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WOBURN EXPERIMENTAL
STATION C. A. THOROLD

The winter was mild, with mean temperatures above average in December,
January and February, and snow fell on only two days in November and
on one in January. More than average rain in April and much more in
May (fable l) hampered field work and leached nitrogen and lime, one of
the many problems of light-land farming studied at Woburn. Soil-borne
pests and diseases were agaitr prevalent, especially in potatoes and sugar
beet, ard means of controlling them are being sought, indirectly by crop
rotation and directly by pesticides.

TABLE 1

Monthly mewt lemperurures (meots of maximum ad minimwn),
total rainfall a daily means of bright stotshirc (departwes Irom

long-period meot in brackets)

March
April
May
Jude
July
August
Septembe!
October

Bright
Mean sunshine

temDeratue Rainfdl (daily mean)
C C) (h.) (bours)

7.3 (+1.8) 1.30 (-0.28) 5.69 (+1.8'
7.4 (-0.8) 2.42 (+0.49) 3.83 (-1.31)

10.3 (-0.9) 4.27 (+2.01) 5.45 (-0.58)
13.3 (- l.l) 1.35 (-0.35) 7.16 (+0.57)
l7.r (+0.8) t.65 (-0.79) 7.33 (+1.37)
15.8 (-0.2) t.23 (-l l0) 4.98 (-0.73)
12.3 (-t.4) 2.r3(+0 10) 3.34(-'.19)
10 9 (+l.l) 4.47 (+2.17',) 3.17 (-0 09)

Three times as many Myzus persicae were trapped as in 1966; most were
caught in June (43/.) and JUJy (45f), when sugar beet became generally
affected with yellows. Nearly ten times as many winged ,{Prris fabae (1242)
were trapped as io 1966 (134).

The casual and subjective observations of air pollution made since I 929,
when the local Oxford Clay began to be used for making bricks, were
replaced in March by continuous daily sampling of the air for sulphur
dioxide and smoke, to study possible effects on the soil and crops.

IrrigstioD exp€riments

Sping wheat. Kloka spring wheat drilled on 7 March was sprayed with
CCC (2-chloro€thyltrimethyl-ammonium chloride) at 2'5 lblacre on 23
May. A wet May (22 ruin days) was followed by a dry period until 19

June, during which ears emerged. CCC shortened straw (27'3 in. with and
38.7 in. without), but it did not entirely prevent lodging in one of the
irrigBted plots. Table 2 shows that the largest yield of grain (47'2 @ttbcro
without irrigation was given by 0'8 cwt N/acre, and with irrigation by l'2
cwt N. Straw leld increased from 33 to 58 cwt with a +fold increase in
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amount of nitrogen. Water seemed not to be a limiting factor, because
straw yields on unwatered plots increased with all increases in nitrogen,
whereas with irigation the maximum straw yield (59.8 cwt) was reached at
1.2 cwt N/acre. Premature ripening, which is considered below, may have
Iimited the efect of nitrogen on yield of grain.

TABLE 2

Grain and staw yields of spring wheat
Without IEigation With lrrigatioo. Mcar

'Nit.o-Chalk'' Graiq Straw Grain Straw C.ain Straw
(N, cwt/acre) (qwt/acrE) (c*l/acre) (cwt/acre) (cMiacre) (c*r/acrc) (s$t/acre)

0.4 35-7 31.6 39.2 35.2 37.5 33.40.E 47.2 47.8 51.5 52.8 49.4 50.3t.2 42.9 50.5 53.9 59.8 48.4 54.91.6 38.4 51.5 49.9 59.8 41 57.r
M€n 41.0 45.3 48.6 51.9 4.8 491

. IrrigatioD: Jutre, 2.0 in.; July, 2.0 in-

Polstoet. Table 3 shows the consequences of growing the varieties
Pentland Dell (susceptible to potato cyst-nematode) and Maris Piper
(resistant) alt€rnately and successively in 1966 and 1967 in plots with
initially diflering populations of the nematode. Some plots were irrigated,
and some were fumigated with the nematicide "D-D" at 400 lb/acre.

