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Cultlntbn Weedldlcr Expedmeg Xothemsted' 1961-72

J. R. MOFFATT

Cultivation experiments have been done at Rothamst€d since 1926 to measue tlc effects
of diferent cultivation treatments on crop yicld; when thcy were started herbicides wcrc
uuknown. The early experiments showed that yields were quite consistent but unexpoctEd
in that yield did not increase with the numbcr ofcultivations done, and that sny more than
necessary to control weeds did tro good and often decreased feld.

The results of a six-year rotation exlrriment done at Rothamsted (Russell & Keen,
l94l) showed that crop yields were independent of the cultivation treatment given if
the land was clean, but were lessened by any trcatment which gave a weedy seedbed.
This meant, in effect, that the plougb, by inverting the furrow slice and burying the
weeds, produced a seedbed with few wecds; other methods of sccdbed preparation thtt
did not bury weeds were only of linitcd use.

A criticism of thes€ experiments was that they were done for rclatively short periods
and it was felt that an experiment should be conducted on the same piece of ground year
after year. Althoug[ chemicals for the control of some weeds in cereal crops had been
introduced about 1945, when materials to control a wider range of weeds in most crops
were introduced, the time seemed ripe to start a long-term rotation experiment.

In 196l an experiment was started on the clayJoam at Rothamsted, mainly on the
Batcombe and Winchester series, and the main objects were:

to measure the immediate and residual effects of herbicides on crop yields,
to see how far weed coatrol by chemicals can simplify field cultivations and so
lessen the power requiremerts aDd expedite the fleld operations,
to measurr the long-term effects of herbicides on crop yields, and
to study th€ long-term effects of the same cultivation trcatments or the contitruous
use of habicidcs, especially the relatively insoluble, persistent materials like
simazine, on (a) soil mmpaction, (b) changes in microflora able to degrade herbi-
cides, (c) change in the trumber and spocies of soil-living organisms, (d) the amount
of disease on crops and (e) the possiblc dominance of certain weed species.

The four-course rotation chosen was whea! potatoes, barl€y and beans; when con-
ditions were suitable wheat and beans were sown in autumn but since 1966 spring beans
were sown each year.

The three primary cultiyations tested on each crop wene:

P the l,and was mouldboard ploughed followed by scedbed-producing opcrations,
R the land was rotary cultivated oncs or twice but was not mouldboard plough€d,
T the land was worked with a deeptined cultivator two or three times followed by

seedbed-producing operations; it was not mouldboard ploughed or rotary
cultivated.

In combination with the primary cultivations
weed control in beans and potatoes:

M mechanicalcultivations,
Sx pcsistent herbicides,
Sy persistcrt herbicides but difrering from Sx

cxtra cultivations.

r ere three systems of post-platrtitrg

in material, time of application or

l.
2.

3.
4.
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Th9 M plots go! only mechanical operations appropriate to the bean and potato crops.
Thc Sx plots had no mechanical operations and the Sy potato plots were rotoridged
each year since 1966 just before the crop met in the rows.

In addition there was a test of post-emergence selective herbicide (I{) r. none (O) on
wheat and barley, and from 1967 an autumn test of paraquat (G) r. none (O) to stubbles.
All treatments were cumulative; herbicide rates are given in terms of active ingredients.

The experinental area consisted of four scries of 24 plots, one for each crop of the
four-course rotation. Each series consistcd of two randomised blocks of 12 whole plots,
each split into halves for the tests of (O) r. (I{) and (O) v. (G), the interaction of these
factors being confounded. Nine plots caried the nine combinations ofp, R and T with
M, Sx and Sy, while the remaining three plots were kept in reserve until later and mean-
while had the PM treatments.

Starting in 1964, one reserve plot (A) per block was ploughed in autumn for autumn-
sown crops, and for spring crops was rotary cultivated in spring only. The object was to
soe whether delaying cultivations for spring crops afects yields, and whether, in a dry
spring, the moisture conserved by giving only oae cultivation just before sowing is
beneficial. In 1965/66 another reserve plot (B) was used to comparc existing treatments
with a system of ninimum cultivations, with sprays, for all four crops. In order to lesseo
the number of passes over the ground when baling and carting straw, the wheat and
barley straw was burnt on plots of this treatmetrt from 1969 onwards; the bean straw
was raked and cart€d offas there was too little to bum satisfactorily. In 1969 the third
reserve plot (C) was allocated to treatments that afe usual farm practice for each crop.

The plots were 50 ft long by 42 ft wide. Therc was a 7-ft discard between them and
each had a 7-ft sideland each side, making 21 ft for tuming implements when working
across the plots. The remaining 28-ft width was split into two sub.plots for the tests of
hormone herbicides on cereals and paraquat to stubbles, and these sub.plots werc
harvested separately for all crops. Cereal rows were 7 in. apart, and the centre 16 rows
were combine-harvested on each sub-,plot. Potato rows were 28 in. apart, and the four
centre rows of each subplot were taken for field. Spraying was done on a rounded
surface left by a ridge roll. Beans were drilled at 2l-in. spacing except in 1964 when thc
Sx and Sy plots were driled at 10+ in., the M remaining at 21in. to permit inler-row
cultivations. At 2l-in, spacing, five rows per sub.plot were combine-hanested and ll
rows at lO| in. spacing. In autumn 1964 the barley stubble would not pass between the
drill coulters on the TSx and TSy plots, and these had to be drilled at 2l-in. spacing.
Other operational dimcdties encountercd were the lack of suitable soil in most years for
earthing up potatoes on the TM plots, and the dimculty in obtaining suitable seedbeds
on the plots receiving ninimum cultivations.

The experiment began on a field ploughed in Decrmber t960. In the first year the R
treatment for spring wheat, spring barley and spring beans, was one rotary cultivation:
the P and T plof were disc harrowed. Since then, all cultivations for winter-sown crolx
were done shortly before drilling. For spring-sown crops treatment P was always done in
autumn, and R and T were done some in autumn and some in spring. T treatments
usually consisted oftwo or three passes with a heavy cultivator, each at a diferent angle.
The P treatment was about 8 in. deep, the T G7 in. deep and the R treatment produced
8-10 in. of tilth for potatoes and 5-{ in. for cereals and beans. The R cultivations done
in autumn with a three.bladed rotary cultivator usually left too fine a tilth for over-
wintering so in 1967 and after, a two-bladed machine was used for autumn operations
for all crops other than winter wheat; a three-bladed machine was used for all spring
operations.

