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INTRODUCTION

The establishment of legume/grass pasture mixtures for grazing amimals
has become a standard practice in many temperate regions of the world. The
same cammot yet be sald of most tropical regions, although the advantages
of such mixtures are no less important in the tropics.

Investigations on the establishment, nodulation and nitrogen fixation
of pasture legumes have similarly been confined largely to temperate spe-
cles, until comparatively recently. Results obtained with these species,
although offering a guide, cannot be applied directly to their tropical
counterparts, Similar basic studies are required on promising tropical
legumes. | |

Because of the rapid growth rate and tall babit of many "improved" tro-
plcal grasses, the development and maintenance of a satisfactory grass/
legume mixture is prejudiced unless optimum' conditions are provided, as far
as possible, for the germination, establishment and nodulation of the leg-
ume eomponent.

In this study, the following factors were investigated, which could
be expected to affect variously the germination, nodulation and early growth
and nitrcgen fixation of the plant.

1l. Seed scarification with hot water or concentrated sulfuric acid.

2., Strain of Rhizobium for inoculation of the seed.

3. Effect of the seed coat on the viability of Rhizobium.

4. The nature of the suspending medium used for the application

of the rhizobial inoculum.



5. Small amounts of nitrogen added to the soil about the time .
of first nodule develomment.
6. The sulphate level in the soil.

Leucaena glauca (L.) Benth. (= L. leucocephala (Lam.) de Wit) was

used for this study. It.has considerable potential as a pasture and fodder
legume. While there is some published information on its germination, and

Rhizobium strain requirements, it was considered that further studies were

warranted.



LITERATURE REVIEW
I. LEUCAENA GLAUCA

1. Scientific name, origin and description

The name Leucaena glauca is very well established for this species,
and frequently used as the common name, so that it has been retained in
the title of this study. However, de Wit (73) after a thorough examina-
_tion of type material, found that the species should be named Leucaena
leucocephala. The new complete name is therefore Leucaena leucocephala

(Lam.) de Wit. For want of a more universal common name, "leucaena" will
be used throughout this study when referring to L. leucocephala.

Leucaena originates in tropical America, but has become pan-tropical,
especially in moist regions at low latitudes (69). It has become natural-
ized in many Pacific Islands, West and East Indies, Philippines, Indo-
China, Ceylon, Queensland and parts of Africa.

Leucaena is a shrub or small tree, two to ten metres high. The com-
pound leaves are 15 - 25 cm. long, with mumerous paired leaflets that are
narrow and 7 - 12 mm. long. The white flowers occur in dense rounded
heads 2-5 cm. in diameter. Seed pods are thin, flat, 12-18 cm. long, l.4-
2.0 cm, wide and contain 15-25 elliptical, shiny, brown seeds. (from
Farinas (10)..

,2. Nutritional value, yield and toxic properties

L

The value of leucaena as a browse plant for cattle has been recognized

in many countries (5, 6, 11, 16, 36, 37, 50, 67), while in Hawaii the plant
is grown extensively as a forage and pasture crop for both beef and dairy
cattle (29, 30, 31, 32, 41, 60).



That leucaena is a plant worthy of more attention can be seen from
comparisons of chemical analyses of leucaena and alfalfa, which-have
been made in the Philippines (16), Ceylon (39) and, together with other
grasses and legumes, in Hawaii (60). The data in Table 1 are derived from
these sources. For ease of comparison, all results are converted to dry

matter basis.

TABLE No. 1 Comparison of the nutritive value of leucaena with alfalfa,
elephant grass and para grass.

Yield per acre  Crude Crude Total digestible
Forage per year protein fibre mtrients

1b, £ 2 %

a *

Leucaena - 27.98 12.43 71

Leucaena ° - 25,56 11.35 7lf

Leucaena ° 15,184 22.67 - 57

Alfalfa @ - 234t 27.38 60"

Alfalfa P - 19.29 32,14 56"

Alfalfa ° 14,925 20.40 - 59

Elephant grass® 29,920 4,88 - 59
(Napier)

Para grass ¢ 29,792 6.36 - 58

& - data from Farinas (10)

b - data from Joachim (39)
¢ - data from Takahashi and Ripperton (60)
* . estimated values, by method of Glover, Duthrie and Dougall (24)

The value of total digestible mitrients fbr leucaena will vary accord.
ing to the amount of stem included, but appears to be generally superior
to alfalfa. TYields of dry matter and T.D.N. per acre of leucaena were
about half that of elephant grass, under ﬂawgi;an conditions.



The Hawalian variety appears to be a relatively low yielding type.
In Queensland (35) under 40 inches of rainfall, a Peruvian variety pro-
duced 11,236 1b. dry matter per acre, while the Hawaiian variety produced
only 1,335 1b. per acre. Strains from E1 Salvador and Guatemala were in-
termediate. Protein percentages were about equal in all strains.

Part of the high nitrogen content of leucaena is in the form of mimo-
sine, an unbound alpha amino acid, which is toxic to horses and pigs, but
not to cattle or sheep under normal conditions (8, 9, 41, 60). Mimosine
is partly destroyed by the action of microbes in the rumen. Sheep trans.
ferred from ordinary pasture to a sole diet of leucaena shed the fleece
completely in about a week, but when fed gradually increasing amounts of
leucaena they become completely resistant to the toxic substance (9).
Hutton and Gray (36) reported apparent differences in mimosine content
among leucaena varieties grown in Queensland, and were hopeful of breed-
ing low-mimosine strains. However, more precise analytical techniques
have shown a lack of variation in mimosine content in the species, and
the breeding program for low mimosine has been discontinued (8).

3. Leucaena in pasture mixtures

There are few published results of establishment of leucaena in
mixtures with high producing pasture grasses. Takahashi and Ripperton
(60) report that leucaena is used quite extensively for pasture purposes
in Hawaii, with several thousand acres containing appreciable amounts.
Most of this area 1s the result of natural seeding or of extensive broad-
casting of seed without any land preparation. For prepared fields and
planted pastures, guinea (Panicum maximum), bermuda (Cynodon dactylon)



and dallis (Pasgglum dilatatum) grasses were recommended, scwn between
double rows of leucaena, i.e. two rows of leucaena three feet apart,
followed by a six foot strip of grass. Farinas (16) gives similar
recommendations. In Rhodesia, leucaena drilled in double rows two feet
apart with 10 feet strips of buffel grass (Cenchrus ciliaris) between,
gave a satisfactory stand in the first season, and was very productive
in the second (68). A later report notes that leucaena/grass mixtures
were difficult to graze in a mixture because of the high palatability cf
the leucaena, which resulted in animals over-grazing it (54%).

Similar problems are recorded by Nogales (48) in investigations on
mixtures of several grasses and legumes in Venezuela. Animals selective-
ly grazed the leucaena in preference to pangola or para grass. With
guinea and elephant grasses, the leucaena was choked out during its early
growth. The grasses and legumes were sown in alternate single rows 1
metre apart which would place leucaena at a disadvantage when combined
with tall-growlng grasses such as these. The leucaena was also attacked
by insects and a fungus. Nogales implied that economic use of leucaena
would be confined to dry regions, but this is contradicted by the fact
that leucaena thrives as a shade tree for cacao and as a roadside weed in
regions with 180 inches annual rainfall in New Guinea.

k. Seed treatment and inoculation

Seed of leucaena shows poor germination unless the very imper.
veous seed coat 1s treated in some way to render the testa permeable to
water. Methods most commonly used are (a) mechanical scarifications,

(b) treatment with hot water, and (c) treatment with concentrated sulphu-
ric acid. Akamine (1) found that mechanical scarification or treatment



with 52 per cent sulphuric acid for 1 hour produced a germination of more
than 80 per cent. Hot water treatment (75-80°C initial temperature; seed
and water allowed to cool to 38°C) produced about 70 per cent germinaticn.
Untreated seed showed 10-15 per cent germination. Venkataratnam (65)
recommended hot water treatment at 70~80°C for 5 mimites, which gave 74
per cent germination. Temperatures below 10°C or above 80°C damaged the
seeds.

Rios et al (55) studied the effect of varicus concentrations and times
of immersion in sulphuric acid on the germination of four legumes, including
leucaena. Immersion for 20 minutes in 100 per cent sulphuric acid resulted
in 92,6 per cent germination of leucaena seeds. At this concentration, the
duration of treatment (10, 20 or 30 mimtes) hardly affected germination per-
centage, but lower concentrations of acid (75, 50, 35, 20 per cent) resulted
in progressively lower germination percentages. More recently, Gray (25)
studied the effects of hot water treatment (80°C and 100°C) for various pe-
riods on two samples of leucaena. Best results (94100 per cent germina.
tion) were obtained with treatment for two to five minutes at 80°C. The
same seed treated with commercial sulphuric acid for 20 minutes gave 32 and
70 per cent germination in the two samples. When the hot wate,.-treated seeds
were dried rapidly after treatment, germination was 98 per cent at the end
of 15 months® storage in air-tight containers. This method is thus superior
to that recommended by Takahashi and Ripperton (60), in which the seed is
soaked for several hours after placing in hot water. Seed treated in this
way deteriorated rapidly in storage. Gray noted that the effect of the hot
water was to produce a network of tiny cracks in the testa, which apparently
allowed entry of water into the seed, but did not noticeably affect its

smooth glossy surface.



The rather specific rhizobial strain requirements of leucaena are

apparently not widely known. Norris (49) mentions that Leucaena glauca

will nodulate with very few strains of rhizobia. Similarly Galli (19),
in a study of legume "cross-inoculation groups", noted that Leucaena

glauca belonged to a group to which no other species studied belonged.
Knowledge of this fact is important when introducing leucaena to a new

regono

II. SOME FACTORS AFFECTING VIABILITY OF RHIZOBIA AND NODULATION
1. The seed coat
Haas and Fped (26) in 1919 studied the effect of germinating

seed of soybean on its nodule forming bacteria, and found that the seeds
excreted no substance toxic to the growth of the nodule bacteria, but fa-
vour this growth. They noted that, when mercuric chloride is used to steri-
lize soybean seed, sufficient is retained by the seed to retard development
of its nodule bacteria on agar plates in the vicinity of thé seed., This
could explain some of the earlier reports on toxicity of legume seed coats
to nodule bacteria.

More recently, however, Thompson (61) conclusively demonstrated

that the seed of Trifolium subterraneum L. var. Tallarook contain a thermo-

stable, water soluble antiblotic which was active against a strain of nod-
ule bacteria normally incorporated in commercially prepared inocula. In

a series of field experiments Thompson (62) confirmed that physical separa-
tion of the rhizobial inoculum and the seed coat of subterranean clover

resulted in improved nodulation, when sown in a soil of pH 6 or higher.
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In more acid soils the nature of the chemical constituents of the
seed pelleting material was more important than the actual separa-
tion, suggesting that soils differ considerably in their ability
to inactivate the antibiotice.

