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DuRIKG the past four years--or since the ploughing 
programme began to take shape-grass-land has been 
officially cold-shouldered in no small degree. The 
cause was obvious and the reasons were good. The 
result of compulsory and voluntary ploughing has been 
that, whereas in 1914 the total area in Great Britain 
under temporary and permanent grass (hay and pas. 
ture) was practically 21 ,soo,ooo acres, it was barely 
rg,soo,ooo acres in 1918, a reduction, namely, of about 
2,ooo,ooo acres. During the same period the arable 
area, other than temporary grass, increased from about 
ro,soo,ooo acres to r2,soo,ooo acres. In Ireland 
during these years the area under grass (permanent 
and temporary) fell from about r2,5oo,ooo acres to 
less than rr,2so,ooo acres. The United Kingdom at 
the present time comprises about 3o,soo,ooo acres of 
permanent and temporary grass and rs,soo,ooo acres 
of la nd under crops other than grass and clover. 
This is over and above some r6,ooo,ooo acres of 
mountuin land used for grazing. 

A considerable proportion of the grass-land of this 
countrv is. of so high a quality that any improvement, 
and certainly any economic improvement, is hard of 
accomplishment. Satisfactory as are the high-class 
pastures of this country, it by no means follows th<:t 
there is nothing more to learn about them. It IS 

often verv difficult to determine the factor or factors 
that go to the making of high-class pastures. Such 

are to be found on most of the geological 
formations of this country; they are met with north, 
south, east, and west; and even altitude, within the 
limit of at least iOO ft., seems to have little effect. 
An immense amount of attention has been given to 
the botanical composition of the herbage of the more 
famou s of the pastures of Britain. The result that 
emercres most conspicuously from these researches is 
that "'one mav have a dozen pastures which are 
about equal ·in feeding and ye!. may vary 
\\·idelv in respect of botamcal compos1tton. Thus 
Frearn found that in the case of forty-eight English 
and eicrht Irish pastures, each of which was the 
"best ,l" in the district selected, the might 
be as low as r r per cent. and as high as roo per 
cent. ; mig?t be absent or ::!S 

high as 38 per cent. ; while of miscellaneous herbage, 
most of which would be designated as "weeds," there 
might be none or up to 8g_ per cent. As regards 
individual genera and spec1es , Fream found, for 
instance, that Agrostis was almost always present, 
and on five occasions was the most abundant plant; 
while Holcus lanatus- gave an almost identical result. 
Bv a different method Carruthers arrived at a very 
similar conclusion. The latter also found that 

pratense was the most species on 
what is perhaps the finest grazmg m 
namely Pawlett Hams, near the mouth of the 
Parret ' in Somerset. This investigator even found 
that one of the "famous ancient pastures of Eng. 
land " the predominant grasses · were FioriTJ and 
Hassock, and in this connection makes the !allowing 
remark, " In this field the hassock-grass, wh1ch made 
up .a large proportion_ of the w?,s freely eaten, 
and the cattle were m good conditiOn. 

In Hall a nd Russell's investigations Agrostis and 
Holcus might on occasion each exceed 20 per cent., 
and it is stated that "wherever H,olcus lanatus occurs 
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it is more abundant on the fatting fields." Even 
miscellaneous herbage could bulk more than 29 per 
cent. on a , pasture so good that it. could fatten tive 
bullocks on four acres without cake. Armstrong 
found in a field representative of "the richest type 
of old grazing land found in the Market Harborough 
district · ' that, amongst grasses, Po a annua came 
seconJ (12-3 per cent.) in point of abundance. There 
will be general agreement that four of the grasses 
just mentioned, Fwrin, Yorkshire Fog, Squirrel Tail, 
and Hassock, are accounted "bad," and yet it is 
hard to apply this term to plants which are the most 
abundant constituents of some of the finest pastures 
in England. While there is much that is disconcert
ing in these investigations, some facts do emerge with 
satisfactory consistency :-(r) '!'hat the great majority 
of high-class pastures contain a large proportion of 
perennia l ryegrass and white clover; (2) that crested 
dogstaH is almost always present, though rarely pre
dominant; (3) that meadow fescue· is practically 
negligible; and (4) that of the two Poas, pratensts 
and triviaJis, the former is very rare, while the latter 
is very common. 

