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This shows a general view of the experimental area. The
most aclid treatment is at the extreme left and the neutral
treatment on the right. White clovers are in the fore-
ground, Montgomery red clover shows black just behind,
while the grass series are further back still,
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INTRODUCTION.

1s General.

During the past few decades, our country,
along with other important primary producers, has come to
realise with increasing force the real importance of pasture
production to mankind. In New Zealand over nine tenths of
the value of our exports comes directly or indirectly from
grasslands, This realisation has been reflected in the marked
extension in research, not only towards the improvement of
pasture species and strains, but also in an attempt to learn
more of the conditions in the soil that are most ideal for

maximum production.

As a plant can produce only as much as its inherent
potential and its external environment will allow, it becomes
- all workers to consider both sides of the guestion of
maximum production. As a result of work done by the
Grasslands Division of the Plant Research Bureau since its
inception, strains of new pasture specles have been developed
which will produce very highly under conditions favourable
to their growth. Thus if these strains are used in asgriculture
and maximum production is not obtained, managemental and
environmental factors must be the limiting ones. Of the
environmental factors, five claim pride of place where

pasture production is concerned:=

(a) 8o0il moisture

(b) Soil and air temperature
(e) Light intensity

(@) 8oil fertility

{e) Soil aecidity

In practice the first three factors are mainly dependent on
climatic conditions, though by suitably controlled irrigation
and drainage both soil moisture and soil temperature can be

influenced and plant growth markedly increased.



The problem of light intensity needs research in this
country, but it is known that some species, such as Prairie

grass (Bromus catharticus) and Cocksfoot (Dactylis glomerata)

thrive when a certain amount of shade is provided for theipr
erown, while others such as Indian doub (Cynodon dactylon)
or English hair-grass (Aira caryaphyllia) grow best under

open sunny conditions. Thus although climate can play an
important part in this factor, it is obvious that, as
ﬁilsson»Laissner has s8aid "s.ess.if we know the special
requirements of a certain strain or group of strains of
pasture plants we can adapt our system of grazing management
and of manuring and so on, in such a way that we favour or

hamper that particular groupeseeces"

Soil fertility as usually considered includes all
other factors of soil environment but here the term is used
to mean the ability of the soil to supply the growing plant
with all the nutrient requirements normally absorbed through
the root system. It is well known that this is usually the
most 1m§ortant réctor limiting plant growth, but much can be
done by manurial applications to counteract any deficiencies
that may be limiting plant growth.

The fifth factor of soil acidity or Hydrogen-ion
concentration is partially wrapped up in its effects with
fertility, because it is known for instance that under acid
conditions some nutrients - particularly calcium and magnesium
are usually leached out while under alkaline conditions others
like Potassium and iron may be held in forms unavailable to
the plants. (Pettinger, 1935.) However apart from this
indirect effect, the Hydrogen-ion seems to have a direct
bearing on the growth of a plant, even when special measures
have been taken to make all nutrients available., {Lundegardh,

1931)
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Thus it would seem that the soil acidity, or soil reaction

as it is often cslled, when combined with the rqaultant degree
of nutrient availability, plays a very important part in
regulating plant growth.

S0il acidity depends on the Hydrogen-~ion concentration
in the so0il and this is usually measured and expressed as the
pH value for that soil. The pH may be defined as "the nega~-
tive index of ten which expresses the concentration of Hydro=-
genmian in the solution of the acid", (Russell 1927.,) A pH
of 7 represents a neutral solution with equal amounts of
Hydrogen~ions and Hydroxyl-ions, while a smaller number, 6.g.
pPH 3 is more acid and pH 9 more alkaline, The natural pH
of soils in New Zealand varies considerably from 4.1 to 8.1,
(Annual Report D.S.& I.R.) but the more ususl range in agri-
cultural soils is between 5 and 7. (Lyon & Buckman 1943).

It is of interest that the extremes of acidity recorded in
the world are pH 1.7 in America on the acid side (Arrherius
1922), and pH 11 in Egypt, on the alkaline side (Lundegardh,
1931.)

2, QObject of Present uork.

It is usually recognised that different
plants thrive best at different levels of soil acidity, €«ge
potatoes best at pH L.8 to 5,4, asparagus at 6.0 to 6.7 ete,
(work, 1945), so the present work was undertaken in an attempt

to throw light on the following points:-

(a) 1Is there one level of soil acidity optimum to all of
the following species of pasture plants, and if not what level

suits each species?

Perennial ryegrass 'Lolium perenne

Italian ryegrass Lolium multiflorum

Short Rotation ryegrass L. perenne, L. multiflorum
Cocksfoot ' Dactylis glomerata

Red clover Trifolium pratense

White clover Trifolium repens.
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(b) Some of the above species have different strains, some
more highly producing than others. Does the strain with the
highest potential production still produce better than the
poorer strain when the conditions are not optimum, or are the
lower producers more tolerant of conditions less ideal as far

as so0il reaction is concerned?

(e¢) when any of these pasture species have different strains,
do these have the same optimum pH or does each strain have a

different level?

3« General Outline of Experiment.

It was planned to make a so0il acid by
artificial means till certain levels of Hydrogen-ion concent-
ration were reached, then in eéeh of these resultant soils
to grow samples of all the pasture species under consideration.
These plants could then be cut as required and the growth

measured by weighing the herbage.

After much consideration it was decided that ,
although plant growth in pots may not always reproduce results
"in the field", in this case so0il in situ would not be
satisfactory, as while the depth to which soil acidification
can be controlled is limited, grass and clover roots extend
to a very considerable depth under our conditions. (Jacques,
1941.) |

Regarding the method of making the soll more acid.
"Sulphur is sometimes used commercially for this purpose, and
is changed by soil bacteria into sulphuric acid. Aluminium
sulphate is sometimes applied, or fertilisers such as Ammonium
sulphate which leaves an acid residue on the soil.™ {(Work, 1945)
As such methods would be slow in taking effect and final
regtion could not be easlily controlled, it was decided to use
sulphuric acid directly instead of using another substance and
waiting for it to be converted into this acid by natural forces.
After this treatment had been carried out, it was discovered
that straight acid applications had also been used by Reid
(1932) and had been found quite effective.
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It was decided that initially no attempt would be made
to add any nutrients to the soil but to make the growth of
the plants a measure of the reaction of the plant to the
Hydrogen~ion concentration and to any other conditions

resulting from the soil treatment,

The plants to be used in the experiment were some
of the main pasture species, and the actual plants were to be
selected from lines of known history, so that they were
representative of the species or strains being tested. To
aid in lessening variation between plants in any species,
single known plants were to be broken into clones and these
used, so that in effect one had the same plants growing under

the conditions resulting from each individual treatment,

be Time and Place of Work.

This work was carried out at the Station of the
Grasslands Division, Plant Research Bureau, Department of
Scientific and Industrial Research, situated in Fitzherbert
West, Palmerston North. The preliminary work began in
Oectober, l9u5’and the last measurements of the plants were

taken in Jnna,xl9h7..
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II. REVIZW OF LITERATURE,

Soil Acidity.
A complete review of the literature dealing

with acid soils and their effects on plant growth would be
a full scale work in itself, However an attempt is made
here to give a good cross section of such literature as a
background for the presént work, and in order to help explain

the results obtained in the experiments undertaken,

As stated in an earlier section, (Section 1,
Par. l.) soll aeidity depends eh the relative concentrations
of Hydrogen~ions and Hydroxyl-ions in the soil solution.
If there are equal proportions of each the soil is neutral;
if Hydroxyl-ions are in excess the soil is alkaline, but if
Hydrogen-ions are in excess the soil is acid. Reid (1932)
states that "the term 'reaction' and 'pH value' are used to
express the condition of the soil with respect to acidity,
neutrality or alkalinity. A soil of pH value of 7.0 is
neutral - that is, it is neither acid nor alkaline. A soil
whose reaction is expressed by numbers lower than 7.0 is
acid and the lower the number the greater the acidity.
Likewise a soil whose reaction is expressed by a& number
higher than 7.0 issdlkaline , and the higher the number the
greater the alkalinity."

In humid regions (25 inches or more annual rainfall)
soils gradually become more acid, the rate at which acidity
develops depending on the amount of the rainfall, the type
of the soil, and the nature of the native material from which
the soil is derived (Noer, 1928.). This gradual acidification
is due to the leaching of the soluble alkaline material from
the soll = accentuated by the dissolving and replacing aectien
of the carbonic acid in the perénlating water which results
in a predominance of acidic material and the residual soil

thus gradually becomes more aeld in character. (Noer, 1928,)
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(Hughes, Hodgson and Harris, 1939.) [Noer also states that

the annual loss of lime through leaching is often in the nature

of 200 to 500 pounds of caleium carbonate. Lyon and Buckman
(1943) express the above gradual acidification of humid soils

by the following diagram;-

4 Ha+
Micelle [ Ca™" + 2,H, 603n licelle ot + Ca (HGTE)Q
Clay high in replacable Clay with increase Soluble calecium
calecium, in hydrogen and bicarbonate
-decrease in readily leached,
calcium~ions.

The removal of the calcium bicarbonate by drainage
causes the equétian to move to the right and the continual
assumption of Hydrogen-ions by the colloidal clay at the
expense of the calcium, tends by equilibrium to increase the
Hydrogen~ion concentration of the soil solution and the pH
of the soil is gradually lowered. Lyon & Buckman (1943)
stress this acidification with the following terms;-~ ™In
other words, a persistent and unremitting inclination towards

acidity and its intensification exists in humid-region soils"

In agricultural practice, many common methods of
preparation of ground for cropping tend towards increasing
soil acidity, and the following are worthy of mention; S0l

cultivation (Lyon and Buckman 1943); Ploughing under crops

'sueh as vetch for green manuring purposes (Reynolds, Cowley

and Smith, 1945); ' Leaving ground fallow (Lyon & Buckman 1943)
(Reynolds and Smith, 1946), and the use of certain fertilisers
such as Sulphate of Ammonia, Ammonium phosphate, dried blood,
acid phosphates (slight effect) as well as thevmajority of'
the Potash salts (Noer, 1928) (Lyon & Buckman, 1943) (Work,
1945.).

From the foregoing it is clearly seen, that in parts
of the world that have a reasonable rainfall and where agri-
culture is carried out, there is a continual tendency towards

an increase in the acidity of the soil solution.
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If it considered necessary the acldity can be reduced by
heavy liming or using fertilisers such as nitrate of soda,
basic slag or calcium nitrate that leave a basic residue in

the soils (Noer, 1928) (Lyon & Buckman, 1943).

Apart from the above normal practices, it is sometimes
desired to increase the acidity markedly in piaying greens
(Noer, 1928), (Madden, 1939); to get the acidity to the level
where a good playing turf is readily produced (Monteith, 1932)
{Metson and Gibbs, 1946), (Levy, 1939); to tavéur some
pa:ticular plants such as Azaleas, Rhododendrons or Blues=
berries (Gaﬁher) 1942); to aid in control of some plant
diseases such as potato scab {(Work, 1945), (Lyon & Buckmén.
1943); or for purely experimental purposes. This acidification
has often been carried out by addition of Sulphate of Ammonia
to the soil (Doak, 1937), (Metson and Gibbs,1946), (Noer, 1928),
(Mann, 1937)« In one case (Metson and Gibbs, 1946) the
acidity, as represented by the pH value, chunged from pH 6.0
to 448 with nine yearly applications at the rate of six
hundredweight per acre, while in another (Mann, 1937), the

pH level dropped from 6.1 to u.u~w1th a lighter amount applied
annually for nearly fifty years. Sulphate of iron is also

used to increase acidity and is particularly useful for lawns
and playing greens when combined with Sulphate of Ammonia
(Metson and Gibbs, 1946), (Lyon & Buckman, 1943),  Aluminium
sulphate may also be used occasionally on a commercial scale
(Work, 1945), but the most important chemical of all is
sulphur, (Noer, 1928), (Work, 1945), (Lyon & Buckmsn, 1943).
Most of the sulphates when added to the soil form sulphuric
acid by hydrolysis (Reid, 1932), (Lyén & Buckman, 1943), and
it is mainly this acid that drastically lowers the pH of the
soil, When flowers of sulphur are applied ™"this usually
undergoes vigorous microbial oxidation in the soil" finally
forming sulphuric acid, "and under favourable conditions is
four or five times more effective in developing acidity than

ferrous sulphate" (Lyon & Buckman).
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It will be observed that with nearly all the above
methods of increasing soil acidity the final active reagent
is sulphuric scid - so in order to speed up the acidification
in the present experiment and to keep the process fairly well
controlled it was decided to use sulphuric acid as a solution
to be added directly to the soil. At a later date it was
discovered that the same material had also been used by Reid
(1932), but she had not given details to show just how this
acidification was carried out. In the same paper Reid reports
trying hydrochloric acid as well as sulphurie, but found that
tﬁa plants in soil acidified with hydrochloric acid were never
as vigorous as those in soil of the same pH that had been
treated with sulphuric acid., This she explained as possibly
baing due to the higher toxicity of chlorides than sulphates
where plants are concerned, or else, to the fact that the less
soluble sulphates may not enter the plants as readily as the
chlorides under similar conditions., Reid also reports that
a certain clay soil ﬁrodnced plants that grew fairly well at
a pH level between 4,0 and 4,6 when this was produced slowly
using flowers of Sulphur, but did not produce actively growing
plants at the same levels of acidity when this was produced

'by the application of sulphuric acid direct. She suggests
'thia difference may be due to the injuring effect of the harsh

acid; or the sudden change in pH resulting from this on the
micro organisms in the soil, while when the pH is changed

slowly the organisms may be more able to become adjusted to

the changing conditions. Lundegardh (1931) also reports having
added different guantities of hydrochloric acid to soil in

order to change the level of acidity and to produce the range of
pH levels between 4.4 and 6.8. Reid (1932) used phosphorie
acid on some soils to produce acidity and found that by this
method good growth was obtained at quite low pH levels, She
explained the superior results by this method as being due to
the extra high level of avalilable phosphate in the soil.
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When comparing soil acidity levels taken at different
times of the yéar, it must be noted that the measured pH of a
soll exposed to climatic conditions fluctuates from time to time,
Minor changes of acidity occur with alteration in moisture content
(Smith & Robertson, 1931), but the main fluctuation is seasonal,
Lutz & Chandler (1946), state that seasonal variations in soil
pH are probably related to climatic conditions and to the nature
of the vegetation, Nehring (1934), recorded that highest pH
values were found during the winter, and the lowest in summer
and that variations between these two extremaa'might be as great
as 0.8 pH., Lyon & Buckman (1943), report that soil pH decreases
as summer advances, especially if land is under cultivation and
they attribute this to the activities of soil micro-organisms,
When land is under vegetation, the acidity may be least in the
autumn, and Joffe (1935) states that in forest lands this is due
to the release of bases from freshly fallen leaves. Smith &
Robertson (1931), fouhd that the soil acidity moved in the same
direction whether the soil was fallowed or planted and the
following are their conclusionsi- *In the early part of the
season when accumulation of salts takes place on account of the
rise in temperature, the acidity of soil increases, irrespective
oflolimatic factors. Where plants are growing thgt accumulation
is not so great and the iﬁcrease in acidity is mot so marked.
Towarde the end of the growing season, climatic factors, and
particularly rainfall, appear to be responsible for irregular
fluctuations, but there is a general tendency for the acidity
to decrease. Finally the pH value, like the concentration of

- salts becomes approximately the same for both planted and fallow

soils, and not far removed from that at the beginning of the
season. It seems therefore, that variations in soll aecidity
are definitely connected with changes in the guantities of
electrelytes present, and that the effect of the plant is due,

at least in part, to asbsorption of salts.



It is poessible , however, that bicarbonates formed as a result

of plant growth also exert some influence,"

There appears to be little record of any direct

ability of plants to cause changes of the pH of their growing

| medium, apart from observations using water cultures. When

water cultures are used, buffering is often slight and the uptake
of nutrients may cause miner)acidity alterations, Lundegardh
(1931), in reporting work by Weiss, states however that a well
buffered alkaline solution would not support the growth of maize
and oats since the plants were unable to change the pH, while in
a weakly buffered solution the pH was shifted by the plants

themselves into the region of optimum growth.

2e Hydrogen-ion Concentration and Plant Growth.

Let us now consider the effect of the soil on
plants growing in the soil, that is, the real importance of soil
acidity in agriculture, In practice it is very difficult when
dealing with the soil to determine just how much of the effect
observed on the plant is due directly to the Hydrogen-ion
concentration, because so many factors are interrelated. The
acidity of the soil solution may directly affect the plant growth;
it may result in secondary nutritional effgcts or it may influence
the health activities of the micro-~ and macro-organisms of the
soil. Therefore any resultant plant growth observed may be due
to any one of these or any combination of them. In an attempt
to distinguish between causes of observed effects of acidity
on plants, much work has been carried out using nutrient solutions
where micro-~organisms play no part in plant nutrition, and where
it is possible to alter either the nutrient supply or the hydrogen~
ion concentration independently. Using this method, Arnon and
Johnson (1942) in a comprehensive experiment found complete failure
of plant growth at both extremes of acidity and alkalinity - pH 3
and 9, while between pH 4 and 8 fluctuations in hydrogen-ion
concentrations were well tolerated by the plants, provided an

adequate supply of nutrients was maintained.



They found that there appeared to be optimum growth of tomato,
lettuce and Bermuda grass at a pH of about 6, though Bermuda
grass was still very good at pH 4. Guest and Chapman (1945),
report that Hydrogen- and Hydroxyl-ion concentrations corresponding
to pH levels from 4 to 9 exerted no appreciable direct ill effects
on the growth of sweet oranges. Duggar (1920), found also with
wheat, corn and Canadian field peas, that under favourable
conditions they gave excellent growth even when the pH of
solutions varied from 4.5 to 7.l. Working with different vege-
tables, Hewitt (1945) reports that in solutions with complete
nutrients, growth was vigorous and normal despite a pH of 3.6.
Tarr and Noble (1922) also reported that pH 3 was prohibitive to
the growth of seedlings of wheat, corn and soya beans pH 5, but
at a pH of 6 chlorosis began to appear in all these plants.
Powers (1927), found that the maximum development of Hungarian
vetech was at pH 5.3, spearmint at pH 6.0 and lucerne and alsike
between pH 5.5 - 6.0, Pizer (1945), dealing with natural soils
reported that ryegrass, tomatoes and potatoes were all able to
grow in strongly acid conditions (pH 4.5 = 5.2) but preferred a
moderately to slightly acid medium (pH 5.3 = 5.7 = 6.4) He also
stated that at pH 4.2 gorse, bracken, bramble and sedges thrived
while at pH 3.9 heather, gorse and silver birch were often found.
Noer (1928), also working with soil, found that clovers grew best
at pH range from 6 to 8 while at about pH 5 they were usually
unable to exist and he doubted whether they could thrive even at
a pH of 5.5 to 6,0. Hoagland (1923), reported that barley,
cucumber and peas all grew best when the nutrient solutions were
slightly acid. Lundegardh (1945), in measurements of growth of
wheat roota.found that the pH series gave one peaked curves with
optimum levels at pH 6 in a solution with metalic ions (Na or K.),
and pH 5 in solutions without such metalic ions.

On the other hand, Salter & McIlvane (1917), record
that with the growth of wheat seedlings in nutrient solutions at
varying acidities there was observed a double maximum curve of

growth, with a minimum between the two peaks at pH 6.
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Arrheniue (1922), found similarily that as well as poor growth

at high degrees of acidity and alkalinity there was often noticed
a toxic region between these two extremes. Robbins (1923) came
to a similar conclusion but stated that this double curve of
growth might not always be observed, even if present, as so many
conditions may conceal the minimum between the two maxima. He
recorded that temperature, water supply and salt content might
limit growth, and the maximum and minimum points might not be
distinguished. He also stated that this point of minimum growth
might correspond to the isoelectric point for the plant tissue

concerned,

Certain workers, McCall and Haag (1920), and Meier and
Hadstead (1921), obtained no correlation between yield of wheat
and the pH, or change of pH. Mann (1937), working with barley
in soil made aeid with Sulphate of Ammonia to pH 4«4, stated
that the "most striking result of an injurious degree of acidity
in the soil lies in the effect on formation of the ears and on
the grain contained in them. At a pH of 4.4 grains were rarely
more than two per head, but the number of shoots per plant and
even the number of heads were not so directly influenced by the
acidity".

Lundegardh and Burstrom (1945), found that glucose
consumption by wheat roots decreased rapidly as the pH was
lowered, and stated that this rapid decrease was believed due
to tné fact that growth intensity was regulated by the pH value
of the surface layer of the root which in turn was directly
influenced by the pH of the medium., Work by Chodat (1915),
Mervius (1924, 1927), and Olsen (1923), also points towards the
fact that the immediate concentration of Hydrogen-ions in the
soil, apart from secondary factors, has a decisive influence
upon the floristic composition of the vegetation of given areas
(Koslowaka, 1934).



