














498 BOYD-FERTILISER RESPONSES 

therefore have been underestimated. As a result of this underestimation of fertiliser responses, 
advice to farmers has often been unduly conservative, and the range of treatments tested in 
experiments has sometimes been unduly restricted. In the last few years, however, many 
experiments, including the recent series of experiments undertaken by the soil chemists of the 
N.A.A.S., a similar series on sugar beet initiated by the Sugar Beet Research & Education 
Committee, and a series of experiments in the East of Scotland (Simpson & Crooks') have been 
done with high rates of application. These have been valuable in showing that the exponential 
type of response curve, in which responses to increasing 'dressings rise asymptotically to a 
maximum, can give an erroneous impression of the returns from high levels of manuring. 

The pattern of responses indicated by Fig. I , in which increased basal dressing leads to 
increased responses and a progressive steepening in the response curve, can only be characteristic 
of a limited portion of the whole response surface. Indeed, the notion of an asymptotic curve 
has, in this country, usually been recognised as a convenient approximation rather than a 
fundamental biological law, and any recommendations for the use of the exponential has usually 
been prefaced with such a phrase as ' within the range of dressings normally encountered in 
practice .. .' On the basis of the exponential response curve it has often been said that 
there is a very broad region lying on either side of the optimum dressings of any nutrient within 
which the monetary losses due to under- or over-manuring the crop will be trivial, and this 
attitude to potato manuring is strengthened by consideration of the cheapness of fertilisers 
(at subsidised prices) in relation to the prices of potatoes. However, the recent experimental 
material which is now coming to hand shows that for some soils and in some seasons, even within 
the range of normal fertiliser practice, the response curve rises to a maximum and then begins 
to fall off again, and that serious losses of crop can occur when the levels of manuring exceed 
the optimum for a given soil and season. The point at which the response curve for any nutrient 
reaches a maximum will depend upon the particular characteristics of the crop, the season and 
the soil, and will be influenced by the supply of other nutrients as fertilisers and by the soil, 
as well as by other factors such as cultivations and fertiliser placement, sowing and harvesting 
dates, disease incidence, etc. 

The fact that some experiments gave negative responses itself threw doubt on the general 
validity of the exponential response curve. Pizer et at.7 showed that on organic mineral soils 
containing a high proportion of clay the application of fertiliser K decreased yield; similar 
results had been obtained for sugar beet on Chalky Boulder Clay soils in Essex and East Suffolk 
(Boyd et at.IS). These authors also showed that negative responses to Nand P occurred for 
sugar beet on soils well supplied with these nutrients. When only a single nutrient is applied, 
effects of this kind tend to occur at quite low levels of dressing; thus in Figs. Ia and Ie the effects 
of Nand K, although very large in the presence of other nutrients, fell off at the high level when 
no basal nutrients were applied. The West Midland experiments (Series I) can be subdivided 
into two groups each of eight centres for which the level of available soil P was' satisfactory', 
'high' and ' very high' or else' moderate' or ' low' . With adequate Nand K, responses to P 
reached a maximum at about 0'7 cwt. of p.Os per acre on the' low P ' soils, and at about 
0'45 cwt. of P.o. on the' high-P' group; in this latter group the decrease from the additional 
0'45 cwt. of p.os provided by the p. level was 0'50 ± 0'28 tons per acre. Simpson" has re
ported small decreases in yield from the use of more than about 0'5 cwt. of P.o. on soils high 
in P in the East of Scotland. In a recent paper covering 17 sites with basal FYM in the same 
area, Simpson & Crooks' have shown that the first level of N (60 lb. per acre) increased the 
mean yield of total tubers but the higher level caused yield to fall off sharply. For K there 
was a small increase in yield up to the K, level on soils low in K, but for soils high in K there 
was evidence of a ' reduction in yield at high levels of dressing. There was little indication 
of a depression in yield from P up to the highest rate tested (120 lb. per acre). 

Optimal dressings 
If, as seems probable, responses can in some circumstances fall off at high levels of fertiliser 

application, extrapolation from experimental results at lower rates can be misleading. It is 
unfortunate therefore that , in all the series indicated in Table III , one or more of the nutrients 
tested have been at rates too low to give a clear indication of the optimum. 'Excluding the series 
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Farmyard manure and fertiliser responses 
As a result of the closer attention paid to interactions between nutrients, the effect of 

FYM on the fertiliser requirements of the potato crop is now more fully understood. As about 
half the crop receives FYM, the determination of its effect on fertiliser responses is of some 
importance. Crowther & Yates l showed that FYM substantially decreased the need of crops 
for P and K, but they claimed that, in some way not fully explained, nitrogen responses were 
much the same whether or not FYM was also applied, and later workers., 11 supported their 
thesis. However, when due regard is paid to interactions between nutrients, the effect of 
FYM on the fertiliser responses of the potato crop can be very largely explained in terms of 
the nutrients which it provides (Boyd l '). 

