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MULTIDISCIPLINARY ACTIVITIES E. LESTER

FsctoB limititrg yield of tri er wterl

The large multifactorial experiment at Rothamsted has been modified, in the light of the
past 3 years results, to include a rotational comparison. Wheat was growtr on Great
Krott I as a third cereal crop following either barley or oats in the yeax prcceding the
experimental year to test high u. low risk of take-all. Diferent factors have been
tested and a full list of treatments is given in Table l. The work on contrasting sites has
expanded to include experiments on a heavy and a light soil at Woburn as well as on a
site at Rothamsted, all following early potatoes.

Yield at maturity. Grain yields were less than in the three previous years. The best
eight-plot mean was 8.8 t ha-l. The mean of all factorially-treated plots was only
6.6 t ha-l, largely because of the very poor yield of the crop grown after barley that
v,/as severely infected with take-all (Iable 1, and p. 23). This smaller yield was accounted
for by both fewer and smaller ears than in the wheat after oats. Grain size also, but not
number of grains per ear, was decreased.

The yield of wheat grow:r after oats was increased by aborul. 6l by more and also by
earlier nitrogen (Table l). The benefit from early nitrogen was greater with early than
with later sowing. Ear number was increased by more nitrogen and by earlier application.
The number of grains per spikelet \ryas also increased by more nitrogen. Dry weight per
grain was decreased by more and by earlier nitrogen. Summer fungicide increased grain

leld slightly by increasing grain size.

TABLE T

Factors tesled and their efects on grain rield (t ha-t) of Avalon winter wheat grown after
oats (O) or after barley (B). Meots over all other lactors
Irvel I Yield ,-eeel2 Yield

(l) Sow! early (E) 22 September I l.f, Sown later (L) 22 October 3 !:?!
(2) Nitroseo rate l, 150 kg ha-r g iY, Nitrosen rate 2,220ksha-1 B !.i3
(3) Timing of main nitiogen O 8'40 TimiDg ofmaio nitrogen application O 7'95

application B 559 B 4.45
Ear initiation of early-sowo Ear iditiation of later-sown (l 3 April)
(9 March)

(4) Grofi h regulator--{hlormequat
New '5C Cycocel' I '75 I ha-l
@ 23 March, L 16 April)

(5) Sp.ing fungcide-benomyl
'Beolate', 0 5 kg ha-l (24 March)

(O SumrDer fungicido-propiconazole
"f'tt',0.5 tha-r (26 May,24 June)

(7) Pesticide (aldicarb + pirim icarb)
(5 kg ha-r applied to s€cdbed)
+0 14 kg ha-r (14 Juoe)

O 8 15 None
B 5.07

O 8 23 Notre
B 5.10
O 8.29 None
B 5.15
O 8'19 NoDe
B 4-79

o 8.19B 4.96

o 6.t2B 4.94
o 8.05B 4.89
o 8.16B 5-24

The leld of wheat gown after barley responded relatively more to the nitrogen
t€atment than did the yield of wheat after oats. After barley, more nitrogen incrcased
yield by l2/. and earlier nitrogen by X\. T'lr.e number of ears and number of grains
per ear responded as in wheat after oats. Dry weight per grain was scarcely atrected by
either nitrogpn treatment. Grain yield was unaffected by sowing date aod increased again
by summer fungicide, but decreased by pesticide.
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Spring fungicide and growth regulator had no consistent effects on yield irrespective
of previous crop. (fhome, Physiology and Environmental Physics; Dewar, Entomo-
logy; Prew, Field Experiments; Williams, Nematology; I-acey and Plumb, plant
Pathology; Penny, Soils and Plant Nutrition; Church and Todd, Statistics)

Grorth and deyelopment. The experiment was sampled seven times (Table 2). The
The number of plants established was 270 m-2 from early sowing and 243 m-z from the
later. As in prcvious years, during the winter and spring the wheat sown early (E) grew
and developed much faster than did that sown later (L). But from June onwards the
benefits of early sowing almost disappeared. The two crops reached comparable stages
of development on the following dates: double ridges E 23 February, L I April; terminal
spikelet E 5 April, L 22 April;501 anthesis E 4 June, L 7 June. The dates of zero leaf
area and ripeness differed by less than 3 days between sowing dates. Maximum tiller
number for both sowings was attained between the appearance of double ridges and the
formation of the terminal spikelet on the apex of the main shoot; it was well estimated
by the number recorded at the sampling on 5 April. In wheat after barley growth from
mid-May onwards was slower and tiller survival was less than in wheat after oats.
Maximum leaf area was less and the duration of grain growth lvas shorter: wheat after
barley lost all green area by l3 July, but that after oats not until 20 July. As a consequence,
straw dry weight as well as grain yield was much smaller in wheat after barley than in
whe3t after oats.

TABLE 2

Change with time in lotal dry weight G m-z), leaf area index, number of shoots m'2 and
Zadoks growth stage of winter wheat grown after oats (O\ or after barley (B) and sovn on

22 Seplember (E) or 22 October (L). Means over all other treatments
Previous
crop.and
sowrDg

date
Total O

dry sEight
B

E
L
E
L
E
L
E
L
E
L
E
L
E
L
E
L

74
December March

29 586 l8
21 54
618

5 t0 May (E) E June (E) 6 July (B) 2E July (B)
April 24 May (L) 14 June (L) 20 July (O) 4 Auglst (O)
161 548 ll32 1699 15,1070 636 1043 1627 1450l,ro 4a a24 93 95078 s43 873 1061 1020

Lcaf arca
iodex

Numb€r of
shooB

0
0
0
0

493
467
345
377

92
92
92
92

724 508 469568 455 447691 4t3 341
515 389 37t
33 65 8539143 69 85
33 65 85
39143 69 85

958 ll33
637 1258
893 918
639 1369

948
254
829
253
t4l?2
1l
14122
ll

o
B

o
B

o
B

0.5 0.9 2.1 5.90.t 0.3 0.8 7.50.5 0.8 1.6 4.3
0.1 0.3 1.0 5.4

7.8 0.47.O 0.94.4 0.4
4.5 1.2

Growlh
stage (GS)

17122 18124
t4122 16126
17122 18123
14122 16125

Applying nitrogen early rather than late resulted in more shoots and geater dry weight
and leaf area at all samplings, and especially in mid-May when increases reacbed 50\.
The benefits of early application were usually geaterwith early than with later sowing
and in wheat after barley than after oats. Increasing the amount of nitrogen applied
from 150 to 220 kg ha-r always increased gowth. The maximum response was a 30f
increase in leaf area index in mid-May. Eight extra plots given their first zl0 kg N at sowing
instead of in early February or March grew better during the autumn but this advantage
was soon lost.

n
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The growth regulator decreased final stem height by 2 cm. The only other significant
effect was a transitory diversion of dry matter from the stem to the ear shordy before
antheris. (Ihorne and Wood, Physiology and Environmental Physics)

Nitrogo contents. N contents are so far available only for the first four samplings.
December wheat gown after oats contained 4'71I N, after barley 4'50f ; by May previous

crop had no effect on fN (mean value l'83). N uptakes differed litde with previous

crop until May when the larger crop after oats had taken up 109 kg N ha-l, that after
barley 9l kg.

In December I N in the earlier-sown whea;l (4"12y.\ was signifcantly larger than in the
later-sown (4'49%') b:ul in March and April it was smaller and by May they differed
little. Because yields of the early-sown wheat were much larger than those of the later-
sown at the fust three samplings, so also were N uptakes (13 r. 3 kg ha-l in December'

65 v. 39 kg ha-r in April). By May, however, N uptake was slightly Iarger with the later
sowing.

Applying 40 kg N ha-t (fust part of early N) on 2 February significantly increased

%N in both early- and later-sown wheat on 4 March but increased N uptake only by
the early-sown (from 20 to 34 kg ha-l). In April and in May N uptakes by both sowings
were significantly larger with N applied early rather than late, more ofthe early N having
been applied (amounts were not comparable until the June sampling). As expected /"N
and N uptake were significantly larger with the larger amounts of N'

On 2 February (before any fertilizer N had been applied) the sap of the lower Parts
of the wheat stems contained 810 ppm of NOS-N. On 8 March they contained 280 ppm
on plots not given any fertilizer N and 7lOppm on plots given 40kgNha-r on 2
February. On 13 April they contained only 5 ppm of NO3-N where no fertilizer N had
been given and 35 ppm where 40 kg N had been applied on 9 March. These values

increased to 520 ppm where an additional 140 kg N ha-r had been applied. (Penny,
Widdowson, Darby and Hewitt, Soils and Plant Nutrition)

Nematod€s. Numbers of stylet-bearing nematodes present in the soil prior to sowing
are given in Table 3; no cereal cyst nematodes (Heterodera avenae) were found. In
mid-season only a small nulmbet of Pratylenclrus spp. (12 g:r root) were present in the
roots, fewer (3 g-1) in the presence of pesticide which also decreas€d numbers of nema-
todes present in soil. Post-harvest soil samples also showed a decrease of most
species where pesticide was applied. Without pesticide, numbers were similar to those
at the start of the experiment except fot Tylenchus spp. which had decreased considerably-
(Williams and Beane, Nematology)

TABI;E 3

Efects of crop roration and pesticide on plant parasitic nematodes (numbers per lifie of soil).
Means over all other tealments

Pratylenchus Tylenchus Tylenchorhynchus HelicoaylenchuslRotylenchus 'fot,'ls

t S€ptember l98l
After oats 450 1525
Aft€f, barlsy 675 900

1550
1000

I Juoe 1982
With pesticide l5l 253 244
Without pesticide 309 438 1106

1l Aueust 1982
Afte. oats 519 386
Afte. barley 153 528
With pesticide 184 419
Wirhout pesticide iE8 497

4275
1375

732
2084

3213
l83l
1,r03
36/.2

2t

750
800

1'
23t

706
281
222
16

1600
869
578

1891
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Aphitls. Autumn migrations of Mopalosiphum padi and, Sitobion avenae were much
smaller than usual in October and ceased before the late-sown plots emerged. Conse-
quently aphids colonized only the early-sown plots without aldicarb. Aphid numbers
were 3.6 m-2 on 2 November, 6.7 m-2 on 6 January and 0.4 m-2 ort 2 l,iarch. R. pocli
was more numerous than S. avenae through the winter until ki[ed by the hard frosts,
which the more hardy S. avenae sur.vived. Metopolophium festucae was first recorded
at tlle beginning of March and increased gradually through April and May to reach a
Peak of 33 m-s in late May before declining sharply and disappearing by 8 iune.

