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DTSEASE Conrnor, Aspncrs
Plants in a number of tamilies other t'han Sol,anaceae have been indicatecl

as alternate hosts for pathogenic organisms of tobacco. Und.er glasshouse
conclitions plants from 19 familios acted. as hosts for the nematode causing southern
root knot (Meloiilogyne incogn'ita), (Davidson and. Townshend, 1967). Plants
within So'l,amaaeae (Cestrum parqwi, Solanum argmtinium, Nieotiana longi,Jlora)
are alternate hosts of the tobacco mosaic virus (Ramallo, 1968). Black shank of
tobacco (Phytuphtkora parasitica yar. nicot'ianae) incidence was more effectively
reduced by some non-solanaceous crops in a rotation (Dukes, 1969). The
tobacco etch virus was tentatively identified, on a weed. species (Yarma, 1968).

Wnnn Conrnor, rx Snnnsnns
The importance of weecl-free conditions for tobacco seedlings has been

recognizerl. Soil fumigants are a satisfactory methorl of weed. control, but some
other chemicals have been tested (Chappell et al., 1968; Irink, 1966). Eerbicirles
considered. useful were pobulate, nitralin, diphenamitl, EPTC and amiben.
Diphenamirl was usecl as an after-sowing treatment at 3.9 and,7.Skg./ha.
without causing injury 1s sssdlings.

The fumigant allyl alcohol, applied a week before sowing, controls weed.s,
which enhances the vigour of tobacco seed.lings (Cibes and. Amy, 1956). Similar
weed. control was obtained with metham sodium at rates which damaged. seedlings
(Piglionica, 1966).

The replacement of allyl alcohol for this purpose has not been clemonstrated
in the literature.*

Crmlncar, Wpnp Contnor, rN TrrE tr'mr,n
Chenrical weed control has become witLely practised. since 1949 (Doyle, 7967),

but mechanical methods ri'ill continue to have a place. Many herbicides havo
been investigated. throughout the world. to establish useful seloctivity to avoicl
the rlevelopment of (( off flavours " in the lea,f and. to ascertain rlamago to
following crops.

Soil residues of herbicides usetl in tobacco can be expectod. to affect following
crops. The degree of this effect will rlepend on the particular herbicid.e I rate
and placement ; soil factors, including moisture, organic matter, mineral colloicls,
biological activity, temperature, and cultural treatment.

'When li.nuron or diuron were used. in a tobacco crop growrr in a sandy loam
soil, the yielcls of wheat, peanuts, tobacco, soybeans, but not cotton, sown in the
next season wero reducecl (Upchurch et a1,., 7969). Diphenamid. reduces yielcls
of following gramineous crops (Smith, 1964).

Studies of the effect of pesticicles on tobacco flavour are a featuro of research.
Herbicid.es clo not present as great a problom as other pesticid.es.

The content of organic pesticid.es in leaf can be very high in young plants,
but when stable compouncls are used. resid.ues near haryest of up to 100 p.p.m.
have been founcl (Guthrie, 1963). Dissipation of different pesticides varies.
Stutlies on the tlithiocarbamates (Muller anrl Mold.enhauer, 1968), substitutetl
ureas (Artho et a1,., 1968), diphenamid, pebulate, benefin, yernam, nitralin anrl
amiben (Klingman, 1967) inclicate that these herbicid.es d.o not lead to the build-up
of significant resiclues, nor to lowering of lea,f quality. The curing process has
been tlemonstrated. to red.nce the concentration of substituted u.reas present in
the leat (Artho et a1,., 1968).

Low rates of 2,4-D appliecL 24 hours before harvest as a maturing agent
increasecl carbohytlrate ancl reducerl nicotine contents (Masud.a antl Kashihara,
1968).

* Cornmon names of herbicides os appr.oved by Standa,rds Assooiation of Australia, Weod
Scionco Society of Arnerica, or appropriate European authoritres.
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control at lower rates by prevention of herbicid.e breakd.own by sunJight, closer
contact to weed seeds, and readier activation. Implements which turn the soil
forward have been shown to be the most effective. Rotary hoes are best, and
tined implements worst (Rylands, pers. comm. ; Klingman, 1967). Anothor
technique of interest is one d.escribetL by Shepherrl (1968), which involves the use
of a sweep moving below the surface at a set depUr, applying herbicid.es as well
as clestroying weed growth present.