The obvious deduction to be drawn from these 
investigations is that the quality of a permanent pas
ture is only in a minor degree determined by the 
relative abundance of its constituent plants, or, in 
the words of Hall and Russell, "We can onlv con
clude that the feeding value of a pasture is iargely 
independent of the floral type." Factors of much 
greater weight are depth and physical cha_racter of 
the soil, soil moisture and tempera ture, dens1ty of the 
herbage, and the natural or induced compos_ition ?f 
the soil as regards plant-food, and especmlly m 
respect of phosphoric acid. 

It seems that the lesson that may be learned from 
a study of1 the old pastures of England is that we 
need not include in a seeds mixture for permanent 
purposes plants which never bulk to any consi?erable 
extent in old grass-land, but that we should mclude 
all those which are usually naturally abundant. 
Take, as an illustration, the case of perennial rye
grass. In the of las_t century, wheq much 
interest was taken m the subject of the best way to 
lay down land to grass_, _an almost co?trove_rsy 
arose over the desirability or otherw1se of mcludmg 
perennial ryegrass in a seeds mixture for permanent 
pasture. The main opponents of ryegrass were 
Faunce de Laune and Carruthers, who would have 
excluded this species in all circumstances .. Jt is 
a common experience of. those who la1d land 
away to grass with ordmary that 
perennial ryegrass does not pers1st, but ne1ther, for 
the matter of that, does white clover. the 
probability is that ca_use in both cases 1s to be 
found in the same d1rect10n. ·Both these plants, as 
usually grown in and_ other for seed, 
are the progeny of a long lme of cultivated ancestors, 
grown under somewhat forcing conditions which may 
be said to undermine the "constitution." They have 
adapted themselves to their artificial environment: 
and such adaptation has taken the form o! early 
maturity and the production of a Y.'eld of 
"bold " seed which is easily marketed. G1l.chnst h<:s, 
of late years, directed attention to ments. of wild 
white clover, which, as regards IS on an 
altogether different plane from the cultivated or Dutch 
white. The price that farmers are willing to pay for 
the seed of wild white clover is the best proof of the 
sharp distinction which they dra;v the two 
varieties. What we now want IS .similar work on 

and particularly on perenmal ryegrass. and 
it is satisfactory to know that such work has actually 
·been started. 
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Important is the position of the fine old pastures 
of England . m agricultural economy of the 
count.ry, and though it may be to examine 

of seedmg, a much more important line of 
mqu1ry 1s opened up by the problem of the improve
ment o_f our second- and third-rate pastures. vVhat 
proportiOn of the grass-land of the countrv falls into 
the lower cat_egories it. is impossible to say, but the 

superficial with rural England is 
suft1C1ent to c:;trry conVICtiOn that the aggregate area 
of such land 1s enormous. Most of the poor grass
land of the country is associated with the heavier 
classes of soil, has been abandoned to grass on 
account of the h1gh costs of cultivation, including in 
many cases, the necessity of drainage. It is, 'for 
a;able purposes, essentially wheat-land, with an occa
SIOnal crop of beans, and the regular intervention at 
comparatively short intervals of a bare fallow. Other 
areas ot poor pasture, smaller in aggregate extent 
than the clays, but still of much importance, are to 
be found on all the geological formations of the 

Of the l,4•5oo,ooo acres of permanent grass 
m England and \\ales, 70 per cent. is under pasture 
and only 30 per cent: and of the poorer 

of 1t 1s certam that the proportion 
that 1s gr.azed 1s still greater. It is evident, therefore, 
that the improvement of pasture is relatively a more 
urgent matter than the improvement of meadows 
though with more than 4,25o,ooo acres of permanent 
grass made into hay in England and Wales durincs 
rgrS, the latter problem is also one of 
importance. The most famous experiments on the 

of manure on permanent hay are those started 
m 1856 by Lawes and Gilbert on the meadow at 
Rothamsted, and continued ever since on the lines 
originally laid down. The results have thrown a flood 
of light on the principles of manuring, which has 
been of the greatest assistance in the elucidation of 
problems in agricultural chemistry and soil physics. 
They also shown unmistakably the effects of the 
more 1mportant elements of plant-food on the vielct of 
hay and on its botanical composition, but, sup
ported as they were by elaborate chemical analysis 
of the produce, they leave us uncertain in regard to 
the feeding value of the herbage. 