TABLE 3

Yields from potato varielies susceplible and resistant to potato cyst-
nematode on th/o sites, one lightly and one heavily infested initially,

some plots fumigated, some irrigated (total tubers tonsfacre and ware

Degree of
infestation

First year
(te66)
Lisht

Heavy

S€cond ycai
o%7)
Usht

Heavy

0Ft
16.2 17.2
95% 95%
8.9 14.0wl e3%

0Ft
t9-4 m.o
%% es%
13.0 16.5eel e6%

0Fl
11.9 15.6
9tr1 94%
6.6 12.5

67% 9t%

5.7
u%
10.4
9s%

1.1
6t%

4.1

0Ft
l6.l t8.5\vl 95%
ll.0 t4.4
86% 93%

13.5 10.3 14.7
e5% Lvl 9t%
17.8 9-2 t4.s
97"1 %% %%
5.3 6.5 13.5

87% 85% 9Tltt.2 5.2 t4.7
93% er% 97"1

percentage)

S€queDce of without Irrigatioo with Irigationr
varicti* ffi;;Defr M-r.PrG F;tililir.,r-i;p,p";

Sam€ 6.1 10.5 11.7 12.8
81% 96% 92:l 93%

AlternstiDg l0.l 14.5 E.l ll.8
e4% %% %% %%

Sa6e 0.8 3.3 5.1 t09
67"1 wA u% etl

AltematiDg 3.5 7-5 4.7 lO.5
1yA el% 9tl 97% 83%

'Irrigatioo: June (2.0 in-); July (2.0 in,); August (0.5 ir).
t FumigEtion (D:40O lb/a6e "D-D" injected at htcrvals 6 in. apart in rows 12 ia.

apart, io period 2l November to 5 December t967, afie! similar
trcetment in 1956-

(O): No "DD".

In 1966, without "DD" or irrigation, Pentland Dell yielded 8.9 ton
tubers/acre on the more heavily infested land. When grown again on this
land in 1967 it yielded only 0.8 ton tubers/acre. With fumigation it yielded
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3.3 ton tubers/acre, less than a quarter of the yield in 1966. Where Maris
Piper was grown in 1966, Pentland Dell yielded l0 ton/acre,- without
fumigation 

-or 
irrigation, more than 14 tons with fumigation and l7 tons

with bottr. Table 4 summarises the effects of the treatments.

TABLE 4

Mean efec* of crop sequences, fwnigation and irrigation on yields of
ware tubers (tonla$e)

,*9ff,31 crop s€gucnces un- . go- . h-.'Hffiii;- i55 1an sR Rs fumisatcd FumiSBted irriSatcd Eated Mean

Licht E0 ll'3 lo3 126 8l l3'o 2'2 ll'l 105
E; i.i '8.0 -4 , 57 r'r 8'8 !'q ! q 5 8

iliE; i.i e'i ta iz 56 ro'e 7'5 8e 8'3

. S, susceptible PentlaDd Dell. t R, rcsistant Maris Piper.

Smallest mean yields on lightly and heavily infested land were when

Pentland Dell was grown both years and largest when Maris Pipr was

erown both years. Ifogation had little effect compared with fumigation or

lrowing a reiistant variety, and differed between the two yeals; on average

ir decrJased yields by ab-out 2'5 ton/acre in 1966 and increased them by

il+ ton. i" f"SOZ. On most plots where Maris Piper was grown in both

vears fumisation sreatlv iDcreased yields, perhaps because cyst eelworm
'was still plJntifut Jnoug-h either to b; directly damagin-g.or to enhancE the

"f""t" 
oi another pat=hogen such $ Yerticillium dohliae, or perhaps

*t;;" ':p-b" afso killed-other irlurious organisms, such as ectoparasitic

nematodes,---Another 
experiment sought to cheapen fumigation -by 

placing small

"rnoontt 
ol nimaticide into potato ridges shortly before planting (see

"- 
isSt. y"t others will test new nematicides, broadcast or placed, and

[tr" U"nentt of r"maticides through a rotation ofcrops' (Jones' Parrott and

Thorold)- 
ff," Ugttty infested site used for the irigation-fumiption -trial 

pre-

"io*iy "-urriia 
u tong ley and then luceme for 2 years, whereas the heavily

infested site had carried arable crops' The Potatoes after ley and lucerne

weie seuerety scaUte d (srreptomycei scabt'es); almost 4o/o of the surface of
tn" iut tt .".ti.a fesions, whethir or not the land was treated with "D-D"'
,l,ttfrougn irrigation almost halved the area of tubers scabbed, it did not

rt .t rn].if tft"--iaale of June, too late to be fully effective' "D-D" applied

ai o, r, z ana + mf/ft of ridge in another experiment,again had no..effect on

ttre peiccntage of tuber surface scabbed. (lspwood and Thorold)