Orrmn Mprgons or. CoNTRoL

In a previous review it was postulated. that herbicid.es wiJI eliminate the
need. to use cultivation to control weeds in tobacco, but there was eviclence of
acld.erl value ansing from inter-row cultivation (Doyle, 1967). The control of
rhizomatous weed.s by d.eep ploughing may have advantages (Andreeva-
Fetvaclzhieva, 1966). Narrow plant spacing may jncrease yieltl, but may also
reduce quality (Chaplin et a1,., 1968).

It is reasonable to expect that combinations of chemical and mechanical
method.s of weed control will prove the most effective, reliable, ancl least costly.
The precise balance of the two method.s will depend on soil type, the weed.s presont,
and. watering technique.

CoNcr,usroxs
More accurate problem d.efinition and the d.evelopment of weed. control

systems using combinations of chemical and. mechanical methods are needed.
Because rotation of other crops with tobacco is a probabiJity, method. of red.ucing
soil residues of herbicirles is important. Progress in this d.irection involves the
need to clefine the effect of weeds on tobacco and the time at which this is most
critical.

Methods of inducing herbicid.e breakd.own adaptable to farm practice may
be necessary. tr'urther work should. aim to elucid.ate the role of weed.s as tlisease
hosts, the risk of quality losses from herbicides, and control of indiviclual weeds,
particularly nut grass.
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HEBBICIDES FOR, TOTAI, VEGETATION CONTBOIJ

J. Tors*

Interest in total vegetation control, pa,rticularly by governmontal authorities
in keeping commu-nicaiion lines clear of un-wantetl plants, has opened a major
marke-t fd'r suitable herbicides. In this State the annual spending on total
vegetation oontrol is in the vicinity of 4-5 mi.lliqa dollars a year.

In the last 25 years the use of herbicides in agricultural and nol-agricultural
situations has bedome widely establisl ed. The number of basic herbiciclss
available has increasecl rapidly. For example, in Canacla itr 1944 there were

ou]d. choose from 125 basic herbicid.es
trs (yon Stryck, 1969). trn the United.
ately 350 herbicid.e products approvecl
on Do fewer than 50 differont active
1959 herbicides with a total value of

the three
71,000,000
the trend.s

trol.

Total vegetation control has receivecl less research attention than selective
weed. control.- This review is concerned essentially wjth development in chemical
control since 1950.

The triazines, ureas and carbamates, discovered in the 1950qr were first
used as selective'herbicides' But now, alone ancl in mixtures, they are the
most common herbicid.es in total vegetation control. This is because of their
Iong-term effects and because few _species are resistant. An _unsatisfactory
kno'ck-clown effect led to their use in combination with amitrole,t paraquat,
2,4-D ar.d. others.

I]PNCTE OF VEGETATTON CONIBOL

The need. for knock-rlown herbicicles in combinations with triazines and
ureas w&s proved.
1964). Simazine,
re-treatment was
Results showed. that 10lb./ac. (7l.2kg.lha.) simazine gave approximately_ 13

months effective control (i.e., over 70o/o baro grouncl), 20Lb.lac. (22'40 kg./ha.)
gave 18 months control; 16 lb.
SZlA.pc. (35'87 kg./ha.) uP to 19
14 months control. Diuron aPPe
similar to simazine when comparetl o
may be more efficient than simazine and diuron.

* Research Agronomist (Weeds), Hawkesbury Agricultural College, Ricbrnond, N.S.W.,
2753.

t Common names of herbicides as approved by Standards Association of Australia, I!-eod
Science Socioty of America or apptopriato European authorities'
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PpnnonumlcE oF Ilnnsrcron Mrxrunns
Many research workers are still looking tor different,-mixtures of new and

establish6d proclucts to achieve long ancl cheap total 
. _vegetation control.

chrorfenac atu.7ac. (3'36k9./ha') prus 
t;il?r53/J#ffiJ3fr
U.S.A. These throe

se (Johnson grass) ancl CYnoilon
es of EuDus sptp. atdBrunnichia

ense, chlorletac 4'5Ib./ac. (5 kg./ha.)
gav:e 50o/o to 80o/o kill of roots and a

5o/o root kill of all species (Mitchell
et a1,., L967).

