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

https://doi.org/10.23637/ERADOC-1-134 pp 1

Thank  you  for  using  eradoc,  a  platform  to  publish  electronic  copies  of  the  Rothamsted
Documents. Your requested document has been scanned from original documents. If you find
this document is not readible, or you suspect there are some problems, please let us know and
we will correct that.

Report for 1977 - Part 1
Full Table of Content

Broom's Barn Experimental Station

R. K. Scott

R. K. Scott (1978) Broom's Barn Experimental Station ; Report For 1977 - Part 1, pp 51 - 71 - DOI:
https://doi.org/10.23637/ERADOC-1-134

http://www.era.rothamsted.ac.uk/eradoc/
http://www.era.rothamsted.ac.uk/eradoc/book/134
http://www.era.rothamsted.ac.uk/eradoc/book/134
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-1-134 pp 2

BROOM'S BARN EXPERIMENTAL STATIoN R. K. ScoTT
Iligham, Bury St Ednunds, Sufrolk. Pn n I (0284) 8t0363

Stoff
Head of Station R. K. Scott, pH.D.

Chemistry
A. P. Draycotr, pB.D.
Susan M. AllcD, E.sc.
Kathleeo Boorh
W. F. Comaclq E.sc.
M. J. Durant, U.PItrL.
R. F. Farley, L.a..!,c.
B. J. Hutchison, B.sc.
P. J. Last
A. B. M6sem
P. A. Payne

Entomology
R. A. Dunni!& pH.D.
R. E. GrEca, E.^.
w' A. Thomhill, E.sc.
G. H. Winder, B.sc.

Mycology
W. J. B].ford, PH.D-
Mrs. Katina Bentley, pH,D.

Virolqy
G. D. Heathcote, pn.D.
MIs. Denise Webb

Seed Prodacrion
P. C. LongdeG PH.D.
M. G. Johnson
Mrs. Ruth Smith

/groiody
K. W. Jaggard, B.sc.

NerraroWy
D. A. Cooke, PH.D.
Mrs. DaphE M. Chwa6zczynska

Field ExN men s
D. J. Webb
R. B. Bugg
J. P. Coe
H. Klcmp

Coardiretirg Ofrcat btwa.n boorn's furn and
kitish S.gar Cotnration
G. L. Maughan, N-D.^-

Photography
W. R. Johnson

Glasshouses ard Wcat het
J. Iwaaicki

Storcs otrd Ychicles
W. N. Moorr

Acco,art
P. D. filcy

S.detorial
Mrs. Gillian Davison
Mrs. Jaoct Evans
Mrs. Norma Finch
Mrs. Grcta Fuller-Rowll
MIs. F. Ruby Haliday

Farrn

M. J. GoldirS
D. DraE
E. G. Ha.rod
C- W. Smith
T. C. SpL*s

Mainterofte ond Cbane6
MIs. J. M. Klemp
Mrs. D. Shinn
Mrs. P- Spinks
P. A. Stur8eon
A. K. TurDcr
K. Turncr

S@dwich Course Srud.nt
F. Sica

InEoductior

The year 1977 o:rd the growth of our croD. After 3 successive years when disease and
drought devastated sugar beet, to give yields which were far below the average of the late
1960s and early 1970s, the industry faced the 1977 season with considerable anxiety.
Against the background of heavy investment at the factories and with an annual target
of the home production of 1.25 million t of sugar, many farmers were questioning
whether they could any longer aford the investment in machinery or face the difficulties
that the cultivation of such a bulky, below-ground crop inevitably brings, not only
within the 'break' phase of the rotation, but also to the cereal crop which follows.
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Errly sowing end boltiDg. Over the years our experiments have consistently showo that
the fint essential in obtaining high yields is early sowing. Because yield is invariably lost
as sowing is delayed beyond early April, the operation must start as soon as it is possible
to prepare a seedH. Traditionally this could not be done until fertiliser was appl.ied and
the tractor wheelmarks left by the operation had b€€n removed. Now that our experiments
have shown that for all fertiliser elements except nitrogen, autumn application is a
satisfactory alternative for crop nutrition when a maintenanc€ dose is needed, and since
we have devised a method of applying nitrogen between the rows at drilling, it is possible
to create a seedbed and sow at the first opportunity to get on to the land. tast year was

the first of a new series of experiments including very early sowings and already important
trends are appearing.

Consistently over the years fewer seedlings have emerged from mid-March than from
April sowings. When crops were sown thickly and seedlings hand-thinned the inferior
emergence was not important, but with drilling-to-a-stand any factor which reduces

emergence is likely to lead to gappy stands and yield loss. In 1977 the first opportunity
to sow occurred on 4 March. The plant stand was thinner and more irregular than that
of the early April sowing and yield was less. However, the major factor in the substanti-
ally smaller yield was the extent of bolting, a feature of many ffops in 1977. The weather
was cooler than average during March and early April, much of May and the whole of
June.

Experiments in controlled environments have this year demonsrated for the first time
that cold conditions, even before emergence, can cause bolting. The long period spent in
cold soil by early sown seeds, added to their more advanced seedling development
relative to later sowings during the cool spring and early summer resulted in extensive

bolting. A worrying feature was that many of the bolters set viable seed, a possible
sourc€ of weed b€et. In 1975 (Rothamsted Report for 1975, Part l, 65) it was noted that
seed from wild annual beets, introduced as a contaminant of seed produced in Medi-
terranean countries had contaminated a few fields. Many of the bolters which set seed in
19'17 c:lme from seed which itself had been grown in England and, so far as we know,
remote from any wild annual types. In one field where such seed had been used a third of
the plants bolted and by November each bolter had, on average, set 30 viable seeds.

Experiments previously done at Nottingham University but now to be continued at
Broom's Barn, have clearly demonstrated that the temperatures in which the seed crop
ripens can, if sufficiently low, predispose the following root ctop to bolt. Like all seed

crops, sugar beet matured late in 1977 and was subjected to some cold nights while seed

was still'on the straw'. There is a risk that ifthis seed is used for early sowings in 1978

and the spring and early summer are cool, then bolting could once again be a feature of
the national crop. The aim of our research is to predict how seed lots, ripened and
harvested under diflerent conditions, will tolerate various types of spring weather
without risk of bolting.

During early April it was possible to prepare fine, firm, moist seedbeds and by 18 April
80% of the national crop w:ui sown. Establishment was generally satisfactory and the
plant populations were much better than for some years, approaching the target of
75 000 plants ha-r. Although the timely sowing and satisfactory establishment augured
well for a high leld, the cool spring and early summer retarded leaf growth and until
mid-July roots were no heavier than in 1975, the year when wet soils delayed the start
of sowing at Broom's Barn until 21 April, about 5 weeks later thatr normal.

Herbicides Soil-applied herbicides were very efective in the moist soils. As well as being
cool, May was also windy and a universal problem was to decide whether to wait for
calmer conditions to apply post-emergenct herbicides and risk that weeds would be too
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far advanced to be susceptible' With many of the plant samples sent in by fieldmen for
diagnosis and advice, the suspected cause of poor growth was, herbicide damage, either

aloie or in combination with pests and diseases. There was a clear demonstration of this

effect at Broom's Barn. After phenmedipham was applied on 18 May, an extremely

bright and breezy day when the iir temperature .l as l5'C, one-fifth of the plants died and

the"growth of those'that remained was severely checked. In the- past such damage has

u.uuily b."o temporary and outgrown but this year effects persisted until harvest. The

effects of the weather on herbicide activity, the consequences of damage and the inter-

ielationship with the general pathology of the crop is a subject which demands more of
our attention.

Mmgrnese, With the advent of warmer days in June following a prolonged cold spell

(the Jlassic conditions for manganese deficienc, many reports-came in of plants showing

ipeckled yellows; about 30 000 ha were affected' Rec€nt experiments aiming to provide a

siarter dose of manganese by incorporating the element within the pellet have given

promising results. This enables the seedling to obtain m, angartese while it is too small to
L t."ut i efle€tively with a spray. This coming year (1978) small trial batches of seed

with manganese incorporated within the pellet wilt be available to interested Srowers'

Rsinfell rd irrigation. Juty was virtually rain-free and whereas the crop on the clay

loam soil at the southem end of Broom's Barn farm remained very healthy and vigorous,

many plants .r ere wilting on the sandy loam in the N.E. of th€ farm. This crop received

75 m-m of irrigation watar during the month. By mid-August it was nec€ssary to apply a

further 50 mm of water and all seemed set for a repeat of the disastrous drought of
1976, but with growth considerably retarded; in late July roots werc only about half the

weigirt that hadbeen reached by the same date in 1976. The first rains came on 6 August
andthe total for the month was 130 mm,8l mm more than the long-term aYerage.

