to clipping than B. pertusa.
The effect of crowding on the production of aboveground herbage appears to have
been minimised due to clipping treatment.

R. S. Tripathi and G. P. Gupta, Dept of Botany, School of Life Sciences, North- East-
ern Hill Univ., Shillong—793014, India.

CpaBHMBJIM PEaKLM0 OBYyX GVIM3KOPOACTBEHHHX BHIOB KOPMOBHIX TpaB Bothrio-
chloa pertusa (L.) A. Camus u Dichanthium annulatum (Forsk.) Stapf. Ha
yBeJIMdEeHHe IUIOTHOCTH H yIaJleHWe PaCTHTEJIbHOCTH. Y OOOMX BHIOB BHFBJIEHA
IUIACTHYECKAsA PEeaKIMA Ha HW3MEHEeHHe IUIOTHOCTH, XOTA NP CaMOM BHICOKOM
WIOTHOCTH (32 pacTeHust B I'Opuke OUAMEeTpaM 25 CM) YCTAHORJIEHA HeGQmbuRs
cMepTHOCTB — 9 % y D. annulatum m 6 % y B. pertusa 4depe3 6 mec. YBeym-
YeHye IUIOTHOCTH pacTelmt ¢ 1 1o 32 B 1 ropuke BHBHBAJIO CYWECTBEHHOE
CHWKEHHE IPOOYyKLMH IOGEeI'OB JMCTBhEB, HaO3eMHEX YacTedt U obier GHaMACCH
y OBoMX BHOOB. HaGrxmasyioch Talke OTCTaBaHHE B CPOKaxX LIBETEHHWS M TpOLIEeH-
THOM COOTHOUEHMM IUIOOOHOCAMX TI06€pOB, OIS KOTODRX CHIKAJIACH ITPH ITOB:I-
IWeHHHM IUIOTHOCTH. B ciyyae D. annulatum HAGIIODAJIOCH CWIBHOE COKpaleHHe
KO/MYECTBA M UIMHE PH3OMOB M COTEDaHWsI CyXOI'O BEeCTBa IMPH BLICOKOH
TUIOTHOCTH. B LIeJIOM YMEHHUEHHe Pa3HEX NapaMeTpOB POCTa IMPH 3aryuieHHH Y
D. annulatum OKa3WBAJIOCh BAlee CWIbHEM. Y OBOMX BHOOB TPaB MAKCHMAIIBHEDR!
ypokayr E:DI MpH MpOW3pacTaHuM 4 pacTeHMt B Iopuke. [Ipy MOBHINEHMH [UIOTHO-
ctu ¢ 1 1o 4 HaGIKUNAJIOCH HEKOTOPOEe YBEJMYEHHE ypokasi, HO OHO BCerma He-—
TPOTIOPLIMOHAJIBHO KQIIMYECTBY PAaCTEeHMM Ha eMMHMILY Ivicuany. [IOBEINEHHE IUIOT-
HOCTH DPacTeHWi! CHulle 4 NPHBOIWIO K CHIKEHMO YPOas B pacyeTe Ha 1 rop—
oK. PacTeHHa OBOMX BHOOB XOpOUD OMMPABWIMCH IIOCJIE O HOM CTPHKKH OO 5 cM
BHICOTHI, KOTOpasi MPOBOIWIACH I CTHMYJIHALIMM pocTa. [Io nokasarensMm 6GHO—-
- MACCH HaO3EeMHON NMPOINYKIMH Yy D. annulatun 3amepkka poCTa B pes3ysbTaTe
Accepted 15 May 1979 CTPWKEK Ohlla CWIbHEe, 4YeM y B. pertusa. BiMAHME 3arymeHus Ha TTPOOYKIREO
© OIKOS 0030-1299/80/020219-08 $ 02.50/0 HATBEMHEX JACTEH CHIDIRETCA B pesysibTaTe CTDIKEK.
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1. Introduction

Bothriochloa pertusa and Dichanthium annulatum re-
present a sympatric pair of perennial grass species which
occur quite commonly in the grasslands of several parts
of India. Both are magnificent fodder grasses although
D. annulatum has been reported to be more palatable,
and is generally preferred (Whyte 1964). Both seem to
be closely related as to habit, habitat, morphology and
phenology. They can however, be distinguished on the
basis of floral characters. The response of these two
species to severity of intraspecific competition forms a
part of our research programme on the interference
between the closely related plant species. The examina-
tion of the reaction and growth modifications of each
species in presence of the other under a variety of
growth conditions (to be published later), of course,
constitutes the main aspect of the programme. The
study of the response of the species to crowding of its
own individuals, is necessary before one attempts to
analyse the more complex situation of interspecific
competition. Further, the two grass species do occur in
pure populations of varying densities in nature, and
thus, the study of their response to increasing severity of
intraspecific competition under controlled conditions
may be related to field situations as well.

