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1 , General . 

During tne pnat few decades, our country, 

along with othor important pr1 ary producers, has co e to 

realioe 11th 1ncrea ing force the real inportance of pa ture 

production to · m.ankind. In New Zealand over nine tenths of 

the value of our exports comes directly or indirectly from 

grasslands. This realisation nas been reflected in the marked 

extension in re·earch, not only to ards the improvement of 

pasture species and strains, but also in an attempt to learn 

more of the conditiono in the soil that are most ideal for 

maximum production, 

As a plant can produce only as much as its 1nb.erent 

potential and its external environment will allo, it becomes 

all workers to consider both sides of the question of 

maximum production. s a result of ork done by tho 

Grasslands Division of the lant Research. Bureau since its 

inception, str ins of new pasture species have been developed 

hioh 111 produce very highly under conditions f vourable 

to their gro th. Tnus if these strains are used 1n agriculture 

and maximum production is not obtainedt managemental and 

environmental factors must be the limiting ones . Of ttle 

environmental factors, :f'ive claim pr·de of plao here 

pasture production is concerned: -

(a) Soil moisture 

( b) Soil and air temperature 

( c) Ligb.t 1nteno1ty 

(a) oil fertility 

( e) Soil acidity 

In practice the first three factors are mainly dependent on 

climatic conditions, though by suitably controlled irrigation 

and drainage both soil moistur o.nd 011 temperature can be 

influenced and plant gro tn marKedly 1ncre sea . 
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Tne problem of light intensity needs research i n thio 

country, but it is kno\m that some species, sue · as Pra1r1e 

grass (Bromus cathart1cus) and Cock foot (Dactylis rata) 

thrive when a certain amount of shade is prov'ded for their 

crown- while others such as Indian doub (Cynodon dactylon) 

or English hair- grass (A1ra caryaphyll ia) gro best under 

open sunny conditions . Thua although climate can play an 

important part in this factor, it is obvious that, as 

Nilsson- Leissner has aaid *' ••••• if' we kno 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 ay that e favour or 

b.amper that particular group ••••• 1• 

So i l fer t i l i t y as usuall y considered includes a l l 

other factors of oil environment but here the term 1s used 

to mean the ability of the soil to supply the growing plant 

with all tne nutrient require.ants normally absorb d through 

the root system. It is ell known that this is uaually the 

most important factor l imiting plant gro th, but nuch can be 

done by manurial applications to counteract a.ny deficiencies 

that may be l i mi t ing plant growth. 

The fiftn factor of aoil acidity or Ilyd_, gen- ion 

concentration is partiall y wrapped up in 1ta effects lith 

fertility, because it is known for instanc that under acid 

conditions some nutrients - particularly calcium and m gnesium 

are usual ly leaened out h.ile under alltaline conditions others 

l ike Potassium and iron may be b.eld in forms unavailabl e to 

tne plants. (Pettinger, 1935. ) However apart from tn1a 

indirect ef'fect, the Hydrogen-ion seems to have a direct 

bearing on the gro tn of a plant, even inen special measures 

nave been taken to ake all nutrionts vailable. (Lundegardh1 

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

as it 1s often called, non combined witn the resultant deg~ee 

of' nutrient availabil1 ty, plays a very i portant part in 

regulating plant growth. 

Soil acidity depends on the Hydrogen-ion concentration 

in the soil and this 1s usually measured and expressed as the 

pH value for that soil , Tne pH may be defined as '•tne nega

t1 ve index of' ten ,nich expresses the concentration of Hydro

gen- ion in tb..e solution of' the acid". (Russell 1927. ) A pH 

of 7 represents a neutral solution with equal runounta of 

Hydrogen-ions and Jiydroxyl-ions, while a smaller number, e . g. 

pH 3 is more acid and pH 9 more alkaline. The natural pll 

of' so1ls in Ne~ Zealand varies considerably from 4 .1 to 8 .1 

(Annual Report D.S. & I.R.) but the more usual 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 (4rrherius 

1922), and pH 11 1n Egypt. on the alkaline side (Lundegardh, 

1931 . ) 

Object of Present iork. 

It 1s u ually recognised that different 

plants th.rive best at different levels of soil acidity, e . g . 

potatoes best at pII 4. 8 to 5,4, asparagus at 6 , 0 to 6. 7 etc, 

(Work, 194.5), so the present ork was undertaken in an attemp't 

to throw light on the following points. -

( a) Is tllere one level of soil acidity optimum to all of 

the follo ing species of' pasture plants,. and if not what level 

suits each species? 

Perennial ryegrass 

Italian ryegrass 

Short Rotation ryegrass 

Cocks foot 

Red clover 

,hi te clover 

'Lol1um perenne 

Lolium multiflorurn 

L. perenne, L. rnultiflorum 

Dactyl1s glomerata 

Trifolium pre.tense 

Trifo11um repens. 

C 
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(b) oma of the above species have different strains, ome 

more nignly producing tnan others. Does th train witn th.& 

nigh.est potential production still produce better tnan the 

poorer strain 1nen the conditions are not optimum, or are the 

lo t r producers more tolerant of conditions less ideal as far 

as soil reaction is concerned? 

(c) ~hen any of these pasture species have different strains, 

do these nave the same optimum PH or does each strain nave a 

different level? 

General Outline of Experi ent . 

It as planned to ma ea soil acid by 

artificial means till certain levels of Hydrogen-ion concent

ration were reached, then 1.n each of tb. se resultant so ls 

to grow samples of all the pasture speci. sunder consider tion. 

These plants could then be cut as required and tn growth 

me sured by ~eigning the herbage. 

After much consideration it as decided that , 

although plant growth in pots may not always reproduce results 

n in tne fleld 0 , i n this case soil in situ ,ould not be 

satis~actory, as wb.ile the depth to nicn soil ucidification 

can be eontrolled is limited, grass and clover roots extend 

to a ver"3' cons1derable depth under our conditions. (Jaequest 

1941. ) 

Regarding the me tnod of making the soil more acid . 

0 sulptlur is sometimes used commercially for this purpose, and 

ia changed by soil bacteria into sulpnuric acid . Aluminium 

sulphate is sometimes applied, or fertilisers auon as onium 

.sulphate 11 hich leav~s an acid residue on the soiL" ( ork, 1945) 

s such methods ould be slow in taking effect and final 

reation could not be ea 1ly controll d, twas decided to u e 

sulpnuric acid directly instead of using anoth r substance and 

1aiting for it to be converted into tnis cid by natural forces. 

After this treatmont had been carried out, it ras di oovered 

that straight acid applications had also beon uoed by Reid 

(1932) and nad been found quite effective. 
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It was decided that initially no attempt would be de 

to add any nutriento to the oil but to ma e the growtn of 

the plants a measure of the re ction of tne plant to the 

Hydrogen-ion eoncentr tion and to any other conditions 

re$ult1ng from tne soil treatment -

Th.e planto to be used in the exp riment ex·e some 

of the main pasture species, and the actunl plants ,ere to be 

e l ected from lines of known history, so that they were 

representative of the species or strains being tested. To 

aid 1n lessening variation between plants in any species, 

single known plants were to be broken into clones and tneae 

used, so tnat in effect one had the same plants gro ing under 

the conditions resulting fro m each individual treatment. 

4. Time and Place of ork. 

Th.is ork as carried out at the ~tation of th.e 

Grasslands Division, l?lant Research Bureau, Department of 

Scientific and Industrial esearch., situated in Fitzh.erbert 

est, Pal merston Nortn. The preliminary work began in 

October, 1945 and the last measure ente of the plants ere 

taken in June~ 1947 . 
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oil Ac1d1t~. 

A complete revie of the literature dealing 

witn ac id soils and their effects on plant growth ould be 

a full scale work 1n itself. Hoiever n attempt is made 

h.ere to give a good cross section of such literature as a 

background for tne present work, and in order to help explain 

the results obtained in tbe experiments undertaken. 

s stated in an earlier section, ( ection l, 

Par. 1. ) soil acidity depend on the relative ooncentrations 

of Hydrogen- ions and Hydroxyl- ions i n the soil solution. 

I:f there are equal proportions of eacn the soil 1s neutral; 

if Hydroxyl-ions are in exoess the soil is alkaline, but 1f 

Hydrogen- ions are in excess the soil is acid. Reid (1932) 

states tnat "the term 'reaction' and 'pH value• are used t o 

express the cond1 tion of' th.e soil i t h t•espect to acidity, 

neutrality or alkal nity. soil of' pH value of 7 . 0 is 

neutral - that ia, it is neitner acid nor alkaline . soil 

h.ose reaction 1s exp·resaed by numbers lo or than 7. 0 is 

acid and tne lower the number the greater tne acidity. 

Like i se a soil whose reaction is expressed by a number 

higher than 7. O is alkaline , and the b.igher the number tb.e 

gr·eater t he alkal 1n1 t y. 11 

In humid regions ( 25 inches or more annual rainfall ) 

oils gradually become more acid, tb. rate at whioh acidity 

develops depending on the amount of th rainfal l, tb.e type 

of tb.e soil, and the nature of the native material from wnioh 

the soil is derived (Noer, 1928. ) . Thia gradual acidification 

is due to the leaching of' the soluble alkaline material from 

the soi l - accentuated by the dissolving and repl acing ac t ion 

of the carbonic acid in tne percolating ,ater which results 

in a predominance of o1d1o mater1al and the residual soil 

th.us graduall y becai ea or e acid in character. (Noer, 1928, ) 
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(Hughes, Hodgson and Harris, 1939. ) Noer also states that 

th.e annual los s of lie tnrough leaoh.ing 1s often in the nature 

of 200 to 500 pounds of calcium carbonate. Lyon and. Buckman 

(1943 expre s the aboYe gradual acidification of hu id soils 

by the follo ing diagram: -

( 111cte j ca->+ + 2, H2 

Clay high in replacable 
calcium. 

lay with inorea e 
in h.ydrogen and 
decrease in 
calcium-ions. 

oluble e lei.um 
bicarbonat 
readily le ohed, 

The removal of the calcium bicarbon te by drainage 

causes the e quation to move to tne right and the continual 

assumption of Hydro en-ions by th.e colloidal clay at tne 

expense of the ealci,um, tends by equilibrium to increase tne 

IIydrogen-ion concentration o:f' the soil solution and the pH 

of the soil is gradually lo ered. Lyon Buckman (1943) 

stress thia acidification with tne follo ,ing terma,- ttin 

other words, a persistent and unremitting inclination t ards 

acidity and 1 ts intensification exists n nu. id-region soils" 

In agricultur 1 practice, many co .on m thods of 

prep ration of ground for cropping tond tol rds increa ing 

oil acidity, and the fo llo ing are worthy of mention; Soil 

cultivation (Lyon and Buckman 1)43; lougb.ing under crops 

such as vetch for green nuring purposes ( ynold, Coley 

and Smith, 1945); Leaving ground fallo Lyon , Buckman 1943 

(Reynolds and mitn, 1946), and tne use of certain fertilisers 

sucb. as ulphate of mmonia, .Ammonium ph.osph te, dried blood,, 

acid pnosphate ( lignt effect) as well as tne majority of 

the Pot sh alts (loer, 1928) (Lyon Buckman, 1943) ( ork• 

1945. ). 

FPo tne for go ing it is clearly sen, tnnt in parts 

o~ tne wold th th vo a reasonable rainf 11 and ~here agri

culture is carried out, there is a eontinual tendency to a.rds 

an increase in the aold1 ty or the soil solution. 
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If it considered necessary the acld ity can be reduced by 

heavy liming or using fertilisers such as nitrate of oda , 

basic slag or calciu nitr t that leave a basic residue 1n 

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

part from the bovo normal pr ct1cos, it sometimes 

desired to increase the ac·d ty a.redly in play ·n green 

( oer, 1928), ( adden, 1939); to get the acidity to the level 

where a good playing turf is r dily produc d { onteitn, 1932) 

(Matson and G1bb, 1946), (Levy, 1~39); to fav ur o e 

particular plants ucn as Azaleas, Rnodod ndrono o Blue-

berries (Ga~er, 1942); to aid in control of so plant 

dise aes such as potato sc b ( ork, 1945 , (Lyon & Buckman• 

1943); or for purely experimental purposes . nis acidifLcati n 

has often been carried out by add1t on of ulptlate of onia 

to the soil (Doak, 1937), (,etson and Oibbs,1946), (Noer, 1928), 

( Mann, 1937) . In one case (Matson and Gibbs, 1J46) the 

acidity, as represent d by the pH value, ehwiged from pH 6. o 
to 4. 8 1th nine yearly applications t the rate of six 

hundred eight per acre, nile in -notner ( ann, 1937), the 

pH level dropped from 6. 1 to 4. 4 with a lighter .ount applied 

annually for nearly fifty years . ulpnat of iron is also 

used to incre se ao dity and is particularly useful for lawns 

and playing greens hen combined ith ulpnate of onia 

( etson and Gibbs, 1946), (Lyon & Buckman, 1943) . lumin ium 

sulphate may also be used occasionally on a co ~ cial cale 

( ork, 1945), but the most i mportant chemical or all ia 

sulphur, (Noer, 1928), ( ork, 1945), (Lyon & Buckman, 1943) . 

ost of the sulphates when added to tb.e 0011 form sulpnurio 

acid by hydrolysis (Reid~ 1932), (Lyon & Buckman, 1943), and 

1 t is mainly th.is acid that dl"'astically lo ere tl1 pH of the 

soil . \ hen flowers of sulpnur are pplied uthi u ually 

undergoes v1gorou microbi 1 ox·a ton in the so 1« fin lly 

forming sulphuric acid, 1 nd under f vour ble conditions is 

four or five times more effec tive in developing cidity than 

ferrous sulphate 0 (Lyon Buckman). 
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It 11 be observed that 1th nearly all tne above 

moth.ods of 1ncreas1ng soil acidity the final active reagent 

is sulphuric acid - so in order to speed up th.e acidification 

in the pres nt exp riment and to keep the ~rocess fairly well 

controlled it was decided to use sulphuric aoid as a solution 

to be added directly to tne soil. ta later date it ias 

discovered that tne same material nad also been used by Reid 

(1932), but she had not given details to sho just how this 

acidification was carried out. In the same paper eid reports 

trying hydrochloric acid as ell as sulphuric, but found that 

the plants in soil cidified with hydrochloric acid ere never 

as vigorous ae those in soil of the same pH that had been 

treated with sulphuric acid. This she explained as possibly 

being due to the nigher toxicity of cnlor1des than sulphates 

where plant are eoncorned, or else, to the fact that the less 

soluble sulph tes y not enter tne plants as readily as tne 

ohlorides under similar conditions. Roid also report tnat 

a certain clay soil produced plants that grew fairly well at 

a pH level bet een 4.0 and 4. 6 ihen tn1s ias produced slo ly 

using flo ers of ulphur, but did not produce actively gro ing 

plants at tne same levels of acidity hen this was produced 

by tne application of sulphuric acid direct. She uggests 

this difference ay be due to the injuring effect of the harsh 

acid; or the sudden cnange in pH resulting from this on the 

cro organi ms in tne 0011, hile hen tne pI is cnanged 

slowly tne organisms ay be more able to beco e adjusted to 

the changing oond1tiona. Lundegardn (1931) also reports having 

added different quantitie of hydrochloric acid to soil in 

order to change the level of acidity and to produce the range of 

p levels between 4.4 and 6. 8. Reld (1932 used pnospnorio 

acid on some soils to produce acidity and found that by thia 

meth.od good growth. was obtained at quite lo pH levels. he 

explained the superior results by this metnod aa being due to 

the extra high level of available phosphate in the soil . 
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nen co parin soil cidity level taken t different 

tines of the year, it must be noted that the ea ured pH of a 

soil exposed to cliJatic conditions fluctu ts from tie to tioo , 

Minor changes or ac1d1 ty occur with al toration j_n oi tur cont nt 

(Smith. Robertso, 1931); but the main .fluctu tion is seasonal . 

Lutz & Chandler (191-1-6), otate tnat season 1 variation in oil 

pH a.re probably related to climatic condition nd to the nature 

oft eve etation, Nehring (13.34), record d that highe t pH 

values tere found during the inter, and the lo est i n summer 

and that variations bet een these to extremes 1ight be as great 

as 0 , 8 pH. Lyon Bue m n (1J43), report that soil pH decreaseo 

as summer advances, especi lly if 1 nd is under cultivation and 

they attribute this to tne activities of soil 1oro- organ1sms . 

hen land 1s under vegetation, the acid ty may be least in the 

autumn, and Jo:ffe (1J35J states tnat in forest l ands this is due 

to tne release of ba ·ea from fre,;;,ph.ly fallen leaves.. mi tb. &: 

Robertson (1931), found that the soil ac dity moved in the same 

irection whether the soil as ·all~ ed or pl nteo and the 

fol l owing are their conclusions: - ••In the early part o:f the 

season hen accumulation of s lts take~ lace on account of the 

rise 1n temperature, the acidity of soil i~crea es, rresp ctive 

o:f climatic factors . here plants are gro ng that accumulation 

is not so great and the increase in acidity is not so marked .. 

To,ards tne end of tho gro ing eason, cl1.at1c factors, and 

particularly ra1nfnll, appear to be responsible for irregular 

fluctuationo, but there is a general tendency for tne acidity 

to decrease . Finally the pH value, like the concentrat on of 

sal ts beco os approxi ately the same for botn planted and falloN 

soils, and not rar removed from that at the beginn ng of the 

season. It seems therefore, tnnt variations in soil acidity 

are definitely conn cted i th ch.anges in t e quantities of 

electr olytes preoent, and tnat the effect of the plan t is due, 

at least in part, to abs~rpt1on of s lts. 
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It 1s possible, however, that bicarbonates formed as a result 

of plant growth also exert some influence. • 

Tnere appears to be little record of any direot 

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

medium, apart from observations using ater cultures. nen 

water cultures are uaed, buffering is often sl1gn t an.d the uptake 

of nutrients may cause minor acidity alterations . Lundegardh 

(1931), in reporting work by eiss, states ho ever tnat a well 

buffered alkaline solution would not support the growtn of maize 

and oats since the plants were unable to change the pH, mile in 

a eakly buffered solution the pH as shifted by the plants 

t~emselves into the region of optimum growth. 

2. Hy<lrogen• ion Concentration and Plant Oro th. 

Let us no consider the effeot of tne soil on 

plants growing in the soil, that is, the real importance of soil 

acidity 1n agriculture. In practice it is very difficult when 

dealing with tne soil to determine just how much of the effect 

observed on tlle plant is due directlw to th.e Hydrogen-ion 

concentration, because so many factors are interrelated. Tne 

acidity of the soil solution may directly affect the pl nt growth; 

it may result 1n secondary nutritional effects or it may influence 

th.e health. activities of tne mlcro- and macro-organisms of the 

soil. Therefore any reaul tant plant growth observed may be due 

to any one of tnese or any combination of them. In an attempt 

to distinguish between causes of observed effects of ac1dlty 

on plants, much work h.as been carried out ua1ng nutrient olutions 

where micro-organisms play no part in plant nutrition, and nere 

it is possible to alter e1th.er tb.e nutrient supply or the tiydrog n

ion concentration independently. Using th.is metb.od, rnon and 

Johnson (1942) in a comprenensive experiment found complete failu~e 

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 ere well tolerated by the plants, provided an 

adequate supply of nutrients vas maintained. 
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Tiley found th.at tnere appeared to be optimum gro th of tomato, 

l ettuce and Bermuda grass at a pH or about 6, though. Bermuda 

grass was still very good at pH 4, Gues t and Chapman (1945), 

report th.at Hydrogen- and Hydroxyl-ion concentrations corresponding 

to pH levels from 4 to 9 exerted no appreciable direct 111 effects 

on the growth ot sweet oranges. Duggar (1920), fo .und also witb. 

wb.eat, corn and Canad1an field peas, tb.at under favourable 

condi tions tb.ey gave e:xcellen t growth. even when th.e pH of 

solutions varied :from 4.5 to 7. 1. orking with different vege-

tables, Hewitt '(1945) reports that in solutions with complete 

nutrlents, growth was Vigorous and normal despite a pH of 3. 6. 

Tarr and Noble (1922) also reported that pH 3 was proh.ibitive to 

the growth ot seedlings of wneat, corn and soya beans pit 5, but 

at a pH of 6 cb.lorosis began to appear in all tnese plants. 

Powers (1927) , found tb.at the maximum development of Hungarian 

vetch was at pH 5. 3, spearmint at pH 6. o and lucerne and als1ke 

bet een pH 5 • .5 - 6.o. Pizer (1945), dealing w1tb. natural soils 

reported that ryegrass, tomatoes and potatoes were all able to 

gro 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 th.at at pH 4 . 2 gorse, bracken, bramble and sedge.a th.rived 

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 tney were usually 

unable to exist and he doubted wnet~er they could th.rive even at 

a pH of 5. 5 to 6. 0 . Hoagland (1923), reported ti.lat barley, 

cucumber and peas all gre best when the nutrient solutions were 

slightly acid. Lundegardn (1945), in measurements of growth of 

neat roots found tnat tne pH series gave one peaked curves •itn 

optimum levels at pH 6 in a solution with metalic ions (Na or K. ), 

and pH 5 in solutions ithout such metalic ions . 

On the otner hand, Sal ter & Moilvane (1917), record 

tnat with the growth of heat seedlings in nutrient solutions at 

varying acidities there as observed a double maximum curve of 

growt~, with a minimum between tne tvo peaks at pH 6. 
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Arrh.enius (1922), found similarily that as ell as poor growth 

at nigh degrees of acidity and alkalinity there was often noticed 

a toxio region between these two extremes. Robbins { 1923) cam.a 

to a similar conclus1on but a.ta.tad that tn1s double curve of 

growth mignt not always be observed, even if pre ent, e.s so many 

oond1 tions may conceal tile minimum between ,the two maxima. He. 

recorded that te perature, water supply and salt oontent gb.t 

limit growtn, and tne maximum and minimum po1nts m1gh.t not be 

distinguished. He also stated that th.is point of miniml;lm growth 

migb.t correspond to the isoelectx-1o point for th.e plant tissue 

ooncerned_., 

Certain workers, ocall and Haag (1920), and e1er and 

Hadatead (1921)• obtained no oorrelat1on between yield of wheat 

and the pH, or change o:f pH. Mann ( 1937), o:rking 1th ba.rley

in .soil made aoid with. Sulphate of Ammonia to pH 4•4; stated 

that tlle "most striking result of an inju:t-ioua degree of acidity 

in tb.e soil lies in th.e etf"eet on--formation ot the ears and on 

the grain contained in them. At a pH of 4.4 grains were rarely 

more th.an two per b.ead, but the number of shoots per plant and 

even tb.e number of heads were not so directly influenced by the 

acidity". 