Each ycar weeds on sample areas of the potato and bean plots werc identified and
counted, and gcneral observations werc made on the weediness of the ccreat blocks.
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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-1-9 pp 4

CULTIYATION WEEDKILLER E)GERIMENT

Couch grass (Agropy,ron repezs) was prcsent from the start of the experiment and in all
ycars from 1965, except 1969 and 1970, the ground after potatoes for barley was sprayed
with TCA at 20lb/acre in an attempt to control it. In 1966 the bean stubble was sprayed
with aminotriazole tt 2 gavac,.e in ulo gal.

A report for the years 1961-65 appeared in the Rothamsted Report for 1965,221-232,
This report covers the years 196l-12 but omits referen@ to treatments which werc
discontinued by 1965. After 1972 the experiment was considerably modified. Full
agricultural details are given in (Numerical) Results of Field Experiments or Yiekls of the
FieA Expeiments, both published by Rothamsted.

Clops

Bears All primary cultivations were done in the autumn except when the weather was
unsuitable. Only one ploughing was done and one rotary cultivation except in 1966 and
1969 when there were two. From 1968 onwards a two-bladed machine was used. T plots
were normally cultivated twice (three times in 1966). Seedbeds after the P and T treatments
were prepared by a spring-tined cultivator (plus disc harrows in 1966) until 1968 and
thereafter by a power harrow.

In all years simazine was applied at I lb/acre in 2G-4O gal.
In 1963 and 1965 winter beans were growr and the mean yields werc:

TABLE 1

Winter beans, 1963 and 1%5
Graio---{wt/acle at 85 % DM

PRTMeao
33.8 28.4 28.1 30.12A-6 2a.t 27'O n.9
n.2 n.4 3t-7 28.8
29.8 28.0 28.9 28.9

NoD-gramineous v/€ed ouobers/yd,
M€aD 1953aod 1965 @(17, 65 (lD) 89 (163) 72(155.8)

M : no spiay-mcchaaical cultivafiom
S-i - simadne in autumn
Sy : simazine, half in autusn, half io spriDg
( ) : vrceds io rows

The bctter meatr yield from the PM plots is due to a very big yield (39.1 cwt/acre) in
1963.

|t 1961,1962 and 1964 spring beans were grown and the mean lelds were:

TABLE 2
Sping beans, 1%1, 1962 otd l%4

Gmin---cr.{/aare at 85% DM

M€an 1963 atrd 1965 M
Sx
Sy
Mead

Mear 1961, 1962 aud 1964 M
s
Meatr

PRTMcaD
24.9 26.3 25.2 25.5
25.r 25-t U.l .8

2S.O X.5 A.s 2s.O

Non-graminous weed Dumbers/yd,
Mead 1961, 1962 and t964 9 (20) ls (,(}) 19 (5D t4(17.6)

M - Do spray-mechadcal q tieations
S : simazile (Sx aDd Sy treated similarly)

( ) - wecds in rows
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Spring beans were grown each year after 1965:

1966
t967
196.-.72

Pedigree Tick
Tarvin
Maris Bead

TABLE 3
Spring beons, 1966-72

GraiG--{irt/.qr at 85% DM
PRTMeatr

MCJ,rl 196-72 M U.4 21.3 2.'O 22.6
s 22.8 m.8 n.6 21.4
Mean 23.3 2l.O 2l.l 21.8

Non*ramineous r'eed numbecAldr
M(,'n 1966-72 M

s

tnl M
Sr
Sy
McaD

1972 M
Sx
Sy
Mean

rN,(AnlYll,lnz M
Sx
Sy
MGan

McaD 18 34

21 (ry.) a (219)
32 8834 l3t

t6 Q4) 2A (tt2t?o45

u (m 27 (r5,
35

T Mean
15.0 17.0
14.7 15.7
15.5 15.4
l5.l l5.l
26.8 26.5
2t.o 23.1
2.6.6 25.7
24-8 25.4
m.9 21.7
17.9 t9.4
2r.l 2l.l
t9.9 N.1

42 (t25) 29 (99)
41 36
43 33

M : Do spray-mecbaDical cultivatioos
S : sima"ine (Sx ad Sy tllat€d similsrly)

( ) : weeds iq rows

TABLE il
Spring beaas, 1971-72

GraiF-€*t/acie at 85% DM
PR

19.0 t6-9
t7'7 14.1
15.3 15.3

17.4 l5-1
24.9 2i.6.6 23.5
?9-3 24.3
27.6 2i.8
u-o 20.3
21.2 l9.l22.1 t9.8
22.5 19.7

Noo-gramineous weed numbers/ydg

26 (@) 3r (e2)38 2265 85

Meatr 43

35 (eO
3l
84

50

43 O82)
5t
E3

62
39 (139)
4
83

56

46 (135)
!4ta
6l
80 (192)
a
85

76

53 (155)
49
93

46

8t

55
108

M
Sx
Sy

Mr
M
Sx
Sy

t972

M.ao 30

M€n 1971, 1972 M
Sx
Sy
Mea! 36 63 68

M : no spray--{nechaoical clltivatioos
Sx : simazio€
Sy : dinoceb ecetate
( ) : wr.ds in rows
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A granular fertiliser (0 : 14 : 28) was applied at 3'25 ot/acre each year in a band by
the side of the seed. A Smlhe drill was used in order to place the seed deep enough to
avoid damage from simazine.

The M cultivations consisted of two or three tractor hoeings, The yield of beans
fluetuated according to the season and in 1970 was very small. The P plots consistently
gavc a better yield than the R and T plots but th€re was little diference between these two
treatments. In most years simazine caused some slight loss of yield. Bxcspt for the two
exceptional years 1970 and l97l yields remained satisfactory (fable 3).

There were consistently less weeds both in and between rows on the P plots thatr the
R and T plots, and in most years simazine was rather less effective than mechanical
cultivations in controlling them. The success of the mechanical cultivations can be gauged

from the number of weeds in the rows, which later in the season spread between the rows.
Simazine gave reasonable control of weeds both in and between rows, and thoug! in
nany cases there were more weeds between the rows of the S treatments, the plots
appeared less weedy (Iable 4).

