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THE USE OF LIME! I N NEW ZEALAND PASTURES,

-by
J. W Wodcock, Cop Experinentalist.

Introduction:

In this paper the word "lime" is restricted in
ibs application to burnt Iine, slaked lime and ground
linmestone and does not include other calcium conpounds,
such as phosphate or nitrate, which are applied on account
of a direct manurial value.  Further, any reference to the
beneficial action of limng is nade on the assunption that
ifs use coincides or is followed by applications of phos-
phate and at the outset it should be enphasised that the
use of lime wthout phosphate is not 'generally advocated.

The Extent _ of Linng:

_ The use of lime in New Zealand is increasing
rapidly and the total quantity transported by rail [last
season for agricultural purposes was approximately double
that carried 1n 1927/28.

The extent'to which lime is wused in relation to
the grassland area topdressed and the approxinmate quantities
used per acre in the wvarious land districts of the m ni on.
are shown in the followng table:-

TABLE |: Qassland areas topdressed and lined and Quanti-
ties of Lime (estimated) used in various Land
Districts (average of 2 seasons 1933-35).

P R e L L )

Total . . Per- |
area top- T ecent-
_ _ dressed Total age of Deliver- |Lime

Land District {with fer-| Area top-  'ies of applied

tilisers | Limed. Idressed| Lime owm . per

i and/or ' ‘ area . acre. ,

Lime: o Jlimed. | Tons.

Acres. T |icres. Ei % : %
Bth. 'Auckland |L2i,548 {118,505 27.9 | 24,903 i
Auckl and 906,620 1338,4,79 | 37.3 | 46,637 3
G sbor ne 29,548 |7 3,019 | 10.2 | - = ?
Hawkes Bay 99,040 12,695 12.8 A, 585 7
Tar anaki 317,053 6L, 2116 20.3 8,373 3
Vel i ngton. 277,942 | 59,5uh | 24.4 | 17,879 6
Nel son 25,20% , 8,083 32.1 1,158 3
Mar | bor ough 13,574 2,346, 17.3 14: 1
Westland 2,402 L,ou2 52.6 1,016 b
Cant erbury 6ly, 384 27,913 8,372 6
(t ago 50, 601 R 22,595 23
Sout hl and 125,724 | 79,104 | %,g 60,010 15

. 1

: A-&P. Statistics, 1933/34.& 1934/35,

#% Deliveries of line carried on rail to farners less 2 cw.
for each acre of turnips sown,
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The data in the last tw columns are approxinate
only, as the tonnage i s based on that of carbonate of |ine
delivered at officered stations wand obviously' does not
include a considerable quantity transported by-other neans,
than rail, Further, since a certain amount of-line is
applied to arable crops, deductions have been nade to allow
4 cwt.. line for each acre of turnips..: In the case of the
Elago and Southland land districts, at least, it 1is obvious
that this deduction is insufficient..

The table serves to show however, that Gago and
Southland are by far the greatest users of line in pro-
portion to the ‘amount of grassland topdressed. lioreoever, -
It serves to indicate the difference in practice in those
districts to the remainder, in that line is applied in |arge
quantities of from 40 cw. to 4 ton per acre, whereas in
the north the tendency is to npply line in smaller guanti-
ties of from 3to 7 "cw. per acre. It is in the North
Island, however, that the increase in limng has been nost
apparent, an increase having taken place of 400 per cent.
since 1927/28.

Reasons for We of Line

In 1931 Conne11{!) drew attention to the rapidly
increasing quantities of Iine used and suggested that
lowering of expenditure in =« tinme of financial stress, was
the cause which led to sonme of the increase. though the
dimnution in the quantities of fertilizers wused during the
eriod cited tends support to this hypothesis, it should be
orne in mnd that certain published stoterents (2) & (3)
on the use of line may also. have had some influence. It
is true that the reports which gave prom nence to the
visible effect of |lime concerned the South Island but other,
and probably far nore telling, aspects on the use of line
in the North Island concerned the mineral content of the
herbage and the effect of I[inme deficiency on the health
stock -- IX factor quite as potent in some districts as
I ncreased production,

