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1. Heterogeneity in vertical leaf area distribution and variation in leaf dispersion are the
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2. Large and small-leaved clover cultivars follow different strategies in response to applied
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3. When mixed species have more or less the same height, the height at which the leaf area
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over canopy height.
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6. Science is concerned with “verifiability”; it is not concerned with ultimate “frush”.

Wigglesworth, V. B. 1967. The religion of science. Annals of Applied Biology, 61: 314-321.

8. In any event, it is essential that one does not lose sight of the whole and becomes lost in

the complexities within.

7. Attempting to explain everything, explains nothing.
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Evolution, 35: 1206-1228,
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significance with that of biological significance.
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Abstract

Nassiri Mahallati, M. Modelling interactions in grass-clover mixtures. PhD thesis, Departments of
Agronomy and Theoretical Production Ecology, Agricultural University, Wageningen, The
Netherlands, x + 165 pp., English and Dutch summaries.

The study described in this thesis focuses on a quantitative understanding of the complex interactions
in binary mixtures of perennial ryegrass (Lolium perenne L.) and white clover (Frifolium repens L.)
under cutting. The first part of the study describes the dynamics of growth, production and the
structural characteristics of contrasting grass and clover cultivars under field conditions. This basic
information is used in the second part to quantify light absorption, CO, assimilation, radiation use
efficiency (RUFE) and light competition of the species using a modelling approach.

Both species showed a seasonal pattem in growth of the dry matter (DM) and leaf arca index (LAJ)
during the season so that the grass-dominated swards during spring shifted to clover dominance in
summer, Without N fertilisation (-N), this seasonality was mainly controlled by the weather
conditions. However, in fertilised mixtures (+N) grass was the dominant component of the mixture
during the whole season and clover growth was always limited by light. The competitive ability and
persistence of clover were determined by the structural charactenstics of the cultivars. In the -N
swards, both large and small-leaved clover cultivars had a higher proportion of their leaf area at the
top canopy layers than their companion grass. In the +N mixtures, this was observed only in large-
leaved clover, whereas the small-leaved cultivar was strongly overtopped. The difference between
cultivars was mainly due to the pattern of altocation of the DM into the supporting tissues.
Experimental results showed two sources of vertical heterogeneity within the mixed grass-clover
canopies: different pattems of LA7 distribution and leaf dispersion. The validity of the canopy light
pariitioning model was considerably improved by introducing these sources of variation into the
model. Using this model the RUE of species was calculated for different regrowth periods. Grass and
clover had a different RUE in mixture and monoculture, but overall RUE was higher in grass,
particularly in spring. The varation in the DM yicld of grass under different treatments was due to
changes in RUE and absorbed radiation. However, in clover these differences were mainly due to the
amount of absorbed radiation. Quantification of light competition showed that in spring grass was the
strongest competitor. In summer, the competitive ability of clover was related to N level and clover
cultivar. Without N, both large and small-leaved clover were better competitors than grass. However,
in the +N swards only the large-leaved clover had the same competitive ability as its companion
grass. In both species a leaf N profile developed during regrowth, parallel to the light profile within
the canopy. The effect of the observed compared to a uniform leaf N profile on canopy CO,
assimilation of species was low, but it was different between mixtures and monocultures.

It was concluded that the effect of canopy structure on productivity of species was more important
than their assimilatory characteristics. The persistence of white clover under cutting may be improved
by choosing cultivars with a higher competitive ability, based on canopy structure.

Key words: Perennial ryegrass, white clover, canopy structure, light partitioning, light competition,
radiation use efficiency, nitrogen, leaf N profile, CO, assimiliation, modelling.
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Chapter 1

General introduction
Sustainability of grassland systems

In practical terms sustainable grassland production should be economically sound, while
simultaneously its environmental side effects should be minimised and must not exceed the
limits set by society (‘t Mannetje, 1994). High rates of nitrogen (N) fertilisation in grasslands
have led to increasing levels of N losses through leaching into the groundwater or in gaseous
forms into the atmosphere. Therefore, the research in grassland science in North-Western
Europe has moved from increasing the quantity of production based on excessive amounts of
N fertilisers to a search for alternative methods less dependent on this resource. This has led
to a growing interest in ryegrass-white clover associations as a basis for low-input, but highly
productive grassland production systems.
It is well established that perennial ryegrass is the most compatible species in association
with white clover (Camlin, 1981; Harris, 1987). On the other hand, white clover is the only
temperate forage legume species which can persist under both frequent cutting and intensive
grazing (Kessier and Nosberger, 1994). In addition, its ability for biological N fixation and
its high nutritive value give it an important role in low input grazing systems {Peel and
Lloveras, 1994). Thus, white clover is considered as a low cost alternative to industrial N
fertilisers, which are manufactured using fossil energy.
The amount of N fixed in mixed swards containing 30-50% clover is estimated to be 150 kg
ha year’ (Kristensen et al., 1995). Elgersma and Hassink (1997) reported values ranging
from 150 to 545 kg N ha™' for mixtures with 40 - 80% clover, respectively. Since the amount
of fixed N depends mainly on the proportion of clover in the mixture, these potential benefits
can be realized only if clover is present in a sufficient amount in the sward. Management of
swards for maintaining a proper balance between grass and clover is very difficult compared
with N fertilised grasslands ("t Mannetje, 1996). Harris and Thomas (1973) have suggested
that a clover content between 30 to 50% averaged over the year is the desired agronomic
level. However, the proportion of white clover fluctuates markedly from year to year and
also during the growing season, and depends largely on management practices {Jones and
Davies, 1988; Woledge ef al, 1992b; Elgersma and Schlepers, 1994, 1997). Since white
clover has a high plasticity and is highly sensitive to environmental conditions and
management, improvement of its persistence and yield through plant breeding is difficult
{Kessler and Nosberger, 1994). So it is necessary to find an appropriate management to
1
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support its growth and persistence for a sustainable grass-clover sward. Understanding the
factors which influence the composition of mixtures of species under cutting and grazing is a
major concern in ecology and agriculture.

Productivity of grass-clover mixtures

There has been a continuing debate concerning whether mixed grass-clover swards are more
productive than monocultures. The conclusion of most theoretical studies is that competing
populations will tend to diverge in their ecological requirements, so that they increasingly use
different resources and thereby reduce or avoid interference. This should be reflected in a
higher yield of mixture components than of either of the species grown in a pure stand.

