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Summary The pure and mixed stands of the two populations of white clover (Trifolium repensL.)
differing in leaf character were raised in the experimental pots using de Wits’ replacement series.
Of the two populations, one is characterized by having white ‘V’-shaped markings on the leaflets
(marked population) and the other does not have any such marking (unmarked population). The
competitive interaction between the two populations has been studied at two soil nitrogen regimes.
The nitrogen requirement of the marked population seems to be higher than that of the unmarked
population. The marked population was found to be more competitive as compared to the other
population at high N level as shown by their relative yield. The competitiveness of the former was,
however, masked to some extent under low soil nitrogen. This confirmed the differential response
of the two populations of T. repens to soil fertility as observed in nature.

Introduction

White clover ( Trifolium repens L.) forms an important pasture component in
the grasslands of Shillong and its adjoining areas. It exhibits two common leaf
morph populations: one with conspicuous ‘V’ shaped white markings on the
leaflets (marked population) and the other with no such markings (unmarked
population). The leaf markings in 7. repens are very distinct and can be used to
identify individual clones'®. The white ‘V’ shaped markings in 7. repens are
controlled by the multiple alleles present in one of the two linked groups of
genes®. Besides, herbivory has also been reported to control the dominance of
one leaf morph population over the other in mixed situation?>-¢,

Some studies have been made on the edaphic ecotypes of T. repens occurring
on calcareous and acid soils'® and altitudinal ecotypes differing in photo-
synthetic CO, fixation products'*. Cowling® has reported that the nitrogen fer-
tilizer does not result in the increased yield of the white clover. Since the
legumes get additional supply of nitrogen on account of the presence of nitro-
gen fixing bacteria in their root nodules, it is generally thought that soil nitrogen
may not be important in competitive interaction among legume populations.
However, the field observations indicate that the two populations of white
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clover respond differentially to soil nitrogen. An attempt was, therefore, made
to investigate the competitive behaviour of the two populations of T. repens in
relation to soil nitrogen regime.

Materials and methods

The observations pertaining to frequency, density, leaf area and aboveground biomass of the
two leaf morph populations of T. repens growing on sites with two contrasting soil nitrogen levels
were recorded in May 1980, in the swards of Shillong (latitude 25.34°N, longitude 91.56°E and al-
titude 1500 m). Of the two sites, one was situated quite near to the heap of compost manure and this
represented high soil fertility level (% N=0.81), while the other site situated away from the com-
post manure, represented low soil fertility level (% N =0.15) in the same grassiand.

Twenty quadrats of 0.25 m? (50 cm X 50 cm) area were laid on each of the two sites for estimating
density and frequency of the two populations. For leaf area estimation, 10 plants of each of the two
populations representing different sizes were taken from each of the 20 quadrats on both sites. Leaf
area was computed by multiplying average leaf area per plant by average density per quadrat. For
estimating the above-ground biomass, the herbage was removed from 5 quadrats, sorted out into
marked and unmarked populations and dried in an oven at 80°C for 2 days and weighed. Seed out-
put was computed by multiplying average number of seeds/fruit by average number of fruits per
quadrat. All values are, however, expressed in terms of 1 m? area.

For pot culture experiment, stolons of the two morph populations of 7. repens were collected
from the natural swards of Shillong. The stolons of 0.2 cm diameter were cut into 2 cm pieces, each
with a node in the middle to serve as propagules for raising the populations. Dry matter of the
stolon pieces of both the populations was found to be in the range of 14-15 mg (average value based
on 100 measurements).

The propagules were sown on 27 November, 1978, which sprouted after 1-3 weeks from sowing.
Sprouts of uniform size (with one trifoliate leaf) were selected and planted on 20 December, 1978 in
plastic pots of 21 cm diameter with a basal hole for drainage so as to give a replacement series’ with
an over-all density of 8 plants/pot in the following ratios:

1) 100% marked+0% unmarked i.e. pure stand of the marked population
2) 50% marked+50% unmarked i.e. mixed stand
3) 0% marked+100% unmarked i.e. pure stand of the unmarked population.

The pure and mixed stands of the two populations were grown at two soil nitrogen regimes.
Garden soil without additional nitrogen represented low nitrogen regime (% N =0.27) while in
case of high soil nitrogen regime two doses each of 600 mg N per pot in the form of NaNO; were
added to the original garden soil after 12 and 17 weeks from planting. This was equivalent to 80 kg
N/ha in the garden soil and 340 kg N/ha in the high nitrogen regime.