The mean results for P and K of an interesting pioneer series of eight factorial experiments 
with DNPK carried out by Mr. J. Webber,2l Regional Soil chemist in the Yorks and Lancs region 
of the N.A.A.S., are given in Fig. 2; each point on the graph is a mean of eight individual 
plot yields (corrected for block effects) and has a pooled experimental error of ±0'33 tons per 
acre. Fig. 2B shows responses to P for three levels of basal NK, and Fig. 2A responses to K 
for three levels of basal NP. The single levels of fertiliser were N 0'40 cwt., P,O. 0'45 cwt. 
and K.O 0'75 cwt. per acre. In drawing the graphs the FYM itself has been assumed to supply 
the equivalent of 0'5 cwt. of P.O. and 0'75 cwt. of K.O per acre. 

12 
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1~·IG. 2.-Effect of (A) potash and (B) phosphate in presence and absence of dung on yield of potatoes 
(mean of 8 experiments in Yorks & Lanes 19~O-54) 

response without fannyard manure 
_ a ____ • _ " with 
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Considering first the responses without FYM, 0'9 cwt. of P.O. without other fertiliser 
nutrients increased the yield by only 0'5 tons per acre, whereas the same level of dressing in 
the presence of moderate dressings of Nand K gave 2'3 tons per acre and at higher levels of N 
and K 3'4 tons per acre; it seems likely that at even higher levels of basal NK substantial 
further responses would have been obtained from more P . The response to P in the presence 
of FYM (No NK) was actually greater than the response to P alone, despite the fact that FYM 
itself supplies a substantial amount of readily available P. The response curve to P alone was 
a very flat one, Nand K being limiting factors, whereas, with FYM, Nand K were no longer 
limiting and the response is measured on a different and steeper response curve. By contrast, 
when the same comparison is made in the presence of basal NK, both responses are being 
measured on what is virtually the same response curve, in which the P supplied by the FYM 
effectively reduced the response to fertiliser P. The results for N were closely similar to those 
for P; the results for K are given in Fig. 2, and show a similar association of response with basal 
manuring. 

As a result of an investigation of the results of 62 experiments in which FYM and fertilisers 
were applied factorially, on the average IO tons of FYM provided the equivalent of NO'3 cwt., 
P.O. 0'4 cwt. and KoO 0'75 cwt. to the potato crop to which it is applied; an appropriate 
reduction should be made in the fertiliser dressing for dunged land. The results refer to crops 
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THE ISOLATION OF LEAF COMPONENTS. I. 

By I, H, CHAYEN, R. H. SMITH, G. R. ,TRISTRAM, D. THIRKELL and T. WEBB 

The disintegration of leaf materials has been effected by the impulse rendering process. 
Various components, protein, lipids, water-soluble matter and fibre have been isolated in 
amounts which would appear to merit investigation and exploitation. 

As the first of a series of papers, the present one deals with the methods used in the 
disintegration of leaf material and the isolation of protein. 

Introduction 
Proteins in higher plants occur in two main forms, seed protein and leaf protein, Seed 

proteins have been and are utilised as foodstuffs for humans and animals but, in general, are 
inferior to those of animal origin, although recent work has confirmed the long-held view that 
mixtures of plant proteins provide a more adequate protein source than do the individual 
components, This is demonstrated in Table I which gives the essential amino-acid content 
of selected seed proteins, 

Table I 

Essential amino-acid composition of some vegetable proteins, compared with whole egg protein and egg albumin 
Values are given as weight of amino-acid in 100 g. of protein containing 16% 01 N 

Egg (Hen) Arachis Cotton- Soya- Wheat Mixed Lucerne 
Whole Albumin (meal) seed bean gluten grass 

Lysine 7'2 6'3 3'1 4'9 7'2 0,8 4,8 5'0 
Histidine 2'1 2'1 2'0 2'9 2'4 2'2 "7 2'0 
Valine 4'0 7'5 4'7 yo 4 '9 4'2 6,8 6'1 
Phenylalanine 6'3 7'2 5'4 5'4 4 '8 6'4 5'8 5'4 
Tryptophan 1'5 1'3 1'3 1'1 1'1 0'7 2' 1 2'1 
Leucine 9'2 9'4 6'7 6' 1 7'5 9'2 8'4 [0·2 

Isoleucine 4' 1 7'4 4'0 3'5 4'9 3'7 5'7 4,8 
Methionine 4 ' 1 4'4 1'1 1'5 1'0 1'5 2'3 1'6 
Threonine 4'3 4'5 3'4 3'7 4,6 4'1 4'7 6'5 