Lundegaroh and Burstrom ( 1945), found that gluoose 

oonsumption by wheat roots decreased rapi dly as the pH was 

lowered, and stated tllat this rapid decre ase as believed due 

to th.e fact that growth intensity was regulated by the pH value 

of th.e surface layer of tb.e root b.icb. in turn as directly 

influenced by the pH of tne medium. ork by Ob.odat ( 1915) • 

Merv1us (1924, 1927), and Olsen (1923), also points tow~ds the 

faet th.at the immediate concentration of' Hydrogen-ions in the 

soil, apart from secondary- factor~, tias a decisive influence 

upon tb.e :flo.r1st1c composition of the vegetation of given areas 

(Koslo ska, 1934) . 
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Ol sen (1921), using culture solutions, found tnat Decnampsia 

:rlexuoaa 11ad 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 th.an 

at pH 7. In the field ne found this species only in soils witn 

pH level below 4.9, Vlb.ile a different species, Descnamps1a 

caespitosa, was found at pH levels only a bove 5. Olsen also 

found that with Hordeum distiohum in culture solutions th.e optimum 

pH was between ; . 5 and 6. 5 but growth decreased rapidly on both 

aoid and alkaline sides of tnis optimum.. Tb.ua it appears true, 

as Lundegatdh (1931} states in .reveiw1ng tile work of rrnenius 

(1925} and Stark (1928), that the optimum pH is specific for 

different species o:r plants, and b.e goes :f'Urtner and says it 

1s also speo1f1o tor different strains of the same species . 

It is difficult b.owever to understand completely 

tne effect of local conditions on tne apparent optimum range o:f 

PH for certain plants . Thus Britton (1942, reporting work by 

Kreyberg, snows now red clover growing in a 'humid'' cl1mate has an 

optimum pH of 8. 3 to 8. 7 wh.ile tb.e same species growing 1n a 

"moist" climate and light sandy soil has 011 optimum range of 

pH 6. o to 6. 8. Reid (1932), repo~ts a similar case i n nioh 

Metropolitan bent was grown on tio different soils and tb.e 

growth. on the clay soil was moat rapid at pH _. 8. 3 wnile on a 

. compost mixture, gro rth was most ttap:td at pH 4. 5 and dropped 

sharply away on both aides ot th.ts l~vel. 

3. Hydrogen-ion Concentration and Nutrient va:Llabili ty. 

Many workers attribute tb.e ef'fect of acid soils on 

plants to nutrient def1c1enoiea or onemical toxicities, and 

Hewitt (1945) saye tne follo ing require consideration, apart 

from direct ao 1d1 ty effects and biotic. f.ac.in.r.s.; -

( a) Greatly increased ava1lab111 ty of such elements as 

manganese, iron, zinc, copper end aluminium to 

point of toxicity. 
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( c) 
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Fixation 0£ phosphate wnich may become deficient. 

Molybdenum deficiency. This element appears less 

available under acid oond1tions and lime seems i mportant 

in its upt~ke. 

(d) Low calcium status resulting in caloium deficiency. 

(e) Low ba.ae status re~ulting in complex calcium, magnesium, 

potassium and sodium deficiencies. 

Hewitt (1945), gre oauli:flowers and runner beans in different 

nutrient solutions, and found tnat t he t ypica l symptoms produeed 

by- these crops in acid s oils were reproduced :Ln sand cultures 

·· bjr supplying manganese i n 12 to 25 parts per million wi tn a low 

calcium level.. He found too that increased calcium supply 

reduced tne severity of tne manganese toxicity~ In connecti on 

with manganese, it ie of interest tna t Marshall (1944} decided 

that the uptake of this element depended largely on the pH of 

the soil and on the exchangeable manganese p!'esent. He did 

find b.o ever tb.at in each of the t o soils studied, tne manganese 

was in a different form, for in one it was liberated by acia 

conditions but in the other it wa~ n-ot. It is ortny of note 

too that alsh (1945) :found th.at at nigher pH levels; grasses 

often showed chlorotic symtoms that were corrected by spraying 

with manganese sulphate, and he also recorded that certain 

s t rains of some grasses reacted differently from other strains. 

ith regard to aluminium, it is a recognised fact 

that tb.is element may become so active when tne pH of a mineral 

soil is low, that it is extremely toxic to certain plants. (Lyon 

& Buolanan, 1943) . Hart ell and Pember (1918) , report that the 

effects of ac1d soil on both barley nd rye appear to be due to 

aluminium toxicity, while McLean and Gilbert (1928), working 

witn nutrient solutions, f ound tnat alumi nium as stimulating 

to plants at low concentration but toxic at high ones. The 

aluminium still remained tox1c even-~nougn the acidity was less 

than tnat represented by pH 6. 
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It 1a a ell known fact t h.at phosphates are readily fixed by 

aluminium in an aoid s oil, but the reverse situation is not 

usually realised. Ho ever, McLean and Gilbert (1928), reported 

tnat souble phosphates in eoncentrations equivalent to that o:f 

th.e aluminium, completely counteracted the aluminium toxicity 

and that plants then grew normally. Lundegardn (1931), though 

not mentioning aluminium specifically, agrees that ac1d phosphatea 

nelp to neutralize tne harmful effects of an excess of Hydrogen

ions in the soil. 

ith regard to th.e availability of phosph.ates in acid soils, 

Pizer (1945), states that at low pH, both potash and phosphate 

are usually low or very low, and even under good h.eath wnere 

tne organic matter is high a soil at pH 4.2 had medium to nign 
potash content but very lo phosphate. Lyon & Buckman (1943), 

state that at pfl levels above 7 .0 pnospb.ate may be fixed in 

complex oaloium phosphates unavailable to most plants, while 

if the level 1s uch below pH 5. 0, the unavailable iron and 

aluminium phosphate$ may be formed. They suggest furtber that 

for regulation of the phospnoroua nutrition of plants on. average 

so.ils th.e pH of tb.e s o 11 should be kept between 5. 6 and 6. 5. 

Reid (1932), working ith bent grasses, found that on tne clay 

soil used, the supply of available phosphorus was the chief factor 

causing variation 1n growth at different r .eact1ons ana a graph 

showing the available phosphate at varying acidities was similar 

to tnat sho ing the growth at these pH levels. s mentioned 

previously. Reid reported that ane used phospnoric acid to bring 

soil pH down to 4. 2 and the resultant growth was very good compared 

with. that on the soil acidified to tlle same level with sulphuric 

or hydrochloric ac1ds. 

Tne :following chart, reproduced from ,,ork ( 1945) was 

first published by Pettinger (1935) and gives a good visual 
I 

representation of the effect of acidity on tne availability of 

s-ome major nutrients. 
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ON .. ::·.- · . _, ...... , . MANGANESE ("•••1Gt1r. l9J5 ,,, r,- c 
ViitG, .. •Fnr,cc .. H1c/,-s,1111rc 

Doc~~,.. •-5 V·•G v· • 

Va. Expt. Sta. 

FIG. 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 mo.in nutrients fhoee availability 1s affected 

by change in Hydrogen-ion concentration, certain of th.e nminor" 

elements are also important., Thus Davies (1345), has reported 

tn t 1n very acid soils in Ne icaland a mo l ybdenum deficieney 

lla been observed in cauliflo ,ers . Boron too has its availability 

infl enced by pH and many orkers huve recorded observations on 

lime induced boron deficiency. ( ch.nrrer and, chrapp, 1934), 

{Pervis, 1939), {Midgley and Dunklee, 1939, (Bob t!o, 135, 1936) , 

Abatorova, 1936). Some of these people go so far as to uggest 

that all bad effects on pl~nts due to overliming are really results 

of an induced boron deficienoy. In New Zealand tnere 1s one good 

example tha t appears to illustrate the f act that the amount of 

boron present for effective plant gro th. requires to be nigh.er 

as the pH of the soil increases. Thus in Central Otago 1nere 

the pH of tbe aoil ias 7. 2 unneal'thy ri-uit resulted when the boron 

content as 1,4 p. p. m., while nearby an area ot pH 6. 3 g ve 

perfectly healthy fruit despite a boron oontent of 1. 2 p . p. m. 

(Askew, Tb.omson and Kidson, 1936). It ppears also that copper, 

zinc and manganese react in a omevnat ai 1ilar wa~ and become 

unavailable to plants if the soi-1- reaction rises above neutrality. 
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In addition to the altered availability of certain 

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 

medium.. orking on this effect , A:imon, Fratyke and Jonnson 

(1942) decided that in culture solutions, pH 3 caused direct 

injury to plant roots wh.ile a pH of from 4 to 9 b.ad no profound 

effects on the absorption of magnesium, potass ium or nitrate . 

b.era calcium ~as concerned nowever they found that using both 

tomato and lettuce plants, there 1as much lower absorption from 

strongly acid solutions (pH 4 ana 5) than at high.er pH values. 

It appears, on the other hand, as if acid conditions may faailitate 

pnosphate absorption by plants as reoorded by Sekera (1928 . 

Tidmore ( 1930) working wi th maize, and heat in culture solutions, 

also observed tnat greater absorption of pho pnate took place 

from aoid solutions than from alkaline ones, but stated that 

variation in th.e pH f~om 4 to 6 had little effect on the rate of 

th.e absorption . Britton (1942), also records tbat the phosphorus 

intake of plants is fairly aensit1ve to changes in pH of the 

nutrient medium, and that the rate of absorption of certain 

sections by the root hairs 1nQreases with decreasing pH values 

of tb.e nutrient. 

In some way that 1s unexplained at present, calcium . 

o:ften appears to remove the ill effects of Hydrogen-ions in plants 

and fungi, and Lundegardb. {1931) states th.at the addition of 

oalciwn usually moves the optimum pH towards the aaid side. He 

illustrates this ~1th an example 1n which the optimum pH for 

heat in a certain soil was 6.8 but a:fter the application of 0 . 5 

grams of calium cb.loride solution to 50 grams of soil, tb.e 

optimum pH was reduced to 6 . 1. rnon and Jonnson (1942) wo r king 

with nutrient solutions obtained similar results, and recorded 

that with. tomato, lettuce and Bermuda grass th.e best growth. at pH 

4 was with a h.igh. level of' caloiurn, and this \·1as as good as the 

growth at pH 5 wltb. a low calcium supply. 
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No s.uch response was observed at pH 6 . Albrecht ( 1937, 19.39), 

working with legumes in acid soils, concluded that the lack of 

nodulation and nitrogen fixation by legumes on acid soils as 

due both to the high concentration of Hydrogen- ions and to the 

lo 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 deorease in the Hydrogen-ion concentration. s 

:far as tne nodules themselves were concerned, lbrecb.t reported 

that at no level of calcium could nodules be obtained below 

pH 5.5, but at higher values calciwn as more effective than a 

decrease in acidity in sti. ulating their formation . lbrecht 

(1941), records that forms of calcium compo unds otb.er than the 

carbonate, that did not neutralize soil acidity, would produce 

normal plant growth in acid soils, and i n anoth.er paper (1943) 

concludes that "the so called plant injury by soil acidi ty is 

largely a matter of defioiency o-.r the plant nutrient calcium." 

This 1s however at variance with results of Gedroiz (1931) and 

Muye.ke (1924) wno found that gypsum did not i mprove plant growtn 

on acid so1ls though lime did. However Fried and Peech (1946), 

after getting similar results even th.ough.. the gypsum increased 

th.e available calcium in the soil solution to a greater extent 

than the lime did, decided tnat the poor growth 1n acid soils 

m1ght be due to calcium deficiency within tne plant, even though 

tllere was adequate calcium in the soil. They recorded tnat tne 

plants used ere unable t o absorb the calcium from acid soil even 

though it was present in adequate amounts as a soluble salt . 

They decided further that manganese appeared to prevent the uptake 

of available calcium by the plant under acid conditions. 

Soil Reaction and Biological 'ffects. 

Certain workers nave found tha t detrimental 

effects of acid soils on plant growth may be due indirectly to 

effects on micro-orga.niama or soil fungi . 
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Thus Rayner and Neilson Jones (1944) found that the gro lth of 

conifers on certain acid soils was stopped o ing to innibition 

of mycorrhizal fungi associations~ Lindquist (1931) working 

with "calcifuge11 plants, decided that the oocurrence of these 

so called uac1d plants" depended on th.e possibility of the 

possession by their roots of a mycorrb.iza exclusively oonneoted 

with acid h.umua. Tnia mycorrhizal nutrition may play a consider-

able part in the ability of certain grasses to survive and even 

th.rive under very acid conditions, but little work appears to 

nave been done on tile subject, and :i,,t may be quite a fertile 

field for reaearcn . 

As far as the symbiotic Rh. izobia of legumes are concerned, 

1t is the general opinion as stated earli'er (Albreont 1937, 1939), 

that despite ample available nutrients, t he min imum pH for nodule 

formation is 5,.5, but Bryan (1922) found tnut although. nodule 

formation on soya bean was best at pH 6.5 the limits to th.air 

formation were pH 3.6 and p 8. 

CErta1n otner micro-organisms in tne soil_ are very 

sensitive to changes in so11 acidity, and tne example of tne 

zotobacter which fix certain free nitrogen from th.e so 11 atmospnere 

can be quoted. Gainey and Fowler (1945), stated th.at the 

Hydrogen-ion concentration of tne medium exercised a profound 

inf'luenee of ttle growth of th.is organi.sm. They found th.e 

maximum acidity compatible with gro. th varied somewhat iV1 th 

different strains, but 1n general fell within the range pH 5. 5 to 

6. o, and the growth was rr1arkedly retarded lithin a fe1 tenths pH 

unit of.' tbe critical Hydrogen-ion concentration., Oh.r1stensen 

(1914), similarly found that Azotobacter disappeared altog~ther 
., 

below pH 5.8, while tneir development decreased rapidly below 6. 5. 

Of importance 1n turf work is tne fact that the 

organisms bringing about the decomposition of cellulose become 

almost inactive at pH 6.o, and the result of tnis inactivity at 

pH levels belo this is the formation of the "matu of grass 
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residues that seems so desirable in the formation of a hard 

wearing turf:tbr playing greens. Nitrifying bacteria b.owever, 

aeem able to flourish in acid soils (Blair and Prince 1922), but 

Britton (1942) states th.at at pH 4.5 nitrification has practically 

ceased, although ammonifying organisms are still fairly active 

even at pH as lo as 3.5. Parbery (1946) found tnat at pH 4.85 

nitrification as still effectiVet and tb.e addition of nitrogenous 

fertillsers to his pots of plants eventually proved to nave a 

reoesai-ve influence on plant gro tn, De "ilva (1934) in a 

comprehensive work on the distribution of certain plant species 

as correlated itb. ch.emica..1. properties in the soil, observed 

that while n1tr1fying bacteria normally seemed to :flourish in 

soils 1th oaloium carbonate and appreciable exchangeable calcium 

combined with low soil acidity, th.ey were sometimes :found to 

function, though with reduced vigour, in so ls ih1cn ere quite 

aold (pH 4.4), and ihicn contained no calcium carbonate and little 

exchangeable calcium. ear (1917) decided to.at "th.e division 

of plants into acid and alkaline species depended on the ability 

of om~ pl ts to absorb from the soil ammonical salts derived 

fr m humus ni~h i111 not yield to the prooeas of nitrification 

while '1ner species need tbe nitrates in wh1cn alkaline soils 

abound... It is usually considered that legumes require a soil 

near neutrality foe their gro th (Britton, 1942), but ~llet and 

Carrier ( 1915) recorded th.at Tri:f'olium re pens t •olerated a h.igh 

degree of soil acidity. orking with tne oame plant, Bates (1934) 

grew plants auceesafully from seed in soil at pH 3.0 althougn 

development was fairly poor. He al so produced some interesting 

effects with tne roots of white clover by placing a layer of soil 

at pH 3 between layers at pH 6.o or 7.0 in which case there was 

no development of secondary roots in tne acid soil at natever 

depth th.e aoid layer was put. 

From all this literature, it ould appear a if most 

plants can stana 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 &ny detrimental 

effects noticed on plant growtn at any partioular level of acidity 

may be due to any one o~ a large number of factors or to a complex 

combination of two or more, depending on the particular crop, 

soil and climate. The most important factors causing bad effects 

on plant growth in acid soils appear ho ver, to be direct fact ors 

suoh as toxicity of mate~ials suen as iron, aluminium or manganese 

or nutrient deficiencies due either to th.e qnava;tlability of 

certain elements at particular levels of acidity or to the 

inability of the plant to absorb and use the avail ble food 

supplies. 

5~ Hydrogen-ion Concentration and 
I 

eed Germination • 

part from the wide i terest in plant growth in 

acid soils, some 1orkers have experimented 1th germination ability 

t different pH levels. In tn1s connection rrnenius (1922), 

working i th. wb.eat, found tb..at tb.e best percentage germination 

was obtained at pH 5. o, th.en above and belo this level germination 

fell off, but rose again on the alkaline side and was fairly 

good at pH 7• tiowever th.e fastest germination obtained was at 

pH 7. He weighed the growth of roots and tops of plants after 

growth was well established and obtained greatest gro tn of both. 

at pH 5. The same worker in a similar experiment 1tn radish seed, 

found th.e germination at pH ]0.0 was superior to any other, though 

tb.e rate of germination was best at pH 8.o. Ho,wever both the 

final germination and rate of germination ,as good betJeen pH 7 

and 10. The greatest weight of roots recorded was from pH 7.0 

and the heaviest tops grew at pH 9.0. Lundegardh (1931) in a 

similar experiment witn 1~eat, repre enta his results with a 

graph sh.owing germination levels betveen pII 3.5 and 6.9, The 

curve rises from 3.5 to 4,9 wnere the go:rmination was 60 per cent, 

falls at pH 5.6 then begins to rise again and reaches a maximum 

of 75 per cent at n1s final level tested, pU 6.9. 
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Bates (1930), in a general statement gives the only reference 

:f'ound to germination of pasture S}?ecies in acid soils, by stating 

that 1 t was a rt generally accepted fact, tllat in ttle case of 

several grasses, a tnin layer of neutral or alkaline soil was 

sufficient to stimulate germination and establishment on an 

acid soil.•• 



1. · The Soil. 

Tne soil for this study as a friable silt loam 

containing a good proportion of organ1o matter. It waa a virgin 

soil from near tne bank of the Tiritea stre where the latter 

flows through the Grasslands Station area. This part of the 

Station hen acquired by the Grasslands Division at the end of 

1940, was a virtual wilderness of scrub, blackberry and native 

trees-. Tb.is as gradually cleared and the area periodically 

grazed by atock as pasture plants became established. - To obtain 

tb.e soil for use in tne present exper1ment the turf was skimmed 

otf part of tb.e area and the earth down to spa.de deptn dug oqt, 

put th.rough a screen to remove large stones, roots etc., th.en 

loaded on a truck and ta.ken into a sh.ad. 

2. Flower Pots. 

The flower pots used in this experiment were 

eight inoh ones, because it es considered no smaller size 1ould 

be large enough. to provide nutrients :for the plants over a period 

of twelve months without the plants becoming pot bound. There 

was. no ohoice possible hen selecting th type, to be ueed because 

only one kind was available, unglazed porous clay pots, and tnese 

were obtainea from F. Coopers, Dixon treet , 1,ellington. Th.ese 

were o:r course well washed before using. 

3. Oh.emicals. 

Th.a main chemical used was the acid :required to 

alter the Hydrogen-ion concentration of the soil. Tnis was 

'.t.nala.r" sulphuric acid with the following m.axir.aum lim1 ta of 

1mpuJ:i1t1es:-

Non volatile matter 

Chloride 

Nitrate 

o. 025 per cent. 

ff 

0.00001" 
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Selenium 0.001 per cent 

Heavy metals 0.0002 
,. Tf 

Iron 0.0001 u 11 

Ammonia 0.0005 It ll 

Oxygen absorbed 0.0001 11 It 

Arsenic 0.00001 ti II 

4. ?,l;_apt,f!. 

Plants used in this experiment were of known origin, 

and nearly all had been growing on the Grasslands Division 

station for a considerable time, so that the type and character 

of each was accurately known. The only exception to this was 

in the case of Broad red clover whez•e the original plants died 

out, and were them replaced by seedlings from a uniform line 

developed by the Plant Breeder of the Grasslands Division. 

The water supply at the Grasslands Division 

comes from the Tiritea stream after reticulation through the 

0 Town supply'' system and as this was .found by sin1ple chemioal 

tests to contain a certain proportion of' carbonates and bases, 

1 t was though inadvisable to use this on the plants .. Finally 

a galvanised tank was installed under a down pipe from a painted 
' iron roof and rain water was collected for use in watering the 

plants. However, during a number of prolonged dry spells there 

was insufficient rain water to meet requirements and it was then 

necessary to use the Town supply. In all watering, in order to 

try and avoid undue leactling in the pots, these later were stood 

in trays, the water was put into these t1•ays and dz•awn up to the 

soil and plants as required. 

6. (a) Tral!3: 

Ttie trays used in watering the pots had 

another and an important use., They were made of 24 gauge 

galvanised iron and were 18 inches by 30 inches, with walls l+ inohea 
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When the pots were stood in these, the plant rootB were unable 

to reach the soil, so that all the nutrients required by the 

plants, had to come from the treated soil in the pots .. If the 

pots had been stood directly on the ground, the roots of the 

more strongly growing plants would very soon have grown through 

the drainage hole in the base of the pots and penetrated the soil 

below .. If tb.is had oocrnrred, tile gr•owth of' the plants would not 

nave been a true indication of the reaction of the plants to tb.e 

treated soils .. 

( b) 

( c) 

( d) 

) 

Vi 8 iglt~)!I!\ Eg U, 1 J21J!8Il J:. l 
Drzin 5 Ov_e!},S. 

See later under 
section VI. 
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IV• PLAN OF EXP.blliIM.ENT. 

As mentioned earlier, the pasture speciea 

used are some of th.e most imp9rtant ones ln New Zealand agriculture 

and all are in wide-spread use right through. this country. Moat 

of the strains of these apeoiea used were ~Nucleus» in origin -

tbat is, they would be the foundation of lines of seed to be 

produced for ultimately coming on to the market at the b.ead of 

the certification system. Where possible a contrasting strain 

that in practice is normally inferior in type and low in production, 

has been used also, and this has been done in the case of Perennial 

ryegraas and White clover .. In the Rad clover species, two varieties 

have been used - "Broad r•ed clover 0 or "Cowgra.ssn and "Montgomery 

Late Flower1ng11 - but the plants of both these used were of Nucleus 

strain. In the case of the Cooksfoot species, two contrasting 

strains have been used. The Danish strain, while being inferior 

in type as far as New Zealand agricultural practice is concerned, 

is so mainly because of its coarse open growth and its liability 

to 0 winter-burn 11 in cold weather, and is not ueoessarily a much 

lower producer at other times of the year. 

Tne following table gives details of the species and strains 

used in this experiment, and the identifioation numbers and letters 

of the individual plants chosen:-

Perennial ryegrass 
(Lolium perenne). 

Perennial ryegraas 
) Loli um perenne) 

Italian ryegrase 
(Lolium multiflorum) 

snort Rotation ryegrasa 
(Lol!um perenne. L. multi
florum) 

Cocks foot 
(Dactylis glomerata) 

Cocksfoot 
(Dactylis glomerata) 

§..t_rai:g_. 

Nucleus 

Type III 

Nucleus 

Nucleus 

Nucleus 

Danish. 

Experimental station 
Desig ati!?,n• Number. 

''A" .A9l.V57 

"Bu Ba 6621 

"C tt Bl 782/Li. 

nn11 E366/4 

"E" K24/161 

''F" Be 466 
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strain. 

Red Clover Nucleus Broad 
(Tritolium pratense) 

ExpeI'imental 
~± t.m~ t 1 .. (m. 