Growth, particularly of tops, responded rapidly. The non-irr-igated crop grew rapidly
during Seitember, maintained unusually high growth-rates in October and by Deccmb€r

the reiponse to irrigation was smaller (about 1'5 t ha-l roots) than for some years'

The 
-sugar-beet 

crop continues to conc€ntrate into the hands of fewer glowers who

operate oi an increasad scale. This trend is associated with a shift from the heavier soils

wiere wet autumns lead to adverse, even impossible, conditions for sugar-beet harvesting

which in tum make it extremely difficult to create satisfactory seedbeds for the c€real

crop which follows. Although the lighter soils do not.suffer from these problems they

moie frequently fail to suppty sufficient water to maintain growth and s€veral dry seasons

during the pajt few years have increased growers' interest in the possible benefits of
irrigation.

Virus yellows. In 1974 more plants were infected than ever hfore, with 661 showing

symptoms by the end of August, and the disease was also important in 1975 and 1976'

Aowever, thi l97z crop was remarkably free from virus yellows and nationally, symptoms

showed in less than I { of plants by the end of August, the lowest count eYer recorded.

Giyen favourable weat[er the disease can increase rapidly and it is therefore still one of
the most important problems faced by the industry. As a step in developing an effective

strategy for control a major research effort is being mounted to seek a better under-

standing of the mechanisms involved in the various stages of the epidemiology of the

disease, particularly the influence of weather on aphids, their natural enemies and the

over-wintering of virus sources.

Bcet cyst-n€matode. An experiment started at Broom's Barn in 1965 comparing yields
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of sugar beet in contrasting crop rotations is described in part 2 of the Report, pp. 5_13.
Utlil 1977 no viable cysts of Heterodera schachtii were found in regulir searches on
plots which had grown sugar beet each year. However, in October many cysts were
found on three of the nine plots with this cropping sequence and on one oa these roots
of all the plants examined were heayily iDfested. Evidently the pest has been present in
small numbeJs for several years but appears not to have affected yields significantly,
exc€pt probably on the most heavily-infested plot in 1977. It seems that 1977 was favoui-
able for nematodes; there were several reports of beet sickness from the factory fieldstatrs
and Docking disorder was severe where control measures were not applied-

-Several 
recent developments make it essential that we investigate fully various aspects

of crop rotation in relation to beet cyst-nematode. The area of oilseed rape continues to
gxpand; it is a host crop for the nematode and is grown on farms which include sugar
b€et in the rotation. The relevance of this work is all the more urgent as the old &t
Eelworm Orders have been revoked and the Ministry of Agdculture; Fisheries and Food
(MAFF) no longer enforce a satisfactory rotation on infesied or .at risk, fields. The new
B€et Cyst Nematode Order, l9?7, contains reserve powers to enforce crop rotation only
if the national infestation should increase sigaificantly.

S[grr corcerhstiotr. Although during harvest many growers have expressed dis-
appointment v,/ith the size of the roots in relation to the state of the tops which remained
unusually vigorous and healthy, apart from a little powdery mildew or rust, the com-
pensation has been the sugar concentration which has been universally high. For example,
a.ton of sugar Wt at 17% sugar is worth about f,1.65 more than a ton at 16% and the
high sugar conc€ntration also benefits the British Sugar Corporation through lower
processing costs. For instance, a l/" overzll increase in sugar concentration saves
f,250 000 on lime used in the factory process alone. Freedom from disease, particularly
virus yellows, has been a contributing factor to these high sugar concentrations. Anothei
has been the lack of residual nitrogen after the winter rains. The crop has had to rely on
fresh fertiliser N and luxury uptake seems to have been avoided. The presence of more
nitrogen \ ithin the plant than is needed for growth depresses sugar concentration and
extractability. In 1976 nitrogen uptake did not follow the usual pattem in early/mid-
season, doubtless because ofdrought, but the element remained in the soil and when rains
came in September much was taken up resulting in the lowest eyer sugar percentages.
The largest single factor influencing sugar concentration is the amount of autumn
rainfall. In 1977 little rain fell in September and October, the soil became very dry and
the water content ofthe storage roots was lowered accordingly,

The future. Perhaps more than with most other crops the ability to predict root yield
and sugar concrnhation would have great advantages. The strategy for the campaign, the
amounts of fuel and lime required and the dealings in sugar on the world markets are all
greatly influenced by estimates of productivity. Fundamental studies of sugar acaumu-
Iation in beet are currently being undertaken by the Botany Department on individual
plants under controlled-environment conditions. These have provided a better under-
standing of some of the physiological processes of sugar storage involved in determining
sugar concentration. So far these studies have not been extended to inGrpret changes in
sugar concentrations induced by seasons, agronomic treatments, diseases, etc. We now
propose to do this within the context of a wider study of the photosynthetic productivity
of the field crop.

When the effect ofa factor, whether it be site, season, agronomic practice or pathogen,
is being investigated, rather than determine an empirical relation or response, physical
and physiological analyses will be made of the processes governing, fust total dry matter
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production and second the accumulation of sugar in the storage 
- 
root' The processes

involved are those controlling leaf production, expansion and persistence which largely

determine how much sunlighia crop intercepts, and those controlling the 'efficiency' with
which intercepted liglt is ionverted into total plant material (photosynthesis and res-

Diration) and stored sugar. The last, economically imPortant, part of the analysis will
iequire a detailed underitanding of the developmental sequences controlling the gl-owth

ofihe shoot and the root. By understanding what controls crop hhaviour at different

stages we should be able to:

l. Devise experiments which will produce data from which we-can generalise and thus

reconcile data from more empirical experiments done at different sites in diffcrent

seasons.
2. Fix yield targets and predict yield given various measured parameters.

3. Devise croplgronomy, pest and dis€ase programmes to achieve realistic outPut

targets in different environments.

AgronomY and PhYsiologY

PImt dishibutior. The proportion of sceds which produce seedlings in the field is
notoriously variable. For example, in experiments made throughout eastern England in
1976 seedling establishment varied from 24 to 891. Although seeds are uniformly spaced

along the row, an irregular distribution ofplants is eventually producld. Despite generally

good 
"...g.nce 

in 1977 irregular spacing was a feature of 
-part 

or all of many crops

i-ncluding our own at the southern end of the farm. Data from experiments reported
predously (Rorhamsted Repor, for 1973, Paft l, 2'12) show that when the crop is grown

in rows 5b cm apart, a standard practice, plants adiacent to any gap in the row more than

approximately 45 cm long, as happens when seeds in two-or three consecutive positions

faii, cannot uiilise completely the resources in the unoccupied Portion ofrow, and yield is
reduced. The yield loss per cm of unoccupied row is not constant, but increases as the
gaps lengttren. An attempt was made to predict the lengltr, .fr-equency and eff€ct upon

!i"iA of th" g"pr p.oduced by drilling crops to a stand using different target seed spacings

and various levels of perc€ntage establishment.
The predictions wire made in two parts; the first gave a description of the plant

distribuiion and the area available to each plant. In the second part an attempt v,ras made

to predict the yield of each plant and, by summation, the yield of the crop as a whole.

The binomial theorem was used to predict the frequency and length of intra-row distances

between plants when seed spacing and the probability that a s€ed would produce an

established plant were varied. The frequency with which any two intra-row distanc€s

occurred oreither side ofa plant was then predicted from the multinomial theorem.
These results were compared with observations made on crops drilled to a stand in

which the seed spacing and perc€ntage establishment was varied. The latter was altered

by mixing known prolrcrtions of living and dead seed. The first stage in the predictions
was found to be very accurate.

To predict yield the crop was divided into a series of rectangles each containing a plant.

The rectangle occupied by each Plant was delineated by half the predicted distance to
adjaceot plants along the row, and the distance between rows. The area of all possible

rcctangles was calculated, and the yield of the plants they contained was predicted from
the population/distribution data ofthe experiments referred to dbove (Rothamsted Report

for 197j, Pan 1,272) using the yield/plant density relationship of Bleasdale and Nelder
(Bleasdale, J. K. A. Annals of Applied Biolocy (966\,57,173-182) making due allowance
for the position of the plant within the rectangle. The yield of the crop was then derived
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by summiag the yields of the individual plants weighted for the frequency with whicheach class ofplant occurred. This metnoO i."Oi"t"O fi"fJ. "tir" 

.-to 

tnor" oUr"r""A.The next stage was to extend ttrlp.eoiitlons'io 'c.""i 
" 

*iaJ*rg. of seed spacingsand seedling establishment revers.. Tiese p."ai"tio* ioor"ailliai ,ritrrin the range ofinter-seed spacings in current use (12-20 
"ill,liJJ. "i"-."0r*i 

i'henever trre establish-
::rj^ryrf:,?c: is less than 7O%, the situaiio; on att o. paii o1most fields. A moye tosaonen rnrer-seed spaciogs is impractical 

- 
because todiy,s harvesting _u"hi";t;,inefficient_in recovering roots from plants wnicn are less-tiian ii". 

