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Summary

Glycine javanica cv. Tinaroo (glycine) and Panicum maximum var. trichoglume
(green panic) were examined and compared by means of growth analysis, and by
the measurement of transpiration coefficient and the response to seven different root
temperatures. In the phytotron, overhead lighting was supplied at intensities below
the saturation value for single leaves, and a method was used which enabled growth
to be related to the amount of light intercepted by spaced plants.

It was found that green panic produced much more dry matter than glycine per unit
of intercepted light and per unit of water transpired. Green panic also had higher
shoot/root ratios than glycine.

Five other varieties of glycine were similar to Tinaroo in their efficiency of light
utilization, but had consistently higher shoot/root ratios than Tinaroo.

Green panic made better growth than glycine when the temperature of a liquid root
medium was raised above 30 °C.

Practical implications of the differences between the two species are discussed.

Introduction

In many parts of the tropical world, the productivity of grassland is being raised by
the establishment of selected mixtures of tropical grasses and legumes. However, there
is still not a great deal of basic information about the physiology of these species,
and the way they react when grown in combination. In Queensland, Australia, a com-
monly-used pasture is a mixture of the grass Panicum maximum var. trichoglume
(green panic) and the legume Glycine javanica cv. Tinaroo (glycine). These two spe-
cies were chosen for use in a competition experiment carried out at the Institute for
Biological and Chemical Research on Field Crops and Herbage (I.B.S.), Wageningen.

Before the competition experiment, a preliminary series of experiments was carried
out to study and compare the behaviour of the two species by means of growth
analysis. The species were grown apart in the phytotron at four air temperatures and
three light intensities, and in one experiment, five other varieties of Glycine javanica
were studied. In addition, a film was made of glycine leaf movements, the transpira-
tion coefficients of the two species were measured, and comparisons were made of
their growth at seven root temperatures.

These preliminary experiments are reported below.
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Materials and methods

Sand in small boxes was used as a medium for germination of the seed. The boxes
were kept in the climate room, and at first covered with plastic to retain moisture.
After germination had begun, the plastic was removed and the boxes watered to
constant weight daily. The seedlings were transplanted when the first trifoliate leaf
of the glycine was beginning to expand, and this coincided with the beginning of ex-
pansion of the third leaf of green panic. For transplanting, the sand was first flooded
with water to reduce root damage during removal. The seedlings were then supported
in half-Hoagland solution and continuous aeration was supplied throughout the ex-
periment.

Two types of climate room were used, and facilities and methods peculiar to each
wlll be discussed under the headings Growth analysis and Comparison of growth re-
sponses to different temperatures in the rooting medium.

Growth analysis

The phytotron consists of a series of rooms with varying air temperatures but other-
wise identical climates. The two species were always grown simultaneously in the same
room but on separate trolleys. One plant was supported over each one-litre container
and except in the earliest experiments (see Results) the pots were kept widely spaced
to avoid inter-plant shading.

The design of the phytotron, and the procedure for growing experimental plants in
it have been outlined by Alberda (1958). The plants were subjected to a light inten-
sity of about 5 x 104 ergs cm-2 sec-! from Philips 400 Watt HPL lamps, fitted in
groups of six over each trolley-load of pots. The day-length was 17 hours, and the
temperatures used were 15°, 20°, 25° and 30°C (constant day and night). In one ex-
periment, different thicknesses of cheese cloth were hung between the lamps and the
plants to provide light intensities of 3.5 X 104 and 2.0 X 104 ergs cm-2 sec-l. This
experiment was carried out at 25°C only, and the light intensity treatments were
imposed from the time of transplanting. The experiment to compare five varieties of
Glycine javanica was also carried out at 25°C only.

For growth analysis, 8 plants of each species were harvested each week, or occasion-
ally more frequently if the size of the plants was becoming too great for the phyto-
tron. Fresh and oven dry weights were determined separately for leaf, stem and root.
The material was dried over-night in a forced draft oven at 70°C, and then for an
hour at 105°C.

