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Summary

In a pot experiment cv. ‘Common’ (flowering) and cv. ‘Katambora’ (non-flowering) of
Rhodes grass were cut every 14 or 28 days and fertilized with a low (1.43 meq/100 g
soil) or high (8.29 meq/100 g soil) level of N during a 56-day period. The experiments
were carried out in a temperature-controlled greenhouse (35°C day and 25°C night),
supplemented with artificial illumination during the day.

Extending the cutting interval from 14 to 28 days considerably increased total shoot
weight ; this effect being greater than that of raising the application of N from a low
to a high level. The initial regrowth following the 28-day cutting was considerably
slower than that following the 14-day cutting and it was slower at high N than at low N.
Root weight per pot of low-N plants was 31 and 239/¢ higher than that of high-N plants
at 14- and 28-day cutting intervals, respectively.

Plants cut at long intervals produced a slightly less average number of tillers, but
each tiller was of considerably greater weight, than plants cut at short intervals. The
application of high N generally increased the average number of harvested tillers but
caused individual tillers to regrow less times than those receiving low N irrespective of
whether the cultivar tended to flower or not. The lack of persistence of individual
tillers following high N was usually compensated by the formation of a greater number
of new tillers than in low N.

Introduction

The manipulation of defoliation and N application for maximum production of sub-
tropical grasses has been the objective of many investigations (Henzell, 1962; Hum-
phreys, 1966). Strong linear yield responses to increasing rates of N were observed in
a number of experiments with Rhodes grass (Oakes and Skov, 1962; Henzell, 1963;
Brockington, 1964) and in particular under conditions of unlimited moisture supply
(Dovrat, 1966). As has been found with other grass species long, as opposed to short
intervals, between cuttings resulted in higher total dry-matter yields (Leshem, 1965). As
a long term effect however, fertilization with high rates of N together with long inter-
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vals between cuttings was found to induce slow initial regrowth, to diminish persistence
of the grass in late summer and autumn, and to lead to a decline in yield (Dovrat and
Cohen, 1970).

In this paper data are presented on changes which occur in distribution of dry mat-
ter and tillering pattern following different defoliation treatments and different rates
of N to Rhodes grass grown in pots. The chemical composition of the harvested mate-
rial will be reported in another paper (Dovrat et al., in prep.).

Experimental

Materials

The Rhodes grass cultivars used were: ‘Common’, a semi-fine-leaved variety which
flowers freely under 12-14 h daylength conditions, and ‘Katambora’, a fine-leaved va-
riety which hardly flowers under the above photoperiod.

Treatments

Cutting was carried out every 14 or 28 days over a period of 56 days. Two N-fertilizer
levels were applied, denoted low N or high N. A factorial design in randomized blocks
with 5 replications was used.

Identical treatments were given in two separate experiments but initial age of seed-
lings differed. Experiment 1 lasted from 21 April until 16 June 1969 for which 80-day
old seedlings of ‘Common’ and ‘Katambora’ were used. In Experiment 2, 140-day old
seedlings of ‘Common’ were used and it lasted from 25 August until 20 October. During
experiment 1 daylength and light intensity were on the increase, whereas during Experi-
ment 2 they were on the decrease.