Later replaced by seedlings of line 

Red Clover Nucleus Montgomery "Ht' 
(Trifolium pr a tense) 

Wb.ite Clover Nuclet1s Type I u111 

(Trifolium repene) 

Whi ta Clover Nucleus Type II IIKH 

( Trifoliutn repans) 

Station 
N,ump e X:!. 

F'270/4 

Aa 596 

Aa 581 

C472g3/186 

Cl+74/41 

For the sake of convenience in recording weights ana tor comparisons 

etc., the letter given as the 11i~xperimental Designation'' has been 

used to identify each plant species or strain througllot1t this 

experiment. 

2. Treatments. 

The soil treatmen~ were designed to produce five 

levels of soil acidity, ranging from approximately neutral down 

to about the maximum acidity found in mineral soil in New Zealand. 

The following were the five treatments and the letters used in 

this experiment to represent each. 

Treatment. 

Neutral 

Sligt1tly Acid 

Moderately Acid 

Very Acid 

Extremely Acid 

Th.e appropriate identifying letter was printea on eaoll pot of soil 

so that there could be no mixing of the treatments. 

In this experiment the same number of replications 

was used 1;P.e th.oro artJ treatments, i.e. five .. Thus as tb.ere wez•e 

ten plant species or strains and five treatments, five replications 

of eaoh gave a total of' two hundred and fifty pots .. 
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In the case of nucleus Perennial ryegrass, aeries "A0 one extra 

replication was arranged for each treatment, ao that if any soil 

wai:; required for later tests or further experiments it would be 

po<,;sible to obtain this without upsetting the stands.rd arrangement 

of five replications. 
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v. PREPARATION. --
When tb.e soil for the experiment was taken from the field 

into the sb.ed (see section III Par. 1.), it was shovelled on to a 

concrete floor where one pe.rt of clean river sand was mixed with 

four parts of tb.e soil, in order that the resultant mixture might 

be suitable for handling during later treatments. After thorough 

mixing the soil was placed in a sterilizing bin and sterilized 

with steam. The routine method of sterilizing at this Station 

consists of covering the soil in the bin with sacks, then with a 

wooden lid., The steam is then turned on slowly, and after this 

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

minutes,. In a chaolt of the temperatux•e reached by the soil, the 

soil rose to 209 - 210° Fin 20 minutes. It was kept at tn1s temp-

erature for a further twenty minutes before removing from the bin. 

such a treatment ensures the killing of' all weed seeds in the soil. 

When sterilization was completed, the soil was placed in boxes 

2 ft. by 1 ft. by 3 ins .. , and these we r·e stacked for six weeks 

before further treatment. 

Many ·preliminary tests were required to evolve a 

method of changing the Hydrogen-ion concentration of the soil so 

that the required range of acidities could be obtained. one 

8 ins. pot holds over eight pounds of soil, and as at least 50 

pots of each treatment were required, this involved altering the 

level of acidity of 400 lbs of soil in such a manner as to nave 

every part of it at tile same pH. As Sulphuric acid was to be 

used for the soil treatment, :it was wondered whether the required 

change could be effected by mixing a h.eap of soil with aoid, but 

th.is way might h.ave had detx•imental eff'ects on the soil structure 

despite the addition of the 13and to tl1e soil. Tllen there was 

no convenient vessel available that could hold the required amount 

of soil while it was saturated with acid. Even if ther•e has been, 

the centre of the soil mass might not have been reacted on as much 

as the outside portions. 



1?1nally th.e metllocl was evolved of placing tl rubber o,orl:: :i.n th.e 
of soil 

drainage hole 1n the baoe of a single flower pot /\arld adding tt1.e 

required amount of ooit.1. After a considero.ble number of trials 

invol v1ng the use of small pote, gradually inareaaing the s1:~e 

until 8 ins. ones were used, it was f'ouncl that, by stopping the 

drainage bole and adding more acid th.an wa:J re{:'.l_u.1.rod to fully 

saturate the soil and leaving tne stopper in voaition a. oorts1der-

able length. of t1rri.e, equilibrium waa obtained. Borne of tne 

114t11d gz•adually seepec:1 ·througit th.e s1d~a o.nd base of tb.e pots, 

but this method we.a found to give a ei:itiaf'aotory ohange in pH 

and all the soil in the pot was evenly oha.nged. deeing enougn 

o.oid llad to be added to each pot to 1n1,re throl saturate the soil, 

(1500 c.o.~:i. of a.aid were used to an eig!it. inoh. pot of soil), it 

was necessary to uae an nltered strength of aoid instead of a 
obtain 

varied anioun.t or acid of' one atrength in orden:• to/different ao11 

acidities. After considerable trials, lt was dealded to use 

aoid of the followitlg strengths ;

one lot untreated. 

dilut(.Jd in a stainless steel veaoel unt:i.l n5 lJ.:tres of 11?Torma.1. 1
• 

aoid was obtained. Some of thio was then meeaured into n 

measuring cylinder and further diluted until lS00 c. ;.J. ;J. of aoid 

of the required ,strength was obtiL111ad. 

of ,fb ao1d, 150 o. G¼I' a of no1'mal noid wore put in tt1e cylinder· and 

tbis filled up to the 1500 G.0. marlt with water, o.nd ~,ell ati:x•red. 

Thia diluted ao1d was then care.fully pourad on to spot or soil 

that had the tiole stopped, t:ir1d after ttHH•holo wa.s saturated about 

half' an 1notl of liquid covered the aurte.co. After twonty f'our 

b.ours the stopper wcta r•emoved, any surplut.1 acid drained oft and 

the soil left for a wee!< to allow any further cnemioal change to 

ta1te place. a:Lxty :_fota of f.D11 wcH'e trented at eaoh level of 

ao1d1 ty, tile pots belng filled to t:1.bout l{\ inches from ttle top in 

order to allow fox· trtMtlng. 
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The pots of soil that were to remain neutral were treated with 

water in tb.e same manner as the others with acid, so that any 

changes that might have ta.ken place through the soil being saturated 

for• 24 hours might be common to all. 

About a week after treatments were carried out, the soils, 

still 1n the pots, were thoroughly leached with water, All the 

pots were filled with water and allowed to drain for a day, then 

refilled - and th.is leaching was repeatedly ca1•ried out till 1 t 

was <:rn·nsidered any chemicals released by the acid would be removed 

from the soil. At this stage the pots were left standing for 

over a month to ensure stabilization within the soil, and then it 

was considered equilibrium would have bden reached and the soil 

was ready for use. On June 19th, 1946, the next stage of the 

work was carried out. .All the soil from any one treatment was 

poured out onto a concrete floor, and the whole mass turned 

three times to ensure even mixing, just in case any odd pot or 

soil llad beem affected differently in treatment.. ,,\.t this time 

one pot was filled with soil taken from all parts of the heap, 

and was kept for testing and any future trials that might be 

carried out. When the pots were emptied, t~ey were thoroughly 

washed to be ready for refilling and planting. 

2. ¥.!ant PreQaratio~. 

As mentioned earlier, (Section I, Par .. 3), single 

plants of known history were to be used as far as possible ·and 

these broken up to provide even clones, so that the genetical 

make-up of any plant in one series, would be the same. To obtain 

even clones for planting into the pots, the maln plants were taken 

out of the ground on the 7th March, 1946 and each divided up to 

give 56 well rooted tillers. The leaves and roots of these were 

trimmed, then they were planted into boxes 2' x 1' x 3 11 ,ea.oh box 

having 28 clonea. 
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The boxes were well watered to settle the soil around the roots, 

and were kept in suitable condition for plant development until 

the clones were well established and ready for planting into the 

treated soil, about the middle of' June .. 

Out of the 56 tillers planted, at th.e most only 30 were 

x•equirea, so that it was possible to discard any that were poorly 

developed and so obtain a set for final use th.at was as even in 

size as possible.. In the case of tile Broud red clover, virus 

disease destroyed all the plants in one box and as a resnlt very 

11 ttle olloice for even clones could be rmde. Al though th.e ones 

actually planted in tne pots appeared healthy, th.ey too died 

with.in a few month.a and were replaced in Geptember by seedling 

plants from a uniform line, developed by th.e Plant Breeder e.t 

the Grasslands Station. These plants were four month.a old and 

it we.a possible to chose plants all o:f.' similar type and size. 

Thus th.e plants finally measured in each treatment of a.ny one 

pasture species were actually clones of a single plant of known 

origin, with the exception of those of Btoad red clover, which 

were seedlings from a uniform line of seed selected for their 

similarity of growth. 

3. Final FlantinS• 

By the middle of June, 1946, all the soil 

treatments !lad been completed and th.e planh~ weI1e ready for 

replanting, and on the 19th June the final planting was carried 

out. 

T~e soil for each treatment was ~ixed aa previously described 

(Section V, Par .. 1 .. ), and after the pots were washed and drained, 

the actual planting was begun. Pieces of broken pots or crocks 

were carefully placed in the bottom of eacl1 pot to cover the 

drainage hole and allow efficient drainage. The pot was then 

nearly half filled with the prepared soil and packed as evenly as 

possible,. The two boxes containing the clones of any species to 

be planted wer.•e plaoed nearby, ru1d the most even plants selected. 

These were placed carefully in th.e centre of the pot w1 th th.a I'oota 

spread, than soil was packed around the plant till the pot was 
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.filled to within about an inch of the top. The .filled pots were 

gently tapped on the potting bench to try end ensure even settling 

of the so111 The pot was then labelled with the appropriate 

letter to indicate the soil treatment and tile prepared peg inserted 

to show the indVidual number of that plant .. 

After the filled pots were placed in tlleir trays in the 

set arrangement they weI'e carefully watered from above with a 

watering can to t1:-y and encourage intinu:1.te contact of soil and 

roots, and to give the plants ready water to help them overcome 

the transplanting. No plants showed signs of any retardlng effect 

owing to the transplanting, but as mentioned before, (section V, 

Par. 2.), the plants of' Broad red clover d:led of virus and were 

replaced by seedlings on 26th September, 191+,6., All the plants 

were watered whenever the lack of sufficient rainfall made this 

necessary, but :!.f' the weather was continually wet and cold1 plugs 

were removed from holes in the trays and.the water removed. In 

this way an attempt was made to keep the water content of the soil 

suitable for maximum plant growth. 

For eaae in 1•ecording and identi.fying individual l,iants, 

in each trentment all the replications wi tll any one plant strain 

or species were given numbers, and a peg was inserted in each pot 

with the identifying letter and number printed thereon. Thus 

the five individual z•epl:i.cations of' miort Rotation ryegrasa in any 

treatment were labelled D.l, D.2, D.3, D,h, and D.5, Th.ese pegs 

used in conjuotion with the tre;,itment letter on the actual pots, 

enable one to pick out any plant in the m::ries and identify it, 

say as C. 4, V. that is, plant nurnbez• four of the Italian rye grass 

series in the "Very aoidu treatment .. 

As mentioned earlier, all pots were to be stood 

in metal trays and the supply of these limited the a:r•rangement of 

pots that was possible. As soil variation did not require to be 

overcome by plot arrangement as in a field experiment, it seemed 

to be more convenient to have a regular arrangement than a random 

one .. 
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It was considered most importl:i!lt to keep different treatments in 

separate trays in ceise there was any dif'ference in the water in 

the trays as a resu1 t of tt1e treatments. This was because it 

was poss1ble 1 for example, that the water round the pots of 

ttExtremely acid" soil might become a bit acid and cause a plant 

in a tray containing 11Neutral so:U 11 to grov, better th.an a similar 

plant in a tray containing lfJJiedium acid 1
• a iil. It was considered 

wise, too, to keep g1~astJ pl'anta in trays separate from those 

containing clovers in case ext11 a nitrogen that might be excreted 

from the legumes should alter the grass growth. Owing to the 

limited number of trays available it was not possible to keep 

each plant species in a single tray for each treatment, but 

treatments were kept separate and legumes were kept divided from 

grasses. 

Mr. I. D. Die k:, Officer in Charge, Biometric Section, 

Department s. & I.R., agreed that al though complete randomization 

of the pots would have been more ideal from the statisticians 

point of View yet the arrangement uaed wau th.e beet possible 

under the circumstances. 

The arrangement of the flower pots in the metal trays 

was as shown on the following page:-
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Tb follo in photographs show tna floier pots in pos1t1on in the 

trays and tho situation i n ,n1ch the trays .ere placed:-

Photos. 20th eptember, 1946. 
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VI. CUT':rING AND wgIGHING '111-IB ·ngRBAGE. 

1 .. Times of Cutting. 

Because of the difference in growth of the 

d1ffersnt speoies Hnci strains: of plants used, no set time was laid 

down for cutting the plants, but when anJr one species had sufficient 

growth to allow for cutting, this was carrled out., However if ~.ny 

one treatment of s particular spec:tes was to be cut, the plants of 

all the other treatments of that species were cut at the same time, 

irrespective of the amount of growth on the other planto_ As far 

as possible any species was left till all the treatments had reason

able growth for cutting but this was not always possible, especially 

in oases wnere th.a growth from one treatment was so inferior to that 

of th.a otnar treatments that the better growing plants would have 

been in an advanced stage and cutting might he.Ve oaused them h.arm. 

At times, even when growth was ready for cutting, this was delayed 

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

2. Method of Cutting. 

~rhe cutting of all plants was done with 

special pairs of sh.earing blades that were i"i tted with metal sides 

welded on the baoks of each blade, so tb.at any h.erbage out was 

retained on the actual blades and none was lost bef'ore weighing. 
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In moat oases th.e plant to be crnt could be held in th.e left hand 

while being out with tne right and all the herbage then retained 

in the hand till pla.cea on the scales for weighing, but if any 

growth was too short to allow this to be done, the cut material was 

retained on the shears till removed for weighing. 

the Herba e. 

All t1erbage after cutting was weigl1ed to obtain 

a "Green weight 11
, dried, then weigh.ea again to give a ''Dry weigb.t 0

• 

These weighings were usually carried out on a set of 11Averyu scales 

that were sensative to approximately 0.2 g.ra:ms. However if' the 

material was under approximately 20 grams the weighing was cax•ried 

out on a chemical balance used for weighing grass aamplea, aua that 

was accurate to at least 0 .. 001 grams.. In recording these weights 

th.e figures were exp1•essea to the nearest 0., 1 gram. 

On oortain occasions if the weei,ther was especisJ.l~,r calm 

the scales were taken outside to th.e puts, and the cut t1arbage 

weigh.ad immediately, but t>1ore uellally t1•ay-:..'1 i"ro11t the drying oven 

were taken out and the cut material put into a <~ompartment contain

ing a card vrith the ldentifylng number of the plant on lt. 

all of one set were cut the trays weri.:1 taken inside and weighed and 

the weight recorded on the card. 

4. Dryi.!!e_Herbage. 

Owing to the :fact that so many different plant 

species were being dealt with, and evem different strains of rme 

species, it was decided that "Green weights'' might not be a sound 

basis for comparison, and that 11oven dry weights" would be more 

reliable.. These were also considered necessary, because any lower 

yielding treatments might have a higher percentage dry matter than 

higher yielding ones, and green weights would then give an unfair 

compe.r1son. Most of the drying wa.€3 done in a specially designed 

electric drying oven f.'ltted with a tt1ermostatj but at times a. 

special gas heated dr;y-ing oven was used. However, after cutting, 

herbage from all treatments of one pasture strain was dried in the 

same oven, but even if thiB had not been po;;:;:::1ible, 1 t was :found 
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VII 

The sarnpJ.os of' soil extracted from the heaps t3.i"ter 

mix:lng all the pots of each treatment (Section V. L,), were teated 

in order to find t~e content of certain essential nutrients in the 

various treatments. 

oven dry weight. 

1. 1otal Bases. 

All results are expressed on the basiG of 

The soil bases were displacod by the "Arm:10nium 

acatate" method (.3chol1eni:;t:n•ger and D11 eibelbis, 1930;, and tt1e 

"Total baaean tnen detel"uined on th.e leachate by tile method of 

Bray and Willhitt} (1929). 

s 

M 

V 

X 

!£i!3-1 Ha~~. 

(m.g equivs. per 10Og. soil). 

17.35 

llh93 

12.41 

6.96 

2,.83 

These figures follow the expected trend, showing that in 

the treatments with stronger acids, Hydrogen-ions have replaced 

more of the bases ,vL.tch have been removed in th.e subsequent leaching. 

2. 

Jt was considered possible that phosphate 

was one of the important iiutrients liable to cause growth differences 

at the varying levels of acidity, so a number of different tests 

were carri.ed out in an attempt to ,get a picture of the phosphate 

availability in tile different treatments. 

(a). Th.e acid soluble phosphorous was me 1::..s111•ed by th.e fol 1 owing 

means:-

(i) The method of Burd & Murphy (1939). In this, 5 gram samples 

of soil were sh.aken for 24 hours with 25 c.c.s of .01 N,. IICL. 
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The pH values of the e.-iu11:i.br:tum suspensions were measured and tt1e 

differences between these values and those of the original sails 

show that the8e soils possess moder•ate buffering ability. 

pH Value of Acid Soluble Pnosph.ette 
Soil Trea~ma~.t• Equi1:iJ?_r1um susner.~• M. '.,:g J~Oh _100 grams Soil. 

N :3- 60 7,.6 

s 5. 2~~ 8 r • :> 

M 4. 77 8.1 

V 3,80 J+. 9 

'U' 2.,35 2t8 A 

These ao1d soluble figun:.:::1 definitely suggest o. oonstderabl:.r lower 

phosphate availability in the 11v 11 and ''X'1 treatments. Comparing 

these resnlta with the classifioation of Burd & Murp~y, all these 

treatments fall in the 11 intermed1ata" phosphate level, but "Ntt, •1sn 

and '1M11 are getting nea:r to the "hlgh", a.11d the 11xu treatment is 

towards the 11 low" leYal. 

(11) BY employing e. variation of the difference principle 

proposed by Bray & Kurty (1945). In the metnoa used the total 

of acid soluble plus adsoI'bed phosphate was founa by one gram o:f 

soil being ahaken for 50 minutes with 50 O .. G.s of .01 N HCL. 

After this time 1 gram of' solid NH4P is added and shaking continued 

a further b.our. The aac.i.d soluble'' figure was then obtained by 

subtracting from this value the arrwunt of adsorbed phosphate as 

extracted by neutral •. 5 .N· NHJ-4.Ii'. 

Acid Joluble 
and Adsorbed 

Soil Treatment., Phosphate Adsorbed. 

N 87 30 

s 87 33 

.M 88 3.3 

V 86 33 

X 86 !1-6 

These :figures do not show much variation 

acidity except that the uxu treatment is 

Acid Soluble Phosphate. 
m.s. P04 per 100 grB.ms 

soil. 

57 

54 

55 

53 

40 

over the whole range of' 

signi.ficantly lower tnan 
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Unpublishea work by Fife, suggests that thts method is subject to 

a fundamental error, and too much. importonoe:) ca1mot be attached to 

these figures, especially where the teat is on acid soils like nytt 

and 1•x", as the reaul tant f'1gure is too l1igh.,. 

( iii) Direct determination, by shaking 1 gram of soil with 50 c.c.s 

of .01 N HCL f'or 30 minutes. 

Soil Treatment. 

N 

s 

14 

V 

X 

Acid Soluble Phosphate 
m. g POL1. per 100 grama soil. 

53 

54 

l.~7 

39 

22 

The actual figures for "N't and "S" by this method az•e comparable 

with those found by th.a difference principle, (see ii above) while 

1 t is noticeable that the "M" figure is sligt1 tly lower and the '1V" 

and "X" muob. lower. This bears out'the poasiblity mentioned earlier 

that the figures for extraction by the dif'fer,.moe method are probably 

too high in the case of the more acid soils. 

( b) Adsorbed phosphate was measured by the method of' Bray 

and Kurtz (1945), in wnioh 1 gram of ar~aonium saturated soil*is 

sh.aken with 50 c.c.s of .:> N, neutral ammonium fluoride and the 

phosphate determined on the extract after filtering. 

Adsorbed Phosphate 
Soil Treatment. m.g. P.O. par 100 grams soil .. 

N 3.0 

8 33 

M 33 

V 33 

X 46 

The ammonium chloride leachate was also tested for phoaphat1c content, 

and the following are the results:-

* Soil leached with 5 c.c.s of neutral, normal NH4CL. 



Soil Treatment .. 

N 

s 

II 

V 

X 
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Ph.osphate 1n NH4 GL Leachate 
_____ n_l•~-

7 

6 

4 

2 

l 

These latter figures pat•tioularly suggest that there is greater 

amount of readily available ph.osphate ir1 the soil in the less acid 

range; and that the amount decreases with inereaaing soil acidity. 

( c) These figures on tbe phosphate availability indicate th.at 

under the more acid oondj_tiona the phosphate may either be trans

ferred to more insoluble forms not so readily extracted by reagents, 

or else that some has actually been lost dtu•ing the original acid-

ifioation treatments. It would appear howevez•, that the strength 

of reagents used should extract all phosphate intended to be 

measured, so that the possibility of the former is not very great. 

Th.e results above indicate that :in all treatments there 

should be sufficient pnosphate for plant growth, and there is no 

indication that availability 1s greater in the more acid tx•eatrnents. 

Thus it can fairly safely be said that any growth increase noticed 

in the more aci.d soils ia not due to a phosphate response .. 

Soil Reaction. 

The Hydrogen-ion concentration of the different 

treatments was measured at th.e start of' the experiment, at the close, 

and also mid-way between these times. These tests were all carried 

out using a glass electrode and were conduct€}d by members of the 

staff of the Plant Chemistry Laboratory, D. s. LR. The following 

are the results of the tests at the beginning of the experiment:-



Treatment. 

N 

s 

Jl 

V 

X 
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Reaction aa £ff .. Uni ts. 

7.,2 

6.75 

5.95 

lh5 

3.6 

Tests were repeated on the same soil kept dry in jars after a 

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

( b) Soil After Six Months. 

To obtain this test, a large number of plants 

in each series were tipped from the pots .vi thout disturbir1g the 

soil, a sample ta.ken and the plant and soil simply replaced in 

tbe pot. These samples were bulked and mixed, except that soil 

from the grasses was kept separate from that from the clovers. 

Reaction as pli Units. 
Treatmer)t. Grass Pots., Clover Pote. 

N 7.2 7.,0 

s 6 .. 8 6.75 

M 6.0 6.1 

V l+. 9 4.7 

X L~. 0 3.7 

( c) ~oil Af'ter One ¥ear 2 ... ~!3-t C_lose of EXl?,~P ime,l! t. 

Reaction as pH Units .. 
J~atme~~- Grass Pots. Clover Pots. 

N 7.2 6.3 

s 6.7 6 .. 0 

M 6 .. 5 5.5 

V 5.7 lh9 

X 4.4 14 .• 4 

To obtain samples foI' these teats, all the soil from clovers or 

grasses in any treatment was thoroughly mixed - sampled and 

teated. 



As the pH figures resulting from the clover series were unexpected, 

soils were remixed, resamplea and retested but no major deviation 

from the above figures resulted. 

The following gives a summary of the reactions of both the 

grass and the clover soils at th.e three different points in the 

experiment. 

At Commencement. 

7.2 

6 .. 75 

5.95 

4.5 

3.6 

At Commencement. 

7.2 

Soil Acidity in pH Units .. 
Grass Pots. 

After Six Montna. After 

7.,2 

6 .. 8 

6.0 

4.9 

4.0 

Glover Pots. 