Direct-s€€dirg experiment. A continuation of the exPeriment started in
tss;iR rir;"tui neDo fot 1966,p.271) compared conventional drilling

oi wiiier 
",treat 

lCappelle) after ploughing on 30 September-1966 with slit-

ieeaine into unplouened-spring-lYheat stubble sprayed twice with para-

o uJ?ir S"ot"oiU"r 
-ana Zj OcioUer). The seed was combine-drilled with

PK f;ftilise; (0 : 14 :28 at 560 lb/acre) on 27 October' All plots were top-

aiot"J *itft ;Nit o-Chalk" ('148 lb/acre) on 24 APril' The plant stand in

the slit-seeded plots became very gappy in January, probably damaged by
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slugs, rnainly the "field slug" (Agriolimax reticulatus). The straw litter on
the surface of trnploughed plots seemingty proviied conditions that
favoured slugs, forplants on plo'ghgd plots'wire not dsmaged, Rainfall
during November, December and January slightly excreded 

-average, 
and

although November was colder than average, December and Janua:fu were
warmer. The soil at 4 in. depth was above freezing in November, December
and January except for one week (,1-I I Januiry), conditions in which
Agriolimax reticulatus moves and feeds. Immediately before combining
on 22 

-Au-gust, the crop cover was estimated on all plots, from completi
stand (lOOzJ_to absence of crop (0t). Table 5 shois average percentage
of cover, yields and amount oflodging in ploughed and unpl6u!rca ptoi.

TABLE 5
Winter wheat drilled in ploughed and nploughed land

proushed rasd ,.P"$ x,?,fli'e?ii1a"
CroD cavet (t/.-tv) 97-eA $.y/^
Yield (cwt gr.iniacrc) 59.2 

- 4.2'"
Lodgine (0-3) l.t O.z

r)rt€s ofsowing spring wtest. Eflects of dates of sowing and of applying
nitrogen on the incidence of take-all were again rcsted (R-o thanstei iteport
!o-r t9-66_,_n1 27-l). Kloka wheat, sov.n oi three daG (tS feUruarv, t+
March, 17 April), was given 0.8 cwt N/acre, either all at iowine or half at
sowing and half on 12 May. Mean soil temperatures between l-st and 2nd
sowings and between 2nd and 3rd sowings were ,lO.l"F and 42.6" F.
Lower leaves tecame vcry yellow early in the year, presumably reflecting
y]l9C9ndeficiency. This did not happen in 1966, and yields were smaUer in
1967 (Table Q. Plots were scored fo. appearurce orig May and awarded

TABLE 5
Spring wheat yields ia 1966 and 1967 (grain cwtlacre)

"Nitro-Chalk"
(N, cwt/acre)

G8 (at sowinc)
04 + 0.4 (at sowitrg

March
1966 t967
33-O 22-7

+ May) 3O.l 27.3 33.8 22.7
Mean 30.2 26.3 33.4 D-j

April M€atr
1966 1967 t9f6 lxil
33.1 t9-4 32.3 22.1

31.1 l9-7 31.9 23.3
32.1 19-6 32.1 22.9

1966 1967
30.4 25.2

marks from 6 (green) to 0 (severe yellowing). The mean scores for the six
treatments were 5.7 and 3.3 for the earliest sowing with divided and single
N dressings; 5.3 and 3.7 for the intermediate sow-ing with divided and un_
divided dressings;4.0 and 3.0 for the latest sowing-with divided and un_
divided.dressings. The wheat ripened prematurely,-as also did wheat and
barley in other experiments. Take-aU was not-prevalent in 1966. and
samples taken to assess its incidence in 1967 bave yet to be examitred.