The cyclic growth pattern in grass-clover mixtures has been hypothesised by Turkington and
Harper (1979). They showed that in a permanent pasture the first flush of perennial ryegrass
growth ocourred in March-June, followed by a second flush in August-September. However,
clover showed a single peak during June-July. It can be concluded that the peak of
production in ryegrass-white clover mixtures is broader than in ryegrass alone, as white
clover has a later peak of production than ryegrass. Therefore, ryegrass-white clover mixtures
use resources more efficiently than their corresponding pure stands (Menchaca and Connolly,
1990; Turkington and Jolliffe, 1996), because when species have complementary growth
rhythms, competition between them can be minimised.

While in natural pgrasslands environmental conditions (e.g. temperature and water
availability) are the main sources of species variation, in intensive pastures management is
crucial for the balance between species. Therefore, species interactions in ryegrass-white
clover mixtures have been the subject of several decades of research in grassland science.
These competitive interactions, which are mainly affected by harvesting {defined by
frequency, intensity, uniformity and timing of defoliation), a proper combination of cultivars
and N nutrition, determine the stability of mixtures.

Species competition

Parsons et al. (19921b) showed that in grazed swards stable persistence of perennial ryegrass
and white clover has generally been unachievable, except in the special case where the
competition advantage of clover was exactly balanced by the feeding preference of prazing
animals. This led to the suggestion that ryegrass-clover mixtures are intrinsically unstable.
Thornley et al. (1995) and Schwinning and Parsons (1996a) suggested that the key in

understanding the intrinsic sources of variability in grass-clover mixtures is the difference in
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their response to availability of N in the soil. When soil N is low, clover has a greater relative
growth rate (RGR) than grass, since it can replace inorganic N uptake with N fixation, When
soil N is high grass has the greatest RGR, because N uptake is more efficient than a
combination of N uptake and N fixation (Thornley et al., 1995). Based on these results,
Thornley ef al. (1995) concluded that through N cycling the two species establish an
intermediate soil inorganic N level, at which their competitive advantages are balanced, and
thus they can coexist.

Camlin (1981), Martin and Field {1981), Harris (1987), and Woledge et al. (1992b) as well
as other researchers concluded that competition for the aerial resource light is the main
component which affects performance and productivity of species in mixed swards.
Similarly, Schwinning and Parsons (1996b), using a simulation model, showed that grass
benefits from the ability of clover to introduce N into the system, but simultaneously
suppresses clover growth through competition for light. These interactions provide the basis
for large oscillations of grass and clover densities.

Competition for light depends on the canopy characteristics of species (e.g. spatial
distribution of leaf area and angle). Canopy structure in its turn depends on genotypes as well
as management practices such as defoliation system and application of N. On the other hand,
canopy structure is influenced by variation in environmental conditions during the season.
Combination of these variables results in a complex pattern of growth and production.
Explanation of this complexity is only possibie through a modelling approach (Parsons ¢t al.,
1991b).

Competition models for grass-clover mixtures

Several mechanistic models with various levels of resolution have been constructed to
address a fundamental basis of growth and production in pastures (Noy-Meir, 1976; Christian
et al., 1978; Innis, 1978; Blackburn and Kothman, 1989). However, these models are mainly
focused on grassiand productivity and hardly deal with species competition.

In general, two types of light absorption models are applied to grass clover mixtures: single
layer canopy models (Ross ef af,, 1972; Johnson et al., 1989; Sinoquet et af, 1990) and
multi-layer canopy models (Rimmington, 1984, Faurie ¢f al., 1996), which are more realistic.
A more flexible approach for light absorption and CO, assimilation between component
species is followed in the model INTERCOM (Kropff and van Laar, 1993). The model
simulates light absorption and partitioning between species based on the pattern of their leaf
area distribution over canopy height. Among several ecophysiology-based models for
intercopping reviewed by Caldwell (1995), INTERCOM was the only one that includes a
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leaf-level CO, assimilation function to estimate canopy CO; assimilation. In the present study
INTERCOM is used as a tool to study the mechanisms of light competition in grass-clover
mixtures because of its capability for simulation of light absorption and CO; assimilation rate
of species within canopy layers.

Aims of research

The objectives of this study are to identify the differences between contrasting perennial
ryegrass and white clover cultivars in growth, productivity and in the patterns of investment
of their resource into the light absorbing and photosynthetic tissues (total leaf area and its
vertical distribution). This basic information is needed to explain changes in the composition
of mixtures and to extend the existing simulation models for competition between species
under cutting,

The ultimate goal is to gain insight into the mechanisms that determine clover persistence
under various management strategies.

Outline of the thesis

The thesis includes the results of two years of field experiments (1995 and 1996) on growth
characteristics of perennial ryegrass and white clover in mixture and monoculture.
Experiments were carried out in Wageningen, The Netherlands. Interactions between species
were studied on the basis of the INTERCOM model.

In Chapter 2 the effect of cutting frequency on yield and species balance during successive
regrowth periods of contrasting grass and clover cultivars in mixtures is presented. Chapter
3 includes the seasonal growth patterns of species in mixture and monoculture, with and
without N fertiliser. The effect of N on canopy structure and distribution of light, biomass
and N in mixed canopies is presented in Chapter 4. In Chapter 5 a light absorption and
partitioning model for a mixed grass-clover canopy is described. Using this model, the effect
of N on the seasonal pattern of canopy development, light absorption, radiation use
efficiency and light competition are studied in Chapters 6 and 7. Chapter 8 describes the
distribution of N within the mixed canopy and its effect on leaf and canopy CO, assimilation.
Finally the general discussion of all results and final conclusions are presented in Chapter 9.




Chapter 2

Competition in contrasting grass-clover mixtures: dynamics of species
composition, light absorption and dry matter production during regrowth

M. Nassiri and A. Elgersma

Abstract

To explain the effect of defoliation interval on differences in growth pattem between clover cultivars the
dynamics of leaf area increase, light interception and dry matter (DM) production were studied within
successive regrowth periods in contrasting perennial ryegrass-white clover mixtures without N fertiliser at
two cutting intervals. During 1995 the mixtures were cut 8 (F1) or 6 times (F2) at a stubble height of 5 cm.
After harvest about 50 g DM m™ (with 52 % clover) was present in the stubble, and the LAf was 0.5 (38 %
clover). There was little variation throughout the growing season. During regrowth the relative growth rate
of leaf area and DM was higher in clover than in grass, especially during summer, in both cutting
treatments. Therefore, during regrowth the clover content increased in the leaf area and in the DM yield of
the mixtures. :

By the end of spring regrowth there was about 55 % clover in the LA and 45 % in the DM, with little
difference hetween cutting treatments. In summer, the clover content in LA and DM in both mixturcs was
about 70-75%, which was much higher than in spring. There was a decline during autumn, especially in F2
and in the mixtures with the small-leaved white clover cv. Gwenda and the medium-leaved cv. Retor.

