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Summary 

Results of chemical analyses are presented of plant material obtained from pot experi
ments with 'Common' Rhodes grass of which data of dry-matter production have been 
reported in our previous paper. The amount of etiolated growth made in darkness 
following cutting was used as an estimate of the energy reserve available for initial 
regrowth. 

Plants fertilized with the high level of N contained on the average about 30 °/o less 
carbohydrate in the stubble and in the roots than those supplied with the low level of N. 
The carbohydrate content of 28-day-old plants was generally lower than that of 14-day-
old plants. The amount of etiolated growth was positively correlated with the carbohy
drate level in the roots and in the stubble. The percentage of tillers regrowing in dark
ness linearly increased up to about 60 with the increase of the amount of etiolated 
growth. 

The total-N content of shoots and of stubble almost duobled as the result of high-N 
application compared with low N. Nitrate amounted to about 12 °/o of the total-N con
tent of the herbage of low-N plants whereas it was as high as 47% of that of the high-N 
plants. The nitrate content of shoots, of stubble and of roots was negatively correlated 
with the carbohydrate level of each of these fractions. 

The overall difference of carbohydrate level between shoots, stubble and roots was 
relatively small. It was concluded that Rhodes grass has a limited capacity to accumu
late reserve material when grown under conditions which favour rapid growth. 

Introduction 

The level of non-structural carbohydrate in plant tissue is often thought to reflect the 
metabolic energy balance in herbaceous plants. Thus Davidson and Milthorpe (1965, 
1966), Alberda (1966), Blaser et al. (1966) and other workers, mostly experimenting 
with cool-season grasses, concluded that any one, or a combination of environmental 
factors that stimulate or retard growth relatively more than net photosynthesis, cause 
decreases or increases of carbohydrate in plant tissue. This principle is often supported 
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by data which relate the rate of initial regrowth after defoliation with the non-structural 
carbohydrate content of shoots, stubble or roots. 

In our previous paper (Dovrat et al., 1971) data have been presented of changes 
which occurred in the distribution of dry matter and tillering pattern following different 
defoliation treatments and different rates of N to Rhodes grass. In this paper results are 
reported of the chemical analyses done with this plant material. The level of non-struc
tural carbohydrates, total-N and nitrate-N in the various plant fractions are considered 
as parameters of regrowth potential. 

Experimental 

Materials and methods 
Chemical analyses were carried out of samples obtained from Rhodes grass cv. 
'Common' which was grown in pots and clipped every 14 or 28 days over a period of 
56 days (Dovrat et al., 1971). Two rates of N were applied as ammonium nitrate 
denoted low N (total 1.43 meq/100 g soil) or high N (total 8.29 meq/100 g soil). Iden
tical treatments were applied in 2 separate trials but initial age of seedlings differed. 

On every clipping date 5 replicate pots of each treatment were removed and harvest
ed. The contents were divided into the following 3 fractions: shoots, 6-cm stubble and 
roots. The roots were carefully washed over a sieve to remove adhering soil and dead 
plant material. The fractions were immediately dried in a forced-draft oven at 70 °C, 
weighed, ground and stored. The material obtained from replicate treatments was 
carefully mixed to form one sample for chemical analysis, each done in duplicate. 
Analysis of variance of the data was done for a completely randomized design in which 
clipping dates were substituted for replications ignoring a possible treatment X clipping 
interaction. 

An additional set of 5 replicate pots of each treatment was also removed on each 
clipping date. The shoots were clipped 6 cm above ground level and placed in an aerated 
dark chamber at 30 °C. The moisture content of the soil in each pot was kept adequate 
throughout the period of regrowth. One harvest was made as soon as etiolated growth 
had ceased, usually 5-6 days following clipping. The number of regrowing tillers and the 
shoot weight were determined. Etiolated growth was expressed in mg dry weight per pot. 

Chemical analyses 

Non-structural carbohydrates 
Water-soluble-carbohydrate content was determined by Cu reduction according to van 
der Plank (1936) as revised by Bosman (1953). The extraction of carbohydrates from 
plant material with water (Smith et al., 1964) was considered appropriate since starch 
was not found to be present following analyses done by Gaillard (personal communi
cation) and by Dovrat and Cohen (1970). Hunter et al. (1970) also found about 1 °/o of 
starch in the shoots of Rhodes grass which is 30-50 °/o of nonstructural carbohydrates. 

