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About 14 per cent. of the samples in each season were autumn
sovn, and these usually graded better than the spring sowrr barleys.
Thus for the two years :

Itr Srades I, II, aad III. 35 per ce[t. were autumn sown.
Itr gEdes IV, V. l2 per cetrt. ,,
Itr Srades VI, VII. 8 per cent. ,, ,,

Certain districts fayoured autumn sowing much more than others,
for example, in 1934, nearly half the barleys from Essex had been
autumn sonn and in 1935 nearlv three-quarters.

In Norfolk barley now com;only foilows sugar beet irstead o{
swedes and turnips. Elsewhere, however, it still often Iollows
tumips. Apparently it rarely foUows potatoes.

Preccdtng Crops.

Barley afte.

Cereals
Beet and

Mangolds ..
Slredes, tumips,

kale
Clover, peas, etc.
Potatoes
Bare aad half

{allow
Other crops ..
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Others.
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fluch information was obtained in regard to the maDuring of
the barley. It is no longer a starvation crop. The experimants
made by Rothamsted urder the Institute of Brewing 

-Research

scheme during the last ten years showed clearly the advantage of
suitable manu.ring when care was ta-ken not to lodge the crop.
This result has clearly passed into practice. Of the 270 samples
sent in in 1935, f59 had received manure, 124 had received nitro-
genous fertiliser, and no less than 6l of these had followed beet,
turnips, or some other crop receiving dung, shoqring that the growers
were prepared to give nitrogen even on land already in good
condition. Some 5l crops had received compound fertilisers. which
in 2l cases were the new high grade materials containing ammonium
phosphate; but many growers preferred to make their oryn
mixtures.

EXPERIMENTS ON VEGETABLE CR,OPS

The importance of vegetable crops has considerably increased
dlring recent years. Thus, for certain oI the more important crops,
the acreage retums for 1922 and 1934 are as follows:
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Acreage. IDcrease
per cent.

+16_59
+32

+r28
+92
+12
+44
+30
+45

Thus, with the exception of onions, there has been a substantial
increase in the acreage planted with vegetables in recent years.
The value per acre of the vegetable crops is also high ; the actual
prices realised depend greatly on quality, supplies, and the effect
of weather on demand.

An estimate of the arurual supplies and values of vegetables Ior
human consumption has recently been madet from which may be
derived the following data relating to the ]'ears 1930-32 :

I Av. \ield I Gross Valuei
Crop. lperacre, tons.f per a.re, ,

Outdoor Cabbage Iettuce
Celery
Broccoli and Cauliflower ..
Spring Cabbage and Cabbage

Greens
Artuma Cabbage .. ,,
Sprouts
Greetr Peas .. ..
Ripe Onions
Topp€d Carrots
Red Beet

8
lo

8

7
s
3.?

7
I1.7
t2

15
60
7l

5l
!r0
53
30
3S
50
48

I rrcfuht ed llElet chas6 to be d.ducted.

Prices also have been well maintained as compared vr'ith general
farm produce, thus the agricultural iadex of all v€etables in 1934
was 143 (l9ll-13:100) whereas the Eeneral index of agricultural
produce for the same yealwas ll4.

The first experiments on vegetable croPs conducted from Roth-
amsted, using the new technique, began ilt 1931, on winter cabbages,
Brussels sprouts, and first early potatoes. There have now been
put on record in the Station Reports some fiftY experiments on
vegetable crops carricd out at Rothamsted, Woburn, outside centres,
and by local workers op€rating general schemes of investigation
administered from Rothamsted. The rapid expansion of this work
was rendered possible by the investigation on the value of dried
poultry manure put in hand by the Ministry oI Agriculture and
controlled from this station. It was decided to test this manure as

14084 I 16432
355? I 2099

27954 I 3698r
14951 I 34048
10,t75 I 20107
52a2 I 7510
s7l8 | 8233

t2907 I 16833
508S4 I 74363

. " MiD. A8ric. Eelooic S.ri6." No. 26, 1!35. P. l?2.

Carrots
Otrions
Cabbage . .
Brussels Sprouts
Cauliflowers and Broccoli
Celery
Rhubarb
Green beans
CreeE peas
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far as possible on market garden crops'since its most promising
outlet would probably be for small scale intensive cultivation.