In l97l and 1972 dinoseb acstate applied as'Ivosit' at 6 lb/acre in 38 gal was comparcd
with simazine and mechanical control. It was less successful in controlling weeds, and in
1971, a year when yields were generally poor, caused the plants to darken and the leaves
to wilt, an effect attributed to the material being absorbed tbrough the wax on the skin
being made thin by wind damage. In 1972 when yields were normal there was no appareut
damage and no loss of yield.

Wh.t In all years there was only one ploughing and rotary cultivation (exccpt for
two rotary cultivations in 1966). In all years a three-bladed machine was used for winter-
sown crops as the tilth produced by a two-bladed machine on the bean stubble was too
coarse. Tine Eeatments were done two or three times according to the state of the ground.
Untjl 1968 seedbeds on the P and T plots were prepared by a spring-tined cultivator but
in 1969 and after usually by a power harrow in order to lessen the number of passes over
thc plots.

Kloka or Kolibri spring wheat was sown in 1966, 1967 and 1971, but Cappelle wintcr
wheat was sown in all other years. In 1966 autumn cultivations were done on P and T
treatmerts but the ground was too wet to rotary cultivate or drill; in 1966 an application
of aminotriazole in autumn to cootrol couch grass, followed by bad weather, forced
drilling to be delayed until spring 1967, though cultivatiors were donc in autumn,
while in 1970 the cleaning of the wcedy bean stubble delayed drilling until spring 1971.

A compound fertiliser was combinedrilled each year and the winter wheat receivcd a
top dressing of nitrogen.

Wintcr wheat

1968 and 1969
1970
1972

Spring wheat

280|b/acre 6 : 15 : l5 plus 3 cvrt/acrc 'Nito-Chalk 2l'
2l0lb/acre 8 : 20 : 16 plus 3 cwt/aoe 'Nitro-Chalk 21'
224lblacre l0 : 24 : 24 pl,ls 3 cwt/acre 'Nitro-Chalk 2l'

1966 3921b/acre 20 : l0 : l0
1967 and l97l 336Ib/acre 25 : l0 : l0

Thc hcrbicidcs used
wc,(!:

at the manufacturcr's rccommcndcd rate and stagE of grosth

l966-il0 mccoprop/2'tl-D
l97l afr ln2 ioxynil/mccopnop
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The wheat crops looked very uniform each year but the hormone.sprayed plots had
fewer weeds. The effect on yield of the primary cultivation treatments varied from year
to year but the means over the whole period of the experiment remained very constant.

On the P plots the residual effects of simazine applied to the preceding bean crop were
variable but generally small in both winter and spring wheat. The R plots showed a
slight benefit in most years and the T plots a slight lessening of yield in most years,
presumably due to the simazine remaining near the surface.

TABLE 5
Residul efects of treatments to beo s 196l-72

Wheat--{rain cwt/aqr 8t 85% DM

M - no spray-nr€chaDical c'ultivations S : sioazine

In the years 1961-65 hormone weedkillers gcnerally lessened the yields of winter
and spring wheat, but in 196G72 the R and T treatmetrts showed some overall ben€fit. In
1966 there was a benefit on the R and T plots but a decrease on P plots; in 1970 there
was a marked benefit on the R and T treatments and a striking improvement oD the T
treatments in 1972.

TABLE 6

Mean response ,o hefiicides. Ilormone---+o spray
Wbeat-gain cwt/acle at 85lDM

PRTMeaD
-2.8 -1.2 -t.7 -1.9-2.4 +3.0 +1.6 +0.7
No tseatE€[ts-whole plot sprarGd owiDg

to crc€ssive weeds

Winter wh€at 1964, 1965.
t968-70, 1972, t973

Spdtrg wheat 1962, 1 3,
1966,1 7, t971

Mcan 1961-65
Spriog wheat 1956
Spriog wheat 1967

Spriog wheat l97l
Winter *hcat 1968
Wioter wheat 1969
Wioter wheat 1970
WiDter wbeat 1972

Mar 1966-72
(excluding 1967)

ln2 M
Sr
Sy
Mean

1973 M
Sx
Sy
Meatr

PRTMca!
M 47.2 47.3 ,18.1 47.5s 46.9 41.9 6.5 47,1
Meatr 17.O 47.7 O.O 47.3

M 35.2 y.9 35.2 35.1s 35.t 36.2 14.6 35.3
Meatr 35.1 35.8 34.8 35.2

-0.5 +1.0+0'7 -0.9-1.7 -1.3+0.0 +3'5+1'9 -O.2
-0.3 +0.8

+1.0 +0'5
-1.8 -0.5+0.r -0'9+4.2 +2.6+5.8 +2-5
+1.8 +0.8

TABLE 7
Residual effects of treatmmts to be@ts 1971 otd 1972

Vr'heat-grain cM/aq" al I'%DM
PRTMeao

55.6 51.8 52.4 53.256.3 56.2 s2.O y.8
s1.t 4€-7 48.5 51.4
56.3 52-2 51.0 53.2
47-l 5l'6 49.6 49.4
44.7 ,l8.0 45.4 ,16.0
39-2 51.8 50.8 47.2
43.7 50.5 ,18'6 47,6
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In 1972 and 1973 the rcsidues of simazine aad dinoseb acctate wcrc compared; in
l?-?i P: l.*" fgltowing damlgp_to the tean crop, there was a sicnificant bd ;i yi"td
IIom ttre dnoseb acetate on the R and T plots but on the p ploe thc rcsiducs of 

-both

sprays incrcased the yield- In l9?3 all these etrects *erc ,evcrsk.

T:!$1 flr8|p8 was. always do-tre in autumn; in all years the rotary hoeing was
oone twrco-usualty once in autumn by a two-bladed machine and once in spring rtth a
1!5!P9*.ry:hr. Two tine. operations were done each autumn 

"oa 
io tni tni." yo..

-ryoo-o6 a thrrd opcration was done in spring. Seedbed preparatory treatmcnts were done
by cirher a spring-tined harrow or a poi,o [aoow. ml 

"io"ioi6p"otions 
givcn to thi

M^plots.usually consisted of a chain harowing, two or tt ee ir-te.Irow 
"urtivations 

and
a final ridging.

