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COMPUTER DEPARTMENT D. H. REES

The Computer Department provides a centralised computing service to institutes of the
Agricultural Research Service in England and Wales. Of the two computers in operation
at the beginning of the year, one, the ICL Orion, was closed down in March after eight
years service. The service is now based on the ICL ,l-70 using the Multijob oprating
system. There has been an encouraging improvement in overall system reliability since
the introduction of Multijob version M750, leading to a marked increase in work though-
put, particularly noticeable after the addition of the extra core and new high speed
drums.

Computers

Orion. This machine was closed down on 30 March 1972. lt was dismantled by the
maintenance staf and many of the sub-units and components were made available to
other departments of Rothamsted and other institutes' stafl.

Perfonnance. Instead of reviewing the three months performance data, the records,
which have been published in Annual Reports since 1964, have been combined into a
single set of Tables I and 2.

TABLE 1

Orion performore 196,1-72 (total hours worked)

Maintaircd Unmaintaincd(hous) (hours)

12681 44t6

Total

Productive
Unproduclive

Failures
R€starts

1869 139
379 70

14929 4625

l1097

2008
449

19554

The Orion was available for 19 554 hours (Table 1) and of this 88f was directly
productive, 10 f was lost througl fauls and engineering repairs and 2 % to restoring the
system and repeating any spoilt work. Maintenance engineers were on site for only 781
of the time-and 26% (z1416 hous) of the total useful work (17 097 hours) was completed
during the unmaintained period. This was possible because, of the total lost time (2m8
hours), only 7/" oc*urred during the unmaintained period. Fortunately, most failures
requiring engineering attention took place shortly after the Orion was switched on in
the morning; other fault conditions tended to be transient. Failures were frequent and
ttre longest period without any recorded fault was four consecutive working days and
this occurred only once during the eight years Orion service. The Orion was too complex a

system for the available manufacturing techniques and there was insufficient development
by the company to rectify basic problems.

Despite this, a number of important new computing techniques were successfully
implemented on it. Of these, multiprogramming was most important' This is a method
*hereby all the resources of the system are shared between several independentjobs with
eachjob rectiving its share ofthe central processor's attention as required. New hardware
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and systems software concepts were necessary and about 6l of the system resources
were required as an overhead cost for this facility. However, multiprogramming allowed
between two and tlree jobs to be loaded and to be proc€ssed in the machine ai aoy one
time.

Mulfiprogramming raised new problems about measuring and costing jobs. The
elapsed time ofjobs was no longer a neaningful index. So a novel accounting procedure
was devised wh.ich took account of the duration of the various resources used, weighted
by cost factors. The factors chosen were those kno}l1[r to have been in use at a commercial
Orion bureau in 1964 and therefore nominally corresponded to a commercial computing
charge. The distribution of the computing effort between ttre various institutes wai
measured in this way, and the totals for the period are given in Table 2. For consistency

TABIJ 2

Orion-distribution of work 196*72 Qtercentage total nominal value fAA?)

Rothamsted %

Developoeot 19.5
Produdion 24.2 

43.7
Other IDstitutes

D€velopment
Production

Exp€iroeots
Systetns

Total work (!000)

9-7
22.1

3l.8
2l -2
3.3

100.0
2142.O

the cost factors were unchanged during the life of the Orion and this has produced a
total charge of f-2.142 M. Bureau costs were not stable during the whole period and the
'true' cost is probably closer to fl.3 M. This was still in exc€ss of the capital, overheads
and running costs of tle Orion service, thus demonstrating the cost eflectiveness of an
'in-house' service.

It is interesting to note in Table 2 that Rothamsted deyelopment (19.5 /J was twice
that of all other institutes (9.7 /.) whilst the non-experimental production costs were
similar. Development here includes testing jobs as well as programs and both required
the rapid turnround of work. Users at other institutes were at a disadvantage despite the
late introduction of Telex. This handicap was toted early in the Orion service and
gdicaled the prime need for direct us€r access to any future central computer facility.
This is now available on the ICL 4-70.

The Orion was almost exclusively used in statistical computing and 21.2f was taken
up wirh the analysis of replicated experiments. A total of 46 791 experiments were pro-
cessed and 357 353 variates analysed at an average of 7.6 variates per experiment. This
ratio steadily increased from 5.3 in 1964 to 8.8 in 1971. The analysil of survey data also
accounted for much of the gensral production work at Rothamsted.

The Orion, the third computer at Rothamsted, was an important step in the develop
ment of computing in the Agricultural Research Service. It Cstablished the power of the
computer for investigatory and routine statistical procedures and confirmed that a
centralised compufing service could be op€rated from Rothamsted. The major require-
ments ofthe replacement computer were identified as a consequence of the Orion operat_
ing experience. One disappointment was the failure of thi company to exploit ttre
potential of the Orion concept but it has left a mark which can 6e seen even on the
newest range of British computers.
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+70. An 85-hour two-shift week-less four hours for routine maintenance-was set

up in January. The last company release of Multijob-M750-was put into service in
February. Additional core store, drums, replaceable disc drives (RDS) and communication
buffers were added from September onwards. The system confguration at the end of the
year was as follows:

Kbytes core store
2.2 Mbytes drums
7'25 Mbytes RDS

(K:1024)

60 Kbytes/s€c magtetic tap€ drives
line printers, 2 paper tape readers, 1 card reader, I paper tape punch
I l0 character per s€cond (cps) teletype bufers
600/1200 cps video bufiers
2400 cps bufers

I JaE--3 Nov. 4 Nov.-31 Dec' Overall
3867 hours 607 hou6 4474 hours

44
2

t0
4
2

34
J
2

Pcrfornurce. The performance data is given in Table 3. Before reviewing this, a brief
account of the background of the data is necessary.

The working day is divided into three sessions:

07.30-10.00 for housekeeping and systems work
10.0G-l 8.00 for multiaccess
18.0H0.30 for large batch

Housekeeping means those esscntial services which maintain the system in good working
order. Systems work refers to work done on Multijob to correct errors, to modify or
even add extra facilifies. Multiacrtss is that mode of operation when users with teletypes

have direct access to the computer. Inrge batch is that mode of operation which maximises

the amount of core store for jobs and is made available by removing the multiaccess

facility.
1.hi lob unit is not generally equivalent to a user job. Under Multijob, user jobs-can

be barched as a single job or executed :$ a sequenc€ of sub-jobs; it is to either of these

TABLE 3

*70 Perfonnaace Qtercenlage lotal operational hours)

Total operatioDs (TO)
As percentage of CtO)
productive time

Multiaccess
t arge Batch I
Housekeeping ISyste6s )

Total

Total working days flryD)
croy(wD)
Total 'Jobs' (D

/n /6

u.3 46.046-2

44.9 ii,i) *, 45.j

UnDrcductive tiEe
Faillllts (all causes) 3 6
Routine inaintenance 4'5

Utraccourfed time 0 8

I 5 3.3
5.6 4.6
0.4 0.8

100.0 l@.0

(r)/(wD)
Produclive time/(I)-mioutes
Total system failures (SD-

all causes
Failue rime/(SFl-minutes
(sD/$D)

100.0

214- 5
18.0

98,149
459

2.ls
574

14.5
2.7

37.0
16.4

24241
655

I .39
39

13.8
l.l

251-5
17.8

1D696
488

2.00
613

14.5
2-4
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that the table refers. Information concerniDg jobs is rccorded in various system journals
and thesejournals are processed on the z[-70 to provide the summary given in Table 4.