The first alate ccreal aphid,, M. festucae, was caught in the suction tiap at Rothamsted
on 14 May, at the same time as the first aphids were recorded in the pesticide-trated
plots. Aldicarb had a residual eflect on aphid numbers until the beginning of June.
S. avenae and. M. dirhodwn increased dramatically in early June when temperatures were
fairly high. Pirimicarb, when applied on 14 June, significantly reduced their numbers for
about a week. However, a period of wet, cold weather in mid-June combined with severe
predation from coccinellid, lacewing and syrphid larvae caused the populations on
unsprayed plots to decline from a p€k of about one aphid per shoot to one per l0
shoots.

Populations of both .t avenae arLd M. dirhodutn continued to decline on the rapidly
maturing wheat after barley, but increased again on plots after oats, reaching a peik oi
over two per shoot on 23 June. These aphid populations would not be expected to afect
yield. (Dewar,Entomology)

Brrley y-ellor dwarf vins (BYDY). Relatively few aphids were caught an d fewer {6.01)
were infective in autumn l98l than in autumn 1980. Our prediction, based upon the
Infectivity lndex (Rothamsted Report for 1981, Part l, 195-7), was that there rvould be
little infection of any crops by BYDV. A few plants with symptoms were seen in mid-
May 1982 on plots after barley not treated with aldicarb, and infection by a severe
R. padttransmitted isolate of BYDV was confirmed. Detailed visual assesiment rvas
hampered on plots following barley by the extensive symptoms of take-all but there was
no more than an occasional infected plant on any plot except those scored in mid-May,
on one of which (Plot 132, sown early, after barley, no pesticides) a small patch of
infection 50 cm in diameter developed. It was not therefore exp€cted that BYDVinfection
would afect yield. (Plumb and Lennon, Plant Pathology)

Fungal diseases. Little foliar disease was present throughout the season; on the top
three leaves mildew was only present in trace amounts atd. Septoria rreye':. exceeded ll

TABLE 4

The efects oJ rotation, sottiltg clates, timing of nitrogen and fungicide on the incidence of
foot and root rots in Avalon winter y,heat. Mearls over all other treatments

Eyespot Sharp eyespot Take-all

% plants infected Take-all
rating.
24 l,une

After oats
After barley
Sown early
Sown later
N carly
N latsr
Beoomyl
Nonc

22

5 April
4
4
6
2
5

1

5 April

9
8
4
5

!

24 JuDe 24 Jwte 7 December 5 Ap.il
3

65
49
20
32I

44
46
3l
39
38
49
28

4l
32
35
35
32
14
54

8
241
t39
110
tt7
t32
125
124

6
53
53

:

% shoot infected

* % slieht+(2x % moderate)+ (3 x % seve.e) pla.rts with take-all
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of the leaf area. Fusarr'rrr', was present on the ears' more so on the early- than the later-

sown crop (11 and 4l of ears infect edi 2'l nd O'3% of ear area infected)'

foot r&i were frequent (Iable 4) more so after barley than after oats; early sowing

increased both eyespot and sharp eyespot in the spring but only sharp eyespot-in the

summer. Benomyl greatly decreased thi incidence of eyespot but doubled that of sharp

eyespot which wis ilso somewhat mor€ seYere with growth regulator and propimn:rzole'
" fate-U was the most damaging disease (Table 4) being very severe after barley but,

as expected, onty slight after oas. tate sowing and the early tirnlng. of the split nitrogen
appliLtion-both decreased take-all seYerity but p€sticide slightly increased it' @rew,
Field Experiments)

The microflore of ripcning ears. Bacteria, always more numerous than fungi, increased

continuously from 9'? x loa to l'9 x lOs propagules g.1 betlveen GS 76 and harvest'

The total fungal populations on the ripening ears increased from 1'8xl0z colony

forming units (Cfil .t GS 76 to a maximum of 2 6 x l0z CFU at GS 87 subsequently

decreaslng to i'r, tb' cru 5r of ears by hanest Crable 5). At GS 76, pink and white-

yeasts weie the major comp6nents of the mycoflora together with smaller numbers of
ihe yeast-like fungi Aureobaiidium pullulans and Hyalodendron spp., and such filamentous

fwngt as Cladospirium spp., Fusarium spp. zrld Verticillium /ecadi. Unlike previous years

(Rolhansted l[eport toi- 1981, Paln l, ?A), Fusariwn spp. (mainly L culmorutn and

i. or"*""*, with some F. poae) were particularly numerous, increasing from 7'l x l0{
at GS 76 to 1'l x 106 CFU 5t by harvest. Other filamentous fungi isolated included

Alternaria alternata, Botrytis cinerea, Epicoccum purpurascens an.d Mucor spp.

Fungicide application at GS 76 decreased total fungl populations, particularly of pink
yeasts ind yeiitJite fungi, for 2 weeks only. Four weeks after aPplication there was

iittle difference between fungicide-treated and untreated ears. Fusarium spp. were slightly
less numerous on fungicide-treated ears but the difference was only significant (P < 0'05)

in samples taken at GS 90. A. alt"rrata, Cladosporium spp. and Y. lecanii were unafected
by the larc fungicide treatment. (Magan and Lacey, Plant Pathology)

TABII5
The etect of fimgicide (F with,- without) on the microfiora of ripentng ears of winter

wheat assessed by dilution plating. (Meots of 16 Plots)
Date 25 Jutre
Grcvth stagp 76

8 July 22 July 4 August
87- 90 92

F

5-3
2.8

4.3

l3l9

F_F-F_
(No. of colony formittg utrits x 10-6 g-r of ea$)

t2-7 15.6 9.6 ll.3 8.4 3'9
I.3 3-8 2.A 2.5 2'1 I '5

3.9 5.8 2.8 6.3 5'8 6'4

761 43 360 569 4/1O ll54

Yeasa 12'6
Yeast-likc 2'5

fung
Filanrc ous 3'7

futr8I
Bacteria 977

Artditionaf investigatiom on tiller survival. Some of the ways in which tiller production
and survival are controlled by nitrogen are understood- However, where nitrogen supply
has been close to optimat in the multifactorial and related experiments on different soils,
there have been large variations, between sowing dates and seasons, in the maximum
number of shoots produced and also unrelated variations in the perc€ntages of ttrose
surviving lo form ears.

Neither the causes of these differences in tillering nor their relevance to the variations
in grain leld are understood, although the better-yielding crops tended to have morc

23
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ears- A 
^betteJ 

understanding of why maximum shoot number ranged from g0g to
1871 m-2 and percentage survival ranged from 29 to 56f in these exlperiments should
help explain why grain yield ranged from 7.8 to ll.l t ha-l. So, the observations on
shoot numbers in the field this season (p. 20) were supplemented by ones on the history
of individual tillers.

_.Ti!"* upp*."a in the expected scquence cxcept on some of the early-sown plots.
Tillering stopped at the end of January and, when 40 kg N ha-r was ipplied on 2
February, the next three tillers in the expected sequence did not appear but Ligher order
on:s 

-eTerqed during March, betwcen the double ridge aod temlinal spikelei stages of
apical developmenl. These soon died. The only tillers to survive until anthesis and pr6duce
ears were some of those in the axils of the first three leav6 on the main shoot. During
the month beforr_antlesis varying numbcrs of thesc died, depending on previous crop]
sowing date and iime of nitrogen appl'cation, to give mean numbersif shoots per plani
that ranged from 1.4 to 2.0.

. The factors,affecting tiller survival in cv. Avalon are also being studied in microplots,
in an open-sided cage, where the environment at different growth stages can be manipu-
lated experimentally (Rothamsted Report lor 1981, part 1;59). plants were grown at a
density of 247 m-2, and supplied continuously with nutrient solution as in ligl so that
tiller survival was not limited by shortage of nitrogen. Assimilate supply was altered by
increasing the light iatensity using high-pressure sodium lamps to supplement solar
radiation. Daily visible radiation was increased by about 602; dudng periods of 2-3
weeks at tbree stages: double ridgp stagg/end of tillering, the start ofliiler death, and
when about half of the tillers had died. Increasing light intensity at all stages increased
growth rates, net assimilation rate and leaf areas during the treatment period, but when
the plants returned to ambient tight conditions growth rates decreased and the advantages
compared with the control gradually decreased. Increasing light at the first two stages
delayed titler death, but the effects did trot persist through to anthesis. When light was
increased later in the tiller death phase, before the first three primary tillers had 6gun to
die, tiller death was decreased particularly with tillers I and 2. At anttresis, 5 veeki after
the end of the treatment, both total crop dry weight and number of ears were increased
by abot* 2Al compared with the control. At maturity, the numbers of ears and grains
per ear were greater than in the control but the gains were smaller. Grain yield was not
afected by any of the treatments and averaged 129 g dry weight m-s. (Thome and
Wood, Physiology and Environmental Physics)

Growth snd yield of whter wheat on conhrsting sites Wobur anlt Rothrmst€d

With the completion of 3 years' study of factors limiting yield of winter wheat following
potato crops at Rothamsted and its continuation with preceding crops of oats or barley
as one of its treatment comparisons, study of the effects of soil differences was concen-
trated oD wheat grown following potatoes on sandy or clay soils at the Woburn farm.
At Rothamsted a wheat experimenl was grown following potatoes in pastures field for
comparison with wheat in the factors limiting yield experiment on a similar soil following
oats, which were expected to leave less nutrient residues.