Bowen (12) obtained similar results with seed coat diffusates

of subterranean clover, and also of Centrosema pubescens, while

lucerne (Medicago sativa) seed diffusates showed little activity.

The toxicity of C. pubescens was due almost entirely to the seed
coat, but the effect was not evident until the seeds began to germi-
nate. Seed sterilization was effected by applying equal parts of
ethyl alcohol and 20 volume per cent hydrogen peroxide, followed by
three washings with sterile distilled water. Tests showed no resi-
dual toxicity from the sterilizing agents.

Masterton (45) noted inhibition of strains of Rhizobium on agar
plates by seeds or discs of filter paper soaked with sged extracts

of Trifolium pratense, T. hybridum, T. repens, Lotus corniculatus,

Le uliginosus, Medicago sativa, Pisum sativum, Vicia faba, Phaseolus

'vulgaris and P. multiflorus, but not by Lupinus luteus. The degree

of inhibition varied, and strains of Rhizobium differed in resisteace
to inhibition, but none was completely resistent.

2. The inoculum suspension

Vincent (66) noted that the death rate of clover Rhizotwium
deposited on clover seeds or glass beads from liquid yeast mannitol
suspension containing 10 per cent sucrose was of the same magnitude

as on peat-inoculated clover seeds, and was superior (i.e., lower)
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Sankaram (57) determined the viability of rhizobia on subter-
ranean clover seed stored over a period of 12 days in cloth bags
at room temperature. The peat inoculum was applied to the seed by
two methods, (a) by the addition of water and (b) by addition of a
dilute sucrose solution (concentration not stated). The viable
count (rhizobia per g. of seed, x 10°) declined from 70 to 20 after
12 days, using water. Using the sugar solution, the count increased
from 70 to 130 at 6 days, dropping to 100 at 12 days.

Loneragan et al (42) included 10 per cent of sucrose or maltose‘
in solutions when applying rhizobia to seeds by vacuum impregnatiox,
and noted that the form of sugar did not affect the degree of
nodulation.

3 _Combined nitrogen

Numerous studies have been made on the effects of combined
nitrogen, particularly nitrate, on the nodulation of legumes by
rhizobia, and on aubeequent:nitrogen fixation. These have been re-~
viewed by Fred, Baldwin and McCoy (17), van Schreven (58), and more
recently, by Raggio and Raggio (52).

It is generally accepted that both nodulation and nitrogen fix-
ation are inhibitéd by high available nitrogen levels. The site of
inhibition of nodule formation is still not known with certainty.
Some studies suggest that the effect is local in character. Using a
divided-root-system technique, Wilson (70) showed that nodules fail-
ed to develop on roots growing in solutions containing ammonium ni.

trate at concentrations greater than 1/300 (266 parts per million).

.
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Other roots of the same plant growing in nitrogen-free solution
nodulated freely. From this observation it was concluded that
the effect of nitrates in depressing nodule formation is only lo-
cal in character.

Other experiments have led to the conclusion that combined ni-
trogen exerts an effect internally in the plant tissues. Allison
and Ludwig (2) report data of Stroud, which suggests that nodule
numbers can be related to the supply of carbohydrates in the roots.
They present additional data to support the theory that decreased
nodulation in the presence of abundant combined nitrogen is due to
inadequate carbohydrate supply in the roots; where nitrogen is abund-
n;t the carbohydrates synthesized are used for top growth, and little
is available for the growth of roots and nodules, as demonstrated by
top root ratios. Later investigations indicated that the depressing
effect of combined nitrogen couldsbe offset by addition of mannitol
(33), or sucrose (h}) to the substrate, which lends support to the
'available carbohydrate' or -*C:N’ hypothesis. Allison and Ludwig (3)
reviewed the .subject briefly, stressing the importance of carbohy-
drate supply;7§ather than thesrelation of cafbohydrate to nitrogen
in the plant:

Raggio éz.gi'(SB) stuaied nodulation in excised bean roots.

They concluded that NO,-nitrogen inhibits nodulation if it is sup-

3
plied in the medium common to root and bacteria, but not if supplied
through the base of the root. This would support Wilson's hypothe-

sis (70) of the localized effect of nitrate. However, an examination

of the data of Raggio et al (p. 330), comparing "nitrate-free" and
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"nitrate supplied via the base", shows that there was a decline in
nodule numbers from 22 to 1l& respectively, while number of roots
nodulated declined from ?l‘to 58 per cent. Both treatments received
10 per cent sucrose via the gase of the root. Also the inhibitory
effect of nitrate when supplied in the medium was reduced consider-
ably when sucrose supplied via the base was increased from 2 to 10
per cent., Nodule numbers increased from 1 to 10, and number of
roots nodulating rose from 8 to 31 per cent, respectively. The data
can therefore equally support the 'carbohydrate supply®’ theory.

Although high levels of combined nitrogen have a depressing
effect, there is considerable evidence that low levels of added com-
bined nitrogen are beneficial for nodulation and nitrogen fixatior.
Gi8bel (23) obtained increases in fresh weight of nodules on sox
beans in sand culture when sodium nitrate was applied at rates up tc
200 pounds per acre. Higher levels depressed nodulation. Nodule
numbers generally decreased with increasing nitrate, but the numbers
were very erratic. Ammonium nitrate and ammonium sulphate both de-
pressed nodulation at the rates used, especially ammonium sulphate.
This may have been a pH effect, as no mention was made of control-
ling reaétiono Ludwig and Allison (43), found one to five milli-
grams of potassium nitrate beneficial to nodule numbers on soytean=
grown in pots containing six pounds of sand.

In Ulex europaeus, a legume, nodule dry weight was increased by

the inclusion of 10 mg. per litre of ammonium-nitrogen, but decreased

by 50 mg. per litre, in water culture where there was provision for
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the control of the level of combined nitrogen and pH. In the same

experiment Alnus glufinosa and Myrica gale (non-legumes) produced

greater dry weighté of nodules per plant in the presence of up tc
50 mg. of ammonium-nitrogen per litre than plants without added ni-
trogen. However, relative to the enhanced growth .of the plants as
a whole, nodule development was continuously depressed as the level
of combined nitrogen was increased (44).

Gibson and Nutman (22) studied the effect of combined nitrogen
i several forms on time of initial nodulation, nodule number and
nitrogen uptake of white clover grown on nutrient agar slopes. Ni-
trogen was supplied at the rate of 20 parts per million. Potassium
nitrate, sodium nitrate, ammonium nitrate and sodium nitrite signifi-
cantly delayed the time of initial nodulation, but asparagine; urea
and ammonium sulphate had no effect. However, nodule number (at 54
days) was increased by all the nitrogenous compounds at the concern-
tration used. Although nitrate at low concemtration delayed nodule
initiation, it increased the rate at which nodules were formed, so
that final nodule numbers were increased.

Pate and Dart (51) studied the effects of ammonium nitrate on
the nitrogen fixation of four legumes grown in sand culture. In

purple vetch (Vicia atropurpurea) the etrain of Rhizobium used prov -

ed to be important. Two point five to 10 mg. of combined nitrogen
applied at sowing stimulated nitrogen fixation in one host-gstrain
combination, while in others, all levels of combined-N depressed

fixation. Time of application was also found to be important. 1In
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poona cowpea (Vigna sinensis), greatest fixation efficiency (mg.

N fixed per gram dry weight of nodules) occurred when small quan-
tities of combined-N were added about 10 days after sowing, which
was when the first nodules were appearing on the roots. About
this time, the seedling oftem goes through a period of so-called
"nitrogen hunger", before the nodules can begin to supply the in-
creasing nitrogen requirements of the growing plant.

4, Sulphur and nodulation

There is evidence that the main role of sulphur in nodula-
tion is indirect, being required for protein formation from absorted
combined nitrogen.

However, Wilson (70) obtained results indicating that many sul-
phates actually reduced nodule numbers, although manganese sulphate
and several metal-complex sulphates increased nodule numbers. Nodule
weights were not recorded. Gaw and Soong (20) found that calcium
sulphate and ferrous sulphate increased nodule numbers and plant dry
weight in peas, while sulphates of potassium, chromium, copper,
barium and magnesium depressed nodule formation and reduced plant
dry weight. Ammonium sulphate reduced nodule numbers but increased
plant dry weight.

Anderson and Spencer (4) compared the pole of sulphur in the
nitrogen metabolism of legumes and non-legumes. Sulphur was needed
by the non-legumes for protein formation from the absorbed combined
nitrogen. In legumes, nodule numbers and symbiotic nitrogen fix- -

ation was greatly reduced by sulphur deficiency, but this was a
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reflection of the reduced nitrogen demand of the S-deficiert plants.
The restricted growth of sulphurmdeficient clover was not due to

poor nitrogen fixation consequent upon defective nodulation, but *o

a deficiency of sulphur in the host legume. Ashford and Bolton (7)
confirmed that sulphur deficiency restricts growth through its ef-
fects on the nutrition of the host legume, rather than through stimu-
lation of nodule bacteria. The depressing effect of ammonium nitrate
on nodulation was markedly offset by the application of sulphur (as
potassium sulphate), but this was a reflection of the greater nitro-

gen demands of plants supplied with adequate sulphur.



16

MATERIALS AND METHODS

I. LOCATION

The studies were conducted in the Department of Animal Indus-
try of the Inter-American Institute of Agricultural Sciences,
Turrialba, Costa Rica. Seed germination tests and studies of the
growth of Rhizobium cultures were conducted in the laboratory. Pot
experiments were conducted in the glasshouse of the Department’s
climatic chamber. Day temperatures can be kept from exceeding 35°Cg
excopt for occasional short periode, by forced ventilation of out-
side air. The field trial was commenced in the experimentbfarm of

the Department.

II. SEED AND RHIZOBIA

The seed of Leucaena glauca used in all trials was obtained

from El1 Salvador by Mr. Arthur Semple. In addition a sample of a
variety of L. glauca from Perd (CPI 18614), supplied by the Plant
Introduction Section of the Commonwealth Scientific and Industrial
Research Organization, Australia, was used in Experiment 2. The
seed of the Centrosema species used in the same experiment was ob-
tained by Mr. Semple from a grass plot at La Hulera Experiment Sta-
tion of the Institute.

Strains of Rhizobium nodule bacteria were obtained from the
following sources:

Leucaena strains NGR 8, NGR 31 and Centrosema strain NGR 26

was supplied by the Department of Agriculture, Stock and Fisheries
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of the Territory of Papua and New Guinea. The third Leucaena
strain was supplied by the Agricultural Research Service of the
United States Department of Agriculture, and is believed to be the
same Australian strain, CB 81, as used by Esquivel (15) in his stu-

dies on_I_._° §lauca.

IITI. SOILs

The sand used in Experiments 1 and 4 was part of a load obtain-
ed from the Turrialba river in November, 1962, of the kind used reg-
ularly in the Institute for concrete‘work.

The soils used in Experiments 5 and 6 were as follows:

Soil "A" - Virgin forest soil (0-6 ins.) from within the Gamma
Field of the Institute. This soil is a senile latosol of the Colo-
rado series (27), remote from the source of radiation.