"pu.t. 
Closer rowsmight enabre complete comoensation acr*r A;;;itfi;h;lo*iii n n.. io"rease yierd

:I:J::y^llg-.j:*lishment is poor. rhis iJbein;i;;;;,te"iJ, 
", 

i,,n. e.neral validityor rne proc€dure when used to predict the yield ofcrops diilled to a standl (faggarai 
,

Crop establishment

. Seed pretreatmett. Sugar-beet seed can be .hardened, or .advanced, by holding itimbibed so that celr divisions occur in rhe emuryo. This tLt."ri-giu", .a.ri". 
"mergenceof seedlings which are heavier during tne earty itage; ; i"o.Iq"r"no. Seed of the cv.Amono, Bush Mono G, Nomo an-d st u.p.i ir'.io rr,r;r;;;;. advanced beforepelleting and sown iD fierd exDeriments at Broom's Barn irom-tili ti lgll.ra"treatmeot,which increased the rate but redled 

-the extent J g"i.l""ii.r"i y 6)l tn laboratory
tests, gave inconsistent results in the.field. In eachyear;s exfirim.rt, uOiin".a,""a gu"!earlier seedling emergence than untreated,..0, 6ut f7 i"*.i ptants. flnat yield waspositively correlated with numbers of-plants. rio*"u.., in 

-trzo'*t 
en drought afectedemergeDce ald- early growth, advanced seed increased both the fin;l numueis of fianisand yield by 3 f. (Webb)

Seeds may also be 'Drimed' bv saning germination in a liquid of high osmotic pressurewhich prevents root extension. As wit[ .advancini; ;frir.a;'...a, are dried aftertreatment and sown conyentionally_. .p_rimed. 
seeds-germlnate quicUy uoa roiforrniy

::d,9,..:jlr..f:_dJi1q emereence rn .fluid driuing',ier;i;;ii";l; Dor iorerrupred by
l?,,19:.lll1. *1,.h have g€rminated aod produced short roots (.chirted.) u." r.tr,ou.d',ano pur lnto a vrscous fluid which is extruded into the soir. These three tecbdques havebeen compared with conventional seed drilled norrnuffy urJ uo .^[ri..ntal p.ogrum;"
done in collaboration with National Vegetabl. R;;h -Sdi;i, 

wellesbouroe, for
3 ,,.-"1:l::f1 ,:1es og soil tyoes inctudirig toams, sanJ "ri p*ii., t, ,"* .orpl"ie. 

-'
rn ly /J advanced, primed and fluid d^rilled seed all gave earlier emergence, by as much

T,8, dryj However, they_ also gave fewer seeOtingi tnan the controt anO treatmentyrefos reneckd ptant numbers rathe-r than seedling size. In 1976, advancing the seed

:*g j!:]ir]"" J. 50f emergence fro m 27 to 24 iays iitt oui impai;ng estibrishment
ano yrefo was 4"/o g.eatet than tbe control After chitting seedlingi emerged in Ig days.
I-.::*., the final emergence from chitted seed sown ir"nuiO,o"?:OZ lo.pu."a ruitt,U,1 

1".# ^11!:::i",0 
seed, and yield was.reduced where piant'numbeis were suU-optimal.rn r y / / onty seeds trom which the radicle had protruded by 2_3 mm were includid and

seedling emergence equalled that of the controt 1o) 7",) Uuf u,^ Io*.i iiruo tfr"t of advanced
seed (73)(). Time ro 50% emergence was reduced lrom rO s to i+li Oays Uy aaua.rcingthe seed, and to l2-2 days by chitting and sowing in fluid. planrnumbers jie. singfiniwere large and uniform in all treatments at all siies and, although June gro*th ara'iysii
!qy1e9 shorved thar plants from advanced seed and chitted .;;J-r;;; in-nuio *ere r,p io30\^heavier than plants from the control seed, at final naruJ sugar yield rl.as notsignificantly affected by any of the treatments.

This work shorvs that s€ed treatment can give earlier emergence of sugar_beet seedlings
by from about 4 to l0 days. This is often acc-ompanied by a ,Jao"tion irir.rg"nce whic-h
56
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is difficult to understand, particularly in the case ofchitted seed sown in fluid. Differences

in emergence date were lssociated with large differences in seedling and established

plant wJights, but these differences declined as time passed and by 6aal harvest were

litl., u"[ small or had disappeared altogether. The reasons for these discrepancies

need further investigation. (Longden)

Efect of fertilisers on seedlitry establishment- The results of 73 field experiments,

.oily io 
-"6-..."ia1 

crops, were used to determine the extent of variation in seedling

establishment and to invastigate whether fertiliser application practices contribute to
poor establishment. The proportion of seeds giving seedlings-varied- from year to year and

site to site from less tha; 30 to oYer 80% and from about 23 to 55 days were needed for
maximum emergence. The effect of fenilisers depended on the quantity applied, the

sowing date, and rainfall between application and sowing. !n general, when the recom'

mendid amounts of fertiliser were given about two week belore sowing, superphosphate

and potassium or sodium chloride had little effect on the number ofseedlings established.

However, nitrogen decreased seedling numbers by about 5%' Broadcasting nitrogen

fertiliser or sodium chloride immediately before sowing in March retarded emergence and

decreased estzblishment by uP to l8%. By contrast, when sodium chloride was applied

in the previous autumn, there were small but consistent increases in the number of
seedlings. Additional experiments made under controlled conditions confirmed that salts

have tie greatest detrimental eflects at low temperature and in relatively dry soils'
placing iniact seeds on filter paper soaked in saturated sodium cbloride solution for 28

days diecreased subsequent emergence by only 5%. Howgver, contact with much less

concentrated solutioni was sufficient to dehydrate and kill seedlings. Thus it seems that
the adverse effects of fertilisers in the field primarily occur after rather than during
germination. Although fertilisers sometimes reduce the numbers of seedlings in field

ixperiments their effects are not large enough to cause the wide variations in establishment

mentioned aboye. (Durrant, Payne and Draycott)

Herbicides. On 18 May, phenmedipham, the most commonly used post-emergenc€

herbicide, was apptied at the recommended rate (10 litres'Betanal E'ha-l in 225 litres
water ha-r) in bright conditions when the air was unusually dry. The manufacturers

recommend that the dose should be reduced from l0 to 8'5 lifes ha-r if the air tempera-

ture exceeds 2l'C but the temperature did not rise above l5'C during spraying. At
spraying half the crop plants had four true leaves. The herbicide was unusually active;
Polygo*m convolvulus L. had grown beyond the cotyledon stage, when it is usually not
readily killed, but on this occasion control was complete- Sugar beet was badly scorched

and many plants died. Sugar yields were 6'56 t ha-l compared with 8'41 t ha-l for the
hand-weeded control. There are three factors wbich could have contributed to the loss of
yield. The plant population was reduced from 95 000 to 75 000 ha-l, growth of those
ptants which survived was severely checked and many weeds subsequently established to
ixert competitive effects. Data from other experiments indicate that the fall in plant
population recorded would have only a slight effect on yield. Yields from other treatments
indicate that the persistence of the check and competition from late-infesting weeds

contributed equally to the yield loss. (Jaggard)

Weed b€et. The distribution and extent of the problem was revealed by a survey,
planned in conjunction with the Statistics Department, of ten sugar-beet fields in each

iugar factory fieldman's area; in all2'5/, of the national crop. Very few seedlings were

found betwecn the rows during late May but during July, when both weed sedlings and
bolters were more easily wr! l5l of the croP was found to be contaminated. In only
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two factory areas were all fields reported free of the problem but in the Cantley area
misplaced beet were found in more than 30 f of the fielis inspected.