The percentage of absorbed radiation was 20-30% after harvest and increased during 3 weeks to abowt 95%
(closed canopy). There was not much difference between cutting treatments, except that the canopy of the
frequently-cut swards was not yet closed at the moment of spring harvest.

Mixtures with large-leaved clover ¢v. Alice, had a more rapid increase in LAY and DM than mixtures with
cvs. Gwenda or Retor, despite their lower initial clover content after harvest. This resulted in a higher
clover content in the LAT and DM in mixtures with cv. Alice from 2 weeks of regrowth onwards and led to
a higher total and clover yield in mixtures with cv. Alice at all harvests throughout the growing season in
both cutting treatments. Cutting frequency did affect the change in clover-grass ratio during regrowth,
which was significantly higher in mixtures with ¢v, Alice than in mixtures with ¢v. Gwenda, but only
under infrequent cutting. Large-leaved cv. Alice had a higher LAJ and DM at harvest, but small-leaved cv.
Gwenda had a higher LA and DM than medium-leaved cv. Retor.

Key words: White clover, perennial ryegrass, growth dynamics, leaf size, light interception, cutting
frequency, competition.
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Introduction

Compatibility in a grass-clover mixture depends on the cultivar combinations and the
management imposed. There are differences in productivity and seasonality of growth pattern
between clover cultivars. Once species are sown and swards are established, the main
management decisions in practice are fertiliser regime and harvesting strategy. The defoliation
interval is the main cause of different responses of clover cultivars to management (Curll and
Wilkins, 1982).

Leaf size is the most important criterium to distinguish clover cultivars (Caradus ef o, 1989). The
productivity of each leaf size category is affected by the frequency of defoliation. The better
productivity of large-leaved clovers under infrequent cutting and the suitability of small-leaved
cultivars for frequent defoliation have been emphasised by many researchers (Wilman and
Asiegbu, 1982; Evans and Williams, 1987; Swift et al, 1992; Kang and Brink, 1995). However,
results of a long-term experiment on yield response of contrasting clover cultivars to cufting
frequency in Wageningen (Elgersma and Schlepers, 1997) did not show such a clear difference.
Large-leaved clover cv. Alice was more productive than other cultivars, both when cut at 1200
and at 2000 kg DM ha™".

The difference in response of clover cultivars to cuiting interval is possibly due to morphological
or physiological attributes such as difference in petiole length (Wilman and Asiegbu, 1982) and
the capacity of cultivars to maintain their leaf area in response to cutting frequency (Kang and
Brink, 1995). There is also evidence of the effects of light environment within the canopy on
petiole elongation and stolon branching (Thompson, 1995). The amount of leaf area in the stubble
after cutting determines the initial light interception and subsequent regrowth.

Information on the dynamics of changes in DM and LAJ of grass and clover during successive
regrowth periods throughout the growing season in response to cutting interval is needed to
understand competition in mixed canopies. However, in grass-clover mixtures such data are
scarce. Therefore, the dynamics of leaf area increase, light interception and DM production were
studied within successive regrowth periods in binary mixtures of diploid and tetraploid perennial
ryegrass with a large, medium and small-leaved white clover cultivar in response to cutting
interval. The objectives of this research were to study the effect of cutting treatment and mixture
composition on the dynamics of leaf area increase, light interception and DM production during
regrowth throughout the growing season.



Dynamics of species growth

Materials and methods

The experiment was established on clay soil in 1991 in Wageningen, The Netherlands (Elgersma
and Schlepers, 1994). The perennial ryegrass (Lofium perenne) cultivars Condesa (tetraploid) and
Barlet (diploid, erect) were sown in binary mixtures with white clover (Trifolium repens) cultivars
Alice (large-leaved), Retor (medium-leaved) and Gwenda (small-leaved). The six mixtures will
be abbreviated as CA, CR, CG, BA, BR and BG. There were two cutting frequencies, based on
approximate target yields of 1200 (F1) and 2000 kg DM ha’ (F2). As vield is related to canopy
height, target yield was estimated by measuring sward surface height (SSH).

The experimental design was a split-plot with cutting frequency as the main plot and mixture as
subplot; there were three replications. P and K were applied regularly, but no fertiliser N was
applied. Experimental details have been reported earlier (Elgersma and Schlepers, 1997).

In 1995 the mixtures were cut 8 and 6 times (F1 and F2, respectively) at 5 cm sward height.
Detailed measurements were taken in all mixtures in F2, and in CG and CA in F1, Sampling
commenced after the first harvest on May 2 and 9 for F1 and F2, respectively, and continued until
October 26 (Table 1).

Sward surface height (SSH} was measured weekly and before each harvest by taking 10
measurements per subplot, using a falling plate (diameter 50 cm, weight 350 g, 0.18 g cm™).

Table 1. Dates of harvest of whole subplots and regrowth periods in F1 (R1-R7) and F2 (R1-R5) based on
taking quadrat samples.

Cutting frequency F1 F2
Harvest date Regrowth period Harvestdate  Regrowth period
May 2 May 9

} Rl 252355 } Rl 95-4/6
May 24 June 7

} R2 24/5-13/6 1} R2  T6-6/7
June 13 July 7

1} R3  13/64/7 } R3  7/7-1/8
July 4 August 2

} R4 472577 } R4 2/8-13/9
July 26 September 13

} RS 26/7-15/8 } RS 13/9-26/10
August 17 October 26

} R6 17/8-15/9
September 18

}  R7  18/9-26/10
October 26
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At weekly intervals, all above-ground plant material in a 10 x 10 ¢m quadrat was harvested at
ground level. The first 5 cm layer from the base was considered stubble, the remaining canopy
(> 5 cm) will be termed harvestable herbage. The material in both layers was separated into dead
materials and clover flowers (if present}, which were excluded from further measurements, and
clover leaf blades, clover petioles, grass leaf blades and grass (pseudo} stems plus leaf sheaths
{Nassiri ef al., 1996a). The area of leaf blades of grass and clover was measured with an electronic
leaf area meter (1.i-Cor 3100, Li-Cor Inc., Lincoln, NE, USA). The harvested material was dried
at 70 °C during 24 hours and weighed. To obtain leaf areas for mixtures in F1 (CA and CG),
estimates were used from inclined point quadrat data, which showed a good relation with £A47
values measured with the leaf area meter (Chapter 5).