Olgen (1921), using culture solutions, found that Dechampsia
flexuosa had maximum growth at pH 4, while growth at pH 3 was
nearly the same as that at pH 5 and at pH 2.5 it was better than
at pH 7. In the field he found this species only in soils with
pH level below 4.9, while a different species, Deschampsia
caespitosa, was found at pH levels only above 5. Olsen also
found that with Hordeum distichum in culture solutions the optimum
pH was between 5.5 and 6.5 but growth decreased rapidly on both
acid and alkaline sides of this optimum. Thus it appears true,
as Lundegardh (1931) states in reveiwing the work of Arrhenius
(1925) and Stark (1928), that the optimum pH is specific for
different species of plants, and he goes further and says it

is also specific for different strains of the same species.

It is difficult however to understand completely
the effect of loeal donditiona on the apparent optimum range of
pH for certain plants. Thus Britton (1942), reporting work by
Kreyberg, shows how red clover growing in a"humid'climate has an
optimum pH of 8.3 to 8.7 while the same spscieé growing in a
"moist" elimate and light sandy soil has an optimum range of
pH 6.0 to 6.8. Reid (1932), reports s similar case in which
Metropolitan bent was grown on two different soils and the
growth on the clay soil was most rapid at pH 8.3 while on a
~compost mixture, grawth was most rapid at pH 4.5 and dropped

sharply away on both sides of this level.

3« Hydrogen-ion Concentration and Nutrient Availability.

Many workers attribute the effect of acid soils on
plants to nutrient deficiencies or chemical toxicities, and
Hewitt (1945) says the following require consideration, apart
from direct acidity effects and biotic factors:-

(a) GOreatly increased availability of such elements as
mengsnese, iron, zine, copper and aluminium to

point of toxicity.



(b) FPixation of phosphate which may become deficient,

(e) Molybdenum deficiency. This element appears less
available under ascid conditions and lime seems important
in its uptake.

(d) Low calcium status resulting in caleium deficiency.

"{(e) Low base status resulting in complex calecium, magnesium,

potasaium and sodium deficiencies.

Hewitt (19&5),‘grew cauliflowers and runner beans in different
nutrient solutions, and found that the typical symptoms produced
by theée erops in acid soils were reproduced in sand cultures

by aupplying'mapganeae in 12 to 25 parts per million with a low
caleium level. He found too that increased calcium supply
reduced the severity of the manganese toxicity. In econnection
with manganese, it is of interest that Marshall (1944) decided
that the uptake of this element dependedlargely on the pH of

the soil and on the exchangeable manganese present. He did
find however that in each of the two soils studied, the manganese
was in a different form, for in one it was liberated by acid
conditions but in the.otﬁer it was not. It is worthy of note
too that Walsh (1945) found that at higher pH levels, grasses
often showed chlorotic symtoms that were corrected by spraying
with manganeée sulphate, and he also recorded that certain

strains of some grasses reacted differently from other strains.

With regard to aluminium, it is a recognised fact
that this element may become so active when the pH of a mineral
soil is low, that it is extremely toxic to certain plants, (Lyon
& Buckman, 1943)., Hartwell and Pember (1918), report that the
effects of acid soil on both barley and rye appear to be due to
aluminium toxicity, while McLean and Gilbert (1928), working
with nutrient solutions, found that aluminium was stimulating
to plants at low concentration but texiec at high ones. The
aluminiom still remained toxic even ‘though the acidity was less
than that represented by pH 6.
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It is a well known fact that phosphates are readily fixed by
aluminium in an acid soil, but the reverse situation is not
usually realised. However, McLean and Gilbert (1928), reported
that souble phosphates in concentrations equivalent to that of

the aluminium, completely counteracted the aluminium toxicity

and that plants then grew normally. Lundegardh (1931), though
not mentioning aluminium specifically, agrees that acid phosphates
help to neutralize the harmful effects of an excess of Hydrogen-

ions in the soil.

With regard to the availability of phosphates in acid soils,
Pizer (1945), states thaf at low pH, both potash and phosphate
are usually low or very low, and even under good heath where
the organic matter is high & soil at pH 4.2 had medium to high
potash content but very low phosphate. Lyon & Buckman (1943),
state that at pH levels above 7.0 phosphate may be fixed in
complex calcium phosphates unavailable to ‘most plants, while
if the level is much below pH 5.0, the unavailable iron and
aluminium phosphates may be formed. They suggest further that
for regulation of the phosphorous nutrition of plants on average
goils the pH of the soil should be kept between 5.6 and 6.5«
Reid (1932), working with bent grasses, found that on the clay
soil used, the supply of available phosphorus was the chief factor
~causing variation in growth at different reactions and a graph
showing the available phosphate at varying acidities was similar
to that showing the growth at these pH levels. As mentioned
previously, Reid reported that she used phosphoric'acid to bring
soil pH down to 4.2 and the resultant growth was very good compared
with that on the soil acidified to the same level with sulphurie

or hydrochloric acids.

The following chart, reproduced from Work (1945) was
first published by Pettinger (1935) and gives a good visual
representation of the effect of acidity on the availability of

some major nutrients.
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F1a. 4. Soil reaction chart. Figures at top are pH values. Areas at
ends, narrowing to center, represent corresponding acidity and alkalinity
values. Other shaded areas roughly represent availability of elements
corresponding to soil reaction. This chart represents general relations only.
Factors such as moisture, minerals, organic matter, or other soil characters
may change the picture materially.

Apart from these main nutrients whose availability is affected

by change in Hydrogen-ion concentration, certain of the "minor"
elements are also important. Thus Davies (1945), has reported
that in very acid soils in New Zealand a molybdenum deficiency

has been observed in cauliflowers. Boron too has its availability
influenced by pH and many workers have recorded observations on
lime induced boron deficiency. (8charrer and Schrapp, 1934),
(Pervis, 1939), (Midgley and Dunklee, 1939), (Bobke, 135, 1936),
Abatorova, 1936). Some of these people go so far as to suggest
that all bad effects on plants due to overliming are really results
of an induced boron deficiency. In New Zealand there is one good
example that appears to illustrate the fact that the amount of
boron present for effective plant growth requires to be higher

as the pH of the soil increases. Thus in Central Otago where

the pH of the soil was 7.2 unhealthy fruit resulted when the boron
content was l.4 p.pe.m., while nearby an area of pH 6.3 gave
perfectly healthy fruit despite a boron content of 1.2 pe.p.m.
(Askew, Thomson and Kidson, 1936)« It appears also that copper,
zinc and mangsnese react in a somewhat similar way and become

unavailable to plants if the soil reaction rises above neutrality.
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In addition to the altered availability of certsain
nutrients with different levels of acidity, it appears that the
ability of plants to absorb nutrients, even if available, depends
to a certain extent on the Hydrogen-ion concentration of the
mediume. Working on this effect, Arnon, Pratyke and Johnson
(1942) decided that in culture solutions, pH 3 caused direct
injury to plant roots while a pH of from 4 to 9 had no profound
effects on the absorption of magnesium, potassium or nitrate.
Where calcium was concerned however they found that using both
tomato and lettuce plants, there was much lower absorption from
strongly acid solutions (pH 4 and 5) than at higher pH values.

It appears, on the other hand, as if acid conditions may facilitate
phosphate absorption by plants as recorded by Sekera (1928).
Tidmore (1930) working with maize and wheat in culture solutions,
also observed that greater absorption of phosphate took place

from acid solutions than from alkaline ones, but stated that
variation in the pH from 4 to 6 had little effect on the rate of
the absorption. Britton (1942), also records that the phosphorus
intake of plants is fairly sensitive to changes in pH of the
nutrient medium, and that the rate of absorption of certain
sections by the root hairs increases with decreasing pH values

of the nutrient.

In some way that is unexplained at present, calcium
often appears to remove the ill effects of Hydrogen-ions in plants
and fungi, and Lundegardh (1931) atates that the additien of
calcium usually moves the optimum pH towards the acid side. He
illustrates this with an example in which the optimum pH for
wheat in a certain soil was 6.8 but after the application of 0.5
grams of calium chloride solution to 50 grams of soil, the
optimum pH was reduced to 6.1. Arnon and Johnson (1942) working
with nutrient solutions obtained similar results, and recorded
that with tomato, lettuce and Bermuda grass the best growth at pH
L4, was with a high level of calcium, and this was as good as the

growth at pH 5 with a low calecium supply.
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No such response was observed at pH 6. Albrecht (1937, 1939),
working with legumes in acid soils, concluded that the lack of
nodulation and nitrogen fixation by legumes on acid soils was
due both to the high concentration of Hydrogen-ions and to the
low level of calcium, and that the addition of calcium as a neutral
salt was two and a half times as efficient in promoting the growth
of plants as a decreéaa in the Hydrogen-ion concentration, As
far as the nodules themselves were concerned, Albrecht reported
that at no level of calcium could nodules be obtained below
PH 5.5, but at higher values calcium was ﬁnre effective than a
decrease in acidity in stimulating their formation. Albrecht
(1941), records that forms of calcium compounds other than the
carbonate, that did not neutralize soil acidity, would produce
normal plant growth in acid soils, and in another paper (1943)
concludes that "the so called plant injury by soil acidity is
largely a matter of deficiency of the plant nutrient calcium."
This is however at variance with results of Gedroiz (1931) and
Muyake (1924) who found that gypsum did not improve plant growth
on acid solls though lime did. However Fried and Peech (1946),
after getting similar results even though the gypsum increased
the available caleium in the soil solution to a greater extent
than the lime did, decided that the poor growth in scid soils
might be due to calcium deficiency within the plant, even though
there was adequate calcium in the soil. They recorded that the
plants used were unable to absorb the calcium from acid so0il even
though it was present in adequate amounts 28 a soluble salt.
They decided further that manganese appeared to prevent the uptake

of available calcium by the plant under acid conditions.

4s Soil Reaction and Biological Effects.

Certain workers have found that detrimental
effects of acid soils on plant growth may be due indirectly to

effects on micro-organisms or soll fungi.
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Thus Rayner and Neilson Jones (1944) found that the growth of
conifers on certain acid soils was stopped owing to inhibition

of mycorrhizal fungi associations.s Lindquist (1931) working

with "calcifuge" plants, decided that the occurrence of these

80 called "acid plants" depended on the possibility of the
possession by their roots of a mycorrhiza exclusively connected
with acid humus. This mycorrhizal nutrition may play a consider-
able part in the ability of certaln grasses to survive and even
thrive under very acid conditions, but little work appears to

have been done on the subject, and it ﬁay be quite a fertile

field for research.

As far as the symbiotic Rhizobia of legumes are concerned,
it is the general opinion as stated earlier (Albrecht 1937, 1939),
that despite ample availlable nutrients, the minimum pH for nodule
formation is 5.5, but Bryan (1922) found that although nodule
formation on soya bean was best at pH 6.5 the limits to their

formation were pH 3,6 and pH 8.

Cetain other micro-organisms in the soil are very
sensitive to changes in soil acidity, and the example of the
Azotobacter which fix certain free nitrogen from the soil atmosphere
can be quoted. Gainey and Fowler (1945), stated that the
Hydrogen-ion concentration of the medium exercised a profound
influence of the growth of this organism. They found the
maximum acidity compatible with growth varied somewhat with
different strains, but in general fell within the range pH 5.5 to
6.0, and the growth was markedly retarded within a few tenths pH
unit of the critical Hydrogen-ion concentration. Christensen
(1914), similarly found that Azotobacter disappeared altogether
béiow PH 5.8, while their development decreased rapidly below 6.5.

Of importance in turf work is the fact that the
organisms bringing about the decomposition of cellulose become
almost inactive at pH 6.0, and the result of this inactivity at
pH levels below this is the formation of the "mat" of gra£é=
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residues that seems so desirable in the formation of a hard
wearing turf Br playing greens. Nitrifying bacteri# however,
geem ablie to flourish in acid soils (Blair and Prince 1922), but
Britton (1942) states that at pH 4«5 nitrification has practically
ceased, although ammonifying orgeanisms are still falrly active
even at pH as low as 3.5. Parbery (1946) found that at pH L4.85
nitrification was still effective, and the addition of nitrogenous
fertilisers to his pots of plants eventually proved to have a
recessive influence on plant growth. De Silva (1934) in a
comprehensive work on the distribution of certain plant spe&ies

as correlated with chemical properties in the soil, observed

that while nitrifying bacteria normally seemed to flourish in
g8oils with calecium carbonate and appreciable exchangeable calcium
combined with low soll acidity, they were sometimes found to
function, though with reduced vigour, in soils which were quite
acid (pH 4e4), end which contained no calcium carbonate and little
exchangeable caleium. Bear (1917 decided that "the division

of plants into acid and alkaline species depended on the ability
of some plants to absorb from the soll ammonical salts derived
from humus which will not yield to the progess of nitrification
while dther species need the nitrates in which alkaline soils
abound". It is usually considered that legumes reguire a soil
near neutrality for their growth (Britton, 1942), but Ellet and
Carrier (1915) recorded that Trifolium repens tolerated a high
degree of soil acidity. Working with the same plant, Bates (1934)
grew plants successfully from seed in soil at pH 3.0 although
development was fairly poor. He dlso produced some interesting
effects with the roots of white clover by placing a layer of soil
at pH 3 between layers at pH 6.0 or 7.0 in which case there was

no development of secondary roots in the acid soil at whatever

depth the acid layer was put.

Prom all this literature, it would appear as if most
plants can stand a fairly wide range of actual Hydrogen-ion

concentration in their growing medium as long as nutrient and
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other conditions are kept favourable , and that sny detrimental
effects noticed on plant growth at any particular level of acidity
may be due to any one of a large number of factors or to a complex
combination of two or more, depending on the particular crop,

801l and climate, The most important factors causing bad effects
on plant growth in acid soils appear however, to be direct factors
such as toxicity of msterials such as iron, sluminium or manganese
or nutrient deficiencies due either to the unavaillability of
certain elements at particular levels of acidity or to the
inability of the plant to absorb and use the available food
supplies.

5. Hydrogen-ion Concentration and Seed Germination.

Apart from>the wide interest in plant growth in
acld soils, some workers have experimented with germination ability
at different pH levelas. In this connection Arrhenius (1922},
working with wheat, found that the best percentage germination
was obtained at pH 5.0, then above and below this level germination
fell off, but rose again on the alkaline side and was fairly
good at pH 7. However the fastest germination obtained was ag
PH 7. He weighed the growth of roots and tops of §1ants after
growth was well established and obtained greatest growth of both
at pH 5. The same worker in a similar experiment with radish seed,
found the germination at pH 10.0 was superior to any other, though
the rate of germination was best at pH 8.0, However both the
final germination and rate of germination was good between pH 7
and 10, The greatest welght of roots recorded was from pH 7.0
and the heaviest tops grew at pH 9.0, Lundegardh (1931) in a
similar experiment with wheat, represents his results with a
graph showing germination levels between pH 3.5 and 6.9. The
curve rises from 3.5 to 4.9 where the germination was 60 per cent,
falls at pH 5.6 then begins to risé again and reaches a maximum
of 75 per cent at his final level tested, pH 6.9.
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Bates (1930), in a general statement gives the only reference
found to germination of pasture species in acid soils, by stating
that it was a "generally accepted fact, that in the case of
several grasses, a thin layer of neutral or alkéline soil was

sufficient to stimulate germination and establishment on an

acid soil."



MATERTALS USED,

1. The Soil.

The soil for this study was a friable silt loam
containing a good proportion of organic matter. It was a virgin
s0oil from near the bank of the Tiritea stream where the latter
flows through the Grasslands Station area, This part of the
Station when acquired by the Grasslands Division at the end of
1940, was a virtual wilderness of serub, blackberry and native
trees, This was gradually cleared and the area periodically
grazed by stock as pasture plants became established.  To obtain
the soil for use in the present experiment the turf was skimmed
off part of the area and the earth down to spade depth dug out,
put through a screen to remove large stones, roots ete., then

loaded on a truck and takgn into a shed.

59 Flower Pots,

The flower poits used in this experiment were
eight inch ones, because it was considered no smaller size wculd-
be large enough to provide nutrients for the plants over a peried
of twelve months without the plants becoming pot boundes There
was no choice possible when selecting the type to be used because
only one kind was available, unglazed porous clay pots, and these
were obtained from P, Coopers, Dixon Street,; wellingtons These

were of course well washed before using.

3. Chemicals.

The main chemical used was the acid required to
alter the Hydrogen-ion concentration of the soil. This was
"Analar" Sulphuric aoia with the following maximuam limits of
impurities:-

Non velatile matter 040025 per cent.
Chloride D DOF N “
Kitrate 0400001 ¥
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delenium 0,001 wper cent
deavy neials 0,0002 "
Iron 0,0001  # ¥
Ammonia 0.0005 ¥
Uxygen abssribed U.udcl1 4

Araenic Uy U0 i

I e Plants.

Flants uased in this experigent wers of known oricing
and nearly all had been growing on the Grusslands Division
Station for a consgiderable time, so That the type wnd coaracter
of ecach was accurately kKnown. The only excention to ihils was
in the case of Broad red clover whers the original plunts died
out, and were then replaced by seedlings from o uniform Lline

developed by ithe Plant Hireeder of ihe Grosaslunds Diviasion.

e viater Supnly.

The water supply ot the Grasslands Division
comes from the Tieltesn stream after reticalation through the
TPown supply’ system and as this was Tound by simple chemical
teasts to contain a certaln proporition of carbonates and bapes,
1t was though inadvisable to use this on the planis. Finally

a galvanised tansg was installed under a dowm pipe frow a vainted

iron roof and rain wvater was collected for use in watcring the

plants. However, durin: a8 oumboer of awolonged dry spells there
was insufTiclient rain water to meet reouiveswnts and it wou then
necasaary to uase the foun supply. in all_uaterinﬁ, in order to
try and avold undue leaching in the pots, these later weee aiood
in itraye, the water was pualt inte these trays snd drawvn up to the

s0il and plants as requilred.

Ga  Other smguipment. (a)  Trays:

The trays used in watesing ithe pols had
another and an iwmportani use. They were mnde of 24 gaupe
galvanised iron and were 18 inches by 30 inches, with walls ! inches

hiphe



ihen the pots were wstonod in these, the plant rousis were unable

to weach the soll, go that all the nutlrients required by the
plants, nad to come from the treated soil in the poits. It the
pots had been stood direcily on the ground, the roota of the

more strongly growing plants would very soon nave grovn throust
the drailnage hole in the base of the pots and penctrated the soil
belowe. If this had occurred, the growth of the plants would not
have been a true indiecation of the reaction of the plants to the

treated asolls.

{b) gutting Louipment.

Later uander

(c) yelghing Jiguipment. :
deation Vi

| N NN
in
9]
[t

(d) Deyins Ovens.
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IYe PLAY OF SXPAR Tl

1. Plant Species and 3traine Used.

Ag mentloned earlier, the Qasture anacles
uped are some of The wmost ilmportant ones in Hew Zealand agriculture
and all are in wide-spread use right through thiz country. dost
of the straing of these apecies used were "tfucleus® in opigin -
that is, they would be the Tfoundation ol lines of seed to be
producsd For altimately coning on to the wmarket at the head of
the certificalion syoten. Where pogsible u contrasting strain
that in practice ig normally inferisy in type and low in producitions
nas been used also, and thls has been donce in the case of Perennial
ryegrass and Ghite clover. in the Red clover species, two varieties
have been used - 'Broad red clover® oy "Jowgrasg® and “iontgomery
Late Flowering" - but the plants of both these used ware of Wucleus
gstrain. In the case of the Gocksfoot speciean, two contrasting
strains have boen used. ‘Phe Danish stirain, while being inferior
in type as Tar as New Gealand agricullural practice is concernad,

is so mainly because of its c¢oarmse open growth and iis liability

t. I

to "winter-burma®  in cold weather, and is not necessarily o auch

lowey producer at othey times of the your.

The following table gilves details of the spescles and strains
ased in this experiment, and the identification nuubers and leitiers
of the individual plants chosens—

Axperimental Station

Species. train. Designation. Number.
Perennial ryegrass Hucleus aan A/ 57
(Lolium perenne).

Perennial ryegrass Type LII ngt Ba 6621
)yLolium perenne)

Italian ryegrass Mucleus oAl BL7H2/4
{(Lolium multiflorun)

short Rotation ryegrass Hueleus T 1366/l
{(Lolium perenne, L. mualti-

florum)

GCocksfaot fucleus SR Eeh/161

(Dactylis glomerata)

Cocuzsfoot . Danish ' gpat Se 66
{Dactylis glomerata)
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Axperincutal 3tation
Species. Strain. healrnation, Humber.
Red Clover Hucleus Broad o R270/4

(trifolium praltense;

Latey roplaced by seedlings of lins

E
{9y
b
N

Red Clover Fucleus Hontpomery T
{Teifolium pratense)

e
&

0
(e
’_}

White Clover ffucleus Type I g Ch72p3/18
(Prifolina repens)

white Clover Macleus Type IT K a7k
{Prifolium repens)

Por the sake of convenience in recording woilshts and for comparisons
etc., the letter given as the "axperiweunltal Designatlisn' haoa been
used to identify each oluaal species or strain throughout this

experiment,

2 Troatments.

The soil treatment were desipned to produce five
levels of so0il acidiiy, ranging from avproxinelely neutral doun
to about the maximuwn acidity found in mineral soll in Hew .ealand.
The following were the five treatwents and the letters used in

this experiment io repraegeni eache.