Because of the.difficulty of conrolling thise misplaced plants and their potential for
s€€d production it is surprising and worrying that only a6out one in foui farmers are
taking action to control them. (Maughan) -

Seed productioa

. Temperltare! dwing seed ipening. Much of the sugar-beet seed sown in England is
home-produced but a substantial proportion is growi in south;rn France *i ftuly.
Reports have indicated that seed pioduced in souihern Europe tends to be smaller thanthat of the same variety produced in.N.W. Europe, but that emerlince of the root crop
is better, bolting less frequent and yierds often higiter. There is litfle information on the
extent to which environmental conditions during seed production affect seed qrufity oi
growth ofthe root crop and a series ofexperiments was iherefore started at the uriuiisityof Nottingham School of Agriculture, Sutton Boninglon and continued at Broomt
Barn which examined the effects of temperature during seed ripening. The aim was to
provide information which courd be used in conjunctioi with miteorirogical records to
Iatclr !h: clima.t: of the locality where seed is produced with that ofthe ro'ot 

".op 
,.!ion,

to minimise bolting and improve yields.
Seed plants were ripened in controlled environment rooms at a range of day and night

j9T"p,:I1t]."r simulating average condirions occurring in August (ZO!t2"C;,'septem;er
(16"/8"C) or October (12"/5.C) in E. Engtand; day length *as iO t. planis wire also
lryTd il -allernaring temperature regimis (5-day periJds at 12./5" and 16./8" or at
12'15" ao.d 2a'lD"c) to assess whetheithe eflects of ihort priods ofcord are cumurative
or neutralised by intermittent rvarm spells. Experiments were made using a bolting-
susceptible stock from the Plant Breeding Institute, cambridge in 1974 (ro-ot crop teitrt 197-5-a,,d 

-1976 
at Sutton Bonington), and two stocks, one suirrptible and one resistant

P bglqng: from Anglo-Maribo Seed Co. Ltd., in 1976 (root crop tests at Broom's Barnin 1977). Treatment efects were consistent for all stocks. Maturity lras progressively
delayed with decreasing temperature. Seed prant yields increased in the coorir c6nditioni
because fruits were larger rather than more numerous; an effect associated with in_
creased growth of the pericarp, for the true seeds were smaller. Germination and field
eTeJgjlcg 9{s€ed ripened at 12"/5" was poor. In part this was due to the presence ofwater
soluble inhibitors for there rvas a marked response to washing. In the field, seed produced
at 12'15", gave fewer smaller seedlings, earlier and more irequent bolting, and lower
sugar. yields than seed ripened at 20"/12". The performance from seed ripeied at tO.7g.
was intermediate. In 1977 the alternating temperature treatments gaie inconsistent
results, but in earlier experiments the percentaga bolting was related io the amount of
cold to wh'ch the ripening seed was subjected irrespectivi of the warm days which were
interspersed.

These experiments confirm that low temperatures duting seed ripening will either
completely vernalise the seed or predispose the seedlings to be very iesponsive to cold
during the following spring. Comparisons at diferent iowing dates also show that the
colder the weather after sowing the greater the frequency of bolters, but that in all cases
the lerel oftolting is delrndent on the temperaturei during seed ripening. Ifthe summer
is sufficiently cool to delay ripening so that seed crops ari still in the delds during late
September or October, bolting of the succeeding root crop is likely to be increasid in
proportion to the amount ofcold weather while seed is.onihe straw'. Even with bolting
resistant material, sugar yields may be adversely afected if sowing is early and the sprin!
cold. (Scott and Longden, with Wood, Botany Department)
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Nitogez application to the seed crap. Previous work showed that sugar-beet seed-

"-p vi"ifJ. i,iii"*a with increases in 
-spring 

top dressings of nitrogen up to 150-250 kg

iu:i,'Olp"nOirg on site. Growers "." 
in*iou. to know whet this nitrogen should.be

.pprLJ-I"i 
"pfir"um "ffect 

and also whether the tradition of splitting the applicarion

iJ irioria" a ittle nitrogen early and the rest when growth is most rapid can be justified

."J*.i*ffv in terms ;f extra iietd or quality of seed' Nine-field experiments ot in s.itu

.r""t fr"r* Len made since lb70 comiaring the effects of single applications during

i"6-uw, March, April or May with equivalent applications split into two over a range

of dates during this Period.-^ 
ii"fO. .f tia aueraged oue. years and sites ranged from 4'3 to 4'5 t ha-1 and were

.i-ii..,l."tdii"e of 
-when 

the nitrogen was given' Although late manured plots often

i;;ila';;; i"rger, there were no nloticeable delays in maturity' Leaf petiole nitrate

"onortiutio" 
inclreased by about a quarter in the month following applicatior, then

a""lirJ piog.""tiu.ly throughout the season. At all times values were large and it s€€ms

unlikelv that nitroeen ever limited growth in any ofthe experiments'
-- 

ite irsaute proirtion of seed from multigerm crops was 35-65 /o, and from monogerm

.;9-t0 r;6ri;"ither was affected by nitiogen treatment except that ni'ogen app-lied

i, ira"y i",i,l*a r"uoratory germitration by abolt 3| and.seedling emergence in the field

t;'J;Jfi;. seedlings per 
-l0o fruits sown. The proportion of singte seedlings ('mono-

"ir.ii" i *"i ,.t arttlo ty nitrogen- An attempt to assess seed vigour was made.by

E.i.--ilrii.g average seedling weight when grown in the field in the year following

harvest, but results were inconsistent.- 
l, pl"ti* it apPears that the spring top dressing of nitrogen for the sugar-beet seed

c.op in its second year should be made as a single application at the end of February or

as soon as possible thereafter. (Longden and Johnson)

Stecklhry ruot and shoot praaiag. In countries where stecklings are transplanted it is
.uia tn"t tia root tips musi be removed in order to ensure that all plants produce inflo-

i"rona". 
"ra 

seed.'Tops are also removed and, atthough this may simpty get rid of
;;; .a fungal infeciion, the practice may also ensure that during clamping the

orowins ooint is thoroughly 
"*pot"d 

to the low temperature stimulus' Tops could also

L",".6riO before wintei wheri crops are grown rn rrtu. In England virtually all sugar-

beet seed is now grown in sr'r! without any root or shoot pruning' Four experiments com-

pared the effects 6f cutting off the root tips and/or mowin-g off the toPs' All comtinations

ii Gse treatments were-carried out both before and after the main winter cold period.

Each plot was harvested on three occasions to test whether treatments affected maturation'

Altirough air temperatures adjacent to crowns fell as low as -6'C, there were no

significani losses of plants. Mowing the tops resulted in a.shorter croP but all plants

frim all treatments bolted simultaneously. Nor were yield, germination or seed size

aflected. Removal of roots, whether carried out in the autumn, before vernalisation, or in
it a.piirg, 

"uurO 
o significantyield retluction.In one experiment germination was reduced

by riot iimoval, in Jne increased and in two there was no effect. The only interaction

with harvest date occurred in the experiment in which root removal reduced germinatiou;

this treatment significantly delayed bptimum harvest and gave smaller seed' (Longden)

Soils, irrigrtion rnd Ph nuhients

Soil type rnd suglr-b€st yielrt. Yields of sugar in the United Kingdom vary considerably

from 
-place 

to p1a"e und from year to year, the range in commercial practice generally

being from 4 to 8 t sugar ha-l. The effects of some of the factors involved have recently

beeiinvestigated using the yields and responses to fertilisers on '100 fields thoughout
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the sugar-beet growing areas from 
_1957 to 1970 (pap€r No . 24). The soil at each experi_

mental site was described and crassified by the soil Survey of England and wales and the
records have now been examined for the first time to deierminJwhich properties of thi
soil influence sugar yield.

- 
Year-to-year variation accounted for 201 of alr variation in yierd but tiere was a

significant long-term trend ofincreasing sugai yield from the experiments of0 .V2 tha-tyearr. The experim€ntal yields closeiy followed national yieids each year but were
always greater. Yields in Scotland (averige 5.23 t ha-r) were approximately I .4 t ha-r less
tltal in- Englald 1nd Wales, but there were no significant iegional differencrs within
England and Wales.

. Surprisi_ngly, differenc€s in topsoir texture accounted for littre ofthe variation in yierd
but subsoil. texture had an appreciable eflect, the crop on sandy subsojl and chaik or
limestone yieldiDg poorly whirst that on sirt or peat yieldid best. Thi range ofdiflerences in
sugar yield due to subsoil texture was armosi 2 t ha-r. when the soils ivere grouped into
six drainage classes on the basis of their gley morphology, sugar beet on the-moderately_
drained soil yielded better than the crop on eitheiwel Jiainei or imperfectry drained soir,
the-m dmum difference in sugar yield between drainage classes' being '1.0 t ha-1.