Soil "B" - Of the same origin as soil A, but taken from a pad-
dock near the entrance to the Gamma Field, which has been under
Guinea grass for a number of years. The sampled depth of this soil
was also 0-6 ins.

The sand and soils were air dried on the glasshouse floor, then
sifted through a 3 mm. square-mesh wire sieve, and thoroughly mixed
before rebagging.

The soil granules of soils A and B which would not pass
through the 3 mm. sieve were sifted again through a 4 mm. mesh sieve.
The granules thus obtained was used to provide drainage in the btase

of each pot in the experiments in which these soils were used,
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Approximate field capacity was determined for the sard and
the two soils.

The field trial (Experiment 7) was located on Institute Clay-

stony phase (27).

IV. THE EXPERIMENTS

Experiment 1. The time of first ncdule formation

Seeds of Leucaena glauca were grown in sand culture to deter-

mine the time or stage at which nodules first form on the roots.
The two treatments were:
l. Control (seed uninoculated)
2. Inoculated (Rhizobium strain NGR 8)

The experiment was commenced or November 10, 19€2. Six mechani-
cally scarified seeds of L. glauca were sown into sand contained iz
undrained waxed-cardboard milk carfons, of approximately one litre
capacity. For treatment 1, sixteen pots were sown with uninoculated
seed, while for treatment 2, 16 pots were sown with seed inoculated
with a water suspension of Rhizoviume Fifty ml. of a nuirient solu-
tion, containing per litre, 0.5 g KZHPOA’ 0.4 go Mgsou, L.,0 g.
°a3(P°h)2 and 1.0 g. fritted trace element mixture, was applied to
all pots on November 23,

To observe the stage at which the first nodules formed, two
pots from each treatment were selected at random and harvested on
the days November 21, 23, 26, 29, December 2 and December 6. The
occurrence of those nodules which could be seen by the naked eye,
the length of time for nodulation to occur, and the stage of deve-

lopment of the plants was noted.
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Experiment 2. The growth of Rhizobium in the presence of leg-

ume seeds

Part (a): Four 4-inch Petri plates of sterile yeast mannitol
agar were inoculated with cultures of Rhizobium, two each with
Leucaena strains NGR 8 and NGR 31. Immediately after inoculatior,
five surface-sterilized seeds of L. glauca were distributed evenly
over each agar plate. On one plate of each strain of Rhizobium were
seeds of L. glauca var. Peri, while on the remaining plates were
seeds of L. glauca from El Salvador.

Part (b): Eight yeast mannitol agar plates were inoculated with
rhizobia, four with Leucaena strain NGR 8 and four with Centrosema
strain NGR 26. Five surface-sterilized seeds of L. glauca (Ei
Salvador) or of Centrosema sp. were distributed over each plate, s:
that two plates of each strain received L. glauca, and two Centrosema
sp. Fifty per cent of the seed of each species had been lightly
scarified with sand paper to ensure that some seeds on each plate
would germinate.

Surface sterilization of all seed was accomplished by the metho<
described by Bowen (12), in which seeds are shaken for 10-15 minutes
in a solution of equal parts of ethyl alcohol and 20 volume per cen®
hydrogen peroxide, followed by three washings with sterile distilied
water over a further 10 minutes.

The Petri dishes were incubated at 28°C and periodic examina-~
tiors made on the growth of the rhizobia and germination of the

2
SRe%s e
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Part (a) was conducted from Decemter 5-15, 1962 and part (b)

from August 30 to September 9, 1963.

Experiment 3.

Hot water and sulphuric acid treatment of seed

Lo §1aucao

Six identical batches of L. glauca seed were treated as follows,

and the per cent germination sutsequently determined from duplicate

samples of 50 seeds from each treatment.

Treatment 1l.
Treatment 2.
Treatment 3.

Treatment &,
Treatment 5.

Treatment 6.

Control - untreated

Hot water (80°C) for two minutes

Hot water (80°C) for four minutes

Concentrated sulphuric acid for 12 minutes, with
only sufficient acid to moisten the seed.
Concentrated sulphuric acid for 10 minutes, witk
enougn acid to completely immerse the seed

As for treatment 5, but for 20 minutes.

Seeds were germinated in Petri dishes on a moiet filter paper

overlying several layers of soft paper towelling. The dishes were

left in the laboratory where the temperature range was approximately

21-2700. Cournts of the number of seeds germinated was made after 14

dayse The tests were conducted during the period March 29 - April

25, 1963.



Experiment &,

2.

Nodulation and growth of leucaena in response

to the factors nitrogen, sulphate and inozu-

lum suspension

This pot trial consisted of a 2 x 2 x 2 fa:torial with six re~

plications, the 48 pots teing arranged in a randomized block desigz.

The three factors, which were studied singly and in all combinatiocs

were:

Factor I - A solution of 10 per cent suzrose (versus water) as

the suspending medium for the Rhizobium inoculum applied to the

seed.

Factor S - Sulphate (versus no sulphate) included in the nutri-

ent solution applied to each pot.

Factor N - The addition of four mg., of nitrogen per'potv as urea,

at the time of first nodule formation (versus no nitrogen appliica-

tion).

The resulting eight treatment were:

(1) - control.

i - 1noculum
no urea

s =~ inoculum

n - inoculum

i 8 = inoculum
in - inoculum
s n - inoculum

isn - inoculum

Inoculum in water, ro sulphate, no urea

in

in

in

in

in

in

in

10 per

water,
water,
1C per
10 per
water,

10 per

cent suzrose sosliution, ro sulphate,

pluas sui.lphate‘J LO urea

no suiphate, plus urea

cent sucrose, plus sulphate, no urea
cent'sucrosev no sulphate, pius urea
plus suiphate, plus urea

cent sucrose, plus sulphate. plus urea.
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Six mechanically scarified seeds of L. glauca, inoculated ac-
cording to the respective treatment of the trial, were sown in each
pot in 1550 g. of sand. Leucaena strain NGR 8 of Rhizobium was
used throughout.

A complete nutrient solution, minus nitrogen and sulphur, was
applied to all pots in the trial. The composition of the solution
was based on that used by Dart and Pate (14), with the modification
that two solutions were required, one with sulphates and one without
sulphates,

Nutrient Solution No., 1 - with sulphate

Calcium sulphate, Ca804°2320 1,00 go
Di-potassium phosphate, KZHP04 0.40 g.
Magnesium sulphate, Mgsou.7H20 0,20 ge.
Versenol (HEEDTA) 0.25 go
Micfo-nutrient stock solution 1.00 ml.
Iron chelate stock solution i0,00 ml.

made up toone litre with distilied water.

Nutrient Solution NQ 2 - without sulplate

Calcium chloride, CaCl2 0.65 g
Di-potassium phosphate, KZHP04 0.40 g.
Magnesium chloride, MgCl2 0.165 g-
Versenol (HEEDTA) 0.25 go
Micro-nutrient stock solution 1,00 mlo
Iron chelate solution 10,00 ml.

made up to one litre with distilled water.



Micro-nutrient Stock Solution

Boric acid, H3303 2.86 g.
Manganese chloride, MnC12.4H20 1.81 g.
Z2inc chloride, ZnClg 0.1l1 g.
Copper chlorids G'”1202H20 0.05 g.
Sod;uh molytdate, NaZMoOA°2H20 0.025 g.

made up to onme litre with diztilled water.

Iron Chelate Stock Solut.:

Ferric chloride, FeCl,.6H.0 2.42 g,

3
Versenol (HEEDTA) 2.69 g.
made up to one litre w:.a distilled water.

Versenol was added to nutrient solution No. 2 to reduce the pre-
cipitation of calcium and magnesium phosphates, and also to solution
No. 1, so that both solutions contained equivaient quantities.

Solution No. 1 or No. -2 according to the experimental treat-
ment involved, was applied at the réte:of 75 ml. per pot.

Urea was also applied in solution., Twenty millilitres of a so-
lution containing 0.4287 g. of urea per litre (200 mg. nitrogen per
litre) were applied to the pots included in the treatments requiring
nitrogen.

Pots were brought tb near field capacity by adding distilled
water at the beginning of’the experiment, and daily, to make up for

losses by evapotranspiraﬁiono
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At the end of seven and a half weeks, all plants were harvested.
Plant tops and roots were harvested separately, and the number of
plants in each pot noted. Nodules were removed from the roots, and
the number of nodules per pot recorded. Plant tops, roots and nod-
ules were dried in a vacuum oven at 70°C for 3 hours, and the respec-
tive dry weights per pot recorded after the plant material had come %o
a constant weight in the dry-rcom atmcsphere of 50 per cent relative
humidity.

’ Determinations of nitrogen contean’ were made on ground material
of the tops and roots of each pot. To obtain sufficient material in
analise for nitrogen content of the nodules; replications were com=
bined thus: - I + II + III, and IV + V + VI, to give *“wo combined re-

plications of each treatment for analysis.

Experiment 5. Time and rate of appliation of nitrogen anid i<s

effect on nodulation and yieid of leuraena

In this pot experiment two levels cf nitrogen (as irea) were
applied at sowing or at the time of firet nodule formation, to L.
glauca grown in the two senile latosols described previousiy. The
five treatments were:

A. Control;, no nitrogen

B.

mg. nitrogen per pot, appiied at sswing

2
C. 4 mg. nitrogen per pot, appiied a* sowirng

n

D. mg. nitrogen per pot, aprpiied az first nddule formation

E. 4 mg. nitrogen per pot, appiied a* first rcdule formatio:z
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Five replications on each soii type were arranged in %*wo 5 x 5
latin square designs.

The polyethylene-lined pots were filled with 140C g. of soil,
after 100 g. of granules (pseudo gravel.) of the respective soil had
been placed in the bottom of the pot for drainagse.

A complete nutrient appli:ation, mirus nitrogen, was made to all
pots at the following rates per pot. based on calculations from

Mitscherlich standards (28):

Triple superphosphate 0.81 go
Potassium chloride, KC1 0.685 g.
Magnesium sulphate, MgSO,.7H,0 0.28€ go
Calcium sulphate, CaSOAOZHZO 0.57 go
Manganese chloride, McClaohﬂao 35.5 mg.
Zinc sulphate, Znsou 5.7 mgo
Copper sulphate, CusohoSHZO 20,0 mg.
Borax, Na23407 31,4 mg.
Sodium molytdate, NaaMoC“OZHZO 1l.4 mge
Iron, as chelate 0.0 ngo

The triple superphosphate was grarulated, the granules being in
the range 2.0 = 1.0 mm, diameter. This and the calcium suliphae wsre
applied dry to the €o0il and thorcugnly mixed before being added to
the pot. A stock solution was made up of potassium chioride plus mag-
nesium sulphate. The saits of manganese, zin:, copper, boron and
molybdenum were also made up in solution and stabilized with 10.0 g.

of Versenol per litre. The iron chelate was from the same stock
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solution as that used in Experiment 4. The required quantities of
the stock solutions were applied to each pot in 300 ml. of distilled
water,

Twelve scarified seeds, inoculated with a 10 per cent sucrose
suspension of Rhizobium strain NGR 8, were sown in ea-h pot on July
9, 1963 for soil "A" and July 12, 1963 for soil "B, Five extra pots
of soil "A" were treated in the same way as those in the experimernt
proper. One of these was harvested on the days July 2i, ¢k, 26 and 28,
and examined for the formation of nodules.