Total and nitrate nitrogen 
The percentage of total-N, including nitrate-N, was determined according to Deys 
(1961) and that of nitrate-N with a nitrate ion activity electrode (Model 92-07, Orion 
Research, Cambridge, Mass., USA). 
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Results 

Non-structural-carbohydrate content 
The average carbohydrate level of shoots and stubble of identical treatments within each 
experiment was quite similar whereas that of roots was generally lower than of shoots 
and of stubble (Table 1). The level of high-N plants was 35 and 30 °/o lower than of 
low-N plants in the 14- and 28-day clipped plants, respectively; however these differen
ces were not significant. Carbohydrate content in roots, stubble and shoots of 28-day-old 
plants was some 25 %> lower than in 14-day-old plants. The effect of the N treatments 
on carbohydrate level was more pronounced in the roots than in the shoots or the stub
ble. 

Table 1. Mean percent carbohydrates, total-N and nitrate-N in the shoots, stubble and roots of 
'Common' Rhodes grass grown under different clipping and nitrogen treatments. 

Days Nitrogen 
between applica-
cuttings tion 

Carbohydrate 

shoot stubble root 

Total-N 

shoot stubble root 

Nitrate-N 

shoot stubble root 

Experiment I 
14 low 2.5a' 2.8a 2.9a 2.65b 1.44b 0.95b 0.24b 0.13b 0.03b 
t4 high 2.1a 1.8a 1.1b 4.55a 2.91a 1.36a t.32a 1.31a 0.16a 
28 low 2.9a 2.1a 1.5b 1.67b 1.16b 0.72b 0.05b 0.13b 0.03b 
28 high 1.9a 1.6a 0.8b 3.75a 2.00b 1.42a 1.15a 1.08a 0.17a 

Experiment 2 
14 low 3.3a 3.7a 3.4a 1.65b 1.10b 0.72b 0.08b 0.14bc 0.03b 
t4 high 2.1a 2.8ab 2.1b 3.12ab 1.90ab 0.97ab 1.11a 0.50b 0.1 Oab 
28 low 2.8a 2.5ab 1.8b 1.90b 1.30b 0.90a 0.25b 0.55b 0.04b 
28 high 1.9a 1.9b 1.5b 3.40a 2.50a J.10a 1.74a t.30a 0.19a 

1 For each experiment means within a column followed by the same letter are not significantly dif
ferent at 0.05 probability level. 

Table 2. The effect of clipping and nitrogen application 
on the average amount of etiolated growth of 'Common' 
Rhodes grass. 

Days Nitrogen Average dry weight 
between application (mg/pot) 
cuttings 

Experiment 1 
14 low 423 
14 high 206 
28 low 132 
28 high 56 

Experiment 2 
14 low 502 
14 high 302 
28 low 123 
28 high 62 

Neth. J. agric. Sei. 20 (1972) 99 



A. DOVRAT, B. DE1NUM AND J. G. P. DIRVEN 

Etiolated growth 
The average amount of etiolated growth following the cutting of plants previously 
clipped at 14-day intervals was about 4 times higher than that of plants clipped every 
28 days. Low-N plants produced at an average about twice higher the amount of etiola
ted growth than high-N plants (Table 2). That produced by plants clipped every 28 days 
was very small and of considerable variability within replications. This caused the lack 
cf statistical significance of the difference in the amount of etiolated growth between 
low- and high-N plants. 

The amount of etiolated growth and carbohydrate level of roots and of stubble were 
significantly correlated (r = 0.807** and 0.700**, n = 24, respectively) whereas etiolated 
giowth and carbohydrate level of shoots were not associated. Thus the level of reserve 
carbohydrate in the roots and in the stubble which were available for intial regrowth 
was a rather good estimate of the amount of etiolated growth. 

Etiolated growth originated only from the elongation of tillers present at the time of 
cutting. Considering this growth as the independent variable, a trend of linear increase 
of the percentage of regrowing tillers with the amount of etiolated growth was found up 
to about 200 mg per pot after which a further increase of etiolated growth resulted in 
a fairly constant percentage of regrowing tillers (Fig. 1). 

Total-N and nitrate-N content 
The total-N content of shoots was higher than that of stubble and in turn was higher 
than that of roots (Table 1). The application of the high rate of N increased this con
tent about 90 % compared with the low rate of N in the shoots and stubble. Different 
clipping intervals did not consistently affect the total-N content of the herbage. However 
the content of organic nitrogen decreased consistently with longer clipping interval, as 
was expected. 

The range of values of nitrate-N was always higher in the shoots and in the stubble 
compared with the roots (Table 1). The application of the high rate of N increased the 
average nitrate content of the shoots about 10 times and that of the stubble about 5 
times compared with the low rate of N application. The average content in low-N her
bage was 0.20% nitrate-N (or 12°/o of total N), whereas that of high-N herbage averag
ed 1.43% nitrate-N (or 47% of total N). Different clipping intervals did not consis
tently affect the nitrate content of the shoots and the stubble. 