Yields were also examined in relation to soil profile. Broad division into major soil
groups gave meaningful differences but fine division by soil series was only useful'for the
I I series on which at least ten experiments had been made. The crop yielded most sugar
on gleyed calcareous soils, peats and humic gleys, and least on rindzinas and bro-wn
calcareous soils. Responses to nitrogen and potassium but not to phosphorus were
affected by both topsoil and subsoir texture. Nitiogen and potassium both increased yierd
most on sandy soils and least on fine silts and peats.

. Experiments-are needed specifically to meaiure the influence ol soil morphology and
its.chemical, physical and. biological properties on crop yield to provide more lieciseguidance for selecting the b€st land for the crop. (Draycott and Durrant, with Webster
and Hodge, Soil Surveys of England and Walei)

ldg"t 9o._ Irrigation of sugar beet has featured in the experimental programme at
Broom's Barn since 1965 and results up to 1975 have been ixamined recenily (paper
No. 13) in relation to rainfall, potentiar transpiration and measured soil moisture ieficit.
Responses to irrigation in the 19 experimenti on sandy loam over sandy clay loam soil
at Broom's Bam were also compared with results of 36 irrigation experiments with sugar
beet repo ed by other workers in the United Kingdom sin; 1947. Irrigation at Brooil,s
Bam,-applied to preyent soil moisture deficit from exceeding ,10 mm, increased average
yjeld from 7.6 to 8.3 t sugar ha-r and in 6 ofthe years significa-ntly increased yield by mo-re
than l 

-t sugar tra_r 115./).Studies of root growth and use of soil moisture by t(e crop
showed that, at Broom's Barn, sugar beet often utilises water stored in the subsoil to a
depth exceeding 150 cm. Hence the rather small response even in dry years. Responses at
other centres, where soils were generally sandier, were slightly greiter than at Broom,s
Bam. The experiments also tested plant density, nitroge;, harvest date and time and
amount oF irrigation. Without irrigation, maximum sugar yield was from a density of
74 000 plants ha-r but larger densities gave slightly more yieid when irrigated. Irrigaiion
aflected the magnitude ofresponse to nitrogen but 100 kg iI ha-r gave thJmost pro-fitable
yield increase, both with and without irrigation. yield increases of about I t s;gar ha-1(l5f) between early and late harvesting were also indep€ndent of irrigatioi. Early
irrigation of 25 mm and 50 mm in June and July respectiveiy increased yiJd in 4 of the
last 5 years but in no year did applications in late summer inirease sugar yield. Irrigation
in June was particularly eflective at Broom's Bam as it aided rapid eitablishmint of
complete leaf cover and improved root shape and yield. This is an important finding
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because at present Srowers do not irriSBte sugar beet early in the season so full benefits

may therefore not b€ obtained. (Draycott and Messem)

Root qmlity. In field experiments with sugar beet it is necessary to measure the efect of
i.aut 

"ot. 
not ody on sugar concentration and yield but also to estimate the Proportion

oi.ugu. *frtft can be rioueted from the roots. Sugar concentration is readily and

;im;l;;aaured polarimetrically but the amount of whitE sugar that can be extracted in

if,"'f'i"to.y is detrmined from root juice purity which can only be measured after a

iloiour 
"ti.in*tion 

procedure' In the factory proc€ss, each unit increase in juice purity'

d"fiil ; the percentage of sugar to total soluble solids, allows 2/o more. sugar to be

"*ti"ffir"a. 
Three of tf,e majoi impurities' sodium, potassium and a-amino-Ditrogen'

uii,-i"futirafv 
""rV 

to -.*u.e io u .oot extract. Roots from fertiliser experiments made.at

n.ooJ. s;o uia on growers'fields during 1964_72 were arlalysed both for juic€ purity

und fo. aon""ot utioni of these three impurities. The results have been examined to

a;;;ir" how the impurities are relited, individually and together, to juice^

;;;tir Th" o-amino nitrogen conc€ntration usually gave the best individual estimate of
iuice-purity whilst summing c-amino nitrogen and sodium or potassium conc€ntrations

i-pro'u"O ihe estimate. ThJthree impurities were also summed in a regression equation.

ftir eqoutlo, gave a value ofjuice purity which in most casg! y.as very similar to juice

p*ity -"urr."i oirectly, the rigression accounting for up to 90%.of the variance, but in
'u i.J 

"*p"ti.."t. 
the rigression gave a poor estimate ofjuice purity' It is suggested that

wnen it is not possible io ..u.or" juice purity directly the three impurities should be

examined individually, because an increase in any of them is likely to depress sugar

extraction in the factory proess. (Last and Draycott)

Sodium, Despite evidence that sodium is essential for sugar-b€€t glowth, it is still not
used in all fields where it would improve yield. One reason for this is the fear expressed by

some growers that this element may affect soil structure. It istnow-nlhat sodium damages

structire when the concentration reaches about 15 % saturation of the exchange capacity,

a condition found, for example, after sea-water flooding, but there has been little resealch

on the possible effects of smaller amounts of sodium. It has b€en suggested that appli-
cations for sugar beet may delay sowing by increasing soil moisture retention. Recent

studies at Broom,s Barn in field and lysimeter experiments have determined how winter

cultivations and rainfall affect soil sodium concentration and movement. With a know'

ledge of how sodium moves in the soil, it would be possible to predict what range of
sod'ium concentrations could be expected in a particular soil and the effects of these on

soil structure. Detailed soil sampling and analysis was made on three field experiments in
19':.7 . The accuracy of the soii sampling was much improved this year by the use of
equipment with wiich cores, I m in len$h, were extracted and sectioned into l0 cm

horiions before analysis. Plots receiving 300 kg Na ha-r in autumn were compared with

untreated plots in January and March on three soil types.

The autumn and wintir of 1976117 were wetter than average and soils returned to
field capacity earlier than usual. In the field and lysimeter experiments, half or more of
the appiied sodium, depending on soil type, was still to be found in the soil in March when

leaching ceased. with twic€ the currently-recommended dressings of sodium fertiliser

applieJin autumn and ploughed in, sodium accounted for no more thaa 2'l'% of the

saturation exchange capicity and moisture measurements on soils from the lysimeters

showed that five times ihe recommended dressing of sodium was needed to siguificantly
increase the quantity of water retained by the soil. Results so far suggest that autumn

application oi sodium is unlikely to affect either the physical properties of the soil or
delay seedbed preparation. 

6l
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Sodium as the chloride is an inexpensive fertiliser and on most fields greatly improvesyield of sugar. other experiments are therefore being made to-deiLrmine whether evengreater increases in yield wourd arise from larger apftcations of the element than usednow and to discover whether different amountJsho;ld be advised for autumn and spring
llL::fi: !:g-T*l_,6:1d experiments have been completed, wiih a furtherci* 6;i;;
narvesreo rn tgl/, wrt-h the same treatments as detailed in Rothamsted Report lor 197i,
lX1 11,66 

In 1975, on average, the largest applicarion of:OO i! Na ha:r yietded sigjnlhcantly more sugar than any other rate tested. This is of consi-derable interest as th-eamount was approximately twice the present recommendation of 150_200 kg Na ha1
Y^ields in 1976 from spring application of l50kg Na ha-l were better than ihose from
300 kg ha-t because application of the latter diessing in the dry spring ."ao".J piurt
p_.4rl1tlg";_ At in 1975, tbe largesr yield from autumn- application was fiom 300 kg Na
ha-r. Results so tar indicate that the curr€rt recommendation appears correct as regards
spring application b,'t it may be possible to recommend incriasing the dressin; for
autumn application when results of further experiments are available.-Averaged ovir a
experiments, time of application had-tittle eflect on yield. On some fields, ,iriog uppii-
:il-"-l,J". slightly b€uer, perbaps because autumn applied sodium was not-reijily
accessrbte, and on others autumn application was better because, in dry springs, sodium
givea before sowing decreased plant population. Growth analyses at Bioom's-Birn have
confirmed the importance of sodium fbr early leaf gowth ;o a sufficiency of sodium
during early spring is important. Further *oit ,"ill-U" directed to optimising sodium
concentrations in soil at this stage so that maximum benefit is gained irom thJ element
without Ioss of plant stand.