Returning to Table 3-as well as the annual summary, ttre year is divided into two
periods in order to demonstrate the improved throughput due to the additional equipment
coupled with a more reliable system. The classification of work into housekeeping,
systems and large batch was oDly recorded for the latter months and are included here
as an indication of their relative proportions.

The lost time due to failures decreased from 3-6 to 1.5y" and this was consistent with
the marked reduction in the number of daily failures, from 2.7 to l.l. There was little
change in the lost time per incident-I4.5 minutes to 13.8 minutes. These all point to a
more reliable central system-a fact of great encouragement to users and tlle oprerations
staff. (Gledhill, Baylis, Gutbrie and Coles)

The number ofjobs per working day increased by 40ol from 459 to 655. This was
achieved with a decrease in the average daily number of working hours from 18.0 hours
(including overtime) to 16.4 hours (barely two shifts). Assuming that the characteristics
of the work load has not changed-this increase in throughput is mainly attributable to
the additional equipment. Put another way the 40[ improvement \yas a direct benefit of
a 201 ir,creasf- in the capital value of the computer.

Every incident disrupted the continuity of ttre system journals and led to an inconsis-
tency between the total time given by these journals and the external clock time. This is
shown as 'unaccounted time'in Table 3. For tie same reason the number ofjobs shown
is less than the true value.

As with the Orion, measuring ttrroughput by job count is not an accurate method and
a process analogous to the Orion costing program has been developed. For reasons
conc€rned with the design of Multijob, it is not as sensitive as the Orion version and
further work has yet to be carried out on this problem. For the present, accounting is
done in elapsed time units (ETU's) and not in'cash'units. The distribution of these costs
over the institutes from I April 1972, together with thejob unit count, is given in Table 4.

TABLE 4

Distribution of work by Institutes for the perioil 1.4.72-31.12.72 Qtercentage jobs and ETUs)

Job6 ETU/job
81s24

8.9
8.8

14.9
l8.t

48.3
15.0 9.414.3 9.54.3 16.57.1 6.72-2 8.72-l 9.0

1.3 12.7
3-2 7.4

100.0

Data derived from such tables will be uscd to assign computing service project costs
amongst the institutes. In due course it will be possible to clargacomputing igainst an
injlividual project. The ratio of ETU's/job is shown as a cnrdJindex of thJ.lot prontc
of institutes.

238

RothaDsted Experimental Station
Systelns
Computer DepartEent
Statistics D€paflme
Others

National Vegetable Research Staaion
Natiorul Institule of Agricullural Engin€eriry
Grasslatrd Res€arch IDslitute
East Malliqg Research Station
Glasshouse Crop6 Research Institute
Lctcombe l,aboratory
National lnstirurc for Resqrch in Dairying
NatioDal lnsritute for Agricultural Bor;y
Oters (< I %)

10.8
I l.t
25.8
6.2

ETUs
866485

53.9
13.3
12.7
6.6
4.5
1.8
1.8
t.6
I.5
2.3

100 0

130
t3.4
18.3
3.6
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Returning to Table 3 although the indications are favourable, the true performance'

*'""p".i-*&A- ty G i"oi"iari"t user, is less satisfactory' For example' most of the

6ifu.Iio"ia"ott ttok place during the multiaccess session, a time of great inconveniencc

;;;;;;ilrh. 
"p"raiors. 

It is e-ntirely a matter of chanc-e wtether a user could restart

;t.;;k ;G fiint of system failure or must make a fresh starr. Another vexatious

,"rr"" 
"-f 

tr..tf"' *as the imall margin of disc storage available for temporary working

.".*. rro" system failures or even 
-users' 

mistakes caused files or eYen jobs to be lost.

ililal* Li itli ttrJ are not adequately recorded in thejournats and it is impractical at

;h;;A to attempt to reconcile ihese events with a view recovering a true measure of

,."r rufiif*tioo. Indeed the selection and presentation of dalS.suitable for maoagement

il ;;;ii;;;"tilses is still being investigited' (Rees, Gledhitl and Gardner)

Time division nwhiplexiag, Initially teletypes coutd only be. connected to the 4-70

"iti"i 
tnt"rln tn" ooi-ut d'iat-.rp te*ice or bv private circuits As the demand for more

;;il;; il; at ihe institutes ii was shown 
-to 

be more effective to hire a single high

"*"i'odfirc "i."rit 
and to use suitable equipment to pack (and unpack) the independert

iiii"'iirl. 
-r. 

r... .uiLtt" for t u".-lssion down the iingle high speed circuit. This is the

i#"liliri..'rirr,ipiexing trovrl technique and equipment has now been installed at

id;.;;G;bi;'R"r"ui"i, st ti oo fo, four teletypes; National Institute ofAgricultural

;;;;r;?;i"ur ieletypes; Grassland Research Institute for three teletvpes and. East

rr,r-iii"g [i*r"l st"tion ior two teletypes, and brings to 34 the total number of simul-

;;"; ;"ilryp";"nnections to tue 't-zb. Ttre TDM technique will, in due course' also

;;; f;;A;"i;such as fast serial printers, video display units, to be used at the

institutes. (Martin and Moore)

lob rcception. Although much work is handled through the com-rnunication network

a sisnifica;t share of thJ input comes to the Department directty as cards or palrr
}[il il;;;ilter ouiput ias also to be distribuied to users' About 100 items of work

*!-u"raf"oi, [nit *ay daily-tkee-quarters from Rothamsted: a-[l the lioe prioter output

il;; b" ;;;, p""k;ged and postai. fostal costs are roughly 50 /. up on last vear despite

u -.i" *"fof ,.-tini of opti-rm parcel weights. An investigation into the first-class

;&;-;; failedio co'nfirm thi Post office's target figures' It also revealed the

"r.aiy tt"t some institutes were botter served by the late afternoon collection rather

than by the noon collection.

Progrutmi4

There is a wide range of programming activities within the Department' They include

;;;k ;; ;yG;t, ofititi.t, ,"liotin" an--d application packages, sponsored requests and

telecommunications'

Svstems, Since the introduction of M750 the software operations environment has

[!"or* mo." st"Ut" and has given the systems Programmers confldence to investigate

;i;"dld th; Mnijob opera'ting svst"-' n"gr"tf,uy, tbere. is stilt a paucity of reliable

fr{ufiiot do"u-.otudon uod p.o!r"ss is all the- slower for this' .Some 
of these changes

ufoitn" ,."*' view of the syste-m and must therefore be carried forward into future

,..l;* Li*ni"n three have 6een forecast by rhe company. These are M800--due in

ep.if iSZl; M900__due earg in 1974 and M1000--due in the third quarter of 1974.
-lrt'ore 

fuoau-eotut changes tt Multijob are being examined and specifications drafted

*iin G-U- of providin-g better faciiities for the users. Technical details of all changes

"r" 
poti.n"a io iudous d-'epartmental documents and w l not be rcpeated in this Report'

(G6dhill, Guthrie, Sharma, Tan and Thomson) 
z3g
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utilities' These are programs of generar varue and are used either alone or as parts ofa larger user program. Some of theie p.ogru., 
"." "r"ut"d 

by iepartmentat stafi_others
are taken from outside sourcrs and madelo work under Mritiio[-aff tn"." p.os.u-" 

"*velified before the user documetrtation is released. So-e ;;;;i"s of utiti:ties'are; tne
111*ilY_"^r^*"",11"kig" -f:l 

sortins_and merging files *tich is'.n essential facility for
lJ1aT^ig.lir-g:. 