The plants received some set-back at transplanting and difficulty was often experi-
enced with a marginal scorching of a proportion of young glycine leaves and some
tip scorching of green panic (little of this occurred at the lower light intensities). There-
fore, after the initial experiments, seedlings in excess of requirements were transplanted,
and uniform material selected for the experiment after the effects of transplanting had
worn off. It was then generally possible to grow the plants in the phytotron for only
another two weeks. After this time they began to shade each other, or to grow out
of the lamp light. In most cases, therefore, only three harvests were made, and where
three intensities were used, only two harvests were made.

The net assimilation rate (NAR) is usually calculated by relating the growth rate of
a plant to the area of its leaf surface. In a plant canopy, different leaves receive
different intensities and qualities of light and it is difficult to know whether dif-
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ferences between species in NAR are due to internal differences in the efficiency of
carbon assimilation, or to the effects of differences in the density and arrangement
of leaves.

In the phytotron of the I.B.S., Wageningen, the light intensity is lower than the
saturation value for single leaves of both species. Hence, the photosynthesis is pro-
portional to the amount of intercepted light so that species can be compared best
on this basis. As the light comes from directly above the plants, it was possible to
obtain an estimate of light absorbed by estimating the area of green tissue seen in
vertical projection. This was done by means of a viewing apparatus designed by
H. J. Reints and A. J. Reestman (P.A.W., Wageningen, unpublished).

By this method the plants to be harvested on each occasion were placed under a
2 cm X 4 cm grid over which a telescope was moved systematically. The plants were
viewed through the telescope, and an area of 8 cm? was recorded whenever a piece
of green tissue intercepted the cross-wires of the eyepiece. The total area recorded
for each harvest was called the light interception area (LLIA). In most cases, a dupli-
cate estimate of LIA was made after re-arranging the plants on the trolley beneath
the telescope.

From the total dry weight (TDW in grams), light interception area (LIA in cm?2),
and time (7, in days after germination), the following calculations were made:

Relative growth rate (RGR) = (In TDW: — In TDWy)/ (T2 — T1)
Light interception ratio (LIR) = LIA/TDW
Net assimilation rate on a light interception basis (NARI) =
TDW: — TDW; x In LIA; — In LIA,

LIA: — LIA; To — Ty

Leaf movements

In the case of glycine, leaf movements occurred regularly every day, and care had
to be taken that LLIA measurements were made when the leaves were in the normal,
fully displayed position. (Measurements on green panic were made at the same time.)
The glycine leaves drooped some time before the dark period, and became virtually
horizontal again shortly after the lights came on. In order to study these movements,
a cine film was made of growing plants by an automatic camera photographing once
every 6 min during the light period. These plants were grown at 25°C in the phytotron
described under Growth analysis.

Transpiration coefficient )

For estimation of transpiration coefficient, 4 plants were grown in each one-litre con-
tainer, and transpiration was measured by weighing each container minus piants be-
fore and after the nutrient solution was changed three times weekly. Tests showed
that the normal lid supporting the plants over the solution prevented measurable
evaporation of water. Dry matter production was estimated by subtracting the oven
dry weight of 12 plants of each species at the start of the experiment from that of
the remainder (40 of each species) 9 days later. The transpiration coefficient was
calculated by dividing the amount of water transpired during these 9 days by the
dry weight produced. The plants were grown at 25°C in the phytotron described
under Growth analysis.
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Comparison of growth responses to different temperatures in the rooting medium
This experiment was carried out three times in growth rooms lit by fluorescent lamps,
and with a 17-hour day-length. Each room was fitted with a series of containers for
nutrient solution with temperature control for 10°, 15°, 20°, 25°, 30°, 35° and 40°C.
In order to compare the two species over this range of temperature, two rooms had
to be used. One had a constant air temperature of about 26°C and a relative humid-
ity of 60-70% ; the other had a constant air temperature of about 28°C, and a
relative humidity of about 50%. In case these conditions had different effects on the
two species, each was grown at least once in each room.

