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Investigations relating to the peraistancy of herbicides

Gzperimente]l procedurss for gampling and
determinstion of residues

Joha Iryer znd I heve been discussing with Hance and other staff at the
deed Hesearch Urganization what steps in procedures and techniques oon be teken
to limit the musber of soil end lesf litter samples which caa bs analysed for
herbicide rssicues 2t L.4.R.J. and yet at the seme time 2llow 2 rezsonchle
programme of field work to be undertaken.

At the pvtset 1t wust Le re-emphasized this evaluation must bave a high
degree of uncartainiy since prior kaowledgs of the problems involvaed in the
tropiecs iz restricisd and experience for tamparate comiitione oither makes
prediction uncerizin or net possible beosuss of totslly differeat conditions
Baifs MENFTOVE DNEMDE,

On the beais of experimonts in Fnslend, stetisticel evi-ance indicates
ihat for the size of plot envissged in the investigations thers should be at
lpasi 20 cores or samples per plots IT = similer sampling vete was adopiad for
the programme outlined in 'Preliminary Proposals tor Studies oo the Persisience
of Herbioides in Vorest and :angrove Soil' than, zllowing for subdivision of the
sores, the pumbsr of anslyses required withoub bullking would be in excese of the
number which I.R.HsI. could be ressonably esked to undertake.

Tha proposzls for the reduction in the nunber of snslyses are =z Tollows:

I{z) Gamplings For ths initisl sample to deiormipe the rate of depoaition
of the spray, 20 ihatman chrometogrephic paper sirips (45.7 x 7.6 om) should be
pléned in their z2luminius holders 2t ramdom on the plot. Immediztely after
apraying each ctrip should be folded and rollad with the raceiving surfzoe op
the insice apd securad with & rubbsr band. The 20 papsrs should then be placed
in = doubls plastic bag and transferred as goon as possibls to & deep fraese.
also prior to spraying, surface soil sesples - say five per plot - should be
taken by means of cylindrical tinsyof known dismeter anti depth, and sealed and

trapsferrec to 2 cold stors. These tins would not be chemically analysed but



used ito deternins the totzl weights and the weter content of the soil so that
the herbicide reaching the soil surfacs can be expresssd as p.D.m. oo & dry
welght basis.

3imce with the orange agent it is possible fo incorporats an oil soluble
dye, the asnalysis of the amount of deposit . par nmE could bs obteined by
glution with an eppropriate organic solvent and the amount in solution determined
with 2 colorimetar.

For agent white with its water soluble components, the papers should be
extracted and anzlymed by G.L.U. procedures for 2,4=0 or picloram. The alier-
netive of using the dye tartrasine which is wzter soluble is being exemined,

In the mangrove experiments, since the =oil zurfeee will be wet, & narrow
strip of wood should be placsd betweoen the aluminium holdsr end the soil surface,

T(b) Bulking. A= the zim ie to measure the meen initisl vete of deposition,
it sespme-pointless to snalyse each of the peEper atrips. Eulking inte two lote
of 10 would probebly suffice snd bulkips inio four lots of five smple.

II{z) For all samples subsequent to eststvlishing the initial level of
depositions the procedurss will be dependent on thes iype of srperimant and the
type of egent. In the mangrove arss on each occesion there will be 20. surfeoce
samples by tine znd 20 scil corss to & depth of 75 cme With agent orange there
will be no division of the core but with apgeni white, with its greater mobility
in the spil; it is proposed that each 75 cm cora will be divided into two.

For the surface sampling using 2n open ended tin, it will be necessary to
punch a very smzll hole in ike bottom of the tin to allow the air to be expellad
when the tin is pushed into the soil &nd to stop the moment any water or mud
sxudes tkrough the hole, The bottom of the t;n ghould thepn be wiped dry in sita
and the hole covered with sesling tape, of which there is 2 large amount in the
socessories brought to Ssigon with the first soil sampler. To withdrew the tin
without loss of contents, the simplest prooedures would appsar to be to push in

a narrow spede zdjacent to the tin apd (i) put 2 band over the bottom of the tinm
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before pushing it out and clsaning offthe exeess wud or (ii) to insert a thinm
placa of metal parallel to the bottom edge of the tin and then prise thz tin oui
and elean ups A% the mangrove sites = buckeh Tor water and a supply of rags or
paper towels will be neaded.

If it is feassible to undertake a further ezperiment on a *forest soil' then
gampling ;haulﬁ be done by taking soil cores =znd dividing =ach core into threa
if conditions z2llow sempling to 75 cm.