The total absorbed radiation by the mixed canopy was measured weekly at the top of the canopy
and at ground level using a linear ceptometer.

In this study two distinct analyses were carried out with subsets of the data. Firstly, to test the
effect of the two grass and three clover cultivars, the six mixtures were analysed within F2.
Secondly, to test the effect of cutting frequency and clover cultivar the data of CA and CG in F1
and CA, CG and CR. in F2 were analysed separately.

Results
Sward surface height

The average rate of increase in sward surface height (SSH) (cm day'l) during regrowth is shown
in Figure 1, which illustrates the seasonal pattern during the growing season.
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Figure 1. Average rate of increase in sward surface height (SSH) in different grass-clover mixtures (CA,
CG, CR) during different regrowth periods in two cutting treatments (F1 and F2).
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Dynamics of species growth

In both cutting treatments the highest daily increase rate in SSH occurred in June, in R2, and
decreased thereafier, This pattern was most pronounced in F1. Mixtures with Alice always had a
higher SSH increase rate than mixtures with Gwenda or Retor. Figure 2 shows the SSH of the
mixtures at weekly intervals during 3 regrowth periods in F1 (R1, R4, R7) and F2 (R1, R3, R35),
representing spring, summer and autumn, respectively. Initial SSH after cutting was 5 cm in all
treatments.

In spring and summer SSH increased almost linearly during regrowth. However, in autumn the
rate of increase was Jow (Figure 1) and more days of regrowth were needed to achieve the target
SSH for the next harvest (Figure 2). In general, SSH was higher in CA than in CG or CR.
Comparison of the mixtures within F2 revealed that there was no effect of grass cultivar on SSH,
whereas mixtures with Retor had a lower SSH increase rate than mixtures with Alice and Gwenda
during late summer (R3) and autumn (R5) (Figure 2).
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Dynamics of leaf area increase

Figure 3 shows the weekly increase in grass and clover LAY in the harvestable forage (above 5 cm)
during 3 regrowth periods. In general, grass L4/ was not significantly different between F1 and
F2 throughout the growing season.
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Figure 3. Dynamics of growth of leaf arca of grass and clover in harvestable herbage (> 5 am) during R},
R4 and R7 in F1 and R1, R3 and RS in F2. (—), clover; (—) gtass.

However, in all regrowth periods and in both cutting frequencies grass had a lower growth rate of
leaf area than clover. This difference was most pronounced in summer, when the rate of increase
of clover 1A/ was maximal and the highest L4/ was reached. In both cutting regimes small-leaved
Gwenda had a lower leaf area than large-leaved Alice, but this difference was not significant in
F1. In F2 the long regrowth period in autumn led to a significant reduction in the .47 of Gwenda
during the final week of regrowth. In this period grass £.47 was also significantly higher in CG
than in CA (Figure 3). In F2 during all regrowth periods Retor had a lower LA compared to the
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other clovers, particularly from spring onwards. Grass LA was not affected by clover cultivars,
However, during the last regrowth (RS) in the mixture with Retor the grass A7 was higher than
the clover LAI (Figure 3). In general, the clover LAl was highest in large-leaved Alice and lowest
in medium-leaved Retor.

Pattern of light absorpticn

The weekly change in light absorption by the mixed canopies during regrowth is shown in Fig. 4.
After cutting, the stubble absorbed 20 - 30 % of the incoming radiation. In ¥1 the spring regrowth
period was short and at harvest the light absorption was still in the linear phase, indicating that the
canopy was still open. During summer and autumn a closed canopy, defined as an absorption
level of 95% of the incoming radiation, occurred after 20 days of regrowth in CA and CG in both
cutting intervals. The longer regrowth duration in F2 led to a closed canopy at the end of all
periods. In autumn the lower leaf area increase rate (Figure 3) resulted in a decrease in the rate of
fight absorption in the mixtures compared to spring and summer.
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Figurc 4. Time course of light absorption by the mixed canopy during R1, R4 and R7 in F1 and R1, R3
and RSinF2.
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Figure 5. Dynamics of growth of DM of prass and clover in harvestable herbage (> 5 cm) during R1, R4
and R7 in F1 and R1, R3 and R5 in F2. (), clover; (—) grass.

Therefore, in CA and CG the canopy was closed about 2 weeks later in autumn than in summer
(Figure 4). In F2 a closed canopy was not found in the CR mixture and the total absorbed light
was lower than in CA and CG, which reflects the lower LAT of Retor (Figure 4).

Dynamics of dry matter (DM) increase

Figure 5 shows the increase in harvestable DM during 3 regrowth periods. The pattern was similar
to that of the increase in harvestable LAI (Fig. 3). In spring, grass and clover DM yields both
increased rapidly, with a linear increase from the first week after cutting onwards with no
difference between CA, CG and CR. In summer, the increase in grass DM was slower than in
spring, whereas the clover DM increased much faster than in spring. In F2, the increase in clover
DM during weeks 2 and 3 was linear, but there was only little increase during week 4 in F2. By
the end of the summer regrowth period, Alice and Gwenda had the same DM vyield in F1, but in
F2 the DM yield of Alice was significantly higher. Gwenda and Retor always had a lower DM
yield compared to Alice (Figure 5). In auturnn, the clover growth rate was comparable to that in
spring, and the grass growth rate to that in summer. However, in F2 the greater reduction in DM
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of Gwenda led to a significant difference between Gwenda and Alice, which was not observed in
F1. In ¥2, the DM ranking of clover cultivars (A > G > R ) remained unchanged after spring. For
grass DM the opposite was found in auturmn, with mixtures containing Alice producing less grass
than mixtures with Gwenda. No difference was observed in grass DM between CG and CR

(Figure 5).

In Figure 6, grass DM in weekly cut quadrats from all regrowth periods except spring has been
plotted against clover DM. This relationship describes the increase in grass DM as a function of
clover DM. In other words, it expresses the aggressivity of clover cultivar over grass. Linear
regression analyses showed that CG had the same slope in both cutting treatments, but CA had a

significantly lower slope in F1 than in F2 (Table 2).

Table 2. The result of linear regression between clover DM and grass DM during regrowth periods.
Regression lines are presented in Figure 6.

