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BROOM'S BARN EXPERIMENTAL STATION R. HULL

fntroducdon

Scientists conc€ntrating their research on one crop, such as those at Broom's Barn work-
ing on sugar beet, have their ideas and programme of work considerably influenced by
the difsrent problems experienced in observing and growing the crop each year. The
early sowing of the sugar-beet crop this year, when half the crop had been sown by the
end of March, augured a large yield, similar to the record yield of 1971. However, the
six million tons delivered to the factories was barely an average yield, largely due to the
summer weattrer being unfavourable for growth. At Broom's Barn, every month was

colder, all but August had fewer hours of sunshine and every month had less rainfall
than average. Roots were small and contained little sugar at the end of August compared
with the 1971 crop, and although in most parts of England yield increased at the usual
rate during the autumn, it did not make up for the poor growth during summer.

The drought was most severe in the southern part of East Anglia and the crop lost
leaves when it wilted during the summer. Virus yellows became widespread in the autumn
and the foliage of some crops became very yellow by the end of September, a pheno-
menon we have not seen for several years. Past experimenB have shown only small yield
loss from such late infection, but this year's experience raises doubts whether infection with
yelows ofplants that lose much oftheir leaf area by drought may not affect yield appreci-
ably. Field observations failed to determine to what extent drought or yellows were
responsible for the below-average yield increase in the autumn in this area.

For much of this dry summer sugar beet depended on moisture from the subsoil
extracted by deep roots. The deleterious effect of restricting root penetration was obvious
not only in our soil compaction experiments but also in many fields where poor growth
of sugar beet on tle headlands resulted from soil compaction by machines used for
cultivating during the spring. Our experiments also clearly show that nitrogen fertiliser
leached deep into the soil is taken up by roots when the surface soil is too dry for the
plants to absorb the nitrogen it contains. Less mobile fertiliser elements are applied to
and mostly remain in the ploughed layer and are not available to the plants when the soil
is dry. Would sugar beet benefit from more nutrients in the subsoil and itr the water that
it absorbs there ? The results of some of our experiments described below are relevant
to these problems but by no means solve them, so the experiences of the season will
certainly influence our future programme of work.

Seedling pests

The British Sugar Corporation fieldmen reported that damage to sugar-beet seedlings by
birds and mammals was nearly as extensive as in 1971, and far more than in any of the
previous five years. Insect and allied pest damage approximately equalled that of the
average for 1966 to l97l inclusive. Half of the sugar-beet acreage was sown before I
April and early sowing, followed by cold weather, is probably inimical to extensive
damage by invertebrate pests, but does not decrease the activity ofthe vertebrates.

Pypy b€etle. The dispersal and distribution of pygmy ber'tle (Atomaria lineais) was
assessed by the catches in zl{lft high suction traps at Broom's Barn, Rothamsted, Wye,
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Shardlow and High Mowthorpe, and on sticky traps at nine sites in eastern England,
particularly in the Fens. The Broom's Barn trap caught 566 be€tles to the end of October,
Rothamsted 286, but Wye, Shardlow and High MoMhorpe each less than ten. At
Broom's Barn pygmy beetles were not caught in quantity until mid-May, approximately
two weeks iater than in 1971, and large catches occurred on favourable days in June
and July; in l97l crtches were most numerous in May and reported damage was greater
than in 1972.

In 1972 the sticky traps at Rothamsted and Shardlow caught many fewer pygmy
beetles than those in the Fens and East Anglia; those at Holbeach, Lincs., and Somersham,
East Suffolk, caught most. (Dunning and Thornhill)

Millepedcs In the laboratory, previously germinated 'Amono' pclleted sugar-beet seed
without insecticide was grown in Petri dishes containing millepedes (Boreoiulus tenuis)
collected from the field in June, at mean temperatures of 4'5,7'5, 12'5, 15 and 18'C.
After three days most root damage was done at 7'5 and l2'5', and least at 4'5 and l8'.
Removing these damaged seedlings and repeatedly adding freshly germinated ones showed
that damage declined with time, especially at 18', the temperature that evoked the earliest
onset ofinactivity ofthe millepedes and their subsequent moulting. In another experiment
with B. lmuis, at 9-12', 74% more aggregated around germinating pelleted than around
raw 'Amono' seed, but root damage did not differ.

The effect of rising, falling and constant temperature on the behaviour of Blaniulus
guttulatus in both horizontal and vertical sealed chambers was studied. The millepedes
responded to temperature changes and appeared to crawl downwards as temperature
dropped towards 2o; increasing the temperature induced increased activity and dispersal
throughout the chambers. (Baker)

Pitfrl tnpping. The eflects of the insecticides trichlorphon ('Dipterex') and aldicarb
('Temik') at commercial rates on the numbers of beetles caught in pitfall traps (Rariam-
sted Repott for 1969, Part l, 312) were tested on the Holt field. Square plots of approxi-
mately 0.08 ha in a 3 x 3 Latin square each had three traps centrally placed 3 m apart
in the beet row- Aldicarb granules at l'12kga.i.lha were applied in the seed furrow at
drilling on 7 April and tricblorphon was sprayed overall at 0.07 kg a.i./ha on l0 May and
again on 13 June. Traps were changed at weekly intervals from 17 May until 30 August.
Feronia melanaria was the most numerous carabid beetle with peak numbers caught in
August, but, as in 1971, few were caught in May when Bembidion spp. were dominant.
Tricblorphon decreased the catch of the most frequent genera (Feronia, Bembidion,
Trechus rnd Clivina) by an average of l5 % over the trapping period and aldicarb decreased
the catch by 271, exept for Benbidion spp. of which 3ll morc were caught on the
treated plots. (Baker, Dunning, Winder and Windley)

Control by insecticides. Trials in 15 sugar-factory areas tested 0'2f of dieldrin and 0'2,
0.8 and 3.21 of methiocarb on 'Amono' seed, all incorporated during pelleting, and
compared their effect on seedling establishment with 0'56 kg/ha of y-BHC sprayed and
harrowed into the soil during fual seed-bed preparation. The sites were chosen for con-
venience, not because seedling pest damage was anticipated. On average, the proportion
of seeds which produced seedlings were: control (no insecticide) 62'8%,;0'2% diel&in
62.5%; 0-2, 0.8 nd T2\ methiocarb 64'1, 62'6 and 61'51respectiyely; 7-BHC spray
on seed bed 65'4% (S.E.D. f 0'8Q. Gamma-BHC spray significantly increased seedling
numhrs in three trials, 0'2f methiocarb in one; no other treatment had significant
effect. The same p€lleted seed treatments and also 6'41methiocarb, 0'2,0'8 and 3'21
mecarphon, 0'2, 0'8 and 321 'Ciba Cl00l5', 0'8 % carbaryl, 0'8 )( propoxur and I %
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'Curb' (sold as a bird and mammal repellent) were compared with TBHC sprayed on the
seed bed at 0'28, 0.56 and l'12kga.i./ha at Benwick, Magdalen, Shouldham and
Melbourn where p€st damage was expocted, and at Broom's Barn where it was not.

At Benwick, sugar beet was damaged by pygmy beetle in 1971 and this year damage
was very severe; most of the seedlings were killed before ttrey emerged from the soil.
The best treatments, the 3.21 rates of methiocarb, mecarphon and 'Clmls', gave
seedlings from only 8.5-8.91 of seeds sown. Gamma-BHC spray on the seed bed had no
effect on s€edling numbers- Aggregation and mortality of pygmy beetle was determined
from soil cores (5.9cm diameter X l0cm deep) centred over seedlings. On untreated
plots cores were taken centred on dying seedlings or in gaps; they contained only few
beetles, mean 3.8 live and 0.1 dead. Around seedlings in the rows treated with'Du Pont
l4l0' and carbofuran (at 0.70 kg a.i./ha) there were approximately equal numbers of
living beetles, 12.6 and 10.8 per core; however, carbofuran, the best treatment, that gave
40 % seedling establishment, had I I I dead beetles per core compared with only 15 frorn
'Du Pont l4l0', a poor treatment giving only l2l seedling establishment. As in 1971, the
numbers of dead beetles recovered increased with improved seedling establishment;
seedlings were protected by the insecticides killing be€tles in the root zone rather than
repelfing them. After rotovating, the trial was resom. Although only l,l\ of the seed
on the untreated plots produced seedlings that survived, responses to insecticide treat-
m€nt were greater than at the fust sowing; the seed treated with the largest amounts of
mecarphon, methiocarb or'Cl00l5'gave the best results. Gamma-BHC sprayed on the
se€dbed was again ineffective (fable 1).

At Magdalen the trial also followed a poor beet crop in l97l damaged by millepedes,
slmphylids and pygmy beetle; these pests were present again in 1972 but caused little
damage. At Shouldham &s mills!'ede Boreoiulus tenuis, and at Melbourn and Broom's
Barn wireworms damaged the crops. At Benwick, where p€st attack was severe, the
beneficial efects of methiocarb, mecarphon and 'C10015' seed treatment increased with
dose but at the other sites, where pest attack was less severe, the larger amounts of insec-

TABLE 1

Efects o/ seed dnd soil treatments on the percentage of seeds producing seedlings at fve
sites (excluding the frst dilling at Bendck)

Benwick Magidalen Shouldham Melboum Broom's Bam
Cotrtrol I 60 61 69 49

Seed treolment

0'2% dicldtin 4
0.2% Eethiocarb 16
0 8% methiocarb 3l
3.2% m€thiocarb 38
6.4% methiocarb 50
0'2% D€carpho! 27
o.8%oocarphm 60
3.2% rDocarphotr 71o.2%'ctmls', I0.8%'cl0l5' 1l
3 .2%'cl0l.Jt5' 44
0.8% carbaryl 72
0 8% propoxur 16l0%'CurY 0

62
67
5l
59
67
67
6t
63
62
63
61
57
63
48

58 72 56
r,6961
58 67 59
57 73 58
52 69 57
66 75 55
63 7t s9
60 73 s7
63 67 56
6t 72 57
s5 65 56
55 67 53
61 6r' 50s6 7l 5l

YBHC aptuys iDcorwroted ln secd bel
0'28 kc a.i./ta 65 7l
0.55 ks a-i.iha 8 61 7l
t '121 ks &i./ha 55 69s.E.D.+ 5.66 3.83 7.2s

70
65
7t

4.25

74
69
73

3.61
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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 5

BROOM'S BARN EXPERIMENTAL STATION

ticide often resulted in fewer seedlings than the smaller. Gamma-BHC spray on the
seed bed was not effective at Benwick, but was among the best treatments in the other
trials. (Dunnin& Winder and Baker)

Further trials at Benwiok, Shouldham and Magdalen tested insecticides drilled in the
furrow with the seed as solutions at 37olitres/ha and concentrations to give 0'70 and
0.07 kg a.i./ha, or as granules at 0.70 kg/ha. At Broom's Barn a range of insecticides
was tested as granules or solutions at 0'70 kg a.i./ha to check for.adverse effects on seed-
ling establishment in the absence of pests. As in 1971, the Breatest increase in seedling
numbers occurred where pest attack was most severe, e.g. at Benwick, and the adverse
effects were most obvious at Broom's Barn.

At Benwick no seedlings survived from untreated seed sown on 24 March. With row
treatment at 0.70 kg a.i./ha the proportions of seeds producing se€dlings were: carbo-
furan granules 441, y-BHC sohtliot 241,'Du Pont 1410' granules l2\, methioczrb
solution and aldicarb granules l0l and'Du Pont 1410' solution 6l; mecarphon,
'C10015' and propoxur solutions and 'Bayet 92114' gmnales 24\, 'CGA 10576',
carbaryl, 'Dursban', diazinon and 'Bayer 92114' solution, less than \f. Less than I f
of the seed produced seedlings in rows treated with the solutions at 0'07 kg a.i./ha. The
trial site was rotovated and resown with a modified range of treatments on 23 May. On
the untreated plots 0.81 of the seeds produced seedlings and the sugar leld from these
plots in late September was only 0.07 t/ha. When treated with granules at 0'70 kg a.i./ha
the percentage of seeds producing seedlings and the sugar yields (t/ha) were: 'AC 92,100'
78%,3.97; mecarphon 741,3.48; 'Du Pont 1410' 57%,3.13; carbofuran 53%,2.171'
aldicarb 52\, 3'45; 'AC 64,47 5' O'8%, 0'Ol. Effects of the same amounts of insecticides
in solution were: y-BHC 711,3.251' methiocarb 48%,3.02;'Dn Pont l41U 40%,2.651
'Cl00l5' 38%, 2'35; mecarphon 381,2'65: 'Dursban' 281, 2.29; and diazinon 13ft,
1.14. Gamma-BHC and 'Dursban' as solutions at 0'07 kg/ha were only partially efective,
with 15 and 7l of tlJe seeds producing seedlings respectively, and the other treatments
at this rate were ineffective.