Some of the other rates and combinations which have been successfully used

are Chlorea Granular(R) (sod.ium chlor

s, 1968).

*sp. occurrecl after two to three months (Efernanclez, 1968)'

In the last few years total vegetation control lrs gtq*l in importance. -M9r"
alal more special total vegetatioi control herbicid.es ancl their mixtures are heing
tested.

In U.S.A., in 1967 several code
testecl, some with unknown chemlstry
an olil lucerne stand. which hacl been

brole plus fenac and borate-chlorate.
ludedNia 11092, bromacil and AP920.

t they were generally slower to act than
when applied in solution'

Nnw Crmmolr,s
Ot the d.eveloped, Nia 11092 (m-(3,3-tlimetlytureiclo)

phertyl teN ears to be one of the most useful. It was

hiscorered. by the Niagara Chemical Division, n''M'C'
Corporation, U.S.A.- --'nfris 

prbduct was intensively tested between 1964 anct 1968 ancl was tried
on 48 heriaceous and 1? woody species to tletermine its pattern of use, rates

and. combinations (Eagood, 1970).
Rates of 21 heibicld.es'antL tfeir combinations were comparecl for sterilant

anc[ bromacil, were selected'
e growing seasons.
11092 is non-selective and'

binations, initial and maintenance rates

were I
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ContribuJed Paper:

ATRAZINE ADSOR,PTION AND CONTROI, OE DCHINOCHLOA
IN AUSTRALIAN SOILS

KArrr,ppu I[. Bowunn*

SuuumY
tr'ollowing unfavourable reports of control by atrazine of Echinochlgg-spp.

(barnyard griss) in rn Areas of New South \{ales a
comparison was ma
atrazir.e, and of atr
these factors were n
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Atrazine is recommencled. as a pre-sowing or ple-emelgent herbicid.e for weed

control in maize and sorghum in the Murrumbiclgee Irrigation Areas (M.I.A.)
of New South Jflrales and is the prime candidate for weed. control in these crops
in other parts of the world. (Gast, 1970).

Advantages of atrazine are that it is remarkably sa,fe for maize and sorghum
and controls a nicle spectnrm of weecl species. In Australia the cost compares
very favourably with alternative herbicides.

Against this there are reports (Irrigation Research and Extension Committee,
person-al communication) that in the M.I.A. control ol Ech,i,nochloa,spp. with
atrazite in irrigated. crops is sometimes inatlequate. Discussion-with the growers
concerned. suggestetL that occasionally the herbicide may lave been used
incorrectly, bui tnere wero instances of poor weed. control which were not easily
explainecl. The aim of this study was ;o investigate two of many factor:r: yhich
could contribute to erratic weed control, namely the susceptibility of different
forms of Dchinochl,oa and the influence of soil type on atrazine ad.sorption ancl
effectiveness.

Forms of Dchinockl,oa have been reportecl to diffe ther
herbicid.es-to diuron (Michael and van Rijn, 1970) and
Muzik, 1964). Since several forms of Echinoahl,oa h the
M.I.A. (Michael, personal communication) it seemed- relevant to test those
occurring locally in maize- and sorghum-growing soils for d.ifferences in suscepti-
bility to atrazine.

It has long been recognized. that the soil composition is a major tactor
influencing the quantity of triazines requirecl to control weed.s (Gast, 1970).

Bailey and White (1970), Weber (1970), Ilayes (1970) and Osgerby (1970)

have re''riewecl many stud.ies showing t rat triazine herbicid.es can be extensively
ad.sorbed. by some organic materials and c,lays. Although f.ew authors report a
good direct relationsliip between adsor rtion and phytotoxicity, in_ ge_neral it has
been shown that in soils rich in herbicide-adsorbing components higher concen-
trations are necessar'y to control weeds.

Consequently, se1len local soils (Table 2) were chosen to rep,resent at the
extreme tne figfrier and- heavier soils of the area, and. atrazir.e adsorption was
measured.
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(bl Mathoil using carbon-14-tabel,l,ad Atraz,ine (modified from 'walker, 1968).
f'or i,ll other soils ieasurement of ad.sorption was tacilitated by the use of
solutions ssaf2ining carbon-14 ring labelletl attazine (-0'0025 prOi/mf.). Samples
of 5 g. of soil were shaken with 15 ml. solution for 16 hours.