The experiment was conducted during late December 1978 to July, 1979, in an unheated
nethouse roofed with polythene sheet for protection against rain. The maximum temperature of
30°C was recorded in May and minimum of 4°C in January 1979. The first (H;), second (H,) and
third harvests (Hs) were taken after 14,23 and 32 weeks from planting. Since no difference was ob-
served at H; due to soil nitrogen, the data for H; have not been presented in the paper, and H, and
Hj are henceforth considered as H, and H,. The experiment was terminated on August 1, 1979,

Ateach harvest, stolon length, leaf area per plant, number of fertile shoots, seed output and dry
weight of different plant parts viz root, stolon, leaves (leaflets and petioles) and flowers and fruits
were determined. The dry matter yield was determined as described under field experiment.

The chlorophyll content of the fresh leaves was determined by the method outlined by Allen!
and the nitrogen content of the aboveground plant parts by the micro-Kjeldahl method described
by Misra!2,
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Results

Field studies (Table 1)

The marked population showed greater density, leaf area, above-ground
yield and seed output at the site with high soil nitrogen level, while the un-
marked population behaved just the reverse. At the high soil nitrogen site the
difference between the two populations was more obvious than at the low soil
nitrogen site. The marked population grew better than the unmarked popula-
tion at the high soil nitrogen site, whereas nitrogen-poor soil was observed to be
more favourable for the latter population.

Pot culture studies

1) Leafarea(Fig.1) The marked population produced a greater leaf area per
plant in mixture than in pure stands at the low N regime (P <0.05). However,
at the high N regime, although at H, the difference was insignificant, at H; leaf
area per plant was more in pure stands (P <0.01). The unmarked population,
on the other hand, produced greater leaf area in pure than in mixed stands at
both low and high N regimes (P <0.01).

2) Length of stolon (Fig. 2) At the low nitrogen regime, stolon length per
plant of both the populations was significantly greater (P <0.01) in mixed than
in pure stands after 32 weeks from planting. Under the high N regime, the
marked population produced greater stolon length in mixture than in pure
stands at both harvests (differences significant at 5% ). The unmarked popula-
tion also showed a similar trend but the difference was insignificant. Stolon pro-
duction by the marked population was stimulated by the addition of nitrogen
(P <0.05) while the unmarked population behaved differently, particularly in
mixture. At H,, stolon length of the unmarked population was greater than in
the corresponding pure and mixed stands of the marked population under the
low N regime (P <0.05), while under the high N regime the differences were
insignificant.

3) Dry matter yield (Fig. 3) At the low N regime, dry matter yield per plant of
the unmarked population was more as compared to the marked population
after 32 weeks of growth (P<0.05). The marked population, however, res-
ponded better to the addition of nitrogen (P < 0.05), as a consequence of which
the difference in yield of the two populations at the end of the experiment was
narrowed down. At the high N level both the populations showed a significant
increase in dry weight in mixed stands relative to their corresponding pure
stand yields (P < 0.05), whilst the reverse trend was observed at the low N re-
gime although the differences were insignificant.

4) Relative performance of the two populations in mixture Total yield per pot
in mixture at both levels of nitrogen was intermediate between the pure stand
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Fig. 1. Total leaf area per plant of the two populations of Trifolium repens after 24 and 32 weeks
from planting under two nitrogen regimes. Marked population in pure (@——@®) and in mixture
(O----0O) and unmarked population in pure (A—A) and in mixture (A----A). Vertical bars
indicate S.E.
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Fig.2. Total length of stolon/plant of the two populations of Trifolium repens after 24 (H,) and 32
weeks (H) from planting under two nitrogen regimes. Marked population grown in pure, (black
columns M), and in mixture (open columns, 0J); unmarked population grown in pure (hatched
columns ) and in mixed stands (dotted columns 0). Vertical bars indicate S.E.
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Fig. 3. Dry matter/plant of the two populations of Trifolium repens after 24 and 32 weeks from
planting under two nitrogen regimes. Marked population grown in pure (@——@) and in mixture
(O----0O); unmarked population grown in pure (A——A) and in mixture (A----A). Vertical bars
indicate S.E.
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yield of the two populations (Fig. 4). An increase in soil nitrogen resulted in a
greater yield per pot of the marked population in both pure and mixed stands
(P<0.05), but the unmarked population was unaffected by the increased level
of soil nitrogen.

The relative yield (Table 2) of the two populations and the quotient of rela-
tive yield of the marked to the unmarked population were calculated to
compare their competitive success. The unmarked population showed a higher
relative yield value at H; under a low N regime (P <0.05) but the trend was re-
versed at H; although the difference was insignificant. On the other hand, the
marked population showed a higher relative yield than the unmarked popula-
tion at a high N regime (P <0.01).