A very large number of experiments have been 
carried out which had for their 'object the determina
tion of the quantitative results attributable to the use 
of manures, singly and in combination. In manv 
cases these experiments were supported by a botanical, 
and not infrequently by a chemical, analysis of the 
resultant herbage, but it felt that we were still 
in a state of much uncertainty in respect of the 
quality of the hay-that is to sav its effect on animals 
consuming it. This induced Middleton in the winter 
of rgoo-r to carry out a feeding experiment with 
sheep at Cockle Park, and in 1905-6 and rgoi-8 Gil
christ continued and amplified this work. The sheep 
\\·ere accommodated in a special house. The variou's 
lots of sheep all got equa( quantities of roots, cake, 
and hay. The hay employed was the produce of 
va1·iously manured plots on old grass-land which I 
laid out in r8g7. The soil is a clav loam on a boulder 
clay subsoil. This set of experiments includes the 

test, and it may be interesting to see what 
influence nitrogen, phosphoric acid, and potash 
respectively have on the produce. The quantitative 
figures refer to the annual yield for twenty
one years, I8g7-1917, while the figures which indicate 
the relative values of the produce , as determined bv 
the live-weight increase of 'sheep, are based upon the 
feeding tests alreadv specified. The hav from the 
unmanured plot, No. 6, is assumed to be worth 
<tl. per ton. The results are set out in the accom

table :-
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· Value pt:r ton 

Plot Manuring per acre per annum 
annual ot hay 

y1eld of hay determined 

6 Unmanured 
7 30 lb. N in of 
1:1 so lb. P20 5 usually in Basic Slag 
9 so lb. K20 in Muriate of Potash ... 

10 30 lb. N +50 lb. P,O, 
II 30 lb. N +so lb. K2U ... 
r2 so lb. P,05 + so lb. K20.. ... 
13 ;,o lb. N +so lb. P20 5 + so lb. K20 

cwt. 
19i 
23 
20 
16 

30! 
21 
26 

by feeding 
s. d. 

8o o 
72 0 
Y3 o 

0 

!l4 0 
72 0 

101 9 
2 

Nitrogen derived from sulphate of ammonia and 
used. at the of 30 lb. per acre per annum', has 
consrstently the yield and as consistentlv 
reduc.ed the quality. When used alone the 
has mcrcased the crop by 3! cwt. per acre, and 
reduced the feeding value of the hay by 8s. per 

When to phosphates, the nitrogen has 
mcreased. the y1eld by 4i cwt. and reduced 
the quality by 9s. per ton. vVhen nitrocsen was 
added to potash the yield has been bv 
5 cwt. per acre, and the value lowered by Ss. pe"r 
ton. When used .as an addition to both phosphates 
and potash the mtr_ogen has increased the yield by 
4t cwt. per acre, wh1le the value has fallen by 12s. 7d. 
per ton. Even if the quality of the hav be dis
regarded, the use of nitrogen has ahvavs been 

?Y an adverse balance; when quality 
IS mto account th1s undesirable result is csreatly 
emphasised. "' · 

As rega_rds phosphoric acid, an increased vield has 
been consistently obtained by its use, accompanied in 
every case by a marked improvement in the qualitv 
of the .hay. Taking the arithmetical mean, the in

m 9uantity. has be.en .nearly 8! cwt. per acre, 
wh1le the mcrease m quality 1s represented bv r6s. per 
ton. -

!he J;>el:aviour of potash is rather peculiar. It has 
qmte d1stmctly reduced the vield when used alone or 
.'vhen used in combinati<;m >vith nitrogen only, while 
m both these sets of circumstances it has had no 
in.fluence one· way or other on the quality of the hav. 
Wh.en added to it has proved po\verless 
to mcrease the peld, but 1t has raised the feeding 
value of the hay by Ss. gd. per ton. When added 
both . and . phosphates the potash has been 
practically moperatJve so far as yield is concerned 
but it has improved the quality by ss, 2d. per ton. ' 

These results show that very erroneous conclusions 
may be reached if, in experimental work on meadow 
hay, attention is given only to the weights of pro
duce secured. Thus, in these Cockle Park experi
m ents, on the average of twenty-one years, if quantitv 
alone be regarded, sulphate of ammonia used bv itseff 
has involved an annual loss of 6s. 4d. per acre 
whereas, if the reduced qualitv of the hav ·be 
into account, the loss is- increa sed to r$s. 7d. per 
acre. On the other hand, a auantitative csain of 
4s. zd. per acre per annum from the use of phosphate 
and potash is raised to one of ·,zs . . owing to the 
superior qualitv of the hav. While there is a certain 
relationship between chemical composition, the 
botanical analysis, and the value of the hav 
there will probably be general agreement with 
Middleton when he says that "without an appeal to 
the animal, the relative values of samples · Q'rown 
under different treatment Cclt1110t be measured:" In 
mv view, this form of research may, with ad\·antage. 
be la rQ'elv extended. 