WobuL Experiments were grown on Cottenham series sandy silty loam in Butt Close
and on Blithe series sandy-clay loam (over clay) in Broad Mead. In each, 32 plots in a half
rcplicate of a 26 desi$ were given the treatments shown in Table 6 and six extra plots
sown ol each of the two sowing dates were given a range of N dressingS, from 0 to
2,10 kg ha-r otr sandy soil and from 0 to 150 kg ha-r on clay soil, to con.firm optimum N
rates. The N rates tested differed between sites to take account of differing availability
24
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TABI,E 6

The efect of six factors on grain yield (t hrt) of Avalon winter wheat on two soils at
Wobum in 1982. Means over all other treatmenls. Diferences in Parcntheses

Faa:lor test€d
(l) Sowins date

Brly (E), 23 SepteEber
Late (L), 23 &ober

(2) NitrogEn itr sprin& kg ha-r
lm sandy soil, 30 clay soil
tEo sandy soil, 90 clay soil

(3, N timing, first application datc
Esr iDitiation of E, l1 March
Ear initiation of L, l5 April

(4) winter N I Febtuary (additional to (2))
Without
With 60 (sandy) or 30 (clay) kg ha-l

(5) Irrigation to limit defcit to 37 mm
Without
with

(O Aldicarb (5 kg ha-r) to secdH
Without
with

Sandy
(Bun Clos€)

7-57
7.43 (-0.14)

6.69
8.32 (+1.53) 8.31 (+0.64)

1.55 7.97
7 45 (-0.r0) E'01 (+0.04)

6.9t ?.85
8.09 (+ 1.18) 8 13(+0 28)

7.16 8 .00
7.84 (+0.68) 7.98 (-0.02)

7.q 1.72
7 60 (+0.20) 8.26 (+0.54)

Sandy clay
(Broad Mead)

8.22
7-16 (-O-46)

7 .67

of soil N. The spring nitrogen applications other than the lower rate to the clay soil
(which was all given in May) were divided between a main application on 11 March or
15 April, which differed between N rates, and a second application on ll or 25 May
respectively of zlo kg ha-r to sandy soil or 30 kg ha-1 to clay soil. The dates of the main
applications of early and later N treatments coincided approximately with the early
spikelet initiation stage of early-sown and later-sown wheat resp€ctively. Herbicides,
summer aphicides and foliar fungicides as necessary to control weeds, pests and diseases

and chlormequat growth regulator were applied as basal treatments. EiSht extra plots
at one end ofthe Butt Close site were used for studies ofroot Srowth (see Soils and Plant
Nutrition Department report, p. 260) and transparent shelters were erected over small
areas of crop at each site to exclude rain for part of the season for studies of maximum
water extraction by crops (see Soils and Plant Nutrition Department report, p. 260).
The cultivar Avalon was the same as in the Rothamsted factors limiting yield experiment
and the husbandry and sampling programme also closely followed that experiment,
so permitting some comparison between them. The Woburn experiments were sampled
on 4 January, 2 March, 14 April, I I (early sown) or 25 ([ate sol n) May, l0 (early sown)
or 16 (late sown) June, 12 July and ll August, and combine harvested on 12 August.

Irrigation was fust applied on 17 May, at which time the soil water deficit estimated
from potential evapotranspiration and rainfall had reached 78 mm, and 73 mm water was
given up to l0 June (25 mm more to Broad Mead), compared with an accumulated
deficit of 94 mm. Rain made further irrigation unn@essary until July, when 37 mm was
given between 13 and 19 July; making a total of ll2 mm on Butt Close (25 mm more on
Broad Mead) by ripening, compared with an accumulated deficit of lzl0 mm (30 July).

Yields al matuity. Grain yields did not reach such high values as were recorded
previously in this series of experiments, but reached or exceeded those in the factors
limiting yield experiment at Rothamsted (thts Report, p. l9). On the sandy soil the
best four-plot mean yield was 9 4 t ha-r (all grain yields at 85% DM) with winter N
plus the higher rate of spring N and irrigation. On clay soil, where irrigation had negligible
effect, it was 8'9 t ha-1 from early-sown wheat with the higher rate of spring N and seed-

25

Soils
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9€d dt:"{. On both sites spring N rate had the greatest treatment effect (Table O. The
Iarger N efect on sandy than on clay soil reflected the much smaller amounts of avail_
able soil_N on sandy soil, shown by its yield without N of 1.9tha-1, compared with
7..a t-\a- 1o_n_clay soil. The responses to still higher N rates on extra plois suggested that
the higher N treatment rate on clay soil was idequate but on sandy soil iis perhaps

-30 
kg-$_l less than required for maximum response. This partly accounts ior tire

beneficial effect_on sandy soil only of previous N in February,6ut aithough its etrect in
conjunction with the lower rate of spring N was no greater ihan an extra-60 kg N ha-r
in spring, it did increase leld with the fugher spring N rate more than expecied from
the N response curve. Irrigation increased yield only by 0.6 t ha-1 on sandy soil, probably
because no great water stress developed during this season. Aldicarb incieased-yield on
the clay soil only: the reason is not yet establiahed.

Comporcrts of yied. The yield increases from winter N on sandy soil and from the
higher rate of spring N on both soils were almost all attributable to greater numbers of
ears: (on sandy soil 467 m-2 with winter N, cf. 386; and 469 m-2 witfi the higher spring
N rate, cf. 384; on clay soil 527 m-2 with higher spring N rate, cf. 475). There was iomi
contribution from slightly more spikelets per ear. Irrigation on sandy soil also increased
nlmbers by 67 m-2, but surprisingly it decreased to00-grain weight with the earlier
timing of N application. On clay soil aldicarb increased ear numbers by 34 m-2. Other
treatments afected particular components of yield, but in opposite directions, so that
tley cancelled out. For example on sandy soil early sowing increased numbers of ears
by._4lm-z but this was ofset by fewer spikelets (- 1.2 per ear) with fewer grains per
spikelet (-0.1). Similarly, greater numbers of spikelets per ear following earliir N wire
ofset by fewer and lighter grains. Aldicarb increased numbers of grains per spikelet and
per ear with winter N or the lower rate of spring N, but otherwise decreased them, so
that interpretatiotr of its effect is diftcult. On clay soil there were more ears from the
@rlier sowing, especially with the lower rate of spring N and (in ttre absence ofirrigation)
heavier grains, but these efects were oflset by fewer grains per spikelet and pir ear.
Irrigation decreased the number of grains per spikelet and per ear, but this was compen-
sated by heayisr grains, at least in later-sown wheat. Yield component responses support
the contention that the main limiting factor on sandy soil was mineralizable N. Winter N
or early spring N, which were given before the main flush of tillering of later-sown wheat
was completed, increas€d ear numbers; with early-sown wheat only winter N had an
effect. Supplying fertilizer N before or at an early stage of spikelet initiation enabled
more spikelets per ear to mature than if it was withheld until later. Whether the subsequent
smaller and fewer grains per ear could be attributed to competition for N or for assimi-
lates is not yet determined. (Welbank, Physiology and Enyironmental Physics;
Widdowson, Penny, Darby and Hewitt, Soils atrd Plant Nutrition)

Grovth of thc crop. Plant numbers were very similar from the fust sowing (263 m-3
on sandy soil and 259 on clay soil), but many fewer (193) on sandy than on clay soil (253)
from ttre second sowing. By early January there lvere 1053 shoots m-z from the early
sowing on clay soil, compared with only 787 on sandy soil, with correspondingly $eater
dry weights and leaf areas. The later sowing had formed few titlers, but dry matter and
leaf areas on sandy soil were only about 70% of those on clay soil. Ditrerencrs in $owth
between soils were thus manifested at an early stage. At the next sampling in March
shoot numbers of eady-sown crops had not increased by many, but their dry matter
diferential had increased relatively to 131, cf. 25gm-z and leaf area index (LAf)
ditrerential to 1.4, cf. 0.4. On the later-so\yn, tillering had increased shoot numb€r on
clay soil to 741 m-z (2.9 W plant), cf. 544 on sandy soil (2.8 per plant). The dry matter
26
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diferential was l9'9, cf. 12'9 gm-z and LAI 0'31, cf' 0'25, both roughly proportional
to plant number. Winter N applied in early February began to show effects on sandy, but
not clay, soils and increased dry matter and LAI of both early- and later-sown crops,

although not enough to eliminate the soil differences. By the third sampling in April thF

effects of both winter N and early application of spring N were apparent on sandy soil'
Ea y-sown wheat had shoot numbers increased from 670 m-2 to 1500 by wintgr N al99e

andio 1750 m-s with early N in addition. Corresponding increases in shoot dry weight
and LAI were from 82 g m-2 to 260 and 290 gm-z and from l'3 to 2'l and 3'0. These

values approached those on clay soil, where the early-sown crop had 1420 shoots m-8
with a dry weight of 380 g and a LAI of 3'8 with no treatment effects siguificant. From
the later'sowing the responses were somewhat different: only winter N siglifiJantly
affected wheat on sandy soil, increasing shoot numbers from 800 to 1230 m-t and dry
weight from 62 lo ll4 gm-z; on clay soil winter N had no effect, but there were l8l0
shoots m-2 with aldicarb compared with 1450 without and the early application of spring
N increased tillering by 100 m-s on plots that had received aldicarb; the explanatiotr is
not yet established. The average total shoot dry matter was 156 g m-z and LAI l'8.