The seedlings were transplanted a week after germination. Two harvests were made
at an interval of about a week.

No attempt has been made to compare the species directly for dry matter production,
as self-shading occurred between the group of plants in each container, and this would
have varied for each species at each temperature. The main aim was to compare their
curves of response to the various root temperatures for total plant growth, as well
as the components, leaf, stem and root.

Results

The experiments have been numbered as in the computer result sheets.

The glycine and green panic germinated simultaneously at each temperature, so com-
parisons of the two species have been made with plants of the same age. However,
at the time of transplanting, the legume plants invariably had a much greater dry
weight than the grass plants because of differences in seed size. Glycine never devel-
oped root nodules, and so relied solely on the nutrient solution for its nitrogen.
Neither species flowered at the 17 hour day-length.

Growth analysis

Except for the two initial, exploratory experiments, the results of all experiments
carried out are presented in Table 1-3. Some inter-plant shading may have occurred
in experiment 9, at least in the final stages, but from experiment 10 onwards, a good
deal of care was taken to avoid this by spacing the pots wider apart as the plants
increased in size. Limitations of space in the phytotron made this difficult, especially
in the final stages of experiments and in experiment 27 where extra treatments were
included, it is suspected that slight inter-plant shading may have occurred with the
fastest growing plants.

Response by green panic to different temperatures and light intensities. Between 20°
and 25°C there was a clear increase in the RGR, which appeared to be due princi-
pally to higher values of NARI rather than of LIR. There was no clear indication
of an increase in RGR between 15° and 20°C, or between 25° and 30°C, and the
only measurement of NARI at the extreme temperatures (Experiment 12, 30°C) sug-
gested that the NARI was lower at 30° than at 25°C.

Difficulties were experienced with green panic at 30°C, as the leaves failed to unroll
at their tips during expansion, and this resulted in necrosis of a large section of the
leaf blade. The damage was avoided in experiment 12 by raising the relative humid-
ity to about 90% by means of a misting machine, At 30°C, also, leaf and stem
tissue elongated and spread so fast, that 4 weeks after germination the green panic

145



TOW

P. G.

9¢'1 68’1 6] 10T SL'T 89']
6ST°0 1§7°0 SLT0 7o £0T°0 90T°0
96 (181 bLI kel - - £11 Iel L1l ¢l 8¢l
991 £9 (44 69T 99 81 00€ S8 0t
s S'e (43 145 6'¢ e s 144 Ly
394 B3 44 96 9891  S9v §01 selc 119 6L1
6LC LTl 0¢ 60¢ 81t i€ 1187 6¢1 8¢
Le 1€ ST Le 1€ §T 14> 8¢ (44

( sna1)) 8.6 O

(20u24v1D) 9619 O

(0z0# O) 05891 1dD

(610¥ O) ££991 IdD

W'l SET SL'T 651
LST°0 Y0 661°0 £0T°0
06 6C1 601 (1741 8¢l
€9 1T 0£T LL 9C
4 8¢ 9V |84 iy
18§ 8¢t OELl €IS 41
(44 e 08¢ 9l 9¢
T 81 0t {4 81

(42dooD) 70L5T IdD

(1-Aep g-wo Sw) TYVYN
(1-fep) YOI
(1-8gwo)  AIT
(zwd)  VIT
LIM/HSM

(Bw) HSM

Bw) 1am

(sfep) ouurg,

(g€ 1udwadxa) 1-225 g-wd 842 391 X (°¢ f0 Ansudqur jy8y v pup D,67 IV poIuUDADL 2u1d4]9 [0 Sa11DA 241 [O SISAIDUD Ym0 ¢ 21gD ]

¥9'C 6¢°1
PIe0 92C'0
6 881 1¢1 0T
LvT ov 88 0T
£9 €'t '3 8T
LSTT 91 1LY €L
09¢ (34 9¢1 9T
9T 81 9T 81
wnouvd Ui elivEs)