Tregtmenta wxperigiental Desisnation.
Heutral LFERY
3lig. tly Acid i
fioderalely Ascid e
Very Acid et
Axtremely icid L

The appropriate ldentifying letter was printed on cach pot of soil

so that there could he no mixing of the treatments.

3. Replications,

in this experiment the sane nuumber of replications
was used as thore are trogliments,; l.e. {five. Thus as there were
ten plant species or strains and five treclmentas, five replications

of cach gave a total of two hundred and Lifty pots.
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In tho casce of nuecleus rerennial ryegrass,; deries YaA"  one extrs
replication was ayrranged for each troctumenit, so thoet 1P any soll
was required for later tesis or further experiments it would be
ponible to obitain thig without uwupsetting the standard arvangement

of five replications.
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when the soil Ffor the experiment was trxen from the field
into the shed (see section III Par. l.,, it was shovelled on to a
concrete floor where onc purt of clean river sand was nilxed with
faour parts of the wsoil, in order that the resultant wmixturs oight
be suitable fowy handling during later treatments. After thorough
mixing the soil was placed in a sterilizing bin and sterilized
with stear. The roultine method of sterilising at this station
congists of coverin: the soil in the bin with sacks, then with a
wonden 1id. The steam is then turned on slowly, and after this

begins to come through the soil, treatment is continued for twenty

minutes. In a cneci vl the femperaturce roached by the soll, the
s0il rose to 209 - 210° F oin 20 minutes. It was kept at this temo~

erature for a further teenty wminutes heforc wenoving from the bin,
Bsuch a treatment enszures the kKilling ol all weed seceds 1n the soil.
When sterilization weo couvleted, the aoil wis Llaced in boxes
2 ft. by 1 Ot. by 3 ins., and these we . ¢ sitacked for six weeks

bhefore further irestmont.

flany prelicinoary tests vere roquired to evalve a
method of ctanging the Hydrogen—ion concentrution of the ~9il us
that the vequived range »f scidities ecould Lo oblatned. Une
5 ins. pot holds over eight pounds of anil, and s ot least HU
pots of each treatment were roquired, this invelved alteriny the
level of acidity of LUO 1lbs of so0il in such a wanner as to have
gvery port of it at the same pil. As Qulphurie acid was to be

sed for the soll tyentment, it was wondered vhether the required

change could be effocied by mixing a heap of soil with acid, but

[l

this way wmight have had detrimental effects ou The soil structurs

desnplte the addition of the sand 1o the suil, Then there was

noe convenient wvessgel available that cenuld Lol

the reguired amount
of s0il while it was asturated with aoid. mven 1T there had been,

the centre of the asoil taes wlght not rave been reocted ov ag mueh

G

as the outside portions.
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The pots of soil that vers to remaln neutval verve {frealed with
waterr iu the same mannce as the others with acld, so thait any
changes that might have taken place through the soll belng saturated

for 24 hours mignt be comuon to all.

About a week after treatments were carried out, the solls,
a2till in the vpots, were thoroughly leasched with watcr, 411 the
pots werce filled with water and allowed io drain for a day, then
refilled -~ gnd this leaching was reveatedly carrvied out till it
was considered any chemicals released by the acld would be removed
from the asoil. AT thig staze the pots were left stonding fov
npver a wonulh o ensure gtablilization within the soil, and then 1t
was considered egqullibriuvi would have buen reached and fthe soil

wag ready Tor use, on Jdune iuth, 1940, the next stape of tne

&

work was carried out, ALY the =0il froun any one treatment was
poured out onto a concrete floor, and ithe whoie mass tTurned
three times to enanre even mixing, just in case any odd pot of
g0ll had been affected differently in trestuent. At this time
oneg pot was filled with soil taken from all parts of the heayp,
and was ket for testing and any future itrials that might be
carried out. uhen the pots were cmptltied, thney were thoroughly

washed to be ready for refilling snd planting.

2e Plant Preparation.

As mentioned earlier, (section I, Par. 3}, single
plants of &nown history were to be umsed as far as possible and
these broken up 1o provide even clones, s that the genetical
mage-up of any plant in one series, would be the same. To obtain
aven clomes for pnlanting ints the pots, the naln plants were Llaken
sut of the ground on the 7th darceh, L1246 and cach Aivided op to
give H6 well rooted tillers. The leaves and vooils of these wvere
tyrimned, then they were planted into boxes 27 x L' x 3',each box

haviag 25 clones.
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The boxes ware well watersed to getile the soil around ithe roots,
and vwere kKept in suitable condition for vlant development uantil
the clones were well eontablished and veady for planting into the

treated gsoil, about the widdle of June.

Out of the 56 lillers planted, al the wmost only 30 were
reguired, so that it was vossible to discard any thal were ovoorly
developed and so oblauin a set for final use thal was as even in

sige az pos

e

ible. 1u Ehe cape of the HSvonad rsd clover, virus

o

diseage desitroy:d ul: the nlants in sng Lox and as a resull very
little choice ox even clones could be sade,. slthoush the ones
actually planted in the pots appeared boalthy, they too died
yithin a few wmonths and vore replaced in seotewuber by scedling
plants from a uaniform line, developed by ithe Flant Bresder ut
the Grasslands Station,. These nlants werd Tour sontiis 31ld and
it was possible tu chose plants all of sinilar type and aize,
Thus the plants finally messursd in cach treatment of any one
vasture apecies were actually clones of o aingle plant ol known
origlin, with the excevtion of those of Broad red clover, which

were seedlings from a uniform line of sced selected for their

gsimilarity of growth,.

Ae Minal Planting.

Py the middle of June, L6, all the soil
freatmenis had been completed and the viants wers ready for
replanting, and on the 15th June the final planting was carrvied
out.

The soll for eacn trealuwint was .ixced as previously described
(section V, Far. l.j, and after the pots were washed and drained,
the aectual planting was vegun, fleces of broken vots or arocks
ware carefully placed in the hottom of each wot to cover lhe
drainsge hole and allow eifficient drainaﬁﬁ. The pot wag then
nearly hallf £illed with the prepared soil .nd packed as evenly as
posaible. The two boxes containing th. cloaneas of any upecies to
be plantud were placed nearby, ond the most even plants selecied,.
Thewe were placed carefully in the centre ol the pot wita the voots

spread, then soll was packed around the plant till the pot was
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fillad to within about an inch of the tope. The filled pots wers

gently tapped on the pvotting bench o tyy and ensure even setiling

pf the soil. The pot was then labelled with the appropriate
letter to indicaie the soil treatinent and the prepared peg inseried

to show the Indvidual number of that vlant.

After the ©illed pots were placsd in their trays in the

i

set arrangement they weire carefully watered Irom above with &
watering can to tyy and encourage intinate contact of soll and
roots, and to gilve the plants ready water tov belp them overcome
the transplanting. o plants showed siyrns of any retarding effect
owing to the itransplanting, but as mentioned hefore, (jection V,
Par. 2.), the plants of Hroad red clover dicd of virus and wore
ewlaced by seedlinps o0 20th Scoplemboer, 1346, All the plants
vere walered whenever the lack of sufficient rainfall nmade thia
necensary, but if the weathery was econtinually wet and cold; plups
were removed Trom holes in the trays «nd. the water removed. In

thia way aa attempt was made to Keep the water content of ihe soil

suitable for maximuwm plant growth.

Lo

¥or ease in rogording snd identifying individoal dantss
in ench treatment 1l the replications with auy osne plant atrain
oy apocies were slven nuaberay and a poy wvos lngerted in esch pot
with the idenitifying letter and nuiber orinted thereon. Thus
the five individual rewlicatlions of Jhnort Hotalion ryegrass in any
treatment weve labelicd D,1, D.2, D.3, Doy, and DO, These pegs
azaced in conjuction wita tho tre tueny iloticy on ihe actual pots,
enable one to pick out mny elant in the sories and identifly it,
gay as C.h,V. thal is, vlanl nomber four of the Italian ryegrass

geries in the "Wery acld” treatment,

e Arrsngenent.

A8 mentioned earliser, all wots were 1o bhe silood
1o metal trays and the sapoply of theoge liaited the arrangecent of
pots that was possible. A8 soll varlation did not require to be

overcomne by plet arranse ment as in & field experiment, it scened

to be more convenlent to have a regular arrangemaent than a randowm

onea



_35.,

It was considered most iaportant toe keep different trectments in
gseparate traeys in case there was any difference in the vwater iun

v

the travs as a result of the treatuents. Yhis was because it

was pegsible, for exoample, thet the watey romd ths potn of
toxtrenely acid” wsoil iicoht beecoms o bLL acid and cause o Slant

in & tray eontalaing euatral onll? to zvow better than o sinilar

plant in a tray contaiins lediun acld” s il It vas conaidsred

wize, too, to Keep prasc olocts in tray:

o

aaparate fron those

wd

]

comtaining clovers iun case cxtra'nitrogan that might be exereted
from the lepumss should slter the grass mvowth. Ovilng To the
limited number of frays avaeilable it was nnt pessible to keep
each plant species in a single tray for each treataeent, but
treatuents were kept sevarate and leguies were kepl divided frown
grasgses.

Lv. T,D,Dilek, OfTicer in Charge, Diometric Section,
anpartment 3. & I.%,., agreed that althoush complete rondonization
of the pots would have been wmore ideal Trom the statisticians
point of view yet the arrvangement usged wac the best possible

under itine clrcumsisnces,

The arrangeiisis 3L the Dleower 2ots in the wetal trays

was o as shown on tne foliowing paoes -
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The following

trays and the

B -

photographs show the flower pots in pesition in

L

gituation in which the trays were placedi~
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1. Tines of Cutitlinv.

seceuse of the difTevence in growth of the
Aifferasnt species cud stveins of plante used, no sl time was lsid
put when any nae speciecs had sufficisnt

downt for cutting the uwlanits,

grovth to allovw for cutiing, thls was carrisd o2uat. However 1T any
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one trestument of ¢ porliculay soo
all the other treaniments of that specises vere cut at the same Tine,
irrespective of the amnunt of growth on the osther vlants. 6 Lap
ossible any species wap left Lill all the trestwments had reason-
able zrowth for cutting but this was not olvays possible, asunecially
in cases where the growth from one treatment was 30 inferior tu that
of the other ireatments that the better growing rlants would have
been in an advanced siage and cutiing wight have caused tihenm harnm.

At tinmes, even when rsirovith was resdy for cutiing, thls was Gelayed

by weather condiitions, as no plants were cut when soaked with rain.

2a Method of Cuiting.

The cuttineg of all plants was done with
special vairs of sheayring blades that vweve Titited with meial sides
welded on the baciks 38 cach blade, so that uny hevbaze cut was

retained on the actuul blades and none wae lest before welighing.

/.
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In mount cases the zlnat o be cut could be held in the left hand

tawbage then retiained

while beling cut with e vaeht and alL ihe
in the npand till placaed o7 the scalewn {for zeighing, but if =ny
growlhh was too short to aillow this To bhe done, the out material was

retoined on the shoors 1211 rowoved o1 weilniiing.

3. Jeloniny the lerbaszc,.

Aldl hsrbape aitey cutiing vas welzhed to obtain
a "Crveen welpht', dried, then woelphed sgain to zive a fhry wel: ut”
Thege weighings were usually carvied out 2a 4 pet o2y '"avery™ acales
that were aenasative to sooroxirately U.2 Jenas. However 1F the
materisl wao andey sp.roxiaastely 20 srams the welghling was carrvied
oult en o chenical halsnes used for walshlng srass samblas, and that
was accurate to at loast 0.Q0L1  praas. In vecording these weights

the figures were expreszed fto the neorest U1 gram.

On certain oceasiongs 1P the weather was especially calm
the scaleg were talen agutaside to the o.ts, ond the cut nevbage
weighed iamediately, butl ore usually teays Tro. the drying oven
were tagen oul znd the oul woaterial pul dnte o cowpartusal conlain-
ing a card with the 1destifyinzs wambeyr of oo odee i on Lt hen

1 of one set werce cut tic lewys wers toier inslde and weizhed and

. Dryving Herbage.

owing vo the foet tioal so many different vlant
species were puing dealt with, and even differant strains of one
gpecies, 11 was decided that "treen welonts might not be 2 sound
basls for comparison, and thatlt "Uven dry woeichis? would be more
r¢liable, These were also consideored necessary, bscauss any lowern
yieldiung treatments might have a nigher percentage dry wmatter than
higher yielding ores, wnd green weighits wouwld then give an anfair
comparison, Host ol the drying was done in o spvecielly desinned

alectyric drying oven Jitied wiith o

tol, but at times a

speclal yas heatzd drying aven was vsed. nowaver, alftey cutting
1.

herbage Tfrom all “restaeunts of one vasturs atrain was dried in the

some oven, but even LI fthis bad nol been poaaible, 11 was Tound
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log of goll exitracted Trom The heapn alter

mixing all the pots 5f enah trestaont ot 1. ey tante
ing all the pots ench treatment {3ectien V. 1.}, were tosted

in order to find the contont of coevtain eszential nutrisnits in the

various trestmenta, AL rosults arye exsrozoaed on the basis of

T v T - v e T e R e (T NNY I [P SRR
fhe moil bhases were dlspiocsd by The “awc.onius

I A ] . £ L P, Py P N P, STy . PP ale Lo e,
acetats aethod {senoslivaverser and Dreicesods, U3, ond the
Thgtal bases' then detsruained on the lewchate by the wmethod nf

Bray and willhite {127

Troatiments.

1201
v 6496
¥ 2407

+_

Mese Tiguven Tollow the exvected {rend, showing that in

the treatmenta with stironger acids, ![Iydrogsn-long have replaced

wore of the bascs vl .lch have been reamoved in the subseguent leaching

2e bhosphote stuadiean.

1 owas erneidorod vossible that phouphale
was one s the lacocriost | utrientes llable itz cauwzc growth differences
at the varying levels of acldity, so a nusher of different teuts
were carried oul in an tlempt to et o picture of ithe phospoats

availability in the different {restuments.

(a). ‘The ecid soluble vhaoprhorous was .easured by the foliowing

I0€ Il g -

(i) The method of Burd & iturphy {1939). Tn this, 5 gram samoles

of soil were shaken for 24 hours with 25 2,0.3 of .01 I HCUL.
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The pl wvalues of tho =aullilbyiom suzsensions wers wmeasured and t

differences between these values and those of the oricinal soils

show that thewse soills poogess poderate buffering abillity.

na Value of acid doluble Phosphate
goil Treatment, Zoulltbelan gusoension., b o8 B0 100 grams 301l

i} 1. DU T+0
3 Tra Dl e 5

i ST 5.1
v 5.8¢ a3

i

P
[

k
Pty
e
a

',

These acid o
phogphate availability in the "V'" and X" treantments. SoRnarin
ese regintts with *the clagsification of Buoed & Purphy, all thes
th ragntt th %} 1 £ t { DNy 11+
trestments fall in the "intermedinte" phosphate level, but W,
E N AL

and " are getting nesr o the "high', and the WYY dpeptmant iag

towanrds the ¥low' Level,

) By employine a varlaltion of the difference principle

ot
[=8

proposed by Bray & Kuviy (1545). In the wethod used the total
of awcid soluble plus adsorbed phosphate was found by one gran of

soil being shagon for 0 singtes with BU <.0.8 of 01 ¥ HOL.

ha

vels Tiguren definitely supsest a eonsidevabl: lower

&
e

e
!E;!P

After this time 1 graon ol asolid M in added and shaking continued

a further hour. The “rcid soluble’ figure was then sbtained by
gubtracting from this walus the anount of sdsorbed vhnaphate as

extracted by neutral .o i I I

Acid soluble sadd goluble Hhosy

W ale.

and adsorbed ble e B0 per 100 srans

LR e

droatient. Fhogphate Sdsorbed. aoil.

[0
]

B
3

o
=4
Lo
<
\n
~

194]
c2
L -t
L
L]
=

W 26 53 3
X 86 L6 Lo

Theae Tigures do nst show smweh variation over the whole range of

acidity cxcept that the "X {reatwment 1ls ol

salficantly lowsr than
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tInpublished work by Fife, sugsests that fthis iethod ls sublect 1o
a Tundamental eorror, and too rwuch iaportance cammot be atiached to
these {igures, espoclally where lhe tesl de on acld solls Lilke wyn

and X%, as the reoultont figure s too ingh,.

(i1ii) Divect deterninatlon, by shawing 1 moan of soil with O 3,0.38
nf 01 ¥ IICL. for 30 ailautes.

acid soluble Fhoaohate
3011 Treatment. e 20y per 100 prams soll.

N

1 53
g Sk
M Ly
7 39

x a2

The actual fipgures Tor "H' and "5" by this wetinod are comparable
with those Tound by the difference vrineiple, {vec 1i abeve} waile

it is noticeable that the 7 fig

<

re io slightly lower snd the "v©
and "X" mueh lower. This bears oult the posuiblity mentioned earlier
that the Tigures for extraciion by the differ mce method are probably

teoo nigh in the case of the more acid goils.

{b) agsorhed phosphate was reasured by the wethod of Bray

and Kurtz (1945), in which 1 srawm of amaonium satursted soil™is

shaken with B0 C,2.53 of -0 M, neutral soiouniam Lluoride and the
t

phosphate determined an the exivact oflcor filtering,

Adsorbed Phouphate
Sell Treatment. e e FoOyy, vor LOU graus soil,

5] i

The ampnonium chloride leachate was also tegted for nhosphatic content,
and the following are the resulioie—

* 501l leached with 5 C.C.3 of neutral, normal NHjCL.
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Phospaate in i, UL Leachate

Soil Treatment. e ae
Lilw Lj * L“Uj'_;r
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These latter figuwves pariticularly suggest that therve is creater

amount of readily avallable phosphate i the soll in the less acid

range, und that The amount decreases witn incressing soil acidity,

(c) These Lfligures on the phosphate availability indicate that
under the wmore acid condil tions the vhovvhate way either be trvans-
ferraed to wore insoluble forms not so readily extractsed by veasents,
or else that sowme has actuslly been lost during the osripinal acld-
ification treatiments. It would appear howevaer, that the sivenzth
of reagents used should extract all phoophate intended to be

measured, 50 that tne wosgliblility of the former is not very great,.

The results above indicate that in all treatments there
ghould be suificient phospnate for plant growihy and there is no
indication that avallability is greater in the wore acid treatments.
Thus it can fairly safely be said that any growth increase noticed

in the nore acid soils iz not due to a phoaphailse responsc.

Be 301l Reaction.

Phe ilydrogen-~ion concentration of the differsnt
treatments was measurad al the stuart of the exoerinent, alt the cloge,
and also mid-way between these tlnes. Tne e lests were all carrvied

out using a glass elcocetrode and weve conduciud by .embers of the

staff of the Plant Chemlstiry Laboratory, ii.l.il. The following

are the results of the tests at the beginning ol the experimenti«
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Treatment. Heaction as pll Units,

N 722
i3 6a75

X 340

Tests were repeated on the same soll kepit dey in jars alfter a

FEN

few months, and no measurable differences fronm the above resulted.

{b} 301l after 3ix Honths.

o obtain this Test, 2 large nunber of plants
in each series were tipped from the volts withoul distarbing the
80il, o sample itaken and the plant and solil sluply revlaced in
the pot. Thess samples were buliked and wiixed, except that soil
from the grasses was wept peparate from that from the clovers.

Reaclion as pi Units.
Troatment. Grass Pots. Jlover Fots,

I6) 72 3%

>t
v
o
b
Wy

{e) 801l After One ¥ear, alt Cloge of Experciment.

Heaction as pPE Units.
Treatment. Grass Potsg. Clover Pota.

.

b 7.2 v 3
0

LA )

3 Ha7

J.:i 6 L3 5 L 5
v 50? ir\.],., 9

Lely {pely

Ul

e

]

To obtain samples for these tedts, oll the aoid frow cloverg or
grasses in any treatuent was thoroushly mixed - saapled and

teasted,.
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A3 the pH Ligures reasuliing from the clovavr series were unexpecied,
solils were remixed, resaapled and retested but no wajor deviatlon

from the above Tigures vesulted.

The following pives a summary ol the reactlions of both the
parass and the clover soils at the three different points in the

experiment.
3011 Acidity in pH Units.

Gragss Fols.

At Coumencemant. After Six ionibs. AfTter Twelve lontha.