Turning now to the improvement of pastures, 
contrasted with meadows, it may be remark"d that 
while no sharp line can be drawn between these two 
classes of grass-land in respect of ameliorative treat-



© 1919 Nature Publishing Group

DECEMBER 25, 1919] NATURE 

m en t, there are certain distinctions which must be 
kept in ,·iew. In a meadow the plants are aliowed 
to grow up to full maturity, whereas in a pasture 
thev are cut over daily, or at least very frequently, 
by ·the grazing of the animals. It is difficult to arrive 
at a decision as to whether a larger gross weight of 
dry material is got from a given area treated as pas
ture, in contrast to being hayed, but the probability is 
that the aggregate quantity is greater. Take the 
ana logy of a patch of lucerne. Cut three or four 
times in the season, it may yield six tons of dry 
matter per acre, cut once it would certainly yield 
much less. Or take the case of cocksfoot; this 
springs so quickly in the aftermath that the foliage 
m ay shoot up 6 in. almost in as many days, whereas 
there would be no such growth were the hay not cut 
over. lt is a matter of observation, too, how quickly 
red clover springs up after cutting, and trees and 
shrubs which may be growing only a few inches 
annually when unrestrained may send up stool shoots· 
several feet in length if cut over. It is difficult, how
ever, to bring the question to the test of figures. 

If there is any doubt as to the greater weight of 
drv matter produced under a system of grazing, 
there ca n be none in respect of its digestibility. This 
would appear to be the reason \vhy sheep and cattle 
,,·ill fatten on a pasture, whereas the animals would 
only remain in store condition on the herbage if made 
into hay . 

. \t one time experiments on the improvement of 
pasture took the form of temporarily enclosing an 
area , to which different methods of treatment were 
a pplied and of determining the results in terms of 
hay. Supplementary to such quantitative determina
tio-n, chemical analysis and botanical separations were 
often made, but it is evident from the work of the 
investigators already quoted that the r;sults so ob
tained may be a very untrustworthy mdex of the 
feeding value of the herbage. In any case, the com
petition between the various classes of plants may be 
verv different in a hay field and in a well-grazed 
pas.ture. Again, in a hay the produce_ is _reaped 
and cleared off with all the plant food wh1ch 1t con
tains. In a pasture, on the other hand, there is the 
daih- conversion of vegetable substa nce into manure 
and· its immediate return to the land. Reflections of 
that sort induced me in 1896 to arrange a series of 
experiments where a direct appeal was made to the 
animal. We all know that among a lot of animals 
there are certain individuals wi<lich possess idiosyncra
sies which result in their thriving better or worse than 
the others. By careful selection, however, and 
especially by keeping them under observation for a 
probationary period, this objection may ?e largely 
eliminated. The greater the number of ammals, the 
more completely is any disturbance due to individual 
peculiarities got rid of, and for this reason sheep are 
usually employed in preference to cattle. No one 
who looks into the details of these "manuring for 
meat " experiments can doubt that, not only in broad 
outline, but even in the finer details, the results are 
perfectly trustworthy. . Involving do _con
siderable outlay on fencmg, water, \Vetghmg machmes, 
etc. , and necessitating the use of large areas of 
uniform land, such experiments were not likely to be 
undertaken with great frequency , but I have been 
able to find reports of nine in England, twelve in 
Scotland, two in Ireland, and one in New Zealand. 
Two of them are situated at Cockle Park, of which 
the original in Tree Field has now completed its 
twenty-third season, while the other in Hanging 
Leaves has a record of sixteen years. 