The underlying notive behind the use of line on
many farnms is that 1t possesses a subtle influence on the
chemcal conposition of the herbage as well as reducing the
soil acidity. The cheapness of the naterial, often as low
as 10/-per ton, is o further inducenent to apply lime, and
the fact that the Government encourages its olesale use hy
gwl.ng free railage up to 100 mles still further devel ops

lime "complex" TN the New Zealand farmer,

. Actual | dy New Zenlond farmers, apart from those
in one or two districts, have less incentive to linme than
farners_ in the  Northern Hemsphere. = “Mat! on grassland, a
condition requiring a large npplicntion of burnt |inme for

its eradication, is conpurntively unknown in the Domnion..
Al t hough cl overs are generaliy stinulated by applications of
lime in Newzealand, In sone districts they thrive on soils
having o 1ime requirenent nmuch greater than that tolerable
to clovers in Europe. Luch has been. said regarding the
suppressi on of bheneficinl soil bacteria under acid Boil
conditions ; and it has been shown (4)that Azotobacter spp. .
I n. particular were NOt to be found in soils having a
readtion nore acid than pH 6, IN anexamination of 15

New Zealand Soils in connection with the "soil plague

met hod of soil analysis Reid (5)found azotobacter spp.

to be normally present in only ohe sample (pH /.5) so that.
apparent|y  Azotobacter is not “well distributed in our soils,
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although nitrogen fixation does not seem to suffer on that
ac ¢ ount , Scrivener (6) remarked on the apparent failure
of .existing methods’ of determinin g lime requirement under,
New Zealand- conditions but later L(7) suggested,, a modified
formula which, when applicd to certain soil tests, appeared
to correlate these with responses in the field,

The fact remains that in New Zealand we cannot be
guided by any of the theoretical considerations, laboratory
procedure or ecological conditions governing lime and its
use in other countries.. Our only guide to date has been
actual field trials, carried out either by the farmer or by
the State..

Field Trials:

The Fields Division of the Department of Agric-
ulture has conducted throughout New Zealand since 1924
approximately 600 simple observational trials in which lime
?_Iots (chiefly calcium carbonate) were included.  Generally
ime alone was compared with no lime and fertilizers -
chiefly superphosphate and potash - with lime were compared
with the same fertilizers on'unlimed ground. -Most of the
results have been published (8) but these might be here
summarised briefly,

In some. of the experiments marked responses
occurred, in others little or no visible benefit was
derived either from Ilime alone or lime iIn combination with
phosphates.

As superphosphate has been used in practically all
these trials, the effect of lime might be considered
relative to that of superphosphate In the following groups:-

1. Superphosphate slcne gives poor or only fair results”
lime alone may give fair to good results: super-phosphate
with Time qgives good to very good results.

Growth of both grasses and_ clovers is poor on
unlimed ground, but 1ime in conjunction with phosphate
induces a striking improvement in white clover which is
often reflected in the health and vigour of the ryegrass.
-The palatability of the limed plots Is generally better, as
shown in the grazing. Liming is essential on this class, of
land although in some cases it is quite possible that basic
slag used repeatedly might obviate the necessity of liming.
‘This is open to question, however, in districts where lime
responses of such magnitude occur since,. in the majority of
cases where basic slag plots were included, 1iming Improved
the appearance of the latter,’ as well as the super plots.

The proportion of experiments falling in this
group, together with the districts in which -the responses
occurred, are as follow:-
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Percentage  of
o _ experiments
District . Soi | s. in Goup 1.
N. Auckl and Jays or silts 92 _
"o Ironstone (laterite) 1 00 (2, experi-
_ ments)
" Vol cani ¢ 71
Mar | bor ough Loans and sandy |oans 33
Westland M scel | aneous 90
N. Canterbury Sit loans and |oans L3
Christchurch Sandy silts, silt |oans I
Mid Canterbury Fine sandy silts, silt loans &1
South Canterbury  Qday loans, silt |oanms 30
South Qago M scel | aneous 33
East Southl and L 60
Vest L " 11
Nel son Pakihi -1 ands .

_ The small proportion of experinments show ng
relatively good responses from super plus lime as conpared
with super in South Gago and Wstern Southland - districts

in which lime is used freely and in large quantities - nay
be. due to the fact that sufficient line had already been
applied, It should be stated that the fertilizers and line

were topdressed on existing pasture and that in the two
districts last nentioned the general farmng practice is to
sow downto grass wth one ton per acre of carbonate of |ine.