The two grasses are exposed to biotic influences of
various kinds including grazing by cattle. The examina-
tion of their growth behaviour in areas with varying
grazing stresses in field situation has revealed that with
increase in grazing pressure, D. annulatum suffers a
greater setback in its growth (Gupta 1977). Protection
from grazing, according to Tiwari (1953-54) leads to
better establishment of D. annulatum and B. pertusa.
Grazing thus appears to be harmful for normal growth
of these grasses and so, the influence of simulated graz-
ing (by removing aboveground herbage through clipp-
ing) on the growth of these grasses was also included in
the study.

2. Materials and methods

The seeds of the two grass species collected from the
grassland on the Gorakhpur University Campus, be-
tween November, 1973 and March, 1974 were selected
for uniformity and then were kept for germination in
shallow trays filled with sandy soil under suitable temp-
erature conditions. The seedlings were allowed to grow
for 5 d in trays and then transplanted to earthern pots of
25 cm diam. and 30 cm depth filled with sandy loam soil
(4 kg) and compost manure (1 kg) on 15 June, 1974.
The pure populations of the two grasses were raised to
give densities of 1, 4, 8, 16 and 32 plants per pot. The
experimental design consisted of 2 species X 5 densities
X 3 harvest times x 3 replicates, thus involving ninety
pots which were kept out of doors in the experimental
garden, and were completely randomised. Each pot was
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supplied with one litre tap water on alternate days. The
first harvest (H;) was taken on 15 August, 1974 after
exactly 2 months of growth. Various growth variables
e.g. number of tillers, leaf area per plant and above-
ground, belowground and total biomass of the har-
vested plants were recorded to measure the response of
the two grasses to density stress. For estimating
biomass, the plant material was ovendried at 80°C for
72 h. Mortality, if any, was also noted.

The plants of the remaining sixty pots were clipped at
5 cm height on 16 August, 1974. This was done to
simulate herbage removal through grazing. The plants
were kept under constant observation and their re-
sponse to herbage removal and density stresses was
noted after 2 and 4 months from the date of clipping i.e.
after 4 and 6 months from the start of the experiment.
The three harvests in time sequence have been ab-
breviated as H,, H, and H; and the densities used in the
experiment have been presented as D;, D, Dg, D46 and
D3, in the text.

3. Results
3.1. Plant and tiller mortality

No plant and tiller mortality was noticed up to 2 month
growth at any densities but subsequently, at H, and H,
some mortality occurred at high densities. At Hj, there
was 9% plant mortality in D. annulatum and 6% in B.
pertusa at D;,. Percentage of dead tillers was not esti-
mated but the tiller mortality was also higher in D. an-
nulatum as was clear from the constant observation
throughout the experimental period.

3.2. Production of tillers

Tiller production per plant was substantially reduced
due to increase in density (P < 0.001) (Fig. 1). After 2
months growth, D. annulatum produced as many as 87
tillers per plant at D; while at high density (Ds,) it
produced only 8.4 tillers. Similar reduction in number
of tillers produced per plant was also observed in B.
pertusa. At the other two harvests the same trend was
noticed.

The herbage removal does not appear to reduce the
tillering capacity of the grasses as is evident from the
larger number of tillers produced per plant at H, and
H,. Tiller production per plant of D. annulatum was
higher than that of B. pertusa at all densities and har-
vests (Fig. 1). Differences due to species were signific-
ant at 5% whilst the harvest times had no significant
effect.