The varieties grown and fcrtilisers urcd werc:

!?91-65 Majestic with t2 cwt/acrc t0 : l0: 18 fertiliscr1966 Pentland Dell with li cwt/acre l0: l0: 18 fertiliscr1967-:10 pentland Dell witl tO c*tiac.e 13 : 13 :20 isp) fertiliser
l97l sad 1972 penrland Crown wiih l0 cwt/acre l3 : t3 : dO (Sf) fertiliser

(SP) : sulphate of potash

Thc herbicidcs used werc:

1964-65 linuron (2lblacrc) plus paraquat (0.75|blacre)196tu8 linuron (t lb/acrc) ptus iaraduat iO.:Z IUiacrei
1969-72 linuron (l lb/acre) flus |ara{*t iO.zS tUi"cr"j

. In the two ycars 1964-65 therc_y-as 
-a 

bencfit in leld from the spray on the T plots
iu1 .none_ 

on the p and R plots. Weeds w"re uaeqLteiy cont "uj ui both M ;d atreatments.

-^^119:.yf ry^ l96GZ2 thc. yield of totat produce vaned considerably accord.ing to
season. Dut ttre mean yield rcma.ined very similar to that of the years 1963_65. In nj'ostyea$ the.P plots yi_erded best; the mean'field was about z.s toniTaL more than the Rpro6, ano about t.75 tons/acre 5e1s rhan ths f plots. The pM plots lelded more th"n
thc PS or PSy plots but sprays increascd the yieli on the n ;a'i pLt .

MeBD 1966-72

M(,n 1966-72

TABLE 8
Potot@s, 19tit5-72

Totd tubcG"-toDrscc
PRTMcaD

y l7-.7-\ B.a 13.17 14.65
: ll.4 13.e6 r5.lj i,i.tosy I5.&7 14.53 t5.09 15.16
Meatr l6,D 13.85 14.47 14.87

Noo-grs0iDcors rted Dumbcrs/ydr
M224451
s103622
Sy lO l7 D.

39
23
l6

Meaq 14 32 32 23
M - Do spray-o.chaDical cultivarionr
S : linuroo aod mraouat

Sy : as S plus rotbriddncI -58-iecd count ifti romriddr.r
1969-c/rcd coult bcforc rotori&iir -
190-72-q.ced coutrt afttr roo;?ifi,g
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'\treeds were more numerous in the last s€ven y€ars particularly in 1966 and 1967'

tlough yieldr io th"se years were satisfactory. In all years weeds were less on the plolgh{
pbs";ith both mechanical and spray treatmeots, and this may-partly account for the
'sreater vield from these plots. In mosiyears the spray was more effective than mechanical

3*.rti6o, in controllins weeds. The ;ffect of rotoridging on weed numbers was small

;i*pi "; the R plots. {otoridging slightly increased the yield on the P and R plots but

trot on the T plots.--fn" 
o"t""oLe" of tubers passing over a lfin. riddle (which included damaCed tobel

"f 
;;G[;.i"ed praJticaly-constznt;t 97 % on all treatmJnts' In 1966 a sample

irom each piot was inspected for 'greening' but there was Practically none'

TABLE 9

Potatoes, 1966-72; Meot diference Sy-S
Total tubers-toDs/aq€

t=;?lTld,#d*d

Brrtev. The P plots were usually plougbed once in the autumtr and then worked to a

6ee(itk tv 
" 

.prfrg-tined cultivator 
^unt 

1968 but itr subsequent years by a power harrow.

Th;;;a;"i;; ir txo a"uv"a a[ treatments until earlv spring 1967' R plots w-ere

rx-ualv rotarv cultivated with a two.bladed machine in the autumn (in 1966 and 1967

tl.vi"* ao'o" in spring by a threc-bladed machine) followed in- spring by tre-alPent:

Jriir* iJ ,l*i 61"" -JttJ r ptot . ln 1969 the autumn rotary cultivation was followed

il" .* i, r-ire-*ith u tnt 
"-6t"aa 

machine. The T plots were cultivated twice in the

;il;;;;;:; iso6 ,oa 1967 whea the olrrations were done in spring' Seedbeds

were preparcd as for the P Plots.-Pr&;; 
was the variety 

-gown io 1961-63, Maris Badger m 1964-69 and Julia in

t97V72.
Granular fertilisers were combined drilled each year:

P

MeaD 1956-?2 +0'58

1961 and 1962

1963-66
1967-:12

R T Mean

+0.57 -0.06 +0.37

20 : l0 : 10 at 3 cwt/acre
20 : l0 : 10 at 2'5 cwt/acre
25 : 10 : 10 at 3 cwt/acre

The herbicides used (at recommended rates and stage of growth) were:

l96G?0 mecopropi2,+D (all plots sprayed in 1967)

l97l-:72 ioxYnil/mecoProP

TABLE 10

Resiifual e'fects of trcar ents to Potatoes
Bad€Y--faiD c1lt/acle at 8J% DM

PRTMCAtr
}/rf,ln 1952-65 M 43'O 12'6 42'7 A'7** --* * 3- u'z 42'4 42'3 a'9

MeaD 43'8 42'5 42'4 42'8

r,f,]n 19(6-72 M 44'3 43'7 4,r'.'! 9:'9-*'-* - S 44'4 43'8 43'9 lp.'o
M€aD 4'4 43'8 44'0 44'O

Mead 1962-55 M-S -1'2 +0 2 +0'4 - 9'?;i6iei|ii Mi -o'r -o'r +o'2 +o'o
M : no 3pray--{cchanical cultivatioor
S : linuotr/laraquat SPtaY

t62
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..}"^Iiel{if.m. *e prinary:}]tivation treatments variod a little from year to year, but
r"De mean ot trrc seven years rg6G72 showed that as in the first five years there was-littrc
!_{Ty-F**r.them. The yylOq were remarkably *rri.i.rt inlougUout the whole
f:::,-:l the 

experrmenr. Tbe slightly highJr.mean yield in the last seven-year period isprooaDlv due to the extra nitroEen gifen in six of the seven years and the Lettei variety.In tbe years 1962-65 the be;ficial eflect of the h*bicil;-i; th; preceding potatoes
was small but positive each year on the p plots. In the seven y;rs 1966_72 there was noirdjcati_on of any residual effects on any treatment.