Cutting
frequency Mixture Intercept Slope# r
CA 15.59 0.183 (£ 0.029) ¢ 0.755%*
F2 CcG 14.32 0.364 (£ 0.038) b 0.792%*
CR 6.60 0.692 (+ 0.069) a 0.813%*
F1 CA 12.80 0.304 (+ 0.035) b 0.752%+
CG 1191 0.389 (x 0.039) b 0.790%*

# Slopes with the same letter are not significantly different at the 5% level, figures in brackets show the SE of

coefficients.
** Gipnificant at P <0.01

120 120
* CA F1 * CA F2
TO'U‘gCG 100'ACG ' . i
"€ BOF 80
o
E 60 60
9
s 40 40
[&]
20 20
0 1 1 1 0 1 N | 1 1 1
0 50 200 250 0 50 100 150 200 250

Clover DM (g rﬁa)

Clover DM (g m )

Figure 6. Relationships between clover DM and grass DM in harvestable herbage (> 5 cm) during different
regrowth periods in F1 and F2. CA (—); CG (-——-); CR (). For more information see Table 2.
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Thus in F2 the slope was significantly lower in CA than in CG, indicating the higher aggressivity
of large-leaved Alice (less grass DM at the same clover DM compared to mixtures with Gwenda).
In addition, in F2 the slope of the regression line was highest in CR {Table 2 and Figure 6), which
shows the lower competitive ability of Retor. In spring no such pattern was observed (not shown).

Clover content in LA and DM

Figure 7 shows the dynamics of the clover content in the total aboveground DM and 147, Tn
spring in F2 the clover content in the DM was higher in CG than in CA and CR at the start (day
zero) of regrowth in the stubble, just after cutting. However, the clover content in CR and
especially CA increased after 7, 14 and 21 days of regrowth, whereas the clover content in CG
remained constant, Therefore, the clover content in the DM at harvest was higher in CA than in
CG and CR (P < 0.05 ) (although the difference in DM was not significant (Fig. 5)). During
summer the amount of clover in the stubble at day zero was much higher than in spring. During
regrowth it increased from about 53 % to about 74 % after 4 weeks, with no significant difference
between CA and CG. However, it was significantly lower in CR. In autumn the initial clover
content was comparable to that in summer, but increased more slowly during regrowth, In CA, a
level of about 70 % clover was reached after 4 weeks of regrowth, which lasted untii harvest. At
harvest the clover conterit was significantly different in all mixtures (Figure 5).

A similar pattern was found for the clover content in the L4, However, after harvest (day zero)
the clover content in LAf was always lower than the clover content in the DM. During the first
week of regrowth the increase of clover in the L47 was stronger than its increase in the DM.

In F1 similar results were found. The initial clover content was comparable to that in F2, but the
increase in clover content during regrowth was somewhat faster in F1.

Discussion

At both cutting frequencies, the SSH achieved by the end of the regrowth periods was higher in
spring and summer than in autumn. In spring both mixtures had the same SSH, but in summer
SSH was highest in mixtures with Alice (Figure 2). The height of many species is a function of
temperature (Spitters, 1989). However, Barthram and Grant (1994) showed that at low
temperatures grass had a greater rate of increase in height than clover. Eagles and Othman (1936)
suggested that short days and low temperatures result in short petioles in clover. Amott and Ryle
(1982) found that maximum petiole lengths were achieved under long days (16 h) with
teruperatures of 15-20 °C.
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Figure 7. Dynamics of clover content in DM and LA during R1, R4 and R7 in F1 and R1, R3 and RS in

F2.
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Tt can be concluded that in spring the SSH and its rate of increase were determined by grass, but
that during summer, when environmental conditions were more favourable for clover compared
to unfertilised grass, SSH was controlled by clover. Therefore, only during summer mixtures
containing the long-petioled Alice had a higher SSH than mixtures with Gwenda. Gwenda
showed less response in petiole length to temperature (Chapter 3).

Evans and Williams (1987) and Swift et al (1992) confirmed that small-leaved clover had a better
performance under frequent defoliation than under a less frequent cutting regime. However, our
results showed that both large-leaved and small-leaved clover performed better in F2 than in F1.
This difference was obvious both in growth of leaf area (Figure 3) and DM (Figure 5). In F2 the
growth difference and yield ranking of clover cultivars (A > G > R) was not exactly in accordance
to their leaf size, because medium-leaved Retor, which is less winterhardy and more susceptible to
diseases, performed less than small-leaved Gwenda. The same ranking order of cultivars was also
reported for annual herbage production by Elgersma and Schlepers (1997) and Elgersma et ai. (in
preparation). While in F2 during the summer and autumn regrowth periods the LAf and DM were
significantly different between clovers cultivars, in F1 there was no difference between Alice and
Gwenda. In fact the lower clover L47 and DM in F1 compared to F2 was less pronounced in
Gwenda than in Alice, indicating that in F1 growth conditions favoured the small-leaved clover
(Figures 3 and 5).

Swift et al. (1993) emphasized that small-leaved cultivars, with their more stoloniferous growth
habit, are much better suited for grazing or frequent cutting. The beneficial effect of frequent
cutting to small-leaved clover can be attributed to the higher light intensity at ground level. In F1,
where the total canopy LA/ was lower than in F2, light interception was also lower by the end of
regrowth (Figure 6). A higher light intensity in the base of the canopy promotes the development
of axillary buds of clover stolons (Solangaarachchi and Harper, 1987, Thompson, 1993), as well
as ryegrass tillers (Casal ef al, 1985). It has been shown that LA7 values of 2.5 and 3 in
monocultures and mixtures are the respective thresholds above which the development of axillary
clover buds stops (Simon et al., 1989). In the present experiment, even in F1 the total LA was
higher than 3 at harvest, but still lower than in F2 (Figure 3). While at harvest the growth rate of
LAT was still in the linear phase in F1, the intercepted light by the canopy was almost maximal
(Figure 4) because light interception increases very little with increasing LA4J above a value of ca.
3 (Belanger et al., 1992). Therefore, it can be concluded that overall clover stolons experienced a
shorter duration of shading in F1 than in F2.