After Six Months. After 

Twelve Months. 

7 .. 2 

6 .. '] 

6.5 

5.7 

4.4 

Twelve Montns. 

6,.3 

6 .. 0 

5.5 

Li. 9 

4.4 

In tne above results th.every marked decrease in 

the acidity of the nNtt, ttgo and "M" clover treatments is totally 

unexpected., No reference to a similar occurrence has been 

discovered in the literature perused, but lt is of moment that 

from both tne acid and neutral sides th.e pH has moved towards 

a point approximately pH 5, which. might be the ideal level of 

acidity for clover plants. Tests were however made only after 

soil from wh1 te and red clovers was m1.xed so that no clear state-

ment can be made. It is of interest however, that in the case 

of white clover in this experiment tne maximum growth tlas resulted 

in the 11M" and nv11 treatments, which had original pH's o:f' 5.,95 
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and 4.5 and final pH's of 5,.3 and l.J..,9. 

4. li~~bage AnaJ.,xsis. 

It was planned to have a series of' analyses 

done on the herbage material after arying, but owing to the 

siolmess of the chemist concerned, the only test done at the 

present date is one to find the percentage of ash 1n the 

herbage of the Italian ryegrasa, Series 110"., This was done 

only on material f'rom the first cut taken on 5th September, 

1946, when the dried herba.ge was ground and ignited in a 

furnace. The following are the results:-

Treatment. 

N 

s 

M 

V 

X 

Ash as ~ otJ?ru Matte~. 

7.79 

7.73 

7. 9l~ 

9.58 

9,.27 

It will be noticed that there is a striking dif't'erenoe between 

the first three treatments and the last two. It is to be 

regretted that the ash. was not analysed to find which particular 

minerals had caused this marked increase of ash. in the more 

aaid treatments. However, it was observed that tne ash from the 

moat acid treatments did not have the red brown indication of 

large amounts of iron oxides, as reported by Mann (1937). 

As mentioned, it is planned to have detailed analyses done of' 

dried herbage from the last cutting of ttie plants, but these 

results are not available at tt1e time of writing. 



it 
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VIII. CONDITION AT END OF EXPr,;RIM.b1Wr. 

As stated in the previous section, the acidities of the 

different treatments at the close of the expe1•1rnent were not the 

same as those at the start o:f the trial. Also the final pH levels 

for the soils containing grasses dif'fered from those containing 

clovers. 

As far as soil texture is concerned all the treatments 

appeared to be the same as when planting took place and on removing 

soil and plants from the potet the soil could be shaken off the 

grass roots. In fact this operation was car1•ied out with the plants 

in order to allow the roots to be weighed. Bates (1934), records 

that washing soil from roots is not as efficient as rubbing it off' 

when dry, so owing to the fact that the soil used in the experiment 

was quite free and open, this method was used. In the case of 

white clovert the roots broke up very easily, and could not be 

separated from the soil. 

2 .. Plants. ·----· ·-
As will be seen from the weighing data ( Section IV), 

all the grasses were fairly dormant at the close of the experiment 

as the growth over the last six months was very low in all treatments 

o:r all species .. With the clovers on the other hand, most of the 

plants were growing quite actively except for one plant, G, .x:. 2, that 

h.ad died of virust and a few others which. appeared to be more or 

less affected. 

It was decided to weigh the plant roots to see if soil treat

ments had had any marked effect on the growth of these, and photo

grapb.s were taken also in order to demonstrate tb.e root formations. 

Plants and soil were tipped out of the pots on to trays and the soil 

oarefully crushed away to leave th.e roots free. These we1•e then 

dipped in a bucket of water, air dried, photographed and weighed. 

In the case of white clover it was found impossible to get tne soil 

separated from the roots as the latter broke so r·eadily that the 

attempt h.ad to be abandoned. 



In th.a case of the clovers, nodulation of the plants in the 

different treatments was compared. It was found that in treatments 

"Nu, u3n and 0 M. 11 for both. red and wh.ite clovers, the roots had a 

medium number of very small round nodules, while in treatments "V" 

and nxn numbers were at least as great if not greater, and the size 

of nodules was much increased. Many nodules in these latter 

treatments especially in the case of red clover, had developed into 

almost "hand 0 shaped, thus:- ~ One of the extra large 

nodules is shown in the 11xn treatment of' the nuu series at the end 

of' tb.e pointer coming into the picture near the top laf't hand corner .. 
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ll DATA. 

1. PLANT YIELDS~ All Yields recorded, are expressed in grams. 

! 
~rennia+ R;Yegrass, Tzye. l. 

27th Sept.. '46 
Green Dr:, 
Weisht Weigh,i 

10 
8 

12 
7 
9 
2 

12 
13 
13 

7 
11 
~ 

3.0 
2.0 
3.0 
2.0 
2 .. 5 
-~•2.. 

!i 
7th Nov .. '46 
Green Dry 
Weight Weisht 

7.5 2.5 
9.0 2.5 
8.5 2.5 
7 .o 2.0 
7.0 2.5 
~ 

10.5 
10.0 

9.0 
5.0 
7.0 
5.0 

3.0 
3.0 
2.5 
1.5 
2.0 
l:• 5 

16th Dec. '46 
Green Dry 
Weight µ'eight 

6.o 
6.5 
6.o 
3.0 
5.0 
~.o 

1.9 
2.0 
1.9 
1.0 
1.4 
1.2 

AV.,10.6 
I ?• 2 di- -•■-] l._• Z .... - ... -2-•-~-·- ---·-*-· 9..,_ __ 1_._6 ___ _ 

5 
8 
9 
8 
8 

l!;t: 

l. 10 
2. 15 
3. 11 
4. 12 
5. 9 
6. & 

11 
10 
10 

9 
9 
~~ 

Av.lo i,_ 

H 
6 .. 5 
8.5 
7,.0 
6.o 
7.0 

10.0 

1.5 
2.5 
2.0 
1 • .5 
2.0 

. 3.5 
2.1 .. , ~ 

3.0 
2.5 
2.5 
2.5 
2.5 
!it.O • 

y 
e;s 
8.0 
6.5 
7.5 
7.0 
7.5 

. . z.~ 

_ ___ 7.8 

2.5 
2.0 
1.5 
2.0 
2.0 
2.0 

2.5 
3.0 
2.0 
2.5 
1.5 
2.5 

1.6 
1.6 
1.8 
1.5 
1.7 
1.2 

1.6 

1.6 
I MQll • ya 

l.8 
1.8 
1.6 
1.8 
lc,3 
2.1 

6th Feb. '47 
Green Dr:, 
~!!ight WE?ight 

,,2 •• ~ ... ••• • a_ 

2.2 ·-- ·1-

1 

.8 
fZ 

2.2 ·- ..... .z ... 
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A 
Perennial Rvegrass 1 _j;YJ?e .. 1 .. (Cont'd). 

! 
23rd June '47 Tota.1 Mean 
Green Dry Green Dry 
Weight Wight 0C ight Weigh! 

1. 8.0 2.1 
2 .. 5.0 1.7 
3. 5.0 1.6 
4., 5.0 1.6 
;. 4.5 1.4 
6. ,2•5 1.§_ 

Av. 2•~; II +·Z.. 2,2.a a.2. 
I■ 

.§ 
1. 4.0 1.5 
2. 4.0 1.3 
3. 5.0 1.7 
4. 4.0 1.4 
5. 2.0 1.0 
6. 4.2 1.5 

Av. 1,1 ~•2 1.!l. .J2•~ a.2 

Av ••• M•Z 1.8 •=•-

Y. 

3 .6 

Av.~2.... 1.2 - 8.8 



..,-

B -
Perennial E4:~grass, ZE~.•- .2t. 

N -30th Sept,. '46 11th Nov. '46 17th Dae. •46 6th Feb. '47 
Green Dey Green Dey Green Dey Green Dry 
~ ~ Weight Weight Weight Weigh,~. ?f...f!ight_ !§.!gs 

1 .. 7.0 2.0 5.5 2.0 2.0 1.1 
2. 11 3 • .5 8 • .5 3.0 3.5 l.4 
3. 6.5 1 • .5 6.o 2.0 3.5 1.3 
4. 7.5 3.0 2.0 .5 3.0 .9 
5. 2 4 0 .. 1 0 2.5 . _,¼ 2 .8 

Av. 8.8 5 8 2 0 ~ ,2 4 . 1.~ ·-
-- . ·-~ 

1. 14.5 4.0 9.0 3.0 2.5 1.3 \ 2. 8 2.5 5 • .5 2.5 2.5 1.1 '"\ 

, .h.\ 
3. 24 7.0 11.5 3.5 3.5 1.3 1 ~~\: 

4. 9 2.5 6.5 2.0 2.0 1.0 ''~ ' >~ 
5. ~ ~ 2.0 1.0 

'•'\ 
·,.:,,,. 

Av. ~ . z.s 2 4 2.5 l 2 2,~0 

\ 
' -- H 

1. 18 5.5 8.5 3.0 3.0 1.3 
2. 11 3.5 7.5 2.5 3.0 1.0 
3. 7 1.5 6.o 2.0 3.5 1.4 
4. 30 9.0 14.0 5.5 4.5 1.8 
5. 1 2.0 --· .. 1 0 2 0 ~-2 .. 1 4 
Av. ~.t.L 6.8 .2•-°- . ~•2 l_.~ !J: 2 1.6 ... . -- .. . ........... 

1: 
1. 12 3.5 10.0 3.0 4.0 1.2 
2. 17.5 5.5 6.0 3.0 3.0 1.2 
3. 19.5 6.o lL,5 3.5 3.0 1.2 
4. 19.0 6.o 10.5 3.0 3.0 14112 
5. ... ~~ ·- ... 2.0 8.2 2.2,_ . J•.Q .. 1.0 

' M 1¢ -
Av. • 8 .2 _,.,2•J J 0 J 2 l 2 2.2 1.0 

! 
. 1. 12 3.5 8.5 3.0 2.0 • 9 
2. 5.5 1.5 3.5 .5 2.0 .5 
3. 12 4.0 1.0 2.0 1.0 .7 
4. 9 2.5 6.o 1.5 1.5 .9 
5., ---- ,2 2 ~ z 0 2.,2 2.0 .B 

Av. 10 2.8 6,!J._, ..... 2 0 l Z .8 ~ ··- . 



e 
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B -
rere:nnial R.yegrass, ,Tl1J2e. 3., (Cont 1 d). 

23rd June '47 Total 
Green Dey Green 
Weight ~ight ~~isht 

1. 4.7 .4 
2. 1.0 .1 
3. 2.0 .7 
4. 3.5 1.5 
5. 2.0 .7 

Av. - 2.6 .8 - 23-3 

s -
1. 1.5 .8 
2. .4 .3 
3. .5 .3 
4. 1.0 .6 
5. ~ 
Av. 1.0 .z 26.1 

HI - Ill 1111 

M 
1. 2.0 .a 
2. 3.5 L.3 
3. 2.5 1.4 
4. 3.0 1.9 
5 .. ~-2 - i.z. 
Av. 2.1 1.3 31.8 

! 
1. 2.1 .9 
2. 3.3 1.3 
3. 3.2 1.2 
4. 3.1 1.2 
5. 1.8 .8 

Av. 2 1 1 ~-2 

X -
1. 2.7 1.3 
2. 2.5 1.1 
3. 2.0 1.0 
4. .a .6 
.5. 1.2 .z -
Av. 1 ~ -~- 22.1 

Mean 
D.cy 

Y!~is;at 

8 l 

8 2 -

11.6 

11 5 

Z•.2 
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C -
Ita1ian Ry:egrass 

N -
5th Sept., '46 14th Oct., '46 13th Nov. '46 17th Dec .. '46 
Green Dr;y Green Dry Green Dr;y Green Dey 
Weight Wei5!:!1 Weigh~ Weight Weight ~ Weight bW 

1. 41 10 19 5.0 6.5 1.5 10.0 2.8 
2 .. 50 11 15 3.5 3.0 .5 

'" 
.5 • 3 

3 .. 38 8 13 3.0 5.0 1.0 'l0.0 3.0 
4. 54 11 17 4.5 5.0 1.0 ,,.,,._.5 2.2 
5. 40 8 12 -_2.:2 --~• .. o 1.0 . 7~0 2.2 

Av. 6 .6 l,.2.2 2•1 4•2 1.0 2.1 

~ 
1. 54 12 18 5.0 9.0 3.0 10 • .5 3.1 
2 .. 50 11 19 4.5 10.0 3.0 10.5 3.3 
3. -47 10 13 3 • .5 6.,5 2.0 7.5 2.2 
4. 51 11 16 3 • .5 a.o 2.0 9.0 2.6 
5. .22. 8 12 _;i. !2 .. 2•2 1.,2... 1•2 2 2 . .. _ 
AV+ I !t§ 2 10.!i 12-4 4.0. 1 6 2.3 2~0 :.~ 

M 
1 .. 52 13 19 5.0 s.o 2.5 9.5 2. 7 
2. 69 15 17 5.5 .5.0 1.0 4.5 1.1 
3. 77 17 18 4.5 5.0 1.0 2.0 .8 
4. 29 8 10 2.0 2.0 .5 1.5 .9 
5. 46 ---· lp .. 16 4.0_ a.o 2.,2 6.o . ,1.2 

Av. !i!t• 6 12.6 16 l:J:. 2 ... _,2.6 1.2_. ~-z ~ 2 

! 
1 .. 38 9 15 4.0 6.5 1 • .5 6.o 2.0 
2 .. 60 13 23 6.o 8 .. 0 2.0 a.o 2.4 
3. 31 7 13 3.5 5.5 1.0 5.5 1.a 
4. 74 15 25 6.7 9.0 3.0 8.0 2.4 
5. _.51 10 20 5•2 5.5 3 -0 2 ~ =·• !-2. .. 
Av. o.a 10 12.2 5.2 6.o := : ii j 

,1.~. 

-- -·---~ 
l .. 39 9 16 3.5 7.5 2.0 9.5 2.7 
2. 52 12 21 4.5 8.0 2.0 9.0 2.7 
3. 20 5 10 2.0 4.0 1.0 Q•O 1.6 
4. 25 5 13 3.5 6.o 1.5 6!'15 2.0 
5. ~ .. ,10· 11 2.2_ 6.o "•2.. . z;:2 2.~. 

\ 

Av._ ~6 ~ ... f3.2 l~.6 ~-2. 6 2 1 6 
I • ~ .. 

ii 



' 
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.Q. 

It ian B;2:egrase (Cont'd.} , 

N -
6th Feb. '47 25th June '47 
Green Dey Green Dey 
~ ~ Weisht Weight 

l. 2.0 1.1 
2. 4.1 1.4 
3. .8 ..5 
4. 1.4 .7 
5. 2.z l.6 

Av.~ 2.2 1.1 

s -
1. 1.1 .8 
2. 2.6 1.2 
3. 3.6 1.4 
4. 3.1 1.4 
5. Z?•!t_ l 6 

Av.~ 2 8 l.~. 

I 
1. 4.4 l.4 
2. 3.7 1.2 
3. 4.5 1.3 
4. 4.5 1.4 
.5 .. 12.8 2.8 

Av.ac~•O:: ~II ~ 

V -
1. 4.3 1.6 
2. 5.6 2.5 
3. 4.2 1.6 
4. 8.2 2.2 
5. ~-$'1U!:,!lllllb$ 

!i;.2 1 8 

Av. =~-6 2.0 ~~ l i I ;: :1::111 :: I 

! 
l. 2.9 1.3 
2. 3.0 1.3 
3. 3.9 1.7 
4. 9.2 2 • .5 
5. J.6 '. 1.,,2 .. 

Av. ~-8 2 0 !¼•!2 L I :: == 

Total Mean 
Green Dry 
~ Weight 

2•!2 12. 

~ 

-

~ 

2~-8 2,2.2 

~ 

-
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D -
Shor.t.Ro~{t'fi!OA :gzegraes.!. 

N -ll th Sept. '46 15th Oct .. '46 13th Nov .. '46 19th Dec .. 'L~6 
Green Dry Green Dry Green Dey Green Dry 
yeight, ?{eight Weight Weight !~ight Weight !Y. ,ight Weight 

1. 27 6 10.0 2.7 4.0 1.0 5.5 1.8 
2. 15 3 5.0 1.6 .5 .3 .5 .3 
3. 40 11 11.0 3.1 5.0 1.5 2.5 1.0 
4. 19 5 9 • .5 2.6 5.0 1.5 9.0 2.7 
5._l2,..__JL_ -L.Q., 1.2 .. . -~•.o .... 1.0 ~ 

Av t. ... ~~• 2 ,2.8' - 8~2 2.~ ... .2•2. 1.0 !h.2 1.6 . -
------····-··· .§. 

1. 27 7 8.0 2.4 4.0 1.0 3.0 1.2 
2. 22 4 a.o 2.3 4.,0 1.0 1.5 2.2 
3. 34 9 15.0 4.0 5.5 1.5 8.0 2.5 
4. 29 7 9.0 2.6 5 .. 5 1.5 5.5 1.a 
5. 21 ~ ~.o . . l.~ 8.,2 2.!~-

AV~ 10.!i .,i-2 •. ~.a •.• ,\•-'- 6.~ 2 0 
u ··-

g 
1. 16 3 8.0 2.3 4.5 1.0 1.0 1.9 
2 .. 24 5 11.0 2.9 5 • .5 1.5 1.0 2.1 
3. 15 3 7.0 2.0 5.0 1.5 1.0 1.9 
4. 23 5 10.5 2.9 4.5 1.0 3.5 1.2 
5- .. 1~. " !I: 6.o 

•• I -~•Z ··- .2.•.Q .... ,-~ __ 2~~. 2.z 
AV,• 18.6 !J:.O . l:l:•2 . ' 1.,2 - 6.8 2.0 

X 
1. 20 5 7.5 2.1 3.0 .5 6.o 1 • .5 
2. 26 7 7.5 2.2 3.5 .5 5 .. 0 1.5 
3 .. 20 4 1.0 2.2 4.0 1.0 5.5 1.6 
4., 34 8 10.0 2.7 5.5 1.5 6.5 2.0 
5. 22 I 111• .. ~- -· 10.,2 ?•2 J• .... .!!•~ 1.0 2.0 2.6 

!1 ,J ·-•L 6.~ 1.8 

! 
1. 18 4 61110 1.5 4.0 1.0 5.0 1.8 
2. 23 6 7.0 1.7 3.0 e5 6.5 2.1 
3. 27 7 9.5 2.5 3.0 .5 6.5 2.2 
4. 26 6 8 • .5 2.1 6.o 1.5 7.0 2.1 
5. 2] z ___ _11.0 2.2 ..... -2•.2 .. •!2 ··-· . .• Z•!;i - ·- 2.J . 
AV • !i ~ 6 (); 8.4 1 ~2 .8 6.~ 2 l • II om II - L • ·-



~ 
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D -
Sh rt Rotati~ R:Xesr~~s .. (Q.ont'd) 

N 
6th Feb. '47 25th June 'h7 
Green Dry Green Dry 
Weight ~ w .. ggt Weight. 

1. 7 6.7 11115 
2. 5 6.9 2.3 
3. 4 4.9 1.9 
4. 7 6.o 2.2 
.5. 1 .. 6.l_hl_ 

Av. 6.o 1 4: 6.1 2.0 

~ 
l. 3 5 .. 0 1.6 
2. 6 6.7 2.2 
3. 6 7.3 2.6 
4. 5 6.3 2.1 
5. 6 _1.1 2 4: .. 
Av. .2 2 l 9_ 6.6 2.2 

g 
1. 6 6.o l.6 
2. 3 5.7 1.4 
3. 7 4.8 1.4 
4. 3 6.6 1.5 
5. ..... 2 ·- ---2~1 ·- 1.6 

Av. .. 4: 8 1.2 .. - !216 . . 1.2. 

V -
L, 5 ;.6 1.6 
2. 4 5.1 2.5 
3. 5 4.3 1.2 
4. .5 4.1 1.3 
5,. _J____ - .. .2 !t 1.4: 
Av. .. !? 2 l 2 !i:12 l 6 ··--

~ 
l. 4 2.8 1.2 
2. 6 2.6 1.0 
3. 5 2.1 .9 
4. 4 2.5 1.1 
.5" 2 .. _ J1 .. - l•~ 
Av. J±.,8 l 2 2,2 1.1 ···-- .... : 

Total Mean 
Green Dey 
Weight, }\teigh~, 

2~-6 l!i 2 ,_ 
.... ·-------------.. -

~ 

4:2.g i 2!'l-

-2~ ,1 l!l: _6_, 

:: ~ !o ; ¼a ~ID 
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Cooksfoot Selected 

10th Oct. '46 19th Nov. '46 18th Dee. '46 6th Feb. '47 
Green Dey Green Dry Green Dey Green Dry 
Weight 1{le1ght Weight Weis;h~ Weigh~ Weight VJ, _ight VJ&igb 

1. 9.5 4.0 11110 1.0 .5 5 
2. 9.0 2.5 1.0 4.5 L,3 5 
3. 6.5 2.5 .5 .3.0 l.1 5 
4. 7.0 3.5 1.0 ,., .9 6 
5. .. z. Q,.~-- .. .. _J.i • . 1.0 -~ 6 - -- . 
Av •. 1•¼. ~!..~- ~-2 2 ___ 2 ,2 

I I •• 2 

s -
l. a.o. 4.0 1.0 3.5 1.0 4 
2. 4.5 2 .. 0 1.0 2.0 .. 8 4 
3. 6.5 2.0 1.0 2.0 .6 4 
4. 5.5 2.0 .; 2.5 "'7 4 
5. ~ ~ 2.0 .6 .• .2 
Av. 6.o 2.0 --k. . ·2. . 2.1;1. 1 I! 2 ~!.'1. ■I _____ , --! 
1. 7.0 4.5 1.3 3.0 .9 5 
2. 5.0 2.5 .a 2.0 .7 5 
3. 8.5 2.5 .8 4.0 1.0 5 
4. 14.0 6.o 1.7 3.0 .9 k .., 
5. .J....l;, .• O ~ 1.2 3 5 _.!.2_ 6 . -
Av ..... 9•~ .. .2 .+. .. I¼-~ . 1.1 _.,,2.1, ... ... ·2 2•g, 1.2 .... , .. ·---

- .. ·---· Y. 
1. 6.o 2.0 .7 1.5 .5 4 
2. a.o 4.0 1.2 3.0 .9 4 
3. 10.5 4.0 1.3 3.5 1.2 5 
4. a.o 
;. 2 2 

3.5 1.0 2.0 .6 5 
~ ~ ... ,5 l:~9._ 6 ,. -

Av. 8.!2 2 8 ~__w_ 2.7 8 .l -- ..... !__,: 

-~ 
5.0 1.3 2.0 .5 5 
5.5 1.5 3.0 .9 3 
4.5 1.4 3.0 1.1 3 
4.5 1.5 1.5 .4 4 
.2-0 .---1..t.L. . ,2•2 . ·2 !i 

!J: 2 l !:J: ___ 2.6 .8 'J 8 l 0 

'O 
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E -
ocksfoot Seleg_t,ed ( Con t!ru.:. 