[From Block & Weiss, ' Amino Acid Handbook', 1956 (Illinois. U,S,A, : Thomas)] 

From limited amino-acid analyses ChibnaJlI concluded that' the excellent nutritive value 
of the leaf proteins is very clearly evident', Leaf proteins are only utilised in the natural 
form by ruminants (cattle and sheep) when the fibrous component is digested by the rumen 
flora, These animals will convert 7-II% of leaf protein ingested into meat and the cow up 
to 18% as milk. More efficient converters (Table 1I) of vegetable protein, such as the fowl 
and man, are incapable of utilising leafy material as a major protein source. but the use of 
leaf protein for such animals would be possible if the protein could be separated from fibre ; 
such preparations of protein would also be of value in the supplementation (fortification) of 
vegetable seed foodstuffs, Indeed the supplementation of other protein foodstuffs would 
appear to be the greatest potential value of leaf protein preparations, 
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Sugar beet 
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Sugar beet 
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Sugar beet 
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Table V 

Effect of solvent on solubilisation of leaf protein 
(I .R . conditions: 8 in. blades; 8ooo~ r.p.m. ; repeated once) 

Solvent system Liquid/ Grid Wt. of Distribution of nitrogen 
Leaf size, leaf N.P.N. - - Protein Residue 

Water 

W~ter-ether 
Water- ether 
Water + 0'005% Brij 35 

.. + 0'005% Brij 35 

ratio in. 

15 
15 
10 

15 
15 
10 

1 % NaHCO, + 0'005% Brij 35 10 

1'% NaHCO, 

" II - ether 
5 % NaHCO,- ether 
1 % KH 2PO. 
1 % NaHCO, 

O:~5 0/0' cetylpyridinium 
bromide 

o' IN-HCI + 0'005% 
cetylammonium bromide 

o'IN·NaOH 

10 
10 

10 
10 

5 
25 
15 
IO 

100 
100 
100 

50 
100 

100 

100 
100 

200 
5 00 

50 0 

500 
100 
100 
100 

400 

400 

4 00 

500 

500 

50 0 

31 

24 

47 

73 
52 
5 0 

52 
80 

72 '5 
65 
80'5 
74'5 

84'5 
79 
79 
78'5 
81 

73'5 

60 

25 
49 
49'5 

19 
30 

26·8 

19'0 

23'9 
'4'9 
14'1 

20'S 

18'5 
20·8 

'4'9 

• In these experiments the chloroplast content of the protein fraction was found by high-speed centri
fugation prior to precipitation and was 22-30 % of the total protein . 

content and the initial size of the leaf. With very fibrous materials it is necessary to use a coarse 
grid, otherwise fibre blocks the grid; it may be advisable to repeat the 1.R. process, with, if 
necessary, a finer grid for the second run. This is essentially the procedure used in processing 
grass in the pilot plant, which will be described later. With very coarse leaves, particularly 
grass, a coarse grid, e.g., l in., is suitable. Leaf material such as sugar beet , lucerne, brassica, 
etc., cause no trouble and almost any grid may be used . 

Factors influencing yield in the I .R . process 
(a) Leaf size.-In early experiments with fine-leafed grass grown under glass the recovery 

of nitrogen rarely exceeded 50%; similar results were obtained in the pilot plant with the 
fine mowings from a bowling green. In neither case was the extraction rate increased by re
peated I.R. treatments. These observations suggest that the I.R. process is effective only 
when the material is .of a size sufficient to resist movement in the mill. Leaf size should not be 
less than 2 in. for the laboratory mill and 6-8 in. for the mill used in the pilot plant (see Fig. I). 

(b) Species.-In the work so far carried out leaves of all species have proved capable of 
I.R. disintegration. Certain species, e.g., beet, kale and lucerne, contain less fibre than does 
grass and tend to produce effiuents that foam; this is very marked with lucerne leaf of high 
nitrogen content . The foaming may be controlled by the addition of suitable anti-foaming 
agents. 

(c) Anatomical effects.- The yield of extractable nitrogen and the nitrogen content of the 
protein preparation were maximal when the material was at leaf stage. When the plant 
became stalky, as in grass at the flower stage, both the yield and nitrogen content of the ptotein 
fell sharply. The effect of the seasonal variation on the yield is shown in Table VI; these 
values should not be regarded as typical, as they were obtained during the summer of I959 and 
in part reflected drought conditions. 

Degree eJ disintegration 

(a) Chemical studies.-Table V shows I5-25 % of the leaf nitrogen remained in the residue 
even after repeated washing and even when disintegration appeared to be virtually complete. 
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