Experience has shown that experiments with vegetable crops,
although in most cases rather more exacting than with farm crops,
offer no insuperable dificulties. As wiU be seen later, standard
errors tend to be a little higher than the average of large sca-le root
crops, but none the less a considerable number of statistically
significant fertiliser effects will be forurd in the tables that follou
On the other hand certain crops have shown very small or even
negative effects. Early potatoes, ca[ots, onions, strawberries have
all been disappointing in this respect. The experiments are, however,
on.ly a first approach to a wide subject and many more wiU be
required to obtain an adequate view of the fertiliser responses of
vegetable crops.

trIore has been done with Brussels sprouts than with any other
crop, so that the results of the expriments on the growth oI this
plant will be set out first. There are thirteen exp€riments \r'ith
sprouts on record, but one at Rothamsted was practically a failure
owing to damage by wood pigeons. Of the twelve good experiments,
all show the effect of nitrogen as sulphate of ammonia usually at
several rates of dressing, most o{ them test dried poultry manure
and superphosphate and two test sulphate of potash, There are
figures for the individual pickings, usually carried out on three
occasions, but sometimes on four, and in most cases there are figures
relating to the proportion of blos,n or unsaleabie sprouts. The
mean yields oftotal saleable sprouts and the increases for the various
nutrients are set out in Table I. In this and succeeding Tables the
single dressings of sulphate oI ammonia (N,) and dried poultry manure
(lIr) rvere usually at the rate of 0.3-0.4 cwt. N per acre, the double
dressings N, and [I, being 0.6-0.8 crvt. N. Superphosphate (P) was
at the rate o{ 0.40.6 cwt . PrO" per acre ; rvhile suJphate of pntash K,
was at the rate of 1.0 cfi. Kp per acre, K, being 1.t2.0 cv.t. KrO.

The mean yields ranged from 22.4 to m.8 c1!t. of saleable sprouts
per acre with a general mean of 44.3 cwt. The most marked marurial
effect was given by nitrogen. For the years 1933 and 1934 there are
sufrcient centres to make an estimate of the average effect of this
nutrient in the form o{ sulphate of ammonia and poultry manure,
the results being brought to a common basis of 0.6 cwt. N per acre.
The figures are :-

Total Saleabla SProuts, cut. pt a.re.

Meaa increase for 0.0 cwt. N per a.re.

No. of
Experieents

+2.74
+7.46

6
4
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Responses were much greater in 1934 than in 1933, and in the
more fivourable season there is evidence that sulphate of arnmonia
was more elfectirc than pouItry manure providing the same amount
of nitrogen. Thus at centres 9 (Wyboston, Bedfordshire), and l0
(St. Al6ans), the dif{erence between sulphate of ammonia and
poultry manure was significalt.^ Thi action o{ superphosphate was less general than that of
nitrogen and onll'at one centre, No. 6 (Honeydon, Bedfordshire)' on
a boilder clay soil was its ef{ect really imPortant. In this exPeri-
ment, hol'ever, 3 cwt. of suprphosphate increased the leld by no
less than 10.3 cwt., and it is probable that the suPeriority of poultry
manure over sulphate of ammonia shown at this centre lvas due in
part to the phosphate that the organic manure provided. There is
iome evidenie ofa beneficial ef{ect of superphosphate on the hea!5l
soil at centre 2 (Rothamsted).

Potash was tried at two centres only. At centre 7 (London
Colney, Herts.) it gave the large increase of 9.7 cwt. for 3 cwt- oI
the fertitser. In the follorving year at the same centre a smaller
but nevedheless siglrificant elfect was obtained.

Earliness is a valuable feature in Erowing market garden crops
and it is therefore imporlant to trace the fertiliser eflects tfuough
the successive pickingi whose sum goes to make the total discussed
above. The results are collected in Table II, which presents those
centres at rvhich the fertiliser responses rvere strongly defined. The
tota, response in saleable sprouts is taken as 100 arld the respective
contributions of the separate pickings are expressed on this basis.
The figures refer to the hiSher level of nutrient in each case.

TABLIi II.
Saleable SProuts-

Fertiliser resPonses in successiwe pickings.
'Iotal resPonse:100.