N 
25th June '47 -
Green Dey 
~ ~~ 

1. 3.1 1.0 
2. 3.6 1.4 
3. 3.9 1.4 
4. 4 .• 6 1.5 
5 o ~ 

Total Mean 
Green Dry 
}Vei ght_ ~ 

22.2 .... -
--------· --------------------------

l. 4.l 
2. 4.5 
,. 4.0 
4. .5.2 
5. !1•5 
Av.~.5 

§. 

! 
1.4 
1.5 
1.4 
1.7 
1.7' 
1.6 

I I• 

1. 3.2 1.2 
2. 4.3 1.4 
3. 3.3 1.4 
4. 3.4 1.3 
5. .~ __ 6_, ---~---'t.2. ... 

~ 

1. 2. 7 1.1 
2. 3.3 1.2 
3. 4.1 1.6 
4. 3.8 1.3 
5. ~. 1.5 _ . 

Av•~•~. 1.3 

~ 

~ 

2,.4.,. ..L.L_ 
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F -
Cocksfoot Danish · 

. 
li 

10th Oct .. '46 21st Nov. '46 18th Dec. '46 6th Feb .. 'Li-1 
Green Dey Green Dey Green Dey Green Dey 
Weight Weight Weight Weight Weight Y{eight ~ !l,~ig~j 

l. 3.0 2.0 .7 4.5 1.1 4 
2. 4.5 4.0 1.1 5.5 1.5 4 
3 .. 2.0 2.0 • 7 4.0 1.2 4 
4. 3.5 3.5 .9 4.0 1.1 4 
5. .2•2 1.2 1 3.2_ ·2 .2 
Av. ~-~ 1.1 ~ u ~ J l 2 !,; 2 l 6 - I • 

.§. 

1. 3.0 2.0 .6 3.5 1.0 4 
2. 2.0 2.0 .6 5.0 1. 2 4 
3 .. 2.0 2.0 .6 6.5 1 .. 5 5 
4 .. 3.5 2.0 .6 5.5 1~2 4 
5. 2.!2 2.0 .6 .Ji. 0 l.J. ._,. J __ 

Av. 2.6 .a 2.0 .6 - !l:•2 1 ? __ !f: l.~ 

It M -
l. 5.0 3.0 .9 4.5 1.3 4 
2. 5.0 3.5 .9 3.0 1.2 4 
3. 2.0 3.0 .9 6.0 1.5 4 
4. 5.0 3.0 .8 2.0 411 3 
5. 2-0 3.0 ' .. •2 . 3.0 •2 - !1 .. 
Av. !!• !t 1.2 3. •2. .. 3 1 1.1 3.8 l l 

Y. 
1. 5.0 4.0 1.1 2.0 .6 4 
2. 4.0 2.0 .5 1.5 .6 3 
3. 5.0 3.0 .9 3.5 .1 3 
4. 4.0 3.5 1.1 1.5 .6 3 
5. !J:.O_ -.. .2•2 l.Q., .. ...l 0 8 - i -··. 
Av .... !t•!t l.!2 3 2 •2 - 2.,2 ·1- J 2 1.0 -

! 
l .. a.o 6.o 1.7 2 .. 0 .a 4 
2. e.o 5.0 1.5 2.5 .8 3 
3. 5.5 4.0 1.1 5.5 1.4 3 
4. 4.0 3.0 .7 2.5 .8 2 
5. 3.5 2.0 .6 2 5 8 2 . 
Av 2 8 1 2 -~·- -- !J: 0 1.1 3.Q. ·2 2.8 1.1 

~ 

• . 
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F -
Oocksfoot Danish (cont'd) 

25th June '47 
Green Dry 
~ Weight 

l. 3.9 1 .. 7 
2. 5.5 2.0 
3. 4.0 1.5 
4. 7.0 2.3 
5. 2•1 1.z_ 

1. 4.3 L,4 
2 .. 4.1 1.4 
3 .. 4.5 1.7 
ii .• 4.2 1.4 
5. 2 .. 6 •2 
Av. 2•9 1.2 

l. 3.4 1.3 
2. 4.8 1.1 
3. 4.5 1.5 
4. 3.7 1.2 
;. J.6 l.!:f: ... 
Av ~,g; l 4 

1. 3.8 1.4 
2. 3.3 1.1 
3. 4.4 1.5 
l.4 .• 3.5 1.3 
5. !i•O l ~ 

AV :!e=~• 8: :u l.y. 

1. 3.2 1.3 
2. 3.1 1.3 
3. 2.8 1.2 
4. 2.7 1.1 
5., 2.2 1.1 

Av. ' ·2 l_ 2 -

l! 
Total .Mean 

Green Dry 
Weight ~ 

-

18.,2 2•2 

l! 

12.q " . 6 0 

! 

:a~J~•~ 2•~ 

I 

6.2 



Q 

~road Red Cloll.t 
• 

!i 
3rd Feb. '47 5th .March '47 29th May '47 Total Mean 
Green Dry Green Dry Green. Dry- Green Dry 
We1gat Weisht V eis;ht ,eis;ht eis;ht Weis;ht eight Weigh' 

1. 163.0 43.0 20 3.0 52 10.5 
2. 116.0 26.0 28 5.5 42 9.0 
3. 108.5 25.0 16 3.5 23 6.o 
4. 111·.o 26.0 20 4·.o 79 16.0 
.5. 108.5 2~.o, -:i.z 8.0 5~ 12.!2 

Av.121.4 28.8 2lh 2 4.8 !20.,0 10.a l~~-8 ~-~ 

s -1. 133.0 33 17 3.5 . 27 8.5 
2. 101.0 23 20 4.0 50.5 12.5 
3. 119.0 29 34 1.0 64 16.0 
4. 120.0 27 25 5.5 47 12 • .5 
5. Bo.~ 20 19: 3.0 .2J•2 1-~ 
Av.111,9 26.~ 22 4.6 ~-4 11.4 1za.o 42.4 

M -
1. 100 24 25.0 5.5 "'-3 10.5 
2. 116 32 40 a.a 82 20 • .5 
3. 118 31 26 5.0 15 5.0 
4. l.34 34 40 5 • .5 64 15.0 
5. 127 JJ ,2Q 6.o z2 1z.2 
AV.119 ,20.8 32.2 6.o ~5.2 l~.z 206.0 ~0-2 

V -
1. 133 35 32 1.0 83 19 
2. ;i 20 27 5.0 62 14 
3. 23 22 4.0 80 15 
4. 95 20 26 5.0 68 13.5 
5. 74 20 

1 31 ' z.o 65 15.0 

Av. 26-!! 2J.6 27.6 5.6 Zt!6 13.3 126.0 91£-~ 

1 
1. 41 12 8.0 1.5 a.o 1.0 
2. 51 14 15.0 3.5 Dead. Virus. 
3. 60 17 14 2.5 20.0 5.0 
4. 64 19 ll 2.0 25.0 5.0 
5. 75 21 21 5.0 26 5.0 

Av. ,28,2 16.6 13.~ 2.~ 12.a !t-0 22.0 23.~ 
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H -
M'.£ ts;omerz,.red ClOV!!t 

N -7th Nov. '46 8th Jan. '47 5th March ''4-7 29th May '47 
Green D!v Green Dry Green Dey Green Dey 
~ yYeigh'!i, Jit;,igh,1 !{ ,ight Weight We!ghj_ Weight Weighl 

1. 38.0 8.5 199.0 50.0 71 18 .. 5 65.0 16.5 
2. 34.0 8.0 232.0 57.0 75 17 .. 0 64.0 15.0 
3. 27.0 6.o 247.0 59.0 71 16.5 60 • .5 15.5 
4. 30.5 6.5 151.0 36.0 35 9.0 46.5 10.5 
5.,Ju.&,._ 2.9.._ 181.0 -~~ ~ 10 0 !¾~-0. 11.0 . w I I -

........ , --
Av,.~ .. 2. . ··------1 &.. 20~ • .9 !±2-0 ~ ~z.o l,2.z --- ----

-.. ---... .. s -
1. 43.0 9.5 273.0 65 .. 0 67 1a.o 60.5 18.0 
2. 49.0 10 • .5 329.0 10.0 58 20.5 59 17.0 
3. 53.0 ll.O 34.7.0 72.0 73 18.0 51 16.5 
4 .. 66.o 13.5 432.0 96.0 97 2L,5 67 19.5 
5. ~Z•!? .§~O - ~o~.o 6~.Q. 116 26.0 60 16.i_ 

'·-, 

Av.9:2. 1 10.11 ~- 7 .o _ ·- z~.o __ 82.2 20.8 
----=.=.-..== 

60.z 11 2 .. 

M 
l. 77.5 15.0 347.·o Bo.o 93 29.0 66 18 

• 2. 53.5 11.0 321.0 66.o 85 21.0 63 16 
3. 61.5 12.0 235.0 45.0 62 18.5 69 18 
4. 68.o 15.5 414.0 85 .. 0 91 21.0 55 15.5 
5 •. .20.q ■ ....... §.i_ -21-2• 9. 11:~ q • 101 ~ 51 18 

Av~ ~ fil>~!i 211(.8 I ~ ___ ....___.__ -V 

l. 40 • .5 9.0 239.0 50.0 44 14.0 38.0 9.5 
2. 21.0 4.5 260.0 60.0 40 16.0 29.0 a.o 
3. 17.0 3.0 208.0 41.0 32 10.0 31.0 8.0 
4. 12.0 3.0 263.0 59.0 87 21.0 77.0 19.0 
5.~ ~~~.o. -· 66.o .. a~ 22.0 .61 •. 0 ,2.0 .• 

Av~.~ •11www, .·5•l. 2fi8.0 5~.o sz.6 16.6 ••• 

- - ! 
1. 24.0 6.o 64.0 20.0 40 13.0 22.0 4.0 
2. 13.0 4.0 34.0 10.0 24 9.0 19.0 5.0 
:,. No Growth 39.0 11.0 29 9.0 15.0 3.5 
4. '' ti 49.0 15.0 54 rl.O 1.5 .3 ' 5. u tf 2a.o _a.o ~ 10 0 - 2 !2 1.5 __ - - - p 

.. 
Av , Z•l~ .. ,__b_Q_ H:.2 0 ~3.Q_ 11.6 l~•lt 2 9 

_____._ .. ., .... 
~ 

j 
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H -
¥on ts;omeu red elo;v,;er (Cont' dl,!. 

. --

Total Mean 
Green Dey 
~ ~ 

l. 
2. 
-:i: ..,;. 

4. 5. ______ _ 

~ •• 
2. 
3. 
4. ,._,, _______ _ 

Av. 

1. 
2. 
3. 
4. 

12~.o 

y 

5 ·--·---·-·---

1. 
2. 
3. 
4. 5. _______ _ 

Av.100.0 .... 
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I -
Whit Clover e 1. 

" 
li 

17th Oct. '46 11th Nov. '46 7th Jan. 9 47 10th March 1 47 
Green Dry Green Dry Green Dry Green Dry 
Weig}>:~ Weight Weight Weight ~ Weight S2igh~ ~!SM 

1. 22.0 4.5 18.0 3.5 63.0 16.0 33.0 10.0 
2. 34,.0 6.o 19.5 4.0 78.0 1a.o 29.0 10.0 
3. 24.0 5.0 16.0 3.5 52 • .5 14.5 37.0 11.0 
4. 24.0 4.5 16.5 3.5 58.0 16.0 44.0 13.0 
5. 22!.o 6.o 2•2 ·-' 6.2 62.0 .1z.2 20 12.0 -- . ·-
Av,.,_ 26.2 ,2.2 20.J !t-2 62. 16.!J: ~ 

.§. 

l. 21.5 5.0 22.0 5.5 112.5 23.5 63.0 19.0 
2. 11.0 2.0 15.5 4.5 111.0 23.0 73.0 20.0 
3. 24.5 5.0 26.0 6.5 120.0 26.0 22.0 62.0 
4. 29.5 5.5 25.5 6.5 79.0 18.5 82.0 23.0 
.5. !t•0 ~-0 2J.O 2•2 .. 2a.o ~-.2' 61.0 18.0 

Av. 22.1 !1•~ I 22.!1 ~-I. ,10~.1 2~:.l •• , .:I. .o .~O.!; •-

! 
l. 59.5 11.0 60.0 12.0 155.0 30.5 96.0 24.0 
2. 36.0 7.5 37.0 8.5 108.0 22.0 89.0 22.0 
3. 26.0 4.5 5.5.0 11.0 164.0 33.5 138.0 36.0 
4., 34.0 6.0 60.0 12.0 127.0 29 .. 0 85.0 22.0 
s .. !!J.O 2.0 6!:1.0 12.,2 . .l2J !2 ,26.0 108.0 2~.o 

.6 -:-52 ~- 11.0 . lljl • 5 ..... 3 2,. r 103.2 26.6 ... 
... I ·• I I.IIIIIE -.... ---------

Y. 
1. 1a.o 4.0 45.0 9.5 186.0 37.0 101.0 27.0 
2. 16.5 3.5 47.5 9.5 159.0 31.5 100.0 26.0 
3. 19.0 4.0 50.0 9.5 170.0 36.5 80.0 21.0 
4. 14.5 2.5 53.0 11.0 107.5 23.5 104.0 2a.o 
5. 33.0 6 5 6z.o . - 12 •. 0_ ~ ~ 

Av 2 !! ¼" " !22•!? o.z. .. ._5l¼•l ,22.j . '}.7 8 26.6 . 
•-11•• ·--

··- - -i 
1. 34.0 8.0 24.5 5.5 32.0 10.0 1.0 5.0 
2. 10.0 2.0 10.5 2.0 4!5.0 12.5 .5.0 2.5 
3. 29.5 6.o 20.5 4.5 34 .• 5 10.5 a.o 4.0 
4. 19.0 4.0 12.0 2.5 35.5 9.0 10.0 4.5 
5. 29.5 - 6.5_ 23-5 !?•Q .... ll:6,.,0 ... 15.2__ _?z.O 2~5 . 

~ 
Av~ l,8. 2 ~-2- ~ 

Ii 
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l 

Whi,te Clover ~e ¾. (Cont 1 d.J, 

!i 

29th May '47 Total Mean 
Green Dry Green Dey 
~ ~ Weight ~ 

1. 30.0 6.o 
2. 30.0 1.0 
3. 25.0 6.o 
4. 30.0 6.5 
5. .22•0 ~ 2 
Av •• ~o.o 6.8 . +i~.o ~-8 

.-.........--, . ., . . . 
.§. 

1. 36.0 8.0 
2. 41.0 9.0 
3. 62.0 15.0 
4. 53.5 13.0 
5., !lz.o 12.0 

Av.1 ... ~•2 11.~ 268.0 1116~·¼ :1 I I 

!! 
1 .. 55.0 13.0 
2. ;2 •. 0 12.0 
3. 60.5 14.0 
4. 1,-:3.0 9.5 
5. • !20.0 , ;,.,2.0 

Av.~ - 6.0 

V -
1. 71.0 17.0 
2. 70.5 15.0 
3. 67.0 15.0 
4. 74.0 15.0 
5. 70.0 ~~-!-~-
Av. 10 5 ~5.5_ J95.0 89.2 

--! 
1. 3.0 .5 
2. 1.5 .3 
3. 1.5 .3 

~ 
4. 2.0 .5 
5. 2.0 .!.2-

• Av • 2 0 .. •9:" .8 
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K -
ite Clover. e II 

21st Nov. '46 
Green Dry 
y.r_~_igh~ WeisA~ 

1. 12.0 3.7 
2. 11.4 3.0 
3. 27.3 6.7 
4. ,36.2 8.7 
5. -~2~-~ _9,.•.~ . 

5 6. 

Av. 

1. 39.1 8.9 
2. 26.7 6.3 
3. 10.3 2.4 
4. 28.7 1.0 
5. _§__J_. ___ 1 __ ._2 __ 

Av.
11 

22.~ 

1. 40.2 
2. 6.1 
3. 41.6 
4. 31.8 
5. ~"2,2.,2 

Av. 28.6 ........ 

9.7 
1.7 
9.9 
7.2 

• .2 ~ 
.. 6.S 

n 
19th Dec. 1 46 
Green Dry 
Weigh! W~igh~ 

42.0 10.0 
49.5 9.0 
70.0 14.0 
68.o 12.5 
2H:•2 11.0 

26.8 . l,l.,,2_ 

60.6 •11••·-· 

X 
130.5 
,40.5 

135.5 
135.5 

H: .o 
88.6 

15.0 
1a.o 
10.0 
12.0 
16.0 

11.0 
19.0 
a.o 

12.0 
.... 2.0 

•. _12. ~ .. 

6th Feb. 'l~7 
Green Dry 
W,,igh! ~ 

25.0 7.5 
25.0 6.5 
32.0 8.0 
23.0 5.0 
~2.0.. 8.2 ..... 

26.a ....... z.1 

38.0 9.0 
39.0 11.5 
40.0 9.0 
25.0 1.0 
~h.Q 10.Q ~--------
j!? •!i: 

5.0 12.5 
76.0 17.5 
2a.o 7.5 
35.0 7.5 

-22_.,_o __ a_. o_ 

~ ,8 I 10.6 

81.0 
41.0 

101.0 
113.0 
!t2-0 

17.0 
10.0 
20.0 
22.0 
11.0 

16.0 

29th May '47 
Green Dry 
Weight ~ 

10.0 
9.0 

10 • .5 
7.0 

16.0 

2.0 
2.0 
2 • .5 
2.0 

•AJJ:.Q_ 

a.o 2.0 
7.0 2~0 

14.0 3.5 
10.0 3.0 
6.o 2.0 

6.6_ 

----------~-------------··-· ---· --------1 
43.0 
20.5 
30.5 
36.0 
. !!!t•O 

11.0 
4.0 
7.5 a.o 

12.0 . . ......... 

35.0 
18.0 
37.0 
33.0 
40.0 . 

...32.6 a.z 

2.0 
1.0 

15.0 
8.0 
2.0 
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Wh1 te Clover. e ¾I• (Cont'd), 

N -
Tota1 Mean 

Green Dry 
!f~igh,1 Vf.~igq~, 

AT. l" O.O 

!l. 
l .. 
2. 
3 .. 
4. 
5. 

Av. 

y: 

1. 
2. 
3. 
4. 
5 .. 

Av. 222.0 

l 
1. 
2. 
3. 
4. 
5. 

Av. 8,5.0 21.1 
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PERCENTAGE DRY MATTER. 

2. 
The following are the mean figures for dry matter per cent in each 

" series. 

SERIES TREATMENTS SERIES MEAN 

IL.. s. M. v. L. -
A 29.8 30.4 31.2 30.1 30.2 30.3 

B 3!h7 34.1 36.5 33.6 33.9 34.5 
a 24.0 25.4 24.a 25.4 24.9 24.9 

D 26.9 27.4 25.0 26.6 26.6 26.5 

E 31.1 30.6 30.1 31.4 311111 30.8 

F 33.3 29.3 31.6 32,5 33.5 32 .. 0 

G 22.6 23 .. 8 24.5 22.7 25.5 23.8 

H 24.0 23 .. 0 22.a 23.0 30.0 24.5 

I 24.6 24.3 1,\ 22.1 22 .. 6 27.6 24.2 
K 22.6 24.5 23 .. 1 21.9 24.8 23.3 

!J 

Treatment 
Mean 27.4 27.3 21.2 27.8 28.8 
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WEIGHT OF PL T ROOTS • 
• 

3. The following are the average weights of roots from the 

diff'erent treatments o~ eaoh series, expressed as grams of dry 

ma".;ter. 

GR.ASS ROOTS. 

SERIES TREATMENTS 

N. s. 1!:. Y.•. Lo - -
A 23.0 6.7 7.8 1.1 12. 7 

B 4.8 6.4 4.8 5. 2 7.0 

C 5.4 7.0 5.0 14.a 14.0 

D 8.6 9.6 8.8 9.8 7.4 
E 5.1 . 3.3 10.0 7.4 11.0 

F .. -.-!i•.~ ,2 ~ !±• 0 _,. __ ~-.Q 8.§ 
f • 

Total 51.7 36.4 40.4 48.9 60.7 

Mean 8.6 6.1 6.7 8.1 10.1 

Q.,LOVER ROO~ 

SERI~.§. TREATMENTS 

N. s. M. v. x. - - - -
G 52.0 24.6 38.5 14.4 12.1 

H .8 26.8 1 .6 10. 

Total 104 .• 4 69.4 65.3 30.0 22.6 

Mean .• ,22.2 ·--~- l;2.o. 11:.J . --
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FLOWERING OF WHITE CLOVER SERIES 

FLOWERING OF SERIES "Itt 

REPLICATIONS '.rREATMENTS 

N. .§.:., M. v. L. - - -
Il 93 103 78 86 89 

12 102 91 95 91 88 

13 91 91 71 78 108 

14 101 83 93 55 74 

I5 21 ,19.1 l2Y;, -..filL_ __ , lQ;t .. 

Total 484 475 461 394 460 
, Mean 97 95 92 79 92 ,. 

~1 
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• 
FLOWERING OF SERIES ttKtt 

REPLICATIONS TREATMENTS 

N. s. M. v. x. - - - - -
10. 89 85 97 94 98 

K2 94 99 96 102 96 

K3 69 85 87 111 104 

K4 94 101 92 89 119 

1G 80 101 122 102.____.l.Q_Q_ 

Total 426 471 497 506 517 

Mean 85.2 94.2 99.4 101.2 103.4 
;:-; 

-



~ 
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X -
.ANALYSIS OF DATA. 

The analyses in this section were conducted under the 

guid.anoe of Mr. I.D. Dick, Officer in charge, Biometric Section, 

Department o:f s. & I.R. who approved of methods used and 

decisions made. 

For convenience, when dealing with yields of the 

treatments in each series, a tabla is given with a summary of the 

total yield.a of each plant and the mean, of all replications .. 

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

of dry matter. 

SERIES ttN' 

PERENNIAL R EGRASS TYPE 

REPLICATIONS 
•■-- •---· ·• I I ·-

TREATMENTS 

Plant Nu.n1l)er's !L. s. M. v. & . - - -
A.l 9 • .5 9.9 6.2 a.1 8.6 

A,/2 7.8 9.3 7.3 9.8 8.4 

A.3 a.1 9.6 8.l 6.9 7.1 

A.4 6.7 5.4 6.2 8.9 8.3 

A.; 7.8 8.4 7.2 8.5 6.7 

A.6 s.2 5.7 10.7 7.7 9.6 

Bulked Out 
6th Peb. '47 4.8 4.2 6.o 4.8 4.2 

Mean 8.9 8.9 8.7 9.2 8.2 

~ 4- lioZM 

The :figures for the cut on 6.2.47 when bulked. weights 

only were recorded ore included to give the f'inal mean .. 

It will be seen that the means of the different 

treatments are so similar that there is no point in subjecting 

these results to statistical analysis. Thus in the case of' Type 1 

Perennial ryegrass the different levels of soil acidity have had 

no effect in altering the plant yields. 



•· 
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SERIES ttB 11 

PERENNIAL RYEGRASS TYPE III. 

Tot Plant ields as rams of d!7 .. ~tter.!. 

REPLICA1·IONS TltEATMENTS - - ......... . . 
Plant Numbei-s !.t. ~ M. V x. - -!. -

B.l ;.; 9.1 10.6 a.1 8.7 

B.2 8.6 6.4 a.3 11.0 3.6 

B.3 5.5 12.1 6.3 11.9 7.7 

B.4 5.9 6.1 18.2 11.4 5.5 
' 

B.5 ... ~.o !:J:.8_ 1.1 . ~-- 6.,2 .. 