After centrifuging, 1 d. of the supernatant liquicl was tr11sf_errecl_to a vi,al1

10 mL of a water--mii6ible scintillation fluirl (Bray, 1960) atlded., antl sa,mples

counted for f.ve minutes, grving a minimum of 10,000 corrn-ts. Controls were
also counted. Quenching,-checked. by the pulse height shift rqethotl -(Baillie,
1960), was found io be neglgible, and so adsorption was calculatecl from differences
in activity between samples and cotrtrols.

The soils d.escriberl in Table 3 wore collectetl from the Riverina and Namoi
areas. Organic carbon was determinetl by the method of .Wa|$ey- and Black
(1984). Sirface areas were cleterminecl by nitvegsn ,-alotp_tigt (!11$e, personal
communication, 1970). clay minerals were tlescribed. by I-ittle (1970).

Soils in Table 4 were analysetL by the sa,me method.s as g( local soils ".
Information on clay minerals clet-erminecl by X-ray crystallography vas supplietl
by Clarke (personal communication, 1970).

(2.2) Atrazine Dasorpttion from, Iu)o " Local, Soi,ls "
Atrazine solution (15m1., 138'9 u-mol./I.) was shaken with samples of 5g.

soil C or F for 16 hours, then centrifuged'.
Samples of the supernatant tiquitl were withdrawn from two replicates t-or

counting-and. ahrazilLe ad.sorption determined,as d.escribed. in section (2.1 (D))

aboYe.
In eight other samples 10 ml. of the supernatant liqgA was leplac€d with

10mI. O'OZU calcium chloride. Tho samples were re-shaken for f;, 1, 2, 4, 16,
24 or 48 hours antl centrifuged again. Separate samples were used to avoid
complications tlue to changes in the soil : solution ratio.

Sci,ntil,l,ation cownting. The extent of desorptio of carbon-l4 activity
(Table 5) was measuled 

-by counting sub-samples of the supernatant liquitl as

described in section (2.1 (D)).

Since hydroxyattaziterwhich is not phytotoxic, could. contribute to carbon-14
activity, th6 nature of the activity d.esorbed was inYestigat€d.

Gas-l,i,qui,it chroruatogragthy (GC) was used. to estimato the proport_ion of the
recovered. 

-activity attribulable to atrazine; hyctroxyattazite would not be
d.etected uging this methotl.

Al intern"al stanclard, propazine, was used. to compensate for slightly variable
injection volumes antl changes" Sub-samples (8 ml.) of [ne , with 2 mL
50 p.p.m. proipazine atld.ecL, were extra evaporatocl
to drlness^aod. taken up in i mI. acetone for iniection into the gas chr_omatosrap!.

Standarcl mixturei of solutions of atrazine and. propazine were also proparetl.
A Hewlett Packard series ?620A GC with a moclel 15164 nitrogen detector

was used.. The column'was a zft.x[ in. i.tl. glass coil, packed with p% cyclol
hexane dimenthanol succinate on an AW-DMCS treated. Chromasorb W, 80/100
mesh. Temperatures were 1 220" C: ; and
d.etector, 40^0" C. fhe flow n 50 ml./ryt1' ;

d.etector'gas, hyclrogen, 12 mI position 9f tL'
crystal das'atljusteil to give about 0'6 mY'
Injection volude was about Z. ention times were : propazine, 3-6 min. ;

atrazite, 4'8 rnin.
Atrazino concentrations in supernatant solutions after desorption (Table-5)

wore calculatecl from comparisons of atrazine : propazine peak height ratios
of samples antl stand.ards.
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Origin Per- Per-
centage contage

n*pH Kro Kroo

l.14& o.24 0. 33Red- Sandy claY
brown loam
Red- X'ine sandy
brown cley loam
Red- Fine sandy
brown loam
Brown Clay loam
Grey Medium

cld,v loam
Grey Medium clay
Grey Medium-

heawv clov

Subsoil
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Canathool
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t.t2 0.43 0.57

0.878 0.73 0.54

0'97 0.95 0'97
0.97 1.18 1.I0

0'898 2.24 l'74
r.00 I .73 r.73

adsorbecl on so ibrium with a herbicide solution of unit
concentration, are adsorption-by different soils.