The nitrogen treatments were appiied in 100 ml. 5f distilled
water at the time of sowing for treatments B arnd C: and for the treat=-
ments D and E, on August 1, 1963 for soil "A" and August 10, 1963 for
soil "B",

When all seedlings had emerged, and the first leaf was develop-
ing, the number of seedlings in each pot was redu:ed to eight. An
application of 0.1 g. of Arasan 75 (T.M.T.D.) in 70 per cent alcohol
was made to all pots of soil "B" when a number of plants was seen to
be affected by a damping-off disease.

On September 20, 1963, harvesting of plants from both soil types
was commenced, and completed on September 26, 1963. The narvest of
any replication was always completed on the same day. Plant topse,
roots and nodules were harvested separately, dried at 85°C for 24
hours, and weighed after coming to equilitrium with the dry-rcom atc-

mosphere of 50 per cent relative humidity.
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Experiment 6. The relative effectivenes of three strains of

rhizobia in the nodulation of leuzaena

In this experiment five treatment were replicated twice on each
of soils "A" and "B", and the pots disposed in a randomized block
design. The treatments were:

l. Control, no treatment

2. Inoculation with Leucaena strain NGR 8

3s Inoculation with Leucaena strain NGR 31

4k, 1Inoculation with Leucaena strain CB 81

5. Application of urea, equivalent to 120 kg. of nitrogen per

hectare, A

Twelve scarified seeds of L. glauca, dusted with Arasan 75
(TeMeT.D.), Wwere sown into the pots of soil on August 13, 1963. The
pots had been prepared in an identical manner to that deecribed for
Experiment 5, with the exception that only 1300 g. of soil "A" (Plus
100 g. of pseudo gravel) were used for each pot, to leave more space
at the top of the pot for adding water.

The inocula in treatments 2, 3 and 4 were applied to the soili
as heavy suspensions in 100 ml. of distilied water, on August 18,
1963+ At the same time urea was appiied to the pots of treatment 5,
at the rate of 117.4 mg. per pot, equivaleat to 60 kg. of nitrogen
per hectare. This application of urea was repeated on September 4,
1963.

Plants in soil "B'" were harvested on Sep‘ember 1i, 1963, and

those in soil "A" on September 27, 1963, Plant material from ea:h
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pot wae separated into tops, roo%ts and nodules, dried at 85°C for
2L hours, and weighed after zoming to corztant weight in the dry=-

room atmosphere of 50 per cent relative humidaty,

Experiment 7. A field trial to compare the production of a

leucaena/pangola grass mixture with that of

Pangola grass alone

This trial was commenced, but had to te avaundoned vYefcre comple-
tion, for reasons which will te diecussed later in this study.

The experiment was laid down in a randomized block design, with
three treatments and six repli-atiomna. E#ch pict measured 7.3 x 30,5
metres (24 feet x 100 feet). A preliminary sample cut was taken of
the Pangola grass in each plot kefore any treatments were applied.,
This consisted of a two-metre strip down the cen’re of eazh plo*t, :sut
by a tractor-mounted mower., Three random samples, each from an area
two metres x five metres were collected from earch plot, and weigned.
A composit sub-sample was collezted from the three within-plot sam-
ples for dry mattér determination. The remain:ng part of the plicts
was then mowed.

Treatment 1. Untreated pangola grases

Treatments 2 and 3. Plots in which eix longitudinal strips wers
cultivated with an 18 inch rotary hoe. In treatment 3, seeds of L.
glauca, previously acid treated, and inoculated with Leucaena
Rhizobium strain NGR 8, were sown by hand into the zultivated strips

on April 26, 19€3,



An overall dressing of a nitrogen-free, tut otherwise :complete
fertilizer mixture of triple superphosrhate, potassium chioride,
magnesium sulphate; calcium carbonate and fritted trace elemerts,
was envisaged. On Jure 7, 1963 triple superphosphate at 448 kg/ha,
and fritted trace elements at 28 kg/ra. were appiied to all picts,
The remaining fertilizers were not applied tefore the experiment was
abandoned. Hand weeding of the rows «ontaining leucaena was carried

out periodically.

V. ANALYSIS OF SOILS AND PLANT MATERIAL

1. Soils. pH and soil nitrogen were determined for the sarnd
used in Experiment 4, and for soils "A" and "B". Total salphur was
determined only on the sand.

(a) pH. Normal pH was measured potertiometrically om a z:3
soil: water suspension. Exchange pH wae also determined, by Schofield
and Taylor's method, as described by Saiz del Rio ard Bornemisza (5€),
using 0.01 M calcium chloride solutior, and a soil:solution ratio of
l:2, ]

(b) Soil nitrogen. Determination of soil nitrogen wsre
carried out on a macro-Kjeldahl apparatus, using the method descrited
by Jackson (38). Nitrates were not includsd in the determination.

(c) Total sulphur. The turtidimetric method of Bardsley and

Lancaster (10) was used.

2. Plant material, Nitrogen determinaticrs were made by the

micro-Kjeldahl method described by Miuller {47).
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VI. THE USE OF THE GLASSHOUSE

The glasshouse used in this study has a forced-air ventilation
system. During all the pot trials the ventlilating system was
switched on during the day only while the sur was shining, to keep
the temperature from exceeding 38°Co Qutside air was tlown in along
the sides and across the ends of the glasshouse, and escaped through
the open windows at the peak of the roof and also along the sides.
Strips of white paint applied to the underside of the roof also re-
duced some of the insolation.

In all trials the replications, or blocks, were orientated along
the north-south axis of the glasshouse, so that differences in venti=-
lation and changes in light intensity would largely be accounted for
in the between-blocks variance during the statistical analysis of the
results.

A thermograph, in which the bimetallic strip was shaded from
direct insolation, recorded the temperature irside the glasshouse <on=-

tinuously.
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VII. METHOD OF EXAMINATION OF THE ROOTS

To harvest the roots and nodules so that a minimun of piant
material was lost, plant tops were first sut off at the soil level,
then the pot was completely immersed in a tucket of water and gertly
shakern., With the plants grown in sand, wery few roots or nodules w%=2re
broken off by this method, and the plants were ssparated easlily,

The two soils were also fairly effectively treated bty the esanme
method. In Experiments 5 and €, the outer waxed cardbsard was cars-
fully torn off, and the polyethylene tube, -ontaining the soil still
in a single mass, was immersed in the water ard the soil slipped gently
out of the tube. Some roots and nodules were broker off with the
agitation required to loosen the soil, but these were recovered ty
passing a piece of fine nylon gauze through the water several times,
and then straining the water out of the tucket. The mase of roots wsa
transferred to a bucket of clean water for examination and separation

of the nodules.

VIII. STATISTICAL ANALYSIS
In Experiment 4 the factor effe:ts weée calculated ty the method
described by Yates (74). Where interactions osccurred the &imple e~
fects of each factor&involved were examined ty the method dessribsed
by Steel and Torrie (59).
In Experiment 5, missing values in the data for soil "B" were
estimated by the use of Yates' formula, and Duncan‘z multiple range

test was used to detect significant differences between rowe (59).



RESULTS

I. SOIL ANALYSIS

Chemical analyses

The results of analyses of the sand ard iwc soils wused in thie

study are shown in Table 2.

TABLE No. 2 pH, nitrogen and sulphur conten? of sand and two soils

Reaction Total

Normal  Exchange Nitrogen Sulphur

pH PH % pﬂ.\m.
Sand 6.6 5.8 0.CL 50
Seil nan 4.8 b.3 C.53 -
SOil "B" 5.8 5 02 0.39 -

Additional pH determinations were made on the sand in Experimernt

by, after addition of the rutrient solutions:

PE
Sand with Nutrient Solution No. 1 (pius eulphate) 7.5

Sard with Nutrient Solution No. 2 (minus sulphate) 7ol

A complete chemical analysis of a sample of soil taken from the
same site as that of s0il "A" was provided by the Soils seztion of
the Department of Plant Industry ard Soile of the I.A.I.A.S. This

is shown in Table 3.
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Field capacity and apparent specifi: gravit

The field capacity and the apparent specific gravity of the
sand and two soils are shown in Table Eo The apparent zpezifi: gra-

vity refers to the weight of soil per volume .r. the pc*.
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II. GLASSHOUSE TEMPERATURE

Temperature records for the periods of the various glasshouse

esperiments are recorded in Table 5.

TABLE No. 5 Glasshouse temperature records, in degrees Centigrade

Experiment

Temperature recorded Ne 1 NS &4 N2 5 NQ €

Average daily maximum 32.9 32.6 351 35.6
Average daily minimum 18,1 16.1 17.9 17.9
Average mean day (5 am - 5 pm) 25.7 2€.1  27.3 &7.7

Aversge mean night (6 pm - 5 am) 19.6 19,3 20.1 2C.0
Highest temperature recorded Lo.0 36.1 28.9 38.9

Lowest temperature recorded 15.6 12.3 14%.4 1k.4

III. RESULTS OF EXPERIMENTS

Experiment No. 1. The time of first nodule formation

(a) Uninoculated. No nodules were found on any of the plante

eéxamined which had not been inoculated with Rhizobium.

(b) Inoculated. One nodule was found on ore plant 19 days after
sowing. After 22 days, one nodule was fcund on each cf three‘plantso
At this stage the second leaf, or first bi-pinnately compound lzaf,
was developing. After 26 days, nodules were found on four plante,

the seedlings having their second leaf fully expanled.
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Experiment No., 2, The growth of rhizckia ir the presence of

legume seeds

In both part (a) and part (b) of this experimen*; no irhib’ tiorn
of growth occurred of the Rhizobium strains NGR 8 and NGR 26 in the

-

presence of seeds of Leucaena glau-e or Centrosem2 sp. Figure No. 1

shows the growth of cultures of two rhizobia sftrains on ager platea
in the presence of both germinating and dormant seeds of L. glaucs
anc Centrosema sp-

Experiment No. 3. Hot water ard sulghuri: asid treatment of

Leucaera seeds

Treatment with concentrated sulpburic acid for 20 minutes resul-
ted in a germination after 1lb days cf 99 per cern*, compared with four
per cent for the untreated seed. Acid treatment was more effective
if seeds were completely immersed, than if only sufficient azid wae
used to wet the seed coats. With the variety of leu:aena used in
this experiment, acid treatment was much more effective than tres‘men%
with hot water at 80°C. The results of the different treatments are

set out in Table No. 6.
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TABLE No. 6. Per cent germination, after 14 days, of seeds of
Leucaena glauca treated in various ways. (Duplicate

samples of 50 seeds).

