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Summary

Two temperate grasses (Lolium perenne L. and Festuca arum{infzcea S.c'hrel?.) and
two tropical grasses (Axonopus compressus Beauv. and Brachiaria ruziziensis Ger-
main et Evrard) were grown in temperature-controlled greenhouses under .day/
night regimes of 19/12, 24/18, 28/23 and 34/30 °C. P.lants were grown at inter-
mediate and high nitrogen fertilization as small swards in pots, and regrowth was
harvested after 18 and 35 days. ' -

The stemmy Brachiaria was much more productive than the ot!ler species \ovhuch
remained vegetative. The optimum day temperature for productl(?n was 24 °Cor
lower in the temperate grasses, but over 30 °C in the tropr:zfl species. Highest pro-
duction was found after 35 days and with high nitrogen fertilization.

Lolium had the highest average content of nitrogen, soluble garbohydrates and
digestibility in vitro and Brachiaria the lowest, the differenCc?s. being smalles.t at t'he
low temperature. There was a consistent decline in digestibility of all species with
increase in temperature and age, greatest for Brachiaria. These negative effects
were always caused both by an increase in content of cell-wall constituents and a
decrease in their digestibility. Nitrogen fertilization had no effect on digestibility.

This trial revealed that the relationship between water consumption and crude-
fibre content was not causative but was established by differences in dry-matter
content. ) )

The results support the hypothesis that the low digestibility of trqpxca! grasses is
mainly due to the high temperature in which they grow, but that digestibility may
be improved appreciably if stem formation is suppressed.

Introduction

Comparison of quality of various grasses from different parts of the world reveals
that tropical and subtropical grasses contain much less protein and net energy than
temperate grasses. This discrepancy is attributed mainly to the mineral shortage of
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tropical soils and to the maturity of the grass when harvested, the forage mainly
consisting of stems. The low content of protein can be increased by sowing legumes,
by nitrogen dressing and by grazing or harvesting at a younger stage. However,
improvement of the net energy content does not seem simple,

Reviewing literature, Hardison (1966) concluded that total digestible nutrients
and not protein content of tropical forage was the main limiting factor for higher
milk production. Dirven (1965) found the same for young well-fertilized Pangola
grass (Digitaria decumbens) in Surinam, as did Hamilton (1970) for Chloris gayana
and Setaria sphacelata in Queensland, Australia. Moreover, Minson & McLeod
(1970) calculated from hundreds of digestion trials an average difference in digesti-
bility of 12.8 % in favour of temperate over tropical grasses.

Deinum (1966a, 1966b) found that the nutritive value of vegetative Lolium
perenne decreased with temperature suggesting that the poor quality of grass in the
tropics might be due to the prevailing high temperature. Climate rather than ge-
netics could be a major factor in forage quality. Morphological development of a
tropical grass species proved important too (Deinum & Dirven, 1972).

To assess the quantitative importance of climate and genetics, yields, morpho-
logical characteristics, chemical composition and digestibility of some temperate
and tropical grasses were estimated after regrowth at different constant tempera-
tures, to different stages and with different amounts of nitrogen fertilizer. The most
important results will be summarized in this paper, in which digestibility of organic
matter is especially emphasized.

Material and methods

Grasses were grown in pots for 18 and 35 days at 3 temperatures in temperature-
controlled greenhouses with 2 levels of nitrogen fertilizer. From the available col-
lection of tropical grasses, we chose the productive Brachiaria ruziziensis Germain
et Evrard and the unproductive Axonopus compressus Beauv. because they could
casily be separated into different plant parts. From the temperate grasses, we chose
the ubiquitous and popular Lolium perenne L. from the cooler climates and
Festuca arundinacea Schreb., which is a useful grass in the slightly warmer areas.

Late in March 1966 tillers of Axonopus, Brachiaria, Festuca and Lolium were
planted in 5-litre plastic pots filled with sandy soil at 28, 14, 31 and 31 tillers per
pot, respectively. On 27 May, after swards were established, the tillers were clipped
at about 4 cm above ground and the pots were distributed to 4 glasshouses with
temperature cycles lasting 12 h and 12 h of 19/12, 24/18, 28/23 and 34/30 °C
(T, T,, Ty, T, respectively).