Bulldng, It is sgein proposed that esch of the surfuce samples, the inteci
cores or other segrents of coress, should be bulked in twos. duch discussion
h=s teken plece sbout the mathods of bulking, particularly for the mangrove solls,
sith the original soil semples from Vietnam collechad im Jetober, work at WHO
hos shown that hydrolysis of the ester iz complets within 14 daye st the wost,
 Sinos we are now proposing to eatimete the initial demesit In the aoil by use
of {ilter pupers, sbod &1l subsequeni sampling will occur aiter the herbicids
has been in the soil for at least thres weeks, no osse can be made out Tor taking
precautions to pravent lose of p4,5-7 vepour as tha esater. The acid ia nod
apprecisbly volatile.

it was also found that the efficacy of the extraction of 2,4,5~I was much
highar under eeidiec es egainst alkaline concitionz, while for the exiraction
both 24d45=T and
nIzFiulurum the smount of =lkali was ariticel if interferinz pesks were io be
avoided. It itherefore sesms clear that the use of la CH psllets involves too
many uncertainties and that alternative means should be considerad.

John Fryer's letter of 10tk “ebrusey indlosted that dcKone, the analyseti
at the WHO, had put forward that by the use of glzcial scetic zcid in the
praparation of the slurries, the pH could bz raduced o 2 lavel inhibitory %o
moat organisms in the seil. Further thought reised objections. Acidification
could only epply to the orepge samples end not to the samples contalaning residues
of picloram. There would be probleme of storage of acidic slurriss, MNangrove

zoils will be highly buffered, so sreessive amounts of scetic acid wounld have
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o0 be added to maintaln n pH low snough o be inhibitory. It poemed htherafors
that 2 much more inhibitory sgent waes required whose addition is ualikely to
intepfers with the snalytiesl procedurss and thai 40% formelin met these
requiremenis. Subseguent rafer-noe to the litarsture suggssted that to each
250 ml of elurry 1 el of A07 formalin should be mdded. There was the further
advantage that the formalin treatment gould =pply to soils receiving both
grange and white SEGOUE.

Apainst this backzround the follawing vrocedurss ary pow advanced fﬁr
bulking. Beeause of the high clay content of mengrove soils efficient mixing
of smaples will enly be achieved by maling & slurry using plesilc buckets or
large 1000 ml beakers sod e paint gtirrar atteohmeat to an eleciric hand drill.
Peats ‘on = hesvy cley soil suggest that an smount of water equivalent to half
the weight of =oil will be reguired for suocesaful sub-ssmnling. The ﬂuhnssmplat
of slurry which will sllow sdequate oheciting of scbrootion and anslytical
nrecedures, thut-is containing 2t leani tEEd§Lﬂf dry soil, will be of the order
of 250 ml to which should be edded abuu£-1 mi of 40y Tomnalin to imhibit atiack
by micro-organisms.

The pesults of the analysse may be sxpressed gonvenisnily in terms of ppa
dry weight of soil. At fthe time of gnalyais a sub-semple of the soil slurry

4
should bte znalysed for moisture contents. This avolde any recording of weight ia
of semples or volumas of weter added during the bulking of the samples. d

The prepzrontion of the slurries will reguire simple leborziomy fmellitlee

and eguipment which aspart from the siirring device ereaﬂ} mentioned should

{nclude larse beakers, measuring oylindera, (1000 ml, 250 ml and § ml),

— — ——— i

calibretad pipettes with = safety bulb filler and rough balances covering a
L T e i ™ = . -
range of & kg downwards.

fetwesn the time of smmpling in the field and bulking the tine from the

surface ssmples should be stored temporarily in e deep frecsa, The intact or

sib-1ivided cores could be collscted in doubls plastic bags or in tha plastic
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contaipnsrs with sorew tops which are 'over' from the originel purchase made in

Saigon. The plastic coptalners should be large enough to ellow at least peirs

of segments if not intect cores ie be put into a gingle container during

sampling in the Tield before siorage in a deep freezs. - lu.z 3:i[AJL‘ o
In order to out down the raquirements for cold storags bulking should take

plzca as soon as is feasible after sempling in the fiald. Thie is particularly |

desireble snd storase of the slurry should not be in tins unless the slurry canﬁ

first be placed in & sealed plastic bag. Sinoe the volume will be 250 ml or

more the stook of paint tins, unless they are of & half pint sise, will not be

T

big enough., It would be far better to store the alurry samples ipn plastic _
bottles with weter tight sorew tops and & minimum capecity of 250 mla. ?{i

III. GColleotion and mpmlyesiz of lesves. The plans for applying both orange
end white ssenis by helicopter to stands of mengrove include the pollaction of
felling leaves 1, 2, 4, 8 and poseibly 16 weeks after spreying to deiermine (a)
the amount and rats of litter fall snd (b) the amount of phytotoxic coupounds
which are returned o the soil in the fzllen leaves.