Potash

Pickings.
lst 2nd 3rd 4th

Poultry
Manure,
Pickings.

lst 2nd 3rd 4th

+91+ 3r -22
+80+ 14 +6
+ 19+35+29+ 1

9+ 97+ r2
+30+40+30
+60+30+ l0

Phosphate

Pickings.
lst 2nd 3rd 4th

+ 88- rS+ 13+ r

+39+34+20 +
28 r 43* 20* 9

rs6 60 36

In the abo\-e table there are 15 results showing three or more
nickinss. In nire instances the response in the first picking is the
!."rt"it, 

"nd 
in six of them over three-quarters o[ the total ef{ect is

io be found in the first picking. In the six experiments in whici the
first picking is not greaiest the second picking is the largest. In no
case is theie mo.e1h.n 30 per cent. of the tolal response in the
rhird Dickins. or 18 per cent.ln the fourth. In several of the experi-
ments^ the piedominince of the fertiliser effect in the first picking

+77+13+

+ 8+80+
+20+58+
+82 +7+r
+5r+33+r

I

l
2
3
6
7
8
I

l0
ll
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is in itself significant, e.9., at centre 2 (Rothatrrted) and ll, (London
Colney). The figures show that when a nutrient is effective,
its action tends to be strongest in the early part of the season. Phos-
phate and potash both gave earlier crops at each of the two centres
where they acted. Sulphate of ammonia and poultry manure, on
the other hand, did not appear to hasten growth.

The erperiments give some information on the relationship of
fertiliser action and grade of produce for in most of them tbe weight
of " blowa " or unsaleable sprouts was ascertained, ard in some
of them the saleable sprouts were themselves graded. The effects
of the nitrogenous manur€s on the weight of " blown " or un-
saleable sprouts and their percentage of the total crop, including
blown are given in Table III.

TABLE III.
Ellects ol nitrogenous rDzrnures oa blovf, (or uNaleable)

Sprouts express€d as increases over controls.

Ccntre No-
Iacreases Per cetrt. oI

total crop.

I
2
3
4
5
6
7
I

l0

Nt
+3.O
+0.2

-o 5
+2.O

+05
+ t.r

N,
+4.5
+0.2
+2.r_ 1.0

+ 1.2

+l.9
+ 1.2

l{'
+65 t

+ l.l
0.9
0.5

+4.5
+0.3

Nr
+5.5
+ 1.3
+ 1.6

+;
+ 1.7

-2.4

}I,
.5.0

+;
+l3

1
+ 1.6
+0.6
+2.4

t).8

+03

+ r.3
+o.2

0.6
1.0
t_7

0.6

2.O
0.4

2.i
- 1.3

In eight oI the nine experiments with sulphate of ammonia
the actual $'eight of unsaleable sprouts per acre was increased,
by an average of 1,4 cwt, per 3 cwt. sulphate of ammonia.
The percentage of unsaleable produced was also increased in eight
out of the nine experiments. At centre l0 (Oaklards), St. Albans,
the effect oI nitrogen on ].ield was so large that although the actual
quantity of blowa sprouts was increased, the percentage was smaller.
Dried poultry manure b€haved similarly to sulphate of ammonia at
most centres. The ef{ect of superphosphate was in general small,
but at centre 6 (Honeydon, Bedfordshire), the unsaleable sprouts
were increased by 1.6 cwt, while the percentage unsaleable was
decreased by O.6 per cent. In one experiment with potash the
actual yield of unsaleable sprouts was increased by 1.3 crt. but the
percentage {ell by l.l. per cent. Taking the results as a whole,
the eflect of manures appears to be siightly to increase the actual
weight of blown or ursaleable sprouts, but when the crop responds
well to marures the final result is that the proportion oI unsaleable
produce is reduced.

Six experiments, set out in summary Iorm in Table fV, are on
record dealing with cabbages and Broccoli.

_1l
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TABLE IV

Cet'be6 .'td B1o...li
Eft@t o, Nitrcge, Pbcpbrt. ald Pot8h

W.lghts or nuab.s p.! acte

Crop C.otE Soil
No. " i,,

Sprioc

Sprinc

lb.

I Light

t

1

1

4

6

6

Sedy 6.0

Sh.r.