Te2 Tol
648 (5.?

o

]
WU~ M

L3

LN

6.0 65
oD Ke9 el

506 “.O E_L‘L,L

Slover otse

i

At Commencewent. Aafter S3ix Wontha. ster Twelve Lonthse

7.0 6.3
6,75 6.0

]

L1 B o S|
L3
~ N
i

a
D
a

601 505
3—!-0? o9
347 oy

L.

G A

Ak
.

In the above results the very marked decrease in
the acidity of the "W, 5% and "ii" clover treatmenis ig totally
unexpacied. Ho reference to & similar occurrencge has been
discoversed in the litervature perused., bul it ds of moment ithat
from hoth the acid and neutral sides the pH has moved towards
a point approximately »H 5, which might bLe the ideal level orf
acidity for clover planta, Tegts were hovever made only after
goll Trom white and red clovers wan ixed g0 that no clear state=
ment can bhe made. i1 ig of interest aswever, thal in ithe case
nf white clover in this exporiment the maxinugn growth has resulted

in tha "' and "Y' tvestments, vhich nad orizinal pll's of 5.35
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B3 and h. 2.
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and he D and final pit's o

o Herbage Analysis,

It was planned to have & sories of analyoes
done on the herbape material altey drying. but owing to the
gsickness of the clhiemist concerned, the only test done ot the

3

pregent date 1le one to Tind the percentage ol ash in the
herbace of the Iialian vyeprass, Scries YJ0, This was done
only on material frow the first cut taken on Hth september,

1946, when the dried herbage was ground and ignited in a

Turnace. The followving are the resulis: =~
Traatment. Agh ag % of Dey Matiter.

" ?c 79

3 173

it 7. 94,

v ' Fe 5B

X Je 27
It will be noticed thot there is a strizing differeunce betwean
the first three troeastments and the last twoe. It is to be

regretted that the ash was not anslysed to find which particular
minerals had caused thls marked increase ol ash in the wmore

acid trestments. However, L1 was observed that the ash from the
most asid treatments did nol have the red browa indication of
lavge smounts of ivon oxides, as reported by Hann {1937},

Ao wmentioned, it is planned to have detalled analyses dose of
dried herbape from the last cutiing of the planis, but these

PR S P |

results are not available at the time of writing.
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VIii. CONDITION AT @m0 O @i it i,

1. 30il,

As stated in the previous gsection, the acidities of the
different treatments at the close of the experiment were not the
same as those at the start of the trial. Also the final pH levels
for the solls contalning grasses differed Lrow those containing
clovers.

Ag Par as soll texture ia concerned all the treatuents
appeared to be the smne as when planting took place and on removing
soll and plants from the potg, the soll could be shaken off the
prasas roots. In fuct this operaltlon was carried out with the plants
in ordeyr to wllow the voots {to be wedlshod. itates {(193l), records
that warhing soll from cuols is nnt as efTicient as rubbing.it ofl
when dry, so owing to the Tact that the aclil uecd in the exseriment
was quite free amnd open, This method was uaad. in the care of
white clover, the roots bHroke up very cosily, and could not be

sepavated from the soll.

2 Plants.

As will be seen frow the weighing data (Jection IV},
511l the grsages were fairiy dormsnt at the close of the experiment
as the growth over the last six months was very low in all treatments
of all speciocs. Gith the clovers on the other hand, wosit oif the
plants were growins quite actively excepl Toy one plant, G.%.<dy that

had died of virus, and a few others which appcared to be wore or

less affected.

It was decided o welgh the plant roots 1o mce Lf soll treat-
ments had had any aarced esfect on ths grovth of these, and photo-
graphs were laken also in order to denonstrate the root formations,
Plants and soil were tippgoed out of the pots on to trays and the gsnil
carefully crushed avay to laeave the roots ITres, Thess weve thean
dipped In a bucket of water, alr drviled, pholographed and welghed.

In the case of white clover it was found Luoosgible o get the soil

separated from the roots as the latter broie so readily that the

attempt had to be abandoned.
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In the case of the clovers; nodulation of the plants in the
ifferent treotments wuas apared, T wvas Tound tiat in treato W
different treatments conpared I 24 pund that Ttreatment

Il

N, M5t oand "ot for both red and white c¢lovers; ithe roots had a
medivy number of very small round nodules; while in treatments "y
and "X" nunbers were at least as great 1f noi greater, and the slze
of nodules was much increased, dHany nodules in these latter
treatments especially in the case of red clover, bhad developed into
almest "hand" shaped, thug:- %?% e of the extra large

nodules is shown in the "2F irveatient of the "M gsries at the end

of the pointer comios into the wpicture neay the top left hand corner.
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2

Peremial Ryegrass, TyDe. S

N
30th Sept. L&  1lth FNov. ‘46 17th Dec. L6  Oth Peb, th7

Green Dry Green Dry Green Dry Green Dy
Welght Weight Weight Welpht  Weight Welght ieight vweigh
i, 7.0 2.0 5¢5 240 2,0 1.1
2e 1L 3e5 845 340 365 1.4
Sa 665 1.5 6.0 2.0 25 1.3
) ] 705 3.0 230 05 300 09
5. _12 ) 70 2.5 1e5 o8
A.Vo 81{3* _2¢§_ ,-.:8 - 2.0‘_ 20? _01 » luh-
S
1. 14.5 L.O 9.0 3.0 2.5 1.3
2‘ 8 205 505 205 205 1&1
Be 2h 7.0 11.5 345 365 1.3 \
J—!—o 9 205 605 2¢0 2@0 1.0 B
5e 10,0 2,0 5.0 1.2 2,0 1.0 : 5
AVQ -‘5:::201 — -i&.é_ ?05 20& =205 1.2___. 200 1*0
.1_5{1‘
L, 18 5e5 8a5 360 3.0 1.3
2 il 365 Teb 2.5 340 1.0
S 7 o5 6.0 240 JeH Lol
L. 30 G.0 15,0 565 hob 1,8
5. 7 2.0 740 2,0 365 Lol
AV, 1&-06 2-!-.3““ 608 3.0_ : 5&2“ icl_{ 02 106
¥
i 12 35 10,0 500 L0 i.2
2, 175 5¢5 6.0 3.0 340 1.2
3 19.5 6.0 11.5 3.5 340 i,2
L. 19,0 6.0 10.5 360 3.0 1.2
S5 16 5.0 B85 285 3.0 1.0
AV "me«h% AL VAT WY ——'.__.....'é—.'.—.g_.-——m—l—.z— "ﬂg;%mmm
L
Lo L2 3D 8.5 3.0 240 69
2e o5 Leb 3eb oD 2.0 oD
3 iz 14,0 7.0 2.0 1.0 ol
L!-e 9 205 6o0 105 105 59
5 11l.5 2e5H 70 25 240 3
AVe 10 268 601{- 240 ___3;&? 08 242 1.0




Perennial Ryegrass. Type. 3. (Cont'd).

1w

X
23rd June 47 Total Nean
Green Dry Green Dry
Welght Weight Welght Welght
Lo Ua7 oLy
2o 1.0 o7
3. 200 97
s 3¢5 1.5
He 2.0 of
ﬁVo 266 ﬁu 2 [ 801
2
lﬁ 105 -8
20 ol-i- 03
S ob 03
)-i-e 1.0 56
5 1.5 o6
AVae 1.0 el 26,1 8a
M
16 200 08
2e 365 1e3
3. 245 i.h
L, 3.0 1.9
Se 205 lo7
Av«_ﬂ 20? l-é 2198 1106
Yy
1. 231 09
2, 3e3 Le3
3 e 2 1.2
le Sed le2
ro __“1—_08 08
AVe 227 lz%= =3h.2 11l.5
£
1. 247 1.3
2a 2-5 ' 101
3. 20 1.0
L o8 o6
50 102 o?
Av, 1&2 e 224k o
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Ltalisan Ryegrass

¥
5th Sept. *L46  1hth Oct. 46 13th Wov. L6 17th Dec. 46
Green Dry Green Dry Green Dry GGreen Dry
Welght Weipght Weight Welight Weight Weighl Welght Weigh
1. L3 10 19 5.0 6.5 1.5 10.0 2.8
2. 50 11 15 365 360 o5 . b «3
A z8 8 13 3.0 Hel 1.0 "10.0 3.0
o 54, 1 17 B 5.0 1.0 Te5 2.2
50 Li-o 8 12 205 5.0 190 700 2132
Avam%06 206 1 ‘2 o L) 1‘?:: EBO 2_0-“3:
S8
1. Bl 12 18 520 9.0 30 10.5 sk
2., 50 11 19 Le5 10.0 340 10.5 563
e u7 10 i3 3¢5 ) 2,0 Y5 2.2
L, 51 11 16 3.5 8.0 2.0 9.0 246
5. 39 g _ _12 3.5 565 1.5 75 2.2
AVe LLB.E ::I.OQLL_: 15:“- ____-__Q._.O ?06 2e E 2.0 2&2
Jij
1. 52 13 19 5.0 8.0 2.5 9.5 207
2e 69 15 17 5e5H 50 1.0 he5 1.1
2. 77 17 18 L5 5.0 1.0 2,0 8
L[.. 29 8 10 2.@0 200 05 105 '9
5a Lo 10 16 lLe O 8,0 Za5 6,0 1.9
Ave_5l.6 12,6 16 2 __ 56 1.5 Lo 1e5
v
L 28 g9 15 LeQ 665 1,5 6.0 2.0
2. 60 13 23 6.0 8.0 2,0 8.0 2.4
3. 31 7 13 Jed 565 1.0 565 1,8
L. Th 15 25 Ge? 9,0 5.0 8.0 2l
De 51 10 20 Seb5 55 a0 245 9
Ave 50,8 10,8 = 19.2 .l 6.2 _2ed e 1._
£
1. 39 9 16 365 Tsb 2.0 9.5 2a7
29 52 12 21 L!-o5 8.0 200 . 900 2&?
30 20 5 10 2a0 L!-.O leo '500 106
e 25 5 13 3.5 6s0 1.5 65 2.0
5-9 J-J-)-l- 10 1? 2«5 6.0 _:!-n¢5 _70'5 202
Av, 36 8.2 }.506 3.2___ 60 i 1n6 "E.;;‘ 202
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Italian Ryegrass (Cont?d).

=

6th Feb. 47 25th June L7 Total Mean
Green Dry Green Dry Green Dry
Weight Weight Weight Weipght Welght Weight
i, 2.0 1.1
2. hol 1.4
30 08 ¢5
L. 1.b o7
5- 2.? 106
Ave _5a6 1,6 2¢2 1.1 T 19,1
g
le 1.1 o8
2@ 2#6 1&2
30 3&6 1.&
qﬂ 301 lca
50 3.1-‘- 106
AT 6.2 260 25 1¢§ 8 o2 224
i
10 heh 1°u
24 Zaf 1.2
Se He5 1.3
b, heb Lok
Se 12.8 2.8
Av., 5.0 Le 640 1.6 Lo 2208
¥
1. b3 1.6
2o 5¢6 205
30 hce 116
Lo 8,2 202
5 Le?2 1,8
AV o6 240 .3 1. : o8 23,
%
le 209 103
P 3.0 13
e 369 1.7
b 92 2e5
5¢ 3a6 1e5

Av, 508 2.0_ » Lle iﬁei 1809

= sk s et ) —— e . r>afba e
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Short Rotation Eyegrass,

Y]

11th Sept. L&  15th Gcg. LE 13th Kove L6 19th Dec. ‘L6
Green Dry Green Dry Green Dry Green Dry
Welght Welght Welght ‘Weight welght Welght figight Welght
1. 27 6 10,0 207 L.0 1.0 5¢b 1.8
2., 15 3 5.0 1.6 eD o3 D o3
3. Lo 1L 11.0 el 560 1.5 265 1.0
L. 19 5 9.5 2,6 560 1.5 9.0 2¢ 7
5. 15 i) 7.0 1.9 50 1.0 7.0 267
AV, 23,2 548 8¢5 244 3.9 1.0 49 1.6
3
1. 27 7 8.0 2.4 .0 1.0 360 1s2
2. 22 H 8.0 Ze 3 b.0 1.0 Te5 262
3. 3L 9 15.0C LeQ He5 Leb 8.0 2e5
4’4.4 29 7 900 206 5.5 la-5 505 1.8
5. 27 7 12.0 e 2 B0 LobH 8.5 20
AV- 2?!8 608‘”“-- 10.}-]- 2.9 LI-OB 1‘2&2& 6.? 200
i _—
1. 16 3 8.0 23 LeB 1.0 740 1.9
2. 24 5 11,0 2.9 545 1.5 TeC 21
3. 15 3 7.0 2+0 560 1.5 7.0 1.9
L, 23 5 10,5 2.9 o5 L0 3ab Le2
5. 15 i 6.0 Lol 50 1.5 95 207
Av_.__;l._@:é__&ﬁ__ 80 2. J— 107 62,8___ mzoo
¥
1. 20 5 Teb 2.1 30 ] 6.0 Leb
2, 26 7 Te5 2ol 305 2D 540 1.5
3. 20 i 7.0 202 4.0 1.0 5.5 1.6
Le 34 8 10,0 27 55 1.5 Geb 240
5. 29 8 10a5 2.9 Lo5 1.0 9e0 2.6
Avx___g"ggﬁ 6‘!!:_.... 8:‘:2 29’;!: . — °L 60\)_—& 108
FS
1. 138 L 60 1.5 h,0 1.0 5.0 1.8
20 25 6 ?00 107 300 05 605 291
3. 27 7 965 25 30 25 6e5 262
e 26 & 8.5 2,1 6.0 1.5 7.0 2el
5e 27 7 11.0 2«9 305 -5 7.5 2»3
AV, 2L.2 660 - 8elt 21 -y R 612 2ol
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Short Rotation kyveprass (Contfd).

N
6th Feb. L7 25th Juns ‘L7 Total iean
Green Dry Green Dry Green Dry
wWelght wWeight Welght iielght Welght Yelight
Le 7 6s7 1.5
2a 5 6’9 2“5
e h b9 1.9
I 7 6.0 2
5“ ? 601 2.1
AV e 6eo leh- 601 2.0 5206 1}402
+]
1. ] 5.0 1.6
2- 6 607 202
30 6 703 2@6
Le 5 6e3 2.1
5., _ 6 7.7 21t
AVa .2 loé_ﬂ _ 656 22 61:3 16118
M
10 6 6.0 1;6
2. 3 507 16,-]-
5’ 7 Ll-98 1¢Lf-
ke 3 606 105
5e 5 Hol 1a6
A, LL.S 152 _596 1&5 149.2 12.3
¥
1. 5 Beb 1.6
2. b 5ek 2+5
3‘ 5 L!-&B 1«2
L. 5 Lol 1.3
5. 7 3ol lols
Av. —-r 2 Lle5 L!-a; 1e ) 5&-.? lli-c 6_‘
;¢
1. 4 2.8 1.2
Ca 6 246 1,0
30 5 291 09
L. Y 2.5 ledt
5. 5 Bel 1o3
AV, 08 ln?_ 202 101 0.0 __1?20‘:2




it=d

Cogkasfoot Selected

)i

—

10th Oct. "hé 19th Hov. "hé6 18th Dec. 46 Gth Peb. 47
(freen Dry Green Dry Jroen Lry Green Dyy
Weight Welpght Welght dcight Weight lYeight veipht Velgh
13 9&5 t'_I..O 160 13:0 35‘ 5
2. 9.0 265 1.0 a8 1.3 5
3e Geb 2eD «5 el 1.1 5
4. 7.0 345 1.0 3e¢b 9 9
Be Tl i1e5 L0 __ 240 o7 &
Av, 73}4 :.as 592 09 mgo:é ‘E 21}_4 - 1a E
3
1; 8«0 1-1».0 100 305 100 J—}-
2 b5 2.0 1.0 2.0 o8 L
3¢ 645 2e 1.0 2.0 N L
N 5s5H 250 P 245 sl R
59 505 205 3:__00' 2e0 a 5
AVe 6.0 2.0 245 9 2oL ol . o2 1.0
7 -
1. Ts0 bob 1.3 3.0 =3 5
24 540 2e5 +8 200 o 5
3¢. 805 P:n5 08 LI..O 100 5
e 140 G0 1.7 340 2 g
5., _11.0 5.0 dod %e 5 9 G
Ave Ge3 3.1 el Lel 3a1 09 __;}_2_2 1e?2
- 0
1. 6.0 20 M 1.5 5 1
20 8.0 LoC 1.2 3.0 «S L
3. 105 .0 1.3 3u5 1.2 3
L. 8.0 565 1,0 20 o6 5
He a5 1.5 1.3 2.5 1.0 &
AV 8» é — 240 _0_;6 Lo3 207 R LLoB 1.1
Z
i. 9.0 5.0 a3 2.0 5 5
20 8s5 H5eb 1.5 3¢9 09 3
B 8.0 I l.4 3.0 1.1 3
Ll-o 10,0 )-[-95 105 1-,[_) 0'!-l~ J—}-
5. 8.5 — 50 1.3 5a5 -3 L
A.vﬂw@.e 298 lE&E lﬂg ___“_2_06 08‘_' E.a 100
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Qocksroot Selected (Contid),

¥
25th June ‘L7 Total Hean
Green Doy Green Dy
Weight Weight Weight Weiahi
1l. R.l 1.0
24 _3;36 lu-’-}-
S 349 1.4
Lo Li-a6 105
Be 325 1.3
f".Vai éo? 10 2 22»2 6e2
g
1. He?2 1.h
2 30}4‘ 1.1
e .2 1.1
}.i.g 3¢? 1&1
.‘5' 50. 106
AVe _Le2 1.3 19:3 . 5.9
d
1o L.l 1ok
Ze L.H 1.5
3, L0 1.k
Le 5.2 1.7
Dﬂ u¢5 lo?
Ave__li.5 1.6 26,2 7.9
Y
Le 2.2 1.2
2s  Lo3 lelt
3 3¢5 1.4
I-}-c 3.2—1 103
50 336 103
AVe 346 1e3 23.2 7.3
4
1, 2o ! Leld
2e 33 1.2
30 1’-’-01 .!.96
i}.a 308 1.3
56 j.h 1\)5

AV ‘:2"'_2 14 E 2?50;-]- ?o E
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Cocksfoot Danish

5§
10th Oct. 46 21st Mov. VL6 18th Deec., b 6th Feb. Y47
Gresn Dry Green Dry Graen Dry Green Dry
Weipht ‘ieight Weipht uelight Weipht ieight Welipht leigh:
Lo 350 200 o? 3—!-05 101 L!-
2¢ Ueb b0 1.1 55 1.5 L
3e 2.0 2.0 o7 1.0 la2 i
e 345 365 9 L0 1.1 L
50.__3.5 15 v 305 «9 5
mﬂz.é .3 uo§ 1.2 L2 l.6
g
le 3.0 2.0 o b 3e5 1.0 i3
2e 2e0 2.0 oB 560 1.2 L
3. 2.0 2.0 b G5 1.5 5
Le 35 2.0 oG 5.5 l.2 4
He__ 245 240 b L. O 1.1 3
AV, 2,6 28 2,0 b Le9 1.2 1.2
H
le 5.0 Ze0 9 boB Le3 L
2¢ 5.0 305 *9 2.0 1.2 H
36 240 3.0 +9 6.0 1.5 L
Le B.O 3¢0 8 260 o f 3
56 50 3.0 o9 340 o9 L
AV, go)_-‘; 10:5 .d 'y o i.1 508 el
i
1. 5.0 o0 1.1 260 o6 L
2. b.0O 2.0 5 1s5 6 3
3« 5.0 3.0 9 365 o7 3
e 4.0 3a5 ls1 1.5 N 3
He L0 Be5H 1.0 23,0 o5 3
AVe Q:e?i 1-5 ¢2 [ 203 o? -’202 1«.0
P!
1. 8.0 560 1.7 2.0 S L
2. 8.0 560 1.5 2¢5 8 3
3¢ Heb 1.0 1.1 5.5 1.4 3
e L,0 3.0 g 245 8 2
s 3.5 2.0 o5 25 +8 2
AVa 508 119 14,..0 147;__ 3.0 a9 208 10}__
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Qocksfoot Danish (Cont®d).