hres. (Beasley and.Christine Shelley) However, the ICL p.ogrui foirne marnrenance of magnetic taDe files had timited facilities so a niw set of proC;ams forhandling such files more effectively 
.and .convenieni-ly il b""; prepared. (Clarke)The Fortran Plotting package was released tnis year 6lhomsinj-but further work hasbeen done to make this more accessible to Fort uo lrO ESfr,i'p'tCorti"ro* Syrt"i

[la^r]lfg Program) users. (Beastey, Bickne , Chdstine ahellt;rj rnom.oo; 
,Co.-

prenenslve routioes fbr producing.graphical output on teletypes and tine priniers werealso produced. (yates and Wooaiord; e program i, ;;;]ffiL 
"" 

an aid to Fortranprogrammers interested in improving the effiiieniy of their frograms. (Clarke)

::j:*S.: :y:lpllgtion programs. Work on the scientific program library continues
Dur wlrn greater re[anc€ on outside sources than had been ixpected. fhe universitiis
h.ave .ryt up-a project for oeating 1 library of proven *i-tii6 .outio", urirg t ostJalgorithms. Rothamsted intends to benefit irom ihis 

"oo 
rnirr-"oiruio.ute with othen insetting-up this library ia Multijob. (Beasley)

Work on application packages contiDuei 
-and 

the main lines of interest are brieflyreviewed here-

CSM. i. This package has been available to users since 1971. Not enough attention
y":.pdd 19 S"_gryrarional aspects of this first version, and there was some user dissatis-
racuon wlth rt. I tus was due to the clumsy internal organisation of the program, a directconsequene.of Muldob. There has been a major review of CSMp leadingi" 6il.1_i
o-perational improvements which are cunentl! under test. @icknell) in aaAi.ion tothis, new features have been added incruding tLe dispruy or r"suits oo ite plotter as welr
f.9"-.r:]Tlig"- of output for.printing on 

-telerypei. 'fBi.k""U) 
There is widesprcad

IY":l ,r,qr techmque and atready a number of models bave been simulated ranging
trom the behaviour of parasites to the mechanical stability of farm equipment. ihl
departm^ent has been able to provide advice and assistance in."itirg rp tlar" p.ogru-.
under CSMP. (J.ag.k-sol) 

.This is not the only way of studying motets; anO m'ore?ork
ls,requred to.e.stablish the importance of this techdque to agriiultural research workers.rne responslDllrty 9t 

tlis department is to provide the progammiDg tools and the
opportuDltles tor usiog them-the justification of the method rests witb ihe users.

SYMAP. The interface with GENSTAT was completed and is in operational use.
This allows users to display data in a map format. (Ciarke)

-Fitcor and Fitqaat. The interface with the General Survey program (GSp was com_pleted and is in use. This allows the .fitting 
constants, t""holqo" io Ue appfied to aata

derived from surveys. (Clarke)

LP4ry: This, rather large, ICL general linear programoing package is still undertest. (Clarke)

DESCAL. An on-line ICL catculator facility was tested and found to contain severalerors-some catastrophic in their consequences. These have been corrected and
documentation has been circulated. @easley and Beryl Hersom) 

-

2N
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B,{SIC. This is a general purpose programrning language-somewhat easier to use

than Fortran for smajl problems. There are many good manuals and tutorial books

available. Documentation has been prepared and circulated. (Beasley, Christine

L€ssells and Beryl Hersom)

GSP. Part One of the General Survey Program is completed and has been used

successfully on a number of Surveys including:

Soil Survey data for the Survey of Fertiliser Practice (SFP) 1969, 1970 atr,d 1972

Cereal Foiiar Disease Survey and a Pesticide Survey (MAFF)
Survey on Wild Oats and Blackgrass (WRO)
Other institutes are using GSP under their own auspices.

Good progress is being made with Part Two including a dryft Usen' Guide, as well as

linkiog Pirts One and Two. (Yates, Christine I-essells and WoodforQ

Sponmreil programs, The department does not provide a service for individual problems.

Ifwitt assist in setting up programs of general value and will offer detailed progxamming

effort for work which has a significant system element in it.
As an example, and at the request of the Field Experinents Section-a program to

produce the randomised layout of field experiments plots, which had been written by
iI. D. Putt"rso, (ARC Unit of Statistics, Edinburgh) for an IBM 1130, was translatod

to run on the 4-70. (Gardner)
Other examples were:

The input and editing of paper tape records for the Cereal Foliar Disease Survey.
(Sharma)

The input, editing and organisation of data logged tapes, from the Physics

Department (Beryl Hersom)
fhe preparation and maintenanc€ of Mass Sp€ctral records for FRI. (Clarke)
Text translation program for Soil Survey. (Christine I-essells)

The routine analysis of output tapes from automatic amino acid analysers.
(Bicknell)

New programming hnguges. FORTRAN is the staple programming language on the
,l-70. Its virtues to users are that it is widely available with a good supply of tutorial
manuals and reasonable access to training courses. However, because it appeared early
in the history of computing it lacks many features which are now recognised as desirable
for the wider range of programming problems now being encountered. For example it is
not an easy language to use where interactive computing is required. BASIC is a more
conyenient language for the less experienced user with simple problems. FORTRAN is
not suitable for desk calculator type computation; DESCAL, with all its limitations, is
morc appropriate. However, looking ahead, the need for new programming facilities is
recognised and a number of new languages are being assessed; any Dew language must
have a welHefined interface with FORTRAN and this may eventually limit the choice.

@icknell and Clarke)

Telecommrmlcations. Program modiflcations have been made to the EAL DCT 132

terminal linked to the Edinburgh Regional Computing Centre (ERCC). These include
an error counting routine for the Post Office Dial-Up 2,100 band experiment, Paper tape
reading routines and routines for handling a teletype inPut. These are preliminary
preparations for the future use of this equipment as a high speed terminal on the tt-70.
(Moore)
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Commrmicetions

Deyelop_ments this year include the installation of atr auto answering set for the dial-up,r"f i q: commissioning of the time division multiplexing equipmint, the evaluation',
on be-harf of the post office, of the prototype Dial-u; 24d ba;d'Datel service and thespocifcation and assessmeot of equipmenifor the froit end p.*io, project. lMartinand Moore)

Otter Service

1112S.. - 
There are two types of service offered by the Department_those dealing with

LolIll]'tt 1n{, 
Aeetjgliol programming probl".. tcrlir",i".yl Hersom. JaJkson,

Uturstrne Lessells and Cbristine Shelley, Thomson and Woodford)_the others with
operational and systems queries. (Gledhifl, Baytis, Coles and Gardner)

Cotnses. There were eight two-day courses on the advanced uses of Multijob held at
outside institutes arrd two twoday introductory courses at Rotha-"ted. More than 150
people attended all courses. (Gledhill, Coles, Clark and Christine Shelley)

Prnchfog. About 950 m0 cards were handled and there was a noticeable increase in the
amount.of pape' tape work. An investigation was made into first+lass postal services
which did not confirm the P.O.'s claims. (Fearne)

Publications. Four Newsletten and 90 technical documents were prepared and
circulated to users. @earne and Cora Cottrell)

U-ser groups, The main user group met twice during the year. professor C. pearcr

!ry].M"tXoF Research Station) is Irow chairman of this group. Three working parties
have been set up on specialised topics.