4z with determinations of the messurement of deposition on the soil using
peper strips, the sssential information is to determina at each sempling daie
the mean amount of leavas denosited per unit surface of apil end the averags
smount of residues containsd in the leaf litter. Thus ths mean valuea for
pesiduss cen be achieved by sub=sainpling the litisr froys and bulking for a
final sample for measuring watsr content, storage and analysis. At the aame
time some untrsated lsaves should be plucked and collacted and dried o serve
for 'blank' determinations after drying.

The simplest procsdure would be that Tor sach compound and for each sampling
date, known weizhts would be transferred ic double plastic bags and immsdiately
placed in a deen freaze for subsequent analysis. The leaf sample aod analysis
for each combination of agent and date should be dupliczted but for all unsprayed

leaves only & siogle sample Is reguired.



IV. Haximal requirszenis for znelysis. Un the besis of the foregoing
sactionsy en esiimete of the total apalytical requirements can be medz. The
data on perelstency in the =0il =ill include 3ﬁa135ea ol paper strips or eoil
semples =nd the characieriztiios of the zoil semplas for weight, waiter content
end soil volume, or conirols io check snalyticsl provsdures.

It has besn proposed that (1) there should be 20 s0il or papar strip sanples
per ploi per dade, (i1) thet surface samples (tins) or deeper samples (cores)
ahould be buliked in pmirs making groups of 10 semples per plot, (iii) mnalyses
of peper sirips should be in duplicate or possibly aquadruplicete, (iv) the conimol
samples will be of two kinds. In one where the sstimates =re physical and the
soniplea only require being lept in sold storage snd in the other uhere o ensure
gomparabllity in the anelyses of ihe herbicide componenis. slurries of the controls
with the addition of formalin, will be requirsd, (Sse Tebls 1)

.

Eztimates of ths tetel pumbar ol =amples are get out in Table 1. To

reiterate soms of the oriteris it has been advanced that in the mengrove expori-
ments sempling for orenge in the field will consist of one tin end 2 core %o
75 cmy; whils for picloram besides one tin the cors should be divided into iwo
(or three if possibley In the suggested Torant goil erperiment in Vietnem it
ig presumed that it follows the progedure 2% T.R.%.%,; nemely sampling will be
by corés and each cors is divided into three.

In estimeting the number of samplae af L.H.R.I. if the existing propesalsa
mre adoptad, thers will be no need to analyse the initisl shallow cores to
25 am since the initizl deose cesn be aztimated from the peper strips so the 22
semplos can be daducted but the control cores will be nesdad to estimate the
wolght end wster content and whether there is interference in the mnalyses.
Cn ths besiz of fhe original plen see preliminery record tPapsictence of
flavbicides "Crengs’ and '#hite' ip g Forest Soil! no blanks heve besn included
in the pubsaguent semples end orecumably Hewton in the aceond =empling did not
da so. If, however, bulking ead the eddition of formelin ic socented, then

blenke for control slurries should be taken in the subseguent gempling deacisions.
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Table 1

Estimates of bulked semples for analysis for Both
grents in the individual sxperiments

Sp0ll demples

dempling ~ i
ocoasion Su??aﬂ& Control Coree Control Paper
(useks) L'tlﬂﬂ-} gtripa
Eangrove - halicopter
0 ] o o 0 8
4 20 4 30 & Q
2 20 4 10 & 4}
4 20 4 A0 ] o0
8 20 4 30 & 0
16 20 i 30 & 9]
Total 338
ocleered
Tove =/ ground spravin
o 0 0 0 0 8
3 20 4 a0 5] o
9 20 A 20 ] 4]
Y 20 4 30 o o
Totel 188
Forest — seil
Qi Q o 0 o &
3 o 0 &0 8 o
g 4 0 &0 8 G
27 Q o} &0 8 7]
Total 212
foradt = @moll I.RH.H.T
o 0 4] 22 & 8
3 0 0 1 60 a . D
9 ] Qo &0 o ]
27 - 0 G 60 0 G

Totel 218

Laaves

oDoCoD o O O O D

QO oo

oo
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It mighi be sdvanced that the provicion of the blank samples is over
generous, If the ssrliesi semples show no interference in the analyses the
letar ones could be discarded in the laboratory.

Lastly 1% is to be noted that the total number of residus analyees for
all the experiments set out in Table 1 doss not gxosad & 1000,

From the estimstes it iz also possible to omloulats the total requirsments
for tins, nlastic bags, serew top containers and plestic bottles for the fipal
samples of slurry.