At Shouldham 40f of the untreated seeds produced seedlings. The percentage of seeds
giving seedlings in rows treated with solutions, at 0.70 and 0.07 kg a.i./ha, ol diazinon
were, respectively, 821 and Ml; methlocarb 74%, 601; 'Dursban' 731, 5O\; 'Bayer
92114' 7l%,61%;'CCn rc576' 65%,62%;'Dtu Pont 1410' 63%,45%;'ClW15' 63%,
47 \; m*zrphot 56%, 40%; carbzryl 52%, a6%; and propoxur 52 f , 42%; b,tt rBHC
28]lall,d 72\, and tetrachlorvinphos 37 and 53f. With granules at 0.70 kg/ha the pro-
portions were: aldicarb 781,'Bayer 92114' 73\, carbofvan 70% rnd'Du Pont 1410'
68 f, whilst for pelleted s€ed containing 0.21dieldin,0.2 and 3.2f methiocarb 41, 59
and 371 respoctively.

At Magdalen 61 % of the untrsted seed produced seedlings. The proportion producing
seedlings when the rows were treated with solutions during sowing at 0.70 and 0.07 kg
a.i./ha were: methiocarb 669( nd 56%; y-BHC 63%, 6l%: propoxur 6a%, 52%;
'Bryer 92114' 63%, 55%; diazlnon 62fl, 5ll; 'Dtt Pont l4l0' 60%, 57%;'Cl00l5'
60%, 59%; mecarphon 60%, 57%; czrbaryl 531,52%; 'Dursban' 47 %, 59%;'CGA
10576' 44%,,16 f. Granular formulations at 0.70 kg a.i./ha gave: aldicarb 701,'Bayer
92114' 691,'Da Poat 14lO' 69'%, catbofuran 68 l, whilst peUeted seed contairulng0'2\
dieldrin, 0.21 mecarphon or 3.2(methiocarb gave 591,671 ar.d 62l respectively.

At Broom's Barn 941 of the untreated seed produced seedlings that survived, an
unusually large proportion, aod yield vtas 6'77 tlha of sugar. The proportion of seed
which produced seedlings and the sugar yields (t/ha), when treated with solutions at
0.70 kg/ha in the seed furrow were: y-BHC 321,2'90; carbaryl 801, 5'64; propoxur
76%,6-03, methiocarb 82%,6'82;'Dursban' fi%, 5'24; diazinon 831,6'z14; 'Cl00l5'
88%,6-40; 'CGA 10576' 36%,4'50; 'Du Pont l4l0' 89%,7'27; maryhon9Ol,6'79;
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'CGA 13527' 82%, 7.01 ; 'Nemacur P' 821, 6.87 ;'Bayer 92114' 74%, 6.821.,pp156, 9t %,
7.17; and tetrachlorvinphos 74%, 6.72. When treated with granular formulationj:
aldicatb961,7.ll;'Du Pont 14l0'93/.,7-07; 'CGA 10576' 361, 4.7 5; ,Tirpate' 

87 y.,
6.09; carbofuran 881, 6.65; 'Nemacur P' 87 %,7.25i'Bayer 92114' Sl )(, 6'99. (Dunn-
ing and Winder)

Pest aggregation. Soil samples estimated the degree of aggregation of pests in the root
zone of seedlings established from seed without insecticide spac€d at 4, 'lZ ald 24 cm.
At_Shouldham (Norfolk), a site where previous sugar-beet crops had been damaged by
rnillgpedes, soil cores 5.9cm diameter x l0cm deep taken when sowing on 20 April
indicated a fairly uniform distribution of millepedes, averaging l.glcore (29 mtllior,lha)
Borcoiulus ,enuis. After 19 days, cores either c€ntred on a seedling or taken between the
rows showed that 63 f of the millepedes (9.2/core) were aggregated around the seedlings
but that seed spacing had not yet affected the numbers per seedling. In samples taken i8
days later the millepedes between the rows had decreased from3l\to 4.5lof the total;
the mean number around seedlings spaced at 24, 12 and 4cm was 1I.2, 9.2 and 4.6
respectively. Pygmy beetle (Atomaria linearis), not found in April and May, aggregated
in June around seedlings, in similar numbers irres[rctive of sced spacing, as in 1971
(Rothonuted Report for 197l,Part 1,273).

Observations were made in two fields where sugar beet was grown in consecutive
years. At Benwick (Cambs.) the estimated resident population of pygmy beetle was
4.2 million/hectare and no seedlings survived urithout insecticide treatment. At Magdalen
(Norfolk), the resident population was ,145 000/ha and here 56.1of the untreated seeds
gave seedlings; the pygmy beetles aggegated around the seedlings and, as at Shouldham,
numbers did not increase with wider seedling spacing.

Soil samples to 34 cm depth from Magdalen and Shouldham in March showed that
many of the blaniulid millepedes were in the second stadium (95 % of the total at Should-
ham) as in 1971. Samples taken in April, May and July at Shouldham contained pro-
gressively more adults; when B. tenuis were damaging seedlings only the adults (55% of
the total) distinctly aggregated in the rows, emphasising the comparative immobility of
young stages. Blaniulids were found to have spring and autumn breeding peaks.

At Shouldham pelleted 'Amono' sugar-beet seed without insecticide was sown 3.8 cm
apart and 3.8 cm deep in replicated plots on 20 April, 12 May, I June and 23 July, and
respecfively 45, 12, 19 and 231of these seeds established seedlings. Although mitlspedes
were numerous in the seed bed in April, damage was slight, probably because few
millepedes were adult. Fewest seedlings survived from tie second sowing when numbers
of aduls and millepede activity was greatest. The better seedling establishment and
decreasing number of millepedes in the root zone of later sowings suggests that millep€des
disperse and move deeper in July. @aker)

Herbicirles. Selective herbicides used on sugar beet elininate weeds that may be alterna-
tive_ food for pests and tend to weaken sugar-beet seedlings. Their effect on plaDt
establishment was observed at four sit€s. At Broom's Barn, Magdalen, Melbourn and
Shouldham pelleted 'Anono' monogerm seed, without dieldrin, was sown at 4, 12 and
24 cm__spacinq in rows 5l cm apart, and half the plots of each spacing were sprayed
overall immediately after drilling with herbicide at the rate recommended for the ioil
type; pyrazone was used at Broom's Barn, Melbourn and Shouldham, and a proprietary
mixture of propham, fenuron and chlorpropham at Magdalen. With herbicide treitmeni,
increasing the seed spacing tended to increase seedling numbers, but had no efect without
herbicide. In early summer the seedling dry weight was usually greater on the plots with-
out than with herbicide at 4 and 12 cm spacing but Iess at 24 cm on spacing. Ai e*pectea,
268
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post-singling plant populations decreased with increased seed spacin& but they were
greater with herbicide than without. Diflerences in root yield in the autumn were very
small but the herbicide-treated plots tended to yield slightly better than the untreated.
At Broom's Barn, where there were many weeds on the untreated plots which were not
removed until 3 June, virus yellows incidence at the end of August on the herbicide-
trated plots was double that on the untreated plots-33 and 171 respectively.

Bird rlamrge contml. Grazing of seedlings by birds, especially spanows, skylarks and
game birds, has increased in recent years, probably because of the greater use of herbi.
cides and the wide spacing of monogerm seeds. For instance, at Melboum, Cambs.,
plots witi seeds spaced at 4,12 aII,d 24 cm had, respectively ,7 , 15 a'Jid lSol of the seedlings
grazed by birds.

At Broom's Barn two trials tested whether some pesticides protected seedlings from
damage by birds. In one rial dieldrin (0'2% seed wt.), mecarphon (0'8 /), methiocarb
(0.8, 3-2 and 6.4"rC, propoxur (0'8 I and 'Curb' (1'0 f) incorporated duing seed p€llet-
ing, and 'Curb' sprayed on the emerging cotyledons in late May, did not decrease severe
grazing of foliage, mainly by sparrows, nor affe.ct seedling establishment. In another trial
70"/" of the seedlings had been grazed by various birds within three weeks of sowing in
mid-July. Caging with 25 mm wire mesh completely prevented this, increased seedling
establishment slightly and doubled seedling dry weight; frequent spraying to ruo-off
of the seedling foliage with 0'11 methiocarb had no effect. On other trials at Broom's
Bam and elsewhere, testing various pesticide formulations, no treatments significantly
affscted the extent of bird damage. (Dunning and Winder)

Le.f p€sts

Caterpillars often damage foliage in some area; of the Fens during the summer; a field
trial at Prickwillow, Cambs., showed that Bacillus thuringiercis and, especially, trichlor-
phon killed ttre caterpillars and decreased damage. Yield was not assessed, because the
infestation was slight. The identity of the several species of caterpillars involved in this
damage is uncertain; specimens were collecGd at this and other sites for rearing and
identification. (WinderandThomlill)

Seedling rtiseeses

Aphanomyces cochlioides wx scarce on sugar-b€et seedlings this spring. Six tdals tested
'Dexon' in the seed pellet for controlling A. cochlioides but, although the fungus was
detected in the soil from three sites, no infected seedlings were found in the trials; up to
7.8 g a-i./kg seed did not affect seedling emergence or final plant stand.

Soil was sampled in August and September l97l in 183 sugar-b€et fields chosen at
random. When beet seedlings were grown in these soils in warm damp conditions in the
glasshouse, l. cochlioides developd on those in 29 samples. ,4. cochlioides was not pafii'
cularly prevalent in organic soils from the Ely factory area, as it had been in 1970, but it
was in sand and loam soils from the Allscott factory area. The fungus developd in 16%
of sands, 141ofloams, 16l of clays or clay loams and 22f or organic soils. It was most
prevalent on acid soils; 341 of a;cid soils were infective compared with only 8% of
alkaline.

In a field trial at Broom's Barn, maneb slurry at l0'7 g a.i./kg of seed increased seedling
emergence by l2/" wbtle captafol at 6'4 g a.i.lkg increased it by 6% and TCMTB at
0.75 ind I .2 g a.i./kg increased emergence by 29/. and 18 f respectively. In a trial in
boxes at alternating 6" and 12"C, EMP steep, maneb slurry, captafol and TCMTB at
1.2 g a.i./kg increased emergence by 34, 0, 36 and 30 f respectivelt. 
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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 8

ROTHAMSTED REPORT FOR 1972, PART I

In the field at Broom's Barn the increase in seedling emergencr from EMP (ethyl
mercury phosphate) steep corresponded better with laboratory tests for Phoma betae ot
surface sterilised than on untreated seed. In these tests the decrease in P. betae after
surface sterilisation was much less in some samples than in others, suggesting that these
samples had more deepseated infection.

Rubbing seed decreased. P. betae almost as much as surface sterilisation. In the field the
effect of rubbing on seedling emergence ranged from a small decrease to an increase of
481. Qn average, the increase in emergence obtained by rubbing was ,lO f of that given
by EMP steep. Rubbing before steeping increased emergence on average by only 31.
(Byford)

Yellows and aphirls

The early months of the year were relatively mild and in previous years these conditions
have favoured aphid infestations and yellows in the sugar-beet crop. The prediction this
year on the basis of mean air temperatute was that an average of 12 f of sugar-beet
plants throughout the country would have yellows at the end of August. The prediction
based on the number of days with frost and the mean air temperature in April was 9 f
of plants infected. These predictions over-estimated disease incidence, for the fieldmen's
survey at the end of August gave 5.1 f of plants with yeltows. Incidence was light in the
centre, west and north of England and in Norfolk, but averaged &-llflin the Bury St.
Edmunds, Ely, Felsted and Ipswich factory areas. Towards the end of September and
throughout the autuml many crops in these areas b€came predominantly yellow. Drought
and magnesium deficiency added to the yellowing and made certain diagnosis difficult,
but clearly both beet yellows and beet mild yellowing viruses were more preyalent than
for several years. The persistent drought led to wilting and .loss of foliage; new leaves
developed only slowly and root weight increased little during the autumn. IDfection with
yellows as late as this normally decreases yield only little but, in conjunction with drought,
its effect may have been greater than experiments in more normal circumstanc€s have
indicated.