061 €01
vC0 161°0
801 L9T vL1 10T
LO1 14 +01 9T
s St L'e 8T
0€8 Ti1 89y S6
651 [43 8T1 123
97 81 9T 81
wnouvg aurd]n

=025 g-wo $842 39] X 0°S I'T

1-005 g~wd $842 y0I X C'€ I'T

€56°0 9cs'0
€0T°0 S¥1°0
00T SeT LST €0t
4y (4! 8 13
TS L'y 6'¢ €T
0TT (44 09¢ TL
6€ 6 99 1€
9T 81 9¢C 81
wnouvg U1

1-298 g-utd $843 30 X 0°7 I'1

(1-£Kep z-wo SW) TYVN-
(1-4ep) AOA
(1-8zuw)  YIT
(zuo) VI
LIM/HSM

(Bw) HSM

(Buw) 1IMm

(sAep) our]

(LZ wawitadxa) (I7) Sauisuadiul 1y81 224yl puv 7,67 IV wnouvd puv duidljn fo sisppuv yimoln ¢ a|qrJ

0
<
—



CONTROLLED CLIMATE COMPARISONS OF A TROPICAL GRASS AND LEGUME
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Fig.1 Response of Glycine and Panicum to seven root temperatures. Air temperature 28°C, rela-
tive humidity 50 %.

plants were too tall and wide-spreading to be accommodated satisfactorily beneath
the lamps. Time prevented further refinements in technique from being made to see
if higher RGR’s could be achieved.

Decreasing light intensity at 25°C resulted in lower values of RGR due to lower
NARI In general, LIR increased with decreasing light intensity, but this could not
compensate for the lower NARI (Table 2). Fig. 1 shows that the estimate of NARI
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at a light intensity of 50,000 ergs cm-2 sec-l is a little lower than required for a
linear response to light intensity, and is also a little lower than estimates from other
experiments obtained at this temperature and light intensity (Table 1). As already
stated, this may have been due to inter-plant shading.

Time trends: In almost all experiments, RGR decreased with time. This can be ex-
plained by both the NARI and the LIR decreasing with time. At 15°C (experiment 10)
the decline with time was not present, but at this low temperature, transplanting set-
backs were especially common, and this may have prevented the young plants from
attaining the initially high values of NARI found in the other experiments.

The shoot/root ratio was practically always highest at the first harvest but this was
probably due to loss of roots at transplanting. The other data are rather irregular
but a few tendencies can be observed. The shoot/root ratio increased with increasing
temperature, at least up to 25°C. The temperature effect is complicated by an increase
in the ratio with time, a trend that appears more marked at the higher temperatures.
As with the NARI, the most marked changes with temperature occurred between
20° and 25°C. Thus at 20°C a plant with an oven dry weight of just over 3 g had
a shoot/root ratio of about 3.5, while a plant of similar size at 25°C had a ratio
of around 5, and a similar value at 30°C. Occasional high values in small plants were
probably due to loss of roots at transplanting. Decreasing light intensity at 25°C
resulted in lower shoot/root ratios initially, but at the second harvest, the ratio was
high at all three intensities, especially at the highest.

The response of glycine to different temperatures and light intensities. In general, RGR
was higher at the higher temperatures though variation in estimates prevented the
attainment of distinct, large differences for each 5° rise. Variations are at least partly
due to a decline in RGR with time and the fact that comparisons between experiments
are made with plants of slightly different age and size.

In general, also, NARI increased with temperature, the main anomaly being a high
early estimate at 20°C (experiment 9). In most experiments there was very little
decline in NARI with time, and sometimes even an increase. The decline in LIR
with time was not very great, except at 30°C.