Recent dry summers have renewed interest in the water needs of the crop. At present
less than.l0 % of the sugar-beet area in England is irrigated. Especially oi, .univ ioif,
crops which cannot be irrigated might benefit from agronomic trLtments that alieviati
the elll'cts of drought or enhaoce the crop's tolerance to water stress. sodium fertiliser
may be such a treatment. Leayes ofplants given this nutrient have been shown to contain
more water and it has been claimed they wilt less readily. Measurements in 1974 and 1975
indicated an interaction betwen sodium fertiliser and soil moisture on plant-water
status, growth and yield. In both years sodium increased leaf area index eirly in the
growing periods, the water content of leayes and the final yields of root dry maiter and
sugar. In 1974 it increased the relative water c.ntents and diirusive conductances of Ieaves
in Auexrst when there was a moderate soil moisture deficit but not in June or September
when deficits were small. Similarly, in June 1975 there was again no eflect when the soil
moisture deficit was small, but later, when there was a severe drought, sodium decreased
water leafpotential. Further evidence ofan interaction between sod'ium and soil moisture
was obtained from results of other field experiments made between 196g and 1972 which
showed that, on average, giving sodium halved the response to irrigation. However,
sodium did. not completely replace the need for i,igation, nor irrigatio-n the response to
sodium as both were needed for maximum yield. Reappraisal of Jther field expiriments
between 1965 and 1976 suggested that the greatest iesponses to sodium (about 2Ol
more sugar) were obtained in the 1967, l97l-73 and 1975 gowing seasons in whici
intermediate responses to irrigation (lO-4O%) were obtained. This itudy suggests that
sodium gives greater sugar yields through at least two differentphysiological miihanisms;
it improves the interception of radiation by inoeasing leaf area larly in the season and
it improrr'es the efficiency of leaves under conditions of moderate witer stress. (Allen,
Cormack, Draycott and Durrant, with Mitford, Botany Department)

YlrC*-T deficiemy rutt seed pellefing. The conventional method for controlling the
deficiency is to spray the leaves with an aqueous solution of manganese sulphate ioon
62
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after deficiency symptoms appear. Recent experiments measuring the effect of deficiency

on yield suggist-that a shortage of the element is most damaging when the plants are

,matt; ut.o illuoy 
"rops 

recover later in tle year without further treatmint. At the seedling

itage, spraying ii not very practicable because the seedlings have little leaf area to interc€pt

thJspray, and more than one spray is often needed to prevent reapP€arance of symptoms'' 
i*p"rl."ot. have therefore 

-been 
made testing manganese incorporated in the coating

of peiteted seed as an alternative to foliar spraying (see PaPer No'.17)' Of several com-

ooinds tested in the gre€nhouse, manganese sulphate incorporated in the seed pellet was

[he -ost eff.ctire in-supplying seedlings with manganese, but decreased seedling estab-

iiihment in slightly acii- soils. Manganese as oxide (MnO) in the seed Pellet was less

available than 
-manganeso 

as sulphate but was never harmful, and was therefore acc€pt-

"Ui" 
r. " 

pellet ad;itive. In standard laboratory germination tests, seed p€lleted with

,"t.rid 
"|ot"irio 

g S/. wlw manganous oxide germinated quicker than seeds pelleted

with material contiining-no manganous oxide. In the $e€nhouse and in the field, pellets

containing manganous 
-oxide 

gave more seedlings more quickly than pellets containing

none. In 
-fields ihere untreated sugar beet suffered from manganese deficiency, incor-

porating 50f w/w manganous oxide in the pellet improved estabfishment and size and

iigo". Jf the pUot , decireased the proportion with-manganese-deficiency symptoms and

de?reared the severity of deficieniy on plants where symptoms remained' Although

assessments of the proportion of plants with deficiency symptoms indicated that an eally

ioliar spray had; s[ght advaniage over mangano]ls oxide in the seed pellet, yields

showed^littL difference between tle two treatments. In Fens around Peterborough where

ihe o.ganic topsoil is only 30-50 cm deep and there is a clay subsoil the manganese in

the peilet was sumcient t; meet the seedlings'need until rools penetrated the clay and

no rp.uy *ut needed. On Isleham Fen, where the organic soil overlays sand, symptoms

deveioped and persisted unless a spray was applied as well. (Farley and Draycott)

Mrgnesium. Sugar-b€et growers on light soils where magnesium deflciency causes loss

of yield are now iegarding and using magnesium as a major plant nutrient like nitrogen,
phosphorus and potassium. This is proving to be. the correct ap-proach as severe mag-

magnesium deficiincy is rarely encountered following several applications of magaesium

ferilliser for previoui sugar-beet crops. On severely deficient fields, kieserite (magnesium

sulphate) is ihe best quick-acting form of the element presently used in fertilisers. On

fields wirere a maintenance dressiog of magnesium is needed, calcined magnesite is a
promising and less expensive alternative. The study of calcined ma-gnesite as an alterna-

iire -agiesium source to kieserite began at Broom's Barn in 1969. Since then laboratory,
greenho'use and field experiments have led to great improvements, mainly resulting from
iloser control of calcining temperatures in the production process which has iocreased

the availability of magnesium irom calcined magnesite. Work is continuing as further
improvementj are posiible. Commercially produced samples of calcined magnesite are

being tested in field experiments and laboratory produced samples tested in pot and soil

incu6ation experimenti. One group offleld experiments completed in 1976 measured the

long-term effects of various magnesium fertilisers, including calcined magnesite. The

exfrriments began in the autumn of 1972 on four fields and tested the effects of 100 kg

Mg ha-r as kieserite and as calcined magnesite applied at various times during the

roiation. Sugar beet was grown in 1973 and 1976. Soil analyses each year showed that

the kieserite initially gave the larger increase in exchangeable magnesium but' by 1976,

the values were similir to those on plots giYen calcined magDesite. This indicates that
calcined maglesite may be effective for Ionger than kieserite and therefore more suitable

for use as a maintenance dressing. (Hutchison, Durrant and Draycott)
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Pests tnd diseases

Imecticide seed trertment. Trials in each of 15 sugar factory areas and at Broom's Barn
concluded the series testing insecticides, incorporated with ihe seed during pelleting, to
control ,seedling pest damage. Methiocarb, bendiocarb and dieldrin *"i" 

"o-pu-i.d,using ethylmercury phosphate steeped Amono seed, .Filcoat, pelleted by Germains. On
average, none ofthe treatments significantly affected seedling esiablishment in the absence
ofpest damage. M€thiocarb incorporated in the pellet has b;n tested by us since l97l at
rates from 0'05 to 6'4 % w/w of seed before pelleting. It can give considerible beneflt where
pest.damage occurs and, at 0-21w lw, has been gradually ieplacing dieldrin as the stand_
ard-i_nsecticijf tryallngn! for sugar-beet seed; the replacement of iieldrin was requested
by MAFF. The British sugar corporation have decided that all beet seed wi[ be ireated
with methiocarb in 1978. Because manganous oxide may in future be incorporated in
pellets for use in manganese deficient soils, it was tested with and withoui the O.2%
methiocarb treatment at the 16 sites. on average manganous oxide had no significani
effect on seedling establishment although in two trials significant decreases ocrurrld when
it was used. (Winder, Dunning and Thornhill)

Wood mice tating secd. Year to year variation in population density at the time of
sowing may contrib-ute to the geat fluctuations found in the severity oi damage caused
by wood. mice. A pilot survey of mouse numbers on fields immediaiely prior io sowing
was carried out with the help of BSC field staff; cartons which recorded the tracks oT
mice which entered them were used to obtain an index of population density in 2l fields
throughout the beet growing areas. The estimated densities ofmice on the fieids in March
were uniformly low and little damage was recorded subsequently despite early sowing
which in previous seasons has increased the damage (Rothamited iepori for 1926, part l-,
54). Further tests are planned with a view to forecasting severe damige.

Experimental poisoning of mice on 15 sugar-beet fields with three or six chlorophaci-
none baits per hectare confirmed the effectiveness of this technique in reducing mouse
numbers and-probably controlling damage (Rothamsted Report foi ICZA, part l, p. 54).
_ A two-and-a-half-year live-trapping study of a wood mouse population on arible
land was concluded and the results analysed. The population liuituations and their
causes were found to have many features in common with those of deciduous woodland
populations studied by other workers (Rothamsted Report for 1975,part l, 56). yariations
in, mortality, during the winter (non-breeding perioOl and at the onset ol breeding in
March-April are responsible for year to year differences in mouse density at the timi of
sowing sugar beet.