The late spread of yellows resulted from aphids flying late in July and early August
when crops were no longer protected by insecticides. Aphid infestation was light in most
areas during June, but built up in some areas during July. The sugar factories sent spray
wamings to growers and 125 000 acres of sugar beet were treated with insecticide.
Insecticide sprays did not appreciably influence the late spread of yetlo*s. Black aphids
remained few on crops during the summer but increased later in the west and, in many
areas, ttrey thrived on bolters during the autumn.

Several instances where disease, especially yello*s and downy mildew, spread to root
crops from the beet remaining on the loading sites of the previous beet crop were seen in
East Anglia.

Aphll predafors, Ladybird beetles (coccinellids) were unusually numerous in l97l and
many survived the winter, but relatively few were found on sugar-beet crops in 1972,
probably because the aphid population increased slowly and the ladybirds starved. Other
predators_ such as hoverflies (syrphidg, lacewings (chrysopids) and predatory bugs
(anthocorids) were not abundant on sugar-beet crops.

A field experiment in which the freshly cultivated soil was sprayed with 7BHC, but
not the sugar-beet plants, showed no significant effect from thii treatment on the small
infestation of M. persicae; there were 4.4 aphids/plant on the treated and 3.4 on the
unlreateg plots. La.ter, alate aphids that did not colodse the beet plants spread BMyv
and in S€ptember 261 of planta on the treated plots had yello-na and 34f on the
untreated. (Heathcote)
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In the laboratory, all of nine species of carabid beetle tested ate black aphids when
confned with them, the most voracious being Bembidion quadrimaculatum, Agonum
dorsale and Clivinafossor. All of six species tested (8. 4uadrimaculatum, Trechus quadris-
triatus, A. dorsale, F. melanaria, Amara lamiliaris and Harpalas nrfipes) climbed sugar-
beet plants and roamed over the leaves, as indicated by fluorescent powder tracing which
defined their tracks on petioles and leaf laminae. Black aphid colonies on the leaves of
plants were found and eaten by beetles which had climbed the plant; for example, three
F. melanaria consrmed 4l aph.ids within three days. Some carabids and staphylinids were
collected from the crop foliage in the field by sweeping and suction sampling. The contri-
bution of carabids and staphylinids to the control of aphids and other pests on the beet
crop needs further study. (Windley, Baker and Dunning)

Aphids infesting clamped mangolds a l weeds. Twenty-five per cent of mangold clamps
were infested with aphids in late April, a smaller proportion than in l97l; only one in
ten of the infested clamps contained M. persicae. Samples of aphids from seven of 29
clamps caried beet yellowing viruses (five BMYV and one BYV alone, and one both
BMYY and BYV). All three samples tested from the Cantley sugar factory area contained
infective aphids but yellows incidence remained light in that area.

Forty-four per cent of the samples of weeds collected alongside fields where sugar beet
was grown in 1971 were infested v/ith aphids, a similar proportion to the previous two
years. Twenty-two samples were checked for virus; BYV was recovered from one sample
of chickweed and BMV from another, together with BMYV from one sample of groundsel.

Aphis fabae wrcy. Very few eggs were found on spindle bushes in December near Bury
St. Edmunds and few aphids in spring. The attack of A. fabae on sugar beet was light,
but infestations survived on sugar beet 'bolters' until late autumn and then many eggs
were laid on spindle near Broom's Barn.

Aphids on s€ed cmps. Samples of leaves and shoots from about half of the known
sugar-beet seed crops were examined during May and June and lo A. fabae were found.
Samples from Gloucester were heavily infested with M. persicae, some from Bedfordshire,
Huntingdonshire and Northamptonshire were moderately infested and a few green aphids
were found on those from elsewhere.

Wfued ephftls on treps. Fewer aphids were caught on sticky traps thatr in 1971, but the
willow-carrot aphid aad the leaf-cu ing plum aphid were numerous. On average of all
ttaps, mote M. persr'cae were caught in JluJy ara,d more A. fabae in August than in 1971.

Influere of cdtmal factors In a year when irrigation had a marked efect on the height
and yield of sugar-beet plants, it had little effect on yellowing viruses in plots with plants
normally or widely spaced. In both watered aad unwatered plots the percentage of plants
iDfected with yellowing viruses was greater on the sparser plant stands, but there were
fewer infected plants per uoit area.

Plants topdressed with additional N fertiliser (4 kelha) had 261of plants showing
symptoms of BMYV in Septenber compared Y,Irh 35% in plots without additional
fertiliser, but the infected plants were in groups and the diference was not consistent.
OI.ly l8l of Bush Mono plants showed symptoms of BMYV in September compared
with 37 /. of Hilleshog Monotri and 361 of Sharpe's Klein Monobeet. (HeathcotQ

Conkol with insecticide. Two forrnulatioas of aldicarb and one of 'Du Pont 1410' were
each applied at 0'28 and l'l2kga,.i.fta in the seed furrow during sowing at Broom's
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TABLE 2

Efea of aldicarb od 'Du Pont 1410' on aphitb, virw yellows ord sugar yield

Apterous 8r€eo aphids/
platrt virrB ],Elows Sugar

infectioo ('6 yi.ld
30August (t/lrs)

17 7.4
I 7.@
6 7.73
3 7.1:2

9 7-68
16 7-6'
29 7.22
5.7 0-27

Tr€attnents kg a.i./ha
aldicarb

'TeEik l0GV' 0.28
t.l2

'Temik IOG-BC o.28
1.12

30 June

1.7
0.1
1.0
0.1

5.4
,.5
3.0
I '30

18 July

2-3
0.2
1.6
0.3

5.3
3-7

t. t2

0.28
1.12

UntreaGd cotrtrol
s.E.D.+

Barn on 17 April- No treatment affected seedling numbers but some affected green aphid
infestation, and the number of plants with yellows; effects on yield were small (fable 2).

The insecticides used in the pitfall trapping trial (p. 265) affected, directly or indirectly,
the aphid infestation and yellows incidence. Green aphids were most numerous on the
plants on 3 July, I .2 apterae p€r plant on untreated plots, 1.6 on trichlorphon-treated and
0.03 on aldicarb.treated; the corresponding numbers of apterous black aphids, most
numerous on 2 August, were 10.4, 7.6 and 5.3 per plant. There were respectively 15, 17
and 4 % of plants with yellows on I September. (Dunning and Winder)

I*af disease

Downy millew. A few plants had downy mildew in seed crops in Bedfordshire, Northans
and Oxfordshire in June, more than in any year since 1969. In July, occasional infected
plants occurred in root crops in East Anglia and south Lincolnshire, and some crops sited
near seed crops were more heavily infected, although in June no do*ny mildew was
reported from the zl4 seed crops examined in this area. In co-operation with the National
Institute of Agricultural Botany at their Regional Centre at Trawscoed, Cardiganshire,
the susc€ptibility to downy mildew of varieties and breeders' lines was tested in a field
where the disease was encouraged. Once established, the disease spread rapidly and
incidence on different varieties ranged from 12 to 561. Sharpe's Klein Polybeet, Sharpe's
Klein E end Anglo Maribo Poly were the varieties with fewest infected plants and Trihil,
Hilleshog Monotri and Sharpe's Klein Monobeet had most,

Lrte{ummer fugicide sprays. Continuing the study of the effects of controlling leaf
pathogens during late summer on leaf survival and senescencr, benomyl or fentin hydrox-
ide were sprayed at three-weekly intervals from 4 August to 2 October on to be€t var.
'Amono' sown on 2l March at Broom's Bam. On 1l Octob€r samples of leaves were
assessed for diseases, area and colour. On unsprayed plants powdery mildew covered,
on average, from l0\ of the surface of leaves of 5G-250 sq. cm area to ovet 75\ of
larger leaves. All sprays controlled powdery mildew almost completely, and other diseases
were rare. Spraying decreased yellowing, other than that due to yellows virus, in large
leaves. The crop was harvested on 27 November. The sprays all increased leaf area index,
on average, by l9l (Table 3), yield of tops (20fi) and sugr yield (7 f).
Rrmularia leaf spot The development of leaf spot on unsprayed and fungicide sprayed
plants in an open direct-drilled seed crop near Chipping Norton, Odordshire, was
)7)

'Du Pont 1410'
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TABLE 3

Efect of fungicide sprays in August and September on lea/ area and yield

benomyl fentin hydroxide
(kg/ha of active in8redient)

Unspmyed 0 28 0 56 O'34 0'67 S.E.=
Leaf area index

10 Oc,tober
Sugar yield on

27 November, t/ha
Top yield otr

27 Novembe., t/Ia

2.31 2.81

8'91 9.57

30.3 38.1

2.65 2-78 2.71

9-21 9-@ 9-82 0.112

34.5 36.4 36-4 0.A2

studied by estimating the percentage of leaf area covered by spots in samples of I m mid-
stem leaves per plot taken at weekly intervals frorn 28 June to 9 August. Samples of basal
leaves were also taken on the first three occasions, but leaves in this position were dead
by mid-July, whether sprayed or not, although they had only 3\ and 0.M\ leaf spot
respectively. Three sprays were given in May at two-week intervals, with 0.67 kg a.i./ha
fentin hydroxide.

On unsprayed plants leaf spot increased on mid-stem leaves from l\ on l2 luly to
19 % on 2 August, but then appeared to decline as dead and dying leaves made assessment
difficult. Leaf spot remained less than 1 I on sprayed plants until 26 July, and reached,T I
on 9 August when leaves were dying rapidly. At harvest, sprayed plants yielded 8l more
seed than unsprayed.

In an adjoining trial, plants given three sprays in May of benomyl at 0.28 kg a.i./ha
or three, two or one fentin hydroxide sprays, had 0.2, 0'6, 0.4 and 0.81 leaf spot resp€c-
tively on mid-stem leaves on 26 July compared with 8l on unsprayed plants. Those given
three benomyl sprays yielded 7 f more seed than unsprayed and those given two or three
fentin hydroxide sprays yielded 4f rnore than uosprayed. One fentin hydroxide spray
did not increase yield. @yford)

Powrlery mildew. Ethirimol as a seed dressing at 32, 16and 8 g ofa.i./kg seed, controlled
powdery mildew (Erysiphe polygoni) on b€et for 12 weeks from sowing in the glasshouse.
Germination and final leaf area were not aflected but a soil drench at sowing at 0.116 g
ofa.i./kg soil decreased germination by,lOl. The surviving plants were stunted and had
severely scorched leaves, flnally yielding less tops and roots than untreated plants or those
given seed treatments. Aphids fed freely on plants with all treatments and showed no
preference. @rince)

Docthg rlbmder

Although relatively wet in most parts of England, May had less than average rainfall in
East Anglia and this, as well as the extending practice of fumigating sandy soil before
drilling, probably accounted for few sugar-beet crops having Docking disorder. In June
567 ha of afected crops were reported, mostly in the Selby (164 ha) and King's Lynn
(l0l ha) sugar factory arq$. A further 397 ha were reported in July, mostly in the Selby
area (360 ha).

Fmnigr inirction methods. Trials at Aldwark and Holt that tested fumigation with
'Telone', either injected behind tines or as a subsurface spray, in autumn 1970 (see

Rothamsted Report for 1971, Patt l, 279) were cropped with barley in 1972. In the spring
of 1972 there wer€ fewer Trichodorus in the soil from plots given the largest amounts of
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'Telone'applied in either way (Table 4). At Aldwark none of the treatrtrents appreciably
affected the yield of about 4.5 t/ha barley grain. Yields were not recorded at Holt.

In two similar trials at Wilberfoss and Gayton started in 1972, increasing the amount
of'Telone' improved control ofnematodes, but methods ofinjection showed no difference.
Large amounts of fumigant improved yield of sugar beet at Gayton, where plants on
untreated plots had Docking disorder, but not at Wilberfoss where they had not. (Cooke)

TAELE 4

Efect of methods of applicatbn add difierent amoults of'Telone' on nemdtode
runbers and uop yblds

FuniSat€d

t6.t2-71 14.12.71
Ttichodorusnite *ii, InrAi.brusflite *il
Wilberfoss Gayton Gayton Wilbedoss Gayton

Yorks Norfolk Norfolk Yorks Norfolk
4.5.72 12.5.72 12.5.72 30.t0.72 t6.10.12
ll30 26 56 1.45 5.45

7.38 5.96
7.19 5.18
7.74 6'99

7-07 5.70
7. 6.077.59 6.54
7.74 6.