The nitrate content of shoots, stubble and roots was negatively correlated with the 
carbohydrate level of these fractions (r = -0.613*, -0.693* and -0.586*, n = 24, respec
tively). The nitrate content of the roots was also negatively correlated with the amount 
of etiolated growth made in darkness (r = -0.591*). 
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Fig. 1. Relationship between the amount of etiolated growth 
and percentage regrowing tillers in darkness following different 
cutting and nitrogen treatments of 'Common' Rhodes grass. 
Each dot represents the mean of 5 replicates. 
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Discussion 

The values recorded for non-structural carbohydrates at the time of harvest were gener
ally low, i.e. less than 3.7 °/o, and were of the same order as those recorded for sum
mer-growing grasses (Weinmann, 1940; Barnes, 1960; Catchpoole, 1965; Humphreys 
and Robinson, 1966). In earlier work values were reported of non-structural carbohy
drates of roots from field-grown Rhodes grass in mid summer which did not exceed 3% 
(Dovrat and Cohen, 1970). Similarly to the here reported pot experiments the Rhodes 
grass plants were well supplied with moisture and nutrients and grew under tempera
ture conditions optimal for photosynthesis (Murata et al., 1965). Thus the overall low 
carbohydrate level seems concomitant with the growing conditions favourable for rapid 
growth at least in cool-season grasses (Alberda, 1965; Brown and Blaser, 1965; Deinum, 
1966). 

Nitrogen availability and defoliation are both factors which affect the growth of 
herbaceous perennials and consequently influence the balance of carbohydrate accu
mulation. Data on dry-matter production, which were reported in our previous paper, 
showed that more shoot and less root dry matter was produced following high-N 
compared with low-N application. However the combination of high-N application with 
the long recovery period after cutting in our experiments was conducive to minimum 
carbohydrate level in shoots, stubble and roots (Table 1), to low yield of etiolated 
growth (Table 2), to diminishing the number of regrowing tillers in darkness (Fig. 1) 
and to decreasing the persistence of tillers (Dovrat et al., 1971). Still the total herbage 
yields were greater following 28-day compared with 14-day intervals between cuttings, 
measured over the entire experimental periods of 56 days each. 

It can be assumed that moisture, temperature and light intensity were available in 
such quantities so as to secure maximum dry-matter production provided sufficient N 
was applied in addition to the application of other essential nutrients. The total-N and 
nitrate concentration of the plant fractions after the low-N application were considera
bly lower than those following the high-N application. That dry-matter production was 
limited because of the low-N supply is also clearly apparent from the relatively small 
portion of nitrate of the total-N concentration (Table 1). Similar relationships were 
reported by Alberda (1965) and van Burg (1966). 

A number of workers arbitrarily divide the time period between cuttings into: (1) 
initial regrowth — its rate mainly dependent of the amount of available carbohydrate 
which is accumulated during the pre-cutting period, and (2) subsequent growth — its 
rate mainly dependent of photosynthesis. If the parameter of initial regrowth is substi
tuted for our data of the average amount of etiolated growth, or the average carbohy
drate level of roots, then the results showed that high-N application reduced carbohy
drate accumulation during the pre-cutting period more than low-N application. The 
inverse relationship which was found between the nitrate content of plant fractions and 
the carbohydrate level is in agreement with findings of Alberda (1965), Nowakowski 
and Cunningham (1965), van Burg (1966) and Deinum (1966) working with cool-season 
grasses. From this we can conclude, supported by visual observations, that the initial 
regrowth in light of the high-N plants was smaller than of the low-N plants. 

Kipnis (unpublished) found that the rate of decrease of the carbohydrate level in the 
stubble and roots of Rhodes grass fertilized with a high rate of N, immediately follow
ing a recovery period of 28 days, was slower than that following a recovery period of 
14 days. However, during this period of initial regrowth the carbohydrate level of 28-
day-cut plants decreased to a lower minimum than that of 14-day-cut plants. Our data 
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indicate that during the period of subsequent growth less carbohydrate was accumulated 
in 28-day-old plants than in 14-day-old plants, and in high-N less than in low-N plants. 
It should be noted, however, that these different carbohydrate levels little affected cur
rent dry-matter yields. 

Thus it seems evident that Rhodes grass has a limited capacity to accumulate reserve 
materials when grown under conditions which favour rapid growth. This conclusion is 
supported by the fact that overall differences of carbohydrate level between shoots, 
stubble and roots were relatively small. 

The results reported in the previous and present paper suggest that the regrowth of 
Rhodes grass and possibly also of other tropical grasses, is more dependent on tiller 
capacity and on tiller morphology than on carbohydrate reserves. 
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