3.3. Effect on flowering

Flowering of both species was delayed due to increasing
density. With increase in density per pot, there was
conspicuous and significant decrease in percentage of
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Fig. 1. Tiller production per plant of Dichanthium annulatum
(Fig. 1A) and Bothriochloa pertusa (Fig. 1B) over 2, 4 and 6
months period in relation to increasing population density.
Densities used are: 1 plant (e—e), 4 plants (Xx—X), 8
plants (0 ———0), 16 plants ((—-) and 32 plants
(X- - - -X) per pot.

spike bearing tillers in both the grasses (P < 0.001). The
density stress affects the flowering potential of D. an-
nulatum more adversely than that of B. pertusa, al-
though flowering in B. pertusa was observed to take
place 20-25 d earlier than in D. annulatum. Upto 2

months growth, however, there was no flowering under
any density treatments (Tab. 1).

3.4. Leaf area per plant

Initially (at H,), the leaf area per plant of B. pertusa was
higher than D. annulatum at all the densities (Fig. 2) but
at later harvest (H,) which was taken after 2 months of
clipping, D. annulatum produced greater leaf area. At
H,, leaf area was not estimated primarily due to large
proportion of dried leaves in both the species. The dif-
ferences due to species and harvests were not significant
while the density had significant effect even at 0.1%
level.

3.5. Biomass production

Aboveground biomass

Aboveground biomass per plant of both the species
showed substantial reduction (P < 0.001) with increase
in degree of intraspecific competition (Tab. 2). D. an-
nulatum at H; produced more aboveground biomass
than B. pertusa at all the densities (species X density
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Fig. 2. Leaf area (cm®) per plant of Dichanthium annulatum
(Fig. 2A) and Bothriochloa pertusa (Fig. 2B) at H, (open
columns) and H; (striped columns) as influenced by increa-
sing density.

Tab. 1. The degree of flowering as indicated by the percentage of spike bearing tillers of B. pertusa and D. annulatum in relation to

density.
Species Harvests
Number of plants per pot
1 8 16 32

B.pertusa ....................... ... H, No flowering

H, 82.5 55.7 34.9 17.6 22.8

H, 61.1 45.2 31.7 29.2 15.5
D.annulatum ....................... H, No flowering

H, 18.0 19.2 5.5 2.1 1.0

H, 20.5 8.5 2.8 4.0 29

15 OIKOS 34: 2 (1980)
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Tab. 2. Aboveground biomass (g) per plant and per pot (values given in parentheses) of B. pertusa and D. annulatum in relation to

crowding.
Species Harvests
Number of plants per pot
1 4 8 16 32
B.pertusa ..................... ... H, 15.82 4.55 2.08 0.53 0.36
(15.82) (18.20) (16.64) ( 8.48) (11.52)
H, 27.717 9.96 4.98 1.62 1.09
(27.77) (39.84) (39.84) (25.92) (34.88)
H, 26.87 6.82 4.26 1.88 1.32
(26.87) (27.28) (34.08) (30.08) (42.24)
D.annulatum . ...................... H; 17.01 5.81 2.32 0.97 0.43
(17.01) (23.24) (18.56) (15.52) (13.76)
H, 24.17 6.57 4.37 1.48 0.95
(24.17) (26.28) (34.56) (23.68) (30.40)
H; 27.50 6.62 3.54 1.69 1.04
(27.50) (26.48) (28.32) (27.04) (33.28)

Tab. 3. Total biomass (g) per plant and per pot (values given in parentheses) of B. pertusa and D. annulatum at the three harvests

as influenced by the increasing density.

Species Harvests
Number of plants per pot
1 4 8 16 32
B.pertusa .................ciii... H, 21.09 6.45 2.99 0.88 0.55
(21.09) (25.80) (23.92) (14.08) (17.60)
H, 45.23 18.21 8.29 3.12 2.16
(45.23) (72.84) (66.32) (49.92) (69.12)
H; 47.57 12.39 7.27 3.66 2.17
(47.57) (49.56) (58.16) (58.56) (69.44)
D.annulatum . ...................... H, 33.62 9.24 3.75 1.39 0.68
(33.62) (36.98) (30.00) (22.24) (21.76)
H, 51.79 18.42 8.24 3.37 2.18
(51.79) (73.68) (65.92) (53.92) (69.76)
H; 61.50 15.14 8.03 4.18 2.24
(61.50) (60.56) (64.22) (66.88) (72.96)

interaction significant at 5% level). D. annulatum seems
to suffer greater setback after cutting as is evident from
the relatively greater aboveground biomass of B. per-
tusa at H, and Hj although the differences were not
significant.