It has been suggested that large-leaved clover cultivars allocate more DM to petioles at the
expense of stolons (Rhodes and Harris, 1979). Thompson (1995) showed that stolon growth
(horizontal) was altered by the light environment at the node, and petiole growth (vertical) by
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light perceived at the petiole tip. It seems therefore, that the longer defoliation intervals in F2 led
to a better light environment at top layers for large-leaved Alice, with its lower stolon density, to
elongate its petioles and become a stronger competitor. Under this condition, the longer periads of
shading compared to frequent cutting will result in reduction or even death of both clover growing
points and grass tillers (Lawson ef al., 1997). Thus, a significantly lower DM yield and LAI could
also be expected in small-leaved Gwenda, with its more stoloniferous growth habit, compared to
Alice in summer and autumn regrowth (Figures 3 and 5). However, in F1 both clovers had the
same LAl and DM. Accordingly, Wilman and Asiegbu (1982) found that the annual yield of
small-leaved clover was equivalent to that of large-leaved clover under 3-weekly defoliation, but
less than that of large-leaved clover when the cutting interval increased to 16 weeks. Kang and
Brink (1995) also found that large-leaved cultivars yielded more DM than small-leaved clovers
and concluded that a principal difference between white clover cultivars is their capacity to
maintain leaf area in response to defoliation variables. While in the present study the difference
between the two cutting frequencies was only 1 week, even this small difference was sufficient to
result in a change in aggressivity of large-leaved clover over grass in both cutting treatments.

In F2, the increase in grass DM per increase in clover DM (Figure 6) was lowest in CA and
highest in CR. However, in CA frequent cutting (F1) almost doubled the slope of the regression
line between grass and clover DM compared to F2. In contrast, in CG it was similar in F1 and F2
{Table 1). In F2, the slope of the regression line was highest in Retor (R > G > A) and showed the
inverse ranking order as was abserved for the DM and the LAJ of clover cultivars (A > G > R).
Nearly all clover LA/ was removed following defoliation, but ryegrass retained a higher
proportion of its leaf area after cutting (similar finding by Woledge ef al., 1992b), which gave the
grass a competitive advantage. However, the dynamics of clover content during regrowth in F1
and F2 (Figure 7) showed that both clover cultivars increased their content by weight and by LAJ
Woledge (1988) and Woledge ef al. (1992a) obtained the same results and concluded that clover
had a higher relative growth rate (RGR) than grass. In spring, both in F1 and F2 the increase in
clover content in DM was less obvious than in other periods, indicating that both species had the
same RGR of their DM. However, the RGR of clover LA/ was always higher than that of grass
LAI (Figure 7). Our results also show that in F2 the small-leaved clover had a lower RGR than
the large-leaved clover, particularly in spring and autumn, but this difference was not observed in
F1. The results of this study, together with previous results on seasonal productivity of contrasting
grass-clover mixtures (Elgersma and Schlepers, 1997), showed that there were significant and
consistent differences between clover cultivars, whereas grass cultivars had no effect.

Further information about the vertical distribution of leaf area and biomass in the mixed canopy
and light interception at various heights will provide more insight into the nature of the response
of clover cultivars to cutting intervals.
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The effects of repetitive nitrogen applications on contrasting perennial
ryegrass and white clover cultivars in mixtures and monocultures under

cutting, I. Seasonal growth and dry matter yield
M. Nassiri and A. Elgersma

Abstract

Binary mixtures and monocultares of the diploid percnnial ryegrass cultivars Barlet (erect) and
Heraut (prostrate} and the white clovers cvs, Alice (large-leaved } and Gwenda (small-leaved) were
established in a cutting experiment on a sandy soil. Grass monocultures received three N levels (0,
150 or 300 kg ha™") split over the scason. Mixtures were supplied with 150 kg N ha™* (+N) ar no N
(-N). No N was applied to clover monocultures. All plots were cut 5 times during 1996 (from 10 May
until 7 October).

Repetitive application of N had a deleterious effect on clover growth. The average clover content
declined from 42.5% in the -N mixtures to 11.8% in the +N swards. There was na N x clover cultivar
interaction. Grass growth increased significantly in response to N, but therc were no differences
between cultivars. The annual yield of -N mixtures was close to that of N150 grass monocultures, but
N300 pure grass outyielded both the +N and the -N mixtures. In both the +N and the -N mixtures
clover lost relatively more leaf arca and less DM than grass due to cutting, leading to a lower clover
content in the LAT of the stubble. In the -N mixtures the clover content in the DM and in the LAJ
increased towards the end of the successive regrowth periods, compared to the initial clover content
after cutting in the stubble. Maximum clover contents were found during summer. In the +N mixtures
large-teaved Alice maintained its content during summer. However, at each harvest the content of
small-leaved Gwenda in the LAT and DM was lower than at the start of regrowth. The advantage of
Alice was mainly due to its greater petiole length, which increased in responsc to N, while the
opposite was observed for Gwenda. The allocation of DM to the petioles led to a decrease in the
LWR of the large-leaved clover in the +N mixtures, while the small-leaved clover had a higher LWR
and SLA in the +N mixtures than in the -N mixtures. It is proposed that clover cultivars that have a
different pattern of DM allocation follow different strategies in response to applied N.

Key words: White clover, perennial ryegrass, N, competition, mixture, monoculture.
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Introduction

White clover is usually grown with companion grasses, in cultivated pastures mainly with
perennial ryegrass. White clover is receiving increased attention, because of the growing
tendency to develop a more extensive and environmentally safe approach to grassland-animal
production systems (Fisher, 1996). The cohabitation of ryegrass and white clover is possibly
due to asynchrony in the growth patterns of both species, which has been observed under
different management practices (Curll and Wilkins, 1982; Davies, 1992; Barthram and Grant,
1994), and to the beneficial effects of fixed N on ryegrass (Harris, 1987).

Despite the fact that ryegrass is the most compatible species with white clover (Chestnutt and
Lowe, 1970), the potential benefits of a legume species, e.g. its ability to fix N, can be
realised only if a sufficient amount of clover is present. However, seasonal and annual
variability of growth lead to a variable clover content under both a cutting or grazing
management (Parsons ef al, 1991a). The relative persistence of species in mixtures is
partially dependent on genetically controlled differences in their competitive abilities
(Aarssen, 1983). However, a proper combination of grass and clover cultivars, availability of
inorganic N and defoliation patterns, among other practices, are also important factors in
controlling the clover persistence,

Incompatibility of clover persistence with N fertilisation has been frequently reported.
Soussana and Arregui (1995) showed that the clover content in a mixed sward was negatively
correlated with the ryegrass N nutrition level. Similarly, Woledge (1988) and Fisher and
Wilman {1995) reported a significant decline in the clover content in the DM when N
fertiliser was applied in spring. The clover response to inorganic N is usually evaluated under
a single application of N during spring, when clover growth and N fixing ability are [imited
due to unfavourable environmental conditions (Marriott, 1988). In a controlled environment,
the clover depression in a +N mixture was more pronounced at low than at high temperatures
{Davidson and Rabson, 1986). Clover which has been treated with spring N will recover
during the growing season to the same content and vield as clover which was not treated
{Frame, 1987).