Birds grazing se€dlings. The factors affecting the numbers and diet of birds grazing on
slgar-beet fields were inyestigated. Feeding birds were counted, their diet anilysed and
the availability of some important foods measured on 13 fields. The density of skylarks
on these fields was found to increase with the abundance of weed seeds in theioit bui to be
unaffected by the density of weed or crop seedlings. Skylarks were found to feed selec-
tively on weed seeds and beetles, reducing their consumption of seedling leaves when the
preferred foods were abundant. This result is consistent with the findings of a study of
seasonal variations of skylark diet, concluded in 1977, which showed that skylirks
select feeding areas and foods mainly on the basis of the rate at which energy can be
obtained from them. Grazing seedlings is one of the skylark's least profitabie feeding
methods from this point of view. (Green)

Aphicides: time of spraying. Three trials compared seven different times of spraying
with a mixture of demeton-S-methyl and pirimicarb (244 ar,d 140 g a.i. [a-r) 31 appioxi-
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mately l2{ay intervals from late May until August. B€cause there were few aphids and
very little yellows only one outside trial and some treatments at Broom's Barn were
harvested. Sugar yield was unaffected, even where all seven sprays were applied following
aldicarb (8,10 g a.i. ha-l) in the seed furrow.

Aphhiles: method ofspraying. Altho]ugh Myzus persicae cznbe efrectively controlled by
direct interception ol organophosphorus sprays such as demeton-S-methyl and deme
phion, resistant strains may survive the residual systemic actior of certain of these
insecticides at standard rates of application. Conventional crop spraying covers mainly
the upper leaf surface and control of aphids on the under surface relies on systemic
action. In an endeavour to get better cover of the leaf-under-surfacc a coop€rativc
project was started with Mr. R. Sharpe (National Institute of Agricultural Engineering).
A prototype nozzle arrangement with leafJifting devices was tested in the field at Broom's
Barn comparing the same volumes of spray applied conventionally from above the
foliage uiith application from both above and b€low, using a systemic (demeton-$methyl,
2,14 g a.i. ha-l) versus a contact insecticide (permethrin, 100 g a.i. ha-r).

A fluoresc€nt pigment, Saturn Yellow, suspended in the spray liquid showed that
some improvement in spray distribution on both the uodersides of the leaves and the
heart leaves was obtained by the 'above and below' nozzles. Infestations of wingless
green aphids \rere very slight and only the decrease in numbers obtained by thc per-
methrin treatment was statistically significant. Yirus yellows incidence was very low and
was unaffected by trcatments. (Dunning and Wiuder)

Predetor/ephid dynamics Our previous observations on sugar beet have sugggstd that
predators resident in fields, especially Arachnida and Coleoptera, may be important in
controlling the development of aphid populations on plants early in the season and a
better understanding of the role of aphid predators may help to improve the integrated
control of virus yellows. The species and numbers of predators present are affecrcd by
soil type. An investigation was started with field obs€rvations made on two 150 m2 plots
of beet, cv. 'Nomo' on Flint Ridge and The Holt. The low natural infestation of aphids,
espocially M. persicae, necessitated some artificial infestation. Pitfall and water traps
were used to investigate the species present; data was collected on the aphids'develop
ment on the beet, their colony distributions and changes, and predator incidence was
observed.

Differences in the condition of the plants and the predator complexes are thought to
have been important in the contrasting success of the aphid populations on the two sites.
A broad range of predators including nites and coccinellids present on mature plants
on The Holt probably led to the low aphid populations compared with Flint Ridge where
there were few predators, and the condition of the plants favoured aphid development.
A serological analysis of predators' gut contents is being made, using anti serum prepared
by Govier (Plant Pathology Department), and the aphid/host relationship is being
studied in controlled conditions at the Applied Biology Department, Cambridge.
(Iepson)

Leef+urfrce fungi inclurling Erysiphe berae, The development and gowth of fungus
populations on the surface of sugar-beet leaves was followed throughout the gowing
season of 1976, by culturing leaf washings and by microscopic examination of cellulose
acetate films. The predominant fungi observed were the saprophltic Cladosporium spp.
and yeasts, and. the parasilic Erysiphe betae .

E. betae was first observed in late July. Rapid mycelial growth and spore production
took place during August when similar growth occurred simultaneously on leaves ol
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different ages. However, the growth of the mildew on leaves produced and expanding
during September was much less. These results confirm those obtained in 1975, suggesting
that environmental conditions are more important in determining the development of
E. betae thaa is the physiological state ofthe leaf (assessed by the fixation of laCO2 and
chlorophyll levels).

Yeast and Cladosporiwn populations correlate closely with the growth of E. betae.
This inter-relationship between the mildew and the saprophytic fungi may be indirect
in that the microenvironment of the leaf is made more favourable for the growth of
saprophytes or because the fungi are in direct contact with the mycelium ofthe mildew.

In 1977 the weather was unfavourable for.E ,erae and in most ofthe 9l fields surveyed
by BSC fieldmen the disease was slight or absent. Only three of these crops had all or
most plants infected by the end of Septemtf"r. E. belae sprcad in some varieties at Broom's
Barn in early September. Despite the intervention of 100 mm of rain between spraying
and the obvious sprcad of disease, a single application of ll kg wettable sulphur ha-r to
cv.'Nomo'on 12 August gave almost complete control of .E berae a,nd increased sugar
yield by 81. (Bentley and Byford)

NeDrtode Pests
Doc*iag disonler. Granular pesticides (e.g. aldicarb, oxamyl) are used on most light,

sandy soils where ectoparasitic nematodes causing Docking disorder (Trichodorus spp.,
Paratrichodorus spp. alr.d Longidorus spp.) are often numerous and can, especially in years
with heavy May rainfall, cause considerable yield loss. Although damage in 1977 occurred
in some treated fields, probably where the pesticide was leached below the seedling root
zone, the total affected area was much smaller than in previous years; in June 103 ha
were reported afected (35 from Nottingham and 33 from Selby factory areas) and in
Iuly a further 228 ha were reported (220 from the York factory area). This probably
reflects the extensive use of nematicides. (Cooke)

Spirul nenutodes. Trials and observations in conjunction with the Nematology
Department (see p. 187) were continued ot Helicotylenchur-infested chalk soils. At three
sites south of Cambridge where beet was grown in rotation, the pre.drilling populations
were low, ranging from 180 to 860 litres-r. Carbofuran incorporated in the seed pellet
at 0.2,0'8 and 3'21 by weight of seed was tested in comparison with seed furrow appli-
cations of carbofuran granules (600 g a.i. ha-r) at two sites and oxamyl (800 I a.i. ha-r)
at one. Thc low pop\tlilioas of Helicotylenclr&r produced no crop damage and treatments
had no significant effect on s€edling establishment. Virus yellows infection was low and
unaffected by treatment. Sugar yield ranged from 5'8 to 8'l t ha-r but was not affected by
treatment.

At two of these sites a range of granular pesticides was tested; 'AC 6t1475', aldicarb,
bendiocarb, carbofuran, oxamyl, phorate and thiofanox, each at 250 and 1000 g a.i. ha-t,
in the seed furrow. In the absence of severe pest damage beneficial efiects of treatment
were slight; oxamyl gave the best sugar yield increase, 8l with the hig! rate, followed by
carbofuran and aldicarb which were best at the low rate. The other chemicals had no
effect, or decreased yield, 'AC 64475' at the high rate by 50% at each site.

B€et was growtr again in 1977 on part of the field where the Helicotylenchus popnla.tjon
was very high (c. 4000 litrcs-l) and damage was exp€cted. Severe bird and mammal grazing
on the slow growing plants decreased the value of observations made on the eight
diferent pesticide treatments, but carbofuran was consistently beneficial to growth.
Helicotylenchus populafion studies were made by Nematology (s€e p. 187). (Dunning,
Winder, Thornhill and Chwarsczcynska)
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lungicfules on barley. In an att€mpt to improve the yield of spring barley crops at
Broom's Barn a series of experiments from 197177 testqd the effect of the fungicides
ethirimol,-as -a seed dressing and tridemorph, as a spray, on three varieties of ipring
barley- hfection with powdery mildew was moderate in 1975, severe in 1976 and liCht in
1977. Ethirimol was applied as a slurry to the seedjust before sowing, and the tridemorph
spray was applied when infection was increasing rapidly (growth stage 6 in 1975, 5 in
1976 and 8 in 1977). A single application either of seed drcsing or spray controlled
mildew and increased yield ofJulia and Maris Mink, but Proctor needed both treatments.
Grain size was increased more by the seed treatment than by the spray. (Webb)

Broom's Barn Farm and long-tem experiments
Ferm. Ploughing was completed by the end of January. After a wetter than average
winter the spring work did not start until early March. The winter wheats and the grais
ley overwintered badly after the very dry summer and the poor autumn drilling ion-
ditions, but recovered well in the spring to produce reasonable crops- In contrast io last
year's extremely early cereal harvest, this year's was detayed by rain and was laGr than
average. Little Lane was subsoiled both ways at 55 cm deep and 90 crn betwe€n tines,
and dressed with FYM. Two new soakaways were installed, one to relieve the flooding at
the northem end of the roadside ditch and the otler to accommodate the run-off from
the concrete farm road. Tree planting has continued.