All pots were adequately dressed with the same amount of minerals except nitro-
gen. In treatment N, the nitrogen dressing was calculated to be enough to yield a
nitrogen content in forage dry matter of 2 % in treatment N,, 4 %. This procedure
was possible because dry-matter production could be predicted from previous
results. The quantities applied are presented in Table 1.

All grasses were grown at natural day length (about 16 h) and at about 80 %
of natural light intensity. Average daily radiation (400-10 000 nm) inside the
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Table 1. Nitrogen dressing (g N per pot) for the grasses, The smaller dressing was predicted
to yield a nitrogen content of 2 % (Njy), the larger dressing 4 % (Ny).

Species 18 days 35 days
N1 N2 Nl N2
Lolium perenne 0.49 2.03 091 4.55
Festuca arundinacea 049 2.03 091 4.55
Axonopus compressus 035 133 0.77 3.01
Brachiaria ruziziensis 0.70 2.80 2.10 7.70

greenhouse was 1403 J-cm—* during the first period (18 days) and only 1068
J'em—* in the second period (17 days). Average relative humidity was about 80 %
during the day except in T, in which it was about 60 %.

Pots were watered adequately and water consumption was measured. After 18
days 10 pots were harvested for each treatment and after 35 days another 6 pots.
Herbage was dried at 70 °C and separated into leaf blade and leaf sheath + stem
and the number of tillers was counted. After grinding, the leaf blade and leaf sheath
+ stem samples were analysed for total nitrogen (% total N), nitrate nitrogen (%
NO,-N), ash, water-soluble carbohydrates (% wsc) and crude fibre (% cf). Cell-
wall constituents (% cwc) and true digestibility of organic matter in vitro (Dy;q,,)
were estimated by the procedures of Van Soest (Deinum et al., 1968). Organic nitro-
gen (% org. N) was calculated by subtracting nitrate nitrogen from total nitrogen
and digestibility in vitro of cell-wall constituents (D,ye) from Dy, and % cwe.
Dyt is usually about 13 percentage units higher than apparent digestibility of
organic matter in vivo).

Results and discussion
Production, morphological composition and water consumption

Dry-matter production. The average results of the four grasses are presented in

Table 2. Average yield, morphological characters and water consumption of the four grasses.

Species Dry Dry Tillers Dry Leaf Water  Water
matter matter per weight of weight con- con-
(g/pot) (%) pot tillers (% of sumption sumption
(g/100  dry (g)/dry  (g)/fresh
tillers)  weight) matter  weight
(8) ()
Lolium 23.2 16.8 406 56 75.9 442 1024
Festuca 19.6 16.2 152 12.2 80.1 402 81.3
Axonopus 20.5 184 - — 58.5 296 96.0
Brachiaria 56.3 15.1 107 50.2 54.3 207 60.9
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Fig. 1. Effect of temperature on dry-mat-
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Table 2, which shows that Brachiaria was much more productive than the favoured
temperate grasses. To which extent this may be attributed to the higher rate of
photosynthesis per unit leaf area is not clear. Brachiaria certainly intercepted more
light due to the longer stems which spread far beyond the rims of the pots in this
trial. Axonopus (an excellent turf grass) proved no more productive than the two
temperate grasses at the conditions of this experiment.

Lolium grew best with temperature cycles of about 19/12 °C, slightly decreasing
in yield with higher temperatures; the optimum temperature for Festuca was about
5 °C higher (Fig. 1, Table 3). Higher temperature greatly stimulated production of
Axonopus and Brachiaria whose optimum temperatures seemed to lie beyond
34/30 °C. The relative effects were similar, but the absolute effect was much
greater in Brachiaria than in Axonopus.

Table 3. Effect of temperature, amount of nitrogen fertilizer and age on dry-matter yield of
the grasses (g/pot).

Species Temperature! Nitrogen Age
fertilization
19/12 24/18 28/23 34/30 N N2 18 days 35 days
Lolium 265 242 189 17.5 289 173 29.2
Festuca 174 233 181 16.5 227 131 261
Axonopus 149 202 26.5 179 232 153 25.7
Brachiaria 29.6 585 809 525 602 325 80.1

1 Day/night temperature in °C.
72 Neth. 1. agric. Sci. 23 (1975)
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With more nitrogen fertilizer and longer regrowth production was higher as ex-
pected, especially at the optimum temperature.