~In the above group mght be included a trial under
the mowng and grazing technique evolved by Hiudson at Ruakura
Farm of. Instruction, This experinent was laid down in July,
1934, on newy sown pasture and the soil may be roughly
described as a pest loam Results to 19/6/35,i.e. , for
approxinately 1 0 nonths, are markedly in favour of the line
treatnents as indicated by the following:-

Relative Production of
Dry Matter (No Manure

Treatment. = 100).
NO Manure 100
Super 4cwt. per annum _ 116
Super 4 cwt. per annum 4+ Line.
1 ton (initial) 137
Super 4 cwt. per annum + Line
10 cW . (initial) 130

. It is interesting to record that an observational
trial on a true peat soil' at Ruakura suggests results in
accord with the above.

2. Superphosphate oives 0good results, but. better results are
ob-tained Trom Superphaosphate with Line.

In the trials of this group the line responses are

eneral |y -spasmodic, i, e.. the%_ are obvidus only at certain
imes of the year,: and then chiefly in the autum when white
clover growh is nore pronounced, Morecver, t he experiments

are, in nost cases, on better pastures than those in group 1.
It is indicated in these experinents that line is not
essential for the establishnent and nmaintenance of reasonable
pasture; but that lime as an adjunct to super wll increase
roduction. It does not necessarily follow that the use of
ime under these conditions is profitable since it mght be
found that noney spent in extra phosphat-e rather than in
limng wll give greater retmrns, Also, basic slag, under
vcelrtal r|1 .conditions, my be a Dbetter proposition than super
plus ine,
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Experimental results falling in group 2 have been
obtained in nost ‘'districts throughout the Domnion, but
nore especially in the King Country, Souwth Taranaki ,
Wanganui, Iarton, Wairarapa and Northern Mahawatu districts
of the North Island, and Banks Peninsula in the South |sland,
in addition to those districts nentioned under group 1.

In the category of group 2 may be placed a trial
under the mowing and grazing techni que at Marton Experiment-
al  Area, This trial was laida down in Septenber/ 1932,and
results up to 24/6/35,after approximately 2 years 9nonths
of trial, &how'the following:-

RéiatiVehProductibn-of
Dry liatter (No Lime =

Treat ment, . 100).
No Line 100
Carbonate of line 2 tons per acre ,
_ (initial) 112.5

Carbonate of lime 4 ton per acre
(initial) 107.9

- Athough in this trial there is no conparison of
super with no manure, other experinments on the farm show
responses from super which can be classified as good,

3. The addition of Line to Superphosphate causes no
appreciable__ 1 nprovement

Although isolated trials in the under-nentioned

-districts may show slight but fleeting responses from [ing,

the nmajority of the experinents do not indicate any inprove-
ment in the anount of grow h, composition of sward or

pal atability of herbage.  In fact, the limed plots have, on
occasion, béen inferior in general vigour Of herbage in some
of the experinents;

| Districts in which no general apparent benefit
has been derived from line used. in experinments are:-
Rotorua and Southern waikato é(?um ce soils), Hauraki
Pains (clay soils), Southern verty Bay, Hawkes Bay;
Sout hern Manawatu; North Otago and Central Otago:

Having Trials.:

During the seasons 4924 to 4929 a large nunber of
experinents were carried out in which the production of
herbage fromvarious treatnments, including lime, was cut and
weighed as for a hay crop,  Only 17 experiments out' ofL6,
or 37per cent,, of the trials gave any appreciable increase
in bulk from the lime + super plots as compared wth super

al one, Mst of the experinents referred to were in the
South Island and in districts in which subsequent observa-
tional trials indicated that limng caused appreciable

benefit, The weakness of trials in which hay weights are
the sole criterion of inprovenent is in the fact that the
hay crop represents only, a portion of the growh for the
whole vyear and, further, that any increases- due to g ,
particular treatment are obtained during the period of maxi-
mum production. Since,, as wll be shown later,, line tends.,..
to increase production nost during periods of low production,
it is considered that the results of haying trials mght even
betr]"_l sl eadi ng when the ¢ffects of limng are under investi-
gation..
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The FEffect of Line at various Tinmes of the year:

. In the limng trial at Marton referred to
previously, one of the nost narked features in the
I ncr eased dproductlon from limng (all plots being
phosphat ed) was the relatively-high response during
periods of low production; particularly in the dry
nonths of late sumer and in autum, and the relatively
| ow response duri n% ﬁenods of high grassland production.
I n conncetion W th the foregoing statement regarding hay
weights, the increases due to +the application of 2 tons
per acre of linme, in the "haying period" (taken as from
1st Qctober to 3-1 st Decenber) as conpared with the
remai nder of thc year, are as follow:-

Percentage increases  of
[Tnme over no [ine.