Fumig ed

Application m.lO.1O 29.9.70
method Trichodoruslinesoil

atrd
amount of Aldrva.k Holt
'T€lone' Yorks Norfolk(litre/ha) 20.4.72 15.3.72

0 1063 2080

Sub<oil spray.45 1088 1405
t35 350 8t5
M t50 115

Tirc injection
45 894 1480.45 t044 1595
r3s 3m 545
4M t94 125

Sugar, t/ha

940 ll
755,lO 0

605 9
4&9
235 4
r30 0

38
8
0

l8
8
6
I

'As a 50% emulsiotr

Row treatment with nematicirle. Trials at five sites prone to Docking disorder again
tested row treatment with 'D-D' (at 1.6, 3.3 and 6.6 ml/m of row) and 'Telone' (at I .1,

2.2 and 4.4 rn\m) applied two weeks before or immediately before drilling, aldicarb
(at 1.1 kg/ha) in the furrow with the seed, and top dressings with nitrogen. The trials at
Gleadthorpe, Notts., and Raskelf, Yorks., were redrilled after the beet was damaged by
wind ; some plots of the redrilled trial at Gleadthorpe were harvested. The largest amounts
of 'D-D' and 'Telone' applied inmediately before drilling decreased seedling numbers by
up to 65 % but diflerenc€s in plant numbers after singling were small between treatments,
and even smaller at harvest. Docking disorder was never severe on any trial sites although
plant vigour was usually improved by nematicide. The poor yields at Butley, Ipswich
(6'05 t/ha sugar from untreated plots) and Freckenham, Sutrolk (3.54 t/ha sugar) were
due more to drought than nematode damage. The average yield in untreated plots at the
three sites was 5.72 t/ha sugar and was increased by all fumigation treatments; the best
rates of 'Telon€' werc 2.2 mllm two wceks before drilling and 1.1 ml/m immediately
before drilling, giving average yield increases of 0.93 t/ha and 0.78 t/ha respectively; the
best rates of 'D-D' were 3.3 ml/m either two weeks before drilling or immediately before
drilling giving average yield increases of0.6l and 0.65 t/ha respectively. Aldicarb increased
yield on average by 0.81 t/ha but nitrogen top dressing did not improve yield. (Cooke,
Dunning and Winder)

Nematicirle tdsls. At GaytoD, Norfolk, and Butley, Suffolk, l0l 'Du Pont l4l0'
granules and two formulations of l0l aldicarb granules ('Temik IOGY' on corn cob
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granules and'Temik |0G-BC'on coal granules) were drilled in the furrow with the seed

at 0'28 and l'12 kg a.i.lha. Docking disorder was expected but did not develop at either
site. A similar trial on a non-Docking disorder soil at Broom's Barn is reported on p. 271.
The summer drought resulted in uneven crops and treatments did not consistently affect
seedling growth, plant establishment or yield.

At Freckenlam, where Docking disorder was also expected but did not occur, a
range of nematicides were drilled in the furrow with the seed, as granules or as solutions,
at both l.l2 and 0.28 kg a.i./ha. All treatments decreased seedling nunbers and plant
populations, especially the l'12 kg a.i./ha rates of 'CGA 13527' solution, 'CGA 10576'
solution and granules, 'Nemacur P' granules and 'Tirpate' granules. Plant populations
largely reflected seedling populations but some of the less phytotoxic chemicals increased

seedling vigour and some increased yield, although they had decreased seedling numbers.
Increases in sugar yield of0'8-l '2 t/ha were given by 'Du Pont 1410' solution at l'12 kg/ha
and 'CGA 10576' g:anules at 0'28 kg/ha, and of 0'21-0'8 t/ha by aldicarb granules and
'Du Pont l4l0' granules both at l'12 and 0'28 kg/ha, 'Du Pont l4l0' solution, 'CGA
13527' solution and 'Tirpate' granules at 0'28 kg/ha, and carbofuran $anules at 1'12
kg/ha. 'Tirpate' granules at l'l?kglha decreased yield by 0'8-1 2tlha; 'CGA 13527'
solution and'CGA 10576'solution at 1'l2kglha decreased yield by 1'2-2'0 t/ha. 'CGA
10576' granules * l.lzkglha decreased yield more than 2tlha;'Nemacur P' solution,
'Nemacur P' granules, PPl56 solution and methiocarb solution at l'12 and 0'28 kg/ha,
'CGA 10576' solution and carbofuran granules at 0'28 kg/ha had little effect on yield
(<+0 4 t/ha). (lVinder and Dunning)

Population rlynamis ol Trichobrus s4p. arrd Long lorus spp. Numbers of Trichodorus
a:nd Longidorus spp. were assessed at approximately fiv+,weekly interyals throughout the
year in fields in Wilberfoss, Yorks., and Shifnal, Salop, resp€ctively. Three diflerently
cropped fields were chosen at each location and the areas of lightest and heaviest soil in
each field were sampled. AtWilberfoss,Trichodoruswercconsistently much more numerous
in the lighter soil and there was a close correlation betwe€n numbers of nematodes and
soil moisture at the time of sampling. Trichodorus werc most numerous (up to 3000/itre
of soil) in February/April and fewest when soil was driest in August. At Shifnal there was
no measurable ditrerence in soil texture between the selected sampling areas of any field;
they were generally heavier and soil moisture varied less than ttrose from Wilberfoss.
Longidorus numbers seemed to be less dependent on soil moisture; this nematode was
most numerous in January (up to 7m/litre of soil) and after ploughing a grass ley in
July. (Cooke)

Herbicide trials. A trial on sandy soil near Threxton infested with ectoparasitic nema-
tode$ and tobacco rattle virus (TRD tested the effects of different rates of the herbicide
phenmedipham and of hand weeding. Trichodorus aad Inngidorus caused considerable
damage to roots ; soil samples taken in June showed no difference in numbers of nematodes
between treatments (average 325 T. pachydermusllitre and 56 I. ottenuatusfliie\- At the
time when 8'% of the plants showed clear symptoms of TRY neither herbicide nor hand
weeding affected the incidence of infected plants. On average, plants showing TRV
symptoms in June weighed less than half their symptor ess neighbours at harvest, but
plant size ranged widely, the tops from 13 to 713 g and the roots from I I to 694 g. TRY
r as more prevalent in a neighbouring trial where untreated plots had 18l of plants with
symptoms in July, but plots treated with 'D-D' soil fumiS;ant had 3% or less; few plants

showed symptoms of TRY at harvest. (Cooke and Heathcote)
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Seed production

Diseases in seed crops. In June, 74 sugar-beet seed crops distributed throughout seed
growing areas averaged 0.9 % of plants with virus yellows. Most was in ten open rn JirL
crops in Gloucestershire and Odordshire which had up to 20% plants infected, averaging
6.31. Downy mildew, which has been almost absent for two years, was seen in five crops
in c€ntral England, but not in seed crops in the eastern counties.

In October, 134 steckling beds averaged 0.21of plants with yellows, most in 37 open
m Jir.r beds which had up to I 5 l, averagpng O.9 I compared with an average of 0.O21
in lM beds raised under cereal cover crops. No plants with downy mildew were found.
@yforo

F.c{ors rffecting s€ed yielrt

Inigation. Unirrigated plots and those restored to field capacity with l0 cm water on
ll July or 15 cm water on 15 August gave similar yields of seed. Irrigation on either
occasion significantly increased the proportion of seed larger than 4.5 mm diameter
by 65 g/kg, but did not affect germinal.ion.

Growth regalators, If the 2m high sugar-b€et seed crop could be dwarfed, direct
combine harvesting might b€ possible. If seed losses by abscission could be prevented, all
mature viable seed would be retained and seeds would not be retumed to the soil to
produce beets that are weeds in subsequent crops. Morphactin at 10 ppm or 100 ppm
sprayed on plants on 12 April or 16 May sigaificantly deqeased plant height by coiling
the stems. Morphactin at 100 ppm depressed the yield of seed. Naphthylacetic acid (NAA),
at 100 ppm on 30 August, did not afect seed yield. Seed size distribution was not affected
by growth regulator treatment. Morphactin at 100 ppm sprayed on both dates and at l0
ppm sprayed on 16 May depressed germination by up to t()%. NAA did not afect
germination. Monogermity was not affected by growth regulator treatment.

Pla* poplation The largest yield of seed came from the densest population tested,
750 000 plants/ha spaced 5 cm apart in rora6 25 cm apart. When plants were spaced mor€
widely along the rows the proportion of large seed incteased by 46 glkg. Tr€tments did
not affect germination.

Nitogenfetiliset Top dressings of'Nitro-Chalk' on plants in the spring of the s€cond
year gave the largest yield of seed when 188 kg/ha N was applied on 22 February, the
earliest date tested- ApplicatioDs later than this or split applications of 94 kg/ha on two
occasions betwer-t 22 February and 17 May gave a similar yield, Leaf petiole nitrate
concentratiotr was about 500 ppm before adding any nitrogen fertiliser and increased to
about 900 ppm one month after top dressing and then declined to 20G-300 ppm four
months afterwards. These differences in leaf petiole nitrate concentrations were not
related to difrerences in yield of seed. The nitrogen treatments did not affect seed size
distribution, germination p€rcentage or monogermity.

Eanest nethotl Plants killed by diquat (770 g/l350litres/ha on 3l August or 7
September) were ready to be threshed about seven days before plants which had been cut
and laid in a s\r,ath, but they yielded 398 kg/ha less seed. A delay of one or two weeks
between cutting or spraying and threshing resulted in a greater loss of seed from sprayed
(717 kglha) than from cut plants (79 kgr/ha). Diquat-killed plants gave seed of sinilar
size distribution to that of swathed plants, but its germination was l2.llesf,.
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Factors affecting seed performance

Seed uop cultual practices. Seed harvested in l97l was sown in the field at Broom's
Barn in March and seedlings were counted and their shoots weighed at the end of May.
Chlormequat chloride, aminozide, NAA and 2,4,5-T applied to the seed crop did not
affect seedling emergence or weight. Nitrogen fertiliser (125 kg/ha N) applied in February
and in April l97l resulted in seed that produced l2\morebrll0,{ lighter seedlings than
did seed harvested from plants given simiLar amounts of N on diferent occasions' Plants
killed with diquat on 26 August 1971 gave seed which produced l0f fewer seedlings than
seed from barn dried, swatled or tripodd€d plants. When harvested later, on 3 or l0
September, these haryest methods did not afect emergence from the seed produced.
Seed plants grown ,:,l rr?a and spaced 7'5 cm apart in rows 25 cm apart gave 151fewer
seedlings than seed from plants Srown i'r srta 15 cm apart in rows 5l cm apart or from
those transplanted 75 cm apart in rows 75 cm apart.

Gradiag. Motogerm seed sorted into eight fractions on round hole sieves gave

laboratory germination of 66 to 167 seedlings/IO0 fruits with increase in diameter from
<7164 lo >12164 in. When sown in the field at Broom's Barn, 28 to 108 seedlings/I0O
fruits emerged and had seedling shoot dry wei8trts ranging from lT9 to 352 mg. Similar
samples of seed sown at the Plant Breeding Institute, Cambridge, gave 24 to 1l I seedlings
with shoot dry weigbts of 354 to 492 mg. Seedling emergenc€ from different grades at
Broom's Barn was closely correlated with that at the Plant Breeding Institute (r : 0'98)
and emergence at both sites was closely correlated with laboratory germination (r :
0.95).

^Srrrage. Seed stored at 8 and 12 f moisture contefi at 2'C and 8% moisture content
at lO'C since 1958 gave up to 40 % more seedlings than seed stored more moist or warmer.
Seed stored at 5 and l0l moisture content at l0 or l5'C since 1969 gave on averuge 29\
more and threefold heavier seedlings than seed stored at 15 % moisture content at either
temperature. Other seed stored at 5 f moisture content since 1970, irrespective of whether
it was stored at 5, 10 or 15"C, gave on average l2l more seedlings than seed stored at
l0 or 15 f moisture content or seed stored olrn to the atmosphere at 5, 10 or 15"C.

Vzslnry. Rinsing with 2l changes of water at 25'C during 3'5 hours gave 121more
seedlings than rinsing at 18'C (11% more seedlings), than immersion n a lzrge Ql
more) or small (41 mote) volume of unheated water, or in a small Yolume of aerated
water (10"1more). Thirteen seed lots out of 17 tested gave up to 151 @veruge 9l)
more seedlings after rinsing in warmed water,

PeUeting. Clay pellers were made by rolling seeds in a rotating car tyre and adding
water and clay dust altemately until tle pellets built up. Sodium perborate was incor-
porated into some pellets and others were agirr coated. Emergence tests were made in
soils at controlled moisture contents in the laboratory and also in the field. Only the
peltet with a 4% (by weight) agar coat gave a sigpificantly greater number of seedlings
(l9f) than the unpelleted seed in the field. Pellets made with sodium perborate gave up
to 31 % fewer seedlings in the field. The results from laboratory tests did not correlate well
with t[ose from the field. The perc€ntage seedling emergence from pelleted or unpelleted
seed respectively in peat was 52 and 65; in limestone loam, 52 znd78; in flinty loam, 53

and 70 and in sandy loam, 58 and 74 (:t4'4). (Longden)
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Sugsr-beet mrnu3ing

The field experiments testiDg magnesium, nitrogen, phosphorus, potassium and lime
were done in coolrration with staff of the British Sugar Corporation in 1971.