At the May sampting wheat on clay soil still showed little response to N treatments'
exc€pt for a small increase in LAI of late-sown wheat from 6'6 to 7'4 with the hi8ler
rate of N. Many shoots had died, but the early sowing still retained 900 m-2 comPared
with 630 from the later sowing. The earlier efect of aldicarb on shoot numbers now
showed in a greater dry weight (600, cf. 530 g m-2). By this time the ctop on sandy
soil responded to all nitrogen trestments. Winter N had most effect, increasing numbers
of surviving shoots from 425 to 634 m-2 with corresponding dry weights of 325 and
514 gm-z and LAIs of 3'0 and 4'8. Early N application increased shoot numbers, dry
weights and LAI compared with later application timing; the comparative values were
respectivety, 592, cf. 466 m-2, 495, cf. 344 g m-z and 4'4, cf. 3'5. Responses to the higher
rate of N occurred only with the earlier timing of application, where shoot numbers werc
increased from 500 to 690 m-2 and LAI from 3'6 to 5'2 (the late N had not then all been

applied). A difference between sowing dates at sampling was largely caused by the later
sampling date for the late-sown crop. At this stage crop growth on sandy soil was on
average 30 to 50% less than on clay soil, where the overall means were 770 shoots m-'
with a dry \yeight of 565 g m-z and LAI of 6'6, but the best treatment combination on
sandy soil (winter N plus the higher rate of spring N applied at the early timing) produced
790 shoots m 2 with a dry weight of 631 g m-2 and LAI 6'l (means offour plots), match-
ing average growth on the clay site, where treatment differences rarely reached signifi-
cance. It thus appears that inferior growth on sandy soil at this stage was accounted for
by less soil fertility which could be overcome by applying adequate fertilizer N during
and after the winter.

At anthesis (June) effects of different sowing dates were confounded with the efrects
of sampling them on different dates and are not considered funher. On clay soil more
shoots surviyed with the higher rate of spring N than with the lower (560, cf. 460 m-a)
and this advantage was greater when the N had been applied at the later timing. The
greater number of shoots had a greater dry weight (l I10, cf. 1020 g m-2, unaffected by
timing of 19 and Exeater LAI (8.7, cf. 6.9). winter N increased LAI by 8f and aldicarb
increased shoot dry weight and LAI by approximately lOl; idgation, as expected, had
no significant efect on this site. On sandy soil winter N and the amount and timing of
spring N all affected crop erowth and irrigation increased shoots surviving (from 380
to 430 m-s). Shoot number was increased (from 335 m-'?) by both winter N and the higher
rate of spring N irrespective of time of application with an extra 60 kg N ha-l giving
about 70 shoots m-2 more.

Shoot dry weight was consequentially increas€d (from 789gm-2) by extra N, by
27
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1659 m-2 when it was applied in winter, by 186 g m-z when applied in spring with the
carlier timing, but by only 6l g m-2.with the late timing, perhapi because its effects had
been operative for less time. LAI was also increased by additioral 60 kg ha-r applications
ofN, irrespective of v'/hen it was given, from 4.1 wiih the lower spring N raie alone to
6.6 with both winter and additional spring N together. Again, crop?rom the most benefi-
cial tre3tment combination (the same as in May) matched the best on the clay soil in
dry matter (l 170, cf. I 190 g m-z;, including dry matter in the ears (296, cf . 2Bi gm-z),
although having somewhat fewer shoots (ears) (458, cf. 587 m-2) aud smafle] I-Ai
6'9, cf. 9.2).

At thrc final sampling before ripeness, in July, the effects of sowing date became apparent
on both sites in geater shoot dry matter yields from the earlier sowing, but smatier tat
as leaf senescence was more advanced. More green leaf survived following earlier irriga-
tion on both sites but ear numbers and total dry weights were increased only or, san_-dy
soil. The higher rate of spring N also reduced leaf senescrnc€ on both sites and on sandy
soil more effectively when applied late, while winter N also delayed senescence on thii
soil- It therefore s€€ms that the disadvantage of late N application for pre-anthesis
groMh was ofs€t for final yield by better retention of leaves after anthesis. Shoot dry
weights and leaf area from the best combination oftreatments on sandy soil at that stag;
(wigler N plus higher rate spring N with irigation) were 1770 g m-2 (ears 950 g m-r)
and LAI of 3.9 compared with 1720 g m-2 (ears 890 g m-z) and LAI of 5.2 from ongof the
best treatment combinations on clay soil (h.igher spring N rate applied early with aldicarb).
(Welbank, Physiology and Environmental Physics; Widdowson, penny, Darby and
Hewitt, Soils and Plant Nutdtion)

N rogcn taken ap by the wh.cr. Dry matter samples from each experiment were
analysed and N uptakes calculated for all seven sampling occasions. In October the
sandy soil on Butt Close contained little residual NO3-N to 90 cm depth, whereas the
sandy-clay soil on Broad Mead contained a great deal; >250 kg N ha-r (see Soils and
Plant Nutrition Department repod, p. 261). These differences in soil N were reflected
in %N in the plants until spring. During March and April nitrogen fertilizer was applied
and thereafter fN was greater on Butt Close, presumably reflecting the larger fertilizer
dressings (180 v. 90 kg N ha-l) given there. Until April the amount of N taken up by the
wheat was always larger on the richer clay soil, especiatly when early-sown. Thus on
6 January the above-ground parts of comparable early-sown crops contained 7.7 y.

20'2 kg N ha-t on the two fields; the later-sown only 2.1 v. 3.1 kg N ha-r. By 2 March
rclative uptakes by the September sowings were 19.3 y. 69.t kg N ha-r and ofthe October
sowings 6.8 r. I1.0 kg N ha-r. After fertilizer N had been given differences between the
two fields diminished, presumably as a result of our attempt to equalize total nitrogen
supplies. Thus by anthesis the mean uptake by the above-ground portions of the crops
were l4TkgNha-l from the sandy soil and l62kgNha-l from the clay. It app€ars
therefore that our attempt to equalize nitrogen supplies was successful, for even though N
uptakes from the final crop samples are not yet available, we assume that the very similar
grain yields (Table 6) on these very disparate soils confirm this. (Widdowson, Penay,
Darby and Hewitt, Soils and Plant Nutrition)

Rotlrrtsted. This experiment in Pastures fleld was on Batcombe series flinty silty loam
over clayey substrata sown with cv. Avalon in a half replicate of a 2; design (16 plots),
with extra plots testing a range of N dressings from 0 to 175 kg ha-t. Other plots on the
same site were used for root growth studies and six plots were sown with cv. Hustler,
used in previous experiments on this theme. Treatments tested were two sowing dates,
fertilizer N at 70 or lrl0 kg ha-r, early r. later timing of N applications, irigated v.
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unirrigated, and with seedbed application of aldicarb y. without. Sowing dates, timing
of N applications and all husbandry operations were the same as for the factors limiting
yield (Great Knott I) experiment and growth regulator, spring and summer fungicides
tested in that exp€riment and summer aphicide were applied basally on Pastures. The
aboye-ground parts of the crop were sampled on the same dates as wheat after oats in
the Great Knott I experiment in December, March, April, June and August, but not in
May or July, and combined on 20 August. Samples were sometimes measured less
intensively than in other related experiments.

Results of this experiment are compared with those from 16 plots in the Great Knott I
experiment given similar, but not always identical, timing of N, irrigatioD, and aldicarb
treatments. However, none of these factors significantly affected grain yield either in the
Pastures experiment or in the comparison plots of the Great Knott I experiment; only
sowing date and total amount of N affected yield. Mean grain yields from Septembei
sowing after potatoes (7.9 t ha-r) were the same as, and from October sowing Lss than
(7.3, cf. 8.2 t ha-l), in the comparison plots after oats. Eighty kg ha-l less N was appted
in Pastures, because the soil contained more available N in winter, and in neither eiperi-
ment were N treatment rates sufficient to reach the maximum of the response curve.
For similar amounts of N (1,10 kg ha-l on Pasturcs and 150 on the comparison plots),
Pastures yields were 0.5 t ha 1 more from the earlier sowing and 0.2 t less from the later,
but there was no indication that the greater N residues left by potatoes than by oats might
lead to appreciably greater maximum yields; indeed, inspection of results from N-dle
plots suggested that, although the yield without added N was greater followiog potatoes,
the maximum response to N might have been less than on the site after oats.

In the cultivar comparison Husder yielded 9.1 t ha-1, 0.6 t more than Avalon, when

TABLE 7

The efieAs of seven factors on grain yield(t hrL) of lgri widter barley, sown on 22 September
or on 22 October 1981. Means over all other trcatments

(l) Aldica.b (5 kg ha-l) to s€edbe.d
Without
With

(2) S€€d treat neot ('BaytaD).
Without
Wirh

(3) Chlorpyrifos in autuon
Without
with

(4) Fudgicide sprays ('Sportak)t
in spring aod su ner

Without
With

(5) Ni&ogetr timing
22 March
19 April

(O Nitrogetr amount (kg ha-r)
50

tm
(7) Growth rcgulator ('Terpal')i

Without
With

Mean Yeld (SED 0.067)
sED 0.0q1e9 d.f.)

. 'Baytan', a.i. triadirnenol + fuberidazole
f 'Sportak', a.i. prochloraz
t 'Terpal', a.i. mepiqust chloride+ethephoD

22 S€pt€mber

8.37
8.52

8.45
8.42

8'46
8.42

8. l8
8.70

813
8.55

22 October

6.85
6-73

6.83
6.15

6.92
6.6

6.63
6.

6.92
5.65

6.93
5.55

6.A
6.
5.79

8.43
8.45

8.22
8.56
8.44

Sowing dare
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sowtr early and 7'0 t ha-l, 0'1 t more,
EnYironmenlal Physics; Widdowson,
Nutrition)

when sown late. (Welbank, Physiology and
Penny, Darby and Hewitt, Soils and Plant

Factors limiting yield of whter brrley

The exp€riment on winter barley, reported last year (-Roriamsted Report for 1981, Part l,
29-32), was repeated with the addition of a test of an eighth factor (chlorpyrifos) to
control stem borers. The eight factors (Table 7), each at two levels, were tested in factorial
combination (2e) using a quarter-replicate design, arranged in 2 blocks of 32 plots. Also
included were two plots in each block, sown either on 22 September or 22 October,
but otherwise untreated, to act as controls.