Dry-matter content. The four grasses differed only slightly in average dry-matter
content (Table 2), although the entire range was from 12.4 to 21.1 % because of
the different treatments.

In the temperate grasses and Axonopus dry-matter content tended to be mini-
mum at the optimum temperature for production, as found by Grobbelaar (1963).
However, the opposite is evident in Brachiaria, which may possibly be ascribed to
its accelerated development at higher temperature. In a leafy stage of this grass as
at low temperature, content of dry matter in leaf sheath and stem may be lower
than in leaf blade, whereas in a stemmy crop as grown at high temperature, stems
have a higher dry-matter content than leaves (Dirven, unpublished data, 1967).

Age had no effect on dry-matter content, but with higher nitrogen dressings it
decreased by about 2.5 percentage units on an average.

Number and weight of tillers. Morphological analyses revealed that Lolium yielded
many light tillers, Festuca produced fewer heavier tillers and Brachiaria even fewer
very heavy tillers. Axonopus grew as a bunch of non-reproductive stolons, defying
a meaningful count of the tillers (Table 2). The average number of tillers in the
pots (soil surface 0.03 m* area) corresponded with those from favourable field
circumstances.

Number of tillers was greater with more nitrogen fertilizer and with later har-
vesting. In Lolium number of tillers decreased with higher temperature, whereas
temperature had no effect on tiller formation in Festuca. In Brachiaria, the same
negative effect of temperature on tiller formation was found as in Lolium after 18
days regrowth, but after 35 days regrowth there was an inexplicable insignificant
positive effect, contrary to other results with this species (Deinum & Dirven, 1967,
1972).

Weight of tillers increased slightly with temperature in Brachiaria, but not in
other grasses. It was higher after a longer growth as expected, but was not affected
by amount of nitrogen fertilizer, except for a slight increase in Lolium.

Percentage leaf. Since the temperate grasses remained vegetative, ‘stems’ of these
species consisted only of leaf sheaths and percentage leaf (leaf weight as a per-
centage of total weight) was much higher than in the tropical grasses (Table 2), for
which much of the ‘stem’ fraction was true stem or stolon.

With higher temperature, temperate species were slightly more leafy but tropical
grasses considerably less leafy. With longer growth most grasses were less leafy,
except Axonopus, where there was no effect, perhaps because of its stoloniferous
character. With the higher nitrogen dressing percentage leaf in tropical grasses was
about 2.5 % higher but such an effect was absent in temperate species.

Water consumption
In former trials (Deinum, 1966a, 1966b) a relationship was found between water
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consumption and % cf in fresh grass, suggesting that environmental factors that
stimulate transpiration cause proliferation of the vascular bundles. To test this
hypothesis, water consumption was measured.

Water consumption divided by yield of dry matter was much less in tropical than
in temperate species (Table 2), perhaps due to a higher rate of photosynthesis in
tropical species (Downes, 1970). The quotient was not affected by age nor by
amount of nitrogen fertilizer, except in Lolium where water was used more effi-
ciently with more fertilizer. Grasses grown at higher temperature used more water
except Brachiaria, which consumed equal quantities with 28/23 and 34/30 °C.

However, water consumption divided by yield of fresh leaf was much more
variable. Fresh leaf was expected to be an indication of transpiring area; it was
calculated as though dry-matter content of leaf and stem was equal, a procedure
justified within the accuracy of the data (Dirven, 1967, unpublished data). Only
Brachiaria consumed water efficiently, This efficiency may be a genetic feature,
but it may also be caused by a heavier shading of the lowest leaves. Consumption
increased with temperature and was less with more nitrogen fertilizer.

Chemical composition of bulked forage

The average composition of the four grasses is shown in Table 4 which demon-
strates the combined effects of genetic characters and different environmental con-
ditions. Leafy temperate species had higher % org. N and % wsc, lower % cwc
and higher digestibility of organic matter (D,;,,) and of cell-wall constituents
(D...), suggesting a fair relationship with leafiness, tiller weight and chemical
composition, Lolium had the largest % org. N and the highest D,;,,. However, it
is still too simple to conclude that temperate grasses are higher in quality than
tropical ones.