St!ff

]:.L, PuT9u, S. F. Chilton, S. S. _Dhir, B. R. Dodia, R. p. Hickling, R. J. Higgins,
Virginia Kemp, H. Taylor, Patsy.Withers were appointed. A. p. Gardner joinJthi
de-partment as a one-year sandwich coune student rcplacing Monica Raidan. The
f-ollJyo_e staf resigned: Awit B€ckett, Carole Belcher, ianidneoding, D. Cockburn,
S;J..9.olo: Y:.D, 9ox, Karen HopEns, C. H. Hurford, ceraldine Impel, Maisie Sheed,
Christine Smith, M. D. Sutton, D. Teather and D. J. Wilson.
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FIELD EXPERIMENTS SECTION G. V. DYKE

Fiekl Plots Committee

The field experiments at Rothamsted, Woburn and Saxmundham are controlled by the
Field Plots Committee: G. W. Cooke (Chairman), G. V. Dyke (Secretary), J. McEwen
(Deputy Secretary), J. M. Hirst, A. E. Johnston, F. G. W. Jones, J. R. Moffatt, R.
Moffitt, J. A. Nelder and C. P. Whittingham.

F. C. Bawden, who died in February 19'12, had servd on the Committee since 1954.

He was the first Chairman ofthe Working Party for Pathology Experiments but remained
an ordinary member of the main Committee.

FuU scale plots (yields takqt):
C las sica I e xpe ri nvnls :

RothaEstcd
Saxmutrdhae

Long-period rotalion expetirrv tls :
Rothaosted
Wobum

Oop-tequence expetirrEntt :
Rothamst€d
wobum
SaxDundham

Atu ol e4teinAn s:
Rotbamsted
wobum
Sarmudh8m

Totah:
Rothamst€d
wobum
Saxmuadbam

Total

Full scale plots (oo yields taker):
Rothastrd
Wobum

Microplots:
Rothabsted
wobu.n
Saxmutrdham

TABLE I
Nwnber of plors ir, 1972

Gratu Root! Eay Totd

1t

t022
443
r36

1058
168
48

3370
8D
184

4383

tu4
986
136

1636
,100
il8

16t
80

r048
134

2m
80

76
32

104!

l
200
484

118
t:

578

772
2r8

911 388 ,168!)

1239 52 2tbg) 2g
2t70 5b 7o,3

s63m
t4l7
4E
2n

Total 975

Table I shows the number of plots on the three farms; the total is about 500 less than
in 1971. Plots in cropsequence experiments continued to increase in number but there
were less in annual experiments; this reflects our increasing concern with residual effects,
whether of applied chemicals or of contrasted cropping. In 1972 there were more plots
ofroot crops at Woburn than at Rothamsted. The number ofmicroplots, which fluctuates
relatively more than the number of full-scale plots, was about 2000 in contrast to the
31m in 1971.
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The Committee held six formal meelings during the year and its main working parties
a total of njne meetings; also many informal meetings ind tours of experiments. 

-Most of
these meetings involved livery discussion between memben of ditrer6nt departments.

PxpenSeild desigtrs by compder. A program written by Mr. H. D. patterson and Mrs.
J. A. Tolmie (ARC Unit of Statistici, Edinburgh), now running on the Rothamsted
:ompy$, prints all designs for our experiments. This prograri Aesigns simpie ;d
factorial experiments (with confounding or fractionat replicatio'n) laid oui in randomised
blocks, I-atin or r^attice Squares and 'reitriction' ofrandomisatiins is an option availabre
rn certah types of desipn.

_ 
The output can be varied to suit individual requirements; treatment names can be

short and symbolio (NlPrKl', etc) or ronger and seifevident (names ofnot more than 16
alphabetic or other characters).

The boundaries of plots, etc., are indicated by lines of nunerical characters, different
ones being used for boundaries of sub.plots, w6ole-plots, blocks, etc.

_ This progr-aqr is markedly better than the Orion piogram used previously (.Roriarnsred
Report for 1969, Part I, 28D.

Yigitors" The total number of visitors to the station during 1972 (but excluding the
many individuals who visited individual members of the stah) was about S0OO, L in
recent years. Of these about 500 

_came- 
from overseas, including 13 organised groups.

visits by overseas groups, especially of university or technical siudents-have inireasea
lately and we expoct a continued increase now that Britain is a member of the EEC. More
groups come outside the summer season now and we increasingly need a well-equipped
lecture theatre to allow appropriate lectures and demonstratiins. We begin to nLA
demonstrators reasonably fluent itr the languages of Westera Europe.

Small-plot experiments

The Section undertook rll agricultural operations on 26 experiments, involving 1022 plots,
and some operations on 20 others.

A Claas 'Compact 20' combine harvester was bought just before harvest. Grain from
small plots of cereals is intercepted before it reaches ihe'elevator and is delivered into a
plastic tray which is readily removed and emptied into a sack. The cutting width is !.72 m,
which suits plots sown with the 'Fiona' ddll.

The combine seems to work well on wheat aDd barley but at present is not suitable for
small plots of beans as grain accumulates on the table.

We believe that wheelmarks made during spraying should not, in general, fall within
the sown area of plots, espocially if much sampling of the crop is p-lanned. The small
sprayer, working from narrow side-paths, achieves this in most oiour cereal experiments;
we are now planning to modify some potato experiments by leaving paths equivalent to
one row in width (70 cn) at suitable intervals. (Wilson, TurneI a;d McKe;zie)

Arnual sunmrry of lekls fron staldant exFrim€nts at Rothrmsted and Wobun
Whter wteat On Broadbalk lelds of wheat, variety Cappelle, after beans and after
fallow were mostly 0.5-l tonne/ha better than in l97l aod -oie than I tonne better
1lj1l in 1970 (Table 2). Continuous wheat since 1952, by contrast, lelded a little less in
1972 than in 1971. In 1972 FYM alone again gave mori wheat than did fertilisers; after
beans FYM gave our first Broadbalk yield of 8 tomes/ha (64 cwtltqe)..Nitro-Ch;lk, at
96 kg N/ha gave more wheat than heavier applications atihough tnere was no lodging.
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TABLE 2

Brodbalk Wheat; yields of crops fiom selected treatmenls

Grain, toDnes/ha

1912 t97t 1970

Treatment (a)

None 3'4
N2 5.8
PKNaMg 4'2
NIPKNaMg 6'2
N2PKNaMg 6 6
N3PKNaMg 6'5
N4PKNaMg 6'0
N2P 6.6
D 8.0
DN2 6.9
R 6'2
Mestr of all plots 5'3

(b) (c) (a) (b) (c)

3.1 1.6 2.5 3.1 2-l
3.6 3.2 5.4 4.1 3.3
4.O 2.1 2-6 3.8 2.5
s.6 4.7 4.9 4.7 4-5
6.4 5.3 6.4 5.1 6.0
5.6 5.0 6.0 5.3 s.7
6.0 5.1 6.0 5.4 5.3
s.2 4.r 5.1 3.0 4-2
7.6 6.3 6.9 7-3 6.5
6.9 3.8 4-9. 6.1 4-9.
7.O 4.6 5.7 5.2 4-6
5.7 4.6 5.5 5.0 4-9

(a)

2.3
4.4
2.5
4.6
5.3
4.9
5.1
4.5
5.9
5.6
4.9
5.0

(b) (c)
3.0 2.1
4.3 1.9
4.0 2.6
4.5 4.1
4.6 5.1
4.8 5.8
4-6 5.5
3.8 3.6
6.3 5.3
5.8 4.5
4'6 3.6
4.6 4.3

(a) Wheaa after potatoes, beans
(b) Filst whe8t after fa[ow
(c) Cotrtitruou! wheat sioce 1952

Symbols: Nl, N2, N3, N4 - 'Niro-Chalk' at 48,96, 144,192 kg N/ta' P : superphosphate unually, al 73 kg PrOs/ha
K .. Sulphate of potsh aonually, at Il0 kg IGO/ha
Na : Sulphare of soda aonually, at 16 kg N4ha
Mc - sulDhate of Dacnesia amually, at I I kg Mgha
D- . Famyard E truI€ antru8lly, at 35 tonn€s/ha
R : Castor m.al aoDually, al 96 kg N/ba

tBadly lodged

On the Rothamsted I*y-Arable wheat did not appear in 1972 as second test-crop
(first cereal) after the treatment crops; we have yields of wheat as third to sixth cereal
but all these crops suffered the eflects of take-all to various degrees. Such yields seem
less relevant to the present suD.mary and are omitted.