Procedures
Plastic pots were filled with 6.3 kg infertile sandy soil to which small amounts of MgSO4
and powdered lime were added. Seventeen seedlings, each having 1 or 2 tillers, were
planted in every pot. The seedlings were cut to a height of 6 cm and were left to regrow.
The pots were placed on the bench of a temperature-controlled greenhouse at 35 *
2°C during the day and 25 + 2°C during the night. 400-W high-pressure mercury
lamps, Philips HPLR) provided additional illumination during 12 h of the day. The
sum of natural and artificial light, measured 15 cm above the pots, increased from
about 430 to 560 cal.cm-2. day-1 and decreased from approximately 400 to 300 cal.
cm-2 . day-! total radiation during the course of Experiments 1 and 2, respectively. Two
clippings were made before the start of the experiment to enhance tillering and to
ensure good coverage of the pots. At this stage there were about 3 tillers per plant.
Five replicate pots of each treatment were placed in a 34 X 112 X 11 cm box. Suf-
ficient pots and boxes were prepared to allow sampling one set at every clipping date.
The boxes were lined with polyvinyl sheeting and were partly filled with water to wet
the soil. The supply of water to the plants was through a small hole in the bottom of
each pot. Water was frequently added to ensure a constant regime of near field capac-
ity throughout the experimental period. To prevent salt damage pots were watered from
above once a week. A basic nutrient solution containing 30 meq KH2POy, 5 meq MgSOs,
10 meq Ca(NOs): and 10 meq KNO;s was given per pot on the first and also on the
29th day of the experimental period. Minor elements were also added at the first fer-
tilization. The position on the bench of the boxes containing the pots was regularly
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changed so as to minimize position effects of the greenhouse.

The superimposed fertilizer treatments consisted of low N or high N equaling the
application of 1 or 3 meq N per g expected dry-matter production, respectively. Nitro-
gen, as ammonium-nitrate solution, was given to the 14-day clipping treatment imme-
diately after each clipping. The low-N application was given to the 28-day treatment
immediately after clipping whereas the high N was given in two applications: the first
immediately after clipping and the second some 14 days later. The total amounts of
low N and high N were 90 meq N/pot (1.43 mecq/100 g coil) and 522 meq N/pot (8.29
meq/100 g soil), respectively.

Clipping was always to 6-cm stubble height and the number of vegetative and flower-
ing tillers was recorded at each clipping. A tiller was considered flowering as soon as
the inflorescence emerged from the leaf sheath.

A light-weight-plastic ring was placed (3—5 days after cutting) around the base of
each regrowing tiller at the start of the experiment — referred to as ‘original’ tillers —
in two replicate pots of each treatment in Experiment 1. After each cutting a ring
was added to each regrowing tiller so that at the end of the experiment the identifica-
tion with regard to how many times original tillers regrew was ensured.

On every clipping date one set (i.e. five replicate pots of each treatment), was har-
vested for analysis. The contents were divided into the following three fractions: shoots,
6-cm stubble and roots. The roots were carefully washed over a sieve to remove ad-
hering soil and dead plant material. All fractions were immediately dried at 70°C,
weighed, ground and stored for chemical analysis (Dovrat et al., in prep.).

Results

Dry-matter production

Dry-matter production from shoot of both ‘Common’ and ‘Katambora’, is shown in
Fig. 1. The mean total amount of shoot weight per pot following two 28-day growth
periods was some 400/ greater than that following four 14-day periods of regrowth.
‘Katambora” was slightly more productive than ‘Common’, especially when cut every
28 days. Furthermore it can be noted that the yields of subsequent harvests were on
the increase in Experiment 1 and on the decrease in Experiment 2. This may be asso-
ciated with the quantity of light reaching the plants and with the daylength which were
increasing in Experiment 1 and decreasing in Experiment 2.
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Of particular interest is the difference in the amount of regrowth made during 14
days following a cutting interval of either 14 or 28 days (the dotted line in the 28-day
columns of Fig. 1). It shows that the yield accumulated during 14 days following 2 cut-
lings at 14-day intervals was almost 600/, greater than that following one cutting after
28 days.

With regard to the influence of N application it was found that the mean total shoot
weight per pot increased 259/¢ in ‘Common’ and 139/, in ‘Katambora’ following high N
as compared with low N. It can therefore be concluded that, when under these experi-
mental conditions, the cutting interval is extended from 14 to 28 days, total shoot
weight increases much more than when N application is raised from a low to a high
level. Apparently the low N level applied was already rather high. Data from 6-cm
stubble weights showed insignificant differences between treatments.