. 
The hormone sprays decreased the mean yield in t"he first five years ercept on the T,,l3_:h,.f^*:-:-.g-g,1ie!a 

11s r-oqeased. in tre six y*r"-ririiiz to..ooe ,p"ay,rngaseg tie mean yietd on all cultivatiol treatments, with best increases from the Rand T plots, presumably due to the large, ou-Uer ot wJslr-ttol t .at.*ts.
TABLE 1I

Mean response to herbicides. Hormorc (Hlao spray (O)
Barley-grain c*t/aclr at gsoAD.trtr

PRTMcaD
Mean 1951-65 -0.5Mean 1966-72 +0'6 - l.l +1.4 -0.1+l'4 +1.4 +t.t

Other hestmetrts
Efrects of frertments A, B and C. f$_e_fryt of delaying cultivations until spring, forspring-sown crops (A), was rather-variabl" r.o- y*.'to "yea.. 'rn" 

u"." prots w"lri ausprayed with simazine but the cereal plop w.ere snlr1 
1o1 f1 i. O ; pot"to", *"." rotoridgedfrom 1967 onwards. The beans on tLe a.Uos itfal sugiuy ioJtnu" tn" p;t.t 6;irather more tlan the R_ and T ; potatoes yiildea ies than t6i aid-t plots but about thesame as ihe R plots. There was no effeci on the yield of spring bariey.

_ In tables 12, 13 and 14 the A, B 
-and 

C figures are tt" f,o-r.'.-of ,lf.ptt plots, and theP, R and T figures are the meaD of the S pfots.

TABLE 12

Efect of treafinent A
potatoes_tons/acrc_total produce

craio__-<wt/aqe at 85 Z" DM

Mean 1966-72 sprins beans ,tA ,ft,mX i,y^ \2+1? pbrar5es \4.4 rs.i2 ii. it 15.16Meai t9&-72 Bartey 44.4 A.T A.A' 44.o

The minimum cultivation treatments.@) which started in 1965/66 were unsatisfactory.The.number and type of cultivations given varied Cr""tti "*"i.iirl to the mndition ofthe land, but on no occasion was thJ land ptougi'ed. it" ."i, 8p"."tlons were tine

TABLB 13

Efect of treatment B
potat6-toDs/acrc__total 

E roducr
Graio___cwttacre at 85 %'DM

BPR
Mcao 1966-72 qp_rin8 besos 21.6 n.B 20.8yhe.t 42.a qi.t ii.;

lor4toes t4. l5.D ii.96Badey 43 . 9 ll ,i A.f

T
m.6
41.5
l5.tJ
,13.8
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crrltivating; disc harrowing and spring-tine harrowing or power harrowing' Thc ground

for Dotatoes was rotary cultiYated ooce or twice.

Tie treatments had less efrect on yield than was exp€cted'

i-. iqes on*u.as a series of plots (C) was dlocatcd tr€atments that 8r€ usual fa,m
oractice for each croD. The primary cultivations consisted of autumn ploughing for
'U"N. 

"f"r"nlr* "r 
tine cultivating ior wheat' autumn ploughing followcd by a spring

rotarv iultiv-atio-n for potatoes andtine cultivating in-autumn for badey after potato6'

ft" '*n* of each piot was sprayed each year 
-and 

the potato€s wete rotoridgcd as

thev had bcen from 1967 onwards.*Tfyt"il-;f 
;.1"! b""* fto, the C plots was sligh{y better than the P plots and

ouwiifiJ tn" n -dT. Th" lo* mean yield is due to ihe very low yield of the plors in

iffi-Th; ;it;i ;a potuto ptot gave a vield similar to the other tr€atmeots' Bart€y

yielded as well as the F plots which outyielded the R and T'

TABLE 1'
Efect of teatment C

Potato6-tons/acte-total Droducc
Grain-ca/VacrE at 85% DM

Meatr 196+-72 SprinS bcaD3
Whcat
Potato€s
Ba ey

CPRT
18.88 18.63 16.73 15'83
it.e 4i.i 47., 46'6
14.26 t4.21 13.12 14'30
6.9 46.9 45.4 44'5

The efrect of prraquat. Paraquat was introduced on sPlit plots in 1967 to see whether

iilld;;; iltG autumn naa any erect on the cultivition *eatments, or the yield and

;;-;;t;;;";t in the followinj vear' The treatments killed the weeds in the stubble

;;; 
"-fi;iir"l" 

in almost every fo'ltowing crop each year thcre was a small but positiv_e

*ii ii". in.'r* 
"iErrquat 

iur thougl th; stubbles were much cleaner this had litde

ifrect on the weed population in the followiog year'

TABLE 15

Etect of paraquat--no sPtuY

Bcans .nd wheat---c-wt/acrc
Potatoas-tons/acrc

PRT
Mear 1968-72
Mean 1968, 1969

t970,1972
M.ao 1968-72

B€an! +0'1.Whcat +O.2
+0.7 +0.9 +0 5
+l -3 +l'4 +l'0

Polato6 +l'O7 +0'15 +0 62 +0 60

Daraouat aDDlicd at 0'75lb/a.f,e
;eraduat a;;lied at 0'5 lb/acre
fuEduat airirticd to wtoh plots 8r l'5 lb/t r€

Oli€r obscryrtim

PeBetrometer rss€ssm€! . During the autumn of l9?0 an attempt was made to find out

if-tfr"r"-ll/"r" Jin"r.nces in soil dmpaction rcsulting from the cumulative eflect of ninc

vears of the orimary cultivation treatments.
';-;;rl;;:'ser-recording penetrometer, loaned by the National Institute of
egiJturaf f"gi,ieering, Silsoe,-wis used. The probe had a l'5-iu' long core with an

apex angle of 30'.--,ii" 
"iro..*t *as made by six recordings on each of the primary cultivation treat-

til

1968-70
1972.tyll
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ments (P, R atrd I) and atso on thc plots reoeivilg the mininurn cultivatiotr tneatmcnt (B),
on winter,wheat and barley stubble-. subptots ro-r measureoendilrc screctcd to include
"":?,T/-.1-"f ,!9r.ol:rpTy"d arers, und stuUbte trcatea wiG p".q*.

rtrots made it very dimcdt to obtrin valid Esults but witt coniiderible difficutty oneset of six records was obtained fron each .f tne sefectca piot" II tUc wneat stubtte.The results showed that rcsistance to petretration * Ft"J "" tl" minimum culti-vated plots and then deocased in thi order pbrCd ,;""ry"cultivated, Jecp,dnccultivated. fhe plots receiving minimum sultivations itre;d gdtot,"rirt oo to pcnor*tion in the top 2 in. of the profile ; resistance d;*;;ti; about 6 in. on rheplo]+ed trcatment. one ptot ;f tti ti."'t *im-tl[il#i"nu*a de*ease inresistance at depths greater than 7 in.