NiEogeu in the soil. The barley cv. Igri followed early potatoes and so the soil was rich
in NOrN. On 6 October (emergence of the first sowing) there were 130 kg NO3-N ha-t
to 90 cm. On 9 November (emergence of the second sowing) there were ll5kgha-r
under it, but only 84 kg NO3-N [a-r under the fust sowing.

The soils were sampled again on 2 February, 8 March and 19 April. There was less

NOa-N under the early- than the later-sown barley at all sampling dates, presumably

reflecting a larger root system. Thus on 8 March only l6kgNOs'Nha-1 remained

under t}ti Septemb€r-sown crop and this mainly in the 6G-90 cm horizon, whereas there

were still ll0 kg ha-1 under the October-sown crop, of which the largest part remained

in the 30-60 (36 kg ha-t) and 6G-90 cm (56 kg ha-t) horizons. On 19 April none was

measurable under the September-sown barley, but there were still 56 kg ha-r under the

October-sown, of which 38 kg ha-l were in the 60-90 cm horizon. (Widdowson, Darby
and Bird, Soils and Plant Nutrition)

Growth of the crop. Atdicarb diminished early losses of plants from the first sowing in
one area of the experiment so chlorpyrifos was included as an additional factor to control
stem borers. Thui, on ? October there were 213 plants m-2 on the early-sown and on
I December 235 plants m-2 on the later-sown plots.

Destructive samples were taken on three occasions for dry weight, shoot and plant
number (Table 8).bn 8 March plant number on the September-sown plots was signifi-

cantly larger with aldicarb than without (195 v. 129 m'z), but not on the October-sown
ploti (157 v. 160 m-2). Shoot number was similarly increased by aldicarb. Total dry
weight was greatly increased by early sowing (Table 8), but decreased by the 'Baytan'
sod t 

"at."ot, 
signincantly so on plots sown in September. On 19 April the only treat-

ments sipificantly increasing either shoot number or yield were early nitrogen and

TABLE 8

Changes with time in totat dry weight (g m 2) numbers of planls and shoots (m-z) of winter

barley co. Igri, sown on 22 September (E) or 22 October (L)' Means over all other treatments

8 March
82.s
I4.0

n ldy
1242
1fiX

Total dry E
Weieht L

Number of E
PlaDts L

Number of E
Shoots L

19 April
434
132

804
151

,*
682

,"
2t5

162 2U
158 2!3

138? 1928
417 1435

Samplitrg date

October (E) 2l May (E)
I Juoe (L)
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September sowing. At ear emergenc€, early N significantly increased lelds of the
September- but not of the October-sown plots. Ear numbers (mean 7jg m-2) were
significantly increased by early sowing (794 v.682m-z), wi1[ smeflgr non-siglniffcant
increases from nitrogen fertilizer, aldicarb and chlorpyrifos and a decrease fiom the
'Baytan' seed treatmeDt.

The growth regulator was applied at GS 31, on 30 April to the September-sown and
on 13 May to the October-sown plots. On 17 June it had reduced straw length (to base of
ear) from 100 to 92 cm and from 95 to 88 cm on the two crops respectively. Even so the
barley lodged before harvest and estimates made on 16 June showed signiflcantly more
with. the later sowing and with increased N and very significantly lexs (56% ;. ll%
lodging) with the growth regulator. A cage was erected on 26 and 27 tUiy iia a Uiii
net put over the experiment on 28 May. This prevented damage by sparrows and other
birds. (Widdowson, Penny, Darby and Hewitt, Soils and ptant Nutrition)

D€yelopm€t of the qop. Ear development of ttre early-sown barley crop wa:i more
advanced than that of the late-sown in spring. Thus on 8 March the main items of the
early-sown plants had started to form glumes, a stage somewhat before formation of thc
eraig a1d anther primordia. By contrast the main stems of late-sown plants had only
reached early double ridges, which marks the transition from vegetative to reproduCivl
growth. By_ 19 April the early+own plants had almost completed ear development, with
anthers and ovaries formed, awns four times the length ofthe spikelets and some terminal
spikelets dying. I-ate-sown plants were at the stage of forming anthers. There were no
measurable diferences in development, in the small samples taken, between treatments
within a sowing date at either sampling.

_Anthesis of early-sown plants was on 2l May and of late-sown plants l0 days later.
The rate of development ofgrain primordia in the late-sown crops may therefore have been
faster than in the early-sown during the period 19 April to anthisis. possibly fast develop.
ment inhib-its the gowth of late-developing primordia : if so this would explain the smaller
number of grains per ear in late-sown compared with early-sovrn cropi (20.5 and 22.5
respectively). Th€ weight per grain was not changed by sowing date oi, presumably, by
rate of ear development. (Lawlor, Physiology and Environmental phyiics)

Yiells at hrrvest. Yields of the September- and October-sown plots are pr€sented
separately in Table 7, because sowing date was the factor that had by far the largest
effect on $owth (Table 8) and subsequent grain yield (+ 1.65 t ha-r).'Because of tlis,
the other S€ven factors tested often produced opposing effecs on the two crops. Thui
aldicarb increased the yield of the September- but decreased the yield of the October-sown
plots, presumably reflecting the fact that it had prcvented losses in plants from the earlier
sowing. By contrast the 'Baytan' seed treatment benefited neither sowing, whereas the
prochloraz sprays significantly increased yields of both, but more so of the September-
sown plots (0.52 r. 0.31 t ha-l). Extra nitrogen did not affect the grain yield of the
September-sown crop, but it sigtrificantly decreased the yield of the October-sown,
perhaps reflecting increased lodging. Also, the time at which the nitrogen was besi
applied ditrered with sowing date: late N increased yield more than early N on the plots
sown in September but early N increased leld more than late N on plots sown in
October. The gowth regulator also increased yields, but by more on the September-sown
plots. This effect can be explained not by an increase in ear number nor in thousand-
grain weights (,10.4 v. 210.5 g) but, as we have found before, by an increase in gains m-s.
(Widdowson, Soils and Plant Nutrition; Jenkyn and Plumb, Plant Pathology; Lawlor,
Physiolog and Environmental Physics; Ross, Sratistics and Scots, Ins€cticides and
Fungicides)

3l
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fmgel diseases. Powdery mildew (Erysiphe graminis f. sp. hordei) was again the prin-
cipal leafdisease in this experiment. However, in contrast to the previous year, the disease

developed very little during the autumn and only trace amounts were seen in early-sown
plots in late October. In subsequent months, in spite of some extremely cold weather,
the disease increased so that by February it was common in untreated early-sown plots
but much less so in those sown with 'Baytan'-treated seed (l'7 aind 0'3% area affected,
resp€ctively, on third youngest leaves). Mildew in untreated late-sown Plots was still verY

slight (0'l% on third youngest leaves). There had been little increase in the disease by
carly April when it was still more severe in early-sown than in late'sown plots. The seed

treatment was then still providing some control of the disease, decreasing amounts otr
third youngest leaves from l'l to 0'7f in early-sown and from 0'6 to 0'l% in late-sown
plots. In mid-May the disease was still slight but by then it had become more severe on
ihe late-so*n than on the early-sown plots. There was no longer any detectable effect

of'Baytan' but mildew was decreased by the prochloraz sprays. It was more severe in
plots given 100 instead of 50 kg N ha 1 and in those given N on 22 March instead of
il epril. f*af diseases were finally assessed at about GS 7177 on 14 and 22 l.or.e,
respectively, for early- and late-sown plots, when mildew was again more severe in the
htLr. Although the disease was decreased by procldoraz sprays (from 6'2 to 3'21 ot
second youngest leaves from early-sown and from l4'9 to 9'5/, on those from late-sown
plots) the efficiency of control was disappointing. Mildew was again increased by extra

nitrogen but there was no signiflcant effect of nitrogen time'
Net blotch (Pyrenophora teres),leaf blotch (Rhynchosporium secalis) and brown rust

(Puccinia hordei) also occurred but none b€came severe. As expected in barley following
potatoes, stem base diseases were also slight. There was, nevertheless, less eyespot
(Pseudocercosporella herpotrichoides) in late-sown than in early-sown plots. This disease

was controlled by procbloraz sprays which decreas€d numbers of straws infected from
6.8 lo O'ly. in early-sown and from 23 ro O'6yo in late-sown plots. Prochloraz also

decreased ihe small amounts of brown foot rot (Fusarium sp.) (from l'8% straws infected

fo 0.2/") bnt tended to increase sharp eyespol Rhizocto id cerealis (from l'02. straws

infected to 2'31). (Jenkyn and Fox, Plant Pathology)

Infertile spiLelets. A feature of many winter barley crops in t982 was that an unusually
large proportion of spikelets failed to produce grain. This is unexplained but, in our
experiment, they were visibly more numerous in the late-sown than in the early-sown
pl;ts. Samples, each of c. 70 ears, were therefore taken from all plots and numbers of
grains and-infertile spikeles counted. Average numbers of grains per ear were largely
inaffected by treatmints excrpt aldicarb which, in early-sown plots only, decreased

numbers from 22'O lo 20'0 grains per eat (-9'll). However, this probably reflecs the
tendency for aldicarb to increase shoot and ear numbers in these plots. Numbers of
infertile spikelets at the base of the ear averaged 0 54 per ear and v/ere also little affected

by treatments. Infertile terminal spikelets were fewer (average 0'20 per ear), but were

increased by late sowing, extra nitrogen and the $owth regulator. Those in the middle
part of the ear (i.e. bounded top and bottom by at least one grain) were most numerous,
averagrng 0.78 per ear. They were greatly increased by late sowing (from 0'49 to 1'06

per ear) but also by extra N (from 0'65 to 0'90 per ear) and by later N (from 0'65 to
0.90 per ear). Of the total potential grain sites, 5'2 and 8'0f failed to produce gain in the

early- ao6 late-sown plots, respectively. Applying 100 instead of 50 kg N ha-l increased
the average proportion which failed to produce grain from 5'8 to 7'4\ respectively.
(Jenkyn, Plant Pathology)