4=

25th June 'L7 Total Mean
Green Bry Green Dry
Weight Weight Welsht Welght

1, 3.9 Lo7

2 5a5 2.0

30 I-I-oo 1.5

e 7.0 243

Be__ Bel Lo

AVe 5ol 1.8 19,5 6,5

)

1. L3 1ok

21- l%-cl lo,-!«

3« Le5 1.7

Ly, hLe2 1.4

5o 236 05

AV, éaz 1:5_ 18, .o

M

1- 301-1- 103

2o L8 1.7

3¢  L4o5 l.5

Le 3.7 l.2

He__3e6 Lol

AV, O 1e 19,0 600
T

1. 3.8 1.h

2¢ B3 1.1

3. Lol 1.5

Le 345 1.3

5. kLo 1.5

AV, g l.:......... 16 Se
L

Je 3.2 1.3

2- 301 lsf’)

30 298 l¢2

L, 2.7 l.1
He 269 Lol

AVe 849 142 18.5 6.2

e AT et i

|
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Broad Red Clover

N
3rd Feb. '47 5th March '47 29th May 'L47 Total Mean
Green Dry Green Dry Green . Dry Green Dry
Weight Weight Weight Weight |Weight Weight Weight Weigh
1. 163.0 43.0 20 3.0 52 10.5
Ze 116.0 26.0 28 5.5 hz 900
3« 1085 25,0 16 Fab 23 6.0
e 1110 2640 20 4,0 79 16,0
5. 10845 24,0 37 8.0 BE 1245
Avalgéag 2808 2h42 8 E0.0 10.8 i .
8
1, 133.0 33 17 3.5 27 845 |
2, 107.0 23 20 L,0 5045 12.5
3¢ 119.0 29 34 7.0 6l 16.0
B« 230.0 27 25 545 L7 12:5
Be  B0.8 20 14 340 35.5 15
M
10 100 2‘1- 2500 5.5 !4.3 10.5
2. 116 32 Lo 8.0 82 20,5
35 118 31 26 5,0 15 5.0
e 134 34 Lo 545 64 15.0
5. 127 33 30 6,0 72 17.5
Av.;l'g 30.8 32,2 6.0 5542 13.7 2060 505
v
1. 133 35 32 7.0 83 19
2, 82 20 27 50 62 1L
3. D6 23 22 4.0 80 15
L. 95 20 26 5.0 68 135
- T 20 31 70 _65 15.0
AVe 96.i 23,6 2;.6 2.6 Z%!é 12.: %2650 g&;;
.
1. &) i2 8.0 1.5 8.0 1.0
2. 5 1’4 1500 305 Dead. Virus.
5 60 17 1y 245 20,0 5.0
he 64 19 N 2,0 25,0 5.0
e 10 23 21 50 26 5.0
Av, 28.2 16!6 135 2 12.8 ggo 2,0 28,5




i
Montgomery ped clover
N
7th Nov. 46 8th Jan. ‘L7 th ¥arch 47 29th May 47
Green Doy Green Dry Green Dyy Green Dry
Weipght  lYelght eight Welght  Yieight weight  Welght Weight
1, 38.0 8.5 199.0 50,0 71 18.5 65,0 16.5
2o 3le0 8.0 232,00 570 70 17.0 6l1.0 15.0
Ze 270 6.0 247.0 59.0 7L 16.5 60.5 15.5
e 305 6.5 151,0 36,0 25 9.0 Lhé.5 105
5¢_13.0 0.0 181.0 b3.0 L1 10,0 Lo,0 11.0
AVe3leH Teb 202.0 19,0 58,6 14,2 570 15.7
1e 13.0 9e5 273,06 £5.0 67 18,0 6065 18.0
2: 1—.'-950 10¢5 32900 ?0.0 58 20'5 59 17“0
3e 5340 11.0 3h7.0 72,0 73 18.0 57 16.5
Le 66.0 13.5 1132.0 9€.0 97 2L.% 67 19.5
5e_21:h 80 205,0 62,0 116 26,0 60 16,5
AveliSeT 105 33740 730 822 20.6 60.7 17:5
i
1. 77.5 15,0 27,0 80.0 93 29.0 66 18
2. 5345 11.0 3210 66,0 &85 270 63 16
30 61,5 12.0 235,0 L5.0 62 18.5 69 18
Le 68.0 15.5 414.0 85,0 9l 21,0 55 15.5
H5e 300 6.5 315.0 TheQ 101 2345 57 18
Avé§8,1 ______ 12,0 53240 70a0 864 2568 62,0 17.1
A
1o 405 9.0 239,00 5060 L 1L.0C 38,0 9s5
2, 210 LI-¢5 260.0 6000 LLO 6» 299() 8&0
30 WTe0 3.0 208.0 hi,0 32 10.0 31,0 8.0
L, 12,0 300 2635.0 59.0 87 21,0 770 19.0
5# 32&0 ?ﬂo _32230 661;0 85 2?&0 61&0 l500
550 §7¢6 16.6 L7.2 11.2
P8
Ts 2460 660 6li0 0 20.0 Lo 13,0 220 e O
2¢ 13.0 1,0 a0 10,0 2l 9.0 19,0 5.0
3s No Growth 39.0 11.0 29 9.0 15,0 35
h‘* M " }_i‘_') L O 15 L) 0 5Ll- l?o 10 5 * 3
5s " " 20 + 0 Sel 2l 10,0 9.5 1.5
Av, 7.k 200 13,0 13,0 564 2 11.6 13,0 2,9
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Montgomery red clover (Cont'd).

N

Total Mean
Gresn Dry

Weipht weipht

- —— —
S
—
5
L
Ze
=
A

Ave530.0 122,90

T
1.
2.
S
L
Se

A.Vdrz-'-;o:'oo 123#0

Y

L]

.

JG g
&«

5e
BV 58 i A 8-?:_“_0=

.

i

10
2,
e
be
5a
AV.100.0 3040
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White Clover Type 1.

0

17th Oet. 'hL6 1ith Nov. 46 7th Jan. 'L47 10th March L7
Green Dry Green Dry Green Dry Gresn Dry
Weinght Welght Weight Weight Veisht Weight VWelght Welght

1. 22.0 LeB 18.0 3eD 63.0 16.0 23,0 10.0
2, 3h.0 6,0 19.5 L0 75.0 18,0 25.0 10.0
3. 2L.0 50 16,0 3.5 52.5 1h.5 3740 11.0
L., 24.0 L.5 16.5 35 58,0 16,0 bl .0 13,0
Ra 29,0 6,0 2865 5e5 62,0 175 50 12,0
AVe 26.2 ﬁoZ 2Q33 _““_ho2; Q?o? lGo& §8n6 11,2
3
1. 21.5 5.0 22,0 H5¢5 112.5 23,5 63.0 19.0
2. 1l.0 240 15.5 Le5 111.0 23,0 7350 20.0
3s  2L.5 5.0 2640 6.5 120.0 26.0 2240 62.0
L4e 29.5 545 2beH Ge5 79,0 18.5 82,0 25,0
5. 2.0 500 23,0 5.5 98,0 2.5 Gl.0 318.0
Ave 22,1 4.5 22,4 5,7 10kl 23,01 _71.0  20.h
Y
1. 59.5 11.0 20,0 1z2.0 1554,0 5065 96,0 2.0
2. 36,0 75 370 845 108.0 22,0 89,0 2240
3s 26.0 La5 5540 11.0 16L,0 33eH 138.0 3640
he 3L.0O 6.0 60,0 12.0 127.0 29.0 85,0 22,0
Be 13,0 3,0 6l 0 12.5 153e5 26,0 108.0 29.0
Avs 59,7 ?06 59.2 - 1loqw 1&105 3002=‘ 103g§ “E§06
¥
1. 1840 La0 L5.0 9.5 186,0 370 107.0 270
2. 16.5 3e5 L7.5 9.5 159.0 3.5 100,00 2640
Ze 19.0 4,0 50,0 9.5 170.0 3645 80,0 21.0
Lo 1L.5 2e5 530 11.0 107.5 2325 1040 28,0
Ha. 33,0 Ge5 670 13,0 1.8, 53,0 3.06,0 31.0

9]
Ave 20,2 &al 52.5 10ui _lﬁ”.l 3205 9?08 2606

X
1. 3L.O 8.0 2L 65 5.5 32,0 10,0 70 5.0
2. 10,0 2.0 10.5 2.0 U540 12.5 5.0 265
3, 29.5 6.0 20.5 L5 5 10,5 8.0 LisQ
Le 19,0 Lie 0 12.0 245 3545 9.0 10,0 L5
5¢__29,5 665 2365 540 16,0 15.5 o0 2.5
Ave 23,0 . 18«2 Eoﬂ“ 38.6 11.iu 608 §oz
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White Clover Type 1. (Contfd).

29th May 47

Total ilean

Green Dry Green Dry
Weight lelght welght nelght
1, 300 640
2e 30,0 760
Se 2540 6.0
Ll-o 30.0 605
e ...35.0 8e5
Av, mé0.0 6.8 178¢0 Ll-éé
2
i S 360 8.0
20 )-;-190 9‘0
He 62,0 15,0
te  53e5 13.0
5 740 12,0
AV #iag 111;}-{- 268.0 6%&
il
1, 55.0 13,0
2o 52,0 12,0
3. 60,5 1L.0
Lo BL3.0 9.5
5. __50.0 12,0
AVe__52e1 12,1 _396.0 __ 87.5
¥
L. 7.0 17.0
2e 705  15.0
Se 67,0 15,0
L. 740 15.0
5 70.0 15.5
AVa 70.:2 1:2.@ ,§3f§.0 8202
X
1. 3.0 o5
2¢ 1.5 03
30 135 63
L, 2,0 5
543 2.0 ;5
Ave__2.0 b _89.0 24,8
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White Clover, Type IT

i

)

21lst Nove. L6 19th Dee, 46 6th TMeb. L7 29th May L7
Green Dry Green Dry Green Dry Green Dey
Weight Welght velpht Weight VWeight Weight Ueight Weighi
1. 12,0 BT L2.0 10.0 25,0 Te5 10,0 2.0
2. 1ll.h4 30 9.5 9.0 25,0 Ge5 Ja0 2.0
36 2703 6*7 7000 11-1-00 3200 800 1035 205
Le 36.2 B.7 63.0 12.5 2360 B0 7.0 2.0
B, 25.6 Hel Blie5 11l.0 29,0 Se5 16,0 Lo0
AV, 2205: 506 E6.8 11.5 2608 7.1 10-5 2%@3
1o 17.7 o5 69.0 15,0 38,0 9.0 3.0 1.5
2. 322 8.0 7.0 18.0 39,0 11i.5 5.0 240
3e 1845 Lel L5.5 10.0 40,0 Q.0 23,0 B.5
hn 170& aoé 52.5 12,0 25.0 700 1»0 93
5. _37, 9.1 70.5 16,0 2540 10,0 o0 240
AV 2&.2"_ .601 SZﬂm 1,2 ruu 9¢’ 7.& 2e2
i
1. 39.1 8.9 8L.0 17.0 5.0 12.5 8.C 2.0
2. 2047 6.3 Hie5 19.0 76,0 175 Te0 2.0
3. 103 2.4 25,0 8.0 28,0 Teb 14,0 35
he 28.7 To0 5ha5 12.0 35.0 TebH 10,0 3.0
5e i 1.9 35 e 3,0 30 O 8.0 640 240
AV» 22& 2 20 2 60.6 1 itc & 2.8 1006 2'0 — 20 2
¥
ls hL0.2 2.7 13045 2h.0 81L.0 17.0 2350 Kb
2e Gel 1.7 T 8.0 h1.0 10.0 h3.5 10.5
3 a1.6. 9.9 135.5 26.0 101.0 20,0 20,0 5.0
bs 31,8 Te2 135.5 27.0 115%.0 22.0 25,0 7.0
B5e 23%a3 5 e Li,0 11l.0 05,0 11,0 3060 560
AV. 28&6 6.8 88.6 199«1 ?6&2 1600 2803 606
b4
l. 11.7 2.9 43,0 11.0 3560 11.0 2.0 5
2 Be7 .4 20.5 e 18.0 560 1.0 o3
30 ?ob &09 3005 705 3?00 705 1500 3;5
L, 12.0 2.7 3640 8.0 33,0 9.0 8.0 1.5
5. 2105 L.O bli, O 12,0 5040 11.0 240 o5
A.Ve 11.7 2& 06 8‘ ?206 8&2 - 206 192

e e = s i e T ik e ekl et A RCERY
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White Clover, Type II. {(Cont'd).

¥

Total Mean
Green Dry
Weieht Welght

1
2e

L
5a

Av. 117.0 20,

102

1.
2

Lo
5a

AVo 1--000 _,108

LN PO
» o G o ®

AVe 336s0 _ 3lel

Ave 222.0 8.6

et




“69_

PERCENTAGE DRY HATTHER.

The following arc the meean Tigures for dry matier per cent in esch

geries,

SERIAS TRIEATHENTS BERIES MEANW
A 29.8 30,4 31.2 30.1  30.2 303
2 Hie7  3Shed 3545 33,6 33.9 3le5
¢ 2.0 25.4 2L, 25 249 2L 9
D 26,9  27.4 25,0 26,6  26.6 26.5
B 3L.1 30.6 30.1 31i.h4 0 31.1 3068
¥ 33:3 2943  Ble6 32,5 3345 32.0
G 2246  23.8 24,5 22,7 25.5 23.8
bt 2.0 25.0 22.8 23.0 30,0 245
I 2.6 2h.3  22.1 22,6 27.6 2he2
K 22,6  24.5 23,1 21,9 24.8 23.3

Treatnent

I\’.‘Iean. 2791{- 2703 27.2 2708 28.8
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WEIGHT OF PLANT ROOTS.

The following are the average weights of roots from the

different treatments of cach series, expressed as grams of dry

matﬁer.
CRABS RODUS,
SERI NS TREATMEIITS
A 2340 647 7.8 TeT 12.7
Lo8 Goly Lo8 5.2 7.0
¢ Sely 7.0 5.0 14.8 i4.0
D 8.6 9.6 B8 9.8 7ol
E B¢l . 3.3 10.0 7ol 11.0
F 4,3 Selt L,O L,O 8eb
Total 517  36.L LO.L L8.9 60.7
Mean B840 6.1 6.7 8.1 10,1
CLOVER ROOTS.
SERIES TREATMEITS
G 52.0 2.6 365 1Ll 12,1
ki H2el) Il o8 26,8 15,6 10.5
Total 1oL L 69. 4 6543 30,0 2246

Mean 5242 .7 32,6 15,0 1L.3
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FLOWERTNG OF WHITE CLOVER SERIKS

o PG

e Ao FLOWERING OF SERIES "IY
REPLICATIONS TREATHENTS

T, 8., M. Y. b
Il 93 103 78 86 89
12 102 91 95 91 88
i3 91 91 71 78 108
ih 101 83 93 55 4
15 97 107 12n 8l 101
Total L8L L75 L6l 394, 160
Mean 97 95 92 79 92
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PLOWERING OF SBERIES

it I{“

REPLICATIONS TREATHENTS

., 8., He, V., L.
KL 89 85 97 ol 28
K2 o4 99 96 102 96
K3 69 85 87 111 1.0l
Kh I 101 92 89 119
K5 30 1.01 125 109 100
Total 126 L7l 497 506 517
Mean 85.2  9L.2  9%.4 10L,2 103.bL

e e
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ANATYSIS OF DATA,

‘The analyses in this section were conducted under the
guidance of Hr. I.D. bDick, Officer in charge, Hiometric Section,
Department of S. & I.H. who approved of methods used and
decisions made,

For convenience, vhen dealing with yields of the
treatments in ecach serics, a toeble is given with a summary of the
total yields of each plont and the mean of ail replications.

The figures given, cxpresc the total yields of each plant as grams

of dry matter,

SERIES HAM

PRRENNTAL RYRGRASS, TYPE I,

Potol Plant yields, as grams of dry matter,

REPLICATIONS TREATHINTS

Plant iuwaoois . S. B, V. Ko
A.l Fe5 9.2 Ge2 Be7 846
A02 7.8 9.3 73 9.8 8.l
AeD 8.7 3.0 Jel 549 Tal
Aedy 6.7 Heit 6.2 8.9 8e3
AsB 7.8 Solt Te2 8¢5 667
ieb 8.2 57  10.7 77 9.6

Bulked Cut

6th eb. 47 .8 h.2 640 Le8 he?
Hean 849 3,9 Be7 Fe2 8.2

The figures ©nr the cut on 6.,2.47 when hulked weiphts
only were recorded dre included to give the final mean.

It will be seen that the means of the different
trecatments are so similar that there is no point in subjecting
these resulits to statistical anslysis. Thus in the case of Type 1
Perennial ryegrass the different levels of scoil acidity have had

no effect in altering the plant yields.
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SERIES “BY

PERENNTAT, RYKGRASS, YYPR ITI.

Total Plant yields, as grams of dry mabier.

REPLICATIONS TREATHMSNTS

Plant Numbers N, Sa . Y., s,
Bel 545 0.1 10.6 8el1 a7
Be 2 846 Goly 8.3 11.0 3eb
5.3 HebH 1z2.1 6e3 11,9 £xi
Bals 549 6ol 18,2 11.44 5¢5
Dab 8.0 1.8 e 93 )
Total 33eH %8.5 50.5 Bl.7 32,0
Yean Da7 17 10,1 10.3 AN

N.Be = the cut on 6,2.47 when only bulked weights wers taken is
omitted for purposes of the Following analyses.

an Deide MeSe i,
Treatmenis b 69,60 17.40 1.112 N.Se
Brror 20 313,07 15.65
Total 2h 382,67

The expected value for "F" is 2.87 at 5% point so
differences in this series are not signifilcant.,

llowever seeing that the greatvest variation in replications
ig found in tresiments 8" and "K' thess zre omitited in the

following analysis:i-

. af = HeSe Ta
Treatments 2 L3,10 2L, 05 &4125 8.8,
Erwor 12 35.56 2.96

Total ik 83.66

Differences of 2.37 between means significant at 5%
it tt 3031 "t ti L3 114 1(,:_5'
Thus we see that when "S" and "IV are ocnitted differences between

Ftrtd 3 o FA RSNl = I TR T3 1 B, 2 : -, .
] Wy
Tyt yields end those of MH'" and "X" are highly significant,
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SERLES "GV

R

TTALIAN PYRCGRASS

Total Plant yields, as orams of diry matler,

REPLICATIOND THIATEINTS

Plant hanbers

o]
k=
L]
[y
»
b=
=
L]
L]

Ke

!
.
l

C.l 204 22.9 240G 18.1 18.5
G.2 0.2 2243 23.8 25.5 224
Ge3 15.5 19,1 2l 6 1h.9 11,3
C.hh 195 2065 12,8 303 L5
8.5 15.35 173 2le 2 21.2 18.2
Bulked cut
6th Febl. 47 &0 16.0 7.0 1C.0 10.0
Mean 19.1 22,7 228 23.9 18,9
N.B. The cut on G.Z.47 when bulked vweights only were recorded

is included to give the final ncan.

af 3.5 s Se Feo
Treatmsents [ 101.2 25¢3 1.41 N.S.
Brror 20 357,90 17.9
Total 2k 469,1

Pabular "F' for the above analysis is 2,87 at the 59 point, so

differences betwoen means in this series arve not signillcant.
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SERINS "DM

SHORY ROWATICN PYNCGRASS,

Total Plent vields, as grams of dry matter.

REZLICATIONS TREATHINGS

Plonyd ihumbers N S Bl Ve, Xs
el L340 15,2 9.0 10.7 9.5
De2a {6l ile7 12.9 137 11.3
D3 18.5 19.6 .8 10.0 13.1
Dol 14.0 15,0 11.6 15.5 1248
Dab 11.3 1640 11.5 159 1L.0

Bulked cut

6th Fzb.,

*hy 7.0 8.0 6.0 745 60

Mean 1h.2 16.8 12, Thal 133

N.B. The cut on 6.2.147 when bulked weighte only were recorded, is
ineluded to give the true mean.

From these Tigures it 1s obvious that there are no signifi-
cant differcences between means of any of the treatments in this
series.
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COUREFQOT ~ S5 aCTED

toval Plant yields, as grams of dry matter,

REPLICATIONS FRIGATEMH S

Plant Numbers 8. Sa M, Y. Ko
Eal 2eH Selt 3eb 2eD 2:9
Be2 Se7 209 360 5e5 36
Bed 3s0 2e7 32 369 Lol
ok Felt 2o3 Le3 2.9 3.2
Eebd 2.0 3.2 3.8 306 307

Pulked culs
10th Qet. L6
& 6th. Felb, 9“_7 3.9p0 15:0 2.;..5 19.5 1900

Mean 649 569 729 Te3 Te3

A

?he cuts on 10.10.46 and 5.2.47 when tulked weights only
were recorded, are included here to give the final mean.

From en exsiiination of the above figures, ii is obvious that
there are no signifiesnt diff'erences bheitween means of any of the

treatments in this series.
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COCEBYO0T -~ DANTSH

total Plant vields, as grams of dry matter.

REPLICATIONS PREATIINHT S

Plant Hunbers N. S M. V. Lo
Psl 3e5 3.0 S5 2ol 3e8
Pe2 heb 3e2 3e8 242 346
Fod Selt 368 e 3.1 3e7
Fely He3 3e 2 207 Bell 2.6
Peb 3e3 242 362 363 25

Bulked cuts
10th Octe 46

6th Tebe 47 135 1040 13.0 iZ.5h 15,0
Mean el 562 6;0 505 6.2

“he ylelds of the cuts taken on 1l.10.46 and 6.2.47 when only

bulked welghts were recorded are included to give the final mesn.