Transplanting set-backs were less severe at lower light intensities, so that at the first
harvest, the weight of plants grown at 3.5 X 104 ergs cm2 sec-l was little different
from that at 5 X 10¢ ergs cm-2 sec-l, Decreasing light intensity at 25°C resulted in
lower RGR due to lower NARI In general, LIR increased with decreasing light inten-
sity, but this could not compensate for the lower NARI (Table 2). Fig. 1 shows that
the estimate of NARI at a light intensity of 5 X 104 ergs cm-2 sec-1 is slightly lower
than expected for a linear response to light intensity, and a little lower than the
other values obtained at 25°C at that light intensity (Table 1). As also with green
panic in this experiment, some slight inter-plant shading is suspected in the later
stages, at the highest light intensity,

The shoot/root ratio increased with increasing temperature up to 25°C, but on only
one occasion (Table 1, experiment 9) did it exceed a value of 4. The values also
increased slightly with time, apart from the initial phase where adjustment to trans-
planting was taking place. At lower light intensities, the ratio was lower at the first
harvest, but at the second harvest it was higher with decreasing light.

Comparisons between glycine and green panic. The various tables show clearly that
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Fig.2 Growth analysis of Glycine and Panicum at 25°C and a light intensity of 5 X 104 ergs
cm-2 sec-1.
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for each time interval at each temperature, green panic had a higher RGR than
glycine. The only exception is one estimate in experiment 9, 15°C, and inter-plant
shading has already been suggested for this experiment.

NARI was not estimated for green panic at 15°C, but for the other temperatures,
the higher RGR for the grass was clearly due to a higher NARI. The differences
were most marked at 25°C (see also Fig. 1 and 2). NARI continued to increase to
30°C in the case of glycine, but not in the case of green panic. The decline with
time in RGR and NARI was more marked for green panic than for glycine.

LIR did not differ much between the two species, and if anything, it was higher
for the legume than the grass at any one time.

At all temperatures, too, the grass had the higher shoot/root ratio, differences be-
coming especially marked at the later harvests and the higher temperatures.

Five other varieties of Glycine javanica at 25°C. The values for RGR and NARI
were all similar to those for Tinaroo glycine, and so below the values for green panic.
(Table 3). Some strains had higher initial values than were recorded for the Tinaroo
strain, but in those cases, the values for the following time interval were much lower.
LIR values were also similar to those obtained for the Tinaroo strain, but shoot/root
ratios were consistently higher in these strains than for Tinaroo; there were many
examples of shoot/root ratios over 4, and some over 5, i.e. in the range obtained
for green panic.

It was also found that the varieties varied in leaf size and in effectiveness of display
of leaves to the lamplight. However, the experiment was not detailed enough to allow
small differences to be measured.

Glycine growth movements

By means of the films made of Tinaroo glycine growth, it was calculated that the
leaves were in the drooped position for about 5 hours of the total 17 light hours.
Immediately after the lamps switched on the leaves placed themselves rapidly in a
horizontal position and approximately 5 hours before the lamps switched off they
gradually drooped to the nearly vertical position.

Transpiration coefficients
The data, and the calculations made from them are shown in Table 4.

Table 4 Relation between dry matter production and water usage

Panicum Glycine
Dry matter production per pot (g) 3.329 2.070
Water usage per pot (g) 676.5 774.0
Transpiration coefficient 203 374
Dry matter production per g water (mg) 4.9 2.1

The transpiration coefficient was over 80% higher in glycine than in green panic.
‘Green panic therefore produced about 80 % more dry matter per unit of water than
glycine,

Growth response to seven root temperatures
Since the results did not appear to be influenced by change in aerial environment,
the data of only two experiments are presented in Fig. 3.
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Fig. 3 Growth analysis of Glycine and Paricum at 25°C and three light intensities.

Virtually no growth occurred in either species at a root temperature of 10°C, and
there was a marked increase in plant dry matter, with increasing temperature, up to
30°C in both species.