Plants which were fertilized with high N produced less root dry weight than those
given low amounts of N, quite independently of cutting treatment (Fig. 2). Averaging
the harvests of both experiments, root weights per pot of high-N plants were 319/
and 239/y less than of low-N plants in the 14 and 28-day clipping treatments, respec-
tively. During the first 28-day period of growth the root weight of plants cut twice
was similar to that of plants cut once as they received the same amount of N fertilizer.
During the second 28-day period of growth, however cutting tended to interact with N
level. In Experiment 1 high N suppressed root weight less in plants cut once than when
cut twice but this effect was not discernable in Experiment 2.

At each N level the trend of root-weight changes was quite similar in both experi-
ments. At the low N level root weight increased until the 28th or 42nd day and ceased
to increase (Experiment 1) or even decreased (Experiment 2) afterwards. At the high
N level however, no increase of root weight occurred until the 14th day following the
start of the experiment.

The mean shoot/root ratio of high-N plants was found to be almost twice as great
as that of low-N plants irrespective of cutting treatments. Root weights of ‘Katambora’
were not determined.

Tillering
The average number of tillers per harvest and per pot of ‘Katambora’ was greater
that of ‘Common’ (Table 1).

The high N application compared with low N generally caused a marked increase
in the number of tillers per harvest (more in ‘Katambora’ than in ‘Common’), particular-
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Table 1. The effect of cutting and nitrogen application on the number and mean weight of tillers
(Experiment 1).

Days Nitrogen Number of harvested tillers per pot! Mean dry
between application weight
cuttings 5.V 19.V 2.VI 16.V1 average (mg/tiller)

cv, ‘Common’

14 Low 64 80 82(1) 110(1) 84 150
High 74 119 108(1) 125(1) 107 140

28 Low 79(1) 119(2) 99 350
High 97(2) 98(6) 98 410

cv. ‘Katambora’

14 Low 86 150 121 149 127 100
High 103 188 147 149 147 110

28 Low 118 109 114 360
High 159 163 161 280

t Figures in brackets: number of flowering tillers.

ly during the first half of the experiment period. However, during the second half of
the experiment less tillers were present in high N compared with low-N plants of ‘Com-
mon’ when clipped after 28 days.

The effect of cutting interval on the number of tillers was less proaounced than
that of nitrogen application in both ‘Common’ and ‘Katambora’. Only a relatively small
decrease occurred in the number of tillers at each harvest of plants clipped every 28
days compared with plants clipped at 14-day intervals. On the other hand thc mean
tiller weight of 28-day clipped plants was more than twice higher than of 14-day clip-
ped plants.

Very few tillers of ‘Common’ flowered when plants were cut every 14 days. If cut
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at 28-day intervals the high-N plants produced 2 to 3 times more flowering tillers
than low-N plants. With this the percentage of flowering tillers never exceeded 69/
of the total number of tillers. In ‘Katambora’ no flowering was observed.

The number of times the original tillers regrew was recorded and their percentage
distribution is shown in Fig. 3.

When low-N plants were cut every 14 days (total of 4 cuttings) about half of the
original tillers regrew at least 4 times. However, in the high-N application some 500/
and 709/¢ of the tillers regrew only once or twice in ‘Common’ and ‘Katambora’, re-
spectively. The percentage of those regrowing more than 4 times decreased to 109/ or
less. Thus the application of high N caused tillers to persist less than plants given low
applications of N.

When plants were cut every 28 days (total of 2 cuttings) most of the original tillers
of both cultivars only regrew once. As in the 14-day cutting interval here again high
as opposed to low N caused a larger percentage of these tillers to regrow once only.

Discussion

Cutting frequency

Dry-matter production followed the usual pattern of increasing total shoot weight as
the number of cuttings decreased. Since the relative increase was similar for both the
flowering ‘Common’ and the non-flowering ‘Katambora’, the presence of a small num-
ber of flowering stems did not affect total shoot yield. Long intervals between cuttings
caused a slight decrease in the average number of harvested tillers, however their in-
dividual weight was markedly increased (Table 1). Whether a causal relationship exists
between tiller size and auxiliary bud development could not be ascertained.