Joss Cambier was grown on many exFriments in 1972 but, for the first time on our
farm, it suffered moderate to severe attacks of yellow rust (P/ccmia striifurmis). Some of
the yields of this variety discussed below were undoubtedly decreased by rust though we
have no measure of the effect.

On the plots of the former Intensive Spring Barley experiment, for example, yields were
less than in l97l (tholgh betler than in l97G-Table 3).

TASIE 3

Winler Vheat after Intensive Spring Ba ey experiment

Wheat (Jo6s C€ebie.), grai& toD.o€s/ha
(Contitruous whcat siace 1961, spring-so*tr 196l-68)

1972 1971 1970
126 ks NAa 125 kg N/ha 126 kg NAa

4.8 6.0 4.0

Basal dressing: 35 kg PrOs, 70 kg KgO ltr (1972,l97l)
157 kg PrOr, 314 kg K:O,tu (1970)

Cappelle (which did not suffer appreciably from rust) on the CultivationflileedkiUer
Rotation experiment yielded about I tonne more per hectare than in 1970 (Table 4);
spring wheat was grown in 1971 and yielded relatively poorly.
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TABLE 4

Cultivation-Weedkiller Rotat ion experiment

Wheat (Cappelle), glsin, tonn€s/ha

Ploughed
Rotary cultivated
Tioe cultivated

7.1 4-2.
6.6 4.2.
6.4 4.0.

t970
5.6
5.5
5-7

Basal dressiog: ?I !.S .,!, qg fC &9., qg kc I!,O ar sowins, plus 79 ks N/ha in spring (1972)
90 kg N, 38 kg PrOs, 38 ks KrOi ba (1971)
19 kg N,47 kg PrO5, 38 kg K2O at sowing, plns 79 kg N/tla in spring 0970)

' Spdng wh.ot (Kolibri)

At Woburn, Cappelle grown on the Intensive Cereals experiment gave maximum
yields of 3.8 tonnes/ha in rotation, 2.6 in continuous wheat (Table 5). These yields are
1.2 tonnes less than in 1971, and roughly equal to those of 1970.

Winter wheat was grown on the Woburn ky-Arable experiment in 1972 as s€cond
test-crop; wheat was grown as a treatment-crop in the early years of the experiment but
was replaced by rye. The yields ofthe 1972 vthe€it (Table 6) suggest that three-year leys

TABLE 5

Wobum Intensive Cereab experiment

Whot (Csppele), erain, tonDes/ha

1972
kc Niha

61 126
(i) 2.r 3.6(ii) r.2 2-r

188 251
3.4 3.8
2.6 I .8

l97t 1910
Maxitrlum Maximum
yield ()O yield (I0
5.0 088) 3.2 (r88)
3.8 (188) 2.6 088)

(i) After ley, potatocs
(i) Cootitruous wh€al siE 1966

Basal drcssing: 126 kg PrOs, 251 fs KtOAs

TAELE 6

Wobun ley-Arab le e x perimen t
Wbcst 1972, second text.crop (Ceppelle), groin, toDn6/ha

Prcvious
cropping
L (P)
L (A)
s (P)
s (A)
AH (P)
AH (A)
AR (P)
AR (A)

Symbols: L :3-yearley
s : 3-year sainfoin
AH : Fotatoes, ryer hay
AR : potatoes, ryc, carots
(P) : rotatioo permaueot
(A) : rotatioos in rotation; symbol indicat€s last rotatioo

Basal drcssing: 58 kg PrOr, 58 kg K.oAa

3.6 5.1 4.8 3.8 4.33.0 5.2 5.0 4.0 4.33.7 5.4 5.3 4.r 4.62.A 4-9 5.0 4.0 4.11.8 4.2 5.0 1-7 3.92-6 5-3 1-7 4.3 4-22.2 4.7 4.8 4.7 4.13.0 5.5 5.0 4.4 4.5
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of grass or sainfoin do not cause large increases in the maximum yield ofwheat grown in
thJsecond season after the leys are ploughed. Even the extreme treatment on which an

arable system has been followed without any leys (three-year or one-year) since 1938

(AR(P) in the tabl{ gave a maximum yield only 0'3-0'6 tonne/ha less than the systems

in which three-year leys have been grown every five years since 1938 (L(P), S(P) in the

table). The amount of N required for maximum yield was 63 kg or a little more exc€pt

after AH(P) where 126 kg N gave appreciably more than 63 kg.
A curioui feature of the yields is that the effect of leys grown in the Preceding cycle

(i.e, in 1963-6) was larger than that ofleys in tie cunent cycle (i.e. in 1968-70) (Iable 7).

The residual efect of chloropicrin and aldicarb applied to potatoes in l97l varied little
betwern cropping systems, but decreased with increas€d N (Table 8).

TABLE 7

W obur n lty-Arable e xp er imen t

Whert 1972, grain, tonnes/ha

Croppiog
l 3-65
L,S
AH, AR
Difference

CroppinS
1968-70

L,S
AH, AR
Difference

Mean of maximum
yields
1972

5.3
5'0
0.3

5.2
5.2
0.0

Symbols: L - 3-yearley
S : 3-ye-ar sainfoio
AH : f,otato€q rye, hay
AR : !,otalo€, rye, carrots

Ba-s8l drtssing: 58 kg P!O5, 58 kg K!O/h!

TABLE 8

Wobu r n l*y-Arab le exper imen t
Wheat 1972, grain, tomes/ha

O 63 125 189 Mean

L- S O 2'8 4'8 it'8 3'8 'l'0' F 3.8 5.4 5.2 4.1 4.6
Dr'frercnce +l'0 +0'6 +0'4 +O'3 +0'6
AIr- AR O 2.O 4-4 4.9' F 2.9 5.3 4.9
DifrerEdce +0'9 +0'9 0'0

SyEbols: L :3-yearley' s :3-yearsainfoin
AH : potato€s, rye, hsy

4.7 4.0
4.4 4.4

-0.3 +0.4

AR : Dotatoes, rye, Carrots
O. F : nonq chlotopicrin and aldicarb to potatoes l97l

Basd dressinS: 58 kg P:Os, 58 kg K:O/lu

N kg/ha

247

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-127 pp 15

ROTHAMSTED REPORT FOR 1972, PART I

- ^fo 
sug_gq1 v-erf few experiments allow comparison of yields of wheat btween 1972,

1971 and 1970 in trormal farm rotations; the incidence of yellow rust on Joss Cambiei
obscures other seasonal effects on this variety. What evidence we have suggests that
Cappelle wheat at Rothamsted in 1972 yielded 0.t-I.0 tonnes/ha morc than in l97l
but at Wobum rather less than in 1971.