In Vietnzm the requirement for ting for surfece samples is Jusit under 400
which is, I belisve, the original number sent Jointly tn Yietnsm and the
Ehilippines; the number will require ohsc! “ing and the tins collecting togather
in Vietnam. It only plastic bags are used for tha collection of Individuel
samples prior to bulking then the raquirement is sbout 2000, If dirsct bulking
into the stock of plestic containers with screw fops is umed for the larger
samples (i.e. intact cores with & requirement of o. 100 conieinrers) theve will
be & emall reduction in the number of baps,

For the final storepe of slurries containing 47 Tormeldehyde the total
number of wide~mouthed plastic bottles with sorew top containers amd a capaecity
of 250-300 m1 will bte about 150 and Tor the Philippines sbout 200.

V. Applicstion by Helicopter. 1In plenning the helicopter spraying
additional information in required. In the first place are helicopters already
Titted with epraying equipment immediately aveilsble? Thers is & need to chaolk
their performanes and rate of output from the boom both by dirsct meesurament
on the ground and from the air, Hezsursment in flizbt cen be done by edding
dre io apent 'Orange', flying the helicopter (at the height likely to be used
in the mangrovs area) over an gerodrome where Whatmen paper sirips are set out
at right angles to the flight paths How far eway +ill be +he erodrone whers
tha herbicides are taken on boerl end what would be the estimated time to start

gnd complate the mission? Again how long ia reguired to ampty the spraying
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igear of one compound end flush out the system with 2 clsansing fluid before
£411ing with the second? Oinoe the besi conditions for flying ara in the

garly morning it may be that only one compeund can be sprayed and sampled

in a days This in turn raises queries of curfew regulations on travel since

it mer be necescary to put down the paper strips at dawn. Tastly the tidal
position requires very earsful consideration to ansure that swraying can be

deone affter fhe tide hes recéded from the ourfece and eoough time i= laft for
samnling. Yortunsiely on the basis of tha npew plan their will be mo reouiramant
Tor initiel seil semples. Buot putting dovn apd pioking up the paper asfrips in
a mEngrove ‘thicket' will be time cunsuming. Pﬁil Bese has slrsedy been written
to gboul the ne=d for = narrow peth down the middle of each sirinp.

From many aspacts there iz sverything to be sald for not attsmpting to
apply both herbicides on one day.

VI Tmilpisce. #cocording to the provisional progremme for & return visit
of mawbers of the Uemmittee in March, the manpgrove expariments are propozed for
the firet wesk of Mareh after Kewbon bas visited the Philippines. In view of
all the queriss reised in this werking plen 2btout facilidiss and arrenscmentis,
it does not seem loglstically probabls thet 21l the rsguiremente can be met sc
early in the month. Sinpoe the +ims of low tide is g vitzl factor poctponsment

towarde fthe and of the momth may be sgsential.

Gel» Rlackman

Fabruary 1972



NAS Committee on the effect of Herbicides in Vietnam

PRELIMINARY PROPOSALS FOR STUDIES ON THE
PERSISTENCE OF HERBICIDES IN FOREST AND MANGROVE SOIL

J. D, Fryer
G. E. Blackman

INTRODUCT ION

When herbicides such as 2,4,5-T and picloram are sprayed from an
aircraft on to forest only a small proportion will reach the soil direct.
After emission from the spray nozzle some of the herbicide will be lost
before reaching the canopy as a result of drift of small droplets out of
the target area or volatilisation. The majority will be retained on the
foliage of the forest plants and then either absorbed or left on the leaf
surface. Of the fraction entering the leaf, some will be metabolised
within the plant and some reach the soil when dead leaves, twigs or branches
fall from the tree.

It may be expected, therefore, that considerably less than the nominal
3 gal/ac of the defoliant agents used in Vietnam will have reached the
soil either directly or indirectly. The maximum levels will have been
reached in areas where previous sprayings, forest clearing or agriculture,
had greatly reduced the amount of vegetation cover. These levels may
have approached the nominal dose in open places and occasionally exceeded
it when overlap of spray swathes occurred.

The proposed main experiments are designed to investigate the rate
of disappearance of 2,4,5-T, picloram and 2,4-D - in order of priority -
when a dose of 3 gal agent/ac is applied direct to the soil. Under these
conditions residues in the soil are likely to be greater than those
generally resulting from the defoliation programme due to the elimination
of some of the routes of loss already described. However, it should be
borne in mind that where it is necessary in the case of upland forest or
mangrove experiments to remove undergrowth from or clear-fell a site prior
to spraying to allow reasonably uniform application of the herbicides
there will be difficulties in the initial dose and the rate of disappear-
ance of residues compared with the treatment of a relatively undisturbed
forest. For this reason it is hoped that in Vietnam it will prove possible
to arrange, in addition, aircraft applications of ‘orange' and ‘white’
to allow assessment of the persistence of herbicide residues following
an initial treatment of at least an undisturbed mangrove area and if
possible a forest area also. The latter may, however, well prove impossible,

Experiments are also proposed to examine the effect of 4 doses of

the agents on agricultural soil on establishment and subsequent early
growth of a range of crops.