Magnesium. Five experiments compared keserite and calcined magnesite and measured
response to magnesium, some in areas where few experiments have been made with
magnesium fertiliser. Fields were chosen so that all soils were in the range 0-50 ppm
exchangeable magnesium and most were in the range O-25 ppm. The treatments tested
were 0, 188 and 378 kg/ha calcined magnesite (0, 102 and 2O2 kglha Mg); 314 and 628
kg/ha kieserite (51 and 102 kg,/ha Mg). AI plots received a dressing of 125 kg/ha N,
27 kelha P, lM kg/ha K and 377 kg/ha agricultural salt (NaCl). Mg increased yield
considerably in two experiments, on average by 0'4 t/ha of sugar, but only slightly in the
other three. Kieserite was more effective than calcined magnesite in depressing deficiency
symptoms, increasing yield and increasing the concentration of magnesium in the plants.

Three fields where experiments started in 1967 in the Allscott, Bury St. Edmunds and
Cantley factory areas and one started in 1964 in the King's Lynl arca (Rothamsted Report

for 1966,292) were cropped with sugar beet. These experiments gave information on the
long-term effect of kieserite, kainit and magnesium and calcium limestones both on sugar-
beet yield and on exchangeable soil magnesium. In the first three experiments, kieserite
was eflective both when given in the sugar-beet seed bed and when given to sugar beet
three years before. However, soil analysis showed that much of the magnesium given
three years before had leached out of the plough-layer. Magnesium Iimestone given four
years before supplied little magnesium to sugar-b€et on neutral and alkaline soils but much
on slightly acid soils. The King's Lynn experiment, which gave information from three
sugar-beet crops over a period of eight years, coofirmed these results and gave further
evidence that on very deficient sandy soils (0-25 ppm exchangeable Mg), 100 kg/ha Mg
in a plant-available form is needed each time sugar beet is grown.

NifrogeD, soil type and time of harvesting. Further experiments determined whether soil
type affects the nitrogen requirement of sugar beet and studied the relationship between
the amount of nitrogen fer tiliser dressing given and yield of sugar. Fields adequately
manured with phosphorus, potassium and sodium were given eight equal increments
of nitrogen ranging from 0 to 290 kg/ha N as 'Nitro-chalk'. Two were on soils with a

sandy texture, four were on shallow, calcareous soils and three were on deep, heavy clay.
This year the experiments were barvested on two occasions to determine whether haryest-
ing date affected the relationship between sugar yield and nitrogen dresing.

Small increments of nitrogen fertiliser increased sugar yield linearly on all soil types
but giving more than 124 kglha neither increased nor decreased yield signfficantly on
any field. Delaying the harvest from late September to early December greatly increased

field, by 1.56 t/ha of sugar on average, but did not affect the amount of nitrogen fertiliser
needed for maximum yield.

Phmphorus. Four experiments were made to measure response to 0, 14,28, 56 and 112
kg/ha P on fields adequately fertilised with nitrogen, potassium and sodium. The fields
were chosen by soil analysis so liat the sodium bicarbonate-extractable soit-P values were
in the range 0-9 or 10-15 ppm (ADAS indices 0 and l). Most fields where sugar beet is
grown contain much more ertractable P, especially on farms with a good standard of
husbandry. These farms are where most of our experiments have been made, so we have
little knowledge of response to pbosphorus fertiliser on soils poor in exEactable P.
Fertiliser increased yield in all the four experiments and the largest dressing tested
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(l12kg/haP) gaye most sugar in two of them. On one field the phosphorus fertiliser in-
creased yield by 2 tfta sugar, an unusually large increase. On average of all the e4reriments,
56 kg/ha P fertiliser was needed, and this increased sugar yield by 0.71 kg/ha.

Potrssim. An experiment in the Nottingham factory area measured response to 0, 42,
84, 168 and 336 kg/ha K, with and without 377 kg/ha agricultural salt (NaCl) on a field
adequately fertilised lvith nitrogen and phosphorus. The soil contained only 68 ppn
ammonium nitrate-{xchangeable potassium (ADAS index l). The crop was very respon-
sive to both potassium and sodium fertiliser, each element in the absence of the
other increasing sugar yield by nearly I t/ha. *ithout sodium, yield still appeared to be
increasing with 336 kg/ha K but where sodium was given, potassium increased yield little.

Long-tem eff€cts of liming. Three of the experiments begun in 1969 (Rothansted Repor,
for 1969, PL.,t 1.327) were cropped with sugar beet for the second time. All the plots
rvere split and a fresh dressing of ground limestone or chalk at 6.25 and l2'5 t/ha and
sugar factory waste lime at 12'5 or 25 t/ha given to half of each plot. None of the treat-
ments affected sugar yield significantly. Periodic soil pH determinations since 1969 show
that the two forms of lime give very similar increases in pH. The experiments will be
continued and the plots split for further lime dressings when sugar beet is grown again.
(Draycott)

Plent nuhients

Potrssium and sodium. The growth of sugar beet given chernically equivalent amounts
ofsodium and potassium was again studied. This year the experiment was on Flint Ridge
field and the treatments were 74 and 296 kg/ha Na as agricultural salt and 46 and 184
kg/ha K as muriate of potash (see Rothamsted Report for 1971 , Part l, 285). The ferti-
lisers were applied about 14 days before sowing and none affected seedling numbers.
Plants were sampled each month for yield and leaf area measurements, and for chemical
analysis.

The maximum leaf area index (LAI) was only 2'2 on untreated plots, reached only
by September this year. Plants given 74 kg/ha of sodium achieved maximum LAI (2.6)
in August and those given 296 kg/ha sodium, 2.6 in July. The maximum LAI of plants
given either amount of potassium was 2'6 in August. Chemically equivalent amounts
of sodium and potassium had similar effects on LAI. Sodium and potassium increased
their respective concentrations in the crop and each suppressed the conc€ntration of the
other. Both increased yield of tops and roots tbroughout the season.

On average of the last trvo harvests, sodium alone increased sugar yield by 0.85 t/ha,
and potassium by 0.81 t/ha. This year the larger dressing of both elements was needed
for maximum sugar yield, the two giving 1.54 tfta extra sugar. (Fadey)

Dbhibution of nutrients. Continuing measurements described in Rothamsred Report

for 1971, Part 1, 285, ten plants adequately supplied with nutrients, vrere sampled at
monthly intervals from June to November, and were divided into tops, crown and root
and the tops further divided according to leaf size. Each part was dried and analysed for
N, P, K, Na, Ca and Mg. On each occasion, the youngest leaf on each of20 other plants
was labelled \yith a wire tie and the leaf area noted at that date and subsequent sampling
dates. As in 1971, all elements except K were more concentrated in the lamina than in the
petiole, and P and N concentration decreased with increase in size of leaf. The concen-
tration of K in dead leaf material was similar to the concentration in living material, N
and P concentrations were much smaller, and Na, Ca and Mg much greater. The concen-
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tration of N, P and K in leaves of the samc size decreased progressively until October but
Ca and Mg dropped sharply in June and then remained constant. During much of the
season, leaves took about two months to r@ch their max.imum area and remained viable
for a further six to ten weeks. (Wright)

Forms of mrgnesiom fertiliser. Experiments in 1968-71 (see Research Paper Summary
16. 15, p. 360 showed that the magnesium in the calcined magnesite was not immediately
available to sugar b€et, particularly in neutral and alkaline soil. As a result, the manu-
facturers have decreased both the temperature of calcining and the time which the mag-
nesite rock is in the kilns. Laboratory measurements indicated that more of ttre magne-
sium in this new form of calcined magnesite would probably be available to plants. Four
field experiments were therefore made to compare new and old forms ofcalcined magnesite
with kieserite, each applied at 50 and 100 kg;/ha Mg. Sugar beet was grown on three fields
and carrots on the other.

On one field, sugar beet not given magnesium was severely affected by deficiency
symptoms, which provided a good test of the availability of the element from the different
forms of fertiliser. Both the number of plants with deficiency symptoms and yields
indicated that much more magnesium was available from the new form of magnesite
than from the old, a result confirmed by the other experiments. No conclusions can be
drawn on the relative merits of kieserite and the new calcined magnesite until the crop
samples have been analysed. @ennett)

Nitrogen, cations rnd verieties. An exp€riment, in coolrration with Dr. G. E. Russell
of the Plant Breeding Institute, investigated the nitrogen, sodium and potassium fertiliser
requirements of four sugar-beet varieties. The experiment was on Flint Ridge field and
the number of seedlings that emerged from each variety differed gready, l2/m of row
from Sharpe's Klein E, I I from Maris Vanguard, eight from VT 137 and ten from Anglo
Maribo Poly. However, none of ttre fertilisers aflected the number of seedlings that
emerged. On average of the fertiliser treatments, the varieties yielded similarly, Sharpe's
Klein E giving 7.8 t/ha, Maris Yanguard and VT 137, 7'6 t/ha and Anglo Maribo Poly
8.0 t/ha sugar. There was no evidence that the fertiliser requirement of the four varieties
differed. This agrees with results fron similar experiments in 1970 and 1971. (Draycott)

Time of application of fertilisers

P K Na Mg. Of the two long-term experiments started last year in East Suffolk on
loamy mnd (Rotharnsled Reporl for 197 1, Part 1 , 286), was one cropped with winter wheat
and the other with spring barley. The amounts of fertiliser used were 0, 42,83, and 167

kg/ha K; 0 and l0l kg/ha Mg and 27 kglhaP. For comparison of autumn and spring
applications, 83 kgilha K, 101 kg/ha Mg and 27 kg,lha P were used. Both crops grew
irregularly due to a shortage of water and the wheat yielded little, the average grain
yields being 3.63 t/ha of barley and 2'16 tlha of wheat. In both experiments, erain yield
was the same whether the fertiliser was given before ploughing or in the seedbed. There
were no signiflcant yield responses to any of the potassium or magnesium treatments.
On average, those plots which received fertiliser in 1972 yielded approximately 0'15
t/ha more grain than those fertilised only in 1971. As in 1971, the results suggest that on
such fields as these, yield is not lost when P K Mg fertiliser is ploughed in, but the results
are not conclusive because water, not nutrients, was the dominant factor limiting yield.
(Bennett)

Nitogen ud plosphorus. Another experiment on The Holt field compared phos-
phorus fertiliser applied during autumn or to the seed bed, and nitrogen before or aftcr
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sowing. Phosphorus was applied on 28 October or 9 March at 0, ld 28, 55 and 110 kg/ha
P and nitrogen on 9 or 30 March at 125 kg/ha N; the crop was sown on 9 March. Phos-
phorus increased yield, on average, by only 0'11 t/ha sugar and the time when it was

applied did not affect feld. The crop given nitrogen at sowing yielded 8'48 t/}a sugar,
whereas the crop given nitrogen tlree weeks later yielded 8'19 Vha' @raycott)

Nitogen A simitar experiment on The Holt to that last year (Rothensled Report for
1971, Part 1, 28Q compared 75, 150 and 225 kg/ha N applied before ploughing
during September, with the same amounts ayplied in the spring, and with 150 ks/ha
appliei before ploughing, plus 36 kg/ha applied in the spring. Analysis of soil
in spring from plots which had N fertiliser before ploughing showed that the nitrogen
had leached below 60 cm. Periodic petiole analyses showed tlat early in the season, plants

from plots given N in spring contained more ttran tlose given N in winter. However,
in July plants given N in winter contained more than those given N in spring and also
appeared more vigorous in August and September. Presumably the roots were taking up
N fertiliser which had leached into the subsoil; neutron probe measurements nearby
showed that sugar-be€t roots were taking up water during the late summer from 100-150
cm deep, Sugar beet on The Holt needed little N fertiliser for maximum leld and applying
the fertiliser at different times did not afrect sugar yield. (Chapman)

Nutrients in rtrainage. Water from field drains has been sampled periodically since
January 1970 and the con@ntration of nitrate-N, Na, K, Mg and Ca measured by R. J.
B. Williams. In the first winter, nitrate concentrations were in the range l,f-17 ppm N
and in 1971-72, l,t-21 ppm N, in botl years following wheat. After the bean crop of
1970, nitrate concentrations were much greater and reached 35 ppm N in mid-NoYember
about ten days after drainage began.