Limited information is available regarding the effect of repetitive application of N on clover
growth in mixtures, Frame and Boyd (1987), using different N levels applied over the season,
showed that at a high N level (360 kg ha') the annual clover yield was reduced by 88%
compared to a control treatment. On the other hand, Wilman and Asiegbu (1982) concluded
that large-leaved clover cultivars were more productive than others at all N rates used in their
study. It seems therefore, that under spring-applied N clover yield and persistence are

positively correlated to clover leaf size. However, it is not clear if this effect also exists under
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repetitive N applications. In unfertilised mixed swards, grass growth depends on the
symbiotically fixed N by clover, next to soil N mineralisation and deposition (Elgersma and
Hassink, 1997). The atmospherically-fixed N in mixed swards containing 30-50% clover was
estimated as 157 kg ha” year” in the first cropping year by Kristensen ef al. (1995). The
application of this amount of N during the growing season would enable a study of the
growth of clover in mixtures, while grass growth would be mainly independent of fixed N.

In this research the effect of repetitive N applications on the yield and performance of species
in mixtures of contrasting white clover and ryegrass cultivars, as well as their monocultures,
were investigated under cutting. The aim was to study the physiological traits that contribute
to the persistence of white clover, and the balance between species in response to an
application rate of N equal to the estimated amount of N fixed by clover, throughout the

growing season.
Materials and methods

Experimental site, design and management

Three adjacent trials were sown in the autumn of 19935 on an actually N-deficit sandy soil at
Wageningen, The Netherlands. A series of monocultures and mixtures ranging from extreme
clover dominance to exireme grass dominance was established by application of varying
levels of N to grass-clover mixtures in 1996.

In the first trial (experiment 1), two white clover (Trifolium repens) cultivars: Alice and
Gwenda (large and small-leaved, respectively) and two perennial ryegrass (Lofium perenne)
cvs. Barlet (diploid, erect) and Heraut (diploid, prostrate) were used to make four different
mixtures {the mixtures are hereafter referred to by the first letter of their component cultivar
names). The mixtures were grown under two N levels, 0 (-N) and 150 kg N ha™! (+N) during
the growing season. The monocultures of the clover cultivars were sown in the plots adjacent
to the mixtures (experiment 2). No fertiliser N was applied to the clover monocultures. The
plot size in experiments 1 and 2 was 2.8 x 8.5 m. In the third trial, monocultures of both
ryegrass cultivars were established in 2.8 x 7 m plots (experiment 3). During the growing
season of 1996 the monocultures received 3 levels of N (0 (NO); 150 (N150) and 300 kg N
ha™ (N300)). Increasing N doses were applied in pure grass during the growing season (Table
1) to simulate the expected seasonal pattern of clover-derived N in mixtures on relative basis
(Elgersma and Schlepers, 1997). In all experiments the seeding rate was 4 and 25 kg ha for
clover and grass, respectively. In all trials a randomised complete block design with 2
replications was used. Sampling started on 10 May and continued tilf 7 October 1996. All
plots were cut at an approximate average target yield of 2000 kg DM ha'' (which took 5:t0 7
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weeks, depending on growth conditions). This allowed for 5 cuts (4 regrowth periods, R1-
R4} during the growing season (Table 1). However, the poor growth of the unfertilised grass
monocultures allowed only 3 cuts on these plots.

Table 1. Timing and amount of N fertilisation and duration of regrowth periods (R) in mixtures and
monocultures.

N treatment (kg ha)

Duration Mixtures Grass monocuitures
Regrowth period R (days) -N +N NO** N150 N3O0
17 April - 10 May 34 0 30* 0 io* 20*
10 May - 17 June 1 39 0 30 0 30 60
17 June - 22 July 2 is 0 30 0 30 60
22 July - 2 Sep. 3 42 0 30 0 40 80
2 Sep. - 7 Oct. 4 35 0 30 0 40 80

* amount of N applied at the start of cach regrowth period; spring N was applied on April 17.
** this treatment was harvested on 17 June, 2 September and 7 October.

Measurements

The total leaf area of species was measured with an inclined point quadrat (Warren Wilson,
1963). In all plots the total vegetation in a 10 by 10 cm quadrat was cut at ground level at
weekly intervals and carefully transferred to the laboratory. A 5-cm layer from the base of
the canopy was cut with a paper cutter and considered as stubble.

The cut material (below and above 5 cm) was separated into grass and clover. The dry weight
of grass leaves and stems and clover leaves and petioles was measured after drying for 24
hours at 70° C. At the end of each regrowth period whole plots were machine-harvested at 5
cm sward height. The dry matter of grass and clover was determined from the samples taken
from the harvested material after drying. Immediately after each cut, the composition of the
stubble was determined from the sample taken by the 10 x 10 cm quadrat. Specific leaf area
(SLA, leaf area/leaf dry weight), leaf weight ratio (LWR, leaf weight/ shoot weight) and leaf
area ratio (LAR, leaf area/ shoot weight; SLA x LWR) were measured for each species, both
in the stubble and above it. By the end of the second regrowth period, clover petiole length
and specific petiole length (length per unit dry weight, cm mg") were measured in 100
random samples taken from each plot.

Weather data during the growing season (Figure 1) were taken from the Haarweg
meteorological station, at 500 m distance from the experiment site.
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Figure 1. Daily totals of incoming solar radiation and daily values of minimum (-}, maximum (—)
and average (=) temperatures during the growing season of 1996. Ammows show the cutting dates.