Wrt€r hfltrtion. In winter 196g/69 an attempt was made to dctect ditrctrenccs bctwDcnP, R and T plots in the rate at whi;h warer mft i"a lrt tnl Jriiiit. Thi, *", doo" ooI yd square sample areas encrosed uy taniers p.snJ J""rri"i. ft" soil. Infirhationrates-differed gleatly but differences were associited witn airerenccs in so, tcxturr andno eff€ct of cultivation treatments could be deteJeri.

Sinrdne degrsdrtion Durinp l964]6j topsoil samples werc taken from onc unspraycdplot, one plot which reoeived 
-l 

tu sitazio! io aiiilili",ii'lffiii which rcceived thesame_ amount but divided half in autuml and half in,U.g. ifo" werc examined forposible simazine-degrading micro-organis.r; --ilri"lfr_iiiiures werc maoe butno organisms courd be isolated abrc to aegraae d;;;;G-lt';* the sole source ofboth nitrogen and carbon. A bio-assay ras?"rif"p"C *irjiiflr"lto 
", 

tn" t".t o.gaoi.-but this was only sensitive to simazine concentrations g;rto Uan about I ppm, andthe concentratioDs in the samples did not reach this levj
Soil analysis

Rothomsted resdts. Samolm of topsoil (G-g in. or 0_.9 in.) were taken from all plotsof treatments p' R and r (and sor. 
"'tGii" lfi; ,iit6 iii riii.organic carbon wasdetermined for a samotes bv thc. Watkliy_Bl""k ;"tiJd.-(Waiiiey, 1947) using thefactor.1.3. Soluble phoiphorus 

"ra. 
pou"ri".-*rr"*a#"iil.fTo tu" 1972 sampt6;phosphorus by otsen's (1954) method, pota"si;- *;6;*;o-"rint exchangea.bre toneutral lN-ammonium acrtate. The results are shown;o falfe fO;-Oifercnces betwecnyeTs m.ay be attributed to slight differences io aeDtl oi-s"."ioi. '

- 
Lonsrsten y more carbon was found in R plois than in i, pl-ots ana still morc in Tplots..-The. extra organic matter in th" \ *d f ;ld;-;dt ; 1970. Howwer, thcsampling in 1970 was orobabtv teast reliable bd*r* th;;fi;;very dry and it wasdificult to.sampte all tieatmenis to tt" o." JAtt. ,if,".*ril fl', f SOS and 1972 wercmore consistent; the extra carbon in the soil wai:

1965 +0.121972 +0.10

T minus P R minus P

+0.07
+0.07

Table 16 also shows that soluble ohosphorus and potassium were both largcr on R and Tplots (which differed tittle) ttari on p pf"t i, ilz. i*[-rO?to*, tn" p€rccntagc
3r_b^o,_, 

,oq soluble phosphorus aoa p"6"Sum i" tne,"if, .f-ti"-i B and C plots in1972. The A plots (rotary cultivatcd in sp.ing fo. Grg-croill about equal to the
155
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R plots; thc B plots (rninim[m 6qt[iv6i6n) wsrc roughly thc sanc ss thc T plots and the

C plots (as might bc cxpectcd) vcrs similat't6 p plsts.

TAELE 15

Results of soll oulyses 19d/., 1%5 otd 1972: Etect oI prbrury cultivations

PRTABC
Catbon (7$

PhGphorus (ppo)t
Poiassium (pPE)c

TABLE 17

Results of soil analyses: tg73 Series ly-by I.CJ. PIa Prctection Ltd'

Lt tbc 1965 aod l9?0 saoplitrgs, r€plicat6 q/€rc bulk d b.fqls analfsca'
6t-o.ii"il -rUo" fwiliiev-iiacli vatucs, conrcrcd usitrg fsctor l'3)
itt ph-osohorus soluble in 0'5u-NaHCor mg'lkg
icj Potaiium cxcbaog€abk to lN-amEodum 8cctatc

I.CJ. rcsilts. In spring 1973 five l'7 cm cores were taken by I'C'I' Plant Protection

fn mt ivi, i.o. o"i reflicate plot in Scries W (wintEr wleat in 1973) and brlked
ion"tl"r. A roood set of samples-was then taken to estimate the sampling and analytical

#;^. Th" samples were takin at depths 0-l in., l-4 in. and zt-6 in. Available nutrients

*"r" a.t"..io.a by standard ADAS methods, phosphorus being extracted with 0'5M-

rli"idor 
"t 

pg 8'3 and potassium and magnesium wirh lr'r-NHrNog' Values for pH

*.r" -.i..t in slurriesith a soil : water-ratio of I : 2'5' Organic carbon was deter-

-lrJ Uv the Walkley-Black mettrod using the factor 1'3. Aggegate stabilities 
-were

O*"..io"aUv l-o*'s (t954 method on samples taken with a spade as described by Low'

t965 1.46 1.53 l'58
icTo 1.4 I.58 t'66 r'49 l'61
lfr i.i i.ti r',18 t'46 r'4 r'38

l9'D ,18 55 56 49 57 50

t9,2 150 166 172 156 190 155

P
.---r-------1

R

Sampli!8 dcpth G&) 0-l 14
Carbotr (' l'6 16
PhosDhoii (DDE) 35 !7
Potsisiun (D;il)- 132 136
uagncsiuo-(ipn) ,1X f;,
i\gglgatr ltability 6 8

I.6 1.7 1'6
52 48 32
215 182 102
3t 28 25

5.8 7.2 7'5
64

o-.1 14 4-4
1,9 1.9 1.6
584431

230 215 126
28n257.1 1.3 7.6
16

4-6
t'6

39
l4t

21
7:

(Ll 14 4-6

Comparison of the Rothamsted and I.CJ. Plant Protection rcsults cannot be made

b*";;i6; difi"."o"". in the depth of soil sampled; I.C'I' samples from the G6 in'

A"ptn *".. lo. than the dePth of ploughing on-tG P plots,.Rothamsted samples from

inJur io. a"ptn rrere deepei than tie depth ofcultivation on the R and T Plots' However'

the results iniable 16 ana 17 are not so different as to suggest any large discrepancies in

analvtical results.
-ift i.c.l. *i.tt" arc interesting in showing that for the three horizons sampled there

i, ;;gg.tii; ;i; soluble P ani K profile developins. o1.the.R and T treatments' the

amoirn:ti of solutte phosphorus and frtassium on the 't-6 in' deprh are appreciably- less

tfruo * tn" 1-a in. depth- As would Le expected, no such profile has developed- on the P

pf-"t" *n*" pf"rgLin! was deeper than B in. A similar profile has not developed, for

;G;i; d;ft tf,is nutrieni was not aPplied. on th9 R. an- $ T plots the top inch of
tli. Jffi 

"rf*."ors 
soil has become moie acid than the'l-6 in' depth' Only on the.R

olots d-o the results for carbon suggcst that more carbon is accumulating in the top 4 in'

[i *n ruf"v fdare communicaii6n) suggcsts that thes8 profiles are less well developed

165
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than.those w_here direct drilling has been pra.ctised for a number of years. This would bc
consistent with the fact that on the R and r treatments there has been more soil mixing
tan would happen with direct drilling.