The outstanding feature of these experiments is the 
great and profitable effect of phosphates. In this 
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material the farmer is placed in possession of an 
agent or pwductwn the effects or wntch on the out
put of m eat, and work from the pastures of 
thiS country aJ-e only limited by the supplies. in 
ma ny cases the mcrease of meat is treblea, and even 
quaarupled, w1th a return on the ori dinal outlav that 
runs into hundreds per cent. As the 
sources of phosphate there is unmistakable ev1dence 
that basic slag is the most ettective, not only in 
respect of. aggregate yield of meat, . but also, and 
more particularly, when the net financial return is 
considered. This conclusion is also reached by Car
ruthers and Voelcker in a long series of pasture 
exJ:><:riments carr!ed out 1896--99 for the Royal 
Agncultural SoCiety of England. In these experi
ments, however, the effects were only estimated by 
ocular inspection. The primary effect of phosphates 
is due to the marked stimulus that they give to the 
growth of clovers and other Leguminos<e, and as 
these plants revel in a non-acid soil the alkaline 
character of basic slag appears exactly to suit their 
requirements. 

ln regard to the quantity of phosphatic manure 
that can most effectively be employed per acre, it 
would a ppear that in the case of inferior pasture a 
heavy initial dressing, say 200 lb. of phosphoric acid 
or more per acre, is likely to be nearly twice as effec
tive as half this dressing, and therefore actuallv much 
more profitable. To secure the best resuhs the 
Leguminosre must be rapidly brought up to their 
maximum vigour, so that they may fully occupy the 
ground before the grasses have had time to react to 
the effects of the accumulated nitrogen. 

One of the most striking results of these pasture 
experiments is the long period over which the action 
of phosphates persists. Even at the end of nine vears 
the mea t-producing power of half a ton per acre of 
basic slag is far from being exhausted. It is not 
suggested that this persistent action of slag-and no 
doubt this applies also to any other effective phosphate 
-is due to unappropriated residues. It is much more 
probably due to two other causes: (a) to the fact that 
on a pasture, in contrast to a meadow, manurial 
el ements are kept in circulation from the soil to the 
plant, and from the plant to the animal, and so, to 
a large extent, back to the soil a gain; and (b) to the 
accumulation of nitrogen in the form of humus. 
Poor, unprofitable grass is chiefly associated \vith 
clay, and it is fortunate that it is precisely on such 
land that clover responds so markedly to phosphatic 
manuring. But conspicuous results have also been 
obtained on deep peat, on light stony loam, on thiJY 
chalk, and on chalk covered by clay with flints. 
Middleton has very fully discussed the conditions 
under which phosphatic dressings may be expected to 
give results, and ascribes an important place to soil 
moisture, on which white clover is directly very 
dependent. The only conspicuous ease of failure of 
phosphates to improve pasture was encountered in 
Norfolk, where a "manuring-for-mutton" experi
ment was started in 1901. The soil at that station 
was a hot, dry, sandy gravel containing 6o per cent. 
of sand, and there both the basic slag and super
phosphate were unable to produce any improvement. 
Wood and Berry attribute this result partly to the 
presence of abundant natural supplies of citric soluble 
phosphoric acid, but chiefly to lack of moisture. In 
reporting on the R.A.S.E. experiments Carruthers 
and Voelcker in 1900 had already directed attention 
to the dependence of basic slag on soil moisture. 

w·e may now look at the effect of supplementing 
phosphates with certain other substances. And, first 
of a ll, as regards potash. At most of the manuring
for-mutton stations, both in England and Scotland, 
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there was a plot devoted to the elucidation of the 
effect of this substance, and although in the great 
majority of cases the phosphate-plus-potash plot has 
shown more live-weight increase than phosphates 
alone, it is only in very rare instances that the gain 
has been a profitable one. Even on thin soil over
lving chalk, potash has I:Iad little action on pasture. 
there are several rather conspicuous instances of 
quite moderate dressings of potash doing positive 
harm. Thus, at Cockle Park, whereas potash gave 
an appreciable increase in live-weight in the first nine 
years, it proved positively and progressively injurious 
during the next two six-year periods. Even on a 
" light stony loam " in Perthshire, Wright found that, 
although in the first two years potash when added io · 
slag gave a conspicu:ms return, in the next three 
years "the advantage was wholly with the slag-alone 
plot." The most notable beneficial effect of potash 
was obtained in Dumfriesshire on a station where the 
mineral soil was overlaid by ro ft. of peat. There 
the use of kainit supplying IOO lb. of potash per acre 
at the beginning of the experiment has in seven 
years produced 70· per cent. more meat than phosphate 
(slag) alone, while the financi al gain has been im
proved by nearly 50 per cent. 