Of the nitrogenous fractions, NO,-N content increased with nitrogen fertilization
as expected; it was also significantly enhanced by age in Lolium and Axonopus,
possibly because of the somewhat greater supply of N and the lower solar radiation
during the second half of the experimental period. Temperature had a negative
effect on % NO,-N, except in Lolium where it was positive, indicating that NO,-N
is at minimum level at the optimum temperature for production, because of dilution
over a greater quantity of dry matter of the nitrogen supplied from the soil.

Table 4. Chemical composition of the four grasses in % of dry matter (average of all treat-
ments)!,

Species NO3-N org. N ash wsC [ 7d cf Dewe Dyitro
Lolium 0.37 3.24 10.5 10.5 44.6 214 85.2 92.5
Festuca 0.43 2.98 9.7 9.2 48.8 243 81.9 90.1
Axonopus 0.26 2.83 84 6.1 58.6 23.6 79.0 86.2
Brachiaria 0.35 241 8.0 3.6 58.8 28.7 73.4 82.7

1! NO3-N = nitrate nitrogen; org. N = organic nitrogen; wsc = water-soluble carbohydrates;
cwe = cell-wall constituents; cf = crude fibre; D.we = digestibility of cell-wall constituents
in vitro; Dyijtry = true digestibility of organic matter in vitro.
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Table 5. Effect of temperature, nitrogen fertilization and age on true digestibility of organic
matter in vitro (Dyitr,) of the four grasses.

Species Temperature! Nitrogen Age
fertilization
19/12 24/18 28/23 34/30 Ny, Na 18 days 35 days
Lolium 952 920 904 919 931 934 916
Festuca 942 901 861 902 900 91.8 884
Axonopus 880 867 840 858 86.7 87.6 849
Brachiaria 89.4 809 780 822 832 86.5 789

! Day/night temperature in °C.

The % org. N was increased with nitrogen fertilizer in all four grasses, as did
NO,-N content. Temperature had a similar effect on org. N as on NO,-N. Contrary
to expectation, % org. N did not decrease with age, and even increased in Axono-
pus. This was certainly due to nitrogen application during the experiment.

Ash content reacted like that of nitrogen to environmental conditions, usually
increasing with extra nitrogen, decreasing with temperature (except in Lolium) and
with age (except in Axonopus).

The % wsc was higher in the two temperate grasses and in them was greatly
reduced by extra nitrogen fertilizer and by temperature, as expected. It was much
lower in the old than in the young grass, certainly because of the different solar
radiation during the 5 days before harvesting (1567 J-cm—*day—' before the first
and only 777 J-cm—*day—* before the second cutting date). In Axonopus, similar
but smaller effects of age and extra nitrogen were found on % wsc, There was no

effect of temperature,

_ Brachiaria had very small con
Increase in % wsc with temperature,
other tropical grasses. However, in 0

tents and differed from the other grasses in the
as found by Wilson & Ford (1973) for some
ther trials they found a slight negative effect
or none. Furthermore, extra nitrogen fertilizer decreased the content only in young
grass, but had an insignificant positive effect in the old grass. Maybe the normal
negative effect of nitrogen disappears if % wsc is very low (1.8 %).

The % cwc and % cf increased with temperature and age in all grasses but D,

and D, decreased both in leaves and stems. (The relatively high % cwc to % cf

N ewe . PO
in Axonopus was due to the incomplete solution of protein in the neutral de-

tergent.) This positive effect of age on % cwc and % cf in leaves is contrary to
results for Brachiaria in 1965 and for Zea mays and Festuca arundinacea in 1964
(Deinum & Dirven, 1972, 1971, respectively), where these contents in leaves re-
mained constant with maturity. This again may have been caused by the extremely
low solar radiation before the second cutting in the present trial. The negative
effects of temperature and age on digestibility were caused both by an increase in
content of cell-wall constituents and by a decrease in their digestibility.
Temperature and age affected digestibility more in Brachiaria than in the other
Species (Table §5), because it was more stemmy and because temperature depressed

Neth, J. agric. Sci. 23 (1975) s
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Table 6. Leaf percentage, chemical composition and digestibility of leaf and stem of the four
grasses (average of the 24/18 and 28/23 °C temperature treatments)!,