Aboveground biomass of the grasses per unit area
showed some increase from D, to D4 and Dg but the
increase in biomass was never commensurate with in-
crease in density. At highest density, in fact, there was
considerable reduction in the aboveground biomass of
the plants of both the species harvested after two
months growth (Tab. 2). Thus increase in density
beyond a certain level, brings about reduction in
aboveground herbage per unit area. The optimum den-
sity for achieving the maximal herbage yield seems to
be 4 plants per pot in both the grasses if there is no
herbage removal, e.g. at harvest 1. The effect of the
high density appears to have been minimised due to
cutting in both the grass species as indicated by the
greater aboveground biomass values at higher densities
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at H, and H; which were taken after 2 and 4 months
from clipping.

Total biomass

Total biomass per plant of both the species was highly
reduced (P < 0.001) with increasing density (Tab. 3,
Fig. 3). At H,, per plant total biomass production of D.
annulatum was higher (P <0.05) than that of B. pertusa
at all the densities (Fig. 3). This trend was also observed
at H, and H;. After 6 months growth, total biomass
values for D. annulatum at D, and D;, were recorded as
61.5 and 2.2 g respectively whilst the corresponding
values for B. pertusa were 47.6 and 2.2 g (Tab. 3). It
appears that B. pertusa is less sensitive to density stress
than D. annulatum as indicated by the degree of reduc-
tion in biomass from D, to Dj,. Differences due to
species were significant at 5%, due to harvest at 1% and
due to density at 0.1% level and species X density in-
teraction was significant at 5% level. The maximum to-
tal dry matter yield per unit area was recorded at D, in

OIKOS 34: 2 (1980)



Tab. 4. Total yield (g) per plant and per pot (including the clipped material from the first harvest) of B. pertusa and D. annulatum

at varying densities during the experimental period.

B. pertusa D. annulatum
Density per pot Yield/plant Yield/pot Yield/plant Yield/pot
1 68.7 68.7 95.1 95.1
4 24.7 98.8 27.7 110.8
8 11.3 90.4 12.0 96.0
16 4.5 72.0 5.6 89.6
32 2.7 86.4 2.9 92.8

Differences due to species are significant at 5% level and due to density at 0.1% level for per plant values.
Differences due to species are significant at 5% level and due to density not significant for per pot values.

Tab. 5. Belowground biomass as percentage of the total biomass of B. pertusa and D. annulatum at the three harvests in relation to

increasing density.

Species Harvest
Number of plants per pot
1 4 8 16 32
B.pertusa .......................... H, 249 29.3 30.5 39.7 34.0
H, 38.6 453 39.9 47.9 493
H, 435 449 413 48.7 38.8
D.annulatum ....................... H, 49.3 37.1 38.1 304 37.0
H, 533 64.3 46.9 56.1 56.2
H; 55.2 56.2 55.8 59.6 54.6

both the grasses (Fig. 3). The data on total yield in-
cluding the clipped material from the first harvest also
confirmed the same trend (Tab. 4). The difference in
total yield per pot of the two grasses at D, was, how-
ever, exaggerated with the inclusion of clipped material
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Fig. 3. Total biomass (g) per plant and per pot of Bothriochloa
pertusa (per plant, o ———o, per pot, o—— o) and Dichan-
thium annulatum (per plant, e - - - - e; per pot, e——e) after 2

months growth (without any herbage removal) in relation to
population density. L.S.D. at 5% indicated in the figure.
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in the yield data (compare Tabs 3 and 4). Statistically,
the differences due to species were significant at 5%
level while density had no significant effect on total
yield per pot.

Belowground biomass

The contribution of underground parts to total biomass
was far greater in case of D. annulatum as indicated by
its higher percentage of belowground biomass (Tab. 5).
Besides roots, some underground rhizomatous struc-
tures are also produced by D. annulatum which add to
its belowground biomass. After cutting, B. pertusa
showed a tendency to produce more aboveground
biomass than D. annulatum although the differences
were not significant. In terms of total biomass, however,
D. annulatum is generally a better producer.