PROPOSED INVESTIGATIONS

The persistence of agents forange® and ‘white' in mangrove and forest
soils in the Phillipines and Vietnam.



I MANGROVES

It is hoped that the following experiment will be carried out in the
Phillipines and, as far as possible, duplicated in Vietnam,
Object: To determine the rate of disappearance from soil of 2,4,5-T,
picloram and 2,4~D applied shortly after clear—felling an
area of mangroves.

w
N
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This should be at the higher end of tae tidal range to allow
adeguate time for spraying and soil sawmpling when the mud
is not covered by water.,

g :

Treatments: QOrange
C

3 gal (US)/ac
= approx, 12.9 ib 2,4~D a.e./ac + 13.2 1b 2,4,5-T a.e./ac

White

C

3 gal (US)/ac
= approx. 1.6 1b picloram a.e./ac + 6.0 1b 2,4~D a.e./ac

Spray volume: Approximately 3C gal/ac accordimg to equipment available
and results of test spraying.

Formulations: ‘Orange® is a rather viscous oily fluid which must either
be diluted with o0il or emulsified with water after the addition
of a suitable emulsifier, before it can be applied at the
desired rates by conventional plot spraying equipment.
Diesel or kerosene are suitable diluents but might be objected
to on the grounds that at high rates they might conceivably
alter the rate of disappearance of the herbicides. If an

‘ oil/water emulsion is used, the possibility of the emulsifier

i having an effect on dissipation must also not be overlooked,

‘ e.g. by allowing greater mobility of the herbicide in tidal
waters ~ a problem that could be overcome by having a quick-
breaking emulsion. The advice of Dr. C. Minarick is being
sought .

Plot size To be determined on site but for the basis of planning it is

and layout: suggested that an area not less than 90 x 30 yd be cleared
to allow 3 x 3C x 3C yd plots, two to be treated with i)
orange ii) white; the third as control. Stumps should be cut
as near ground level as possible to facilitate spraying.
Trash should be removed from area and could be stacked around
perimeter. It should not be burned near the site as charcoal
could confuse the results. To minimise the risk of cross
contamination the cleared area should be orientated so that
the main flow of tide is parallel to its shorter sides. If
due to local topography it is not possible to have the 3
plots all in one block, each can be located in a separate
clearing, in which case the sites should be as close together
as is feasible,
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Plot marking:

Tide at time
of spraying:

Precautions
for spraying:

Spraying
ecuipment s

Sampling for
residuess

Some way will have to be found to locate accurately each

plot for the duration of the experiment. Permanent markersﬂ\

for each plot corner will be needed. Unless the area is
securely guarded at all times, the removal of markers by

local people must be anticipated. If the plots are located ~

by triangulation to adjacent uncut, marked mangrove trees,
care will have to be taken that these will still be identi-
fiable in the event of their being cut down by local people.

Spraying should take place on the ebb tide after the water
has drained from the plots. Provided the chemicals have
been prepared and measured beforehand and the spraying
equipment is in good order and has been calibrated, it
should be possible to spray both treatments within 2 hours.
Dr. Chandler and Professor Ho are requested to advise
urgently on days in January when low tide occurs around noon
in the selected areas in the Phillipines and the Rung Sat,
Vietnam, respectively.

It is suggested that the spray licuids are strained through
a fine mesh filter whilst being poured into the sprayer.
They should be made up into transparent containers to allow
any crystallisation of 2,4,5-T - ester or emulsion -~
breaking to be detected. Unless previous tests confirm
that adequate stability of an oil/water emulsion of ‘orange’
can be assured for the required time to allow detection of
concentrate in the laboratory, mixing up must be done on
site and jerry cans of clean water will be reguired (total

- 20 gal?). To prevent drift of spray on to adjacent plots

(this is particularly important in view of the high doses
used), two windshields may be required - one up-wind, one
down-wind. Hessian stretched over a light wooden frame
(about 2.5 x 5 ft) is much better than plastic film for
this purpose. To assist accurate spraying, a stop watch
should be available.