D_itrerenoe_s associated with post-planting weed control (Table lg) were gencrally
small. The decrease in soil potassium on the Sx plots (whicit couH fave o""i.r"A Ui,
chance alone with a.probability of between 0.01 and 0.0:, should perhaps be attributed
to sampling error since it is hard to explain the difleretr; betwein Sx-and Sy, whosc
treatments were very similar.

TABI,E Tt
Results of soil analyses 1965, 1920 ond 1972; efect of po*-plotting veed control

MSxSy
CarboD (i,

Phosphorus fpm)
Potassium (ppm)

Aftcr wheat
After barley
M€an

1.52 t.52t-54 1.54
1.42 t.4
52 55

156 167

1965 1.53lno l.5ttyt:2 ,,.45
lvr| 52

1972 164

Analysis of variance of the 1972 resurts shows significatrt differcnc€s between tlc four
series, and 

-the earlier samplings show that these arie differcnces between the four areas
ot r,and and are not associated with the crops of the rotation. There was no evidence of
ary intcraction between treatments and series-

Earttworms. In autumn 1971 the rwo cereal stubbles (Series I[ and Iy) were sampled,
using dilutc formalin (Raw, 1959) to determine tle populations of earthworms. Four
quadrants! each of 4 fte were sampled on each rcplicate, a total of 16 samples pcr
cultivation treatmert.

Ttxf,,E 19

Numbers of earthworms per square yard (autunn lgTl)
PRTB

Ieiblcu,c tetettris
4.0 8.8 10.8 7.6o-4 2.2 7.0 5.8
2.2 5.5 8.9 6.7

Arrer whear T1'**rll""' 7.s r8.2
A-fter barley 8.6 4.3 13.7 ii bMcan 9.3 3-7 t0.8 15.6

-., TT.-y-".forr times as. many Lw 
-nbricas tenestris on tined plots as on ploughedpoq, Tq rotary ctltivated plor and minimum-cultivation ploG intcrmediaie. dn"r

species (whose numbers are amalgamated in the table) gu"" '"boot 
equal numbers on

tin_cd and ploughed plots but were less thaa half as numerlus on iotary cultivated plots.
Minimum-cultivation plots had mor€-wonns. of tlae spccia tnan tined or ptorighJ
plots. There were more I,. terrcstrit afltr spring wheat tian atrcr Uartey; oth; 

"6iesdiffered little between the crop.

f,sred iis€.e€+ The wheat and berley were not regularly exeminedl for diseases, buttakeall whitehcads were common in spring wheat iniffl I" ea.fy august l7l of theplants had take-all which appea.red most pievalent oo tn" f ptot . '
167
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SmmrrY of ltc realtc

B€.8. In the last sevcn years ploughing usually gavc a slightly better yield of spring

u"., *a n u v""., *ooo, *"i" r"*o tl- on ttre R and T plots. wirh all cultivation

;;;;; l"adt ;;- s[ghtly less when sinazine was used; mechanical cultivations

".""-."tl".'-o." 
effective-thin simazine ia con&olling weeds betw€en rows. Dinoseb

;;;; less effective than simazine for weed control and under certain weather

conditions cao damage the crop.

wh€rt- There were no difiereuces in yield of wintcr or spring wheat between the primary

"Jti""tio" 
tt "t.*t , end there was no decline in yield during the-course of the experi-

;;. Th;;;; small positive residual effcct on the rotary cultivated plots from. the

.ii".* 
"ppfl.O 

io tue irevious bean crop, but- a slight negativc effect on the tined

olots. The 
-effect 

of hormone weedkillers ,itied fro. year to year and were generally

imall; thc rotary cultivatcd plots gaiocd most b€nefiL

Pot to€& In most years the Ploughed plos yielded best and the tined p]ots least; yr$d:

showed no sign of iimlnishiug during the course of the experimenL ()n ttre plougneo

olots the liorioa/psraquat spray coniisteutly gave less yieid than those mechanically

fitt""t d,;; th6;yJ ptlt yielaa .oti tlan the cultivated ones on land that had

;;;;;;rldrafu'or ined.-Il all years weeds wqe less on the p)ougled plots'

fi;h;;;i;*tit;ortir"t"a oi spraved. Rotoridgiry after spraving had little effect

on either w€cd nunbers or Yields.

Brrley. Thcre was no significant differcnce between the primary cultivation treatments;

tl" ii*, vi"iJ i. i g66_7-2 was gatr,r thao in 1962-65 probably because more nitrogen

**.-uJ,i -a a bettcr varieti was introduced' The effect of the iormone weedkillers

ffi il'"X ilGtir" i" .ori'of tn" hst seven years, the tenefrt being greatest on the

i -A i U..tio"rts. There was no residual effect from the weedkiller applied to the

preceding potato ctoP.

prru[Al This. when used on autumn stubbl€s, had a slighr beneficial efrect on leld
ir-.,iJv*^ U,i Ua no consisieot effcct on the weed population th€ following year'

Pctonct€s rss€ssmdt- This proved very difficult to do because of &s many flints in

thc soil but rcsistancc to penetration was ieatcst on the minim.um cultivated plots and

ttro- a".".""a io tU" ord& ploughod' rotary cultivated, tine cultivatcd'

Wrt€[ ltrflErtio. An attcmPt to
treatm@ts provcd rcgativc.

detcct differences between the prime cultivation

Shudr degrertrtbn. No organism could be isolated able to dcgrade simazinc when

it was the sole source of both nitroggtr and carbon'

Solt enr$s. In ttre Rothamsted samples colsistently less carbon was found in thc P

iiJt"G i" ,Ui-n-*a i piots but in de f.C.I. Platrt Protcction samples (taken to lesser

["o]tn") th" o".""otase *r:boo was the same on the P and T plots but geater on the R

;;;. ffi;i";;6-; rsztbv Rothumsted and in 1973 bv r'c'I' Plant Protection Ltd''

r'lo*J tdi tno" *"" more phosphorus and potassium on'the R and T plots than on the

ilil. Tffi .** o, -i"i.tiot difiercnaes betwccl crops or intersction between

teatmcnts and croPs.
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Errltrorn popletior. Thc& wcir considcrable differcnces bctwEao thc primsry
cultivatioo treatmenh. The biggcst population was on the plots roceiving teast cultivationi
and the smallest on the P plots.