Results
Annual growth of species

Application of N significantly (P < 0.05) increased the total annual DM yield averaged over
all mixtures (Table 2). In the +N mixtures, the annual grass yield (948 g m?) was
significantly (P < 0.05) higher compared to that of the -N mixtures (520 g m’?), but no
significant differences were detected between both ryegrass cultivars in their response to N.
In both clover cultivars the annual DM yield was significantly (P < 0.05) reduced by 67%
under repetitive N application compared to unfertilised mixtures. As a result, the overall
mean clover content in the DM was 42.5% in the -N mixtures and only 11.8% in the +N

25



Chapter 3

mixtures {Table 2). The clover DM in mixture with grass cv. Heraut was lower than that in
cv. Barlet, but the difference was only significant for small-leaved clover (Gwenda). The
total annual DM yield was always lower in the unfertilised mixtures, but this was only
significant (P < (.05) in HA and HG (Table 2). In monocultures no significant differences
were observed between clover or grass cultivars. However, grass DM was significantly (P <
0.05) increased with increasing N levels, The clover DM in both the +N and the -N mixtures
was lower than in monocultures, but the total yield of the mixtures was significantly higher.

Table 2. Annual DM yield (g m?) of grass and clover in different mixtures and in monoculture.
Seasonal variation in DM yield of mixtures are shown as coefficient of varation (cv) calculated for

all regrowth periods.
Annual yield (g m™) ov (%)
Treatment Grass Clover Total Grass Clover Total
Experiment 1
Mixture (-N}
BA 516 489 1005 556 323 18.6
BG 566 368 952 65.8 328 296
HA 473 365 939 70.1 36.8 233
HG 525 398 823 485 31.7 223
Mean 520 384 905 59.6 32.4 22.9
Mixture (+N)
BA 910 183 1093 52.3 389 406
BG 983 114 1096 433 294 36.5
HA 975 - 133 1108 324 211 30.0
HG 921 81 1003 367 37.9 322
Mean 948 128 1075 40.6 243 34.4
LSD(5%)} 95 97 138 - - -
Experiment 2
Alice - 765 765 - 15.0 15.0
Gwenda - 725 725 - 16.1 16.1
Mean - 745 745 - 154 154
LSD(5%) - 73 73 - . .
Experiment 3
Monoculture
B(NO) 322 - 322 46.1 - 46.1
H(NO) 471 - 471 344 - 344
Mean 306 - 396 39.0 - 390
B(N150) 965 . 965 46.1 - 46.1
H(N150) 975 - 975 26.7 - 26.7
Mean 970 - 970 35.8 - 358
B(IN300) 1238 - 1238 285 - 285
H(N300) 1179 . 1179 28.9 - 28.9
Mean 1209 - 1209 283 - 28.3
LSD(3%) 73 - 7 - - .
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The presence of clover in the -N swards had a drastic effect on grass growth. As a result, the
grass DM in these mixtures was significantly (P <0.05) higher than in NO pure grass.
Unfertilised mixtures with grass cultivar Barlet (BA and BG) had the same annuat production
as the N150 grass monoculture (P < 0.05). However, the N300 pure grass outyielded both the
+N and the -N mixtures (P < 0.05) (Table 2).

The relative distribution of the annual yield of grass and clover over the four regrowth
periods (Figure 2) showed maximal grass growth in the first period, declining towards the
end of the season. The opposite pattern was observed in clover, however. In grass
monocultures the seasonal variation in DM (expressed by the coefficient of variation, cv)
decreased with increasing N levels. The same was observed for grass and clover in mixtures.
In the +N mixtures the cv of grass and clover DM was lower than in the -N mixtures, but a
higher cv of total DM was obtained in the +N mixtures (Table 2), This led to a more even
distribution of the total DM in the -N compared to the +N mixtures (Figure 2).
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Figure 2. Mean scasonal distribution of grass, clover and total DM, expressed as percentage of the
total vield of the 4 regrowth periods in mixtures and in monocultures.

Seasonal growth of species

The time course of the DM production during three regrowth periods is illustrated in Figure
3. Both in monocultures and mixtures the maximum growth rate of the DM of both species
was achieved after 4 weeks of regrowth. Maximum grass growth occurred during spring and
decreased towards the end of the season. Applied N had a substantial effect on grass growth
in both mixtures and monocultures, which was most pronounced during spring,
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Figurec 3. Time course of grass and clover DM in mixtures and in monocultures during different

regrowth periods.
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During the season, grass growth in the +N mixtures was lower than in N300, but similar to
that of the N150 grass monoculture. Clover growth showed a seasonal pattern with the lowest
growth in spring and the highest growth during summer (Figure 2). There were no significant
differences between cultivars, While this seasonality was found both in +N and -N mixtures,
due to the much higher clover content in the +N mixtures the effect on DM yield was much
larger (Figure 3). As a result, the +N mixtures were grass-dominated during all regrowth
periods.

Table 3. Leaf area index {(LAf) of grass and clover in mixture and in monoculiure by the end of
different regrowth periods (R1-R4).

R1 R2 R3 R4
Treatments Grass Clover Grass Clover Grass Clover Grass Clover
Experiment 1
Mixture (-N)
BA 2.8 1.4 2.5 3.0 25 23 2.0 3.2
BG 2.6 1.0 2.4 25 2.7 2.2 2.0 25
HA 2.35 1.0 2.1 27 23 2.0 1.5 2.7
HG 2.1 12 23 23 27 2.1 2.0 2.1
Mean 25 N 2.3 2.6 2.5 2.2 1.9 2.6
Mixture (+N)
BA 39 0.7 38 1.0 43 0.9 32 0.6
BG 3.7 0.3 4.4 0.6 42 0.7 4.0 Q0.5
HA 31 0.5 4.6 0.8 4.6 0.6 4.1 0.5
HG 3.2 0.5 4.2 0.7 4.1 03 4.1 03
Mean 35 0.6 4.2 0.8 43 0.6 38 03
LSD(5%) 0.36 .32 0.62 0.49 0.77 0.66 0.70 0.54
Experiment 2
Alice - 24 - 319 - 38 - 35
Gwenda - 23 - 37 - 4.0 - 30
Mean - 2.4 - 38 - 39 - 37
LSD(5%) - 0.28 - .31 - 0.39 - 0.40
Experiment 3 :
Monoculture
B{NO) 13 - - - - 13 - 1.1
H(NO) 1.2 - - - - 1.6 - 15
Mean 1.3 - - - - 1.5 - 1.3
B(N150) 35 - - 5.0 - 4.5 - 39
H{N150) 3.1 - - 52 - 3.0 - 42
Mean 33 - - 5.1 - 4.8 - 4.1
B{N300) 4.8 - - 6.1 - 58 - 5.0
H(N300) 42 - 59 - 6.0 - 52
Mean 4.5 - 6.0 - 59 - 5.1
LSD(5%) 2.6/ - 0.56 - 0.68 - 0.50
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