From estimates of the flow-rates and catchment on The Holt, the loss of nitrate-N was
30, 6l and 7 kg/ha in each of the winters l96F7Q 1970-71 and 1971-72 respectively.
The rainfall in each of these winters after the onset of drainage was 236, 277 and I 85 mm
and the number of occasions when any two day period of rain exceeded 20 mm was 3, 7
and l. The large loss in 1970 was due partly to the increased concentration of N after
the bean crop and partly to the large outfall ofdrainage water resulting from large rainfall
in short periods.

The heavy initial rainfall of 1969-70 winter also produced a peak of Na concentration
but the water generally contained about l0 ppm Na- Mg conc€ntrations were constant
in all winters at 2-4 ppm and K at 0'2-O'8 ppm. The Ca concentration in the first two
ryinters was fairly constant at 150 ppm but in January and February 1972 the flow rate
was small and Ca concentration reached 230 ppm. Estimates of the average loss of these
nutrients each winter were 17 kglha Na, 0'3 kg,/ha K, 3'7 kgfta Mg and 210 kg/ha Ca.
(Messem)

Manganese. Three experiments on fields in the Ely, Peterborough and Wissington
factory areas tested 0, 4'5 and 9 kg/ha Mn as rnanganese sulphate in a foliar spray and
6 kgiha Mn as manganous oxide or 2 kg/ha Mn as manganese silicate 'frit' incorporated
in the seed pellet by Germain's 'Filcoat' proc€ss. The EIy soil, pH 7'5, contained 0'67 ppm
exchangeable Mn and 25 ppm easily reducible Mn; the Peterborough soil, pH7'0,
contained 0.70 ppm exchangeable Mn and 24 ppm easily reducible Mn; and Wissington
soil, pH 7.5, contained 0'36 ppm exchangeable Mn and 20 ppm easily reducible Mn.

The depth to which roots extracted soil moisture was measured weekly from May to
August by neutron moderation and the percentage of planrs with manganese deficiency
symptoms on untreated plots recorded. Typically, manganese deficiency in sugar beet is
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most severe in May or June and symptoms generally disappear as the season progresses.
On the Peterborough soil, symptoms disappeared early in the season, when the roots
penetrated the acid, clay subsoil; although 50 % of the seedlings were manganese-deficient,
none of the treatments affected the yield at harvest, which averaged 6.24 t/ha. Symptoms
persisted much longer on the Ely and Wissington crops, probably because the soil pH
was 7.5 down to 150 cm. The average depth of peat was 40 cm oyer sand and gravel. On
these two fields, all the treatments increased sugar yield, the spray by up to 0.88 t/ha, the
'frit'by 0'33 t/ha and the manganese oxide by 0.65 t/ha sugar.

Coppcr. The effect ofcopper on spring barley, variety Lofa Abed, was tested at Broom's
Barn and on sugar beet, variety Sharpe's Klein Poly, at Herringswell. The cereal experi-
ment was on White Patch field where the soil contained 1.4 ppm 'available'copper. Copper
sulphate (CuSO4 5HzQ) at7 kglha Cu and copper chelate (Cu-EDTA) at 0.23 kg/ha Cu
was given in the seed bed and were compared with one foliar spray ofcopper oxychloride
(CuOCl) suspension at 0.28 kg/ha Cu on the crop at the late tillering stage. None of the
treatments affected the yields of grain or straw which averaged 5.5 t/ha and 4.5 t/ha
respectively. Only the foliar spray increased tle concentration of copper from 2.0 to 2.5
ppm Cu in grain and from 5 to 35 ppm Cu in straw.

The same treatments were tested on sugar beet exc€pt that the copper sulphate was
given at 12 kg/ha Cu. The soil in experiment I was loamy sand over sand subsoil and
contained only l.l ppm 'available' copper. Experiment II was on Ioamy sand over chalk
subsoil and contained 1.6 ppm 'available' copper. The crop of experiment I was irrigated
and none of the treatments aflected the yield of sugar, average 7.20 tlha. Experiment II
was not irrigated and the sugar yield o15.77 t/ha was itrcreased slightly by all the copper
treatments, the foliar spray giving 5.80 t/ha, the chelate 6.,1O t/ha and the copper sulphate
6.04 t/ha sugar. (Farley)

Irrigation

Fertiliser, spacing mrl irrigation. This experiment examined how density of plant
stand, fertiliser and irrigation affect yield and water use by sugar beet. The ptant popula-
tions (D1-18.5, Dz-37.O, Ds-74.0 and Da-130 thousand/ha), potassium (0, l4O
kg/ha K), sodium (0, 245 kg/ha Na) and irrigation treatments \ryere as before (Rotharnsted
Repo for 1970, Part 1,266, andfor 1971, Part 1,286).

Rainfall and radiation were below average for much of the season and yields were small
from plots without irrigation. Table 5 shows the eflect of irrigation and plant population
on sugar yield. A total of 130 mm of irrigation increased sugar yield, on average, by 1.75
t/ha sugar-the largest response to irrigation recorded at Broom's Barn. Irrigation
increased the yield of Dr more than Dr (*1.94 and *1.23 t/ha respectively). Without
irrigation the maximum soil moisture deficit, as determitred by field measurements with

TABLE 5

Thc efect of plant population and irtgation on sugar yicld

DI
18.5

D: D! Dr Maotr37-O 74.O 130

SueBr (Vba)
s.15 6.14 6.33 5.59
7.96 7-76 8.n 7.34

Without irrigation
With irrieation
Meao

4.13
5.36

Pladr density ('000/ba)
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thc neutron probe, was in the first week of September when it reached 175 mm on Dl
and 162 mm on Dr. All four plant densities were using soil water from at least 150 cm
deep in September.

Samples of plants from plots Dr, D3 and Da, given the extremes of fertiliser treatments
with and without irrigation, were weighed at two-week intervals during June and tlen at
four-week intervals until harvest- Competition began to decrease total dry matter yield
per plant with Ds and Dn on 26 June. Fertiliser increased yield at each sampling but the
interaction between plant population and fertiliser was generally small. Irrigation always
increased yield of Ds and D4 more than Dl. (Durrant and Messem)

Time and amomt of irrigation. This experiment measured the response of sugar beet to
irrigation applied at different times and compared one with several waterings. The method
of watering and the amounts were as before (iotharnsted Report for 1971, Part 1, 287).
Watering in June (25 mm), July (50 mm) or August (50 mm) increased yield slightly but
giving $,ater every montl (125 mm 16169 increased sugar leld by l'31 t/ha. Giving
50 mm \ ater in September only, when the soil moisture deficit was maximal, increased
root leld but decreased sugar perc€ntage by a commensurate amount and sugar yield
wasunchanged. (Messem)

Plant spacing

Plut density rnrt dbhihtion. Four different plant densities were established on plots
sown early or late on Flint Ridge fleld (cf. Rothamsted Repott for 1971, Part l, 287) and
they were harvested either in early October or early Deccmber. Seed of the variety
'Amono'was sown on 2l March or 2 May in rows 5l cm apart, and the braird was
thinned by hand. The March-sown crop yielded more roots and sugar than the May-sown
at both harvests (Table 6). Stands of25 000 and 49 000 plants/ha yielded less roots, sugar
and tops tlan the denser stands. Irregular spacing of the two sparsest plant stands
decreased root and sugar yield but not top yield at all sowing and harvesting dates. The
early sown and late harvested crops rrere not obviously better able to compensate for
irregular spacing than those with shorter growing periods. (Jaggard)

TABLE 6

Sugar yield (tlha) from diferent sor+ing dates, plant denities and distibutbns

Sowiog date
(Meaned over tw: harvcst dates)

2l March 2 May
Density
C000/ha)

Distribution:
Reeplar
Irre8ular
Very irregular

Mean

Oclobe! harvEt
DeceJnber harv€st

Time of sowfu' hervesting rnl Plrnt dEsity

An experiment testing thre€ times of sowing and two times of harvesting at fou( Plant
densitiis produced the sugar yields shown in Table 7' The 50 and 75 thousand Plants/ha
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49 14 98

5.t5 6.50 6.44 6.54 6.16
5.20 6.40 6.63 6.7s 6.25
4.6 6.25 6.50 6.s0 5.9
5.01 6.39 6.52 6.@ 6.13

5.57
6.6

25

4.68
4.44
4.05
4-39

Mean

5.64
5.52
5.38
5.51

s 94 6.14 5.78
5.81 5.95 5.88
s.67 5.92 5.86
5.81 6.00 5.84

4.87
6.14

49 74
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treatments were grown in rows 50 cm apart, and the denser stands in beds of 5 rows,
25 cm apart. The first and second sowings yielded similady but more than the third sowing
at both harvests. Plant density did not significantly affect sugar feld, but 75 000 plants/ha
produced the smallest sugar yield at the second harvest from all sowing dates. This is an
incongnrous and unexplained result since 75 000 plantsfta is usually the optimum density
for sugar beet. (Webb)

Plants from the first and third sowings at all four plant densities were sampled and
analysed for growth five times between 19 June and l8 September. The early sown crop
produc.ed the larger leaf area index (LAI) until mid-August, and hence mFintained a
larger growth rate than the latosown crop. The densest stands also had large LAI's early
in the year, but inter-plant competition limited growth so that the early-sown crop reached
its maximum gromh rate in early July, and the late-sown by the end of July. Nevertheless,
the early-sown and dense stands continued until September to yield the most total dry
matter and roots. (Jaggard)

TABLE 7

Sugar yield (tlha) fion diferent sowhg otd harwsthg dates at fonr plot densities

Harvest date

27 September
Pl.nt density

'000/ha

29 November
Pla deosity

'm/ha
75 100

Sowing date
l7 March
6 April
2 May

Sharpe's Klein Megapoly

5.t5 5.50 5.81 5.91 5.59 7.02 6.63 7-77 7.18 7.15
5.43 5.80 5.67 5.44 5.58 7.62 6.91 7-E 7.03 1.20
4.13 4. 5.02 4.15 4.88 7-@ 6.82 6.95 5.86 6.93

Time of sowing and seed spocing. An experiment on Flint Ridge field tested the effect
of time of sowing on seedling establishment and yield of two varieties when drilled to a
stand. Pelleted seed vars. Bush Mono and Sharpe's Klein Meppoly was sown on 17

March, 6 April or 2 May spaced Lt l2'5 cm, l5'5 cm or l8'5 cm. Plant establishment
ranged frorn 571 of seeds sown in March to 75% for the later sowings Clable 8). The
densest plant stand yielded less with the polyploid variety, but otherwis€ plant density had
little effect on sugar yield. (Webb)

TABLE t
Plant densitbs from diferent soting dates and seed spacings, and mean yields of sugar

sown at t2.5 cm Sowr at 15.5 cm sown at lE.5 cm M9t" 
,

spacing spacing spacing Plant
Plaot stations Plant statioDs Plant stations Sugar stsliotrs

'000/h4 'mo/ba '000/ha Vha '000/ha
variety
Bush Motro

sl
s2
s3

Mean

Variety

14
89
90

84

77
95
93

E8

88
ll4
103

to2

84
It3
tt4
104

62
85
18

75

80
74

70

1.36
7.26
6.46
7.O3

7-62
7.t7
6.61

7.13

15
96
90

81

73
96
94

66

sl
s2
s3

Mea.tr
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Plmt deNity and rcgularity. A randomised block exlrriment on Flint Ridge examined
the effects on yield of irregularity of plant stand at a rango of plant densities. The irregu-
larity and plant density treatments simulated what could occur as a result ofpoor seedling
emergence when drilling to a stand. Viable seed mixed with varying quantities of killed
seed produced seedling emergence vzlltes of 77 '%, 61%, 54% ar.d 4Ol of seeds sown.
Sowing the seed mixtures at 12 cm and 19 cm intervals gave plant densities ranging from
40 000 to 125 000 plants/ha. These stands were compared with four regularly distributed
populations of 35, 5O 75 and 95 thousand plants/ha produced by hand singling. The
different plant $tands gave no significant differences in root yield, although fewer than
55 00O plantsfta always tended to yield least. (Jaggard)

Twin rcws on ridges. An exp€riment on Thc Holt again tested narrow rows (25 cm) on
ridges or on the flat in comparison with wide rows (50 cm) on the flat (cf. Rothamsted
Reportfor 1971,Pan 1, 288). Pe[eted seed var. Bush Mono was sown at 12.5 cm or 20 cm
spacing on 15 March. Pheasants severely and irregularly thinned the stand of plants
during June, particula y on the ridges, where the final stand was 83 000 plants/ha
compared with I l1 000/ha on the flat and 87 000 in the wide rows. On average, narrow
seed spacing gave I 14 000/ha and wide seed spacing gave 74 000/ha. The sugar yield
from the crop on the flat, whether in wide or narow lows, was 9'14 t/ha, compared with
8.81 t/ha from the ridges. The narrower seed spacing slightly outyielded the wide spacing.
These yield diflerences seem the consequence of differences in density and regularity of
plant stand. (Hull)

SoiI compaction

An experiment on The Holt tested the effects of soil compaction on fertiliser requirement
and yield of sugar beet (Rothamsted Report for 1971, Part l, 289). The soil conditions
tested wer€: (l) compaction produced by rolling the land with tractor wheels; (2) a seed
bed produced by shallow cultivations immediately before drilling; (3) a very loose seed
bed produced by a powered harrow operating 15 cm deep immediately before drilling.
At seedling emergence the mean bulk densities of soil from the surface 16 cm of each
treatment were: compacted seed bed, 1.63 glml, normal seed bed, I .55 g/ml; loose seed
bed 1.36 g/ml. Significandy fewer seedlings emerged from the compacted than from the
normal and loose seed beds. Soil compaction decr€sed tle sugar yield by 1.9 t/ha and
top yield by 10 t/ha compared with the normal and open seed beds. Sugar yield on the
compacted plots increased with up to 150 kg/ha of nitrogen fertiliser, while the normal
and loose seed beds responded to no more than 75 kg/ha of nitrogen. Additional
phosphate fertiliser had no significant efect.