Cereel disses, The crops werr 1oj examined often cnough to form any opinion onthe incidence of diseases but in 1963 tako-all appea.red to L nost prcvalcnt on thc pplots.

Weeds There were no marked cbanges in the spccies of wocds and none becamc domi-nant. fn many years control measures were iaken against couch grass (esripir^
repens).

Iliscussim
Since the experim:nt began in 196.1 many changes have taken place in British agriculturc,brolght about by economic conditions and tti'. .nort"ge ;i ilboL and man! of thdadd interest and importance to results obtained. m! rumter of farm wJrfers pcr
l^of^,":y :lg"pp"o tand has decreascd sharply (15.6 ii ls62, t.t in rcz2); this f,;ror@d larmers to usc modern equipment to the fullest extent for autumn cdhvations,
scedbed preparation, drilling and harvesting, accepting (if neces*ry) 

" 
.."11 G; 

"f /"fiin consequence..Similarlv the recent great increasi iniie cori oiliia o has providJ apowerful incentive to lessen the number of operatioor, o. -.bio" opcatiois ,ccair!
fewer passes by Eactors, which leads to less ;il co;;;cd;. ----
, Public coacern lbolI the pollution of soils and witer by persistcnt active chemicals
!:ucn 

al 
T€rD. :ctqes) whlch may have unforescsn sidc etrects has forced farmers and othcrsro oonsrder the long-term effec-ts ofsinge and especially repcatcd applications. finafiy,

the rcport Modem Farming and the Sorr-(Agricultural ei"ir'..y C"r"&f, l9Z0) C*c""disome concern about the conscrvation of organic matlcr in soir. to save thcm irom dircloss.of strcture. It is possible that th",-i[cr 
"rno"ot "]."i1 

*"t " i. G pf"rgil
treatmetrt is due to the more thorough mixing and aeration of tlc ,oit 

"ausLg 
ilorerapid oxidation ofcrop residues than occurs wi6 otner treatments. it is not unreasonableto suggest that the difler€nt amount of weeds on the p, R and T plots may havc contri-

!11$ appreciably to the difference in carbon i" G";it, ;;ihli cxpcrimcnts @yke,1965).where weed po_pulations have been allowed to orffit*, ,.ggot that w€cd-s cancontribute to the soil carbon.

_ It seems unlikely that differences in soluble thosphorus and potassium betweeo p,
R and r treatments arise fron difierences in 

"mat"'or 
oot ieot"lo tn" 

""op, 
.i.".-tri

mean yields difered little, A tentative explnatioa, otrerrd by A.-i. Joh^io4 i, ih"iwith. the more.thorolgh pilng of. the 0_9 in. h;; .i ,oii 
""u""A 

uy pfoolnLg, igreater proportion of applied ptrosphorus and potissium have bccn nxca in roils;oisoluDle rn the reagents uscd. Altho[gh total phosphorus atrd total potassi,,m havc noibeen determined, they are probably ihe ru-" oo itt-t 
""t *ts]ile aoaitional solubrepnospnorus and potassium in the R snd_T plots (if this argument is corrcct) is near thisurface and.their availability to *ops wil <tipen<t Ln the li*iog ;roo 

"od 
tle i"otingpattern of the crop.

_IH: l^:lqpple of an 
^experiment 

in. which we may welcome a mainly .ncgativc,
resurr: that rs, the abs€nce of appr€ciable differcrces in yield betweca some or all-of thetreatments, and itr the event this has proJcd-to be truc ofmany of the comparisons madc.No dircct measurements have been iadc or ratcs oi worr oftiri"ilt i.pr"r*ts, oi ;itheir qgwer requirements, because this wouH trave tcen llp.""tflUf" on such small
lPf; P::--yg.,l !I p.atte.r-son, 

lramen ao! nicurasonirqzJi, io"iao ngures wrricrcoulo De used !D conJunction with our results.
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On the whotc the results s€em to justiry farmer' @'nmon setrse ; any system of cultiva-

tioi-tlai ,toar.o " 
physically 

"i"quit" 
.oaUa into which sccd can be drilled or

;fit"d ;"'ti;;;i a'oiu can gi"e yietds wirhin a few per cent of the best obtainable by

ilIJthi't rgi, 
-lii-ii"" 

"ra-tirl.rosuming 
methods- .Atrv. svstem of controlling

;;i "ft;;i;t d;whether by inter-row cultiva-tion, herbicid€s (setective or soil-actirg),

;r;;il.d;ili mtn, e"i fu[, or verv nearlv iu[, vrelds of the crops included in

I".-*."ti.*t Any combiination of primiry culiivation and later weed control that

#i.;1;;;."d"-i*G"uv p"*-iil "*itl under reasooable control leads' in the

:"fJ";rlJr;".* i.'r*GLuL" loss or vieid' Abandoning the mouldboard ploush

il"i;"il-;F ;;-i;verting mithfis oi culti"utioo conservei soil organic matter and

;d;6 *a tftor+ tn" if"rences have not obviously affected-crop yields onour soil

if"fia;il';;a**io". other oosible effecrs are to stightly increase the total

"#u"rif earthworms though not 6f uU tp""lo and decrease slightly t!e. soil-borne

ili[ "ii;t*lt. 
egain, 

""iine. 
effect scemi likely to be of geat practical importance

at anv rate on our soil.*;t"il;H;;; 
oilt"rrt out"tt"tion, we havc-no evideoce of harmful accumulation

"f 
,"T-iJiJ 

-f"iUi"iAo 
in soil and oo irid"o"" that, aftef repeated application'. these

;ffiffi;;il 
"-m""ti""-u"or"" 

of more rapid breakdow.n by microbes, and therc

ffi*i; ". ,G "i" u"us increase of any menacing 'new' weed under any of the

systems tested' 
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