Table 2. Relative yield of the two populations and quotient of their relative
yield at two harvests under two nitrogen regimes

LowN HighN
Hl H2 Hl H2
Relative yield of the marked population 0.78 1.05 1.20 - 1.14
Relative yield of the unmarked population  0.97 0.98 0.46 0.95
Quotient of relative yield of marked to
unmarked population 0.80 1.07 260 1.20
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Fig. 4. Replacement series diagram based on total biomass/pot (g) of the two populations of
Trifolium repens at final harvest grown at two soil nitrogen levels. The symbols (—@—),
(—O—) and (---0O---) represent the yield of marked population (M), unmarked population (U)
and total yield/pot in mixture respectively.
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5) Allocation of resources (Fig. 5) Allocation pattern of the marked popula-
tion was significantly changed (P<0.05) due to added soil nitrogen. The in-
crease in soil nitrogen resulted in a decreased allocation to leaves and an
increased allocation to stolons. However, the resource allocation to other plant
parts remained unchanged due to soil nitrogen. Conversely, resource alloca-
tion pattern in the unmarked population was not affected by soil nitrogen.
However, the unmarked population allocated more resources to flowers and
fruits in the mixed stand than in monoculture.
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Fig. 5. Dry matter allocation to various plant parts of the two populations of Trifolium repens
grown in pure and in mixture under low and high N regimes at two harvests taken after 24 (H,) and
32 weeks (H,) from planting.
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6) Chlorophyll content of leaves (Table 3) Both populations showed a higher
chlorophyll content in mixed than in pure stands at both N regimes (Table 3).
Leaves of the unmarked population contained more chlorophyll compared to
the marked population. The chlorophyll content of the latter both in pure and
mixed stands increased due to increase in soil nitrogen. The chlorophyll con-
tent of the unmarked population also increased with soil nitrogen but only in
pure stand.

7) Nitrogen content of aboveground parts (Table 4) Nitrogen content (%) of
the aboveground parts of the marked population was higher in mixed than in
pure stands at a high N regime (Table 4). At a low N regime, however, there
was no significant difference in nitrogen content between pure and mixed
stands, which was also true in case of the unmarked population. On the con-
trary, under high soil nitrogen regime, the unmarked population showed a
higher nitrogen content in pure stand than in mixture.

8) Flowering and seed output The marked population produced more fertile
shoots in mixed than in pure stands at high N regime (P <0.01) while at alow N
regime the trend was reversed (P <0.01). A similar trend was exhibited by the
unmarked population under a low N regime where the differences in nitrogen
content of plants in pure and mixed stands were significant at 5% (Table 5). In
mixture, the number of flowering shoots in the marked population increased
due to added soil nitrogen while in monoculture fewer shoots flowered. Added
so0il N had no effect on the number of flowering shoots in the unmarked popula-
tion in mixture, but in monoculture, it caused reduction in flowering.

Seed output of the marked population increased due to added soil nitrogen
(P<0.05) while the unmarked population was unaffected (Fig. 6). Atahigh N
regime, the unmarked population suffered more in competition with the
marked population in terms of seed output.
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Fig. 6. Replacement series diagram based on total seed output/pot of the two populations of
Trifolium repens at final harvest grown at two soil nitrogen levels. The symbols (—@—) and
(—x—) represent the seed output of marked population (M) and unmarked population (U)
respectively. Total seed output/pot in mixture (---O---) is also given.
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Table 5. The degree of flowering as indicated by the percentage of fertile shoots to the
vegetative shoots (each node with a leaf and root system was considered as an individual
shoot) of the two populations of T. repens after 32 weeks (H;) from planting grown in
pure and mixed stands at two nitrogen regimes (average value +S.E.)

Nitrogen regimes
Nature of stand LowN HighN
Marked (pure stand) **12.90+0.25 **10.01x0.60
Marked grown with unmarked (50:50 mixture) 6.37+1.56 14.72x2.0
Unmarked grown with marked (50: 50 mixture) 7.10=1.0 7.22+0.33
Unmarked (pure stand) *10.60+£1.10  NS6.31+0.50

Significant difference at 1% and 5% levels between pure and mixed stands of a popu-
lation is indicated by ** and * respectively, put on the pure stand of each population. NS
indicates insignificant difference.

Discussion

The wide differences in leaf area values in the pure and mixed stands of both
populations were not reflected in their corresponding dry matter yield. At a
high N level, dry matter yield of both populations was higher in mixed than in
pure stands in spite of a smaller leaf area which indicates that the efficiency of
resource utilization increases in the mixed stands.