3.6. Rhizome production

Rhizomes were produced only in D. annulatum while B.
pertusa did not produce any rhizomelike structure. At
H; i.e. after 6 months from planting, a considerable
quantity of rhizomes was produced by D. annulatum.
The number, length and dry weight per pot of rhizomes
as estimated at this harvest were found to be highest at
D, and lowest at D, (Tab. 6). So, the rhizome produc-
tion also showed plastic response to increasing degree of
intraspecific competition.
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Tab. 6. Rhizome number, total length and rhizome dry weight of D. annulatum per pot at H; as affected by the population density.

Character No. of plants per pot S.E. Means
1 4 8 16 32

Rhizome number perpot ............ 25 31 30 24 16 +2.7

Total length of rhizome per pot (cm) .. 63.9 82.8 61.4 52.2 39.8 +7.1

Rhizome dry wt perpot (g) .......... 2.67 3.60 3.28 2.30 1.33 +0.46

Tab. 7. Percentage reduction in tiller production, aboveground biomass and total biomass of B. pertusa and D. annulatum at H,
and percentage reduction in leaf area of the grasses at H, with increasing population density.

B. pertusa D. annulatum
No. of plants per pot No. of plants per pot
4 8 16 32 4 8 16 32
Tiller production .................... 53 66 73 79 67 79 87 91
Leaf-area .......................... 66 66 91 94 74 78 92 96
Aboveground biomass ............... 74 84 93 95 76 87 94 96
Total biomass ...................... 74 85 92 95 75 87 93 96

4. Discussion

Plant species generally exhibit two types of reactions to
increasing density: (1) increased mortality and (2)
greater plastic reduction in size and reproduction po-
tential. Some plant species show greater plastic reaction
e.g. Agrostemma githago (Harper and Gajic 1961) and
Capsella bursa pastoris (Palmblad 1968a) while others
like Papaver species (Harper and McNaughton 1962)
and Plantago major (Palmblad 1968a) respond to in-
creasing density predominantly through mortality. In
the present study, D. annulatum showed greater mor-
tality and plasticity than B. pertusa. The plastic reduc-
tion in various growth characters of the two grass
species due to increasing density has been compared in
Tab. 7.

The percentage reduction in all the variables re-
corded was higher in D. annulatum than in B. pertusa
(Tab. 7). The plastic reduction in growth characters of
both the grass species seems to be highly correlated with
increasing density i.e. with severity of intraspecific com-
petition. The reduction in dry matter yield and other
growth variables caused due to density increase has
been reported by many workers (Koyama and Kira
1956, Yoda et al. 1963, Tripathi 1968, Palmblad
1968b, White and Harper 1970). Recently, Bazzaz and
Harper (1976) have established a negative correlation
between mean plant weight and number of surviving
individuals in mixed populations of Sinapsis alba and
Lepidium sativum.

From the viewpoint of regulation and growth of
population the reduction caused in reproduction poten-
tial seems to be of more vital significance. A very great
reduction, 91% in D. annulatum and 79% in B. pertusa,
has been observed in production of tillers which are
considered as important units of propagation in grasses.
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Not only the flowering and fruiting were delayed due to
increase in density, also there was sufficient reduction in
percentage of tillers that bore spikes (Tab. 1). At H,,
percentage of spike bearing tillers of D. annulatum was
reduced from 20.5 at D; to 2.9 at Dj,, the correspond-
ing values for B. pertusa being 61.1 and 15.5%.
Obviously, the seed production in the two grasses will
also be adversely affected which in turn may curtail the
future growth of the population. Unfortunately, the
valuable information on seed production could not be
collected because most of the seeds were readily shed
and by the time of Hj, they all vanished from the parent
plants. However, on the basis of reduction in flowering
it could be argued that the seed production would be
drastically reduced on account of increase in density.
The delay in flowering due to increased density has also
been recorded in Conyza canadensis, Plantago major
and Senecio viscosus (Palmblad 1968a), and in tall fes-
cue (Harkess 1970). Palmblad (1968b) further
observed that the seed production per individual of
Senecio sylvaticus and S. viscosus increased with the in-
tensity of reduced competition.