Potash has had great influence both on the yield 
and composition of the hav on the meadow at 
Rothamsted, and it would seem that this substance 
has more effect on a m eadow than on a pasture. 
The reason is probably to seek in the fact that in a 
pasture the top layers· of the soil a re constantly being 
enriched by the potash brought from the subsoil by 
plants and returned through their excreta. In any 
case, pasture plants on clay soil a re in possession of 
abundant supplies of potash, and it is only where 
pasture occupies sandy, gravelly, or peaty s?il that 
this manurial element need be seriously constdered. 

Lime as an addition to superphosphate was tested 
at the three original manuring-for-mutton experi
ment stations, a total of 30 cwt. per acre being 
a pplied in three dressings in nine years. A notice
able effect was produced at a ll stations, and at two 
of them the gain was a profitable one. The effects 
of lime can be followed for twentv-one vears at Cockle 
Park, where the soil naturally contains o-59 per cent. 
of calcium carbonate. During that period an aggre
"ate of tons per acre was applied in seven dress
ings, the phosphate to which it was added . being 
superphosphate in the first nine .ye_a:s and slag 
in the next twelve. The area recetvmg the hme was 
the same throughout. The action of the lime has 
proved to be a progressively decreasing one. On the 
average it produced an annual increase of _22 lb. live
weight in the first nine years, and of 8 lb. m the next 
six vears, whereas in the concluding six years of the 
period it has actually caused a reduction in live
weight of 8 lb.. per acre per annum. 

The addition to superphosphate of moderate dress
ings of nitrogen in the form sulphate of ammon}a 
or of nitrate of soda was tned at the three mam 
manuring-for-mutton and . at t_wo 
There is no need to go mto a d1scuss10n of 
the results. The evidence is overwhelmingly against 
the use of nitrogen on pastures. It undoubtedly 
stimulates the vigour of the non-leguminous herbage, 
but this reacts on the growth of the clovers, with the 
result that the production of meat is sometimes, as 
a t Cockle Park ·actually and substantially reduced. 

At the three 'original-stations dissoiVf•d bones were 
also tried, the comparison being with equal 
(zoo lb. per acre in nine years) of phosphonc actd 
derived t·espectivelv from basic slag and super
phosphate. The dissolved bones supolied in addition 
from al;>out .so- lb. to 40 lb . of organic nitrogen. All 
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manures were applied as to half in the first year, 
and, as to the other half, at the commencement of 
the fourth season, the experiment being continued for 
nin e years at Cockle Park and Sevington (Hants) and 
for eight years at Cransley (Northants). At Cockle 
Park slag acted substantially better than dissolved 
bones . though the latter surpassed the effect of super
phosphate; . at Sevington dissolved bones proved 
inferior to both the other manures ; \vhile at Cranslev 
the position was reversed. But when the cost is con
sidered there is no question of the superior merits of 
basic slag. This superiority is continued a nd em
phasised at Cockle Park , where the experiments are 
now at the end of their twenty-third year. A similar 
result was also obtained in · the series of pasture 
experiments conducted by the Roval Agricultural 
Society of England already referred· to. The1·e dis
solved bones or bone-meal was tried at ten centres, 
with the result that "in Herefordshire som e benefit 
was observed, but in the other places no real im
provement could be detected as compared with the 
unmanured part of the field. So far 'as these inves
tigations go, therefore, they indica te that no further 
experiments need be made with bones on pasture 
land." 

With these results before us it is needless to pause 
to consider whether the comparative failure of bones. 
dissolved or raw, is due to the inferior qualit,· of 
their phosphate or to the fact that they supph_. the 
land with nitrogen. 