' Hot water, 80°¢ ! Concentrated sulphuric acid
Untreated . T < x
2 minutes 4 minutes 12 munites” 10 munites” 20 minutes
6 26 16 22 Le 100
2 32 20 20 4o 98
Mean & l 29 18 - 21 43 99

+ Seed moistened only

X Seed completely immersed
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FIGURE 1 The growth of Rhizobium in the presence of legume seeds.

1,

3.

Strain NGR 8 and seeds
of Leucaena glauca

Strain NGR 8 and seeds
of Centrosema sp

X indicates germinating seeds.

2. Strain NGR 26 and seeds
of Centrosema sp.

L, sStrain NGR 26 and seeds
of Leucaena glauca
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Experiment NQ@ 4, Nodulation and growth of leucaena in response

to the factors nitrogen, sulphur and inoculum

susgension
The growth of the plants in this trial was not particularly vigo-

rous, but no nutrient deficiencies of any kind were noted.

The yield of plant tops was affected when the pots were accident-
ally allowed to dry out excessively on one occasion. This caused
considerable leaf fall in all pots, but some were more affected thar
others. This would add to the error variance and reduce the chance
of detecting significant differences due to the presence g@labsence
of a factor. However, it is considered that the yield results, espe-
cially of roots and nodules, are not invalidated.

Since the experiment was designed as a factorial, the results are
presented in terms of the factor effects, rather than on the basis of
differences between treatment means per se. The factors are consid-
ered in terms of their main effects, i.e., the average effect of the
factor in both the presence and absence of the other factors. Where
there is a significant interaction between two factors, the simple
effects are considered, i.e. the separate effects of one factor at
each level of the iﬁteracting factor. Some significant interactions
also occurred even when neither of the factors involved showed a
significant main effect, and these are considered separately.

The yields of dry matter and nitrogen in the plant tops, roots
and nodules, analysis of variance of the data, and the calculations

of the factorial effect means are presented in the Appendix.
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Factor I. Ten per cent sucrose solution as the suspending medium
for the application of Rhizobium inoculum to the seed of L. glauca
significantly increased the yleld of nitrogen in the nodules
(P¢0.01l). This factor was not independent in its action, however,
since the I x N interaction was significant (P< 0.05). Examination
of the simple effects of I in the presence and absence of N reveals
that the beneficial effect of the sucrose based inoculum was signifi-
cant only when combined nitrogen was also added.

Factor S. Considered in terms of its main effects, the inclusion
of sulﬁhato in the nutrient solution applied to the sand culture did
not significantly affect the dry matter or nitrogen yield in plant
tops, roots or nodules, or nodule numbers °f.£° glauca.

Factor N. The application of four mg. of nitrogen (as urea) per
pot significantly increased the dry matter yields of the roots
(P< 0.,01), but depressed the number of nodules per plant (P< 0.01).
With respect to nodule dry matter yield, the main effect of N was to
depress the yield significantly (P< 0.05), but the I x N interastion

.was also significant (P<0.05). An examination of the simple effects
of N reveal that its depressing effect was only significant in the
absence of sucrose in the inoculum suspension.

Interaction I x S Factors I and S in combination interacted tc

produce significant increases in the dry matter yield of rocots and
nodules, and in nodule numbers (P<0.05). An examination of the sim-
ple effects of the two factors shows the following significant

(P<0s05) effects: Factor S depressed nodule numbers and dry matter
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yield if I was absent, but not if present. Factor S increased root
dry matter yield if I was present,

I increased nodule numbers if S was present, but depressed nod-
ule dry matter yield if S was absent.

Interaction I x No The combination of factors I and N resulted

in increased dry matter and nitrogen yields of the plant tops and
nodules. An examination of the simple effects of the two factors
reveals the following significant (P< 0.05) effects:

Factor I depressed yields of dry matter and nitrogen in the plant
tops in the absence of factor No In the nodules, factor I depressed
dry matter yield in the absence of factor N, but increased the nitro-
gen yield when factor N was also present (P<0.01).

Factor N depressed nitrogen yield in the plant tops unless factor
I was present. In the nodules; both dry matter and nitrogen yields
were depressed unless faétor I was present.

Interactions S x Nand I x § x No. Factors S and N were probatly

independent in their effects, since the S x N interaction failed to
reach the 5% level of significance for any of the data considered.
The third order interaction I x S x N was also non-significant statis-
tically.

The factor effects and interactions are presented in Table 7,

and in Figures 2 and 3. The effect of a factor on yield;, nodule num-

ber, etc. is shown as per cent increase or decrease from the general

mean of all pots.
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TABLE No. 7 Factor and interaction effects on dry matter yield per
pot, nitrogen yield per plant, and nodule number per
plant. Per cent variation from the general mean

Factor I S N IxS IxN SxN' IxSxN

Dry matter/pot

Tops “5.3  -3.0 -0.3  +6.1 +7.2% 5.3  41.5

Roots “1.1 +3.9 +10.5%% .8.0% 5% 3.6  40.7

Nodules 1.9 -1.3 -5.1% ,5.2% 4501%  l1.9  42.3
Nitrogen/plant

Tops 4.3 2.8 2.8 44,0 47.5% 4.1 4+1.8

Roots 2.2 +3.5  +5.4 +6.5 +4.2 =5.2 =045

Nodules +11 .43 =5.9 =44 +4 .6 +6.o* +0.2  +2.3
No. nodules +3.3  =6.5 -13.7%% 111.8% ,9.8 1.3 1.1

X = P<0.05 Ak = P< 0.0l

Experiment No. 5. Time and rate of application of nitrogen, ari

its effect on nodulation and growth of leucaena

Soil "A", On July 28, 1963 a few nodules were found on the rootse
of plants harvested from one of the five extra pots planted for the
purpose of determining the time of first nodule formation. These were
very small and not easily visible to the naked eye. The flants had
developed to the stage of expanding the second leaf.

Growth of the aerial parts of the plant was more vigorous in this
soil than in the sand culture in Experiment 4. There were no noticea-

ble differences between treatments, and all plants were uniformly dark

green,
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The plant tops were harvested from September 20 to 26, 1963.
When the s0il was washed from around the roots it was discovered
that the development of nodules had teen almost completely inhibi-
ted in all treatments. Only two very small nodules were observed
from among all 25 pots examined. The effect of the treatment on nod-
ulation could not therefore be determined. As might be expected under
these circumstances, there were no significant differences between
treatments in dry matter yield of plant tops or roots. There were,
however, significant differences (P<(0.0l)‘in’dry matter yield tetween
the rows, which were disposed along the north-south axis of the glass-
house. Pots in the row nearest the open windows and the ventilating
duct (Row V) showed significantly righer yields-than the inner-most

row (Row I):

Plant tops

Row No. I II IV ‘IIX \

Mean yield per pot, g. .4.#7' L.84 4,97 -5.08 5.51,

Roots

Row No. I IV IT III \'

Mean yield per pot, g- L}.BZ . 3.63 3.85 3.93 kb9,
27 -

Means bracketed are not significantly different; means not brack-
eted are significantly different at the 1% level.
Soil "B". Plants grown in this so0il were harvested during the

same period as those in soil "A". The plants had been reduced in
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numbers by an attack of a damping-off disease, and the T:M.T.D.
treatment against this disease scorched some of the leaves. In
spite of this the growth and yield of both tops and roots was con-
sistently higher, on a per-pot basis, than that of soil "A". Mcst
plants in this soil were quite well nodulated, but the yieid of nod-
ules was very variable. No significant differences were dete=zted
between treatments with regard to dry matter yield of plar* toups,
roots or nodules.

Significant differences (P <0.05) in the yield of roots and n:d-
ules were detected between rows. As with the trial on soil "A",
these rows were orientated along the north-south axis of the glase-
house, but on the opposite side. It was found that the row nearest
the open windows and ventilating duct again showed the highest yi=.ld
of roots and the innermost row showed the lowest. Yield of noduler
was also lowest in pots of the innermost row, but the centre csow
showed the highest nodule yieldes (see Appendix).

Figures 4 and 5 demonstrate the differences in growth of rcu=s

and plant tops, respectively, in the two soils "A" and "B"., As
showr in Figure 4, tap root development in soil "A" was generally
restricted, whereas in soil "B" the tap-root extended the full dep::
of the pot in most cases.

The roots grown in soil "A" also had an unusually crimped appear-
ance, compared with the smooth texture of the surface of the roots
from soil "B". The tops of plants growing in soil "A'" were shorter,

yielded less, but were darker green in colour than those of so0il "B,
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growth of Leucaena glauca grown in

soils "A" and "B" (Treatment A- control)
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Experiment No. 6. The relative effectiveness of three strains

of rhizobia in the nodulation of leucaena

There were no visible differences between treatments in the out-
ward appearance of the plants in either soil "A" or soil "B".

Plants growing in soil "B" were harvested four weeks after sow-
ing, on September 11, 1963. This was earlier than intended origin-
ally, but there was some evidence of an inpeding attack by the same
damping-off type of disease which affected plants in this soil in
Experiment 5.

Plants in so0il "A" were harvested six weeks after sowing, on
September 29, 1963. As occurred in Experiment 5, nodulation was com-
plely inhibited in this soil, so that the effect of the treatments
on nodulation could not be determined.

Plant grown in soil "B" were nodulated in the inoculated Treat-
ments 2, 3 and 4, but no nodules were detected in any planﬁs ;P the
control Treatment 1, or in Treatment 5. The yield of nodules,
however, was very small. Analysis of variance of the dry matter
yield of the nodules show a significance at the 1% level according
to the standard F test. This is because Treatments 1 and 5 had zero
yield of nodules. Application of Duncan's multiple range test to
the treatment means revealed that the yield of nodules from the three
strains of rhizobia did not differ significantly at the 1% level. At
the 5% level, strains NGR 8 and NGR 31 did not differ significantly
from one another, but both were superior to the strain B 81, while
the yield of nodules from the CB 81 treatment was not significantly

different from the control (zero):
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Treatment Control Urea CB 8 NGR 31 NGR 8

Mean yield of nodules,

mg. per pot o] o] 1.45 3.65 4,15
t

P <0.01 L ] '

P<0.05 . [ 1

Means bracketed do not differ significantly

Since only the plants in soil "B" were nodulated, and these had
to be harvested after oniy one month, the amount of nodular tissue
was too small to produce any measurable effect on the dry matter
yield of the plants.