Of the two grasses, D. annulatum produces some
rhizomatous structures that turn upward to be sub-
sequently converted into tillers. The number of rhi-
zomes per pot, their total length and dry weight were
very much reduced at high density (Tab. 6). If consi-
dered on per plant basis, the increased density stress on
reproductive potential can be much more pronounced.
Thus, the increased density may regulate the population
size of the two grasses by reduced seed output and de-
creased potential of vegetative reproduction as indi-
cated by the reduced tiller production in both the
species (Fig. 1) and reduction in rhizome production of
D. annulatum (Tab. 6). Such a plastic reduction in re-

OIKOS 34: 2 (1980)



productive capacity at high density has also been re-
ported in Agrostemma githago (Harper and Gajic
1961). The crowding of johnsongrass Sorghum
halepense plants has recently been shown by Williams
and Ingber (1977) to delay the formation of rhizomes,
tillers and panicles and to cause reduction in dry weight
accumulation in its reproductive structures.

The aboveground biomass of B. pertusa was found to
be higher at the harvests taken after clipping whilst at
H, when there was no clipping, D. annulatum produced
more aboveground herbage than B. pertusa. This shows
that D. annulatum is more susceptible to herbage re-
moval than B. pertusa. Yield per unit area of both the
grass species at D, registered an increase over the yield
at D, but the magnitude of increase was never in pro-
portion to the increase in number of individuals per unit
area (Fig. 3). The maximum yield was achieved at D, (4
plants per pot) when the grasses grew for 2 months
without any herbage removal. An increase in density
beyond 4 plants per pot brings about reduction in yield
per unit area. This information may be exploited while
undertaking the cultivation of these grasses for fodder.
According to Harper and Gajic (1961) the plastic reac-
tion of individual plants to increasing density may
exactly compensate or even over-compensate for in-
creasing number of plants per unit area to give a con-
stant final yield curve or parabolic curve. The yield per
unit area has been reported by many workers to be
either levelled off or reduced at high densities as in case
of Helianthus annuus Clements et al. 1929) and Vicia
faba (Hodgson and Blackman 1956, 1957). Similarly,
the two grasses under study also show reduction in final
yield per pot at high densities especially when they are
left to grow undisturbed at H; (Fig. 3).

In absence of competition, it could be assumed or
expected that at high density, say at Ds,, the grasses will
give 32 times as much yield as found at D, but this does
not happen because of the limiting resources and in-
creasing demand by the greater number of individuals at
high density. Thus, the expected values of biomass pro-
duction of both the grasses per unit area would be much
greater than the actual observed values at high density
(Fig. 4). The differences in expected and observed val-
ues as indicated by their ratios, were exaggerated with
increasing density in both D. annulatum and B. pertusa
at all the three harvests. The ratios between the ex-
pected and observed values were generally higher in D.
annulatum than B. pertusa, which again indicates the
greater plastic response of D. annulatum to increasing
density.

The increased degree of intra-specific competition
causes strong plastic reaction in both the grasses so
much so that their reproductive potential is greatly re-
duced. It may be noted that ‘‘the reactions to increasing
density” according to Harper and Gajic (1961), “confer
on population the properties of self-regulating systems
by permitting a rapid increase in numbers from low
densities but placing self-curbing restrictions on further
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Fig. 4. Ratios of expected to observed values of the total
biomass per pot of the two grasses at the two harvests. Fig. 4A
— Dichanthium annulatum and Fig. 4B — Bothriochloa pertusa.
(open columns for H;; closed columns for H, and striped col-
umns for H;).

expansion as the density becomes greater”. This seems
to be largely true with D. annulatum and B. pertusa in
view of the marked decrease in their growth and repro-
ductive potential at high densities.

Both the grass species recovered well from the clipp-
ing treatment which was done to simulate grazing. D.
annulatum, however, appears to be more susceptible to
herbage removal than B. pertusa as indicated by the
lesser aboveground biomass of D. annulatum at H; and
Hj; that were taken after 2 and 4 months from clipping.
Single clipping treatment after 2 months growth seems
to have minimised the effect of density on the above-
ground biomass production. In field situations, how-
ever, these grasses are grazed much more frequently
and it would indeed be very interesting if the behaviour
of the two grasses is studied in relation to frequent her-
bage removal spread over different stages of their
growth cycle.
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