Prom an cramination of the above Tigures, i1t is obvious that
there are no sigaificant diffesrences betwesn yiclds of any of the

treatinents in this serics.



SERIES vG!

BROAD RED CLOVER.

Total Plant yields,. uo oyams of dry mahier.

REPLICATIONS PRIALIEN 1S

Plant Hunbers He Be M. Ja Lo
Grol 5te5 5.0 L4QJ0 6L 0 1he5
e L0O5 32.5 605 220 17.5
Ge3 3465 5240 4140 42.0 2L 5
Galt L4645 4540 SlLe5 38,0 20,0
Ge5 lilie 5 5065 56.5 L2.0 5140
ilean Lhi.% Lzl 5045 hie 5 2345

In this case it was considered the "Y' ireatment was so

obviouely signiflicantly Llower that it was not included in further

analysis.

af Sae84 _ HeDe
Treatments 3 135,04 0l 04
LYo 1& 132%,20 T0.20 .S
‘Total ig 1ho6. 2L

In this analysie, seeing the ercvor ilean Square 18 greater than

the treatment Lizcan Square, lthere are no sipgnificant differences
betwesn the yields of ftreatments "N", "s37, "E" and *V%,
Thus the only significant difference in this series, is that

the "X" treatment is lover then all the othors.



SERTIES “HY

MONTGOMERY RED CLOVER,

Total Plant yields. ag grams of dry matier.

REPLICATIONS FREATHERTS

Plant numbers Ha S M. V. Ko
H.1l 9345 110.5 1h42.0 82.5 L3.0
He2 97.0 118.5 120.0 83.5 28,0
H3 97.0 117.5 93e5 62,0 2345
Haly 62,0 150.5  137.0 10240 3243
H.5 7340 113.5 121.5 110.0 19.5
Mean 8445 122,0 125.0 89.0 29.3

In the Tollowing analysis the "X" treatment has been omitied

because it is so obviously lower in yield than any other treatment,

af Se8, MaSe fy
Treatments 3 6L2lh. 3 215143 7o1l 8
Error 16 4801.0 300406
Total i9 11225.3

Differences of 23.1 between means significant at 5%

& 31,9 " " N 14

From the @bove we can say that the "X" yields are significantly
lover than any other. Differences between'V yields and "V" yields
are not sipgnificant, nor are those between "8" and "i'. However
the differences between yields of "HY or "W and "SY or "K" are

highly significant.
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SERINS "IT

WHITE CLOVER, TYPE I

Total Plant yields, as grams of dry metter.

RoPLICATIONS TREATMEITS

Plent Nhers He S My y. Xs.
T.1 L0.0 61,0 9045 b 29.0
Xe2 Y 3845 72,0 8545 133
Te3 4040 The5 93.0 86.0 25.3
Toly L3.5 6645 78.5 80.0 20,5
1.5 5065 65.0 9845 99.0 3060

Mean !-[-308 65»1 87.5 89.2 224‘08

Here too, the differences between “X" yields and those ol all
the others are so obviously significant that "X" Pigures have heen

omitted from the following analysis.

df SeSe Fiee Fo
Treatments 3 688L..5 2294,8 38.9 S.8.
Error 16 9ll.8 58,86
Totel 19 782643

Difference of 10.0 between means significant at 5%
11 1 13.9 " e 1 i 155
Thus in the means above, differences between "NY and "VY are
not significant but all other differences are highly significant.
That is, "KH" and "V' are better than “BY, ¥SY and "X", "8" bebter

than "NY and "X" and YN' better than XY,
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SBRIES "KY

Ak —vi—

WHITE CLOVER, TYPE II.

Total Plant welghts, as graus of dry matter

REPLICATIONS TRIEATHENTS

Ilont Dumbers Ne 8. e, Ve £,
el 23,2 30,0 LooLy 5642 25ely
K.2 20,5 395 Ll;.8 5062 10.7
Ke3 3162 2846 21l.4 60,9 2044
Kolp 2842 239 29.5 6542 21,2
Keb 29.06 37.1 20,9 32.6 284
tlean 2645 31.8 314 L846 2l.1

ar Seba Jeids Fo

Preatments ks 2113%.02 528426 5651 S48,

Xeror 20 1916.30 95.82

Total 24 L029.32

Differences ol 13 hetween means significsnt st 5% lsvel

" Y 18 1 t i¥ 5t l.; ]

Thus the differences beiween "VY treatment and "M opr "X¢
are highly significant, while those between V' and "$" or “@¥
are just significant. There is no significance in any differences

between yields of "NY, "sY, "M" and "X" treatuents.



FLOWERING O SERIEG I

Numbed of flowers per plant

Plant kumbers TRAATMENLS

N, 8., M, Ye L
I.1 93 103 78 86 39
I.2 102 91 98 al 88
I.3 91 o1 Tl 78 108
Toly 101 33 93 55 4
I.5 97 167 12 84 103
Hean o7 55 92 79 92

ANALYSIS OF THE ABOVE FIGURES

ar SeSe MoSso Fo
Treatments L 3383 248 1,298 N.Se
Brpor 20 abaz 191
Total 24 4815

Tabular P = 2,87 @ 5% level, so no significance can be

attached to any differences bhetween means in the above results.



FLOWERING OF SERIEG MKY

Wumber of flowers per plant.

THRISALTISHTS
Plont Nurbep K. Se M. ' Xe
Kol 89 85 97 9L 98
Ka2 oL 99 96 102 96
Ka3 69 85 87 111 104
Kol 9L 101 92 89 119
o5 80 101 125 109 100
lican 8542 95,2 99.4 101i.2 1034
ANALYSIS O ABOVIH FIGURES
af SeS. M. 5a P,
treatnents L 1247 3L1.7 2.9 8.
Error 20 2120 106,0
Total 24 3367

Tabular F = 2.87 at 5% level, so certain means in the sbove

treatmients are significant,

Difference of 13%.6 between means significamt at 5%.

Thus the mean of itreatment “"H" is significantly lower than

those of treatments "¥", V" and "XY,
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£I. RadUuLey,
Series "“A". Peprennial Ryenrass, Lype I,

This suvies on vlants, In comnon with the otlier srassas

used, girew well ol the deglaning of this exnesivent out rowkh
s0o0n slusmped and producltion was actually very poor oveyr uost of

the time the measurewents were taken.

The mean yislds of replicatlons in freatumnts ol each
cut, expressed on a “hry welghi" basisg, are as followsi~
ean Yilields of Perennisl Hyoorass
Type I.

Graus of Dry Hatter Per gul.

gutting Dates. Trentnents.
i a \ A

27th Sept. L6 2.5 2

N
iz
[2ad

3.1 2e%
7th Fov. L6 2w ki e JEN 4, 2.0 243
16th Dec, !146 .L.l) la6 lo() 146 ln?

6th Teb, L7 O, 0o 7 1.0 0,8

oo
<
L]

~

23rvd June, L7 Le7 1ud 1,0 1.7 1.2

\-.4‘
:1 "
-\...‘-!
N
L}

[N
o
L]

Treatment lotals. e Y el

The most romarikable Tact aboul these plunts, is that at

a

any cut s number of plants in each treatusul yiclded exacily the
same vwelght of herbage, and but for an odd plant ylelding nuch

more or less than the average, it would asppear thwat wean yields

E)
1%

might have been even wiore alike than they actually are. dowever

i

from an exanination of mean yields it is obvious that the planits

have not reacted to the different levels of acidity with different

weights of herbage.

Thus in ithie type of Perenuisl ryegrass, the different
levels of so0ll reaction have had no effect i altering the plant

vields,



DYELOTO VAN Anows

The Cfollowing o

SR T PR S o .
in thisn sceries, as it

of tie tregtuentg i:

L
[

gxveriment. the herbare on these plants

growth.

7

average plant frou each

of the

Lresents i weeks!

The type of roots on the vlanis

can be seen in the following

in each trealt went

vhotograpt

11




i

It can be obscrved thiat the rool fors is diffsrent In some of

the treatmsnits, and fro tndis photography and the weliphtis recorded
it is seen that the roots in treabtment U7 weove very much heavier
than ia smy other, with the 0t tpeatnent also hirgher than the
remginder,

Averaze Hoot Laisht

Treatrignt, as Jrans RDry atlter.
il 250
3 GeT
i1 T8

v 7.7
X 12.7

The percentage dry mstter in ihe herbage from the plants of this

saries showed only small variations, the following belny the mean

Ligures,
Traatment. 5 DL
B 230
3 A0t
¥ 31.2



geries "L", Pevenninl Ryecrass Typs LiX.

The plant selected Tor this sories was one Thay had been

under obsorvation Doy tyelve months and bad been fouand charactepe

45
ct

igtic of ths type to be repressented. dgualy the production is
less than that of Yype I Ferennial ryegruss, and the plants are

vary liable to rust badly in the early sutunn,

The mean yiclds of replicationg in tveatmenis at each cut,

axpresged on & dry welight baslis, are as folloyal-

Hean Yislds of Perennial Ryegrass
Type IIX.

@

Grams ol Dy Hatter i‘er Gut.

Gutiing Dates. Treatiienis,

30th Sept. '4hb 2¢8 3,6 E 5.2 2.8
11th Mov. 40 2.0 2.0 3.0 3.0 2.0
17th Dec, L6 1,1 1.2 1.l 1.2 Gad
6th Teb, Yhé L.k 1.0 1.6 1.0 1.0

-

23rd June LB Ue & Je f 1.3 1.1 VI

Traatment Totals. Bel 8.9 11.6 11.5 7+5

.

The ylelds of this plant under the different treatments are rather
interesting, as both i snd "VY mean yilelds are higher than those
of any Type I treatuents. Als0 1t will be seen in the detail of
yields at the diffevent cuts, *that when the welghts of herbage Trom
the Tirst two cuts of series "A"™ and "B are congldered, the ftotal
average yield of "B" iw higher than that of "4 in all but treatment
B Also at this time the highest wlant yield in series "al
decline quiecikly and more than hall the final total yield of each

treatment was recorded in the Lirst five (wnths of the experiment.

Ag shown In sectinn X, the diffvreences betwsen Lhe wcan

yislds of treatwments "»" ox "X, and "V ave hilshly signivicant,
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O

that the yield at o o9 ig truly sreatesr than that at 7.2 or

H.G, this fact is clenrly broaght ont eansclially in the resulls
of the firet Two cuts uhen the Dlmts were growing actively. at

that time averags yields ol "X and 'H7 treaiments vere identical
'

and if this yield ig taten as 100, the yield .of tg¥ 1s 125, "¢

ig 152 and "Vt is 171, A4t the close of the exveriment "' and

!i*ﬂ'!!

were still holding thelr suprewacy desnite the fact fthat actual

F

vielda were @o srall, zand that the soll v ! had changed considerably.

S0 it would appear thatl under conditions ruling in this

experiment the mest vigorous growth of Type LII, Perennial ryegrass

was in the "Hedluwmly acid” to "Wery acid" soils,

at

The Tollowing shows an average plant from each treatient

the close of the vregent experiment:-

—

oo —
«

Fipures for percentase dry matter iIn the Lewvbage of thls series are

ags

Tollowss -

: Treatment. & Dl



Tooof the plant roots in sach tresnwent are shown in

ne =t phe tosraph. Tt should e wiated Lhaal the roots of uvlants

treatwments 3" all nad a Tault o weakne o st ovue place in

their length and go none were obtailned with thelr ll lenpgth intact.

Average root wolghts were as followai—

ol e
3 Gel)
Al 1.8
v He 2

7.0

The graph on the following page compares the relative yields of

the treatment in this seriecas, and af the

anle tine 1llustrates

o

changes in percentage dry matter in the various treatmentse.

<

Tk
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Relafive Yields of Ferennial

Ryegrass, Type 3

Szricg_ i B

220
Relafive Yield
Green Weig\rﬁ’s.
20¢ Trealme il N'= "o
Relative  Yield
?rs Weish‘l's
Treatment N = 00
Relative
Yiefc\.
160
1 40}
120
100
<o}
& |7
Xl v M S N = 71
() 1 JH Ao 1 i !
32 %-0 5o éa 7o .

chidifg iN pH Unifs.
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Series "OU, Ltalion Hyegrass.

This gseries ig of gpeeial interest

T

vory culcit growth that was rnde at the beginning ol

baoouse of

the

he expeyiment.

In fact in most irsatuenis sapproximgtely uall the folal wean yield

of the plants was recorded Ln less than three months!

gz’OYrtE.

The wmean yields of yeplications In treatments at each cul,

expresaed on a dry welphtl Daslis, are sw followmi—

wmean Yields of Xialian Ryegros

Grams of Dry Matter .ow O

ut.

Cutting Daotesg. Troutaoenis.

5th gept. 'hé PR 1G.4 12.0 10,8
hth Oects 46 a7 Lo a2

13th Mov. 'L 1.0 23 1.5 2ol
17th Dec. 'hé Zel 2e7 1.5 R
6th ¥ebs I7 1.6 2.0 .4 2,0

Eﬂat%l June !i}7 1.1 1.:3 3-06 }.ua

3
.
<

Treatment ‘Totals 13.1 22,7 22.8 2%.9

The growth of plonts in the difPerent tresiuients can

the followinn shotographs, taken Lth Septewber, 1340,

18.9

e acen in

I Fairan 1-'-11.:
“th

# e Fral

Lo Sept- Mg,

Seif.
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The ylelds of {Lreatmenls in this soeries show no aiunificant
differences, vecause the variation within treatmenis is grester
than that botween {reatuents, =0 the snly conelusion we can coue to
i3 that the level of goil acidity has noil influenced the vlant

yields in the case of this Italian ryegrass.

Yhe following photeograph shows the vlantis as al the close
of the cxperiment. it i1s of interest 1o conpare the position hers
with that in the previous ﬁheiagfﬁphs, in witich the herbage vepresents

a shorter growth period.

The average figures for percentage dry satier in the herbage of

this geries are as followss~

Treatment. 2o

:M 214‘0 8

X 2h.9



The typs of root ayaten

BCPLEs can be saen in b

T the plants in ithe trestments of thig

following photogranhs -~

lican »ost welghts in this series are as Tollowss~

frentment,

i

o

=)

[==)

R

rean Root Jelght
Grams Dry natter.

9.4
7,0

5.0
4.8
1.0



Serien "DU, jnovt inla

tion Ryacrass.

A8 1in the previous

i1s greater than that bet

slignificance attached to

The mean vields of
exeresged on a Ary weligh

Yean Yiel

serien the voristinn

ween treatments, so thot
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st differonees helbwaon
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Gulting Dates.

1lth Sept. ‘L6

Oct. L6
046
TL6
thT

L7

Treatment Yotals

In this cage touv,

Tour months was
following pastograph sho

the

wore than

Grams of Dry jatter jopr cut,

Treatments.

i 3 |
Galy

2a14

He8 6. e

\_Q O:}

243

2L

Mo
.

1e3 + 9

1.8

1,0 1.7%

1.6 2.0 2aU

YN 1.2 1e5

2,0 2e2 1.5 1.6

ravultant

vithin treatments

there can be no

&G

X
6.0
241

. O
2el
1.2

l.1

at each cut,

. 2 12.3 a6

the

AN
ulf the

R
[

gaulos

close of the expervinent,

@n

13.3

yields at the close of the

total fov twelve menths,

of the vlants as they were

firat

The

)
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;ua&ﬁ*as the percentane dry matturs are councoerncd, the following

B3

urss show the averages for this sgriesi-

ol
s B

b

Trealmaent. 7 Dy b

i 26,9

M 25.0

26.6
2646

=

Lt } .

Thege figures are much Lowuy inan thoge Tfor the Perunnlial ryegrasses
and are nearly as low as those for the Italilan ryesrass, S0 are
actually intermediate betlween the two, bul tending te be nsarer the

Italisn toan the Perennial.

The averape welght of plant roots at the end of the
experiment ip as follows:~
Average Root .clipht,.
Treatuent. Groms Dry ilatier.

iug I 8- 6

3 Fab
i1 8.8
v 2.8
X 7D

The following photomraph showe the roots of a characteristic plant

of cach trealment:~




Series "EY, Cockafoot, Selscied.

This seceries of planis grew very poorly right througihout
the experiment and at no time did they tarive. However, what 1ittle
growth there was, was spread evenly over the whole twelve vionths

of the oxperiment.

The wmean yields o all replications in treatments at

each cut, expressed on a dry welght basls, are os Tollows:w

Mean ¥ields of docksfoot, gelected,

Grams of Dry iatter rer Jut,

Cutiing Dates. frestients.
8l 3 i K X

10th octs LG 2o 5 2.0 3.1 2.8 2.8
19th Nov. 46 oG <G 1.1 1.3 1aly
18th Dec. 46 s 9 o7 » 3 .8 «8
bth FPeb, 47 1.3 1.0 1.2 .1 1.0
25th June L7 1.3 1.3 1.6 1.3 1.3
Treatment Totals 6.9 5¢9 7.9 7e2 7e3

In two of the five cuts only bulk dry matiers were taken, and tws
of the remaining cuts show consliderable variation within the treat~-
ments. Thus the figuves would be difficult to snalyses; and with
the degree of variation present in the treatuents, it was considered
that there could bhe no statistleal signifiance in any differences

between the mean yields.

The Tollowing are the average Tlgures Tor the percentags

dry matier of this scries:-

Treatment. v 1,50,
H 31.1
S 30.6
M 30.1
v EXRY)
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The type of roots found on plants in the different treatments is

shown in the followinp photosraph.

Of particular interest in this series is ihe great

difference in the root systems of the different treatments, in that
thoge from plants grown in the more acid soils are finer and more

fibrous than those FLrom the other trestments.

Average root welights are gs foliowggw

Averape Root welshts.

Treatuent. Grams Dyy Latter.
I 5.1
3 343
i 10,0
v ra
X 11.0
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3eriegs @Y, Cochksfool, Danish.

The remariks for the previous type of cockaloot (servies i)

also apply t9 the present series. Here too the growlh was very
pooy at all times and production wvas falrly evenly spread over the

whole growth period.

The mean yields of all replications in ireatments at ¢ach
¥

cut, expressed on a dry welzht basls, are as follovgse

Mean Yields of Jogksfoot, Danisii.

Grams of Dry Matter Fer Cut.

cutting Daies Treatmenis.
M 8 A v X

10th Qect. Lo ' 1.1 5 1.5 1.5 1.9
21lst Mov. L6 o8 .5 oG .9 1.1
18%h Dec. "Lb 1.2 1.2 L.l o7 »9
6th ®eb. LY 1.6 1.2 1.1 1.0 1.1
25th June L7 1.5 1.3 1.4 1ai} 1.2
Treatment Totals YR 5.1 6,0 5.5 Ge2

Yields were not as great as those of the Selected Cocksfoot and

no yield differences are statistically signitTicant,

The figures for the average percentage dry matter of the

herbage in this servies, are as followsi~

Treatunent. i DLk,
) 333
3 2943
i 31.6
v 5245
X 335

The roots of plants from this servies display the same characteristics

as thoase of the previous group, in having the large numbsr of fine

roots in the wmore acid itrestments.
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Average roots of each treatwent are shown in the following photo-~

graph.

The mean dry weight of roots in this series are as follows:-

Treatment
i

3

Average Root welights
Grams Dry ustlter.

.8
3elt
e 0

.0

8.6
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Series "G'.  Red ¢lever, Biroud.

Owing to the death of the original clones in this series
and the replacement with selected sesdlings in sjeptomber, the Pirvet
meaaurenent of herbage fron thesne plants was delayed until Jsebruary
1947 . DBy then wmost of the nlants were growing sctively except for
thouse of "X" treatment which at no tlme cormpared Tavourably with
plants of the other tre itments. Certain of the lants in “XY
treatment appeared to be infected with virus, and nlant X.1 was
not healthy at the close of the experiment wvnile X.,2 actually was
dead.

The mean yilelds of all replications in treatments at each

@

cut, expressed on a dry weisghi baslg, are gs follows:-

ean Yields of Red Clover, Broad,

Graris of Dry ialtey rer Cut.

gutting Dates. Treatnents.

I S i X
3rd Feb., L7 23.8 2oali 30.8 £3e6 1646
5th Harch'hy Le O h.6 5.0 L6 2.9
29th Hay 47 1043 114 1347 1543 e O
Tresotment Totals. ilsa s 1244 50.5 e B 2% 5

The following phoiograph shows typical vlants of each treatment in

this seriesn, shortly before the close of the present experiment,

NURUPTR PR ..._.._.‘ﬂi_._.___.._l
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It can be seen that the "W treatuent plant is not thriving
and the yleld figures show thnt ithis treatuent is significantly
lower than all the others. wiien the other tre~tients are conpared,
Lt is Tound .there is ro statistical siznificance between their mesn
yields, Thus in the case of Broad rved clover, the leveol of soil
acidity has had no dsleterious effect on yields until the pH was

reduced below L,.7.