The valu'e slope of fhe plot of log y against log c

reflects the d.egree of lin.earity of the isotherm.
When n:i.o, the relatioirship between ad.sorption and equilibdum con,cen-

tration is linear. ' Then .K is in^clependent of concentration antl it coultl be

measured. at any equilibrium coD'centration.
- n a.orption isotflerms for " local soils " clescribed in Table 2 are plo-btecl in

figure 1. 'The yalues of ro obtainecl by linear regressiou are shown in Tables 2-4'

EQUILIBRIUM CONCENTRATION ,rr mot / t
I

Figure l.-Adsorption isotherrns. " Local soils'"

T.lnr,rs 2-4
A itescri,ption o! ooil,s anil corwtants Jrom Freundli,ch isoth,errns Jor alraz'ine oilsorpliom.

(For eqtla,nation oJ n, /(ro and Kroo, see teat)
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Raie and, ercefi oJ desorpti,cn ol carbon-l4 ancioi,ty- (C'141 Jrom soils^.C ond I
Atroz'ina" ilesorblr.d woa'*"osureil by gas clwomalography (GC\
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for I

Brn,
I

Brn'

B-r:o
e

Bxrr

Beor
(

Cr*r
a

Conoontration in Solution
(pmol./1.)

SoiI Method 0hr. ihr. lhr. 2Lrt- 4hr. 6hr' 24hr' 48hr'

Percentage
of

Theoretical Theoretical
Concon- Equi-
tration librium

&t Concen-
Equi- tration

litrrium after
48'hour

desorption

c-t4 39.4s 45.9 46'7 46'5 47'2 47'4 46'3 48'5b 50'9
GC 45'8 5r'5 48'5b
c-r+ 30.3s 47'3 46'2 48'3 45'8 48'0 47'3b 50'9
GC 45'0 48'7

o Calculated.
bMean of duplicates.

(2.2) Desorptti,on Duporimants

The results of d.esorption experiments are shown in Table 5. Assuming
complete ,""".*iuility, the'theoretital .lilqtribution at equilibri-um ot the qualtity
of h6rbicirle left in tlie system was calculated from the Freund.Iich isotherm clata.

The concentlation found in solution after 48 hours ilesorption was explessed as a

porcentage of the theoretical equilibriurn solution concentlation.

Drscussron

The effectiveness of atrazine was influenced. by soil tylle. The response of
E. erisgalti, (-81) testett in three soils (Table r) yrl inversely related. to extenl:
of atraiine atlsorption (Table 2) as summaized- below.

Tesr,s 6

Effea of olrazine (0'75p.p.n.\ on' E. crusgalli (EF Jotml reloted to
"" 

"*i"nt 
o.f ad,eoiptionlesn-i*a W Kr' Rroo'1 in three soil's

95

93

C

F

Fresh
Weight Kill

Reduction Percentage
Percentage

Kro Kroo

o.73
0.95
r.73

Kent Sand, Willalooka Sand and
small quantities of atilazirLe (Table 4)
relatively high.

These results &Ie consistent with the organic ca1.bon contents of the soils

a"a 
"eports 

in the literature that in sturliei of correlation of chloro-triazine

98
86
7l

C
D
x'

.J
39
r9

0.54
0.97
1.73
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Soils

Organic Sand
Carbon Percentage

Percentage (2'0-0'5
(Tinsley) mm.)

0,
f,

o'
C)

_k)(J
l!

z
O)
d.
l

o

pH

Wolverton A (N.S.W.)
.. B (N.s.w.)
.. c (N.S.w.)

Cobbitv A (N.S.W.)
Mt. Tomah (N.S.W.)
Cobbity B (N.S.W.)
Prospect (N.S.W.) ..
Moon I{iIIs (S.A.)
Blewitt Springs (S.A.)
Mount Compass (S.A.)