Species Leaf % NO3-N % org. N % cwc Dyitro
weight
(% of leaf  stem leaf stem leaf stem leaf stem
dry
weight)
Lolium 76.5 039 048 3.69 229 508 55.7 92.1 882
Festuca 80.6 041 0.49 317 165 550 625 89.0 84.1
Axonopus 60.3 023 0.35 342 219 65.5 65.3 89.9 83.7
Brachiaria 58.0 036 0.56 333 177 560 719 884 80.9

t % NO3-N = nitrate-nitrogen content of dry matter; % org. N = organic-nitrogen content
of dry matter; % cwc = % cell-wall constituents of dry matter; Dyiiro = true digestibility
of organic matter in vitro.

2 Too high because of the poor solubility of protein in the neutral-detergent solution.

stem digestibility more than leaf digestibility. Extra nitrogen did not affect D .,
although it decreased % cwc and % cf somewhat.

Composition of different grasses
Tables 2 and 4 suggest that the poor quality of tropical grasses was partly due to
their poor leafiness. Table 6 shows the content of some chemical constituents in
leaves and stems, and supports this possibility, Data from the intermediate tem-
perature treatments (24/18, 28/23 °C) were used for this table, so that environ-
mental conditions were the same, though temperatures were below optimum for
the tropical species and beyond optimum for the temperate ones. In line with
results of Minson et al. (1964), Lolium showed the highest % org. N and D,
and is clearly an exceptional grass. Taking Festuca as more typical of the temper-
ate grasses, Table 6 suggests that % org. N and D, of leaves of some temperate
and tropical grasses may be similar when grown under identical environmental
conditions. However, possibly because of the different morphological developments
of the plants interspecific differences are somewhat greater with regard to stem
digestibility, :
Simultaneously with this trial 8 tropical grasses were grown but with only 2 or 3
pots per species. They were cut at 35 days after growing with the higher nitrogen
dressing at the three highest temperatures. For some, organic matter was a digest-
ible as for Brachiaria but for others, substantially less digestible (Deinum & Dirven,
1974).

Composition of leaves and stems
It is apparent from Table 6 and Fig. 2 that % NO,-N and % wsc was higher and
% org. N lower in stems than in leaves; however, % cwc was higher in stems and
D,;ro generally lower.

Fig. 2 suggests that this was true of almost all samples collected from the differ-
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ent grasses as well as for the bulked forage. Striking is the close relationship be-
tween % org. N in leaves and stems, which is almost identical for all grasses.

Regression of digestibility of the four grasses on temperature, age and stem for-
mation

The results of this trial provide a measure of the effect of temperature and age, and
if some assumptions are made, the effect of stem formation on digestibility. How-
ever, since stem formation is crucial for digestibility, effects of temperature and
age were assessed for both vegetative and elongated grass.

To calculate the digestibility of vegetative tropical grass it seemed acceptable
to start from the vegetative temperate grasses, the leaf percentage of which is about
75 % and whose digestibility of leaf sheath fraction is closely related to leaf blade
digestibility (Dy,eat, = 1.45 Dya0 — 45) (Fig. 2). If the vegetative tropical grasses
having the same leaf percentage and the same relationship between Dy, and
D, .40 ONe can compute the regressions on temperature and age. In addition, the
effects of these factors in the elongated grass can be calculated from the data ob-
tained.

The results of both calculations are shown in Table 7. This table reveals that the
average decline in D, for the vegetative crop was about 0.5 % per °C tempera-
ture increase, a value which agrees well with the results of Deinum et al. (1968) for
digestibility in vivo of Lolium perenne. In addition, digestibility declined about
0.2 % per day on an average. )

In elongated Brachiaria the effects of temperature and age were much greater
(-1.02 % per °C and -0.44 % per day, respectively) than in the vegetative crop.
The decline of 1.02 % per °C approaches the coefficient found by Minson &
McLeod (1970) (-1.14 % per °C) for a large group of forages of unmentioned
leafiness. It corresponds with the average effects found in the other eight grasses
grown simultaneously (Deinum & Dirven, 1974). However, Axonopus was ex-
ceptional showing only minor effects of temperature and age on digestibility.
Furthermore, Table 7 shows the detrimental effect of stem formation, especially
when cut later. The values in the last 2 columns represent the differences between

~ Table 7. Effect of 1°C temperature increase, of 1 day of age and of stem formatlon on di-
gestibility of the four grasses.