"Dy Miter.

Q
"Haying period" 1932/33 9.2
Remai nder of year 4933 16.6
"Hayi ng period" 1933/3L 11.6
Remal nder of year 1934 241
"Haying period" 193L/35 -4.4
1/1/35 to June, 1935 9.3

The results of this- trial show, incidentally,
that evenwhere |ime gives a noderate rcsponse, the effect
is apparent very soon after application, It mght be
mentioned, also, that in another experiment alongside the
above basic slag is giving results slightly infertor to
those  from superphosphate, and the addition of line to
basic slag has given a slight increase over basic slag
wi thout i ne;

Li me Content of Herbage:

o As the herbage from the above trial was _
periodically analysed, it has been possible to ascertain
whether or not limng does affect the lime content of the
herbage, For the first 8 nonths of the trial. the Ca0
content of the herbage from the no lime plots averaged
1.15 per cent. of total dry natter, while on the Ilined
(1 ton carbonate per acre) plots the CaQ content was 1.24
per cent.=

_ In view of the fact that the herbage fromthe
limed plots contained a- greater proportion of white clover,
whi ch, —according to Doak (9) contains alnost twce as much
lime (ca0) as ryegrass, the increased Ca0.content of the
herbage due to I|mn% IS not unexpected.  In  discussing
the effect of superphosphate on the chemcal conposition of
herbage Hudson and Doak (10) stated "It should be renenbered
that the increased lime content is not wholly due to an
increased percentage of clover in the mow herbage, but is
partly due to an increased percentage of lime in Dboth the
grass and the clover."

_ This lends support to the hypothesis that |imng
increases the ca0 content of the herbage, apart from the
change in botanical conposition, just as potash applica-
tions in another trial (1) increased the X»0 content of
herbage Wthout chesging the sward or even increasing yield
to any appreciable eéxtent.

= Figures kindly supplied by mr. B. w, Doak.
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~ Aston (2) showed that |im ng increased .the |ime

content of herbage sufficiently to renedy the unthrifty
condition 'of sheep experienced, on the deteriorated: pastures
of the Mairoa district, H's conclusions were that a.
mixture of- 5 cwt: of linme and 2 cw, 'of super per acre
enabl ed the farmer to suceéssfully breed and fatten lambs
on country where formerly,.presumably Wi th applications of
super only, it was inpossible to do so. In this investi -
gation there was no suggestion that lim¢.applications’
increased grass producticn t0o any appreciable extent.

One can therefore understdnd to sone extent the .attitude

whi ch the farmer:takes up in regard to.apnlications of

lime in addition to phosphate i N largs areas of the North . .
Island in which troubles wth lanb breeding are experience&

The Duraticn of Efféct from Liminfi .

The effect of line ig 4aid to persist for many
years, particularly on grassland;' . Thigs idea isS so Well
established in Geat Britain that in somé distridts an
ingoing tenant must pay an outg6ing tenant one-eighth
of the 'cost of |ime apﬁl | ed seven years previouslyy
on the assunption that the efféct of.lime on grassland ,

‘lasts for 'eight years after application.. s the leaching

of lime from the “soil wll depend to a large extent on -
rainfall, one would expect the linie to be effective for a
considerably less period in wet districfs, particularly
where the soil is of a light, porous na'ture. At Matton.
in the limng experinent referred to previously, records
of the free Cac0z in the top two inches of soil suggest
that the latter 1s lost readily from this horizon, only

about half of the ¢acOz applied being recoverable after

the first year, Snce calcium conpounds have so many
functions in the .soil, e.gz., preservation of soluble
rhosphateysubsequent t 0 super phosphat e applications, the
alleged liberation of phosphates and potash which are
hot immediately available to the plant; and the effect on
the mechanical™ condition of the soil,, in addition to the
reduction of soil acidiby, it would appear that the only
satisfactory nethod of gauging loss of 1ime_ from the soil

is from “actual drainage determnations. The term of
years over which lime "is effective depends considerabl
upon the initial effect cn the pasture. In several o

the observational trials laid down in Canterbury the
effect of 1ton of lime applied in 1928 was cl earl¥
visible in 4925, seven vyears after application. A
Winton Experimental Farm [inme applied at a ton per acre.
geross several paddocks in 1924 was clearly visible up to
a year ago in the general inproved vigomwr of various crops
sown, particularly turnips. In this ‘case the' effect of
lime was not apparent wuntil about two years after applica-
tion.