2-64
1.35
0.98
0. 69
4.8
2.95
3.39
r. 15
1.73
L.t2

37. I
3l .7
43.3
42.t5
48. 65
54. 93
33. 4
9r.3
93.0
95. 33

30.8
24.3
24.8
12.63
28. 08
t3.25
r7.8
r.67
0. 83
2.5

33. 0
4t.7
38.4
47.7
30. 48
34.7
61.3

r .33
3.83
0.5

5.0
5.0
5.0
5.2
4.8
6.0
5.5
5.2
b.d
5'3

Tegr,n 2

Efiect of Soil llgpe on tlw Phytotaniuit'y of Diuron

EDuo Values
(pg./g.)*

Soils

Wolverton A
,,8,,c

Cobbity A..
Mt. Tomah
Cobbity B. .

Prospect
Moon Elills
Blewitt Springs
Mt. Compass

2.62 bc
2.83 bc
1.55 bc
1.42 bc
6.17 a
4'67 ab
3'43 bc
2.23 be
0'81 c
1.47 bc

* I\lean values for diuron follos'ed by the same

Ietter or letters do not differ signiffcantly at 5!i
level of probabilitY.

_i
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In view of the above obseryations, it can be concludett tha! the organic

ca,rtJn "o"t""i 
snoun be consitlered in schemes to pretlict the tliuron d.osago

roquirements in Australian soils'
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3.5in. in tliameter. The cylintlers wele open, at each end and. capable of being
split longitudinally into two equal hinged. halves.

ere simazine (5oo/o wettable powder) antl d-iuron (80o/o

at 1'0 and 2'0Ib. a.i./ac. They were applied in 50 ml'
surface at the top of the upright tubes. There were four

replicates.
one day after the herbicide application 1.0in. ot water was applisd wilh a

pipette ovei a periocl of one houi to the soil surface at the top of the tubes'
Controts received the 50m1. of water and 1'0in. of water.

one day later the tubes were opened along the li"g9d sitlg the soil colu.nn
sliced 6ownihe midclle, ancl the two halves of soil laid horizontally ilthe cylincler
on benches in the glasshouse. Germinatecl seecls of D. sangwinatris were then
sown d.own each half soil column in four rows.

Eight weeks a,fter sowing, of the r_llnts were harvested.
in eacli'1.0in. section of t[e reen weights record'ed.. The
percentage red.uction in yield was cal the control weights in each
corresponcling inch section.

Enyteriment Z.-Thelnaching effeat of 2.0i.n. of waler on simazine anil iliurom

The same procetlure as in Experiment 1 was used, except than 2 '0 in. of
water was applietl the day after the herbicid.e application.

Enpteriment 3.-The laaching efJect of 15'0 in. of water on s'imazime anil' iliurom

The same proced.ure as in Experiment 1 was used, except that 15'0 in. of
water was applied, in amounts of t'5in' ten timss s'*' a period' of 20 days'
before clividing the cylind.ers.

tr)nperi,ment 4.-Tha kerbici,ital, effeat of simaz'ine aniL iliwron under mon-l,eaching

conil,iti,ons

Leaching was eliminatecl by dry-aixing the herb_icides- at ooncentrations of
O.2b ancl O.EOp.p.m. a.i. with the soil, which was then_placed. in plastic pots,
.seerletl with gei'minat'ed, D. sangu'inal'is, ancl watered, tlaily by sub-irrigation.

Counts of the numbers of d.ead anal aliYe plants were made twice weekly
'until six weeks after sowing. The total numbels of clead plants were then
,expressecl as porcentages of t[.e total numbers of plants that had emergetl.
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-Duperi,ment 7

The results are shown in Table 1.
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In each case the higher rate of herbicid.e application enabled more of the
herbicide to be retained neal the soil surface than the lower rate. flowever,
even at the higher rate there was a poor d.egree of control near the soil surface

tion appear most d.etrimental to the
zine and- diuron too light an application

icid.e, may not mobilize the chemical
g from a dePth of 1 to 2 in', as shown

in Dxperiment 1.
Since the water solubility of the herbicid.es used. would. suggest opposite

leaching results to those fountl, there must bo other inherent chemical properties,
such aJparticle size, to explain these results. These would. a-ppeal to be worthy
of further investigation, so that it may be possible to regulate soil movement
of the herbicid.e accorcling to the situation.
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