In coolrratioo with the ARC Letcombe Laboratory, samples of the soil atmosphere
from a depth of 30 cm were analysed at weekly intervals during the period mid-April to
mid-June. Yery Iittle ethylene and no nitrous oxide was found under either compact or
loose seed beds, and no large diferences between treatments were recorded for orygen
or carbon dioxide content. It seems that the poorer crop on the compacted plots resulted
from physical impedance of root growth rather than toxic soil atmosphere.

An experiment of the same design as that reported laf;t year (Rothamsted Reporl for
197l,Part l, 289) was carried out at Freckenham, Suffolk, to examine the effects of soil
compaction and the systemic nematicide, aldicarb, on sugar beet growing in a sandy soil
infested with the ectoparasitic nematode l-angidorus. When the seedlings emerged, the
mean soil bulk density to a depth of 16 cm was l'28 g/ml on the uncompacted plots, and
1.53 g/ml on the compacted. Compacting the seed bed decreased the yield of roots and
sugar by 3 t/ha and 0.7 t/ha respectively. Treatment with 0'84 kg/ha of aldicarb did not
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affect either root or sugar yield. The effect ofsoil compaction on yield was not significant
because the crop was very iregular in the dry summer on this light soil of variable depth
over chalk. (Jaggard)

Alalysis of sugar-beet cmwns

Samples of plants of different sizes were again taken from the spacing and irrigation
experiment described on p.282 (see also Rolhansted Report for 1971, Part l, 291). They
were trimmed to remove leaf stalks and cossette samples taken with a grating machine
from the growing points, crowns and storage roots. Each part was weighed and analysed
for Na, K c-amino nitrogen, invert sugar and sucrose concentration. The juice purity
was calculated for whole, scalped and topped beet. On average, the untopped beets
weighed l7l and the scalp€d Wt 13% more than beet topped normally. The largest
untopped b€ets resulted from growing the crop at I 8'5 thousand plants/ha. These weighed
24\ more than topped beet, but the smallest roots, grown at I 30 thousand plants/ha were
only 13l heavier than tle corresponding normally topped beet. With the growing point
removed, the corresponding scalped beets weighed 17l and lO% more.

The scalp contained 11.91sucrose, the crown 15'11and the normally topped b€et
18.6%. Calcdared juic€ purities were 841in the scalp, 891 h the crown and 94 f in
topped b€et. The juice purities for whole, scalped and topped beets were calculated to
be 92.7 %,93.0% and 93.61 respectively.

The invert sugar concentration in the scalp was l '51 9/100 g sugar, in the crown 0'66
and in the root 0 33 9/100 g. Thus the invert sugar conc€ntrations in whole, scalped and
topped beet .l ere 0',10, 0.37 and 0'33 9/100 g respectively. (Last)

Growth contol chemicds

A randomised block experiment examined the effects ofthree rates ofthe growth retardant
'MON 0845' (N,N-bis(phosphonomethyl) glycine) (supplied by the Monsanto Chemical
Corp.) on the yield ofsugar beet var. Sharpe's Klein Monobeet. The chemical was applied
as a foliar spray in 560 l/ha of water on 19 Sept€mber at 0, 0'28, 0'55 and 0'82 kg a.i.lhu
and the plots were harvested on three occasions, l0 October, 25 October and 8 November.
The trcated plots all yielded less roots and sugar than the control at the fi$t two harvests.
At the third harvest, however, plots treated with 0'28 and 0'55 kg;/ha of the chemical
yielded more than the control, but not significantly. The yield of the control plots did not
increase between the second and third harvests; this is unusual and may account for the
apparent effect ofthe chemical. As in previous experiments the chemical slightly increased
the sugar content of fresh roots, and significantly decreased the yield oftops. (Jaggard)

Herbicides and weed control

Mr. W. E. Bray of Norfolk Agricultural Station tested various rates of the pre-emergence

herbicide ppazone, as single or split applications, at dritlitrg or two weeks afterwards.
Treatments gave good weed control and sugar yields were up to 7'9 t/ha, whereas
unsprayed plots which were not hand 'xeeded until 7 June yielded 7'3 t/ha.

Yarieties

Commercial. An experiment done in cooperation with the National Institute of Agricul-
tural Botany tested ten varieties of sugar b€et solvn on 2l March on Flint Ridge. The
p€lleted seed was spaced at l6cm and the crop grown without hand work. The experi-
ment is one of the NIAB series testing varieties grown in this way. The plant population
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of thc different varieties ranged from 61.3 to 92.5 thousand/ha and bolters from
4\to Nl. Sugar percentage ranged from 18.7 to 19.5, mean 19.1. The root yield and
sugar leld of the varieties did not differ significantly and averaged 35.4 and 6.73 t/ha
resp€ctively.

Yellors tolersnt Plots of 14 commercial or breeder's varieties sown on 22 March were
either infected with a mixture of beet yellows virus and beet mild yellowing virus or kept
free from yellows by insecticide sprays. This experiment was also done in cooperation
with the NIAB as one of their series testing yellows tolerant varieties. Average lelds for
all varieties when healthy or infected were respectively: sugar 6.63 and 4'29 t/ha; roots
37.5 snd 26,3 tlbai sugar percentage 17'63 and 16'25; juice purity 94'62 fid 93'36 %. As
in previous years the Hilleshog variety'Nomo V.T.' (L.342,1O) gave outstandingly
large yields of sugar whether infected or healthy. (Webb)

Cered ad rutrtion experiments

Fertillsers on rotetion cro1s. This was the eighth year of the experiment testing fertilisers
applied to a rotation of sugar beet, winter wheat and barley. (For the fertiliser dressings,
see Rothomsted Report for 1965, 279.)

Table 9 shows the effect of the treatments in 1972. As in 1971, wheat and barley
needed Nz (150 and 100 kg/ha nitrogen respectively) but did not respond to phosphorus
or potassium fertilisers. Response to nitrogen fertiliser was much greater with wheat ttran
with barley grain (*2'.16 and + 1.08 t/ha respectively). Potassium and sodium fertilisers
increased sugar yield but nitrogen fertiliser had little eflect. The large increase in yield
from a moderate dressing ofN P K (Compound l) for wheat and barley was mainly due
to the nitrogen it contained. FYM increased sugar yield even when large amounts ol
inorganic fertilisers were also given.

IABI,& 9

Yield responses of cropr to fertili,set ,redtments h the eighth year of the rotation
experiment

Meatr yhld
Response to:
Nt
NrNr
Pr
PrPr
Kr
KrKr
Na
FYM
Compound I
CoEpormd 2-

Compouud I

Wha.t graitr
(t/h. at 85 % DM)

4.13

+2.25
+0'21

0
+0 38

-0.16+o'24
+0 12
+0'2t
+1.98

+0'21

Ba.ley Srain
(t/bl sl E5 % DM)

4-41

+0.t4
+o'u
-0.01
+o'27

0
_0.36
+0.06
+0'04
+1'05

+0'08

Sugar boet
Gu8ar, tAa)

5.16

+0.08
-0.60
-0.08
-0.30+0.94
+0.54
+0 35
+1.23
+0.93

-0.31

Frequemy of beet snd buley. This was the eighth year of the experiment testing yields
in five contrasting crop rotations (Rothamsted Report for 1966,298). In 1972 the largest
yield (6.64 tiha sugar) was when sugar beet was grown afler the two-year grass Iey. Sugar
yields were similar in the continuous sugar beet and cer€l rotations (aYerage 5'60 t/ha).
Sugar beet in none of the rotations needed more than 63 kgiha N for maximum yield.
Barley grain yields were similar,4'00 tftaat85%dry matter (DM), following sugar beet,
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one or two cereal caops but were less following three or four barley crops (3'72 an,d 3'57
t/ha respectively). With little rain it was again difficult to establish the grass following
sugar beet and it yielded only 2'91 t/ha DM. Grass established one year before gave

9 .78 t/ha DM. Beans yielded 1 .77 rlba grait at 85 % DM and potato tubers gave 7'0 t/ha
DM. (Durrant)

Nihogen and frmigetiou The experiment on Brome Pin (Rothamsred RePort fot
1971, Part l, 293) testing the residual effects of soil fumigation and form of nitrogen
fertiliser on pathogens and crop yields, was cropped \ ith spring barley in 1972. Yields
ofgrain and straw were improved by repeated fumigation and by both forms of fertilisers
(Table 10). In contrast to 1971, nitrate fertiliser increased yield as much as ammonium
fertiliser. The small yield increases from fumigation in 1970 were not significant. Larger
yields after annual fumigation were probably partly a result of increasing the amount of
available nitrogen in the soil, since the largest increases were in plots receiving no nitrogen,
and partly a result of controlling soil pathogens. (Cooke and Last)

TAJI,E 10

Grah ad straw yielib in the ritrogen and fiuttigation experiment

N drEssitrg
(kc/ha)

Yield of grain
(85 % DM) t/ha 0

125 (NHr+)
125 (NOs-)

Yield of straw
(85% DM) t/ha 0 l'73

125 (NHr+) 3.69
125 (NOa-) 4'06

Every year
(18.3.70; 13.11.70) 18.3.70

Nooe aod 14.9.71) only

2.02
4.06
4.32

3-66
4.85
4.16

2.03
4.34
4-42

3.62 1.94
4.88 4.41
4.95 4.26

Meg!€sirm end boron" This was the third year of the experiment testing the residual
effects of magnesium and boron (norlrar sted Repott for 1970,Paft l, 271). It was sown
with barley, variety Julia, on l0 March. Neither element effected yield of grain or straw
which averaged 3.98 t/ha and 3'33 t/ha respectively. The average conc€ntration of mag-
nesium in the grain was 0'll I and in straw O'O32\. The boron concentration in the
grain was 0.,16 ppm and in straw 4'3 ppm. Soil concentrations ofexchangeable magnesium
and hot water soluble boron had changed little since 1971. (Farley)

Irrigation and nihogen for cereols Experiments organised by the Botany and Chemistry
Department of Rothamsted agaia compared the growth and yield of winter wheat and
spring barley at Broom's Bam with similar crops at Harpenden (see pp. 48 and 90)
At Broom's Bam, the wheat was on Hackthorn field and the barley on Windbreak field.
The fertiliser and irrigation treatments were as before (X othamsted Report for 197 I , Pfit
l, 294). A total of 126 mm of water was applied to the wheat and 8l mm to the barley.