The mean Pigures for dyy matier percent.ge are as folliowg:e—

Treatment. % Deils

s 2206
3 23,8
e B

oot
A

22.7

Moo<

The characteristics of the roots in this series nre shown in the

Tollowing photograph:-




¥

The average dry weights of the roots in this series zre as Tollowsi—

Average Root yeights

Treatment. Grams Dry Hatter.
W 52.0
3 2o &
R 3345
v lipels
X 12.1

These figurcs are of special interest, because in the grasses the
root welphts as a whole tend teo remain ine sane, or even to increase
with decreased piH level, but in thils red clover, cxcepi for treat-

ment i, the root weights decrease with decreasing piH.

The following graph coupares relative yields of treatumenis

in this serigs:=-



Reldfive
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R eldlive  Mields of Broad Red
Clover af Various Levels of Soil
Acidify.

Series G

LT T T Re lalive Yool

Green we;3m
TreaTme nt "N = 11D

RQ[QTEVQ Yielcl
Drs W z\'cjhf
Treatment “N'= 100

/oo

3o

Jo

6o

AcidiTg in pH UniTe.
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geries "M, red Glover, foni omerye.

Tn this scrieg, the plants were falrvly aleow in becounlng

replly established and only a small proportion of herbage yield was

Al

produced during the first Tive wvwonths.

The mean ylelds of all replications in trestnents at each

cut, expresacd on o Adry weight basis, are as followsie

Hean Yields of Red Clover, Honigonery.

Grams of Dry Hatter Pey Cut,

cutting Daleg. Treatmnents.

N 8 i i e
7th Move, L6 7.6 10.5 12.0 53 2¢O
8th Jan. 47 h9,0 73.0 70.0 5540 13.0
5th Larceh'lL7 1.2 2048 23,8 16.6 11a.6
29th day 47 1347 17.% 17.1 1.9 2e¢9
Treatment totals 8L 5 122.0 123.0 336 0 30,0

After the cui in November, syovwth was very roapld and over half the
total year's growth was vroduced during Ine next two vonths. after

this time, production was co paratively even, and in wost treatments

the growth Tfrom $.1.47 to D347 wag cueh the sose as from the latter

dake to 29.5.47, when the last measurenent was taken. As Tar as
yields are concerned, that of itreatment "X" is obviocusly the lowest
80 we can say the yleld has been grealtly decreased by an acidity
level of pH 3.7. The analysis of yield data shows that the
superiority of "$" and "u" freatments over other treatments is
highly significant, while there can be no significance attached to
the minor dilferences bhetween yields of "M and "W" treatusents oy
between 73" and "ut, hus we can say that in the case of the
Montronery red clovery the greatest yields have been obtained at pll
levelsg of 6,75 and 6.1, while those at 7.0 and L.7 were equal to

gach other and greatly superior to yields at pl 3.7
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AmFay ap poarcentare ey volitsrs are concarned the mean Tigures

Troatmsnt. i Eia
ERAIARN 21 NN

5 24, O
3 23,0
o 2248
v P340

4 A0.0

It will be noticed that these Tigures arve conpacally
that the "IY leeatuent herbane has g hisher porecatage dvy antter
than the othara,. This inevesse might be expected in thot alouwey
groving piants usually heve o loper water content ithan faster growing

onasg of the sane Speclosie

The Tollowing ohotoevsnh dllusitrsies

gach treatmenid.

i i

! : !

- - — ] ———
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% T
- .}_i_ A

i ©

B

5

A mentiﬁ?ﬂ previously {Seatlon

VIII) the nodulatlon

orr the plants in thils scries were ol interest in that in the VY
trontient the noduleg wore nol only larvger buit also wore plentiful
than on planits in less acid rectuents. I ot 7R golls, the olantg

nad foewey nodules, bul {hoose sresent wore vory loroo,
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One o¥ these can bo ssan in tha Inllowing photograph, at the end

of the pointer.

The welghts of the roots in This Brries arz as followsye

Average Root jelighte

Treatment, Grams Dry batter.
i 52,4
S L. 8
it 2048
vV 15.6
X 10,5

It is seen here that there is no correlation between root welghts
and herbage yield, as the two treutments that “ave the highest
yields have only intermediate root wvelghta, The root weights here
decrease regularly with increasing soil acldity and appear to be

correlated directly with this factor,

A comparison of the yields of the treatuents in this series,

is secen in the Pollowing gruphs-
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Relative Yields of MongQm_g[g

Red Clover af Various Levels of
Soil Acid iy,
Series H”

Relative Yield
Dr'.d WQishf
Treatment “N* = (00

& Relafive Yield
Green WeishT’
Treatment “N* = 1 1O

R@laﬁve
Yield.

Thee

120

%o

£2¢)

Acidity in pH Unifs.
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Seriss A, white Slover, Twne I

PThe plants of thils serics bocnme ostublished more
quickly than those of the former serlies, and veve lrst cut {oury

montis after planiing.

fhe mean yvields of all replications in treatments at

each cut, expressed on a dry weight basis, are as followss=

Hean Yields of ywhite Clever. Type T

Grams of Dry Hatter Per Cut,.

Gutting Dates Treatimenis.

T (]

™ ] E:,: '\ri X
17th Oct. *I6 He2 he5 7+6 N 53

11th Wov. 46 Lie 2 Ya7 11,0 10,7 39

N

7th Jan. 47 164 23.1 302 3243 11.5

n

10th Hareh'hLT 1l.2 2044 26.6 20,6 D7

e3th iay 47 6.0 1l.4 0 12,1 1545 ol

Treatment Totals 1138 65.1 87.5 S, 2 24, 8

It will ve geen that, as with the llontgomery ved clover, the period
of sreatest pgrowth was between 11lth November, L1306 and 7th Jaﬁuary,
1947, when approximately one third of the total mrowth was recorded/
After this period hovever, growih was still good, and the vieipht
recorded for the two months o 10th ilarch was nearly as great as

that for the preceding two wmonths.

Ag Tar as total yields are concerned, it is sgen tlhot
the "Y' and """ treatnents have each given lhe smne vroduction and
that this has been significrnnily greanter than any of the other
three treatments. Treatment "M has yielﬁed only haltf az muach as
treatment *4% or VM, while the yield of "X ls hall that of MY,
Treatment "8" was intermediate in oroduction whon esmoared with “HR
and "' treatments. Thus the production of the treatments steps

evenlily, cach step being epovroxinately 20 grams in the wmean yileld,

from pi 3.7 to 7.0, to &6.795 and finally reaches s wide veak at pHd G.1

and u.7,
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The following photograph taken on 13th tovewber, 1246, of
a characieristic pnlant fyom cach ireatment in this seriez, gives a
good indicatlon of tne relotive produaction of the olonte in this

serlieg.

Lheto. . L31L #Hove 1346,

The following photograph shows the condition of the plsnts in this

mayies towards ithe close of the expeviment.




The npercentane of dyy matiter iv the nerbapge of {his series was as

Treatment. 2 Do Ha
M a6
3 2le 3
H 22.1
v 2241

5
X 276

Thege figures appsar to be correlated inversely with the total

herbage yield, as one wdght expect.

Gounts were uade of the number of flower heads on the plants
in the different treatuwwents, but acidity appearad tso produce no

effect as far as those were 2oncarned.

The following ig a puwonary of the total flower heads

2OBSrleses-

FEad

produced by an average plant in each treatrment in Ui

Total *#lowsrs
Treatment. Par Plant.

An sttempt was made to separate the yroots from the soll,
but this was not poasible with either white clover swing to the fact
that the rooisg broke very reodlly Guring nandling, so ny ront welghts

have besen obtained for serices “I'M or "KM,

The following ponotozraph shows the soil sand plant rooils
turned out of the pots at the close of the experiment andé demsusirates
the degree to which the root gystems vary in the different treat~

ments,
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F R R

The most obvious effect of the Lipga ascidity iw that ths £oll in

the "X tre.laent is breal:ry oway, as oo roois wes not b.und
around the soll as in the other traatments. It las besn soticeable

right through the experiment with all the clover soriesy, thal the

root systems have been much vrestricted in the evxive aly acid assils.

The following graph compares mean ylelds of this aeries:~
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SJeriaes K", white Clover, Tyne I[l.

]

The plants of thig series cxiablished wore slowly than
did those of white clover, iype I, but -onge the planis were growing
well, w»roduction continued until the close of Llhe experiwent, in
this case too, mogl of the wvroductlion took place in the swer
months, and over two thirds of tho total heribase for the tyelve

months was produced from 2lst Hovember, 19406, to Oth February, 1947.

n

gatments at cuch

The mean yields 27 all revlications 1n 1

Iy

cut, expressed on a dry ueicht basis, are as iollougi-

iean Yields of hite Clover, Wyou If.

Orarg of Dey datier v Sut.

cutting Dates. Treatmenis,

i 3 i ¥ X

2lat Wov. 124-6 5.6 601 5‘»:‘5

[og
L ]
ca
I\
L]
.._\:

19th Dec. 46 1i.3 Lise 2 1340 15

N3
L]
R
&
)

5
oth Feb., ‘47 7.1 Ja 3 10.6 16,0 5.7

25th day 47 2e 5 2e2 2

(¥
.
c
-
-
AW

Tregtment Totals 2645 31,8 3l U48e G 21,1

In this series there is considerable varialtion within
many of the {reatuenis, bul o analyais some difiervence belween
means are seen to be highly siznificant. Thus the praduction of
W dreatment is seen to bo ool surneriose to th o ¢oof any other,
and the differsnces Letween WY, and X' or "¢ treatsenta are
found to be highly significant, while those between "V and 3"

or "M aye gignificant. Owing to lthe wvaristion within the tieat-

nents the differvences between 'HY, 3, "7 and VA" are nonsignificant.

we can say therefore that this straln of white clover under
present conditions produced most herbage when the pid of the wnedium
was .7, and that there was no significant difference velween yields

at other pil levels between 3,7 and 7.0.
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snother point of gpecial interest apvears when mean yields of MI®
series are comparsd with those of "g" serics. Under treatments
R, Mg, MY oand "y" tho type I clover has produced approximately
twice as much as the type II strain, but when the "XV treatment is
considered it is found the productions are very wiullaer in each
strain. Thus it appears that the type LI white clover wmay be
comparatively nmore toleranl of extrewe acidily than the type I

strain.
The following nhotasraph Lllustraies tyvnical plants Teom

o3

each treatment in this scries, as they were towsyds the close of

this experiment.

T

when the Tfiruves for the percentnse dry maltter of the

herbage are consldered, the following averase resulis are obtained:—

i 22,6
S 2445
M 23,1
v 219

X 2.8



~11 0=

These appear much as one would sxpect, when the yield fipures are
gunsidered, except that one mignt have tnounht the Tigure for
Y freatment would be somewhat higher and wmore in accord with that
of X",

Counts were made of the number of flower neads on ihe
plants in this sories at various times and the {ollowing totals
means result:

dMean Yotal Plowor

Treatuent. Heads ber Plant.
Iy G5
3 3
i 99
v 101
X 103

Ao analysis of these figures shows that some of them are signifi-
cant, a difference of 13,0 between means being significant at

the 55 level. Phas the "1*, MW" and "X" means sre significantly
higher than the "N" treatment, but there is no significancs

attached to differences belween "3", ™"y, "W" or "I" treatments.

The graph on the nexi page coupares yields of treat-
ments in this series, while the wsne following thuat brings toegether
relative yields in each of the series wheve significant differencesn

agxist between any means.
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A1X SoCOHDARY Sxl e THsil,

Corination and sstanlisneent ol Jorteln Papiore Jpeclss

Inder Aoid Conditiaiue

ATter observing the way in which aany ¥ the pasture
plants appeared Lo thrive better in a soil thzt was Yalrly ocid
aslopposed to that nearly neutral, it was wondered whether the
golls at different levels of acidiily would exert any influence on

the gormination or establishoment of seeds of neveral of the

pasture specles belng uuseds.

in opdor 1o test this, a seed box 2 L, x 1L £, x 3 ing.
was vrepared by dividing it crosswise into five ssparaie coupart-
ments and one of each of these was filled with some of The spare
s0il from each treaiment that had been takon from the soll heaps
after mixing {Section V, vPar. I.) =snd had been ent for just
such a purpose. The acidities of ths soils ussd in this experi-

aent as measured a stuori tiue vreviocusly, were ns follows:--

§o0il Treatment. DH.
it} 7.2
3 6,75
i 5.95
v )
X 3e 6

Bach compartment was then subdivided into five Just by warking

the soil snd the box was then ready to be sown. it was decided
to try the effect of these soils.on tae Tollowing seedsy; Peremmiasl
ryegrass, Italian ryegrass, mOﬂtgomery red clover, Broad red
clover and ihite clover and the following are the details of
parity and permination of the lines of these used; as supplied

by the OfTicial Ssed Testing Station of the Depaytment of agr -

culture, Palmerston Worth,
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Yercentage lerveentage
Plant 3veciea, Statlon Ho. surlty. Gemaination.
Perennial ryesgrass La 071y 3.8 99
Italian ryegrass Bh 300 370 3L
fiont, Red clover Aa 011 98,0 78 plus L
Broad Red clover An 610 7.0 a5 Iy
white clover Ac 2565 99,8 94 2
HOTHL - In the germinations of the clover gbove, the nuwuber

added to the main figure represents the psrcentars of hnrd seads

in the sample.

Irom the above lines of seed, one nundred seeds of each
were picked oul and careofully zpaced between the subdivisions in
cach compartunent so that the-e were in each compuaritment one
hundred sesds of each 1line under tast. Theue were then covered
with o light dusting of goil corresponding to ecach treatment, and
the whole pox stood in a tray of water to provide usisiture for
germination without disturbiang the geed placeiicnis. the following
ia the plan of sowingi=

) i3 o1 A4 X

]

A ek . U A a3 o i e L T LAY Bkl A TS (AN ALY T Akl A e il ik e B . il i e e e s : e et i, e e

Perennial ryegrass

Y e e R v e R ke ate g S e i Y i e Ao P i LN e i A LA Il i P il G A s S Al il e e ke e i Bl A ik i 4 ik AAar s A L

Arpad red clover

Jhite clover

Tals sowing was carried oul oiu 25th vetober, 194G,
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In order to demonstrate fully the rate of emerience and establish-
ment of ithe seedlings, it was decided that the best sethed would
be to take a series ol photogravhs and to let these tell their ovn

story.

The first photomraph was taken one veek after sowingi-

Photo taken lst Mov. 1940,

It will be seen in the above photopraph that the gecds of Lontsonery
red clover at the top of the pleture are moat alvanced in the
medinnly acid soll, as a larger vroportion of theae have thelr zeed
leaves opened out fully. The Broad red clover iz unsl advanced

in the slightly acid soill, while in the extrenel

roacld soll very few

plants are showling any of the lines of seed used.

The second photograph shows the picture two weeks Lfron

the gowing dater—
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Photo taken Sth ¥ov, 13944,

Here agalin the "' treatment is superior oy the Honipomory red
clover and also for the white <lover at the bottomnr of the photograph.

There ig still almost no gexalioation in the exivensly ascid soil,
and even the very uvcld soil

1 dogs not appear az =90d 03 the others.

This third photograph shous the srowii just on four weeks

after sowing:-~

-
)
-~

/

shoto taken 2lst Hov, 1246,
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Al this time the extresely acid trentment 1s still having a bad
efifect on plant establishaent, but the pgrasses that ave established
appear to be growing Lfairly well. The slishtly wcld soll apvecars
to be retarding the growth o7 all the species pgrowving tners, when
compared with the treatments on either side of it, while the medlium

and very acid ones aye doing very well.

e last photograph taken five and a hall weelks after
sowing shows tne growth two weeks before the expeviment was final-

ized.

Photo taken 2nd Dec. 1346,

It can be seen that the "X¢ treatment is still the most rotarded,
vhile the "3" treatment ls not as vigorous as the remsinder. e
white clover appears best in the "i" serlies, while " treatment
agems as good as any for nost of the other species sown. On 16th
December, 1946, each segment of soil éontaining pne sipecles in

one treatment were cut oult of the box and removed for convenience
in handling. All the plants in that section we.e then cult off at

ground level, counted and woicned.
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The Pfollowing are tue data resualtingy-

3

EBatablishment Percentage.

I i3 B Y X
font red clover 63 66 75 76 13
Broad red clover 63 by 55 71 1
white clover H3 63 65 68 8
Perennial ryegrass 30 86 8l 100 79
Italian ryegrass 85 68 72 37 58

Actual sielght of all Plants ZEstablished, in Gransi-

o 3 i v X
Hont, red clover 11 12 10 9 2
Broad red clover 10 6 10 7 1
Yhite clover & 11 11 10 1
Peronnial ryegrass 6 5 & 9 6
Italian ryegrass 7 5 3] 9 5

Dealing wlith each gpecies 1n turn, the followins resulis are obisined:-

7 ' 3 ! vV X
Mont, red clover.
Wo. of plants fLrom
100 seeds sown. 63 66 75 76 18
Relative M = 50 50 53 50 60 i
Total weight of _
these plantse. 11 grams 12 grams 10 grams 9 mrans 2 gru
Relative N = 50 50 55 Bé Ll 9
welght of 100 oA
such plantse. 17.5 " 18.2 13.3 ¢ il.8 ¢ 11,1 #

Relative I = 50 50 52 38 By 32
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Broad red clover. i 3 i WV L

o of plants Tron )

100 seeds sown. G Lede 65 71 ih
Rolative ¥ = 50 50 32 b ha2 10
Total weight of )

these plants. 10 prams 6 grams 10 zrans 7 grams 1 gra
Relative ¥ = 5O 50 30 50 35 5
welght of 100

such plants. .7 13,6 15,3 9.9 7.1
Relative I = 50 50 L6 B2 3l 24
vihite clover, 1 3 T v X

Fo. of plants from _

1C0 seeds aown. 53 63 65 68 8
Relaltive B = 50 50 53 651 6l &
Total welght of

these plants, 6 prams 11 grass 11 ovams 10 grans 1 sewm
Relative W = 50 50 22 3& 3 &
wWeight of 100 _

guch plaﬂtSo .1.103 17.5 1699 l“-.? Jgoﬁ
Relative ¥ = 50 50 17 75 65 53

&
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ferennlal ryeprasg. H 3 § Y &

Ho. of plants fron _ _

100 sesds Sowha 30 26 g 100 79

Relative ¥ = BQ 50 L8 L7 56 iy

Total weignt of )
these plants. & prams 5 grams g mreama 9 orams & gprav

Relative ¥ = 50 50 h2 67 75 20

velght of 100 ]

such plantaa Ha7 568 Gl Y,0 7eb

Relative W = 50 50 03 Al a7 57
Itallan ryeprass, i 3 IS v X

No. of plants from _

100 geeds sown. 85 68 72 37 58

Relative M = 50 50 110 2 51 3h

Total weight of

these plants. 7 evors 5 prams O prans 9 grams 5 gra

Relative W = B0 50 35 57 bl 36

Veight of 100

such plantse. 3a 2 Telt 13.1 10,3 346

Relative ¥ = 50 50 L5 68 03 52

TFrom the abeve results the following details can be obtainedi~



)

Total Ho. cloverg
from 300 seeds, 134

“% elover establishment 61

Relative ¥ = 50 30

AT e et ik T T gl T o gy AR VG S R A it G oA WA Ml gt M P o i it ik A el b i ek S Al e IS A e etk

Total weight of clovers
frowm 300 zgeeds. 27 meamns

Relative W = 50 "0

ik e sl e A i e B [Fr -

Total weight per 100 _
mixed clovers, a7 M

Realtlve ¥ = 50 %0

L8 56

29 grams 5L

N

LA

5l

16,7 "
57 51

i i i Ak ot Akl iy e R A WU AR A A2 Tl S AL o T el g e il e e D ot bl ok s et Sk Y el AR i B LA T LI A

Totsal No. prasses
Trow 200 geeds. 175

% prass establishument 38

Relative 1 = 50 50

154 1
77
Ly Lh

Ui
N

~J
[

187 157
93 69

53 39

kil ek WA A WV BB i i e A . A e . k. WAV A o SR W ATl AN bt s P = et i A e i e et vt e S ik S A i A Ao i R A RN it i e W ki Wk sl Sl e o A o A PP ek yn e i aad s i B

Total welght of grasses
from 200 seeds. 13 grang

folative I = 50 50

Total welght per 100
mixed Brasses. .6 ®
nelative N = 50 50

10 grams 10

srams 18 grams 11 gre

69 42

i 10 it {3 1"




g 359 LIS 371 LO2 177
% combined establishment 72 69 4TS 80 36
Relative ¥ = 50 50 T3] 51 56 25

L b A i S RACH Adh it A ok Ak i TR sl Skl iy PP VR e st VIS AR al) e RS ek ol U e AR B i ey B M ol ) g e A A i ik iy it e A ek R A el il e il e A WAR R Sl i daah ik e b bkt R it

Total weightlt of plants
from 5006 seeds. BO oramng 39 grams U7 geasms Lh o grams 15 oo

Relative I = 50 50 43 58 55 19

Total weight of 100
mixed ploanta. L. 11,3 ¢ 2.7 ¢ 10,9 ¥ Geb

Relative ¥ = 50 50 51 57 1% 38

These results are illustratsd by the graphs on the following

papess—
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Relative Esfablishmenl and Plart Weights
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Broad Red Clover:

Reldtive Eslablishment and Plant Weights
al Naricus Levels of  Sail Aci cliy.