Total 33.5 38.5 50.5 51.7 32.0 

Mean 6.z .. 1·1 . lQ.~ 10 • .;z §.d± . 
'"-""'""'""''1!0--""_' __ 

N.B. - The cut on 6.2.47 when only bulked weights were taken is 
omitted for purposes of the following anal7ees. 

TABLE 

df' s.s. M.S. F. -
Treatments 4 69.60 17.40 1.112 

Error 

Total 

20 313.07 1.5.65 

24 .382.67 
~~--

The expected. value for "F" is 2.87 at 5% point so 
dif'f'erenoes in this series a.re not significant. 

N.S. 

However seeing that the greatest variation in replications 

:ts found in treatments nsn and 11M0 these are omitted in the 

following analysis:-

__________ d:f _______ .J!..S.!..-..~•--------F-• ...... ---

Treatments 

Error 

Total 

2 

12 

14 

48.10 

35.56 

83.66 

Differences of 2.37 between means significant at 5%. 

tt tt 3.31 tt ti H II 1%• 

Thus we see that when "S" and "W' are omitted differences between 

nyu yields and those of 1tN11 and uxn are highly significant. 
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SERIES "0° -
ITALIAN RYEGRAS8 
-• •••- a •--

Tota1 Plant as re.ms of d matter. 

REPLICATIO!i§ TRENrMElli"TS 

Plant Numbers N. ~ M. ~ x. -- - -
C.l 20.4 23.9 24.6 18.l 18 .. 5 

c.2 18.2 22.5 23.a 2.5.5. 22.4 

0.3 15.5 19.1 24.6 14.9 11.3 

c.4 19.5 20.5 12.8 30.3 14.5 

0 • .5 15.3 17.3 21.2 21.2 18.2 

Bulked out 
6th Feb. 147 8.0 J.O.O 7.0 10.0 10.0 

Mean 19.1 22.7 22.8 23.9 18.9 

N.B. Ti:..e out on 6 .. 2.47 when bulked neigh ts only were recorded 
is included to give the final mean .. 

{. 

df s.s M.S. F. 

Treatments 4 101.2 25.3 1.41 N.S. 

Error 20 357.9 17.9 

Total 24 469.1 
, 11>1➔& -

Tabular "F'' for the above analysis is 2.87 at the 5Jb point, so 

differences between means in this series a1"e not significant. 



SERIES 0 Dtt 

SHORT ™!QN . RYF~GRASS. 

Total P~~t ~ielde 1 ~s gr~ of ~l matte~. 

REPLICATIONS :J.1REATMENTS 

Plant Numbers N. s. 1.l;:. v, ~ - -
D.l 13.0 13.2 9.8 10.7 9.5 

n.2 .. 7.5 ll.7 12.9 13.7 11.3 

n.3 18.5 19.6 9.8 10.0 13.1 

D.4 14.0 15.0 11.6 15.5 12.8 

n.s 11.3 16.4 11.5 15.9 14.0 

Bulked out 
6th Peb .. 

147 1.0 B.o 6.o 7.5 6.o 
llean 14.2 16.8 12 • .3 14.6 13.3 

--
,. 

~ The cut on 6. 2.1~7 when bulked weights 
included to give the true mean. 

only were recorded, is 

From these figures it is obvious that there are no s1gn1f1-
cant differences between meane of any of the treatments in this 
series. 
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SERIES ttEtt ------
COCKSFOOT - SELECTED 

REPLICATIONS TREATMEN11'S 

Pla.nt Numbers N. s. .L. L. x. - - -
E.l ? 5 .... 3.4 3.5 2.5 2.9 

E.2 3.7 2.9 3.0 3.5 3.6 

E.3 3.0 2.7 3.2 3.9 l4 .• l 

E.L1. 3.4 2.3 4.3 2.9 3.2 

E.5 3.0 3.2 3.8 3.6 3.7 

Bulked cuts 
10th Oct. '46 
& 6th Feb. 147 19.0 15.0 21.5 19.5 19.0 

Mean 6.9 5.9 7.9 7.3 7.3 

The cuts on l0.l0.,!4-6 and 6. 2.47 when bulkeo. weights only 

were recorded, t1re included he1~e to give the f'inal mean. 

From an exe.Illination of the above figures, it is obvious that 

there are no eignifi.cAn t dif't'erancee between means of any of the 

treatments in this series. 
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SERIES nFn 

COCK.SFOOT - DANISH 

Total Plant zields 1 as 6£amB ,of .. d.£Z ~.~ter., 

REPLICATI.ONS TREATMENTS 

Plant Numbers & .2.!. L v . ~ -
F.l 3.5 3 .. 0 3.5 3.1 3.8 

F.2 4.6 3.2 3.8 2.2 3.6 

F.3 3.4 3.8 3.9 3.1 3.7 

F.4 4.3 3.2 2. 7 3.0 2.6 

•:, 5 .11. 3.3 2.2 3.2 3.3 2.5 

Bulked cuts 
10th Oct. '46 
6th Feb. '47 13.5 10.0 13.0 12.5 15.0 

Mean 6.5 .5.2 6.o 5 r-. .:; 6.2 

The yieilds o:f the cuts taken on 1.10.46 a:r1d 6.2.47 when on.ly 

bulked weights were recorded ar·e included ·to give the :final rnean. 

From an examinati0t1 of the above f.igu.res, it is obvious that 

there are no significant d.iff'erences between yields of any of.' the 

treatments in this series. 



.. 
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SERIES 110°. 

ROAD RED CLOVER • 

Total Plant ields~~ams of dr¥ matter. 

REPLICATIONS TREATMENTS 

Plant Numbers N. &:. M. v. X:. - -
G.l 56.5 4.5.0 40.0 61.0 14.5 
a.2 40.5 39.5 60.5 39.0 17.5 

0.3 34.5 52.0 41.0 42.0 24.5 

0.4 46.5 45.0 54.5 38.0 26.0 

G.5 1-,4.5 30.5 56.5 42.0 31.0 

Mean 44.5 Li2.4 50.5 L~.5 23.5 

In this case 1t was considered the ttxu treatment was ao 

obviously significantly lower that it was not included i:rl :further 

analysis. 

TABLE ---
df s.s. M.S. 

• •. I ■ II .. I WI . ~--- -· 
Treatments 3 183.04 61.01 

Error 16 11.23.20 70.20 N.S. 

Total 19 1406.24 

In this anal7sis, seeing the er~or Mean Square is greater than 

the treatment Mean Square, there are no s1gn1fioant differences 

between the yields of treatrnents "N° J II sn t 0 .M" and nv11 
e 

Thus-the only sie;nifioant difference in this series, is that 

the 11x11 treatment is lov:e1• then all the others. 
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SERIES 0 Htt 

MONTGOMERY RED CLOVER. 

~tal PlaJ11.. ld.s as ams of matter. 
- ··- =-

REPLICATIONS TRE.ATME1i!.§. 

Plant numbers &.. s. - M. v. - L. 
H.l 93.5 110.5 142.0 82.5 43.0 

H.2 97.0 118.5 120.0 88.5 28.0 

H.3 97.0 117 .. 5 93.5 62.0 23.5 

H.4 62.0 150.5 137.0 102.0 32.3 

H.5 73.0 113.5 121.5 110.0 19.5 

Mean a4.5 122.0 123.0 89.0 29.3 

In the following analysis the "X" treatment has been omitted 

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

Treatments 

Error 

Total 

df 

3 

16 

19 

s s. 
6424.3 

4801.0 

1122;.3 

M.S. 

2141.43 

300.06 

Differences of 23.1 between m.eans significant at 5% 
tt "31.9 II ti II 1% 

From the above we can ssy that the '*X0 yields are significantly

lower than any other. Dit'terencea between '1N° yields and "V" ;yields 

a.re not significant, nor are those between "Sn and nyri. Howevett 

the differences between yields of "Nn or "Vn and "S" or "M" are 

highly significant. 
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SERIES '*I 0 

E I 

ields as ams of dr matter. 

40.0 

45.0 

40.0 

43.5 

50.5 

43.a 

61.0 

38.5 

74.5 

66.5 

65.0 

65.1 

TREATMENTS ..• . ... 
M. -

90.5 

72.0 

99.0 

78.5 

98.5 

87.5 

v. -
94.5 

85.5 

86.o 

80.0 

x. -
29.0 

19.3 

25.3 

20.5 

30.0 

24.a 

--------------------------------
Here too, the diff'erencea between "X'' yields and those of all 

the others are so obviously aigni:ficant that nxn figures have been 

omitted fx-om the following analysis. 

TABLE ____________ df' ________ s;;;;....s __ • ______ M_._s_. ______ 1.!._, __ 

Treatments 

Error 

Total 

3 

16 

19 

6884.5 

941.8 

7826.3 

2294.8 

58.86 

Difference of 10.0 between means significant at 5% 
tf "13.9 II 

Thus in the means above., differences between u14u and 0 v0 are 

not significant but all other differences are high1y significant. 

That 1s, "M" and "V" are better than "N", "8° and "X", "S" better 

than "N" and uxn and nNtt better than "Xn. 
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SERIES "K" 
TE CLOVER T 

To al Plant wei hta as rams of d matter 

REPLICATIONS TREATMENTS 

Plant Numbers N. s. l!6. v. x. - - -
K.l 23.2 30.0 40.4 56.2 25.4 

K.2 20.; 39.5 44.a 30.2 10.7 

K.3 31.2 28.6 21.4 60.9 20.4 

K.4 28.2 23.9 29.5 63.2 21.2 

K.5 29.6 37.1 20.9 32.6 28.4 

Mean 26.5 31.8 31.4 14,8. 6 21.1 

dt s.s. M.S. F. __________ ......, ______________________ ........... ............... 

Treatments 

Error 

Total 

4 

20 

24 

2113.02 

1916.30 

4029.32 

528.26 

95.82 

5,.51 a.s. 

Differences of' 13 between means significant at 5% level 

11 *' 18 It ti It If 1% 

Thus the differences between uvu treatment and uw, or 0 x0 

are highly significant, while those between 11v11 and 0 8" or "■u 

are just significant. There is no significance in any differences 

between yields of "N", ••sn, "M11 and 11xn treatm.ents. 
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FLOWERING OF SERIES _.I" 

NUmq~t o~ ~~Qwer~.Eer ElBB.~ 

~ TREATMENTS 

1.1 

I.2 

:r.3 
I.4 
1.5 

Mee.n 

Tx•ea. tmen ts 

Error 

Total 

N. s. L - -
93 103 78 

102 91 95 

91 91 71 

101 83 93 

97 107 124 

97 95 92 

ANALYSIS OF THE ABOVE :B'IGURES 

4 

20 

24 

s.s. 

993 

3822 

4815 

M.S. 

248 

191 

Y.t. Alo 
86 89 

91 88 

78 108 

55 74 

84 101 

79 92 

P. 

Tabular F = 2.87@ 5% level, so no a1gn1f'1canoe aan be 

attached to any differences between means in the above results. 
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Ek9~ER~NG- O,f_ ~~RIES '* K! 

NUmber of flowers er lant. 

TREATMENTS 

Plant Number N. s. M. v. - - - -
K.l 89 85 97 94 

x.2 94 99 96 102 

K.3 69 85 87 111 

K.4 94 101 92 89 

K.5 80 lOl 125 109 

Mean 85.2 9J.2 99.4 101.2 

'11reatments 

Error 

Total 

ANALYSIS OF ABOVE FIGURES 

d:t 

4 
20 

24 

s.s. 

1247 

2120 

3367 

M.s. 

311.7 

106.0 

!.:. 

98 

96 

104 

119 

100 

103.4 

F. 

Tabular F = 2.87 at 51~ level, so certain means in the above 

treatments are significant. 

Difference of 13.6 between means significant at 5%• 

Thus the mean of treatment "N" is significantly lower than 

those of treatments "M", "V0 and "X". 



4 

-85-

XI .. RESULTS .. 

Th.is series of plants, in common with th.e other grasses 

used, grew well at the beginning of this t:ixperiment but growth 

soon slumped and production was actually very poor over most of 

the time the measurements were taken. 

The mean yields of replioationB in treatments at eaoh 

out, expressed on a ttnry weignttt basis, are as follows:-

Qutting Dates. 

27th Sept., '46 

7th Nov. '46 

16th. Dec. '46 

6th Feb. '47 

23rd June, '47 

Mean Yields of' Perennial Ryegx•ass 
Type I., 

Grams of Drl Matter Per Cut. 

Treatments. 

N s M 

2.5 2 .. 9 2.1 

2 .. L~ 2.3 2.2 

1.5 L,6 1.6 

0.8 0.7 1.0 

1.7 1.,4 1.8 

- - --
Treatment Totals. a.9 8.9 8.7 

y X 

3.1 2.9 

2 .. 0 2.3 

1.6 1.7 

o.a 0.7 

1 .. 7 1.2 

9.2 8.8 

The moat remarkable fact about these plants, is that at 

any cut a number of plants in each treatment yielded exactly the 

same weight of herbage, and but for an odd plant yielding much 

more or less th.an th.a average, it would appear that ruean yields 

might have been even more alike than they actually are .. Howe'tfer 

from an examination of mean yields it is obvious that the plants 

have not 1:•eactea to the different levels of' acidity w1 th dif'ferent 

weights of herbage. 

Thus in this type of Perennial ryegraas, the different 

levels of soil reaction have had no effect in altering th.e plant 

yields. 
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The following photogr•aph r:1~1ows an average plant from each 

of the treatments in this series, as it was at the close of the 

experiment. 

growth. 

The herbage on these plants re:.)resents 11.,. weeks' 

The type of' roots on the plants in each treatment of this series 

ean be seen in the f'ollowing photograph. 

rt 

r ' ~ - I 

\ 

" 
C 
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It oan be observea that the z•oot form is different in some of 

the treatments, and from this photograph and the weights recorded 

it is seen that the roots :ln treatment 11N11 were very much heavier 

than in any other, with the "Xtt treatment also higher than the 

remainder. 

N 

s 

M 

V 

X 

Average Root \leight 
l!6 Grf@S Drl Matte_r. 

23 .. 0 

6.7 

7.8 

7.7 

12.7 

The percentage dry matter in the t1erbage from the plants of this 

series sh.owed only small variations, the following being the mean 

figures., 

~. % D.M, 
J .,~-

N 29 .. 8 

s 30.L-1-

M 31.,2 

V 30.1 

X 30.2 
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Series "B0 • 

The plant selected for this series was one that had been 

under observat:l.on :for twelve months and had been found character-

istio of the type to be represented. Usually the production is 

less than that of Type I Perennial ryegrass, and the plants are 

ver.•y liable to z•ust badly in the early autumn. 

The mean yields of' replications in treatments at eacb. out, 

expressed on a dry weight basis, are aa follows:-

Mean Yields of Perennial Ryegrass 
Type III .. 

q_rams of Dri Matter Pe~ qut~ 

Cutting Dates. Trea~. 

N s M 

30th Sept. '46 2.8 3.6 L~. 3 

11th Nov. '46 2.0 2.4 3.0 

17th Deo. '46 1.1 1.2 1.4 
6th Feb. '46 1.,4 1.0 1.6 

23rd .rune 'l-1-6 o.8 0,,7 1.3 

- WW UM~- -
Treatment Totals. 8.1 8.9 11.6 

V X 

5.2 2.8 

3.0 2.0 

1.2 o.B 
1.0 1.0 

1 .. 1 0.9 

11.5 7.5 

The yields of this plant under the different treatments are rather 

interesting, as both. 11 M" and 11V1
' mean yields are higner than those 

of any Type I treatments¥ Also it will be seen in the detail of 

yields at the different cuts, that when the weights of herbage from 

the first two cuts of series "Aft and 0 B11 are considered, the total 

average yield of' "B 11 is higher than that of ttAtt in all but treatment 

11N". Also at thif3 time the highest plant yield in series "B 11 

decline quickly and more than half the final total yield of ea.oh. 

treatment was recorded :Ln the first five months of the experiment. 

As shown in section X, the diffez•ences between the mean 

yields of treatments "N" or 11x 11 , and 11v 1
•, are high.ly signif'ioan t, 
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so that the yield at pH lh9 is truly greater than that at 7 .2 or 

4.0. This faot is clearly brought out especially in the results 

of the first two cuts when the plants were growing actively. At 

that time average yields of nxu and ''N 11 treatments were identioal 

and if this yield 1s taken as 100, the yield of 11 3 11 is 125, 11 M't 

is 152 and "V" is 171. At the oloae of the experirnen t 0 M" and 

11v 11 were still holding their aupr•emacy despite the fact that actual 

yields were so small, and that the soil pH had changed considerably. 

So it would appear that under conditions ruling in this 

experiment the moat vigorous growth. of Type III, Perennial ryegrass 

was in the 11 Mediumly acidn to "Very acid" soils. 

The following shows an average plant from each treatment 

at the close of the present exper•irnent: -

Figures for percentage dry matter in the he1:ibage of tb.1s series are 

as follows:-

Treatment. ,;'' D ? ~· 
N 3L~. 7 

s 31hl 

M 36 .. 5 

V 33.6 

X 33.,9 
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A samplf: of the plant roots in each treatment are shown in 

the next photograph. It should be stated that the roots of plants 

f'rom treatmenta "Sn all had a fault or weakne:1s at one place irt 

their length ana so none were obtained with the:tr full length intact. 

Average rocit weights were as 1'o1lows:-

Root Weights 
Treatments. Grams prl M~t~. 

The graph on the followirig page compares the relative yields of 

th.e treatment in this series. and at the same time illustrates 

changes in percentage dry matter in the various treatments. 
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Thia series is of special interest because of the 

very quick growth that was made at the beginning of the experiment. 

In fact in most treatmonta approximately half the total mean yield 

of th.e plants was recorded in less than three months' growth .. 

The mean yields of replications in treatments at eaoh cut, 

expressed on a dry weight basis, are as follows:-

Mean Yields of Italian Ryegrasa 

Grams of D,!'.l M,attE:r .J)er Cut. 

Cutting Dates. Treatments. 

N 8 Ai V X 

5th Sept. '46 9.6 10.4 12.6 10.8 8.2 

14th Oot. '4.6 3,.7 4.0 4.2 5.2 3 .. 2 

13th Nov. '46 1.0 2.3 1.5 2.1 L.6 

17th Deo. 'l~6 2.1 2.7 1 .. 5 1.9 2.2 

6th Feb .. '47 1 .. 6 2.0 1 .. 4 2.0 2.0 

25th June '47 1.1 1.3 1 .. 6 1. 9 1.7 

Treatment Totals 19.1 22.7 22.8 23.,9 18.9 

The growth of plants in the different treatments can be seem in 

the following photograph.a, taken lith September, 19l~6. 
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Th.e yields of treatments in this series show no sj.iJnificant 

differences, because the variation within treatments is greater 

than that between treatments, so tb.e only conclusion we can come to 

is th.at the level of' soil acidity has not influenced the plant 

yields in the case of this Italian ryegrass. 

'1.'he following photograph shows the plants as at the close 

of the experiment. It is of' interest to compare the position here 

with that in the previous photographs, in wh.i.ch the herbage represents 

a shorter growt~ period. 

The average :f'igurea for percentage dry matter in the herbage of 

this aeries are as follows:-

Treatment. ~ D.M. 

N 2l.~. 0 

s 25.0 

M 2L4 .• 8 

V 25.4 

X 24.9 
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The type of root system of the plants 1n the treatments of this 

series can be seen in the following photograph:-

rr 
i 

Mean root weights in this aeries are as .follows: -

Treatment. -
N 

s 

M 

V 

X 

Mean Root Weight 
Gram$ Dry JJatter. 

5.0 
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aeries "D". 

As in th.e previous series the variat1.on w1.th:tn treatments 

is greater than that between treatments, ao that there can be no 

significance attached to an,y- differences hetween re:.:.rnl tant means. 

The mean yields of replieations in treatments at each cut, 

expressed on a dry weight basis, are as fol.Lows:-

Cutting Date_!. 

11th Sept. '46 
15th Oot. '46 

13th Nov. '46 

19th Dec. '46 

6th Feb. '47 
25th June '47 

Mean Yields_p..f Sl}_ort Rotation Ryegral;@• 

Gr~ o~_Drz Matter .Per cut. 

Treatments. 

N s M V 

5.8 6.8 4.0 6.4 

2.4 2.9 2.3 2.4 

1.0 L,3 1.3 .9 

1.6 2.0 2.0 1.8 

1.4 1.6 l.t2 1 • .5 

2.0 2.2 1 .. 5 1.6 

Treatment Totals 14.2 16.8 12.3 14.6 

X 

6.0 

2.1 

.8 

2.1 

1.2 

1.1 

13.3 

In th.is case too, the mean yields at the close of the first 

four month.a was more than nalf tne total for twelve menths, 'l'he 

following photograph shows samples of' the plants as they were at 

the close of' tile expeI'im~nt .. 
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As lar aa the percentage dry matters are concerm➔ d, the following 

figures show the averages for this series:-

Treatment. ~-
N 26.9 

s 27.4 

M 25.0 

V 26.6 

X 26.6 

Tlleae figures a.re much lower than those f'or the Perennial ryegraaaes 

and are nearly a.a low as those for the Italian ryegrasa, so are 

aotually intermediate between the two, but tending to be nearer 1:he 

Italian than th.a Perennial. 

The average weight of' plant roots at the end of the 

experiment is as follows:-

Treatment. 

N 

s 

M 

V 

X 

Average Root Weight. 
Grams Dri Matt~~• 

8.6 

9.6 

8.8 

9.8 

The following photograph shows the roots of a charaoteristio plant 

of each treatment;-
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series 0 E". 

Thia aeries of plants grew very poorly right throughout 

the experiment and at no time did they thrive. However, what little 

growth there was, was spread evenly over the whole twelve months 

of the experiment. 

The mean yields of all replications j_n treatments at 

eaoh cut, expressed on a dry weight basis, are as follows:-

¥ean Y'ields of Cooksfoot, Selected. 

Cutting Dates. 

10th Oct. 'l~6 

19th Nov. 1 46 

18tb. Deo.. '46 

6th Feb. '47 

25th June '47 

Treatment Totals 

N 

Grams of Dry Matter Per Cut. 

s 

2.0 

Treatments. 

M 

3.1 

1.1 

.,9 

1.2 

1.6 

7.9 

V 

2.8 

1.,3 

1 .. 1 

1.,3 

7.2 

X 

2.8 

1.4 

.. 8 

1.0 

1 .. 3 

7,.3 

In two of the five cuts only bulk dry matters were taken, and two 

of the remaining outs show considerable variation within the treat-

manta. 'l~hua the figures would be d1f'f1oul t to analyse, and wi tn 

the degree of variation present in tne treatments, it was considered 

that there oould be no statistioal signifbanoe in any dif'ferenoes 

between the mean yields. 

Th.e :following are the average f'igur•es f'or the percentage 

dry matter of this series:-

Treatment. 16 D. M. 

N 31.1 

s 30.6 

M 30.1 

V 31.4 

X 31.1 
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The type of roots found on plants in th.e different treatments is 

ab.own in the following photograpti. 