Air pllotion obseryatios" Fumes from brickworla contain sulphur
oxides and can damage the leaves ofa wide range of species. Suscepti6ility
of different arable crops differs, with lucerne 

-and titey v"ry si*iti"j,
262
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potato relatively resistant, and whe3t and sugar b€et htermediate..Some

irtootr, tut seemingly not wheat or barley, are.especially sensitive to
ituorides, which the'fumes also contain and which can accumulate in
herbage, and injure livestock that eat it (Webster, CC llre efects-of air pol'
lution-i plaati and sol. H.M'S.O. (A.R.C.) (1967), pp. l4' lSand- 2R'

Woburn Experinental Farm is near the Cetrtral Bedfordshire Brickfield
and lies abouf I mile south of the south-western extremity of the "Brick-
fields Yalley", which extends in a north€asterly direction towards Bedford'

Consequently, winds from the north and north-east are commonly

characterised by the offensive, but otherwise seemingly harmless,odours
that accompany the harmful sulphur oxides and fluorine compounds in the

eases from the kilns.
Warren Spring I:boratory installed a prototype directional. sampler

to test its pe.fo-rmao"". An optical switching device in the wind vane

allows it to sample pollution when the wind is blowing in different dfuec-

tions, and a t;mit siitch in the anemometer circuit allows it to sample in
calm weather. Wind speed and direction readings are taken once a minute

and recorded on magnetic tape for processing on a computer'
Pollution was sampled from: (a) a south'easterly sector -from open

country; (r) a westerly sector, including Husborne Crawley vi.llage about

; nite iisiant ; (c) a northerly sector including the brickworks ; (d)^in caln
iveather. Sulpiriri dioxide concentrations increased from about 30 pg/mt

when the wind blew from the direction of the village to I 60 pg/m3 when the

wind btew from the brickworks. The instrument operated from 14 July to

3 November 1967, a period when northerly winds were rare' ,
The Woburn Sandi and District Preservation and Protection Society

nar" ioitiut"O studies of gaseous emuents in the neighbourhood, and

inuots to them, air polluti,on is now measured daily with a volumetric

smoke and sulphur dioxide apParatus instalted il March' Results are

published in the Warren Spring Laboratory's National Survey of Smoke

ind Sulphur Dioxide Monthly Summaries.

TABLE 7

Sulphur ilioxide concent rat ion (t'€lm\
Month March APril

Maximuo 134 208
Average 28 8l

May Juoe July August
l4r 532 104 122
3785450

Table 7 summarises provisional results, given as averages of 1ll the

daily concentrations and largest daily concentrations of sulphur dioxide
(p.g/ms) for March to August.'' "is Jxpecteo, north-eaiierly winds were associated with air pollution

exceeding the ;'background" values, from nil to about 3-0 
-pg/m3 

of SO*
Wind diiections weri observed visually at 9'00 h, 15'00 h and 2l'00 h
G.M.T. Values of sulphur dioxide were greatest in April and June, and

there were periods of 9 days in both months (7 to l5-April;- 10 to 18 June)

when there were north-€asterly winds on ?-O and 2l of the 27 possible

observation times Q4l rad 787). Previous records show that trorth-
easterly winds are likety in april Uut are unusual in June, which was there-

io.e eiceptional in 1l-62. Sirlphur dioxide concentrations then reached
263
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532 pglm. (fable 7), which is near the "first tolcrance limit" for wheat
(572-858 pLg/m8) as given by Webster (p. l9). June is a critical time
because cereal ears emerge then and cereals are likely to bc especialy
sensitive to sulphur dioxide.

On 27 June many flag leaves of wheat il the Irrigation Experiment
became discoloured, starting with the leaf tips becoming yellow oi brown,
and the whole leaf later turning brown or reddish brown. No pathogen
seemed associated with this condition, and mildew at that time was
confned to the lowerleaves, so that stems had a central zone with seemingly
healthy leaves. Later mildew spread to upper leaves. On 22 July there were
few green leaves remaining in unwatered plots, but nearby irrigated plots
were gre€ner, especially those given most nitrogen.

The upper leaves may have been damaged by sulphur dioxide or some
associated effuent. The largest daily concentration (532 pg/m3) of SO,
was on l3,June, and flag leaves became discoloured about a fortnighi
later, mainly on unirrigated plots, so a water deficit may have been a
contributory factor. However, the condition persisted in spite of 1.35 in.
of rain between 20 ar,d 26 June. So many leaves were kilied by mildew
plus the discolouration of uncertain cause that the wheat ripened quickly.
Nevertheless, the mean yield in the irrigation experiment was 45 cwt
qainl^cre, and one irrigated plot given 1.2 cwt N/acre lelded 59 cwt.
Tlte smallest yield was 33 cwt grain/acre, without irrigtion and with least
nitrogen (0.4 cwt N/acre).
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