Note: The spray bar (with pressure guage) and nozzle set-
up should have been previously calibrated with the spray
liguids to be used to provide reasonably uniform deposit
over the spray swathe. The viscocity, throughout and spray
fan angle may be appreciably different for whatever formu-
lation of ‘orange® is used and for fwhitef - and even for
the different concentrations, It is essential that a full
calibration programme is completed before reaching the site
and if necessary different spray bar and nozzle configur=-
ations provided.

Tests at WRO point to use of a Polyclair Kknapsack sprayer
fitted with a special lance and sprayboom. Promising
results have been obtained with Allman fan jets operating

at 1C p.s.i applying 3C gal/ac at 2 m.p.h. to a 2 yd swathe.
The present plan is to take out this equipment to the
Phillipines, use it for the mangrove and forest sites
selected by IRRI and then take it to Saigon. If IRRI does
not have suitable equipment, WRO can make available two

sets - one for Vietnam, one for Phillipines.

Schedule. Suggested times of soil-sampling are: C, 3, 9
and 27 weeks after treatment. It is necessary to sample
immediately after spraying (shallow cores only - say 2 in,

3

4



Ecuipment:

Residue
analysis:

Supplementary
studies:

deep) and before the plots become flooded by the tide to
estimate the percentage recovery of the applied herbicide.
This may vary from around 60 to 100% + according to previous
experience in agricultural seils, If possible not less than
20 cores from each sprayed area should be taken at random
from each treated area at each sampling date., Without
preliminary work to measure variability of residues, there
can be no statistical basis for choice of number of cores
per plot and logistics are likely to prove the deciding
factor. At the 2nd, 3rd and 4th sampling dates, cores
should be taken to the full depth of the corer (c. 75 cm),
each core being divided into the top 5 in. (12.5 cm) and

two 26 cm sections. On each sampling occasion, 5 comparable
random cores should be taken from the uatreated area. The
core sections should be placed in separate polyethylene
bags, labelled and stored in a ‘deep freeze' within a few
hours of sampling until required for analysis. If 20 samples
are taken from each treated area and 5 from the control,

the number of samples for analysis will be 20 x 1 x 2 + 5 = 45
from the first sampling date and 20 x 3 x 2 + 5 x 3 = 135
for each of the three remaining dates, i.e. a total of 45C
samples. WRO experience suggests a maximum of 16 determin-
ations of 2,4,5-T a day or & - 1C picloram per GLC unit.

If it is necessary to reduce the number of samples by bulk-
ing and sub~sampling, it must be realised that it is
unlikely to be easy with this type of soil and that the
mixing process will result in aeration of the samples and
possibly a rapid change in pH and the microbiological

status of the soil, which might affect the persistence of
the herbicides. *

The WRO dual purpose 2 x 36 in. soil corer is already avail-
able in Saigon suitable for both forest and mangrove soils.
A new light-weight corer is currently being constructed

at WRO which should be suitable for the mangrove and
volcanic soils of the Phillipines. It will probably not

be strong enough for really hard or stoney soils. The plan
is to loan this to IRRI if suitable equipment is not already
available there.

Samples from the experiments involving agent ‘orange® should
be analysed for 2,4,5~T and those from the experiment with
*white? for picloram. If possible 2,4-D should be analysed
in samples from both experiments but this should be regarded
as of lower priority since 2,4-D is known to degrade more
rapidly in soil than 2,4,5-T. At the time of writing

(22n¢ November) it is not known for certain which laboratories
will carry out the analyses. Dr, Chandler has offerred to
explore the possibility of the work being undertaken by IRRI
and Professor Ho and Dr. Lang will investigate facilities

in Saigon. In either case, communication should be estab-
lished with Dr. R. J. Hance of WRO who has experience of

the techniques and problems involved and who, if necessary,

is prepared to make a short advisory visit to the laboratories
concerned .

In addition to the basic experiments proposed above, it

would be valuable if the work could be extended to include
(i) plots of mangrove forest in a natural state sprayed by
aircraft with ‘orange® and ‘white' at the standard rate of
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* Tt follows from this that 50 residue determinations
should be made immediately after mixing.



3 gal/ac (Vietnam only); (ii) some bioassays of residual
phytotoxicity, in particular the planting of mangrove seed-
lings in situ; (iii) measurement of rate of disappearance
when ‘orange’ and 'white® are applied at lower doses
representing drift levels or a dose likely to reach the
soil direct under a forest canopy (only if the aircraft
applications described below prove not to be feasible or

if assessment of the hand-sprayed plots i and 6 weeks after
treatment indicate a slow rate of dissipation).