E(::ounT Made 702”7 \/\/ggks Aﬁ@( éowjng.ﬂ]

Ro.la‘ﬁ\kz Numb¢r o-e
Planls Established.
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White ¢ over:

Relative Establishmert and Plant Weights
al Vorious Levels of  Soil Acidity.

TCaunt Made 74 Weeks After Sowing. ]
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Plants Estcllished-
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X \
B \
= |
Rz‘cdi\/@ = \
Yield
Or\d )4
Eblrabliskmerfr
bo
90
Kol
30
20
lo
4 ] 1 { 1 1
3-0 7 Jo 6O o i

Hcidifg N pH Units.



Combined Grasses

BQ\QJ‘J!Z ESTQb‘jjb_mghT and Plart W@QH@
d Various Levels of Sail Acidily.
LCounl Made 72 Wecks After Scwing]

Jepy s 4y Relative Number O‘F
gOnTb E_Sbb\ishtd~

HEEEE \ati iad of Bl
Kelafve bleigdt o

! .. Relative Weiart Rer
Plart EsToblis\%A.

N-50

70

b5

Re|aTivz
Yield

Ohd 55

[SToHishmenT.

50

357

3o
30 4.0 5o b-o 70 20

Acidily in pH Unifs.



6o
R@[GTN@
Yield
and %

ESTO\?‘(S\’\YT\GHT.

Relalive Number of
F’locrtt;; Equ“\;\nsth

_Relative Weicght of Al
Flants  Established-

Relafive Weigwt Fh
F’\m—d‘ [\_:Vs abl?s‘a %

N=SO

/qciomg N pH Units



Lombined Urasses and Clovers:

Relafive Establishrent md 1 anl Weighls

dal Various Levels of Sail Hc'nd'nﬂj;:
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il

water :
Control W 3

T
Laiy
L)
ey

Aa 611 oy 79 50 63 28 &9
Aa 610 32 86 35 69 87 83
Ac 2565 91 7h 13 Lo 63 57
Ra 6719 98 93 96 100 98 28

Bb 360 88 58 81 52 i 90

Y

From these figures the mout styiking result in the fact that the
water control gave the bept 21l round gerninations, and In faoct

gave the highest gorminations in all cases excent that of Ba (719

=

and Rb 360, Bven then it is posgible that ne simmificancs can

be attached to the increage of Ba 6719 from 94 to 100 in the ™"
treatuent, but in the case sf Bb 360 the tendenc, appears to be ifor
gormination to be bettor in the wmore acid treat ontlu, than Lo the
water control.

Gne very noticeable facet in The wnbove, Ctoov, is that
the *5" trectment congistantly glves the lowest seralnations
recorded, Also something very striking is that the perpaination in
the "X" itreatmeatl with the acld solutlon are very much higher than

the percentase establishument in soll at the same »U.

Apart from thes. pointas, the fipures are failrly well
in accord with those of the establishuent in the acid solils, and
in most cases they do not vary between treaiuent ss omeh as one

might expsct,.

The graphic presentation of the above results apuesiys on

the following page:—
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AIIL. DISCUSZION OF 343U LT 3.

Foll Aciditye.

A Tar as wmethods of making solls aclild are concerned
any of the methods reoorted seem falrly salisfactory, though
probably fertilisers 1ike sulpbats of amnonia are not ideal, was
rany effects on plant growtn may be due to toxic faclors or =

resultant poor soil condition, rather than the produced acidity.

Avart from this it would appear that flowers of sulphur produce

very googd resulis, but if a auicker chanpge is reaquired and a method
ls deaired wnere good control over the resultant aoll pH is possible
then sulphurie acid iz o satisfuctory materlial for the purpose in
cases where the aaount of soll to be acidified is not too large,
Hydrochloric acid does not seem oo auilteble as sualphuric, wille
phoapuoric acid, although satisfactory, @ives acid treated soils
an unfair advantage through the large amount o»f aveilable pghosvhale
present.

The changes in the pil levels of most ol the trsatuments
during the last six wonths of this experiment ave very siriking
and the way in which the changes in the grass soil dilflered fron
that in the clover s0il is wmost interesting. Mo literature has
been found that helps explain these observations, except, as
mentioned previously {gection II), that many vplants appear to have
the power of welective absovrption or excretion of anion or catlions,
or some other umethod, so that they move the pil of their growing
mediunt towards thneir optimun. Gertalnly vlonts in culture solutions
aften alter the pi level to a marked degree (avnon & Johnson, 1942,
etc.) but no definite figures have been found t2 shouw sinilar
ehangos in solla. 4 checy as been wmade ol muierous areas at
Grasalands Divislon Station, sad in every casme the o911 of top six
inches nf soll covered with rad or white clover has been Trow U.1
to 0.5 pif units lower than slnilar soil a few foet away with no
clover in the sward. This of course may be explalned by the extra
calciom uptake by clovers when coupared with grasses, but this does
not seem sufficient to explain the results obsevved in this present

experiment,
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The fact that the soil used in the pois was storilised before using
shiould not have beenh a cause of the ooy grass orowith resulting

in this experiment, bscause this sterilization wviocess should
gtivulate the activities of wuionifying orgenisms if not the
nutrifying ones. Also the soll around the clongs ot the time of
Tinal planting contained a proportion of normal soil which should
have provided uan smple source 0P orpanisms for the invaslon ol the

-

trested svils 1T otners nod Ledn depltroyeda

As fhr ag the acitual »lant spocles arve svncerned, the fivst
voint of interst is the saperiority of the se.oies 'BY {type 3

Type I versunlial ryeprass)

et

Perennial ryegrass), over scries WiV
in treataents "M® and "V, This ls difficult to account for,
especlally when yields o MY and X% Lreatients are lower in the
"B geries, but it may indicate that the fairly aeid conditions

sulted this particular ryegrass type asnd allowed the olant to

develop beiter, especially in the carlier stapges when most of the
growth was recorded, with series '"u" nowever, tie yislds arve

almost the same in all treatments, indicatlay periuaps that this
type of plant, normally a :much higher producer ithan the nther,
denands o more ldeal environment for production, than that ruling
in this sxperiuent, Thus it is Known that tyve I Peveunial
ryvegrass thrives best with swuple supplies of nitrogen, and this

glament was probably in low supply in the present experiment.

Iu the case of the Itelian ryegrass (seviss "CH), lhe
tendency of the {reatment yiclds i pluilar to toat of soeries DM,
in that 5" and "4Y treoatients are lowey In yleld than are the

other three, but the replications are so varlsble that no sizuilicance

can be sliacned to sny differ. tces beitwesn uennss

gnort Hotation ryerrass presents a difforent picture
from that of any ather grass in this experiment, in that the yield
of treatment "M is lower than that of any others Ho differcnces
in wean yilelds in this sevies are significant, but thers does

appear 1o be a tendency foar the particular conditions of the "
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treatment to be the least ideal for the prowth of {his particular

vlant. ,
sherve the Cocksfont series {Series "&#'% and "F") are

soncerned, the plants nover became well eatablished and production
was always comparslively louv. Fo differences betlyeen weans can

be significant, but it is noliceable that "W, “.0" and X" treat-
ments ave slightly higher than loe other two in vach series, Aleo

in all tregiments the Seleoted strain has slightly sutylelded

the Danishb type.

when we come Lo Uiie clover series, we ot onee nuilce
the marwed increase in yields, in all serles, when these are
conpared with the grasses, Broad red clover is usually considered
to be very much a lover of neutral oy even alizuline conditions,
g3 Li dw o considerable moment that in this exscriment its yield
has not been decreased significantly until a pb below 4.7 is

reached,
montgomery red c¢lover, osn the other hand hag glven iits

maxicun yields in the "3% and Yo7 treatments, and there the average
weights have been nearly 5Us higher than those ol trectments N7

and ¥yM, S0 montgomery styain differs from the Iroad strain in

R
gLl

that the former appears to thrive best at pi levels of 6.1 and

st}

6,75 while the yield of the latter was not affected by the acidity

n that vl of

44
2

between il of 7.0 and .7, Both bowever are allk
3,7 had a deleterious effect unon yislda. s these results arve

muacih as expected., witn the oot acid soil velayding red clover
H <.

growth

pll ?

and the the case of the liongomery atralv siaxXilmim orowth

between pH 6.0 and 7.0

The reagctionsod the white clover atralng sre different froo

thope o1 the other clovers, in that the peak production is fouad at

a more acid reaction, m the tyoe I (series “1"), the yield
increases Lrou treatment "™ to "3¥ then Prom .50 fo Min, It stays

at this level feor "V" before falling sharply to X" treatuent. In
the cese of type II (series "K') however, the yield vises Lfrom "

to "3", stays the same for treatment "u" before rising atill further
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to a peak at "V then falling sharply to treatuent 3. Here it
ig of interest ton, that while the yields of Sercis "I" are
approximately double those of serieg "KY for itwvealoents MM, 5,
W ognd YWY, yet in the MM treatoment the yields are neariy the
same in each. This may indicate perhaps that the lower vproducing
strain is able to produce a hipher proporiion of ite maxiuam yield
vnder extremnsely acid conditions, than is the normally higher

producing straife.

It will be noticed that these rvesulte with white clover

]

i

are contrary to the generslly held oplnisn thal this specle
thrives only undey alialing »v near alkeline conditions. Certainly
in practice on the average far Lilcing does appear (o help induce
clover growth, hut any evidencce that this is dus 1o a reductlion in
acidity is inconcluasive. A8 mentioned earlicr (wmection II, Par. 2.),
white clover is known to grow at low pi, and nany weiters include

it with plants growing over a wide range of acldily. Ovang to

the fact that white clover herbage normally contalns a high percentags
of c&lcium, it is possible that lining is beneflicial io clover

growth because of the calciwn gupplied rather than because of the
decrease in goll aclidity. Some vorkers such as albrecht have

secured equsl prowih increases using gypsum that 418 not alter

soil pil as using lime that did. XKlapp {1938), found that in
Germany, Trifollum repens was one of toe wmost Ireqguently cceouring
posture species on all soils of pH varying frowm 3.4 1o 8.5. Donnld
{1941), explains suech resulis as being "due in part tv the great

degree of polymorphism in {his svecies.®

iwwhen great variotion ig obsevved betwsen the reactions
of different pasture sivains to similar condiltiosns, it mukes one
wonder just wvmat the lopical cxplanation cun be, However it would

seem that the most ocutstanding polint dewmonstrated in this trial is

]

the very wide range ol soll reaelions at wvnleh vrasses and clovers

will grow, and apparenitly grow normally and even thyrive. OF course



....114_9..

is possible only when ample nutrients ave availavle and 1T a

t

T
certain level of aelidity hinderes the availability or absorbtion of
aome essential nutrlent then plant growlh nust be reduced at that
aciditiy. Howeveyr, in this insiaance, HBroad rod ¢lover produced
equally at pHe between 7.0 and L.7, iontgouery rod yielded best

at pH levels of 6,75 and Gel, white clover, tyve [ was wmost

prolific at pis of 6,1 and hL.7, while uwhite clover, type 1L

produced vest at il a7 thus one wilight suppoese that within

this ronge at least the supply of available nutrient may be sufficient
for plant requlirements. uf gourse it is very possible thnt

between species or even between strains, of The same species, there
is a Gifference in the ability of the plants tu utilize or absorb
nutrients, or even a diffevence in the reaction tvo chemlcals

that may be toxic to sowe plants but not to othors,

Thus it would secm possible that wien 1t ip nhserved
that one plant out-yields another at a high level oF sgoil aciditly,
this may not be due directly to the fact that one prefers a lower
oll than the otheyr, (though sueh svidently is ftrue with certain
plant speciesn). It may ilugtead be explained by the fact that
oneg plant ig better equipped than the other to obtain its required

natrients despite the high scidity, rather aa because of ite

Az far as itne Tigurss for percentnmge dry amatiers are
concerned, it is remarkable now similar are tLe'ﬁeana, when all
the series Tor each itreatment are compared. Thus Loy treatments
from "I* Lo ¥V' the wean percéntage Pigures vary snly hetwveen 27.0
and 27.l, and the only mariked variation is for treatment XY where
the mean figure is 28.8. 20 although individual series fluctuate
to a niner extent beiween itrealments the averanes whoen all the series

are consldered are vory sinllal,.

when the weights of ithe plant wroots arc congidered, the
Gadin difference noticed is tiat between the gruss voolt Tigures and
thoge for the red clover. soong the prasses,; spart {roan the

abnoraal yield of "HM 1in gevies "7 and yields of series "D, it
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is seen that the weights o roote in tyeatuent "X awve falrly
consistantly higher thau-the other trealments, while in the tw
clovers recorded the weishts of lhe X" treatneul are even wuore
congistantly lewer than tne others. Tous it would appear that
extremely acid conditions may lead tu an increase Ln the root
systems of most grasaes; posaibly as an expression of thair
sttemnt Lo reach less acid soil or to obtain certain nutrients
not available at the acidity, while a gimilayry soll reaction
moarcedly reduces clover rost growih. In the clovers these
reductions of root systeme and herbage yields could be inter-
fependent or else bolth wvesulting from the seme cause, such as a

growth wedian, but in the

<

high Hydrogen-ion concentration of the
grassss, the root welpghts and herbape yields do not

appear ito be correlated in any way.

In the secondary exporiment in which seeds of several
pasture gpeclies wsre cown 1n the sane soll as used In the main
trial, ssveral interestiurs Locils suerge. The Tirsi of these ig
readily seen from the graph showing the actual setablishrwant of
all the species used {page o }, This is ithe fact, that, with
gvery species tested the highest percentage esiasblishuent has been
found in the V" treatment, Also it is seen that the establish-
ment of all the clovers has bheen very s007r in ine X' freatwent,
while that of the grasses has not been ao mueh affected. apart
from the numbers of plants established in the dilferent treatments,
the welipgnis of these plants are of interest. Both the ryegrasses
show very similar curves of herbage weipght, but then cach of the
clovers has a distinctively individusl graph. iione of the praphic
representations of the weinhis of the establisied plants in this
gecondary trial arve asiwmilar o that of the herbose yleld of the
gpecles in the main experisent, but the reaclion of youny aecedlings
to acld conditions could Lo expected to differ frou those nf
eatablished plants. Thus it is rendily osbheerved thal the sxtremely
acid treatment has had e more delslerious efTfect on young seedlings

than 11 4did on any growing wlants in ovots of the same soil.
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vihen 1t was observed that the percentage of gstablishrment within
one specles varied with the different treataents, 11 was thought
probable that the weighis of individual plants would be in inverse
proportion to the numbey egstablished, owlnpg to the competition
affect. fowever this was nol the case, and in Tact the graph of
the weight of individusl plants {expressed oy convenience éa the
weipght of one hundred such plants) bears a remarkable similarity
to that of the welghts of the total number of plaunts established.
Thus il would appear that the Pfactors thait have affected the
rgerminatiou and egtablishment of the diffevent aspecies, have also

alnilarily affected the weicht of the establishsed slants.
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XTIV, BUILIARY .

1. A g0il has been wixed with river sand and fhen brought to
varicus degrees of Hydrogeun~-ion concentration. Thias nas been
effectad by adding varying strengths of sulphuric acid to soil

placed in & inch flower pots.

2., “Yhe following are the reactlons of the soil produced as a

result of the treatmente, as al the time when nlanting took place.

Treatment Degiganation. B0ll Type, pH at Start of Bxperiment.
g BBk ST

o deatral Te2
5 51lightly aciad Le75
W Dediwnly acid 2695
v Yery neid lieh
X sxtremely acid Zeb

5. An experiment has been carried oul in which various iuportant
pasture species were grown in flower ypots containing the abeove
soil treatmentise. heasurements of herbage yields were recorded
for o period of approximately twelve wmonths aliter the planting

date.

Lo The following wmere the species of pasture plenis used in this

gxXperiments:-

Perennial ryepgrass Lolium perenne
ftalian ryegrass Lodiwn maltifloran

Short Rotatlion ryegrass L. perenne L. maltiflorus

Gocksfoot Daciylis slomeratsa
Red clover Trifolius odratense
White clover Trifoliun repsns.

In the case of foupr of the above gpecies, tws distinet strains or
varieties were grown in this experiment, Theso woergie
Perennial ryegrass,

Good strain Tyne I

Pporer slrain Type II11.



L

Cockafoot
tion.

Lo

Gond atrain, Mucleuzm sale

Poorer atrailn, Danish type.

FKarly varlety, Rroad red clover or 'cougrass?

lontoomery ved cloveyp,

Late variely,
white clover
Good astrain, Type I

Poover strain, Type Ii.

Oe in each wlant series, osne plant was sselecied and dividsd so
that clones were avallable for all replications and all treatmentis

in any seriesg,

Te The ryepgrasses greyw fairly well in ihe early stages of ths
gxperiment, but growt: so0v slowed down wad wias poon not couparable

with that of similar plunts syowing noraally 1o the field.

~

(e In the ryegrass sel

viea, (4 to D) the only one in which any

s

e o

treatments showed significant diffevences peiwoon iheir means was

o]

eries "B, Perennial ryegrass Type IIT. Hero treatment "Y' ouas

significantly higheyr svoducing than tresiryients "N and X",

De The yields of the itwo higher ylelding {trecluents in seriesg "L

were greater than the highest in series "aY,

10, The “oeksfoot planty in =ll treatments of serics "EY andg #pd
gray very poorly and did not thrive at any stoge durine the experi-
Bent.

1l. Al the clover plants used were Taulrly slow In becowming

established and did nol produce wmuch herbase during the first Tew
wonths after nlanting, but Jdveing the latter hall of the experiment

they thrived in most soil treatuents.

i2. The Broad red clover elonces planted, died T virus disease and

wers replaced by selected secdlings of a unifor: line.
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13, Meny of the clover plants grew very well in the acid soils,
the white clover strains ham very vigorous even in the "V¢
treatment, and growing mmpmt&m:r well even in the extremely
acid soil. ‘

lie The Bz'eaa red azm m&u gave yields that showed no
significant Aifferences Ntmn means from pH 7.0 to L7, but the
yield at pH 3.7 wae signiCicantly lower than all others.

15, Montgomery red dover gave its highest production at pi levela
of 6475 and 6414

16+ white clover, type I, on the other hand gave highest yields
at pH levels of 6,1 and L7«

17« The production of White clover, type II was highest at pH Le7.

18 The results suggest that in White clover atrains, Type 11 may
be more tolerant of very acid conditions than Type I

19« The flowering of White clover, Type I plants was not signifi-
ecantly influenced by eoll acidity, but with Type 1I,; the more acid
treatuents produced more f{lower heads than did the neutral soils

20¢ When percentages of dry matter in green herbege were considered

the means of all series for different treatments were very similar,
except that the extremely ascid treatment produced herbage of
slightly higher dry matter content than the others.

2ls 1In the cm of the grasses, with few oxceptions it was found
that the highest average root weights were oblained from the
extremely acid soils. “with the red clovers however, the root
weight decreased markedly with increasing soil acidity.

22, In & simple trial of germination and establishment of gertain
pasture seeds in acid soils, at the end of 7; weeks, highest
establishments of all species were found in the soll at pH LS
Bach different apecies or variety of seed used, reacted differently
both ms far as establishment and weight of establishhed plants

3



were concerned.

23s As a rule it was found that the weight of individual
eatablished plants was not inversely correlated with numbers of
established plants, but that the factors that affedt seed germination
and establishment, appear to similarly affect the weight of plants
established.

24, The level of Hydrogen-ion concentration in the soils altered
during the course of the experiment, the change being especially

marked during the latter six months.

254 The pH levels of the "grass" solls changed differently from

those of the Yelover" soilss

26. Various chemical tests were conducted to help give a picture
of the suitability of the soil in the different treatments to act

as a growing medium.

27+ As this experiment was carried out in flower pots, the condit-
ions for growth were not as ideal as they usually are in the "field"
and no nutrients were added to any solls to attempt to improve

conditions,

28 At the present stage of this investigation into growth of
pasture plants in acid soils the results of this trial should not
cause any alteration in normal agricultural practices such as
liming of pastures, as any conclusions drawn can apply only to

the particular conditions ruling in the present experiment.

29. From this experiment it would appear that the pasture species
and strains tested can exist and even thrive despite a very wide
variation in soil acidity. Thus the degree of nutrient availability
and the presence or absence of certain substances in toxic amounts
appear of more importance in determining the growth of pasture plants
than actual Hydrogen-ion concentration itself, Uless extremes of

acidity or alkalinity are reached,
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