Cereals. Of 17.3 ha of winter wheat only the second year crops had nitrogen in the
seedbed. One field which looked very poor in the spring received a top dreising split
b€tween late March and late April, but the remainder had a single dressing in early April.

The spring barleys were sown during the first we€k of Marih but sowing thi spnng
w-heat was delayed until early April because of the state of the ground aftei sugai bee-t
lifting and heary rain. Proctor and Ark Royal barley seed was treated with eihirimol
('Milstem'), the only fungicide used this year. The windy conditions during late April
restricted herbicide application and some plots and part of Bullrush field were left
unsprayed to avoid damage to neighbouring beet crops. No aphicide was necessary.

Cereal harvest did not start until26 August when the first ofthe spring barley wis cut.
It_ continu€d as weather permitted and finished on 9 September except for the spring
wheat whi-ch. was late to ripen and was cut on 19 September. Grain moistures rangei
from l4-2o7t

TABI,E I
Yields of cereah on Broom's Barn Farm

Grain yield (t ha-r at 85% DM)
ha. Yield

Brome Pin 10.0
HackthorE 3.9
Marl Pit 3.4
New Piece 5.2
Dulholme 9.0
White Patch 9,2
Bullrush 4.6
Windbreak 2.2

F?lda $ory. The ryegrass ley on Little L^ane was given a compound fertiliser in two
applications in the spring and was cut for silage during the last week of May. It was
immediately top dressed with N and irrigated. hay wai made during the firsi week of
July. The undrrsown ley on White Patch established well during the wet summer and a
good stand of grass was achieved.

Huntsman winter wheat 5.68
Hobbit winter wheat (s€ed) 6.95
Hobbit winter wheat 5.8E
Sappo sDrins wheat (seed) 3.51
MiDk ba ey 3,79
Procto. barley (unde.sown) 4.73
Ark Royal barley 5.65
Miok barley 4.86

o/
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Sugu beer. All the fertiliser except nitrogen, which was broadcast between the rows
at d;lling, was ploughed down in autumn 1976. Seedbeds were prepared easily and the
first sowi-ng made at the beginning of March. Rain detayed further drilling until the end of
March, whln a[ but late sowings were completed. The early drillings had emerged by the

end of March. All the crop, excePt the variety trials, was sown with pelleted monogerm

sced;85)( was spaced at 16 cm or more. Most ofthe crop was band sprayed with pyra-

zonc at drilling or overall sprayed when on non-standard row widths. Subsequent weed

control was pirtly by hoeing and partly by post'emergence sprays. Seventy-five perc€nt

was drilled with agranular insecticide and only half required spraying once with aphicide

in mid-July. Half ihe crop (on the lighter soil) had 75 mm of inigation in July and a

further 50 mm in August.
Harvesting started on 27 September in very hard, dry conditions which gradually

eased to allow the bulk of the crop to be lifted in good order. All beet was lifted by 14

December and deliveries to the factory were completed by the end of the year. Yields
averaged 35'5 t clean roots ha-l at an average sugar content of 18'0f ranging from
15.9 to 19'21. Mean dirt and top tares were 8 and 4f .

Livestock. In October 1976, 80 cross-bred heifers were bought and fattened in the
yads ot ad lib silage and a restricted concentrate ration of 50% rolled barley and 5O)(

6""t putp nuts. They were sold between late March and early July. The yards were

restoiked with 85 cross-bred heifers in October. (Golding)

Frequency of beet rnrl borley. This was the l3th year ofthe experiment testing yields in
fiveiontiasting crop rotations (Rothamsted Report for 1966' p. 298). Yields for the last

6 years are given in Part 2 ofthis year's Report.
After thtt 2th year the experiment was modifled ; tic beans, potatoes and grass were all

replaced by spring barley. Sugar-beet plots, previously split for nitrogen rates rangrng

from O-ta7'5 i<g N ha-l, were uniformly dressed with 125 kg N ha-l. It was intended that
this modified eiperiment would go through at least one more Gyear cycle' H9*ty"l,
when harvested ln October, three ol the nine plots glowing sugar beet for the l3th
successive year werc found to be infested with the beet cyst-nematode (Heterofura

sciacitril. ivhite females or cysts were found on l00l ofroots in one plot,89latd46l
in the otfrers. Ilelrc obasidium-purpureun, which has frequently been found infecting a few

roots on continuous beet plois, was found in three Plots in I 977, in one of wbtch 87 I of
roots were attacked. The ixperiment in its old form will now be abandoned and the area

used for new experiments iesting aspects of the relationship between IL schachtii z.nd

sugar-beet yield ;nd the effect of different rotations on I/. schachtii poprtlations' (Webb,

Cooke and Byford)

Staff and visitors

R. Hull retired on 3l March after a career spanning 42 years devoted to sugar-be€t

research. Starting in 1935 with the Midland Agricultural College, Sutton Boninglon,

based at Hackth6rn, Lincs, administration was transferred to Rothamsted in 1947 and

the work moved to temporary buildings at Dunholme, Lincs., in 1949. The subsequent

establishment of Broomls Bam as the main centre for sugar-beet research in England

was due very largely to his efforts. A farewell reception at Bro-om's Bam on 1 April was

attended by somi l'60 past and present rnembers of the staff of Broom's Barn and Roth-

amsted, th; Sugar Beei Researih and Education Committee and representatives of the

sugar-beet and illied industries- A presentation was made by Sir-Peter Greenwell and the

toirt to R. Hull was proposed by Sir fdmund Bacon, both former Chairmen of the
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Committee. R. Hull was succeeded by R. K. Scott, Reader in Agronomy at the Uni-
versity of Nottingham School of Agriculture.

G. L. Maugfian, formerly on the staff of the NIAE, and seconded to the British Sugar
Corporation, lvas transferred to Broom'$ Barn staf on I April to co-ordinate Broom's
Bam's work with the BSC. In Juoe R, A. Dunning was awarded the eueen's Silver
Jubilee Medal.

The summer meeting of the International Institute for Sugar Beet Research (IIRB) $as
held in England with G. L. Maughan acting as one of the organis€rs ; on 3 I May delegates
to the meeting visited Broom's Barn. The February IIRB Winter Meeting in Brusseli was
attended by A. P. Draycott, R. A. Dunning (Chairman ofthe Pests and Diseases Study
Group), R. Hull and G. L. Maughan (Chairman of the Spring Mechanisation Study
Sub-Group). In September W. J. Byford and G. D. Heathcote attended the IIRB virus
Yellows Study Group meeting in Zurich. R. A. Dunning also attended this meeting
together with a meeting of the OILB in Zurich and a meeting of the IIRB pests and
Diseases Group in Novi Sad, Yugoslavia. P. C. Longden visited Sweden and Austria to
study seed work and attended the autumn meeting of the IIRB Genetics and Breeding
Study Group. A. P. Draycott visited I€ipzig University in the German Democratii
Republic in October to study beet growing atrd the distribution and use of fertilis€rs and
agrochemicals. In October A. P. Draycott, M. J. Durrant and B. J. Hutchison attended
a meeting in Madrid on the availability of magnesium from calcined magnesite. Durrant
and Hutchison also visited the factory of Magnesitas de Rubian near Santiago to advise
on improvements in the production process. D. A. Cooke returned from a l-year
secondment to the University of California, Riverside, where he worked on beet cyst-
nematode. He gave lectures to University Departments and various groups of chemical
manufacturers, Agricultural Extension workers and sugar-beet growers. He attended the
l5th Meeting of the Society of Nematologists at Daytona Beach, Florida, and thc
Annual Meeting of Califomian Nematologists at Stockton, California.

SRC/CASE post-graduate students P. Jepson and R. Brown were appointed during the
year in association with Cambridge and Newcastle Universities respectively. Sandwich
course students A. I. Dixon, K. Pyke, F. Sica and L. Waine each worked for us for six
months and J. Frdhling of Ciba Geigy worked with us in May. Five scientific meetings
wcrc held at Broom's Bam during the year including a l-day conference in March on
'Recent Developments in Sugar-Beet Research' attended by all the sugar factory field
staffs. A 2-day instruction course for sugar factory fieldmen was held in Septembei.

W. J. Byford helped in compiling and editing this report,
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