Aphftts. Yacuum samples showed that aphids, mainly S. menae and R. padi with a few
M, festucae, were present io early-sown plots at the beginning of November, where aldi-
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carb had not been given, but in smaller numbers than on wheat (this report p. 22)
(1.7 m-2 compared ,o 7.2 6-z). The severe weather in December reduced these numbers to
0.76 m-2 by 6 January, and another bout of bad weather in January wiped them out
completely, in contrast to the early-sown wheat crop where aphids survived thtoughout
the winter. This confirmed our observations in 1981 that aphids were less able to survive
on barley than on wheat under identical weather conditions. @ewar, Entomology)

Barley yellow dwarf virus @YDY). As predicted (Rotharnsled Repott /or 1981, Pe,irt l,
19i-7) there was negligible infection on any plot and BYDY was not exp€cted to have
affected yield. When meaned ovet all other tr€atments aldicarb.treated plots yielded no
more than those untreated. Table 7 shows that aldicarb slightly increased the yield of
early-sown plots (*o.l5tha-t or 1.8%l but decreased that of late-sown plots
(-0.18 t ha-l or l.8l); the incidence of BYDY offers no explanation for this interaction.
(Plumb, Plant Pathology)

Pests. Larvae from several species of Diptera including Delio coarctata (wheat bulb
fly), Delia platura (bean seed fly), Opomyza fiorum arld, Lyriomyza spp. were found in
plant and soil samples from November to April. Numbers of larvae in plants were lower
than expected from a count of eggs in the soil (5 million eggs ha-l) and at no time were
more than 5% of shoots damaged. In early-sown uDtreated plots on 7 October, there
were only 197 plants m-z compared with 230 plants m-r in ttre aldicarb-treated plots.
Aldicarb continued to have a beneficial eflect on plants until March, but no correlation
could be made between the treatment aDd damage by pests. In late-sown plots chlorpyrifos
applied on 13 November decreased shoot attack by stem borers in March from 3.51
to O.51.

Slug populations were very low and no more than 5l of leaves were shredded at any
time. In February, dead plants severed below ground level which had symptoms of
pest damage, were found to be the result of frost lift after the severe winter conditions.
(Scott, Insecticides and Fungicides; Fletcher and Ashby, Entomology)

Winter and spring field }r;are (Yicia faba): effe(fs of p€sts rnd pathogeG

The series of simple experiments studying the combined effects of pests and pathogens
on both winter and spring beans was continued, on new sites.

As hitherto, standard practice was compared with sets of treatments likely to give
economic responses, and with s€ts of treatments expected to give the best possible control
irrespective of cost. The sets diflered according to the crop.

For winter beans standard practica was foliar sprays of benomyl (0.56 kg ha-l) on
19 May and 7 June. 'Eronomic' control included these sprays plus a seed treatment with
benomyl and thiram (at I .2 g of each per kg of seed) and phorate (2.2 kg ha-l) as granules
applied to the foliage on 2 April. 'Full' control included these foliar sprays and the seed
treatment plus aldicarb (10 kg ha-r) worked into the seedbed, carbofuran (2.2kgha-t1
as granules applied to ttre foliage on 2 April and additional foliar sprays, of fosetyl-Al
(2.2 kg ha-1) on 8 February, benomyl (0.50 kg ha-l) on 8 February, 14 April and 5 May
and propiconazole (0.13 kg ha-l) on 15 June. The treatments were arranged in six blocks
of three plots.

For spring beans standard practice was tro pesticid+black bean aphids were too few
to warant control. 'Economic' control included phorarc (2.2 kg ha-r) combine drilled
with the seed, a foliar spray of pirimicarb (0.14 kg ha-t) on 15 June and a foliar spray of
benomyl (0.50 kg ha-t) on 2 July. 'Full' control included all these treatments plus aldicarb
( l0 kg ha-l) worked into the seedbed and additional foliar sprays offosetyl-Al (2.2 kg ha-r)
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on I June, of benomyl (0'56 kg ha-r) on 30 July and of propiconazole (0'13 kg ha-r)
on 30 July and 13 August. A test of irrigation was also included, with provision to lessen

a soil moisture deficit of 50 to 25 mm pefore podset, 80 to 55 mm thereafter, but only
25 mm of irrigation was required. The treatments were arranged in four blocks of two
plots, for irrigation, split into three sub.plots for chemical treatments.

TABLE 9

Efects of inigation @d conttol of pests and pathogms on grain yield of Mindcn (spring)
and Throws M.S. (winter\ besns (t hrl)

spring beatrs 'standard' 'EcoBomic' 'Full'

Unirieated 3'5 3'9 4'4Irrieat€d 38 4'l 4'4
sED 0.12 (12 d.f.)

Wilter b€aDsUdrrigated 3'0 30 30
sED 0.15 00 d.r)

Grain yields (Table 9) of spring beans were significantly increased by 'economic'
control and further increased by 'full' control. Irrigation increased spring bean yields
on average by 0'2 t ha-l. Winter bean yields vr'ere unaffected by the treatments. (Bardner
and Fletcher, Entomology; McEwen and Yeoman, Field Experiments; Griffiths,
Insecticides and Fungicides; Beane and Williams, Nematology; Legg, Physiology and
Environmental Physics and Bainbridge, Cockbain and Lapwood, Plant Pathology)

Ihe season and phnt growth. Both experiments were sown at Rothamsted; the winter
bean cv. Throws M.S. on 23 Septemb€r, the spring bean cv. Minden on 25 March.
They were harvested on 12 August and 2 September respectively. October and November
were generally dry with average temperatures; this was followed by prolonged cold
weatler with much snow and ground frosts on most nights. Towards the end of February
the weather became warmer and wetter than average; this p€rsisted until mid-April
when it became dry and warm until followed by an exceptionally wet June and early
July. Late July and August were warmer and drier than usual.

winter beans established well with a population at the beginning of December of
38 m-2 with no efects from treatments. Although chocolate spot belame aggressive
in late winter and early spring no plants were killed and by maturity there were 66 stems
m-2 with no effbcts from treatments. Total above-ground dry matter, measured on
7 July, was 10.5 t ha-l from 'standard' increas€d by 0'6 and l'7 t by 'economic' and 'full'
respectively. Lodging occurred in July, preventing the application of late sprays from
side paths.

Spring beans also established well with a mean population in early May of 53 plants
m-z with no efects from treatments. Irrigation was required only in mid-May when
25 mm was applied. Total above-ground dry matter, measured on l0 August, was
8.6 t ha-l from the unirrigated 'standard' treatment. The mean effects of 'economic'
and 'full' treatments were increases of 1.7 and 2'l tha-1 respectively, that of irrigation
was 0'2 t ha-l. (McEwen and Yeoman, Field Experiments)

Weeyils (Sirona liudus\. On winter beans leaf notches (symptoms of adult feeding)
were counted on the last expanded leaf on I June and showed 11.3 notches 1rr leaf on
both 'standard' atrd 'economic' control, lessened to 0.8 on'full'. This suggested that
v

Pest and pathogeD control
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phorate used in 'economic' had not been taken up in tle dry period following application
unlike the more water-soluble carbofuran used in .full'. However, numbdrs 

-oi 
weevil

larvae per root, counted on 16 June, showed a reduction from 17.7 in.standard'to 5.3
in 'economic' indicating useful control although less effective than .full' which had only 0.9.

Spring beans had l5'8 notches on the last expanded leaf on 18 May and 5.5 larvje per
root on 30 June; both'economid and 'full' virtually eliminated this damage. (Bardner
and Fletcher, Entomology)

llfilge (Resseliclla sp,). A cecidomyid midge, Resseliella sp., has been considered as a
possible pest on winter beans in Eastern England because of its prevalence and the
numbers of larvae found under the epidermis of stems. ln roi,id-lurc 7i%. of the stems on
'standard' were infested, Iessened to 46 and 20\ by .economic' and :full, treatments.
None was found on spring beans. (Bardner and Fletcher, Entomology)

Virus€s ard Vectors Because of Iodging one plot only of each treatment was examined.
No viruses were detected in the winter beans in mid-April and fewer than l% of plants
were infected with the aphid-borne bean leaf roll virus at the end of June.

In the spring beans the pea aphid, Acyrthosiphon pisun, and bean leaf roll virus were
more common than in l98l but were well controlled by the insecticides in .economic'
and 'full'. Atlhe beginning of June the numbers of adult l. pisum (alatze and apterae)
ranged from 1.1 to 3.8 m-l row in 'standard' and O to 0.6 m-r row in .economic;; none
was found in 'full'. At the end of flowering the mean incidence of bean leaf roll was l6f
in 'standard' and 2f in both 'economic' and .full'; corresponding results for bean yelloi
mosaic and pea enation mosaic viruses (both aphid-borne) weie, respectively, O:5, 0.1
yld 0'?%, and 0'6, 0'3 and 0.21. No weevil-borne viruses were detected. (-Cockbain,
Plant Pathology)

Foliar fimgi. Chocolate spot (Botrytis fabae) first became general on winter beans in
January rrhen about 0-5% of leaf arca was affected by spottint. Wet weather in February
favoured disease development and many 'aggressive' lisioniformed. The effect of the
benomyl seed treatment clearly persisted for a long time; on 16 March the area of lower
leaves on untreated and treated crop affected by .aggressive' lesions was 26 arrd lO\
respectively while on 30 April, on mid-leaves, comparable amounts were 2-3 e;rrd,l.2"/".
Benomyl sprays applied during the winter gave no additional efect.