Of particular interest in this aeries is the great 

diff'erence in the root systems of the different treatments, in that 

those from plants grown in th.a more acid soils are finer and more 

fibrous than those from the 0th.er treatments., 

Average root weights are as follows:-

Treatment. 

N 

$ 

M 

V 

X 

Average Root Weights. 
Grams Dry Matter. 

5.1 

3.3 

10.0 

7.,4 

11 .. 0 
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Series "F". gooksfoot1 Danish:• 

,.. The remarks for the previous type of oooks:f'oot ( series h:) 

also apply to tb.e present series. Here too the growth was very 

poor at all times and production was fairly evenly spread over the 

whole growth period. 

The mean yields of all replications in treatments at each. 

out, expressed on a dry weight basis, are as follows:-

Cuttins Dat.e! 

10th Oot. '46 

21st Nov. '46 

18th Deo. '46 

6th Feb. '47 

25th June '47 

Treatment Totals 

M.!.an Yie,lq:3, qf Cooksfoot, D~.i~_g. 

N 

L,1 

.8 

1.2 

1.6 

1 .. 8 

6.; 

Grams of Dry Matter Per Cut. 

s 

.. 8 

.6 

1.2 

1.2 

1.3 

Treatments. 

M 

1.5 

.9 

1.,1 

1.,1 

1.4 

6.o 

X 

1.9 

1.1 

.,9 

1.1 

6.2 

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

no yield dif'f'erenoes are statiat:i.Qally significant. 

Th.e figures f'or the average peroentage dry matter of the 

herbage in th.is series, are as follows:-

Treatment. % D. M. 

N 33.3 

s 29.3 

M 31.6 

V 32.5 

X 33.5 

The roots of plants from th.is series display the same ctiaracteriatios 

as those of the previous group. in having the large number of fine 

roots in the more acid treatments. 
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Average roots of each treatment are ahown in the following photo

graph .. 

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

Treatment 

N 

s 

M 

V 

X 

Average Root Weights 
Grams Dry Matter .. 

4 .. 0 

8 .. 6 
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Series "G". Red Glover, Broad. 

Owing to the death of the original clones in this series 

and the replacement with selected seedlings in 3eptember, the first 

measurement of h.erbage from theoe plants was delayed until Pebruary 

1947,. By then most of the plants were growing actively except for 

those of uxn treatment wh.ich at no time oompared favourably with 

plants of th.e other tre:,tments. Certain of the ,,lants in °X 1
' 

treatment appeared to be infectad with virus, and plant X.1 was 

not healthy at the close of the experiment while X.2 actually was 

dead. 

The mean yields of all replications in treatments at eaon 

out, expressed on a dI'Y weight basis, are as :follows:-

Mean Yields of Red Clover1 Broag. 

Cutt~ng Date~.• 

3rd :&1eb,. '47 

5th. Maroh. 'L~7 

29th May '47 

Treatment Totals .. 

M 

28.8 

L1 .• 8 

10.8 

44.4 

Grams of Dry Matter Per Cut. 

Jreatments. 

s M V 

26 .. l~ 30.8 ')3 6 (!, ... 

4.6 6.0 ,:; 6 _,,. 

lL,4 13.7 15.3 

-
42.4 50.5 li,4. 5 

X 

16.6 

2.9 

L~. 0 

23 • .5 

Tile f'ollowing photograph. shows typical plants of' each treatment in 

this series, shortly before tile close at" the present experiment~ 

~! 2_" -t-----t---1---+---+----+--+--+---+--
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l:t can be seen that the 1'X" treatrnent plant ie not thriving 

and the yield figures show that this treatment is significantly 

lower than all the others. When the other treatments are compared, 

1 t is found .there is no atat1stioal significance between their mean 

yields. Thus in the case of Broad red clover, the level of soil 

aaidity has had no deleterious effect on yields until the pH was 

reduoea below 4.7. 

The mean figures for dry matter percentage are as follows:-

Treatment. ~ D.14. 
N 22.6 

s 23.8 

M 2.4.5 

V 22.7 

X 25 • .5 

Tb.e oharaoteristiaa of th.e roots in this series are sh.own in the 

following photograph:-
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The average dry weigb.ts of th.e roots in tb1s series are as follows:-

Average Root Weights 
Treatment. 9rams Drl Matter. -

N 52.0 

s 24.6 

M 38.5 

V 14.4 

X 12.1 

Tl1ese figures are of' special interest, because in the grasses the 

x•oot weights as a whole tend to remain the same, or even to increase 

with decreased pH level, but in this red clover, except for treat

ment H.M", the root weigh.ts decrease with deoreaoix1g pH. 

The following graph compares relative yields of treatments 

in this series:-
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In this series, the plants were fairly slow in becoming 

really established and only a small proportion of herbage yield was 

produced during the first five months. 

The mean yields of all replications in treatments at eaoh 

out, expressed on a dry weight basis, are as follows:-

Mean ,Yields of Red Cl~ver, Montgomeri. 

7th Nov. '46 

8tb. Jan .. '47 

5th Maroh'47 

29th May '47 

Treatment totals 

N 

7 .. 6 

49.0 

14.2 

13.7 

84.5 

Grams of Dry Matter PeI' cut .. 

Treatments. -
s M V 

10.5 12.0 5.3 

73.0 70.0 55.0 

20.8 23.8 16.6 

17.5 17.1 11.9 

·---· O<INl>itt -
122.0 123.0 89.0 

X 

2.0 

13.0 

11.6 

2.9 

30.0 

Af'ter the cut in November, growth was very rapid and over half the 

total year's growth was produced during the next two months. After 

this time, production was cor;1paratively even, and in most treatments 

th.a growtb. from 8 .. 1.,47 to 5.3 .. 47 was much the same as from the latter 

date to 29 .. 5,..li7, when the last measurement was taken. As far as 

yields are oonoerned, that of' treatment "X" is obviously the lowest 

so we can say the yield has been greatly decreased by an acidity 

level of pH 3.7. The analysis of yield data shows that the 

superiority of "S" and "M" treatments over other treatments is 

highly significant, while there can be no significance attached to 

the minor d1ffe:i:•ences between yields of 0 N° and ''Vu treatments or 

between 118" and 11M" .. Thus we can say that in tb.e case of' the 

Montgomery red clover, the greatest yields have been obtained at pH 

levels of 6.75 and 6.1, while those at 7.0 and 4.7 were equal to 

each other and greatly superior to yields at pl! 3.,7. 
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AsFar as percentage ~ry matters are concerned the mean figurea 

are as ~ollows:• 

1rreatment. 
I I I P ••■••-

N 

s 

M 

v· 

X 

It w.111 be noticed th.at these figures are oomparatively even except 

that the nxn treatment herbage has a nigher peroentage dry matter 

than the others. This increase might be expected in tnat slower 

growing plants usuallJ' have a 10,,er water content than taster growin.g 

ones of the same species. 

Th.e following ph.otograph illustrates typical plants of 

each treatment. 

J.t_ ·-t---t--i---+--+--+--+---+--+--

As mentio"ed previously ( seation VIII) th.o nodulation 
ll 

on the plants 1n th.is series were of interest in that in tb.e "V" 

treatrnen-t the nodules were not only larger but also more plentiful 

than on plants in less aoid treatments. 

had fewer nodules, but thc)se present were very large. 
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One of these oan be seen tn Urn following photograph, at th.e end 

of tb.e pointer. 

The weights of the roots in this series are as follows:-

Treatment. 

N 

s 

M 

V 

X 

Average Root Weights 
g_rams Dr..z Matter. 

52.4 

44.8 
26.8 

15.6 

10.5 

It is seen here that there ia no correlation between root weights 

and herbage yield, as the two treatments that gave the highest 

yields have only intermediate :r.•oot weights. The root weights here 

decrease regularly with increasing soil acidity and appear to be 

correlated directly with this f'aotor • 

A comparison of the yields of the treatments in th.is series, 

is seen in the following graph:-



Relative 
Yield. 

R ;_;-=e ...:....::I a:.:.:.ti..:...:iv-=e ---'-Y...:....;i e,:,:;_\.,.;:,:;d :.=5 _____,;;;o'-'-f _:....;M,..::;;.on:...,..:..it g mer~ 

Red Clover- at s Levels of 
Soil Ac·,d -,1d
Ser i<Zs ,. [L 

-'-''--'---'-_:_.:....-'---'-- R12 lotive2 Vie2lc\ 

Or~ \Je2i9ht 
Trcz.a-l"n.._<2.nT • N • " 100 

R«z/ot";vQ. Yi<2.ld 

Grcz~n W12 i5hi 

Treo,..,.,cznt "N" :: I 10 
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~. 
The plants of this sariea became established more 

quickly than those of the former aeries, and were first out four 

months after planting. 

The mean yields of all replications ln treatments at 

each cut, expressed on a dry weight basis, are as follows:-

Mean Yields of White Clover. T e I. 

a-rams of Dry Matter Per cut. 

Treatments. 

N s M V X 

17th Oot. '46 5.2 l-t-.5 7.6 l-t-. 1 5. 3 

11th Nov. 'li6 4.2 5.7 11.0 10.7 3.9 

7th. Jan. '47 16.4 23.1 30 .. 2 32.3 11.,5 

10th Maroh'47 11.2 20.4 26.6 26.6 3.7 

29th May '47 6.8 11.4 12.l 15.5 .,4 

- -- -
Treatment Totals 43.,8 65.l 87.5 89.,2 24.8 

It will be seen that, ae w1 th th.e Montgomery I•ed a lover, the period 

of greatest growth was between 11th November, 1946 and 7th January, 

1947, when approximately one thir•d of the total grov,th was recorded/ 

After th.is period however, growth was still good, and the weignt 

recorded for the two month.a to 10th March was nearly as great aa 

that for the preceding two months. 

As f'ar as total yields are concerned, it is seen that 

the 0 v 11 and "W' treatments have ea.ch given th.e same produotion and 

that this has been significantly greater than any of the other 

three treatments. Treatment "N" has yielded only half as much as 

treatment tt1,p• or "V0 , while the yield of nx,• is half that of 11Nu .. 

Treatment "Sn was intermediate in production when compared with ttN" 

and 11M0 treatments. Thus th.e pz•oduotion of the treatments steps 

evenly, each step being approximately 20 gr•arna in the mean yield, 

from pH 3. 7 to 7t0, to 6,. 75 and finally reaches a wide peak at pH 6.1 

and L~. 7. 
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The following photograph taken on 13th November, 194.6, of' 

a ch.araoteristic plant from each treatment in this series, gives a 

good indication of the relative production of the plants in this 

series. 

Photo •• 13th Nov. 1946. 

The following photograph snows the condition of the plants in this 

s.eriea towards th.e close of the experimentlll 

! I l __ ~
1
l I I t --+--l··-··""+-··-.... ,, ... , .... j 

I · I T '"t·--··tl ,, ...... ,,t, .. ,, .... ,_. .. ,_,,, '"t""""""•·l---+--

1 ·_ -,--
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The percentage of dry matter in the herbage of this series was as 

follows:-

Treatment. LJ:.M. 
N 24.6 

s 21,4.. 3 

M 22.1 

V 22.6 

X 27.6 

These figures appear to be correlated inversely witll the total 

herbage yield, aa one might expect. 

Counts were made of the number of flower heads on the plants 

in the different treatments, but acidity s.ppeared to produce no 

effect as far as these were concerned. 

Tb.e following is a summary of the total flower heads 

produced by en average plant in each treatrnent in this thn•ies :-

Total Flowers 
Treatment. Per Plant. 

N 94 

s 95 

M 92 

V 79 

X 92 

An attempt was made to separate the roots from the soil, 

but this was not possible with either wnite clover owing to the fact 

that the roots broke very readj,ly during handling, so no root weights 

have been obtained for sari.es nr 11 or uK". 

The following photograph shows the soil and plant roots 

turned out of the pots at the close of the experiment and demonstrates 

the degree to which the root systems vary in the different treat

ments. 
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The most obvious ef:fect of the high. acidity is that the soil in 

the 
0 x 11 

treatment is br~aking away, as the 1';:>ota are not b:rnnd 

arou11d the soil as in the other treatments., It t1as been noticeable 

right through the experiment with all the clover sories, that the 

root systems have been mucn restricted in the extremely acia soils. 

The following graph compares mean yields of this aeries:-
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Series "K". White Clover T e II. 

The plants of this series establish.ad more slowly than 

did those of white clover, type I, but---once the plants were growing 

well, production continued m:1til the close Qf the experiment. In 

this oase too, most of tne production took. place in the summer 

months,. and over two thirds of' tne total herbage for the twelve 

months was produced f'r•om 21st November, 1946, to 6th February, 19!~7. 

The maan yields of all replications in tr•eatments at each 

out, expressed on a dry weight basis, are as follows:-

Mean Yields of __ ,;¼hi te Cl~ver.z ... T~.)e _n. 

Grams of Dry Matter Per Cut. 

Treatments. 

N s M V X 

21st Nov. '46 5.6 6.1 5.3 6.8 2.7 

19th Dec. '46 11.3 lJ-1-. 2 13.0 19.2 8.5 

6th Feb .. '47 7.1 9,.3 10.6 16 .. 0 8.7 

29th May '47 2.5 2.2 2.5 6.6 1.2 

w - -

Treatment Totals 26 • .5 31.8 31.4 48.6 21.1 

In this series there is aonsiderable variation within 

many of the treatments, but on analysis some difference between 

means are saeil to be highly significant. Thus the production of 

nvn treatment is seen to be much superior to th:d: of any otller, 

and the differences between ttyu, and "X!t or uw1 treatments a.re 

found to be high.ly significant, while tb.ose between "V" and "S" 

or 0 M" are signifioant., Owing to the variation within the treat-

ments the differences between uN", usu, ,.M" and 11x0 are nonsigni:ficant. 

We can say therefore that this strain of wliite clover under 

present conditions produoed most herbage wh.en tile pH of the medium 

was 4. 711 and that there was no significant difference between yields 

at other pH levels between 3,. 7 and 7,. o .. 
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Another point of special interest appears wb.en mean yields of "I" 

series are oomparea with. those of 0 .Kit series. Under treatments 

nNu• 0 sn, 0 M0 and 0 v 11 the type I clover has produced approximately 

twioe as much as the type II strain, but when th.a 11xn treatment is 

considered it is found the px•oductions are very similar in eaob. 

strain,. Thus it appears that the type II white clover may be 

comparatively more tolerant of extreme acidity than the type I 

strain. 
Tile following photograph illustrates typical plants from 

each treatment in this ser'ies, as they were towards the close of 

this experiment .. 

When the figures fox• the percentage dry matter of the 

herbage are considered, the following average results are obtained:-

Tr~a~~~~• s. ~- ,~. 
N 22.6 

s 21-1,. 5 

M 23.1 

V 21.9 

X 24.8 
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These appear muoh as one would expeot,·when the y1eld figures are 

considered, exoept th.at one might have thought ttle figure for 

11N1• treatment would be somewhat higb.er and more in accord with tllat 

Counts ware made of the number of flower heads on th.a 

plants in this aeries at various times and the follo'iving totals 

means result: 

'.rreatment. 

N 

s 

M 

V 

X 

.. 
Mean Total Flower 
Heads Per Plant. 

85 

9l4-

99 

101 

103 

An analysis of these figures snows that some of them are aignif·i

oant, a difference of 13.6 between means being e1gn1f'icant at 

the 5% level. Tb.us the 0 Mn, "V" and 11X" means are signifioan tly 

high.er than th.e 0 Ntt treatment, but there is no signifioanoe 

at taohed to differences between 11 S", ••Mu, 1tvn or "X 0 t.ree.tmen ts. 

~rhe graph on tb.e next page compares yields of treat

ments in th.is series, while the one following tt1a.t brings together 

relative yields in each of the series where significant differences 

exist between any means. 
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XII SECONDARY ii:XPERIMENT. 

Germination and 1~stablishwent of Certain Pasture s eclae 

Under Acid Conditions. ------

A:fter observing the way in which many of the pasture 

plants appeared to thri va better in a soil tr1at war:. fairly acid 

as opposed to that nearly neutral, 1 t was wonder•ea whether th.e 

soils at different levels of acidity would exert any influence on 

the germination ot' establishment of seeds of several of the 

pasture species being used. 

In order to test this, a aeed box 2 ft. x 1 ft. x 3 ins. 

was prepared by dividing it crosswise into five separate compart

ments and one of each. of these was filled with some of the spare 

soil from each treatment that had been taken from th.e soil h.eaps 

after mixing (Section V, Par. I.) and had been lcept for just 

such a purpose. Th.a acidities of the soils used in this experi

ment as measured a short time previously, were as follows:-

Soil Treatment. .Ell· 
N 7.2 

s 6'. 75 

M 5,,95 

V l.h5 

X 3.6 

Eaoh. compartment was tnen subdivided into five just by marking 

the soil and the box was th.en ready to be sown. It was decided 

to try the affect of these soils on the following seeds, Perennial 

ryegrass, Italian ryegrass, Montgomery red clover, Broad red 

clover and Wh.ite clover and th.e following are the details of 

purity and germination of the lines of tnase used, as supplied 

by the O:f'fioial Seed Testing Station of the Department of Agr:1.-

cul ture, Palmerston North. 
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Percentage Percentage 
Plant Speoies. Station No. f!Jrit;z:. Ger.m.ina tion. 

Perennial ryegrasa Ba 6719 99.,8 99 

Italian ryegrass Bb 360 97 .. 0 91 

Mont. Red olover Aa 611 98.0 78 plus 14' 

Broad Red olover Aa 610 97.0 85 tf 4 

White olover Ao 2565 99.,8 94 ti 2 

~:- In the germinations of the clover above, the number 

addad to tb.e main figure represents the percentage of hard seeds 

in the sample. 

From the above lines of seed, one h11ndred seeds of each 

were picked out and carefully spa.cad between tne subdivisions in 

eaob. compartment so that there were in each compartment one 

hundred seeds of each line under teat. These were then covered 

with a light dusting of soil corresponding to each treatment, and 

the whole box stood in a tray of watax• to prov:lde moisture for 

germination without disturbing th.e seed placements. 

is tne plan of sowing:-

N s y V 

The following 

X 

.-------------~-----___,____--•·-··-------; 

Montgomery red clover 

1-----~---~------~-~~---------~~--~------~-------~J \ . ' i \ 

I Pel!ennial x•ye;graas 
I . 
l , . ' . , 
\ _______ ..., _________________________ .._ ________ ..., __ : ______ .., __ ,..,. 
I : • ' ; 

j Brtjad red cl0iver 

~---------+----------+---------~----------:---------~ ! : 1 

l Italian ryegr;ass 
r-,""'.'--------~----------... --_____ .. _..,.; ____________ ..,. ____________ ~ 
i l \ l · l 

l 
Wh~te clover 

.i... _______ _ 

This sowing was carried out on 25th October, 1946. 
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In order to demonstrate fully the rate of emergence and establish

ment of the seedlings, it was decided th.at the best metnod would 

be to tak:e a aeries cf photographs and to let these tell their own 

story. 
The first photograpt1 was taken one week after sowing:-

Pb.oto taken lat Nov. 1946. 

Ii: will be seen in the above photograph that the seeds of Montgomery 

red clover e.t the top of the picture are moat advanced in the 

n1ediumly acid soil, as a larger proportion of these have th.eir seed 

leaves opened out fully. The Broad rea clover is most advanoed 

in the sligh.tly ao1d soil, while in the extremely acid soil very few 

plants are showing any of the lines of seed used. 

The second photograph shows the picture two weeks from 

the sowing date:-
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N s M V X 

Photo taken 8th Nov. 1946. 

Here again the "Mu treatment is superior :ror the Montgomery red 

clover and also for th.e White clover at tb.e bottom of the photograph. 

Tb.ere is still almost no germination in the extremely atJid soil, 

and even the very acid soil does not appear as good as the others. 

This third photograph shows the growth just on four weeks 

after sowing:-

N s \/ 

Photo taken 21st Nov. 1946; 



t\ 

-125-

At this time the extremely acid treatment is still having a bad 

effect on plant establishment, but the grasses that are established 

appear to be growing fairly well. The slightly acid soil appears 

to be retarding the growth of all the species growing there, when 

compared with the treatments on ei thex· side of it, while th.e medium 

and very acid ones are doing very well. 

Th.e last photograph taken five and a half weeks after 

sowing shows the growth two weeks before the experiment was final

ized. 

N X 

Photo taken 2nd Dec. 1946. 

It can be seen th.at the "X" treatment 1s still the most retarded, 

while the "S 0 treatment is not as vigorous as tb.e remainder. The 

wb.ite clover appears best in the 0 M" series, while "N° treatment 

seems as good as any for moat of the other species sown. on 16th. 

December, 1946, eaoh segment of ao11 containing one species in 

one treatment were cut out of the box and removed for convenience 

in handling. All the plants in that section we:ee then cut off at 

ground level, counted and weighed. 
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The following are the data resulting:-

N s M V X 

Mont red clover 63 66 75 76 18 

Broad. red olover 68 1+4 65 71 14 
White clover 53 63 65 68 8 

Perennial ryegrass 90 86 84 100 79 

Italian ryegrass 85 68 72 87 58 

4'otua~ W~ight of_ al~ ~~8:D~~-~stablish~~:-

N s M V X 

:Mont. red clover 1.1 12 10 9 2 

Broad red clover 10 6 10 7 1 

White clover 6 11 11 10 l 

Perennial ryegrasa 6 5 8 9 6 

Italian ryegrass 1 5 8 9 5 

Dealing w1 th eaoh. species in turn, the .following results are obtained:-

N s M V X 

Mont. red clover. 

No. of plants from 
100 seeds sown. 63 66 75 76 18 

Relative N = 50 50 53 60 60 14 
._ ___________ _. __ ..,._,.,. _____________ ~-------'fl!!Oil!i,---... ----------------..---,_. _ _. ___________ 

Total weight of' 
these plants. 

Relative N = 50 

11 sr,~s 12 grams 10 grams 9 grams 2 grrm 

50 55 46 41 9 
/ l ~ ...... ,.., ....... ___________________ ._.,. ....... 0.,-------:-------------------------------------.-----· 

Weight of 100 
suoh plants. 

Relative N = 50 

•1 1 
i l 

/ 
\ :: 

17~5; 0 
'.} \ l 

50,; 

18.2 ft 13.3 fl 11.8 II 11.1 ,t 

52 38 34 32 

--·------------•-•1------·~~--------------



Broad red olover. 

No of plants from 
100 seeds sown. 

Relative N = 50 

Total weight of 
these plants .. 

Relative N = 50 

Weight of' 100 
such plants. 

Relative N = 50 

White clover. 

No. of' plants from 
100 seeds sown. 

Relative N = 50 

Total weight of 
these plants. 

Relative N = 50 

weight of 100 
such plants. 

Relative N = 50 

N 

68 

50 
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s 

1+4 

32 

M 

65 

48 

V 

71 

52 

X 

11+ 

10 

10 grams 6 grams 10 grams 7 grams l graJ 

50 30 50 35 5 

14.7 

50 

__...._.___, .. _ 

JI 

53 

50 

13.6 

46 

s 

63 

59 

15.3 

52 

·----

M 

65 

61 

9.9 

3l~ 

V 

68 

7.,1 

24 

X 

8 

8 

6 grams 11 grams 11 grams 10 grams 1 grru 

50 92 92 83 8 

11.,3 

50 

16 .. 9 

75 

12.5 

53 

-----------.w• ••••• ••-• -U■-••11-•-•-•--•-• ----- ------



5 

7 .o .. 