: It is hoped that sonme exact information as to
the duration of the response to limng may be obtained from
experinents under mowing and grazing at Marton and Ruakuba,

Forns of Lime:

_ There does not appear to be anyadvantage in
using burnt lime on grassland as opposed to carbonate.
Burnt or slaked lime is recommended for certain purposes
on arabl e ecrops, e, g.; club-root control, but in view of
the extra cost entailed by burning carbonate 'of linme is
nore economcal on grassland and experimental evidence to
date indicates it is quite. as efficient as burnt |ine
when an equivalent amount of ca0 is 'applied in each case.
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Availability of Carbonate of Line:

luch has %een said regarding the extent to which
|imestone should be ground., In U.8.A} particularly there
seens to be considerable divergence of opinion as to the
best degree of fineness comensurate wth cost of grinding.
Grimmett & Denz (12? reviewed the question of fineness of
gr|r|1d|ng and other factors relating to availebilityiin New
Zeal ana.

Scme time: ago the witer and others {13)
investigated the effect of various commercial sanples of
carbonage of lime in alleviating the germnation injury to
turnip seed caused by superphosphate. It was found that
whereas mny brands were fairly efficient in this respect,
a few were extremely pocr, notwithstanding the fact that
they contained a high percentage of CaC03. Fi neness  of
grinding was found to be of inportance, although when each
of the limestones used was reduced to a fairly high degree

of fineness there still remained appreciable differences in
performance which could not be explained by variations in
CaC0% content or hardness of the parent rock, It is not

intended to discuss this aspect of carhonate of lime further
except to state that the trials referred to above focussed
attention to the 'very considerable differences in the degree
of finemess of ground l:mestones turned out by various
quarries. Qver 40 per cent, of some sanples is retained
on a 30 nmesh sieve - which is a relatively coarse grade -~
while others can produce the material wth less than 20

per cent. vretainod on a 30 mesn sieve, At the other end

of the scale som: comercial sanples contain apout 50 per
cent, of materia. passing 120 mesh sieve an#d'%%th Se pur-
chased at less cost than others conzaining only about 15 per
cent. of this fizne fracticn.

_ The guestion arises -- Are these differences. in
fineness of any real noment since it is likely that the
coarser particlzs wll become wultimately available under the

action of rainfall and weathering over a period of years,
It has bsen suggested in sone guarters that a falr procport-
ion of coarse. material my actually be an advantage since
less leaching of lime is 1ikxely to occur. Or. the other
hand, noney spent on coarsely ground I|inmestone represents
capital lying idle for a number of years and the farmer is
getting away from the old established custom of manuring
for posterity. Qui ck returns from any operation are now

| ooked for, and it is suggested that just, as one applies
quick-acting fertilize-s to get a large initial response, SO
should frequent applications of finely ground [linmestone be
made _I‘al.'ther,;than i nfrequent dressings of relatively coarse
material,

CONCLUSI ON:

The present paper is a brief survey of the
practice of 1liming on Pew Zealand grasslands. It has been
indicated from the results of observational trials on grass-
land that limng increases the efficiency of phosphates,
particularly superphosphate, over wide areas of New Zealand.
The resultant increased production is o%tained chiefly during
periods of normally low vroduction anéd, where effective, is
therefore another of the-nmeans of getting a nore even
distribution of production over the year.
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In sone districts limng, in addition to
applications of  phosphate, seens to be necessary in order
to safeguard the 'health of stock where calcium deficiency
diseases are suspected.  Even where no such troubles
occur, the fact that limng increases the line content of
herbage 1S probably a strong incentive to the farner to
apply "lime even where a good supply of phosphate is being
mal nt ai ned,

_ The effect of lime on pasture ras been found to
persist for several years in sone districts in spite-of
the frequently-made assertions-that calcium carbonate is
| eached rapidly from the gscil.

Mre exact information is required regarding
the most desirable degree of fineness, conpatible wth
cost of production, of our conmercial ground |inestones,
and if the finer material is relatively nore effective
than coarsely ground naterial some definite standard of

fineness shouid be advocated;
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