IIl"y: J-uliu barley was grown again on the Hoos Classical Barley experiment but in
1972, in this and other exlrriments discussed below, for ttre first time we used seed
dressedsith ethirimol as a protection against mildew (Erysiphe grominb). This seemed

Lo be effective on all experiments and perhaps for this reason ,eipoo.es to N on Hoos
Barley were betier than in l97l or t970 (both with and without'pKNaMg); the yield
14.P{I{e and 1rl4 kg N, 6'5 tonnes/ha, was the besr ever recorded oi-it es" ptot,
(table 9). Els€where on the experiment, on the smaller sub.plots introduced in i96g,

Tr€atD€ot
Nole
NI
N2
N3
PKNaMg
NIPKNaMg
N2PKNaMg
N3PKNaMS
D
DN2

Effecl of Si:
Without P
with P

Symbols: Nl, N2, N3 : .Nirro-Chatf at 48. 96. t,l4 kc N/haP : Supe_rphosphate annualty, at 73 k! pro6/haK : Sulphate of potash anoualy, at fio kg Kro/haNa = lulphate of soda annualy,'at 15 kg N;d/hi
ry{s : Sulphale of magrcsia annually, at ll ki Mg/haSi . Siticare of soda annua y, at 44A kglta- -
D - Farmrad roaaure annualy, at 35'ibnnes/ha

.Badly todepd

yields with lzl4 k N and residues of castor meal were 6.!7.2 tonnes/ha. Barley after
potatoes/beans yielded nore than barley after barley by 1.3 tonnes where no 

-N 
was

giv€n, but where 96_01 144 kg N was applied the difference was only 0.3-O.4 tonne/ha.
_.On the I-ey-Arable, Julia barley gave greatn maximum yield's than in l97i; the

diflerence varied from 0.4-1.0 tonne/ha on each field (fable'IO). On Highfield (after
old grass) 50_or 88 kg N gave the greatest yields, on Fosters lold arable) i8 or li6 kg
was needed. Yields on Fosters were again better than on Highffeld, in contrast to 1970:
On the t*y-Arable, as on Hoos Barley, 1972 gave the best barley yields ever recorded.

- On the Residual Phosphate Rotation experiment in Sawyers I Jufia gave yields about
half a tonne better than in 1971, about 2 tonnes more than in 1970; ii Great Field Iv,
where some grain was taken by birds, the difference was smaller 6a6le I l).

On the Cultivafion-Weedkiller Rotation experirnent Julia yielded about I tonneAa
rnore than in 1971, 2 tonnes more than in 1970 (fable l2).
28

TABIT 9

Hoos Badey experiment

Yblds of sel€cted &rstmcnts (sod efccts of SD Batrky (Jutio), graiD, roon6/h6

1912 1971 1970

1.9 1.6 1.03.t 2.3 2.O3.6 2-7 2-l4-l 2.1 2.3I 6 z.o 1.54.0 3.8 3.05-7 5.9 4-16.5 5.9 5.26.1 5.0 4.46.2. 4.8. 5.7

+l.l +1.7 +r.20.0 +0.9 +o.2

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-127 pp 16

Previous r_- -........_
cropping

5.5e 7.0e 7.2' 7.09 6.8e(t2o

Svmbols: Lu : luceme' l-E: clover-grass ley
Ln : all-grass ley
Ah: arable with hay

Ba.sal dresshg: 38 kg PzOs, 76 kg KrO/ha

TABI,E 1I

Residual Phosphate Rotation expedmen s

Pzo6 (kg/ha) as superyhosphate

Nooe
376 in 1960
63 annually

B&sal &€ssing: 100 kg N, 63 kg KO/ba

TABLE 12

Cult ivatiot-Veedkillet Roration experiment

Ba ey (Julia), gr.in toonesnlo

1972 1971 1970

Plousihad 69 60 50
Rotarv cultivaled 6 8 5'8 4'6
Tine ct tivated 5.8 5.8 4'6

Basal &6sin8: 94 kg N, 38 kg PtOs, 38 kg Kro/ba

On the Woburn Intensive Cereals experiment, yiel& of barley werc better than in
1971 (Iable l3), barley in rotation by 1'2 tonnes/ha, continuous barlcy by 0'8 tonn€s;
yields in 1970 were rather less than in 1971.

Clearly 1972 was a good season for spring barley at Rothamsted and Wobum provided
that mildew was held in check. Yields were exceptionally heavy, exceeding those of l97l
by I tonnefta and those of 1970 by 1-2 tonnes. On other experiments not included in
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TA.D[,E 10

Rotharnsted l*y-Arable experiment

Bsrley (Julia), Sroit!, toon€s/ha

1972
kc Ni ha t97t 1970

Marimum Marimum
yield (N) yield (N)

(88)
(88)

Lu
L.
Ltr
Ah
RcI
RnJ

Lu
l-c,
Ln
Ah
Rcl
RnJ

050

5.t 6.75.4 7.4
5.6 7.2
4.4 6.6

88 126

HE$uA
7 .t 7.O
7-l 6-3
7 -2 6.E
1.O 6.9

7.4 7.6
7.6 7.5
7.6 1.1
7.4 7.4

6.3
6.4
6.8
6.4
66e

7.3
6.8

(50)5.80 7.2e 6.7' 6.30

Fotters
5.0 6.8
6.0 7.2
s.8 7.0
4.6 6.5

t 3rd crop after grass:
followed polato€s, wheat

9 9th croD after rEss;
croppiog as Ah meatrwhile

Barley (Julia), graiD, totrIres/Ia

SawyeB I GrBt Field W

t97t 1970

3.6 3.0
3.1 4.0
4.6 4.8

5.5
5.6
6.2

rvtz t97t 1910 1972

4.9 3.0 4.3
5.2 1.5 4.3
5.8 4.0 4.4

6.r (126)
6 0 (s0)
s.9 (88)
6.0 (r2o
6.7s (88)
6.5' (88)

s.r (88)
4.8 (88)
4.7 (88)
4.8 (r26)
4.8r (50)
s.0{l20

6.6 (126)
6.6 (126)

R : res€eded Srass
c : PK but no N aDDlied (as k)
tr : PK and N applied (&s LD)
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TADLE 13

Woburn Intensive Cereals experiment

Badey (Julia), graia, toDnes/ha
1972

k8 N/ha t97 t
Maximum
yield (N)150

6.0
5.4

50
(i) 3'8
(ii) l-9

ExperiEe
Broodbalk (i)

Hoos Ba.ley (i)

Treatnent
Nolle
N2
N2P
PKNaMg
D
None
P

1970
Maximuo
yield (N)
4.1 (t$)
4.1(2m)

1970

0.5
o.2
0.8
0.8
1.8

r.r
o.7
0.9
1.4

100

5.4
4.5

,.00
5.8
5.2

4.8 (200)
4.6 (2m)

C0 After ley, potato€s
(ii) CoDritruous badey since 1966

Basal &asing: 126 kg prOE, 251 kg Kro/ha

this summary yields of barley ranged to 8.6 tonnes/ha (68.8 cwt/acre), the geatest we
have eler harvested. Any suggestion that yields of barley tave ceasea to iicrease (or
started to decrease) in spite of improvemenls in varieties and husbandry can be refuted;
at least on our two Farms research correctly applied is still able to increasc barley yields.