Shale

+2.E7
+7.1'

+0.r,

+0,6E

l+r.r4
l+0.16

+0.106

+0.EtE
+r.r70

+0.0a?

l+0.r"
+1OO'

.t37

350Sedy 5,16,

._- (',s.E. +0.I9. f) s-e. +o.ooo. r'r s.r, -rel.tK srads lor l 3 crt. K,O F!;@, s Sirp[ai.;f porsh.

l._'

, Sprhg cabbages respond well to nitrogen as sulphate of ammonia
al.centre I (Avoncroft, Evesham) and- Z lstepfingtey, Bedford-
shire). At Steppingley, there is some indlcit ioir' ttrit "s,rlphate o{
arunonra was more effective lhan dried pou.ltry- manure- but the
difference does not reach sigrrificance. Sarior.cabbases at centre g(.*.p"il,.Salop) show string nitrogen rd.ponses-and here the
di{ference. between sulphate o-f amminia aria poutt.y manure is
statistical.ly significant. At centre 4 (Dartingion }ia.Ll, Devon;
sulphate of ammonia increased the vield of broclo[ heads and als6
the number per acre, the effect of dried pouJtrl.manrue was smaller.
At centre 5 (Potton, Beds.) nitrate of s-oda, a"pplied to the previous
early potatoes in this case, significantl]- incrtised the nuinber of
cabbages fit to cut on Decembir ?th. Tfrere were no marked effects
of pbosphate or polash in the above experiments, and so far as thev
go they support the view that quickiacting nitrogen is likely tL
prove the most useful fertiliser for this t)?e of crop:

The results for first earl]. potatoes and root ^crops have been
summarised in Table V. - 

The ligures for first eirly potatoes
have been derived from a single iarm, potton, Bed;., 'in lg3l
and 1934. . Experiments I and 2 were without dung; experi-
ment 3 received dung. The crop was lifted early and pioved r.ery
unresponsive in all cases. - [t is known irom oiher experil
ments that lirst earlies le{t to stand till later in the seiason
respond better to manures. Thus a crop at Little Dolnnham. Eh.. on
fenland soil cut do\in by frost on Jltal: l7th, 1935, and left to siand
till July 30th, g_ave an increase of 3.05 tons for E iu.t. o{ sulphate of
ammonia and 1.43 tons for 3 cwt. superphosphate per ac-re, both
significaat .

\fith the._exception of a significant increase for poultry manue
at centre 4 (W1-e) and an improvcment in the proportion of lirst
grade butbs at 7 (Swanley), onions have shown litile response to

I

+1,19

*l'

+610 _t_t_t_

- 1,,,,
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nitrogen or phosphate in these experiments. Carrots have been
surprisi,ngly unresponsive in the roots: sulphate of ammonia and
1nultry manure generally reduced the vield and at centre 9 (Chittoe,
Wilts.), the reduction was almost significant. Strlphate oI ammonia
increased the tops significantly at I0 (Wobum) and worked in the
same direction at a second experiment at Wobum, 9. Plaat number
is signilicantly reduced by sulphate oI arnmonia in exp€riment 10.
The very iarge yield in experiment 8 was the result of a dunged
bare fallow in the previous year.

Red beet shows a good and signilicant response to sulphate of
ammonia but less to dried poultry manure. The difference between
the two manures although in the usual direction is not si8[ificant.

Turning now to leguminous crops there have been five exp€ri-
ments on peas, one on French beans, and one on Runner beans.
The results are summarised in Table VI.

TABLE VI

Soil x"- vi.,ra I N

1935 ..

1

2

3

1

5

5

Iisht

&ndv
Silty

Sa[dy

-4.1_2.9

_4.3

+9.4
+29.8

+1.00

+r-15

1t.81
11.i7

*5.80

+3.r7

-1.9
+5.4

+t.60

+4.0

-l.t
-t.6+r.,
-9.0
+0.7

+1r.9

3,1,3

77.0

l6:8

9t.9
t6.5

96.7

+1., I +6.0

TABLE V
fi,t Euly Potd@t ont R@, Crors

Effet oI rcrtil!3 ts

No. I

IDctle for
N, 1N,tM, lM, lP P' 'Nrtltlt

, l'"-u" I

, I S.Ddy I

t I Sanile I

. lc1urr 1

5 I riihta I r+ht? | s.dy
I
I

E I s&dy

e I s&dy

ro I s"oov

,u ,^l

4.71
a.o,
1.78

761
1l-rt
10l!
6.0?

rlt SEd,
46.4

,l 10
,.r!