At higher temperatures, there was consistently less dry matter production, but the
response to these temperatures was different in the two species. For glycine, dry mat-
ter production at 35° root temperature was much less than that produced at 25°C.
For green panic, however, dry matter production at 35° root temperature was only a
little less than at 25°C. Such a difference between the two species represents a large
percentage of dry matter response. In addition, some growth of green panic. occurred
with a 40°C root temperature (apparently after a period of adjustment). None occurred
in glycine at 40°C.

Fig. 3 shows that the relative rate of response to increasing root temperature was
higher for the shoot than for the root in both species, or, where there was a decline
at the higher temperatures, this decline was greater in the root than the shoot. Thus,
the shoot/root ratio increased with increasing root temperature. In glycine, this in-
crease appeared to occur from 20°C. The starting temperature is less clear in the
case of green panic in Fig. 3, but when the data of the other experiments are also
examined in logarithmic form (not shown here) it appears that the starting point
for green panic was about 20°C also.

The dry matter content of all parts of the plant was markedly lower at intermediate
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temperatures than at the extremes (data not shown). At 10° and 15°C, the region of
the lower stem and the upper root of glycine became thickened, while at 35°C the
roots began to grow in the nutrient solution, but then stopped and developed a knobbly
appearance at the ends. These effects were not apparent in the roots of green panic.
An interveinal chlorosis in the leaves of green panic was corrected by adding sul-
phuric acid to bring the pH of the nutrient solution to 4.5, then adding 1.5 ml per
litre of 0.003 M ferrous sulphate.

Discussion

By relating the growth rate of the two species in the phytotron to the amount of
below-saturation intensity light intercepted, it has been possible to show that green
panic makes more efficient use of light for photosynthesis than does glycine. In addi-
tion, the ratio NARI green panic/NARI glycine is about the same as the ratio for
their dry matter production per unit of transpired water. This being so, the trans-
piration per unit of intercepted light would be the same for the two species. Thus,
from the points of view of production capacity and efficiency of water use, green
panic is the superior species.

The light interception method of growth analysis can be assessed further by examin-
ing some of the data in graph form, and also by comparing them with known values
of photosynthesis for single leaves.

The easiest temperature at which to grow these plants in the phytotron was 25°C,
and it was here that it was possible to carry out two full repetitions of the growth
analysis of green panic and three of glycine, in the time available. The growth
analyses of Tinaroo glycine and green panic at this temperature are illustrated in
Fig. 1 and 2. In Fig. 2, it is seen that there was some variation among the various
experiments in the estimates of RGR. This would have been due to experimental
error, or slight variations in technique throughout the period of several months. How-
ever, the technique was adequate to ensure distinct and consistent differences between
the two species, as had already been discussed under Results. In the case of NARI
estimates, the amount of variation among experiments was similar to the variation
for RGR, and with the use of the light interception method the distinct differences
between the two species for NARI largely explained the differences in RGR. The
species differences were still apparent when Tinaroo glycine was replaced by five other
varieties of Glycine javanica. In the case of LIR estimates, there was no distinct
difference between species, though even here there is some reason for suggesting that
glycine generally had higher values than green panic, for spaced plants.

Fig. 1 is consistent with the other data in showing that the two species exhibited
two distinct curves of response to below-saturation light intensities, green panic having
the steeper slope for its NARI curve. By extrapolating the curves to the X-axis, a
value is obtained for the compensation point. This is about 0.5 x 104 erg cm-2 sec-! for
each species, which seems a reasonable figure, The increase in LIR at lower light
intensities is analagous to an increase in leaf area ratio (LAR), which is often found.
Gaastra’s (1959, 1962) data give photosynthesis rates of 140 mm3 CO: c¢cm-2 h-1 for
single leaves of sugar beet at high light intensites. This is equivalent to 34 x 104
g cm-2 day-1 for a 17-hour daylength. Estimates of NARI for glycine and green panic
lay within the range of 15 X 10-¢ to 35 X 104 gcm-2day-!, and rates for photo-
synthesis would presumably be 20-50% higher. Thus the light interception method
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of estimating NARI gave values of the same order as those for photosynthesis of
single sugar beet leaves by the method of gas analysis.