Experiment No. 7. A field trial to compare the production of a

leucaena/pangpla grass mixture with that of

gansolaggrass alone

Germination of the acid-treated inoculated seed was excellent,
and a number of plants which were dug up from time to time were ef-
fectively nodulated. However, the leucaena received a number of
setbacks which resulted in the experiment finally having to be aban-
doned. Firstly, attacks by leaf-harvesting ants decimated the ini-
tially promising stand of seedlings. Secondly, the experiment was
laid down during a reasonably dry period, but soon after the seed-
lings were established it was evident that during the wetter periods
of the year the soil on which this experiment was sited has a water

table only 12 to 18 inches below the soil surface. This would
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effectively prevent the normally deep-penetrating roots of leucaena
from reaching below this level. Competition from the roots of the
vigorously growing pangola grass was therefore much greater than

expected.
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DISCUSSION

l. The use of milk cartons as pots

The waxed cardboard milk cartons used in the pot trials in
this study are satisfactory for such experiments, but only with cer-
tain modifications. The carton, if unprotected from the soil, begins
to decompose after about four weeks. This can be easily overcome by
providing a drain hole in the base, and lining the carton with a tube
of polyethylene film which is slightly larger in diameter than the
top of the carton. This permits the plastic liner to be folded over
the top edge of the pot, thus preventing any water from penetrating
between the carton and the plastic. This was done in Experiments 5
and 6 with very satisfactory results. It was found also that the
carton allows enough light to pass through for a skin of algae to
grow on the outside of fhe soil against the plastic liner. This
could easily be overcome by using a liner of black plastic instead of
the clearer plastic which was used in these experiments.

The tall narrow shape of the fully opened milk carton appeared
to provide sufficient root room for six to eight leucaena plants for
up to 12 weeks.

Because of its low field capacity and high porosity, the sand
used in Exéeriment 4 was a difficult medium to maintain in a satis-
factory state of moisture. In the undrained milk cartons, blacken-
ing of the roots at the base of the carton indicated that anaerobic
conditions prevailed, while the top of the pot dried out very rapid-

ly, requiring application of water more than once a day.
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26 The glasshouse

Temperature conditions were generally satisfactory in the
glasshouse used in this study. The temperature rarely exceeded
38°C, and then only for a short period. In the study of Bowen
and Kennedy (13) 81 per cent of the strains of rhizobia from tropi-
cal legumes examined had a maximum temperature for growth in the
range 32.6 - 38.6°C. Control of abnormally high temperatures must
be taken into account in glasshouse experiments, especially with
legumes.

3e Seed scarification

While treatment with concentrated sulphuric acid was found
to be by far the most effective treatment, its application to large
quantities of seed is more difficult and involves greater hazards
than hot water treatment or mechanical scarification.

A reasonably simple and safe method of using concentrated acid
would be to place the acid in a strong flexible plastic container.
A plastic-coated wire basket in which the seeds were completely en-
closed could then be immeraéd in the acid and agitated to ensure
that all the seed were covered by the acid. After the specified pe-
riod of treatment the acid could be quickly washed off in running
water with a minimum wastage of acid.

4, The seed coat and survival of rhizobia

Although the seed coats of Centrosema pubescens hawe been

shown to contain an antibiotic (12), the seed of the Centrosema

species used in this trial (unidentified, but not C. pubescens) as
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well as that of L. glauca, do not have this attribute. A study of a
wider range of tropical legumes is needed to determine whether the
characteristic is common in tropical legumes, or largely confined to
the temperate legumes, which are generally accepted as being more
recent or advanced in the evolutionary scale. Masterton (45) inclu-
ded a wide range of temperate legume species in his study of this
factor and found inhibition of growth of Rhizobium caused to some ex-
tent by all but one of the species studied.

Possibly the ‘bpossession of such an antibiotic is an advantage to
the species under natural conditions. The problem of seed coat tox-
icity to Rhizobium only arises when the plant is provided with an
artificial supply of the nodule-forming bacteria by means of inocula-
tion of the seed.

5« Comparison of strains of rhizobia in the nodulation of

leucaena
Strain testing of rhizobia is usually carried out under
sterile conditions, either in a medium of agar or in sand culture.
Under field conditions the environment in which Rhizobium must in-
vade the legume roots would be very different from those obtained in
sterile agar or sand culture.
It was known with reasonable certainty that neither of the soils

used in Experiment 6 would contain any native Leucaena Rhizobium

strains, since leucaena is not native to the region, and its rhizo-
bial requirements are quite specific (19, 49). To keep the environ-
ment of the rhizosphere in this experiment somewhat near those pre-
vailing in the field, the soil was not sterilized or specially treat-

treated in any way.
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Any gross contamination of one treatment by strains of
Rhizobtium from another was avoided; but apart from this the heavy
suspension of the respective strain of Rhizobium was considered
sufficient to ensure that nodulation by extraneous rhizctia wo:ld
be most unlikely to occur. This hypothesis was vindicated ty the
complete absence of nodules in the control treatment of soil "B"
after one month. If it had been possible to continue the treat-
ment longer, some nodulation might have occurred in the con‘ro.
treatment, however,

Since there were only two replications available for statie®i-~
cal analysis, and the plants had to be harvested earlier than was
desirable, the apparent superiority (P< 0.05) of strains NGR 8 aznd
NGR 31 over strain CB 81 requires more definite confirmation.

6e Nodule initiation on leucaena

In both the sand and soil "A", nodule initiation in L.
glauca occurred during the expansion of the second leaf. Nodules
were easily visible when the second leaf was fully expanded, &t
least in the sand culture. Nodule initiation can be affected by
many factors, however, and under other conditions the stage of
growth of the pl: nt when nodules can first be observed may de differ-
ent. Gibson and Nutman (22) showed that nitrate delayed nodule ini-
tiation; soils with differing nitrification sapacities may therefore

be expeccted to affect nodule initiation differently.
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7« The effect of sucrose in the Rhizobium inoculum applied

to seeds of leucaena

On the basis of the results of Sankaram (57) and those
quoted by Vincent (66), the inclusion of sucrose solution in the
inoculum applied to legume seeds reduces the death rate of the nod-
ule-forming bacteria, and may even cause an increase in the number
of viable cells of Rhizobium during storage over several days. The
subsequent effect of the sucrose when the seed is sown in the soil
can only be surmised, but one might expect an increase in nodule
numbers per plant, or an increase in the yield‘of nodules, as a re-
sult of greater numbers of bacteria available for nodule formation.

The results of Experiment 4 suggest, however, that there may
be more involved than mere survival or multiplication of the bacte-
ria. The only significant main effect of Factor I alone was to sub-
stantially increase the nitrogen yield in the nodules. This suggests
that the sucrose may have acted as a source of energy for the invad-
ing rhizobia. However, it is estimated that only about 3.3 mg. of
sucrose would have been included on each seed due to the inoculum
applied, and this would be localized to a small area around the seed
when it was sown. The significant I x S interactions are also
difficult to explain.

The I x N interaction might be interpreted on the basis of the
relation between supply of carbohydrate and nitrogen. Whereas N
alone significantly depressed nodule numbers and dry nodule matter

yields, the presence of sucrose in the inoculum prevented, and even



56
reversed the depressing effect of N. These results agree with
Wilson's theory (72) on the carbohydrate:nitrogen balance in the
legume-Rhizobium symbiosis, and are supported by the results of
Hopkins and Fred (33), and of Ludwig and Allison (43).

8. The effect of small amounts of combined nitrogen added

about the time of first nodule formation

The beneficial effects of small quantities of added combined
nitrogen obtained by Pate and Dart (51) were not substantiated ~cm-
pletely in Experiments 4 or 5 of this study. In sand culture four
milligrams of nitrogen (as urea) added per pot depressed nodulation
unless the rhizobia were applied to the seed in 10 per cent sucrose,
in which case nodulation was improved by thc¢ added nitrogen.

The soils used in Experiment 5 (nitrogen rate and time of appli-~
cation) proved to be both very high in total nitrogen, and no treat-
ment effects could be detected.

9. The role of sulphur in nodulation

Added sulphur in the sand culture of Experiment 4 did not
result ia any significant beneficial effects on nodulation. Although
the value of 50 mrts per million of total sulphur (Table 2) is quite
a low value, there was apparently sufficient to provide most or all
of the needs of the plants grown in this sand. Ashford and Bolton

(7), in their study of Melilotus alba grown in vermiculite, suggested

that the plant was able to utilise very small amounts of sulphur to
fix appreciable amounts of nitrogen. The interaction of factors I

»nd S in this experiment remain unexplained.
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10. Number of nodules as a measure of nodulation and nitrogen

fixation

In the analysis of data from Experiment 4 it was found
that nodule numbers ;howed the highest coefficient of variation of
all the measurements taken. Considering the difficulty and the
time involved in counting nodules, especially from plants grown in
soil or sand culture, the usefulness of this measurement is doubt-
ful, This conclusion finds support in the work of Hopkins, Wilson
and Peterson (34), who also encountered high variability in nodule
numbers per plant. Gibson (21) also noted that the important crite-
rion in assessing nodule function was not the number of nodules, but
the volume and lopgevity of the central tissue containing the
bacteroids.

The coefficients of variation for the different measurements

used in experiment 4 are shown in Table 8.
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TABLE No. 8 Means, standard errors and coefficients of variation
of the data obtained in Experiment No. &

General Standard Coefficient of
mean error variation, %
x s2 sz/a'c . 100
Dry matter per pot
Tops, &. 0.738 0.083 11,2
Roots, g. 0.562 0.068 12.1
Nodules, mg. 77 .9 6.048 7.8
Nitrogen per plant, mg.
Tops 2,764 0.297 10.7
Roots 1.646 0.207 12.6
Nodules 0.563 0.029 - 5.1
Number of nodules 29.34 4,981 17.0

ll. Nodulation on the soils "A'" and '"B"

Both of these soils were selected partly because of their
physical nature, which allowed for easy separation of the roots from
the soil and examination for nodulation. Soil "A" was known to be
high in total nitrogen, but no analysis for soil "B" was available.
Because Guinea grass had shown considerable responses to applica-
tions of nitrogen fertilizer on this soil it was presumed to have a
much lower nitrogen content than soil "A". Subsequent analysis, as
shown in Table 2, revealed that although lower in nitrogen content
than soil "A", soil "B" was still very high in total nitrogen, when

compared with the standards for soil nitrogen given in Table 3.
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A question then arisgs: why was nodulation quite satisfactory
in soil "B", but complefely inhitited in soil "A"?
A nutrient defigiency might be involved. although a complete
fertilizer mixture/é;s applied to both soils. Phosphorus is known
to be strongly f%éed in these soils, but triple superphosphate was
added in granula; form specifically to avoid complete fixation.
Plants grown in soil "A" were generally smaller and a darker green
than those in soil "B" however (Figure 5).

A possible explanation for the remarkable difference between
the two soils may be in the relative nitrification rate. That the
availability of the soil nitrogen in soil "B" may be quite low is
supported by the previous observation that guinea grass responded
to applications of nitrogenous fertilizer. If the nitrification
rate in soil "A" was very high, sufficient nitrate may have been
released to completely inhibit nodulation of leucaena. This possi-
bility should be examined further.