I 10 6t

| .0,
I !..,

| 106.1

I 11.72

*t,'l
-I
:]

-t-20+0.r3

*0.*l - | -
-l*l-
*"*l_l*"*

0-06l - I +o.rr
+o.o3l - I +0.30
-o.,sl - 

l+0.?,
+60 

I - l+60
-osil -osc -otr+0.941 -o.rl +0,5?

.'r.orl - -0.77

-o.sl - I +o.ro
+0.62 - i +0.r9

-r.o I - -r.ir
*r.ro | - *0.r,

-0.r1 -t0.06

+0.170

+0.1r!a

+0.3s,
+0.15,

t3.03

+0.4r1

!1.1t2
i0.800

lcSt-, | 7 lAlluviuE
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Peas have given very different results at the different centres.

No. I (Stanford, Beds.) gave a signilicant response to quick-acting
nitrogen, and lhe average response at centre 2 (Evesham) to sulphate
of ammonia both irr presence and in absence of poultry marure was
'4.9+1.66 and therelore sitnificarit. On the other haid nitrogen
in general reduced the yield significantly at centre 4 (LangIord,
Beds. ), the effect was in the same direction also at 5 (Norton, Yorks. ).

On French beans at 6 (Godalrning) there was some indication
of a response to poultry manue but none to sulphate of ammonia.
Both manures give marked increases in haulrn at this centre and in
this resp€ct poultry marure was significantly more effective than
srlphate of ammonia. There were no eflects on rumer beans.

In experiment l, phosphate in the form of basic slag had no
effect ort peas at Stanford, whereas potash significantly depressed
the crop-an unexpected result on a sandy soil.

Experiments on miscellaneous horticultual crops have included
lettuces, strawberries, celery, and apple stocks grown for vegetative
reproduction. None oI the manures tried had any effect on the
number of lettuces fit to cut in spring; in fact, their action was
slightly depressing but not to a statistically significant extent.
Manures applied to the parent apple stock in mid-June had no
eI{ect in the value oI the offshoots, although sulphate of ammonia
significantly reduced the value of the roots borne by the offshoots.
It is possible that earlier application of fertilisers might harr given
better results.

Sulphate of ammonia was compared with poultry manure on
strawb€rries and while the quick-acting nitrogen tended to
depress the weight of total crop, the organic manure tended slightly
to increase it, the mean difference being alrnost significant. Effects
in the same direction were observed in the percentage of first grade
Iruits so that the final result $as:

LO,\G ASHTON, IS34
L'1/st Glade Sl'alnbenies cut. ?er acrc
No nitrogetr .. ..
Sulphate of AmmoDia
Dri€d Poultrv l\{anure

.. 6.91.. 4.30

.. 6.72

Celery proved to be a more responsive crop. The experiment
at trIepal, Isle of Ely, on a light Ienland soil in presence of farmyard
manure showed definite increases in yield for superphosphate,
sulphate of potash, and agricultural salt. Potash and salt also gaye
a signilicant improvement in the grading results. The fi6ures
relating to the above crops are given in Table VII.

The experiments summarised above give some information on
the question of the relative precision of experiments on the vegetable
crops as compared with ordinary farm crops. The average values
for the standard error of a single plot expressed as a percentage of
the mean I'ield have been determined b1' Yates*, fol potatoes and
sugar beet in recent randomised block artd Latin square e.peri-
ments at the outside centres, and these figures are given below
together with general averages from all available Rothamsted
experiments for stedes, mangolds and Ka1e.

.F. Yat6, SuDpt. Jn. Roy. Stat. Soc.,1935, llp. r14.
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NI (r li!

1

3

4

x.diMt No- ttoc-
Iau I !!.t

Clay Valuc De!Eith ritocL,p.E

I .oots, poe
I I 0.9r

Y.di@l Tot.l .et.,
FiEt srade

o/"30.7

Lirhr Tobl t@.
Fa I 8.t,

I T-o Hish-
I | 6r!rx16,
I | %01.6

6.0

2.