Increased soil nitrogen resulted in an increased chlorophyll content in the
marked population both in pure and mixed stands. An increase in chlorophyll
content due to added soil nitrogen was not noticed in the unmarked population
in mixture. The differential response of the two populations to increase of soil
nitrogen in terms of chlorophyll content possibly explains the narrowing down
of the differences in their dry matter yield. The increased chlorophyll content
of the marked population in mixed stands in response to added soil nitrogen
also partly explains its greater abundance and better growth than the unmarked
population on nitrogen-rich sites.

The allocation pattern shows that a greater proportion of the assimilates is
allocated to leaf tissue at a low N level in the marked population. In spite of
this, the dry matter yield of this population is much lower than that of the un-
marked population which may be attributed to the lower chlorophyll content
and presence of air spaces in leaves of the former.

Increased soil nitrogen also resulted in an increased resource allocation to
stolons in the marked population. Both populations, however, showed a
greater stolon length in mixture than in monoculture at both nitrogen levels.
The marked population, however, showed a greater increase in stolon length
with an increase in soil nitrogen. The unmarked population, however, was not
affected. If one views the stolons as sink tissue, the narrowing down of the dif-
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ferences between the yield of the two populations at a high N regime could be
attributed to greater allocation of resources to the ‘sink’ (stolons) tissues in the
marked population at a high N regime, which might stimulate the growth as
argued by Tripathi and Harper'*.

The competitive success of the two populations is controlled, at least in part,
by the soil nitrogen regime as revealed by the poor competitive ability of the
marked population at alow N level and its better performance at a high N level.
This is also confirmed by the relative yield values. In spite of accumulating
more dry matter, the unmarked population seems to be a weaker competitor
than the marked population in nitrogen-rich soil as indicated by the data on
relative yield and its quotient. Thus, the aggressiveness of the two populations
may be greatly modified by soil nitrogen. An increased soil nitrogen content
caused a considerable increase in yield of the marked population both in pure
and mixed stands whereas the yield of the unmarked population was practically
unaffected.

The present study is partly in contrast to the findings of Cowling® who re-
ported that the nitrogen fertilizer does not result in an increased yield of the
white clover. The yield response of the marked population of T. repens to
added soil nitrogen is, however, in conformity with the results reported by
Drysdale’ in white clover and by Dilz and Mulder® in case of red clover growing
in acid soils. A higher nitrogen requirement of the marked population than that
of unmarked population is also shown by the data on nitrogen content of the
two populations. The nitrogen content of the marked population at a high
nitrogen regime was higher in mixture than in monoculture showing its com-
petitive superiority over the unmarked population which suffers more from
inter-population competition at high soil nitrogen, while at low soil nitrogen
the nitrogen content of this population was higher in mixture than in monocul-
ture. It could be argued that nitrogen uptake by a given population of T. repens
depends both on soil nitrogen level and on competition from the other popula-
tion. Vallis ez al.' found that the uptake of nitrogen by the legumes (Lotononis
bainesii and Trifolium repens) increased considerably when competition from
the grasses (Digitaria decumbens and Chloris gayana) was reduced.

An increase in flowering of both populations in mixture at a high nitrogen
regime and a decrease at a low nitrogen level signify the role of soil nitrogen in
competitive interaction between them. The magnitude of increase or decrease
in mixtures over the corresponding monocultures was more pronounced in the
marked population thus indicating differential response of the two populations
to competition at different soil nitrogen levels.

T. repens reproduces both vegetatively and sexually and has both ‘r’ and ‘K’
strategies'>. Reproduction by seeds permits long distance dispersal although at
a very high risk for propagules while the vegetative reproduction places
daughters close to the parents with low risk. At a low nitrogen level, the repro-
ductive allocation in the unmarked population was always greater in mixture
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than in pure stands, while the other population showed no such difference in
allocation due to nature of the stands.

It could be argued that under a nutrient-stressed situation the unmarked
population may be more successful in mixed stands by virtue of increased re-
productive allocation, which may confer an advantage on this population in so
far as its maintenance and spread in mixed situations are concerned. Inciden-
tally, the field observations on relative abundance of the marked and unmarked
populations also indicate that the latter occurs less abundantly in nitrogen-rich
soils. Cahn and Harper? have shown that animal grazing may be one of the fac-
tors for the failure of unmarked morph to dominate over the marked morph.
The present study, however, shows that the competitive success of the two
populations may be determined by the soil nitrogen as well.
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