Dry weather in late April and most of May alnost arrested the dis€ase but the healy
rainfall in late_May and June again favoured development. Benomyl sprays partially
cgnBi_n9d the disease but by late June spotting aflected ,2% of ]uppf', le;vu aia tZf
of mid leaves. Lower nodes were defoliated.

_ \ust (Uromyces fabae) b*ame established unusually early and by mid-June lf of
leaf area was affected; this subsequently developed into a severe epidemic which,' with
chocolate spot, kitled all foliage by mid-July despite some temporary benefit from delay
by the single spray of propiconazole applied in 'full'. This exceptionally severe attacl
may have originated from a small area of land in an adjacent field, which was sown in
mid-August with field beans to test the abitity of a precision drill to sow the large-seeded
tl?e. Because of summer sowing the plants in this area became severely infected with
rust. Although they were destroyed in October we believe they may have been a sourcc
of early infection of the multidisciplinary experiment which led to the unprecedented later
attack. We thiDk this a likely explanation because the attack started near tle drill-test
area and because the same variety sown only 3 weeks after the multidisciplinary experi-
ment but in a fleld 500 m distant was little affected by rust.

On spring beans chocolate spot was found on lower leaves in June but did not €xceed
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4l of leaf surface with spots' By l0 August 'standard' had 8l aggressive lesions on the

fivi topmost leaves, lessened to 4 and O'87. by 'economic' and'full' treatments' Rust

was fi;t seen on 12 Julyi assessment on l0 August showed 6, 5 and 3/. spotting of the

topmost leaves respectively, for 'standard', 'economic' and 'full'. All plants became

defoliated in mid-August. (Bainbridge and Lapwood, Plant Pathology)

Root fungi. In mid-February the disease ratings ofwinter bean roots were, for 'standard',

'economlc' and 'full' respectivel y, 3O, 3l afi 2l/" for tap roots and 20, 18 and 18\ for
lateral roots. Disease ratings wire similar in mid-March but by mid-June had increased

to39,33 ard 271for tap ioots and 37,33 and 27/o for lated rcots. Further sampling

was thlvarted by lodging and prcmature defoliation by rust.
On spring berot oo i7 June the disease ratings for standard', 'economic' and'full'

respectively;were 20,l2and18l fortap roots and 21, 2l and 2l I for lateral roots' Ratings

had approiimately doubled by early July, more (to 53f) for'standard' and by l0 August

trad reactred respectively, 66,'28 and 34% for t^p roots and 79, 79 and 781 for lateral

roots. (Lapwood, Plant Pathology)

Nemstodes. On winter War.s Pratylenchus spP. \Yere the most abundant of the plant

oarasitic nematode senera found but reached a maximum of only 49 g-1 of fresh root
iveight on 'standard: when sampled in May, lessened to 8 g-1 by- the 'full' treatment'

Nuirbers in soil in May were 608 l-1 lessenid to 2251'r by'full'. Numbers in roots and

soil were not affected by 'economic'. The Pratylenchus popnlation was composed primarily

of P. neglectus (667.), which causes little damage, with sm-aller numbers of the more

damaging species P. thomei (17/.) atd P. pinguicaudatus (16y.).
oo-spioi beans numberi of 

-iratylenchus 
in roots wer€ fewer with a maximum of

6'6 g-r ol6tn toot on 'standard' in May, lessened to l'6 for 'economic' and eliminated

by'Tu['. Numbers in soil in May were 625 I 1 lessened to 4621-r by 'economic' and. to

l44l--1 by 'fnll'. P. neglectus represented 8lf of the populalion, the remainder being

P. pinguiiaudarus (lO/) ?rrd P. ihornei (97). (Beane and Williams, Nematology)

Conclmiom. The winter bean experiment strikingly demonstrated the need to control

all pests and pathogens if full yields are to be obtained. Although our treatments gaYe

good 
"ont.ol-of 

weevils, midges and nematodes and some control of chocolate spot

ind root diseases the potential yield benefit was entirely lost as a result of failure to

control rust.
On spring beans 'economic' control cost f32 ha-r and gave an increased yield over

'stand;d' oif 0.4 t hu-, (worth [70) on the unirrigated crop' This increase is attributed
to good control of weeviis and bean leaf roll virus together Yit!,pa+ial control of chocG'

latJ spot and Prary lenchus.'F ull' conlrol cost an addition"l 9555 tra-t (chiefly for aldicarb)

and i'ncreased yieids by a further 0'5 t ha-1 on the unirrigated crop. This treatment did
not improve dntrol of weevils or bean leaf roll vius but gave better control of chocolate

spot a;d rust to which the increase is attributed. The control of rust was imperfect, how-

ever, and even with 'full' control plants were defoliated 3 weeks earlier than in an average

season. Larger yields would have been expected if leaf health had been maintained longer'

Work reported in the Plant Pathology DePartment report (p. 202) showed that a

similar rust attack in an adjacent field lessened spring bean yields by at least 1'0 t ha-r.

Lafless pers: efi€ats of p€sts rnd pathogem

The previously reported series of experiments on leafless peas at Rothamsted and

W oblm (Rottamsied Report for 1980,Parl l, 29-33) continued in simplified form in l98l
and 1982.
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Treatments tested were none, phorate at 2.2kgha-t combinedrilled and aldicarb
at l0 kg ha-1 worked into the s€edbed. All seed was treated with thiram. A planned
treatment against powdery mildew (Erysiphe polygoni) was not applied because in both
years the disease did not appear until the crop was nearly mature.

The ranking of treatment effe.ts was consistent at both sites and in both years Cfable
l0), with a mean yield increase of 0.5 t ha-1 from phorate, 0.8 t ha-1 from aldicarb,
although the size ofthe respons€ was greater in 1982. (Fletcher, Entomology; McEwen
and Yeoman, Field Experiments ; Whitehead, Nematology ; Cockbain, Salt and Lapwood,
Plant Pathology)

TABLE 10

Efects of phorate atd aldicarb on grain yield of leafless peas cv. Filby (t hrr\
l98t t9a

Rothamsted

1.0

3.2
0.14

The seasons and plant growth. The experiments were sor n to cv. Filby on 8 April and
15 April l98l; 15 April and 3l March 1982 at Rothamsted and Woburn respectively.
They were haryested on 25 August and 17 August l98l; 3 September and l0 August
1982.

From a seed rate of about 250 kg ha-t about 80 plants m-2 established at both sites
in 1981. Bird damage in 1982 led to much smaller established populations of 24 m-z
at Rothamsted and 35 m-2 at Woburn. The effects of treatments on plant numbers were
small and inconsistent.

In both years warm, wet weather soon after sowing aided rapid establishment: there-
after the seasons differed greatly. In l98l wet weather continued until a brief dry but
dull period in June and early July. August was ri/arm, wet at first and then dry and sunny.
In 1982 late April and May were dry, June and early July exceptionally wet, the remainder
ofthe growing season warm and dry. Phorate and, to a greater extent, aldicarb increased
crop growth and prolonged flowering but did not atrect lodging which was sufficiently
s€vere to necessitzte hand harvesting and tbreshing in a stationary combine.

Nitrogen offtake in the grain was determined. Etrects were consistent over sites and
years; there was a mean offtake of 54, 66 and 74 kg of N ha-r for none, phorate and
aldicarb treatments respectively. (McEwen and Yeoman, Field Experiments)

W(f,yils (Sitona linearur). Numbers of adults invading the crop were not great, perhaps
because earlier-sown field beans captured much of the incoming population. In both
years adult feeding activity, measured by counting the characteristic U-shaped notches
on the vestigial stipules, was greater on untreated plots at Rothamsted than at Wobum
(Table ll). Damage by both adults and larvae was similarly and significantly lessened
by phorate and aldicarb. (Fletcher, Entomology)

Migrrtory nematod€s. Plant parasitic migratory nematodes in the soil were counted
after flowering. Numbers were extremely few in both years at Woburn, never more than
3501 t soil in untreated plots. Numbers were similar at Rothamsted in 1982 but in l98l
1775 l-t were found, mostly Tylenchorhynchus spp., in untreated soil. Phorate had no
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TrcatmeDt
None
Phorate

(2.2 ks ha-)
Aldicaft

(lO kg h1-r1
sED O0 d.f.)

Wobum RotharDsted
1.9 2.4

2.t 3.4

Wobum Mea[
t.8 2-2

2.3 2.7

3.0 3.0
0.53

23
0. l9

3.5
0.33

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-1-129 pp 21

ROTHAMSTED REPORT FOR 1982, PART 1

TABLE 11

Etects of phorute and aldicarb on Sitona lineatus on lealeis peas cv. Filb!

l98l 1982

TrraunaDt
None
Phorare (2.2 kg ha-)
Aldicaft (10 kg ha-l)

sED O0 d.f)

Rotbaost€d Wobum
t9.7 7.2
0.5 0.8
03 0.7
0.83 0.75

RothaEsted
9.2
t.8
o.7
0.72

woburn
1.7
0.7
0.6
0.32

l98l t982

None
Phorate
Atdicarb

sED O0 d.f.)

RotharDsted Wobum Rothamsted Wobum
2-2 t.l 1.0 1.0
o.l 0.0 0.0 0.1
0.0 0.0 0.0 0.0
o.25 0-27 0.08 0.16

effect on this population but aldicarb lessened the total to 5301-1. (Whitehead,
Nematology)

Yiruses. Pea enation mosaic virus was identified at Rothamsted and Wobum each year
and in each experiment the leyel of infection was assessed in untreated plots only. In
Juty 1981, 16% infection was detected in shoot samples at Rothamsted and 2%, atwobvm.
In July 1982, 301 infection was detected at Rothamsted and 16% at Wobum. Bean leaf
roll was also detected in 3f of shoots at Rothamsted in 1982. No other viruses were
detected. (Cockbain, Plant Pathology)

Fungal rliseases. In l98l at Rothamsted diseas€ ratings on roots at the end of June
were 46, 33 and 311 fot none, phorate and aldicarb respectively. Fusarium spp. were
prcvalent in discoloured roots but not affected by treatments. Rhizoctonia solani was
more common on untrated plots. At Wobum the disease ratings were 19,27 and 16l
respectively in early July. Fusarium spp. were isolated from 73f of discoloured roots:
few other fungi were found.