By using light interception area in place of leaf area, differences in leaf arrangement
have been excluded as possible causes of the differences in net assimilation rate. It
might be possible that the drooping or sleeping habit of glycine leaves during part of
the light period was accompanied by a reduction or cessation of photosynthesis, and
thus a lower average NARI. Assuming that photosynthesis was at a standstill in glycine
for 5 hours of light, NARI could be calculated for a 12-hour day instead of a 17
hour one. This would increase the estimate by about 30% ; whereas NARI of green
panic was approximately 80 % higher than that of glycine.

Legumes expend appreciable amounts of energy on nitrogen fixation (Wilson, 1940).
In the present experiments, however, glycine was not nodulated, so nitrogen fixation
cannot be held responsible for even a part of the inferiority of glycine in net photo-
synthesis.

This relatively high capacity of green panic for dry matter production would be
apparent under field conditions as well as in the phytotron, and is indeed supported
by general experience at the Kairi Research Station and elsewhere. As shown by
de Wit (1965), the photosynthesis function (including photosynthetic efficiency as one
of its components) is by far the most important factor influencing dry matter produc-
tion of leaf canopies. Leaf arrangement is comparatively much less important, though
if anything, incident light will be more efficiently used by a closed canopy of fairly
erect grass leaves than by a closed canopy of fairly horizontal legume leaves. Green
panic should have even greater advantage over glycine in the field.

In the present experiments, green panic also had much higher shoot/root ratios than
Tinaroo glycine, and the differences between the two widened with time and with
increase in temperature. Thus, from the point of view of the production of above-
ground dry matter, green panic was still further superior to Tinaroo glycine, especially
at high temperatures. However, there was some indication that at 30°C, where green
panic attained shoot/root ratios of about 6, its NARI was actually lower than at 25°C.
On the other hand, NARI had improved between 20° and 25°C; and for glycine, it
continued to improve right up to 30°C. The reasons for these types of behaviour are
not known. An interesting feature of the other varieties of Glycine javanica was that
most of them attained much higher shoot/root ratios than Tinaroo. All other factors
being equal, this could be interpreted as greater vigor under conditions where roots
are not harvested, as in the field.

Finally, green panic showed its superiority over glycine with regard to its reaction
to high temperatures in a liquid root medium. Root temperatures above 30°C caused
a reduction in growth in both species, but there was less severe reduction in the grass
than in the legume. No attempt was made to find the actual root tempezrature, for
each species, at which the response in growth to increasing temperature bscame nega-
tive. In the field high surface soil temperatures may affect seedling growth, but once
the plants have roots in deeper, cooler soil layers, the hot surface may not have much
effect. Any thorough study of growth at extreme temperatures should probably also
take into account the process of hardening.

One of the main reasons for including legumes in a pasture is for their ability to
grow by the use of symbiotically-fixed atmospheric nitrogen. The present experiments
show that the advantage of nitrogen fixation in glycine must be considered over against
the greater efficiency with which green panic can make use of light and water, and
its superiority in some other ways. In some situations, efficiency of light and water
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use can be more important than nitrogen fixation. Legumes may have other advan-
tages in a pasture, e.g. as donors of nitrogen to associated grass, and as contributors
towards a more effective stock ration than is provided by grass alone. The various
advantages and disadvantages of legumes and grasses must be carefully assessed in
deciding on the most useful and economic type of pasture for a particular environ-
ment or need.

When green panic and glycine are grown together, as is often the case in practice,
the superiority of the grass as seen in the present experiments may also give it an
initial competitive advantage over the legume. Such an initial competitive advantage
has been described by de Wit et al. (1966), but it was also shown that competitive
interactions between grasses and legumes eventually become quite complicated. The
present experiments are important mainly from the point of view of determining
basic characteristics of the species, which may be used to assist in explaining and
comparing their behaviour in the field.
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