TABLE 14

Yields of beots (Maris BeaQ lrom selected treatments of the Classical experiments

KNaMg
PKNaMg
None (R)
P (R)
KNaMg (R)
PKNaMs (R)

1912

2-5
2-8
1.2
3.6
3-6
2-4

3.2
2-9
3.1
4.0
3.1
3-5
3.1
3.6
3.7
3.6

t97 t
2.O
1.5
0.5
2.7
2.6

1.8
t.4
1.1
2.4

Bamfield (i) None
P
PNaMg
PKNaMg
D
DPK

(ir) None
P
pNaMg
PKNaMg
D
DPK

(i) No stunazine. (ii) Wirh simazine

1.3 0.4
1.8 0.5
l6 0.51.6 0.41.2 0.1
1.3 1.2

3.0 0.3 0.13.3 0.4 0.23.4 0.3 0.23.0 0.4 0.32.7 1.6 1.03.5 0.7 0.7

Symbols: N2 : 'Nitro-Chalk' at 96 kg N/lE
P : Supe.phosphate annually, at 73 ks PlOs/haK : Sulphate of potash atrnually, at ll0 kg KeO/ha

(Broadbalk aad Hoos Barley), 275 kg KrO/ha (Bamfeld)
Na - Sulphate of soda antrually, al 16 ks Na/ha

(Broadbalk and Hoo6 Bartey); agriculdnl salt
aunually, at 88 kg Na/ha (Bamfiald)

Mg : Sulphate of maercsia atrnually, at I I kg Mg/ha
D. - Farmyard manur€ aDrlually, Ct 35 tonDes/ha
(R) : Residues of castor meal tast applied 1967

Grain, totroes,4E
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Beax. Spring beans (Maris Bead) on the Classical experiments- (fable 14) yielded much

-ore gruii th; in 1971 or 1970; on some plots we harvested t€n times the wretched

".op. 
if l97t and 1970. Best yields in 1972 were 3'G4'0 tonnes/ha, not quite equal -to

ihoi. t"" ,o"." able to achieve a few years ago. Although few plants were infected with
viruses (see p- 142) many were infested with stem eelworm (see p. 16) and this protably

"uu."d,o-e 
lo.r on moit ofthe experiments here discussed. Note that P applied without

K on Broadbalk and the Hoos Barley experiment decreased yields, probably because more

K has been removed by crops grown in ihe past with P than without' On Barnfleld, where

ihe depletion of soil I( is lesJcomplete, P slightly increasgd yields. Simazine did much

less hirm to beans on the fertiliser plots of Barnfield than in re€ent years'

On the Cultivation-Weedkiller Rotation too, bean yields in 1972 were much better

than in 1971 or 1970 Cfable lr.
TABLE 15

Cultivation-lfeedkiller Rotation experimenl

B6ns (Mads Bead), graid, toonesAa

Ploughed
Rotary culrilzted
Tine cultivated

Basal drcssitrg: 56 kg PeOr, 113 kg KrO/ha

Results of our experiments in 1972 suggest that, provided a means can be found of
controlling the viro.- diseu."t that have been widespread in recrnt years, yields of beans

rnfi ugui""be *hieved that will make the crop successful in itself and not merely a break

crop reluctantly accePtcd by cercal growers.

Potrto€s. On Broadbalk yields of potatoes (Table t6) generally conformed to the

pattern set in 1970, being 2-3 tonnes/ha less excspt on the plot recciving FYM and

TABLE 15

Yields of potatoes (King Edwa ) from selected treatments on the Classical experiments

1972 l97l 1910

3.5 2.2 1.0
3.0 2.O 0'5
3.1 I .9 0.6

Toral tub€rs, tonn€s/lla

TreatD€ot 1912 l97l 1970Experiment
Broadb6lk

Date of planting

Hoos Barley'

Date of planting

None
N4
PKNaMg
N8PKNaMg
D
DN4

7.8 12.6
9.2 r0.5
9.6 l9.l
4s.6 41.8
36.2 43 8
49.4 49.1

3 April 30 April

10.8
8.1

16.2
38.8
40.2
41.4

l9 Apdl

N6 19.1 18.8 l9'l
N6PKNaMs 36'9 36'6 31'6

19 April 2 April 30 April

Svmbots: N4. N6. N8 'Nitro-Chalk'at 96, l'14, 192 kg N/ha- P - SuoerDhosDhate annually, at 7.1 kg PrOs/ta
K : Suiphite oi potash anouallv, at I t0 kg KrO/ha
Na - Sulbhate of aoda annualv' at 16 kg Na/ha
Mc - sulbhate of magnesia annuatly, at I I kg M8/hr
D- : Faroyard manure at 35 totrnes/ha

'All with r€sidu€s of castor meal, htt applied 1967

25t

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-127 pp 19

ROTHAMSTED REPORT FOR 1972, PART I

96 kg N as 'Nitro-Chalk' wherc the 1972 yield was 8 tonnes less than the 1970 y ield;inl9l2
the additioo of N to the FYM gave.littri_increase. r97I, by contrasi, gave smaller yierds
than 1972 without N, larger ones with N. yields on thi fioos Barley experiment varied
much less from year to year.

. on the-Residual Phosphate Rotation expe'iments yierds without p were less in 19729,i: 
ii-197t or 1970 but wirh p apllied,anirualy, or in a large doie in 1960, l97tyi;d;

were rDtermediate between those of l97l and 1970 Clable f7).
On the Cultivation-Weedkiuer Rotation experimetrt (witfr plenty of p to all plots)

differences between the three seasons were smail (Iable lg).

PzOs (kg/ha) as
supelphGphate

0
376 in 1%0
188 antrually

TABI,E 17

Residual Phosphate Rotation expedments

Potato$ (Majestic), total tubers, tomes/ha

Basal drcssing: 251 ke N, 25t kg KrO/ha

TABLE lE

Cultivation-W'eedkillet Rotation experiment

Potatocq total tubeE, toDn6As

1972 ty
@enrlaod Crown) (Peotlsud Crowtl)

Sawlrrs I Great Field tV

1972 t91l 1970
23 2A 2928 28 3444 46 43

1972 r97t 1970
t7 24 2t24 23 7839 42 34

Ploushed
Rotary qrltivated
Tiae cultivated
Date of plaotirg

39
36
38

19-20 April

4t
34
37

8 April

1970
(Peotlad I)elI)

33
33
37

I May
Basai dressing: 163 kg N, 163 kg p:Os, 251 kg Kro/la

On the Woburn ky-Arable experiment (Table 19) yields of potatoes were good, but
much less than the exceptional ones of 1971. Again, there were iubstantial incieasei for
chloropicrin plus aldicarb on most cropping syitems, including some ln wnich fotatoeshave-nol been grown unduly often, such as L(A) on which (apari from test-crops iommon
to all plots) potatoes have been growa only three fimes sin& I93g.

On the Woburn Intensive Cereals experiment (fable 20) average potato yields in 1972
were intermediate between those of l97l and 1970; the difierence-beiween tle sites ofthe
Barley and Wheat experiments was less than in 1971.

. T-o s.m up : yields of potatoes in I 972 were good but not exceptionally so ; differences
in the_ three ycars have not been geat, except on the Woburn tcy_Arable where the
remarkable yields of 1971 were not equalred in 1972. There was'an indication that
fertilisers produced rather larger increases in 1972 than in recent years.