7 5 

4 ll. l 

-



X 

= 7 

7 .,7 1 0 

.. 
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n s M V X 

Total Ito. grasses and 
clovers from 500 seeds 359 3!4-6 371 402 177 

% combined establishment 72 69 71+ 80 36 

Relative N = 50 50 48 51 56 25 

~~---------~~~~~-------------~-------~~~~~~~-----~-~--~-~--~~---~-~---m 
Total weight of plants 
from 500 seeds. 40 grams 39 grams ~-7 grams 44 grams 1.5 grm 

Relative N = 50 

Total weight of 100 
mixed plants. 

Relative N = .50 

50 49 

11 ... l 11 

50 51 

58 55 

12.,7 ° 10. 9 tt 

57 49 

==-=--=====·=·-·=--=-➔=•=-=========--·----· -:::....--,--... 

These results a.re illustrated by the graphs on the following 

pa.gea:-

19 

8.5 

38 

. _ .... -· ... ·-----·-
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water 
Control N s M V 

Aa 611 94 79 50 68 88 

Aa 610 92 86 35 69 87 

Ao 2565 91 74 18 42 63 

Ba 6719 98 98 96 100 98 

Bb 360 88 88 81 92 94 

From these figures th.a most striking result is the :fact tt1at tb.e 

water control gave.the best all round germinations, and 1n fact 

gave the highest germinations in all cases except that of Ba 6719 

and Bb 360 .. Even then it is possible t!1at no significance can 

X 

89 

83 

57 

98 

90 

be attaohed to the increase of Be. 6719 f'rom 98i~ to 100)6 in th.a 0 M" 

treatment, but in the case of Bb 360 the tendency appear~ to be f'or 

germination to be better in the more acid t:r•eatt:1enh:, than in the 

water control. 

Orie very noticeable fact in the above, too, is that 

the nsn treatment consistantly gives the lowest germinations 

recordec:1. Also something very striking is that the germination 1n 

the "Xu treatment witn th.e acid solution are very much higher than 

the percentage establishment in soil at the same pH. 

Apart from tlleae points, the f'igures are fairly well 

in accord. with those of the establishment in the acid soils, and 

in most cases they do not vary between treatment as mucn·as one 

might expect. 

The grapb.ic presentati()n of the above results appears on 

the following page:-
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XIII. DISCUSSION OF RESULTS • 
...... ■--· fW • I t •-

§._011. Aoidi tl• 

As far as methods of making soils aoid are conoerned 

any of the methods reported seem fairly satisfactory, though 

probably fertilisers like sulphate of runmonia are not ideal, as 

many effects on plant growth may be due to tox1o faotora or a 

resultant poor soil condition, rather than the produced acidity. 

Apart from this it would appear ttlat flowers of sulphur produce 

very good results, but if' a quicker change is required and a meth.od 

is desired where gooa·oontrol over the resultant soil pH is possible 

then sulphuric aoid is a sat1sf'aotory material for th.e purpose in 

oases where the amount of soil to be aoidified is not too large. 

Hydrochloric acid does not seem as suitable as sulphuric, while 

phosphoric acid, although satisfactory, gives acid treated soils 

an unfair advantage through the large amount of available phosphate 

present. 

Th.e ob.anges in the pH levels of moat of' the treatments 

duz•ing the la.at six months of tt1is experiment are very striking 

and the way in which the changes in the grass soil differed from 

tl1at in the clover soil is most interesting. No literature has 

been found that helps explain these observations, except, as 

mentioned previously (Section II), that many plants appear to have 

tne power of selective absorption or excretion o~ anion or cations, 

or some 0th.er meth.od, so that they move the pH o:r their growing 

medium towards th.air optimum. Certainly plants in culture solutions 

aften alter the pH level to a marked degree (Al:'non & Johnson, 1942, 

etc.) but no definite figures have been found to show similar 

changes ln soils. A check has been made of numerous areas at 

Grasslands Division station, and in every case the pH of top six 

inches of soil oovered with red or white clover has been from 0.1 

to 0.5 pH units lower th.an similar soil a few f'eet away with. no 

clover in the sward. This of course may be explained by the extra 

calcium uptake by clovers when compared with. grasses, but this does 

not seem sufficient to explain the results obseI•ved in this present 

experiment. 
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ti'rom an exantinst1on o:r 1:lle plant yields, tho al terationa in 

pH over tb.e last six months appoars to tiave oauaed no major changes 

in the plant ret1otion. ThlHt even though the pH of' the a;,cit treat-

mont !1e.a onangod to almost th.o original level of the "V't treatment, 

tlle ttxtt yields nave not inot'eased and become equal to 'those 0£ ,,y,•. 

A airuilar situation ia seen w1'tll all th.a tx•en.tmenta and ttuu~e 

sppeara to be no sign1f1oant ohange in 'tb.e ord(U' nf' y1olda among 

treatments <1eap1te tile al terntion in pH. 1rnua to allow s1mplioat1on 

for purposes of graphs rJ:f' yields and oonclus1ona drawn. the pH 

levels of -tt,i) ditf.erent tr·rh\traenta hava been tai:on a~1 that of tile 

soils aa they were mid-•jay througn th.e experiment ... i.e. atter a1x 

montna. Tt1eae are repea.ttH:1 \1era for otmvemiEmae:-

T1·eatmant. Grass :.,oila. ;Jlover cioils. -·- -- . .. _,__ .. ...._ .. _._.._..,...,.._. 

N 1.2 7.0 

$ 6.8 6.75 

M 6.o 6.1 

V l.i..9 l+• 7 

X is..o 3-.7 

Plant Ra,reonae. 

r.rne most obvious response of' th.e plants in this 

experimen't ~te.a tile way in wh.ioh olovor growth. a.s e. v,hole differed 

from th.at of the grass g11owth. ·rne grasses gztew fairly actively 

in th.e early part of the experiment and some were out for tneaaursment 

at least n mot1tn bofore the f':l.:r-ot of th.c, olovcra. 1Iowovor in tb.e 

seoond h.al!" ot: the trial grs:wc• growth. waa very r,Qt:H• indeed, the 

plants only just existing, :c:u1d not tb.r1v1ng or p11odi:toing growth 

oomparable with tbat of aimilnr plants 1n the field. Tt1e olovcro 

were slower in atart1ng aot1Vtl growth., hut thrivod well and ea.oh 

of th.e olovers greatly outy1elded the beat of the grasses. gve11 

at tile alose of th.a experiment tne oJ.overa we1•e i1till. thriving and 

lonkir.g really healthy. 
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It appears possible th.at tne d1ffererioe between the 

graao and clover growth migb.t be (jue to tb.e f':1,ot that tbo clovers 

could obtain n1 trogen supplies tti:.."ougb. the action of tno1r symbiot1o 

Rhizobia, wh.1le a.fter ·th.e g~asaes b.a.d used the n.i t1'1:>gen stocks 

1n the limited soil in ·the pots, they were rli tln>gnn starved. If 

nitroger1 waa the limiting factor it cotald h.inder growth. so th.at 

soil reaction would not produce an expression. ;tn the pla.nt growth. 

Certainly 1 t m1gh. t have been idea.l to h.av·o trie,1 adding 

ni trogon to sorne of the grass series to see ,111.ut tile responae was, 

but a.a th.is was not done it 1Ei intended to malte ouch u trial tne 

basis of further stuay. l t had been planned to add a series 

an attempt to olarity th.e r.::nul ta observed, and if pt)Gaible to 

to a nutrient or a direot ncidi ty response. :t'lrns 1~or th.a !'1 vo 

replioationa in any t1er1ea and any treatment the i\:,llowing applica

tions m:tra planned; -

Plot ito. 

l 

5 

AtH?11oation. 

Gontrol 

Phosphate only (Hra P04) 

N" 1 t rogen only 1m1tNO 3 

Complete nutrient, aa for water 
cultures. 

In uNn and t'~I'' trea.tments lower 
pH with sulptrnr. In °V'' and nxo 
ro.iae pH w1 th lla oH. 

✓• such a uae of the variomt x•ep11ont1ona would have 1.rpoil t their value 

statistically and for th.1a remion such. a.ddititmc1 could not h.nva 

heen lllade early in the exoer1raent. 'I'hus it would appe~tr that tbo 

w1eest oourse ,re.a just to :Cirinllse the present c?.X.ti~H:•imont .in the 

way planned at the commencement, ::md to mnlce H tl.:-.1al r:moh aa tllHt 

mentioned above, the basis f'or further experit.!ontn.t.i.on at a later 

date. 
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The fact that th.a soil used in the pots was sterilised befox•e using 

should not have been a cause of the poor grass gI•owth resulting 

in this experiment, because this sterilization process should 

stimula.te th.e acti v·i ties of ammonifying organisms if not the 

nutrifying onea. Also the soil around ·tile clones at the time of 

final planting contained a propoI•tion of normal soil which should 

have provided an ample ao u1•ce of ox•ganiama for• the inYaaion (>f the 

trea-ted soils if othe1•s b.ad been deetroyed. 

Aa :tar as the actual plant species are c;oncerned, the f'irat 

point of interst is the sup0r1ori ty of' the ae 1.·ies 11 B" ( Type 3 

Perennial rye grass), over se1•ies "A" ( Type I Pex·ennial rye grass) 

1n treatments 0 M" and 11vu .. This is difficult to account for, 

especially when yields of' 11 N11 and ''X" treatments are lower in the 

11B0 series, but it may indicate that the--f'airl~,r acid conditions 

suited this particular ryegrass type and allowed the plant to 

develop better, especially in the earlier stages when most of the 

growth was :t"ecorded. With series uAu however, tt1e yields ai•e 

almost tne same in all treatments, indicating pernaps th.at th.is 

type of plant, normally a much higher producer than the other, 

demands a more ideal environment for production, than that ruling 

in this experiment.. Thus 1 t is knovm that type I Pel'ennial 

rye grass thrives best with ample supplies of ni t:r•ogen, and this 

element was p1•obably in low supply in the present experiment. 

In the case of the Italian ryeg1•ass (sei:iea 11c 1t), the 

tendency of tbe treatment yialds is similar to that of series nB'', 

in ttiat ''N° and uxn treatments are lower in yield tb.an are tt1e 

other three, but the replications are so variable that no significance 

oa:r1 be attached to any differd10es between meane, 

Short Rotation ryegrass presents a different picture 

rrom that of' any other grass in this experiment, :Ln th.at the yield 

of treatment "M'' is lower than that o:f any other, No differences 

in mean yields 1n this series are significant, but there does 

appear to be a tendency for the particular c::ondi tions of tile "M" 
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treatment to be the least ideal for the growth of this particular 

pl~t .. 
wh.ere the Cocksfoot series (Series nEtt and ttF") are 

concerned, the plants never became well established and production 

was always comparatively low. No differences between means can 

be sign1:fica.nt, but it is noticeable th.at uN 1
', 

11 M1
' and 0 x0 treat-

ments are slightly higher thttn the other two in eact1 series.. Also 

in all treatments the selec~ted strain has slightly outyielded 

th.e Danish type. 

When we come to the clover aeries, we at once notice 

the marked increase in yields, in all aeries, when these are 

compared wi tb. the grasses. Broad red clover is usually considered 

to be very much a lover of' neutral or even al ltaline conditions, 

so it is of' cons1de1•~ble moment that in this experiment its yield 

h.as not been decreased significantly until a pH below l~. 7 ia 

reached .. 
Montgomery red clover, on the other hand has given its 

maximum yields in tbe 1t3u and 0 M" treatments, and there the average 

weigh.ts have been nearly 50,% higher th.an tnose of treatments '1N11 

and ttyu.. So :Montgomery strain differs from tile Broad strain in 

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

6.75 while the yield of the latter was not affected by th.a acidity 

between pH of 7 .. 0 and 4.7. Both however are alike in th.at pH of' 

3.7 had a deleterious effect upon yields. Thus these results are 

much as expected., with the most acid soil retarding red clover 

growtb., and tb.e the case of the Mongomery strain maximum growth 

between pH 6.o and 7.0. 

The :i:•eactionso.f the white clover strains are different from 

these of the other clovers, in that the peak production is .found at 

a more acid reaction. In the type I (series ,.1 11 ), the yiela 

increases from treatment ttN'1 to tts" then from 11 ,3 11 to 0 Mu. It stays 

at this level for uvn bef'ora falling sharply to "X" tz•eatment. In 

the OP.de of type II ( sez•ies "K") however, tne yield rises from "N" 

to "Stt, stays the same for treatment ttM11 before rising still further 
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to a peak at "V" then falling sharply to treatme11t "X". Here it 

is of interest too, that while the yields of Sereis nru are 

approximately double those of series °Kt• f'or treatu:1ents ''N", 0 s", 
0 M" and 11V", yet in the 0 x0 treatment the yields are nearly th.e 

same in each.. This may indicate perhaps that the lower producing 

strain is able to produce a higher proportion of' its maximum yield 

under extremely acid conditions, than is the normally higher 

producing strain .. 

It w111 be notioed that these z•esul ts with white olover 

are contrary to the generally held opinion that this species 

thrives only under alkaltne or near alkaline oondttions. Certainly 

in practice on the average farm liming does appear to help induce 

clover growth, but any evidence that this is due to a reduction in 

acidity is inconclusive. As mentioned earlier ( section II, Par. 2 .. ), 

wnite clover is known to grow at low pH, and many writers include 

1 t with plants growing over a wide 1•ange of acidity. Owing to 

the fact that white clover herbage normally contains a high percentage 

of calcium, it is possible that liming is beneficial to clover 

growth because of the calcium supplied rather than because of the 

decrease in soil acidity. Some workers such as AlbJ?echt have 

secured equal growth increases using gypsum that did not alter 

soil pH as using lime that did. Klapp (1938), found tnat in 

Germany, Trifolium repens was one of the most ~requently occuring 

pasture species on all soils of pH varying from 3.4 to 8.5.. Donald 

(1941), explains such results as being "due in part to the great 

degree of polymorphism in this speaies. 0 

When great variation ia observed between tne reactions 

of different pasture strains to similar conditions, it makes one 

wonder just what the logical explanation can be, However :!.t would 

seem that the most outstanding point demonstrated in this trial is 

the very wide range of soil reactions at which grasses and clovers 

will grow, and apparently grow normally and even thrive. Of course 
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this is possible only when ample nutrients are available and if a 

certain level of acidity hinders the availability or absorbtion of 

some essential nutrient then plant growth. muet be reduced at that 

acidity, However, in th.is inatanoe, Broad red clover produced 

equally at pHs between 7.0 and L1-. 7, Montgomery rad yielded beat 

at pH levels of 6. 75 and 6.1, tVhi te clover, type I was most 

prolif'io at pHs of 6.1 and 4.7, while White clover, type II 

produced beat at pH 4.7. Thus one might suppose that within 

this range at least the supply of available nutrient may be su:t'fioient 

for plant requirements, Of oourae it is very possible th.at 

between species or even between strains, of the same species, there 

is a difference in the ability of the plants to utilize or absorb 

nutrients, or even a difference in the reaction to chemicals 

that may be toxic to some plants but not to others, 

Thus it would seem possible tllat when it is observed 

that one plant out-yields another at a high level of soil acidity, 

this may not be due directly t~ the fact that one prefers a lower 

pH than the other, (though such. evidently is true with certain 

plant apeoiea), It may instead be explained by the fact that 

one plant is better equipped tt1an the other to obtain its required 

nutrients deapi te the high aaidi ty, rather tt1an because of 1 t. 

As far as the figures for percentage dry matters are 

concerned, it is remarkable b,ow similar are the means, when all 

th.e series for each treatrne11, are compai:ted. Thus for treatments 

from "N" to "V'' the mean peroentage figures vary only between 27.0 

and 27.1+, and the only marked variation is for treatment "X 0 where 

th.e mean figure is 28.8. So although individual aeries fluctuate 

to a minor extent between treatments the averages when all the aeries 

are considered are very similar. 

Wh.en the weights of' the pl~nt roots are considered, the 

maln difference noticed ts that between the grass root f'igurea and 

i:hose for tile red clover. Among tne grasses, apart from the 

abnormal yield of *'N" in series ''A" and yields of series 0 n11 , 1 t 
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is seen that th.e we-ights of roots in treatment '1X0 are fairly 

oonsietantly higher than,th.e other treatments, while in the two 

clovers reoorded the weigh.ts of the "X" treatment az·a even more 

oonsistantly lower than th.e otb.ers. Thus it would appear that 

extremely acid conditions may lead to an increase in the root 

systems of most grasses., possibly as an expression of their 

attempt to reaoh less aoid soil or to obtain cex•tain nutrients 

not available at the acidity., while a similar soil reaction 

ma.rlredly reduces clover root growth.. In th.a clovers tnese 

reductions at root systems and herbage yields could be inter

r"ependent or else both resulting :rrorn the same cause, suoh as a 

high Hydrogen-ion concentration of the growth medium, but in the 

case of the grasses, the root weights and herbage yields do not 

appear to be correlated in any wa::;. 

In the secondary experiment in which seeds of several 

pasture speo1es were sown in the same soil as used in the main 

trial, several interesting facts emerge. Tl1e first of th.eee is 

readily seen from the graph showing tb.e actual establishment of 

all the species used ( page 17>1 ) • Tb.is is the faot, tnat, with 

every species teated tne higneat percentage establishment h.as been 

found in the 0 v 11 treatment. Alao it is seen that the establish

ment of all the clovers has been very P.oor in the uxr♦ treatment, 

while that of th.e grasses has not been so muoh affected. Apart 

from the numbers of plants established in the different treatments, 

the weights ot these plants are of interest. Both the ryegrasses 

show very similar curves of herbage weight, but then each of the 

clovers has a distinctively individual graph.. None of the graphic 

representations of the weights of th.e established plants in tb.is 

secondary trial are similar to that of the herbage yield of the 

species in tha main experiment, b11t the reaction of young seedlings 

to a.oid conditions could be expeoted to differ :rrom those rif' 

established plants. Tt1us it is readily observed that the extremely 

acid treatment has had a more deleterious effect en young seedlings 

than it a1d on any growing plants in pots of the same soil. 
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When it was observed that th.e percentage of establishment within 

011e species varied with th.e different treatments, it was thought 

probable that the weignts of individual plants would be in inverse 

proportion to the number establisned, owing to the cornpetttion 

affect. However this was not tbe case, and in fact the graph. of 

the weigh.t of' individual plants ( expressed fol'.• convenience as th.e 

weignt of one hundred such plants) bears a remarkable similarity 

to that of the weights ot the total number of plants established. 

Thus it would appear that the faotors that have affected the 

germination and establishment of the different species, have also 

s1m1lar1ly affected the weight of th.e establish.ad plants,. 
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XIV. SUMMARY. 

1. A soil has been mixed wi tb. river sand and tr1en brought to 

various degrees of Hydrogen-ion concentration. This tlaa been 

effected by adding varying strengths of sulphuric acid to soil 

placed in 8 1noh flower pots. 

2.. Th.e following are the reactions of th.et soil produced as a 

result of the treatments, as at the time when planting tQok place. 

Treatment Desi ation. _§oi!__~. 

Neutral 

pH at _til_art of Experiment. 

7.2 N 

s 

M 

V 

X 

Slightly 

Mediumly 

Very acid 

~;xtremely 

acid 6.75 

acid 5.95 

1, .• 5 

aoid 3.6 

3. An experiment b.as been carried out in wh.ioh various important 

pasture apeo1ea were grown in :t"lower pots containing the above 

soil treatments. Measurements of herbage yields were recorded 

for a. period of approximately twelve n1onths after the planting 

date. 

4. The following were the species of pasture plants used in tnis 

experiment:-

Perennial ryegraas 

Italian ryegraas 

Short Rotation ryegraas 

Cooksfoot 

Red olov·er 

White clover 

Lolium perenne 

Lolium multiflorum 

L. perenna L. multiflorum 

Daotylis glomerata 

Trifolium pratenae 

Trifolium repens .. 

In tb.e oa.se of four of the above species, two distinct strains or 

varieties were grown in this experiment. These were:-

Perennial rye grass .. 
Good strain Type I 

Poorer strain Type III. 



Cocksfoot 

Red clover 

White olover 

Good strain, Nucleus selection. 

Poorer strain, Danish type. 

Early variety, Broad red clover or 0 cowgraas'' 

Late variety, Montgomery red clover. 

Good strain, Type I 

Poorer strain, Type II. 

6. In eaoh plant series, one plant was selected and divided ao 

that clones were available for all replications and all treatments 

in any series .. 

7. Th.e ryegra.sses grew fairly well in th.e early stages of the 

experiment, but growth Boon slowed down and was soon not comparable 

with that of similar plants growing normally in the field,. 

8., In the ryegraas aeries, (A to D) th.e only one in which. any 

treatments snowed aign1fioant differences between their means was 

aeries "Bu, Perennial ryegrase Type III .. He r1: tre 11tmen t 11Vll was 

significantly high.er producing th.an treatm;1ents 111P1 and ''X 11 • 

9. The yields of th.e two higher yielding treatments ln series ''B'' 

were greater than the highest in series "A't • 

10, The Goolcs:foot plants in all treatments of se1•ies "Ett and °F10 

grew very poorly an(i did not thrive at any stage during the experi

ment,. 

11. Al1 the clover plants used were faiI•ly slow in becoming 

established and did not produce much herbage during the first :few 

months after planting, but during the latter h.alf of the experiment 

they thrived in most soil treatments. 

12. The Broad red clover clones planted, died of virus disease and 

were replaced by selected seedlings of a uniform line .. 
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were ooncerned. 

23. As a rule 1t was found that th.e eight of individual 

eatablish.ed plants was not inveraely correlated w1th numbers of' 

establ1$b.ed plants, but th.at the factors that affadt seed germination 

and establish.ment, appear to sirn1larly affect tite weight of plants 

established. 

24. Th.e level of Hydrogen-.ton eoncentration in th.e soils al t$red 

during the course of tne experiment, tb.e ch.ange be1ng e1;1peci.ally 

marked during the latter six months. 

25. Tb.e pH levels of the ngraas~ soils oha.nged differently from 

tb..ose of the 0 clover•t soils. 

26. Various cb.emical tests we r e condueted to help give a picture 

of tll.e suitability of the soil in the clifferent treatments to aet 

as a growing medium.. 

27. As tnis eX{)eriment was carried out in flower pots, the condit

ions for growth. we.re not as 1deal as they- usually are 1n the ttf1eld 0 

and no nutrients were added to any soils to attempt to improve 

oon<'l1t1ons . 

28. At the present stage of ttlis 1nvest1gat1on into growth. of 

pasture plants in ao1d soils the results of th.is trial snoQld not 

cause any al terat1on in normal agr.icultux,al practices such as 

liming of pastures• as any conclus1ons drawn can apply only to 

the particular conditions rculing in tb.e present experiment. 

29. From tnis experiment it would appear that the pasture species 

and strains tested can e~ist and even ttlrive despite a verr wide 

variation in so11 acidity. Thus the degree of nutrient availability 

and the presence or absence of oertain substances :in toxic amounts 

appear of more importance in determining tne growth of pasture plants 

than actual Hydrogen-ion concentration itself, uless extremes of 
n 

ac1d1ty or alkalinity are ~eached. 
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