The reaction of Soil "A" was also a full pH unit lower than
that of soil "B" (Table 2). While any nutrient deficiencies in-
duced by the pH of 4.8 in soil "A" should have been overcome by
the complete nutrient mixture added to the soil, the possibility of
toxic concentrations of aluminium, manganese or hydrogen ions can-
not be overlooked (58). Against this possibility is that the
growth bf the plants themselves was quite healthy, with no symptoms

of deficiency or toxicity that could be associated with the low pH.
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CONCLUSIONS

le Under conditions aimiiar to those of this study, the for-

mation of the first nodules on Leucaena glauca can be expected to

occur during the development of the second leaf, i.e. the first bi-
pinnately compound leaf. .

2. The seed coats,of L. glauca and thevCentrosema species
examined in this study did not contain any antibiotic which may ad-
versely affect the viability of rhizobia applied to the seed.

3¢ Scarification of L. glauca seed to improve germination is
most effectively accomplished by treatment with concentrated sul-
phuric acid for 20 minutes. Treatment of large quantities of seed
would require plastic coated containers and equipment.

L, Ten per cent sucrose solution as the suspending mediun
for tge application of Rhizobium inoculum to the seed of L. glauca
may have assisted the survival of the bacteria, and in the presence
of sufficient nitrogen and sulphur, was beneficial to nodulation
and nitrogen yield of the plants.

5« The beneficial effects of small quantities of nitrogen on
nodulation was dependent in this study on the presence of sucrose
in the inoculum applied to the seed.

6. The establishment of leucaena in grass pastures is de-
pendent on the ability of the roots of the leucaena to penetrate
below the main mass of grass roots as quickly as possible after

establishment, thus avoiding severe competition from the grass.



61

Where leaf-harvesting ants are known to occur, some measure of in-

secticidal protection my be required before leucaena could be es-

tablished.

7. Suggestions for further research arising out of this study

are:

(a)

()

(c)

to determine whether the inhibition of nodulation of
L. glauca in one of the soils used in this study was
due to low pH, high available nitrogen, or some other
factor.

that studies be made of the nitrification rate of the
soils used in this study together with other soils in
the vicinity of the Institute. Any information gained
about the availability of the soil nitrogen may have
important practical significance, since considerable
amounts of nitrogenous fertilizers are applied by
Departmerts within the Institute;

that another attempt be made to establish L. glauca on
& more suitable site, and to study its potential as a
forage or pasture legume, either in a pure stand or

mixed with a grass.
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SUMMARY

Some factors involved in the establishment and nodulation of

the forage legume Leucaena glauca were studied in laboratory and

glasshouse experiments. For the latter, plants were grown in sand
culture and in two senile latosol soils. Except for particular
nutrients under study, a complete nutrient solution was applied to
all potse

The germination of seeds of L. glauca is improved by hot water
(8000) and sulphuric acid treatment. Treatment of seed with concen-
trated sulphuric acid for 20 minutes resulted in a germination of
99 per cent. Untreated seeds showed a germination of four per cent.

The seeds of L. glauca, and a species of Centrosema also stud-
ied, did not have any adverse effect on the growth of strains of
Rhizobium on agar plates, whether the seeds were dormant or germi-
natinge.

The application of Rhizobium inoculum to L. glauca seeds by
means of a 10 per cent solution of sucrose was beneficial to nodula-
tion and nitrogen yield of plants in sand culture, provided combined
nitrogen and sulphate were added at the same time.

The beneficial effect of small amounts of combined nitrogen on
the nodulation of L. glauca in sand culture was dependent on the
presence of sucrose in the inoculum applied to the seed.

In one of the soils used in this study nodule development was
almost completely inhibited by an undetermined factor. High soil

nitrogen content or low pH may equally well be involved.
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A field trial toc study the production of a leucaena/pangola
grass mixture had to be abandoned because of the strong competi-
tion from the roots of the grass, aggravated by a high water table
in the soil. Leaf-harvesting ants also decimated the seedlings

at an early age.
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RESUMEN

Algunos factores relacionados con el estableciniento y la no-

dulacién de la leguminosa forrajera, Leucaena glauca fueron estu-

diados en experimentos del laboratorio e invernadero. Para las
pruebas en macetas, las plantas sé cultivaron en arena y en dos sue-
los del tipo latosol viejo. Excepto para los nutrientes iudividua-
les bajo estudio, se afladiéd una solucidn nutritiva completa a :zada
maceta.

La germinacién de las semillas de L. glauca fue aup;ntada por
por tratamientos con agua caliente (80°C) y &cido sulfirico. EL
tratamiento con &cido sulfirico concentrado durante 20 minutos re-
sultd con una germinacién de 99 por ciento. El testigo.mostré una
germinacidén de cuatro por ciento.

Las semillas de L. glauca y una especie de Centrosema, no tu-
vieron ningin efecto adverso sobre el crecimiento dé cultivos de
Rhizobium en agar, ya sea que las semillas estuvieron germinadas
o inactivas.

La aplicacién del inéculo de Rhizobium por medio de una solu-
cibén de sacarosa al 10 por ciento, fue ventajosa a la nodulacidn y
el rendimiento de nitrdégeno en planfaa desarrolladas en arena,
cuando se agregd un compuesto ae nitrégeno y sulfato al mismo
tiempoe.

El efecto beneficloso de cantidades pequefias de un compuesto
de nitrdgeno sobre la nodulacibn en L. glauca fue condicional a la

presencia de sacarosa en el indculo aplicado a las semillas.
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En uno de los suelos que fue usado en este estudio, el desa-
rrollo de los nddulos fue practicamente inhibido por un factor no
determinado. Cantidades altas de nitrégeno en el suelo, o bajo pH
pueden ser implicados igualmente.

Un experimento de campo para estudiar la producciédn de una
mezcla de leucaena con zacate pangola fue abandonado, debido a la
competencia de las raices del zacate con las de leucaena. Esta
competencia fue agravada por un alto nivel de la capa freadtica en
el suelo. Ademds, hormigas atacaron a las hojas y disminuyeron en

gran cantidad el nlimero de pléntulas.
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Statistical 1)

1. Plant tops - dry matter - grams per pot

Calculation of factor effects

Treatment Total (1) (2) (3) Factor Effect Per
effect mean cent
(1) 4.76 8.76 17.73 35.42  TOTAL 0.738
i k.00 8.97 17.69 -0.9% I ;0.039 =53
s k.66 9.21 =1.11 <0.52 S -0.022 «=3.0/
is L,31 8.48 0.17 +1,08 IxS 40.045 +6.1
n k.73 =0.76 0.21 =0.04 N -0.002 =0.3
in L.u8 -0.35 =0.73 +1.28 IxN +0.053 +7.2%
sn k.03 ~0.25 4041 -0.94 SxN =0.039 =53
isn L.45 40.42 40.67 40.26 IxSxN +0.011 +15
Variation due to Sum of squares D.F. Mean square F
Total 0.40280 L7
Blocks 0.05905 5 0.01181
Treatments 0.10283 7 0.01467 2,13
I 0.01840
S 0.00563
N 0.00003
IxS 0.02430
IxN 0.03413 bo95+
SxN 0.01840
IxSxN 0.00140
Error 0.24142 35 0.00689
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nation of IxN interaction

Mitrogen
Inoculum n, n, e s
i, 942 8,76 | <0466
1, | 8.31 B.93 | .62
1y =3, |11 40,17
Effect of N, within i, = -gé_géz Effect of I, within n, = -1 &_'_2
=0,01815 = 0.051i3%*
Effect of N, within i, = +o_£32 Bffeot of I, within ny = O 2
= 0,01601 = 0.00120
2. Roots - matter - grams per pot
Calculation of factor effects
Treatment Total (1) (2) (3)  Factor Effect Per
effect - mean cent
(1) 3.26 643 12,77 26.99 TOMAL  0.563
i 2.87 6.6 14,22 -0.15 I -0.006 =1ei
s 3.29 7.10 «0.33 +40.53 S 40,022 +3.9
is 3.35 7.12 0.18 +1.03 IxS 40.045 +8,0%
n 3.65 =0.39 0.51 +1.45 N +0.059 +10,5%*
in 3.45 0.06 0.02 +0.51 IxN 40,021 +3.7
sn 3.37 -0.20 0.45 -0.49 SxN =0,020 =36
isn 3.75 0.38 0.58 +0.13 IxSxN 40,005 +0.9
*=P<0,05 **=P<O0.,.0i
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Variation due to Sum of squares D.F. Mean square F
Total 0.29085 L7
Blocks 0.00676 5 0.00135
Treatments 0.08300 7 0.01185 2,58*
I 0.00046 i
S 0.00585 i
N 0.04380 1 9.52%%
IxS 0.02210 1 4.80*
IxN 0.,00541 i
SxN 0.00500 1
IxSxN 0.00035 1
Error 0.16109 35 0.00460

Effect of S, within io

Examination of IxS interaction

Sulphur

Inoculum 5o 8, 5, = 8,

1° 6.91 6.66 -0.25

11 6.32 7.10 +0.78
11 - 10 "0059 4'0.“0

2 2

= 0,25 Effect of I, within 5, = uoé
= 0,002 = 0,015

Effect of S, within i, = 0, g2
—!7?'2

= 0.,025*

Effect of I, within s, = Q;g&?
24

= 0,008

*=P<0.05 **=P< 0.0
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3. DNodules - dry matter ~ milligrams per pot

Calculation of factor effects

Treatment Total (1) (2) (3) Factor Effect Per
effect mean cent
(1) 501 956 1917 3739 TOTAL 77.89
i Lss 961 1822 =35 I o M6 =169
s 490 926 -65 =25 S -1.0l w1e3
is 471 896 30 +97 IxS 04 +5.2%
n 473 46 5 =95 N -3.96 ~5e1®
in Ls53 -19 =30 +95 IxN +3.98 +5.1%
sn 423 -20 27 =35 SxN -1.46 =149
isn 473 50 70 443 IxSxN +i.80 2.3 -
Variation due to Sum of squares D.F. Mean square F
Total 2,422.48 L7
Blocks 467.86 5 93.57 2,56*
Treatments 674.25 7 96.32 2.63*
I 25.52 1 "
S 13.02 1
N 188.02 1 Soik®
IxS 196.02 1 5.36*
IxN 188.02 1 S5e0le%
SxN 25.52 1
IxSxN 38.52 1
Error 1,280.37 35 36.58

* =P<0.05



Effect of S, within i,

Effect of S, within 11

Effect of N, within i/

Effect of N, within 11
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Examination of IxS interaction

Sulphur

Inoculum 8, 84 8y = 8,

14 9k 913 -61

1, 908 o4 +36
i, -1, =66 +31 N
- ..%1_2 Bffect of I, within s
= 155.,04%
= %6;2 Effect of I, within 5
= 54,0