Species Temperature Age Stem formation
18 days. 35 days
Lolium -0.41 —0.11
Festuca -0.76 -0.19
Axonopust —0.38 -0.16
Brachiaria veg. -0.79 -0.33
Brachiaria elong. -1.02 -0.44 ~1.7 -3.6

1 Stolons included.
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Fig. 3. Effect of tempcrature, age and
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ever, closer examination of the present results and of other ones (Deinum, un-
published) reveal that the correlation was spurious, being due to the great influence
of the dry-matter content; environmental conditions that favour a high dry-matter
content (high irradiance, nitrogen deficiency, temporary and permanent drought,
low relative humidity) result in a high water consumption per unit fresh-leaf weight
and a high % cf in fresh leaves. Consequently, by correcting for differences in dry-
matter content the relationship between chemical composition and water con-
sumption in the grasses was almost entirely accounted for.

Relationship between digestibility and crude-fibre content of organic matter

The % cf is a general reference in predicting the nutritive value of forages (digesti-
tibility, total digestible nutrients or net energy). Although crude fibre is not an
ideal reference, it works acceptably for temperate regions, but not so well for
tropical grasses (Dijkstra & Dirven, 1962; Milford & Minson, 1960).

The data of this trial allowed us to calculate the relationship between true di-
gestibility in vitro and crude-fibre content of organic matter in the different grasses
under various environmental conditions (Table 8).

This table reveals that in leaves and stems of vegetative Lolium and Festuca and
in the stoloniferous Axonopus the correlation is even higher than Dijkstra (1969)
found in fresh grass from Dutch pastures. However, the correlation was lower in

Table 8. Relationship between true digestibility of organic matter in vitro and crude-fibre
content of organic matter in leaves and stems of the four grasses (y = ay + a;x).

Treatment n ag ay r? sd Y X
(residual)

Lolium 24 112.7 -0.87 0.56 2.24 91.7 24.0
Festuca 24 121.8 ~1.21 0.78 2.35 88.8 273
Axonopus 24 125.0 -1.51 0.88 1.49 85.7 26.0
Brachiaria 24 110.0 -0.86 0.67 424 83.0 315
19/12°C 16 106.2 -0.54 0.62 1.23 94.1 224
24/18 °C 32 107.2 —-0.68 0.52 2.53 89.0 26.7
28/23°C 32 107.0 -0.75 0.58 3.20 854 28.7
34/30°C 16 111.4 -1.02 0.87 2.45 81.0 29.9
Leaves 48 117.0 -1.08 0.49 2.92 90.0 249
Stems 48 111.6 -091 0.69 3.67 84.6 29.5
Leaves + stems 96 1142 ~0.98 0.70 3.33 87.3 27.2
Whole crops? 48 1204 -1.21 0.77 2.70 879 26.9

! n = number of samples; r = correlation coefficient; sd (residual) = standard deviation that

cannot be explained by the regression; x = average of x; y = average of y.
2 Composition of whole crop calculated from % leaf and chemical composition of leaves and
stems.
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the stemmy Brachiaria (viz standard deviation). Although it was lower than Dijk-
stra (1969) found in temperate grasses it was higher than he found in tropical
herbage (Dijkstra & Dirven, 1962). This poor correlation in Brachiaria was caused
by the somewhat higher digestibility of stems than of leaves containing as much
crude fibre.

In addition, it appeared that the regression coefficient increased with tempera-
ture, indicating that at a lower digestibility the effect of crude fibre was greater.
Although a curvilinear regression would better reflect the pooled data as found by
Dijkstra (1966), the improvement over the linear relationship was not significant.

Consequently, for the limited range of our trial with four grasses grown under
glass crude fibre is a fair reference of nutritive value in both temperate and tropical
grasses,

Conclusions

In conclusion it can be stated that the poor quality of tropical forages is mainly due
to the high temperature where they grow and to the large negative effects of age
and stem formation. If the tendency of most tropical grasses to form stems be
suppressed by selection for leafiness, their quality may improve appreciably (Dir-
ven, 1970). Even so, it will be hard to breed tropical varieties that can match the

digestibility of the most popular grass species of temperate regions.
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