A form of pasture improvement which has had, and 
still has, much support amongst farmers is feeding 
with cake. The manure applied to the land through 
cake residues is a "g-eneral " ma nure, supplving 
nitrogen, phosphates, and ootash, of which that which 
has the highest value attached to it is the nitrogen. 
At eleven of the stations in England and Scotland 
reported on in the Supplement to the Journal of the 
Board of Agriculture in 191 I, linseed or cotton cake. 
or a mixture of these cakes, was used for two, four, 
or five years, and at every 011e of them the live-weight 
gain secured was insufficient to pay for the outlav. 
the debit balance per acre per a nnum being in one 
case nearly a pound. In connection with the improve
merit of pasture, however, it is the residual effect of 
the cake· that has most interest. This matter was 
put to the test at eight of the manuring-for-mutton 
stations in the following manner. At the three 
original stations cake was fed all throu!'(h the seasqn 
for two vears, and none given . for the next four. At 
five of the other stations cake was fed for two or 
four vears, and was then susoended for one, two, or 
three · vears. In this wav the imorovement of the 
herbage effected during the vears when cake was fed 
had an opportunity of manifesting itself in the form 
of live-weight increase in the years immediatelv suc
ceeding , when no cake was g-iven. In every case the 
residual effect was found to be appreciable. having a 
monev value per ton of cake c01isumed of as much 
as 4! ." T4S- at one station, and 3!. IIS. at another. the 
average for the three stations where the residues 
were follo\ved for four years being fully 3!. oer ton, 
a which is of the same order as, though some
wha t higher than, those adopted by Voelcker and 
Hall in their revised table of rgoz . 

A method of improvement of poor pasture that 
deserves notice consists in the seed of a 
"renovati ng " mixture over the surface, usuallY \Yith 
concurrent ha rrowing, rolling, and manuring. This 
procedure was practised in the . series of experiments 
.conducted by the Royal Societ,· of Eng
land , the seed mixture consistin!'( of four natural 
!!rasses in addition to white clover and varrow. In 
their final report . Carruthers and Voelcker stated that 
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re-seeding had not been successful, a result \vhich 
t hey thought was "entirely due to the .prevalence of 
dry seasons, the germinating pl ants being killed before 
the:· could get hold of the soil." A more successful 
result is reported by Middleton, who on a poor pas
ture on clay soil in Essex sowed , in the spring of 
1903 , 12 lb. per acre of wild white clover seed, with 
a nd without basic slag, kainit, a nd lime , this treat
ment being unaccompanied by hanowing. There 
were no Leguminos<e na turally present in the field. 
H elped by abundant rain in the summer of 1903, the 
seed germinated well, and " in 1904 the results were 
ver:· ma rked." It was , however , only when the 
seedi ng had been a ccompa nied by basic s lag that 
" there \\·as the luxuriant g rowth which one· expects 
in pas tures where Legumin os;:e a re present." I also 
ha,·e reported on an experiment where renovating a 
thin , poor pasture with 6 lb . per acre of wild white 
clove:- seed was entirely successful, and here, too, the 
benefi cia l effects were only secured in the oresence of 
basic slag. · · 

'Vhen a responsive pasture is trea ted for the first 
time \\·ith, say, half a ton of ba sic slag per acre, the 
effects reach their maximum usuallv in the third 
season . From then onwa rds there is a steady 
diminution in the vield, though even after nine vears 

the time <?f the initial dressing the improvement 
!s fa r from bemg exhausted . At C ockle Park, for 
mstance, the plot dressed once with half a ton of slag 
was, a t the end of nine years , producing three times 
as much mutton as the continuously unmanured 
ground, while at Sevington a nd Cransley the yield 
a t the end of nine and eight years respectively was 
i O per cent. to So per cent. greatel". None of the 
other sta tions was carried on for so long a period, 
but up to the end of the sixth year most of them 
sho\\· t·esidual fertility which is a s great as the 
origina l rental value of the la nd. Tha t is a very 
im po rtant result, but in the in te rests of the countrv · 
it is still more important to endeavour to secure thit 
the len·! reached at the period of m aximum produc
tiv it,· shall be mainta ined. 

F rom this rapid survey o f grass-la nd experiments 
the followin g conclusions m ay legitimately be 
dra\\·n :--

( r) That the qualitY of a pasture is not primarily 
dependent on its botanica l com position, though , as a 
rul e, the presence of white clover and other Legu
minosre is indicative of hig h feeding value. 

. (2) That poor pastures, especially on clav soil, can 
be rapidh· and orofitabh· improved bv the use of 
phosphates, espedally slag. · 

(3) Tha t, as a rule, phospha tes a lone are necessary 
to effect and maintain the ·improvement, a nd that, of 
supplementarv substances , potash and lime are occa

\Yorth\· of attention. 
(4) Tha t the improvemen t of poor pasture is verv 

dependent on the presence of Leguminos;:e , and 
especia lly of white clover. 