Grrden clover

A fresh sowing was slow to establish and yields were poor. The untreated plot gave a
total yield-of 3'l tonnes dry matterfa (thre€ cuts) increased by magnesium iloneio 4.6
tonnes and by magnesium and nitrogen together to 5.5 tonnes. (MlEwen)
252
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TAU,E 19

Woburn Ley-Arable experiment

Pobtoes, first trst crop (M8ris PiFr), total tubers, tomBAa

Prpvious
cropplng
L (P)
L (A)
s (P)
s (A)
AH (P)
AH (A)
AR (P)
AR (A)

Date of planting

l91l

OF
60 73
63 16
12 85
65 7550 6'
56 85
46 58
64 19
30 Msrch

1912

OF
54 56
465s52 s5
48 54
43 5l
49 56
42 48
46 5l
29 March

Note: Sub-plots of AH, AR thaf received fumigant to trcatosnt caop potatoes have be€o oDitted

S].mbols: O : nofumisad
F : chlqopicrin plus aldicsrb iD cuntnt yesr
L : 3-yE8r ley
S : 3-ycar sahfoiD
AIf - potato€s, rye, hay
AR : DOAtoes, rye, carrots
(P) : rotation permanent
(A) : rotations in rotation; syEbol itrdicares last rotati@

t91l 1970

35 12
46,34

30 March 22 April

Note: plots of treatments AH, AR have carried potato€s more fre4uently thatr fhos€ of L, S sioce 1938.
Baral dr€ssing: 255 k8 \ 255 kg PzOs, 393 kg K;O/ha (with additional K.O to certain plots)

TABLE M

Woburn Intensive Cereals expeime

Poratoes (Majestic), total tubeE, tonnes/ha

After C'la.ssical 1972
experiment oo :

Wheat 36Barley 4l
Date ofplanting 18 Ap.il
Basal drcssing: 134 kg N, 114 kg PsO5, 228 kg KrOitE

Mess sdectim of sprhg beens

At harvest l97l plants of beans (variety Maris Bead) were sorted according to the number
of pods per steD:

(01-4
(ii)5_8
(iii) 9-r2
(iv) 13-Z (the largest number encountered).

All plants were free of seed-borne viruses.
In 1972 unselected seed from the same stock yielded 4.9 tonnes grainfta; oone of the

selections gave a signfficantly diferent yield. (McEwen)

2s3
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Irrigetion, nlhogen fertiliser ud scrce for spring beens

A microplot experiment tested all combinations of the following on field beans (variety
Minor):

(i) none, irrigation (total 32 mm) for tfuee weeks from start of flowering
(ii) none, 150 kg N/ha, as 'Nitro-Chalk', just before flowering
(iii) none, 150 kg sucrose/ha, applied as foliar spray, half when first flowers seen, half

two weeks later.
Untr€ated plots gave 4.2 tonnes grain/ha, increased by irrigation to 4.7 tonnes and by

N alone to 4.6 tonnes. Greatest feld, 4.9 tonnes, was obtained by irrigation and nitrogen
together. Sucrose did not afect yield. (McEwen)

C-otd of frit-ffy in mrize rnd sweet com

An experiment was done to find out whether maize and sweet corn, which are different
cultivars of the same spies (Zea mays), ditrer in susceptibility to attack by frit-fly
(Oscinellafit) ard to compare methods of control. The cold weather at and alter sowing
delayed grofih and the grain maize variety (Pioneer 131) gave no good grain; the sweet
corn (Early King) yielded few cobs but they were of normal quality. Frit-fly did no
damage on the experiment. (Wilson, with Stephenson, Entomology Department)

Mrize for grrin rt Wob[Itr
Two experiments were sown with maize which germinated slowly in the cold weather of
May and June. Growth was slow and when the protective netting was blown off pheasants
severely damaged the crop so that the experiments had to be abandoned.

Suppressiou of couch grass by rycgrrss or clover mdersown in barley or bers
Ar experiment similar to that of l97l (Rothamsted Repoft for 1971,Part 1,257-258) tested
the efect on the growth of planted rhizomes of cxnch (Agropyron reperr) of undersowing
Italian ryegrass or red clover in crops of spring barley and spring beans. The couch
grew slowly in the dry cold weather of May and June and most of the yields recorded
in November were less than those of 1971; in this experiment ryegrass competed with
couch more effectively than clover. Yields of couch (whole plant) were:

Couci grass (whole plant), air dry, g per statiotr

undeGown 
Barle, BeaDs

None 0.7 2.5
Ryegrass 0,4 0.8
Clover 0.5 1.9

(about 0.7 g dry couch planted p€r station)

An unexprected result of this experiment was that the beans were visibly affected by
the undersown crops; clover lessened their height by 5-10 cm, ryegrass by about 15 cm.
Eye estimates suggested decreases ofyield ofbeans ofabout 201 (clover), 601 (ryegrass).
Competition above ground seerrs unlikely to be the cause of the decr€sed yield of beans,
because the beans were taller at all times. Competition below ground, for water or
nutrients such as K or (early in the season) nitrate-N, probably caused the decrease. The
barley was not obviously affected by competition from the undersown crops. (Barnard
and Dyke)
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The ctoice of a breat crop before rh€rt
The last of the present series of experiments comparing beans, oats, clover and maize
as break crops (\vith barley included to represent continuous cereal-growing) came into
the first test crop, winter wheat, in 1972. The preliminary crops all grew well in l97l;
trefoil (undersown in some plots of barley and oats) on average decreased the yields of
the nurse crops by 0.02 tonne/ha. Trefoil sampled just before ploughing down contained
49 kg N/ha after oats,65 kg N after barley; clover contained 88 kg N; weeds, etc., on
other plots contained 2-7 kg N- The wheat of t972 was moderately infected with yellow
tl:sl (Puccinia striiformis)t the infection was more severe the more .Nitro-Chall' was
glven.

Although in general the yields of wheat confirmed earlier conclusions (Rothamsted
Reports fot 1970,Pafi l,236-237, and for 1971, Part 1,258-259) that break crops have
little effect on the potential yield of wheat except through the lessening of take-all
infection, there were some new points (Table 2l):

TABLE 2I

Wheat after break crops (omitting undersown plots)

Grain, tonn6/ha

'Nirro-Chalk' to wheat (kg N/ha)

Mingcrop
Barley
Oats
B€ans
Clover
Maize with lm kg N
Maize with 2m kg N

0 50 l0O 150 Mean
2.26 3.93 5.t7 4.56 3.983.19 5.13 5.54 5.09 4.144.54 5.4t 5 51 4.95 5.125.74 6.06 5.21 4.@ 5.4t4'23 5.59 5.,1o 5.03 5.055.28 5.84 5.37 4.7a 5.32

lltheat after break crops; increases for trefoil ploughed down

Gra.io, totro€s/tE

'Nitro-Chalk' to wheat (kg N/ha)

Prccediq crop 0 50 100 150

Berley +1.67 +0.80 -0.21 -0.07Oats +1.(x +0.16 +0.15 -0.06Mean +1.36 +0.48 -0.06 -0.06

Meatr

+0.53
+0.33
+0.43

(i) 50 kg N as 'Nitro-Chalk' was enough for maximum yield of wheat after clover
and after maize; 100 kg N was needed after barley and oats whilst after beans
50 kg and 100 kg N gave equal yields. 150 kg was excessive in all sequences.

(ii) The residual efect of 200 kg N applied to maize (compared with 100 kg) was
I tonne/ha where no 'Nitro-Chalk' was applied to wheat, 0.25 tonne with 50 kg
N, negligible with more N. (In l97l the corresponding efrect without 'Nitro-Chalk'
was 0.4 tonne.)

(iii) Maximum yields after oats and beans exceeded ttre maximum after barley by
about 0.3 tonne, much less than in previous experiments, although the differenc€s
in take-all infection were similar in all three experiments (see p. 137).

(iv) Maximum yield after clover was greater than after oats or beans; maxima after
maize were at least equal to those after oats or beans.

(v) The etrect of trefoil plougled down for wh€t was large where no 'NitrG.Chalk'
was given but (except with 50 kg N after barley) was very small where 'Nitro-
Chalk'was applied. (Dyke and Prew, Plant Pathology Department)
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Strff

Dyke attcnded a seminar on public relations arranged by the Agdcultural Research
Council in February.

Elisabeth Hind joined the Section itr October for a year; she holds a Natural Resources
Studentship in Agriculture from the Overseas Developm€nt Administration and is
studying statistical and prastical aspects of field experimentation working part-time withr imble (Statistics Depaftment), part with members of the Section.

2s6

https://creativecommons.org/licenses/by/4.0/