The emergence of flowering stems in plants of ‘Common’ clipped every 14 days is
hardly expected since under field conditions flowering stems generally do not appear
before 12-14 days following cutting. The relatively high survival rate of tillers which
were cut every 14 days at low N (Fig. 3) suggests that at the time of cutting most of
the growing apices or active meristematic tissues were below the 6-cm cutting height.
Consequently they retained their ability to regrow. The low survival rate of the original
tillers at high N may indicate that most of the growing apices or active meristematic
tiscues were above the 6-cm cutting height. However, this assumption seems hardly
plausible since the survival rate of tillers in the apparently non-flowering ‘Katambora’
was lower than in ‘Common’.

The survival rate of original tillers from 28-day cut plants was less than half that
of those cut every 14 days. A considerable number of ‘Common’ tillers failed to regrow
in spite of the fact that only about 69/ of them flowered. The removal of the growing
apices or active meristems at the time of cutting may be a reason for this. That this,
however, is not the only cause is evident from the similary low survival rate of tillers
which were cut at 28 days in the apparently non-flowering ‘Katambora’.

The interrelationship between cutting frequency and tillering, which has also been
reported for temperate grasses (Davidson and Milthorpe, 1965), may explain the dif-
ference in the amount of regrowth made by plants which were cut after 14 or 28 days
(Fig. 1). The initial growth rate per unit pot area following the 28-day cutting was con-
siderably smaller than that of tillers following the 14-day cutting. This evidently was
caused by the presence of a smaller number of regrowing tillers of the 28 compared
with the 14-day cut plants.
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Nitrogen

The relative influence of N application on dry-matter production was much less than
that of defoliation, except in the case of root weight. High N reduced root weight by
approximately 300/, compared with low N independently of cutting frequency. In pot
experiments decreases in grass-root weights were obtained by Nielsen and Cunningham
(1964) and many other workers. The results from field experiments are less conclusive.
For example Garwood (1967) found a reduction in the root weight of a grass/clover
sward with the increase of N supply. Holt and Fisher (1960), however, found no reduc-
tion in root weight under a sward of Coastal Bermudagrass when ammonium nitrate
was applied up to very high levels. This was also true for root weights under a sward
of Rhodes grass (Dovrat and Cohen, 1970).

It is a well established fact that increasing the supply of N almost always increases
the shoot/root ratio. Although root growth is enhanced by an increase in N supply (but
to a lesser extent than shoot growth) under conditions of severe N deficiency, once
a moderate supply of N has been obtained, further increases often reduce root weight
(Brouwer et al., 1961 ; Auda et al., 1966).

The average number of vegetative and flowering tillers at the time of harvest was
generally greater in high N than in low N. With this it should be noted that high N
failed to produce more tillers than low N in ‘Common’ when cut at 28-day intervals
during the second half of the experiment (Table 1). However, an important finding was
that increasing N supply decreased the persistence of individual tillers irrespective of
cutting interval. Sometimes the regrowth of certain tillers in high-N plants suddenly
ceased 7-10 days following cutting. Thus the lack of persistence of individual tillers
following high N was usually compensated by the formation of a greater number of
new tillers than in low N.

Furthermore the initial growth rate of tillers after cutting in ‘Common’ at 28-day
intervals was lower in high N than in low N. A similar observation was made by Alberda
(unpublished) working with perennial ryegrass grown under conditions of unlimited
moisture supply and high rates of N fertilization.

In conclusion it can be stated that the manipulation of defoliation and N applica-
tion, in order to maintain maximum dry-matter production of Rhodes grass, requires
due consideration of the physiological processes operative in the maintenance of tillers.
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