Salt

+3.9

-5.S

-0.!8

-0.21

-i!.6

-.1,61

a l.i
+3.09

-

+1.,

+0,74

-r r"

0.0

-3.8

+o-3a

-1.0

-1.! 3,i

+4.0

L2.Ot

{l
,TAI]LE VII

STANDARD DRRORS PER PLOT

-1!c/ag. Valtes os ?.lcentogc of Me.rt yiws

Potatoes 1027-1933 Latin Square
., Ratrdomised blocks

Sugai Beet Roots Iatin Squares
Ratrdomised blocks

Swedes. Mean oI all plot arraDgemeDts
IUatrgolds

6.8
9.2
6.1
7.9
6.9
8.2

ll_

No. o{
Erpts.

t0.l
13.2
18.6
12.I
9.7

8.7
I1.9
7.5

29.6
4.3

3.83
518
0.29
1.04
2.UJ
0.27
1.08
0.92
4.02

1r.76
0.35

Expts.
;6
22
z8
l5
8
6

l8

These values are rather uniform and it appea$ that for ordinary
Iarm roots standard errors of about 7 to 8 per cent. may be regarded
as normal.

In Table VIII below arc collected the actual and percentage
standard errors per plot of the vegetable crops discussed above.

TABLE VIII
Standud Ewots oI ExPetil,tcrrts on Ve&t&lo Crops, lgSl-Lgg'

Full Sized Plots.

Per cetrt

Brussels Sprouts, total crop c\Yt.
Wintercabbages. No. lit to cut
Broccoli heads- Tons . .
Spring cabbages. Totrs
Savoy cabbages. Toos
First Early potatoes. Tons . .

Carrots. Toas
Oniotrs. Tous .. ..
Pea-s. Cwt.
Runtrer bea[s. Cwt. ..

II
2
t

I

4
4
I
IC€lerv. Tons . .

Crop
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(B) Microplots (U145 acre or less).

Standard Error per plot

Crop

Tomatoes. Total crop, tons ..
Apple stocks. Value, pence per

stock
L€ttuce. No. fit to cut, thous.
Pyrethrum. Dry flower heads,

cwt. ..
Peas. Cst.
Freoch beatrs. C\r't. ..
Red teet Tons
Strawberries. Cwt. ..

Actual
Pef acre

Per cetrt
of mean

2.96

2.91
9.88

0.92
8.20
4.62
t.l3
5.3

20.0
20.6

t5.6
8.5

10.2
7.6

29.6

The most reliable value in this table is that for sprouts, whrch
rests on ll experiments. With a mean standard error of l0.l per
cent., this crop is slightly more variable than ordinary farm roots,
possibly owin8 to the much smaller plant population p€r plot and
the element oI iudgment entering into tle several pickings. Never-
theless, a standard error of this size would be regarded as quite
normal for certain farm crops such as cereals. Among other crops,
broccoli and runner beans stand out as rather variable, while
early potatoes, carrots, and pas have given values quite in keeping
with those derived from ordinary potatoes and roots.

As might be expected the microplots show somewhat larger
errors. The actual magnitude of the standard errors is the important
figure for estimating the size, or cash value, of a difference that is
likely to be detected by experiments of the kind under review. A
well-designed experiment set out as a 6 by 6 I-atin square will
detect,as statistically significalt, differences b€t\reen treatment
means of almost three-quarters of the standard error per plot.
Smailer arrangements are less precise. The size and value oI differ-
ences that would be judged significant in experiments of the preci-
sion of the Latin square are :-

Sigflifiea"t DilJerences per Acre

Shillitrgs

Rmssels Sprouts
Carrots
Oniotrs
Peas ..

34
g7
80
41

It is cLear that the value of produce represented by a significant
difference is quite large in relation to any probable expenditure on
manures, so that with these high value crops the most efficient
arrangements and fullest replication possible should be aimed at,
so that treatment effects that are actually oI high cash value and
well worth having shall not fail to reach the level oI statistical
signilicance.

\

No. oI
Expts.

;-1-

2
I
I
I
t

I
I
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