Yields of both crops were above average for Broom's Barn. Wleat yielded 5'9 t/ha
grain without irrigation and 6.5 t/ha with irigation; on average, irrigation had little eflect
on yield of barley gain Cfable l1). The wheat needed about 90 kg/ha N for maximum
yield both with and witlout irigation, whereas the optimum dressing for barley was
about 60 kg/ha with irrigation and 160 kg/ha without irrigation. Giving more than
60 kg/ha N and water to barley greatly decreased yield, probably as a result of the crop
lodging.
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The maximum soil moisture deficit as determined by neutron moderation was 170 mm
on the unirrigated wheat plots on 14 August and 133 mm on the corresponding barley
plots on 17 July. Before irrigation on 2 June, the deficit was 67 mm in the wheat and
54 mm in the barley. The potential deficit, calculated as the difference b€tween potential
transpiration and the rainfall, was 168 mm on 14 August in the wheat and 145 mm on
17 July in the barley, showing close similarity to the measured maximum soil moisture
deficits. This suggests that both crops were able to obtain the whole of their water
requirement from soil reserves and rainfall, and that the increase in yield of wheat from
irrigation resulted from either increased nutrient ayailability or some other cause. Irri-
gating decreased the measured maximum soil moisture deficit to 59 mm in wheat and to
57 mm in badey. The theoretical values (maximum soil moisture deficit mrnas irrigation)
were very similar; for wheat 170 - 126:44mm and for barley 133 - 8t : 52 mm.
This year, wheat extracted water to 120 cm depth and barley to 100 cm. Without iriga-
tion, wheat removed more than twice as much water as barley from below 50 cm. (Dray-
cott, Messem and Webb)

TTBIT 11

Efects of irrigation ad dtrogen on yiekls ol wheat and barley

3l
Wheat

6.37 5.89 6.066'7t 6'A 6.,186.s4 6.26 6.27

Badey
s.76 5.96 6.195.82 5.88 5.5-19 5-92 5.7r

Without irdgation
With irigation

Mean

s.46 6.05
6.09 6.67
5-77 6.36

4.s5 5.ll4.16 6.104.65 5.61

5.85 s.94
6-14 6.455.99 6.20

6.t9 5.63
5.11 5.48
5.65 5.56

Without irrigation
With irrigation

Meau

Fungicftles on barley. Fungicides were tested on three varieties of spring barley for the
control of mildew and brown rust. Mildew was severe on Berac, mbderately slve.e on
Julia and very little was found on Mazurka. Brown rust was more severe on Berac and
Mazurka than on Julia. Ethirimol ('Milstem') as a seed dressing and tridemorph (.Calixin')
as a spray controlled mildew well, better than benomyl (.Benlate'), but had little effect on
brown rust" AII these fungicides increased 1000 grain weight and ethirimol increased the
height ofall the varieties by 5-10 cm. Ethirimol also slighfly delayed maturity ofthe crop
and decreased 'ear loss' on average of all varieties. Ear loss from Mazurka was particu-
larly heavy, averaging I tAa over all treatments. Yields of all varieties averaged for all
trestments were 5.1 t/ha. Fungicide combinations incorporating ethirimol increased
yield most consistently. (Webb)

Brmm's Barn fann

Since acquiring Broom's Barn farm in 1959, we have developed a five-course rotation
of sugar beet, three c€real crops and a temporary grass ley or beans. The land in grass
ley is cultivated about 40 cm deep in July, planed, limed when necessary, spread with
farm yard manure, ploughed and sown with winter wheat as a preparation for the sugar

Grah yield, tAa at 85% DM
N dressing (kg/ha)

63 94 125 157
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beet experiments in the following year. Tile drains have been laid where necessary and
practical. This method of farming has resulted in more level fields wilh soil of a more
uniform colour after ploughing and usually more even crops. The soil seems to be easier
to \york and good seed beds are more readily made now than in the earlier years.

Although the structure of the surface soil has improved, problems still remain. The
Iig[t soil oFthe Dullingham, Moulton, Newmarket and Ashley variant Series still tend to
slake and set when fallow. The damage caused to the stronger soils by using machines on
them when wet was revealed this summer. For instance, when Little Lane (Ashley and
Stretham Series) was deep cultivated in July, while dry after the hay crop, it worked up as
a mass of intractable clods, some of a half cubic meter or so. The clods were compacted
and structureless with roots confned to worm holes and the large fissures. This bad soil
structure was created by harvesting the sugar-beet crop in 1969 when the land was very
wet. Heary rain in late July saturated the clods which then shattered and readily worked
down to a uniform, crumbly tilth into which winter wheat was sown. Correcting this
damage has taken three years and the yields of the inten'ening crops may have been
depressed by it. De€p cultivating Hackthorn (Stretham Series) also brought up similar
clods, though fewer. The damage here had been done while harvesting the sugar beet in
1970 and in preparing the land for sowing beans in the spring of 1971.

In fields stretching across the valley that runs north-east to south-west across the farm,
the soil tends to dry slowly in spring where the Stretham and Ashley Series meet the
liglter soil (Dullinelram Series) of the valley bottom. This latter soil is easily worked into
a fine tilth. It is not practical to tile drain these fields. Marl Pit, Hackthorn and part of
Bull Rush were subsoiled in August, using a single tine with an angled chisel head drawn
50-55 cm deep at l'5-2 m intervals. This p€netrated well on the slopes but would not
p€netrate deeper than 40 cm in the valley bottom where there was an indurated layer of
dry, brown sand about 25 cm thick, structureless but penetrated by occasional worm
holes. Below this there was loose brown sand and flints. Although the subsoiler was
induced to score this hard layer, it failed to shatter it and different tools \Yill have to be
used to break it. On the slopes and plateau the subsoiler encountered a variety of materials
such as wet clay, chalk, flint beds, boulders which made it ride out of the ground, as well
as the predominant chalky and sandy clay with flints.

On the Moulton Series in Flint Ridge field, strips of wilted sugar beet about 60-90 cm
wide and i-7 m apart, stretched sinuously down the slopes in August. Under the upstand-
ing plants bet*€en, the subsoil was chalky and solid chalk came to within 50 cm of the
surface; under the wilted plants the subsoil was gravel and contained water-worn erratic
pebbles. These channels in the chalk are believed to have originated as cracks in peri-
glacial conditions and to have been filled with water-borne material. The stripes are usually
obvious in aerial photo$aphs of most crops in summer but are apparent on the ground
only in drought. In August the roots of the wilting plants were heavier than those of the
upstanding ones. We have farmed the surface soil into a satisfactory, uniform condition
but now we will have to attend to the great diversity of subsoil, which will be a more
dimcult task.

Ploughing was completed before the end of December 1971 and although there were
few frosts, the land worked well in March and spring sowings were early. After harvest,
part of Marl Pit and the whole of Brome Pin and Bullrush were limed. All the sugar beet
on Flint Ridge was given 50 mm of irrigation and the northern half of the field an
additional 50 mm. Again this autumn all the land was ploughed before Christmas.

Some of the old unsafe beeches and oaks around the farm buildings were felled and
have been replaced \ ith young standards. A large open pit has been dug to the north of
the farm buildings to take drainage water from the roofs, concrete areas and laboratory
sinks. Existing soakaways have proved inadequate.
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Cereals. The cereal crops were manured and sprayed with herbicide as in previous
years. Part ofthe barley on Marl Pit had no herbicide and had no noticeable differenc€
in lveed infestation in the stubble after harvest from the treated area-

A few acres of the Joss Cambier wheat on Brome pin was fertilised with an extra 25
kg/ha N and sprayed with chlormequat chloride. The crop was bl.ighted with yellow
rust and the treatments did not affect yield. The Maris Ranger sown in Decembei after
sugar beet on Dunhotme was heavily infected rvith mildew but the Maris Nimrod on
Hackthorn kept healthy.

All the barley was sown in mid-March- Ethirimol seed dressing kept the proctor free
from mildew and tridemorph spray kept Julia relatively free. iofi Abed, a resistant
variety, had mildew slightly. No cereal crop lodged and harvesting lasted frorn 10 to 27
August with grain moistures ranging from 14 to 2Z%. The lelds ire in Table 12.

TABLE 12

Cereal od beot yiekls dt 85% DM
Fleld Area(ha) Varieg

W.lDdbrcak I .21 Julia barley
ryhile latch 9.18 Julia barley (undersown)
Marl Pit 4.85 Lofa Abed barteyBullrush 4.61 Proctor barley
Brome Pin 8.5O Joqs CambieiwheatHackthom 3.03 Maris Nimrod wheat (seed)

0.89 Cappelle whcat (experim€Dts)
Dunholne 8.50 Maris Ranger wheat
Nelv Piece 5.22 Maris B€aiI b€aos

BeaB. Tick beans var. Maris Bead were sown in a good seedbed on l8 March, and
immediately rolled and sprayed with simazine. This controlled weeds without damage to
ttre beans. Five hives of bees worked the crop and no aphid control was necessary. They
were harvested on 2l and 22 September although the stalks were still very green.

Fodder crops. The Italian ryegrass and clover ley on Little Lane was cut for silage
during the third week of May and immediately top dressed with 130 kg/ha N to yield a
hay crop in mid-July. The ley under the barley on White Patch has established well.

Sugar b€et The basic fertiliser on Flint Ridge was 750 kg/ha of kainit ploughed down
in the autumn and 660 kg/ha of compound fertiliser containin g m% N, lO% prOs,
l0% KzO (abbreviated to 20-10-10) in the seedbed. The Holt had 750 kglha kainit and
350 kg/ha ol 0 : 20 : 20 compound ploughed down in the autumn, then 440 kg/ha of
34 % N fertiliser at sowing. Sowing started on 15 March and continued while the weather
was dry for two weeks when more than 8 ha had been sown. The rernainder, except for
experimental late sowings, was sowr between showers in less settled weather during the
next two weeks. Seventy-five f,er cent of the crop area was so\t'n with pelleted mono-
germ, 12,59(with pelleted polyploid and 12.5% with rubbed and graded seed. About
2 ha was sown at 6 cm seed spacing or less, 5.5 ha at 5-12 cm and about 6 ha at 15 cm or
more. Most of the crop was band sprayed with pyrazone herbicide during sowing.
Phenmedipham was used after seedl-ing emergenc€ on experiments with different row
widths instead of tractor hoeing. All the crop was sprayed with aphicide and that on the
light soil with boron. Harvesting started on 2 October when the soil was very dry, but
many roots broke in the hard ground. The area irrigated in August was harvested more
efficiently. The harvester worked better after rain fell and the soil became rather wet
before harvest finished on 13 December. Defivery to the factory was completed by 20
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5.12
4.98
4-75
4.88
4.4
6.32
5.67
4.26
3- 12
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December. Yields averaged 30'9 t/ha of clean roots at an aYerage suSar content of 18 %'
ranging from 16'6 f to 19'3 %. Mean dirt and top tares were 73 and tl6 kg/t. The country's
average yield this year was 34'6 t/ha of roots at l7'0% sugar.

Livestock. Forty Hereford cross steers and 30 heifers, average liveweight 280 kg and

260 kg respectivCly, were bought in Octobc 1971. All were fed with silage ad lib' hay
when-the silage was finished, fresh straw, restricted concentrates and mineral licks. The
concentrate ration was supplemented with protein at first but rras basically equal Parts
of rolled barley and sugar beet pulp nuts to a maximum of 5'4 and l'8 kg/head/day for
the steers and heifers respectively. Their average live weight gain was 0'72 and 0'68
kg/head/day resp€ctively. All were sold between 14 March and 3 July at finished weigbts of
445 kg and 389 kg respectively. The yard was restocked in October with 58 steers and 18

heifers.

Staff r l Ybiting worlers

Mr- Z.T. Aytug, Turkish Sugar Corporation, worked with us for two months during his
tenure of a British Council Fellowship' Sandwich course students, C. J. Irons and R.
Windley of the University of Bath and C. A. Hinson of Trent University, were with us for
six months.

R. A. Dunning visited r€search stations and Universities in the United States and

Canada during April and May. A. P. Draycott gave an invited paper at the centenary

celebrations oi thi Agricultural Department of the University of Vienna and visited the
Austrian Sugar Research Station at Fuchsenbigl. A. P. Draycott and P- C. Longden con-

tributed to the 35th Winter Congress of the International Institute of Sugar Beet Research

in Brussels, which R. Hull and R. A. Dunning also attended' R. Hull and P' C. Longden
also attended the IIRB Summer Congress in south Sweden and afterwards Longden
visited se€d research c€ntres in Denmark and Holland. D. A. Cooke attended the 9th
International Nematology Symposium at Reading.

The Breeding and Genetics group of the IIRB Yisited Broom's Barn in September and

the Sugar Beei Research and Education Committee held their open Summer meeting

there. A two-day course was arranged for the Field Agricultural Development Officers

of the British Sugar Corporation Ltd. Among numerous visitors were groups from the
Austrian Sugar Industry, Leeds University, several Young Farmers'Clubs, Bury St'
Edmunds Chamber of Commerce and Past and Present Society.'
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