(i) Aircraft~sprayed plots. The size and replication of

the plots should be decided by the ecology group but it seems
likely that two unreplicated strips each of ‘orange® and
twhite' (at 3 gal/ac) will be all that is feasible with a
buffer untreated strip between. As already noted, the route
of entry of the herbicide into the soil is likely to be
largely via the leaves and twigs of the treated forest and

if possible an estimate of the herbicide dose reaching the
soil directly or indirectly should be obtained by (i) use

of an oil-soluble dye such as Waxoline Red in the spray
solution, placing strips of filter paper in suitable holders
a few inches above the soil surface prior to spraying, eluting
the dye from the filter papers after spraying and assessing
dosage by colorimetry; (ii) collecting samples of leaves
falling from the trees at intervals after spraying and
estimating the herbicide reaching the soil by this route.

In either case variation in deposit from place to place
within a sprayed plot is likely to be extremely large and
unless a considerable number of random samples can be taken
and analysed, the chance of any reliable data resulting

will be small. Little guidance can, unfortunately, be given
on the minimum number of samples reqguired to produce a
reasonably low coefficient of variation and it seems that

at the best only a rough estimate of herbicide levels reach-
ing the soil can be obtained. For the initial sampling of
spray deposit, a recasonable procedure might consist of five
rows of 10 samples at right angles to the direction of spray-
ing, spaced at regular intervals along the swathe. Two-inch
wide strips of filter paper have proved satisfactory for

this purpose, being kept flat in light metal holders which
can easily be made up from thin gauge sheet aluminium. If
each plot consists of two spray swathes, soil samples should
not be taken from the vicinity of the junction of the adjacent
swathes, since the dose is likely either to be excessive Of
much lower than average according to exact position of the
aircraft on each run and prevailing met conditions. In
Vietnam, theprocedure adopted for soil sampling for residue
analysis of the aircraft-sprayed plots will doubtless be

more a question of feasibility rather than of statistical
recuirement. If possible cores should be analysed separately
as above. If not, bulking and sub-sampling can be done pro-
viding thorough mixing can be achieved (probably necessary

to do this by hand) and there is only a short interval between
mixing and analysis - or deep-freeze storage. Again 20

cores per plot should, if possible, be regarded as a minimum
with a selection of sites representative of different densities
of canopy. Since the total dose reaching the soil is likely
to be considerably less than in the cleared plots and the
period of dosage will cover days, if not weeks, following




treatment according to the rate of leaf fall, more frecuent
gsamplings will be recuired, particularly in the early stages,

- J
E} QreA v ! e.g. 0, 1, 2, 4 and ¢ weeks after spraying. If it is decided

% aL/u\/h1¢Q¢ﬂf to collect leaf samples for herbicide analysis, wicker oOr
- ' | woven grass baskets of local manufacture should be con~
sidered. They would be cheap, light, inconspicuous and
easily secured above high tide level to 3 canes.

(ii) Bioassays. In addition to the chemical residue deter=
minations outlined above, it would be valuable if simple
bioassays could be undertaken to provide a qualitative
assessment of the disappearance of phytotoxic residues.
Considerable experience of field and iaboratory technigues
for bioassay herbicide residues in soil is available at
WRO but modification would be recguired for mangrove soils.
For the latter the most realistic approach would seem to
be sequential plantings of mangrove seedlings direct into
the cleared hand-sprayed plots and the aircraft-sprayed
strips.

(iii) Lower doses on cleared plots. A dose of about é gal/ac
of either agent (‘orange‘® or ‘white') might be appropriate,
but should be adjusted according to the disappearance rate
indicated by the early assessments in the hand-sprayed plots.
This should not receive high priority, unless the latter
indicate that little loss of herbicide has occurred or if

in the case of mangrove soils it should not prove possible

to undertake the aerial spraying trial.

11 FOREST SOILS

The general programme described above is also relevant to forest soils
but will of course require modification according to iocal conditions. In
the Phillipines Dr. Chandler has reported that it is likely to be possible
to clear the undergrowth away to lay down the main experiments in a stand~
ing forest. In Vietnam a rubber plantation is likely to be the most suit~
able if a site, security and co~operation can be obtained. In both forest
and mangrove  there is some risk of damage to the trees, particularly from
agent ‘white' and agreement about this will need to be reached with the
collaborator. '

111 AGRICULTURAL STUDIES

To obtain background knowledge of the persistency of residual effects
in the soil arising from drift or the accidental application of the *orange’
and ‘white® formulations to arable crops the following experimental layout
is proposed (see diagram on page 7), but with separate experiments for the
two formulations,

There are advantages of ease of application in having long
relatively narrow plots which should be sprayed at rates of C.C, 0.3, 1.C
and 3.0 gallons of the agent per acre. As stated earlier each formulation
should be diluted to give a cover of 30 gal/ac.