(.:;) Tha t renovating with the seed of wild white 
clo,·er may, in the absence of na tural Leguminosre, 
be a necessarv preliminary or concurrent operation. 

(6) That cake can rarely be used at a profit, and 
tha t. as an agent in improving poor pasture, it 
occupies an unsatisfactory position . 

(i ) That nitrogen, whetb.er in the form of artificial 
manu re or as cake residues , \Vhen added to phos

for pasture, is alwavs unn ecessary and· fre
quent!\· detrimental. 

(8) That in the case o f ha ' ' on permanent grass
land, equ al wei ghts of produce ·may h ave very different 

va lues. 
(q) That few form s of agrkultural expenditure are 

1110re Certain in thPir results than the judiciOUS USe of 
manures on and that the meat and milk-
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producing capacity of the country can be largely a nd 
rapidly increased , with great pecuni ary ga in tc. the 
farm er, and still greater economic advan tage to the 
nation . 

UNI VERSITY AND ED UCA TIONAL 
INTELLIGENCE . 

BrRMINGHAM.-Mr. C. Grant R obertson, tutor in 
modern history since 1905 to Magdalen College, 
Oxford, a nd a stimulating lecturer upon national 
development, has been appointed to succeed Sir Oliver 
Lodge as Principal of the U nive rs ity . 

CAMBRIDGE.-Mr. K. J. J. Ma ckenzie has been re
appointed reader in agriculture. Other appointments 
are :-Mr. W. J. Harrison, University lecturer in 
m athematics ; Mr. A. \Vood, university lecturer in 
experimental physics; Mr. A. G. T ansley, University 
lecturer in botany; and Mr. F. Balfour Browne, Uni
versity lecturer in zoology. 

DuRHAM.- Members of the Universitv are invited 
to help in compiling the definitive edition of the Roll 
of Service and Roll of Honour. The la test date for 
rece iving forms framed to include a ll deta ils of mili
tary service is D ecember 3 I . The address of the 
U ni versity offices is 38 North Bailey, Durham. 

EDINBURGH.-The University Court has made the 
foll owing a ppointme nts to three newly 
chairs :-Dr. G. M. Robertson to the professorshtp of 
psvchi atrv , Dr. J. H. Ashworth to the professorship 
o( zoology, and Mr. T. P. Laird to the professorship 
of accountin g and business method. 

T he following appointments have also made :
Dr. F . E . Ja rdine as lecturer on apphed anatomy, 
and D r. D avid Lees as lecturer on vene real diseases. 

The Right Hon. Lord Lyell of K innordy has pre
sented to the geology departm ent forty-six volumes 
which had formed part of Sir Charles Lyell's library 
when he was preparing his " Principles of Geologv." 

The la te Mr. Samuel Elliott, of New York, has 
bequeathed to the U niversity Court the sum of I)<?OI. 
to be held in trust bv it for the purpose of a pplymg 
the income in providing schola rships or prizes in 
nection with the classes of the professors of rhetonc 
and Engli sh lite rature and of ancient historv and 
pal::eography, the scholarships or to. be known 
as the James Elliott scholarships or tn memory 
of the testator's brother, James Elltott, who was a 
student and graduate of the . 

At the last meeting of the Muntttons Commtttee, 
South-East of Scotland Area, a sum of sool. was set 
aside to be expended in providing additional equip
me nt for the "labora tory. 

LIVERPOOL.-Mr. T. E. Peet ha s been appointed to 
the Brunner chair of Egyptology, and Dr. J . Share 
Jones to the chair of veterinary ana tomy. 

LoNDON.-Dr. Svdnev Ru ssell W ells has been 
elected Vice-Cha ncellor ·in succession to Sir Cooper 
Perrv, who has been appointed to 'the post of Principal 
Offieer. 

Sir Richard Glazebrook has been a ppointed to 
Zaharoff chair of aviation tenable a t the Impenal 
College of Science and Technologv, founded by Sir 
Basil Zaharoff, who gave to the University the sum 
of 2s,oooZ. for this puroose. 

A. P. Newton ·has been appointed, a s from 
September 1, 1020, thP first occupant of the newlv 
established Rhodes chair of Imperi al history tenable 
a t King's Colle j!P. 

Prof. W. Bulloch has -been a pPointed, as from 
J 1, JQ2 0, the occupant of the newlv 
establi shed Goldsmiths' ('ompany 's chair of hac-
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