Examination of IxN interaction

Nitrogen_
Inoculum n, ny n, -n
i, 991 896 -95
i, R”6 926 0
i, -1, =65 +30

2
o
= 376.04*‘
=9

* =P <€0.05

Bffeot o™, within n,

Effect of I, within n,

3.5

** = P € 0.01
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4, Nodule mumbers - mean mumber per plant

Calculation of factor effects

Treatment Total (1) (2) (3) Factor Effect Per
effect mean cent
(1) 207.9  385.5 752.4 1308.4  TOTAL 29.34
1 177.6  366.9 656.0 +23.0 I +0.96 + 3.3
s 179.8  341.7 -23.0 46,0 S -1.92 o 645
is 187.1  314.3  46.0 483.0 IxS +3.46 +1,8%
n 170.7  =30.3 -18.6 -96.4 N 4,02 =13.7%*
in 171.0 7.3 =27.4  +69.0 IxN +2.88 + 9.8
sn 134.3 0.3 37.6 8.8 SxN ~0.37 - 1.3
isn 180.0 45.7 454  47.8  IxSxN +0.33 + 1.1
Variation due to Sum of squares D.F. Mean square F
Total 1564.317 L7
Blocks 201.837 5 40.37
Treatments Loy 297 7 70.61 2.85%
I 11.020 1
] 44,083 1
N 193.603 1 7..80%*
IxS 143,521 1 5.78%
IxN 99.188 1 4.00°
SxN 1.163 1
IxSxN 1.268 1
Error 868.183 35 24,81
°©=P<0.10, *=P<0.05 **=P<0,0:



Effect of S, within 1°

Effect of S, within 11

Effect of N, within io =

Effect of N, within 11
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Examination of IxS interaction

Sulphur
Inoculum Sy 54 Sy = 5,
io 378.6 314.1 -64.5
i, 48,6 367.1 +i18.5
11 - io -30.0 +53.0

_ 2 - 2
= -64.5 Effect of I, within s = ng‘.’o
= 173.34* = 37.5
= 18.5° Effect of I, within s, = 0%
2L 2
= 14.26 = 117.,04*
Examination of IxN interaction
Mtrogen
Inoculum n, ny ny - n,
i, 387.7 305.0 82,7
11 36".7 351 .0 -1307
1, -1, [-23.0 46,0
2 2.2
= -82 Effect of I, within n = .23
‘z‘lll 24
=280} ,97** = 22,04
= 213,77 Effect of I, within n, = 46°
2 P
= 7.82 = 88.17

* = P 0.05,

** = P< 0,01
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5. Plant tops - yield of nitrogen - milligrams per plant

Calculation of factor effects

Treatment Total (1) (2) (3) Factor Effect Per
effect mean cent
(1) 17.87 33.43 67.28 132.68  TOTAL 2,764
i 15.56 33.85 65.40 -2.84 I ~0.118 | M3
s 17.72 33.83 =3.90 -1.84 8 -0,077 -Z¢8
is 16.13 31.57 1.06 +2.64 IxS 40,110 .0
n 17.13 =2431 o2 -1.88 :N -0,078 248
in 16.70 -1.59 <2.26 .96 IxN +0.207 +7.5*
sn 15.04 043  0.72 2,68 SxN -0.112 Mol
isn 16.53 1.49 1.92 +1.20  IxSxN 40,050 +1.8
Variation due to Sum of squares D.F. Mean square F
Total 5.32897 k7
Blocks 1.08427 5 0.21685 2.49
Treatments 1.14957 7 0.16422 1.86
I 0.16803 1
S 0.07053 1
N 0.07363 1
IxS 0.14520 1
IxN 0.51253 1 5.79*
SxN 0.14963 1
IxSxN 0.03000 1
Error 3.09513 35 0.,08843

* =P L0.05
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Examination of IxN interaction

Mitrogen
Inoculum n, n, n1 -n
io 35.59 32.17 | =3.42
i, 31.69 33.23 +1.54
:1.J - io =3.90 +1.06
2 2
Effect of N, within i, = -;2.’4—2 Effect of I, within n_ = ‘-Q.EO
1} 2 9 o 2
= 0.48735% = 0,63375*%
Effect of N, within i, = 1.54% Effect of I, within n, = : 06
2 24
0.09881 = 0,0468:
6. Roots - yield of nitrogen - milligrams per plant
Calculation of factor effects
Treatment Total (1) (2) 3) Factor Effect Per
effect mean cent
(1) 9.84 18.36 38.44 79.02 TOTAL 1.646
1 8.52 20.08 40.58 -0088 I -00037 -'2‘2
) 10.01 20,45 «1.26 +1.40 S +0,058 +3,5
is 10.07 20.13 0.38 +2.58 IxS +0.108 +6,.5
n 10.43 -1.32 1.72 +2.14 N +0.089 +5.4
in 10,02 0,06 <0.32 +1 .64 IxN +0,.068 2
sn 9.67 =041 1.38 2,04 SxN -0.085 =5 e
isn 10.46 0.79 1.20 =0.18 IxSxN =0,008 0.5

* =P 0.05
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Variation due to Sum of squares D.F. Mean square F
Total 2,10073 k7
Blocks 0.16345 5 0.03269
Treatments 0.43446 7 0.06206 1.26
I 0.01613 1
S 0.04083 1
N 0.09540 1
IxS 0.13867 1 3.23
IxN 0.05603 1
SxN 0.08670 1
IxSxN 0.00067 1
Error 1.50282 35 0.04293

7. Nodules - yvield of nitrogen - milligrams per plant

Calculation of factor effects

Treatment Total (1) (2) 3) Factor Effect Per
effect mean cent

(1) 1.169 2,372 4,609 9.015 TOTAL 0.563

i 1.203 2.237 4.406 +0.515 I 40,064 +i JLns

s 1.075 2.267 0.021 <0.263 S -0.033 ~ 5.9
is 1.162 2.139 0.3%% 40.209 IxS 40.026 + 4,6

n 1.074 0.03% -0.135 =0.023 N -0.025 R
in 1.193 0.087 -0.128 +40.273 IxN 4+0.034 + €.0*
sn 0,932 0.119 0.053 40.007 SxN +0.001 + 0.2

isn 1.207 0.275 0.156 +0.103 IxSxN +0.0%3 + 2.3

* =PL0.05, ** = P<(C,0°
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Variation due to Sum of squares D.F. Mean square F
Total 0.03579 15
Blocks 0.00024 1 0.00024
Treatments 0.03153 7 0.00502 €.0%
I 0.01657 1 20,0%*
s 0.00432 1
N 0.00257 1
IxS 0,00279 i
IxN 0.00465 1 5e6%
SxN 0.00001 1
IxSxN 0.00066 1
Error 0.00582 7 0.00083
Examination of IxN interaction
Nitrogen
Inoculum n, ny n - ng
io 2,24 2,006 -0,238
11 2.365 2,400 +0.035
11 - io 0.121 0.39%
2 . B
Effect of N, within i_ = ~0,238 Effect of I, within = 0,12
’ o = 25 ’ o T Zag-
= 0,00708% = 0,0024
2 . 2
Effect of N, within i, = 0.0 Effect of I, within n, = 0,39
= 0.00015 = 0,071 G0*
* =P 0,05 **=PCC(G.0;
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Experiment 5. Statistical 508
1. Soil "A" t tops - matter - grams per pot
Treatment
A B o] D E Mean

Totals 25.9% 24,16 25,47 23.67 25.18
Means 5.19 L .83 5.09 L.,73 5.04 4,98

Analysis of variance

Variation due to Sum of squares D.F. Mean square F

Total 5.42235 24

Columns 0.52039 L 0.13009

Rows 2.85591 L 0.71397 Gl **
Treatments 0.70883 L 0.17720

Error 1.33722 12 0.11143

S.E. = 0,334, C. of V. = o,:gg . 100 = 6.7%
<9

S.‘.i = 001“’9
** = p £0.01
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2, Soil "A", roots - dry matter . grams per pot

Treatment
A B ¢ D E MEAN
Totals 20.38 18.32 20.31 18.64 19.49
Means 4.08 3.66 4.06 3.73 3.9 3.89
Analysis of variance

Variation due to Sum of squares D.F. Mean square F
Total 5.34122 2k
Columns 0.20910 L 0.05227
Rows 2.84690 L 0.71172 Selink
Treatments 0.70734% L 0.17683
Error 1.57788 12 0.13149

S.E. = 0,363, C. of V. = 0,562 . 100 = 9.3%
3.89

SCEC! = 00162

** = P £ 0.01



87

3. Soil "B", nplant tops - dry matter -~ grams per pot
Treatment
A B c D. E MEAN
Totals 33.15 31.93 34.04 35.14 36.44
Means 6.63 6.39 6.81 7.03 7.29 6.83
Row
I II III Iv \'s
Totals 30.06 34.30 35.69 33.45 37.20
Analysis of variance
Variation due to Sum of squares D.F. Mean square F
Total 15.34000 22t
Columns 2.90988 L 0.72747
Rows 5.78284 4 1.44571 3.43¢
Treatments 2.43284 L 0.60821
Error e 21l 10f 04214k

S.E. = 0.649, C. of V. = 0,649 . 100 = 9.5%
«83

two degrees of freedom sub.
tracted for 2 estimated va.ues

°©=pc¢o0.10
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b, Soil "B", roots - matter - grams per pot
Treatment
A B c D E MEAN
Totals 24,18 21,38 23,67 26.33 29.17
Means L. 84 4,28 L,73 5.27 5.83 4,99
Row
I II III Iv \')
Totals 18.85 26.3% 26.05 23.44+ 30.05
Analysis of variance
Variation due to Sum of squares F.D. Mean square F
Total 35.23890 22
Columns 6.63307 L 1.65826
Rows 13.72843 L 3.43210 4,32
Treatments 6.93799 L 173444
Error 7.93890 10 0.79389

S.E. =0.891,

C. of V. = 0,891 . 100 = 17.9%
«99

* = P<0.05
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5. Soil "B", nodules - matter - milligrams per pot
Treatment
A B c D E MEAN
Totals 805.2 5244 1020.9 1271.6 1354.4
Means 161.0 104.9 204.2 254.3 270.9 199414
Row
I II ITI Iv \')

Totals 326.9 1127.7 1392.5 840.8 1378.6

Analysis of variance

Variation due to Sum of squares D.F. Mean square F

Total 415,032,040 22

Columns 32,409,096 L 8,102.27

Rows 184,251,460 L 46,062 .87 L 36%
Treatments 92,766,936 L 23,191.73

Error 105,604,548 10 10,560.45

S.E. = 102.76, C. of V. = 102,76 . 100 = 51.6%
199.1

* = P L0.05
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Experiment 6. Statistical sis
Soil "B", nodules - dry matter - milligrams per pot

Treatment
Block 1 2 3 L 5 Total
I 0 L.8 k.6 1.4 0 10.8
II 0 3.5 2.7 1.5 0 7.7
Total 0 8.3 7.3 2.9 0 18.5

Analysis of variance

Variation due to Sum of squares D.F. Mean square F

Total 33.725 9

Blocks 0.961 1 0,9610 2.27
Treatments 31.070 b 7.7675 18,34%
Error 1.69% L 0.4235

S.E. = 0.651, C. of V. = g,_gél . 100 = 356
1.

** = P £0.01