In 1982 the disease ratings at Rothamsted in early July were ll, 5 and 5l respectively,
with foot rot lesions present on 32,42 and 45/" of the plants. On the same date at
Wobum the ratings were 28,20 and 17% with foot rots ou 90, 82 and 72/" resptrtively.

In both years downy mildew (Peronospora schachtii) was not found and powdery
tildew (Erysiphe polygoni) arived,loo late to cause yield loss. (Salt(1981) and Lapwood
(l 982), Plant Pathology)

Corclusions. Previous work showed substantial yield increases from aldicarb and this
was confirmed in these exp€riments with a mean increase of0.8 t ha-r. However aldicarb,
at the rate used, would be prohibitively expensive (f,500 ha-r) for commercial pea
production. Forunately the much cheaper material phorate (f,20 ha-1) was nearly as
effective (0.5 t ha-l) and accordingly economically viable.

The reasons for the yield increases, and the superiority of aldicarb, are not clear.
Previous work suggested that a major component of yield increases was control of
Sitona and data on control of adults in the most recent experiments support this view
but trumbers of larvae were not correlated with yields. Nematodes were generally too
few for control to have iniuenced yields except perhaps in l98l at Rothamsted. Control
38

Iocidence of adults: nos. of notches per plaDt

hcidence of larvae on roots: oos. per plant
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of pea enation mosaic virus was not assessed but was unlikely to have been better with
aldicarb, which is less persistent and therefore less likely to give prolonged control of
aphid vectors, than phorate. Disease ratings of roots suggested that improved root
health may have contributed to yield increase but there was no consistent diference
between the eflects of aldicarb and phorate.

In these and earlier experiments the yields of leafless peas have been consistently less
than the yields of comparably treated spring-sowtr field beans and lodging has always
caused serious problems at harvest.

Experiments on inaeriy€ potrto Eoduction
Some 591 of all potatoes growr in the United Kingdom are produced by or.ly 11.5"/"
of the growers. This concentration of the crop into fewer, larger production areas on
soils best suited to the crop is likely to continue. Growing potatoes more frequently on
the same soils may exacerbate pest and disease problems, so a multifactorial experiment
was started at Woburn in 1982 to study and attempt to control factors limiting to main-
crop potatoes grown frequently on the same land. Pests and diseases are monitored on
the growing crops and harvested tub€rs and tuber yields and quality are assessed.

Experim€n1al leyort. The experiment is in l,ansome field, Woburn Experimental Farm,
on sandy loam (Flitwick and Stackyard series of brown earths over sandy colluvium and
Cottenham series brown sand over Lower Greensand). There are two randomized blocks
of 12 plots, which accommodate four rotations of differing length{a) D6siree potatoes
in the 5th, 6th or 7th years of the experiment (6, 7 or 8-course rotation), (b) D6sir'fu
potato€s in a four-course rotation, (c) Ddsiree potatoes in a two-course rotation, and
(d) Ddsir6e potatoes alternating with Maris Piper potatoes in successive two-@urse
rotations. DesirCe potatoes are susceptible to both species of potato g/st-nematode
(Globodera rostochiensis allLd G. pallida) and Maris Piper potato€s are resistant to G.
tostochiensis pathotype Rol (the common pathotype at Woburn) but susceptible to
G . pallida. Sgingbarley (cv. Triumph) is grown in the years between potato crops.

Each potato whole plot is subdivided into eight sub-plots to accommodate all the
combinations of: (a) untreated, (b) oxamyl (soil nematicide-ins€cticide) at 5 kg a.i. ha-r
applied as l0% ganules to the soil surface and incorporated into the seedbed by spiked
rotavator, (c) iprodione at 100 g a.i. and imazalil at l0 g a.i- t-r to s€ed tubers (systemic
fungicides), and (d) methiocarb (molluscicide) applied to the soil surface as .Draza' slug
pellets at 5.5 kg ha-r on several occesions in the summer.

Bassl Eertm€nts. Amounts of N, P, K and Mg fertilizers appropriate for high yiel.ting
crops are applied each year. An initial dressing of 7.5 t ha-r of magnesian limestone
followed by 816 kg ha-r of (0:14:28) P-K fertilizer was ploughed-in in November 1981.
In spring, barley seedbeds received 628 kg 'Nitro-chalk' ha-l and potato seedbeds
2959 kg of (10:10:15) N-P-K+Mg fertilizer ha-l.

All potato plots are treated with aphicides and fungicides. Phorate granules at 1.5 kg
a.i. ha-l were applied in the seed furrows. Pirimicarb ('Aphox') was applied on 16 June
and on 2 and 27 July to control aphids and 'Dithane 945' (mancozeb) or 'Patafol-plus'
(mancozeb + ofurace) to control late blight (Phytophthora idestans) on 16 June, 2, 13,
and 27 llly and I I and 23 August.

Potato plots are irrigated from overhead oscillating spraylines to control scab (Srrepro-
myces scabies), to which both cultivars are very susceptible, and to ensure satisfactory
bulking of the tubers. Irrigation is applied to decrease a deflcit of 38 to 19 mm up to
the ons€t of tuber initiation, of 19 to 13 mm from the onset of tuber initiation for rH
weeks and from 50 to 25 mm thereafter.
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The keeping qualities of the tubers and the development of disease during storage are

being studied.
Volunteer potatoes in barley plots arc sprayed with gtyphosate about l0 days before

harvesting the grain. Yolunteer Pentland Crown tube$ in the potato plots yielded very
few tubers in 1982. (Whitehead, Williams and Beane, Nematology; Hide, Lapwood
and Govier, Plant Pathology; Henderson, Entomology; Scott and Etheridge, Insecticides
and Fungicides; Addiscott, Soils and Plant Nutrition)

Potrto cyst-nematod€s rnd tuber yielrts. Althoug[ all plots of the experiment are infested
with potato cyst-nematodes, numbers vary greatly between sub-plots (3-lll eggs g-1

dry soil before planting in 1982). In untreated sub.Plots, yields of total tub€rs decreased

with increasc in nematode numbers from about 60 t ha-r in the least-infested to about
20 t ha-1 in the most heavily-infested sub-,plos. Similarly, the proportion of small tubers
increased with increase in nematode numbers and the tubers were pitted and coloured
ruaset-brown by nematode attack. Such tubers are likely to shivel in dry storage. In
untreated sub-plots, numbers of potato cyst-nematodes increased greatly, the increasc

being inversely related to the numbers in the soil at planting. Oxamyl incorporated in
the seedbed prevented nematode injury to both roots and tubers and increased the mean
yield of tubers from 37'7 to 60'4 t ha-r, iresp€ctive of nematode numbers (Table l2).
(Whitehead, Williams and Beane, Nematology)

TAI[,8 12

Efects of atb-ptot treatmen s on yield of Disirie Potatoes and on polato cyst'nemalode

Treattn<rrt

U rcated
Methiocarb (lt[)
Iprodiooc-imazalil (f,
M+I
Orasyl (O)
o+M
O+r
O+M+I

SED

incfease
Tubcrs (t ha-)

40'4
33.0
38.3
39.2
58.3
50.4
63.3
59.6

4.6 (32 d.f.)

Nrmatodc incrcase'

to-2
l2''
l5'8
l.o
l-2
1.2
l'5

4.2 (33 (Lf.)

t Ncmatod€ eggs r1 dry soil after harvest: bcfore plaoting.

Aphlds. Fifty potato leaves were examined for aphids on each of the six whole plots at
regular intervals from the middle of June to the end of August' Insecticidal treatment
was very efective: on one occasion only (19 July), a fevr Myzus persicae were found on a
single leaf. (Etheridge, Insecticides and Fungicides)

Slugs. Slug traps were put in atl 48 sub-plots at fonnigltly intervals from 2 July to
lO September. No slugs were found during this period, no slug damage was observed on
the harvested tubers and methiocarb applied to the soil surfact on six occasions between
2 July and l0 September did trot affect tuber yields significantly. A few tubers were
damagcd by cutworms. (Scott, Insecticides and Fungicides; Henderson, Doran and
Mama, Entomology)

Yirus rliseases. Six rou/s of potato plants in each of the six whole plots were inspected
for virus infection ol 16 June. Only one leafroll-infected plant was found in the total of
over 3000 plants examined. (Govier, Plant Pathology)

N
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MULTIDISCPLINARY ACTTVITIES

Fmgus diseases. The D€sirCe seed tubers, with which the experiment was planted, were
examined for fungi. Silver scurf (Helminthosporium solani) was found on 901, black
*ttrf (Rhizoctonia solani) on 4f and skin spot (Polyscytalum pustulans) ot 2l of the
tubers.

In August, stem canker (R. solanl) was present but not severe. Iprodione seed treatment
lessened incidence of the disease from 28 to 12% stems infected. The uneven distribution
of the disease in the field suggests uneven distribution of the fungus in the soil. Black-leg
(Eninia carotovora svbsp. afioseptica) was noted in the wettest of the six whole plots.

Tubers harvested in October were infected with black dot (Colletotrichrmt coccodes\
and black scurf but silver scurf was rare. Common slcab (Streptomyces scabr'es) was
effectively controlled by irrigation. (Hide and Lapwood, Plant Pathology)

Conclusion In 1982, the principal pests in the experiment were potato cyst-nematodes,
which markedly reduced yield and quality of harvested tubers. Oxamyl controlled the
nematodes satisfactorily and greatly increased tuber yield and quality. Virus diseases,
late blight, aphids and slugs were rare or well-controlled by basal treatments. Silver
scurf was prevalent on seed tubers but rare on progeny tubers. Some stem canker
occurred in the field and black scurf and black dot were prevalent on the harvested
potatoes.
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