SUGGESTED LAYOUT FCR AGRICULTURAL STUDY
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A - plot width determined by swathe width of sprayer butnot less
than 6 ft

B - path width not less than ¢ ft (unless bunds between plots)
C - 50 ft (4C ft in rice excluded)

PD - Planting date

NOTE: Position of planting dates and doses should be randomised



to be

At four intervals after spraying rows of seed in the case of corn
(maize), sorghuﬁ, groundnut and mung beans should be sown transversally
across the control and treated plots, together with cuttings of sweet potato
and transplants of rice - see later. At each sowing there should be a
minimum of 4 rows with records of plant establishment and growth made on
the two middle rows. These observations should be restricted to the early
vegetative phase ~ say 4-6 weeks from sowing or planting ~ when any
abnormalities in the pattern of growth should be noted, together with final
counts made at the end of the 4-6 weeks of leaf and stem or tiller number
and maximum height, as minimum requirements.

~ After making the observations all the plants should be removed so that
there will be no interference with adjacent younger plants that may have
been sown at a later date.

The layout of the plots will be dependant on whether during the life
of the experiment any dry period is likely to be so pronounced that it will
not permit of the successful establishment and subsequent growth at each
of the "sowing" dates. If drought is not a hazard, the ground is level and
there is little risk of surface wash in heavy rain the plot unit should be
one where the length is sufficient to accommodate the four sowing dates of
all the selected crops. But, clearly these conditions will exclude paddy
rice with its requirement of standing water. The simplest arrangement
would be for a separate rice experiment with bunded plots.

Assuming that the distance between rows will be about 1.5 feet for
corn, sorghium, groundnut and mung bean and 3.0 feet for sweet potatoes
the total plot length will be 20C feet (5C x 4) which would allow narrow
gaps between sowing dates. If this is an awkward shape the plot could be
split into 2 parallel 100 ft lengths, each with 2 sowing dates.

The width of the plots should be related to the effective width of
the sprayboom and for uniformity of application plot width should be in
multiples of boom width, with a minimum of 6 feet.

This split plot design is aimed at minimizing possible contamination
between doses and so preferably the width of the paths separating the unit
plots, compounded of dose and time of sowing, should be relatively wide -
about 6 feet. Again, because of the greater mobility of the ‘white' for-
mulation the two experiments should be well separated.

If there is a danger of water stress and all the plots have to be
watered from time to time the layout should be substantially the same but
the details will be dependant on the method of irrigation.

The intervals between sowing dates will be determined by (i) when the
experiment is started and (ii) the completion of the observations follow-
ing the last sowing date. If as planned the experiments are initiated in
January at the IRRI and in January or February at Mytho and all the data
are/ready by the autumn for incorporation into the final report, the
intervals between sowing dates on a logarithmic scale should be 3, 6, 12
and 24 weeks from the time of spraying. T

Without a knowledge of local conditions only a guestimate of the land
requirement can be made. Allowing for a three-fold replication about an
acre should suffice,.

The plots should be hand-weeded as necessary to ensure that weeds do
not interfere with i) growth of the crops ii) seedbed preparation and crop
establishment .
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Appendix

LIST OF ECUIPMENT LIKELY TO BE NEEDED

MARKING OUT PLOTS

Pegs

Labels

String

Tape measure*

Mallet or hammer

SPRAYING
Sprayer* ) )
Sprayboom* ) pre-calibrated
4 plastic containers of 1.5 US gal capacity for mixing up spray solution
Clean water 2C gal in clean containers, e.g. petrol or jerry cans
Measuring jug 1 US gél

R * 1 pint
Stopwatch*
Plastic funnel with fine mesh filter or funnel with muslin for filtering
Rubber gloves

Light rubber or canvas-rubber boots

AERIAL APPLICATIONS

Dye

Filter paper strips*
Aluminium holders*

Baskets for collecting leaves

Canes for supporting basket clear of water

SAMPLING

Corer* (a new corer is being constructed at WRO and will be available
for use in Philippines in addition to the one already in Saigon)

Double polyethylene bags* (50C)

or

Metal containers (already in Saigon)
or

Plastic jars with screw tops

Plastic labels¥*

Pens with waterproof ink for marking*

NOTE: Items marked with * will be provided by WRO



National Academy of Sciences
Committee on effects of herbicides in Vietnam

PERSISTENCE OF HERBICIDES *ORANGE® AND ‘WHITE'
IN & FOREST SOIL

Preliminary record of an experiment at Los Banos, Philippines

OBJECT

To determine the rate of disappearance of 2,4,5-T, 2.4-D and picloram
applied as defoliation agents 'Orange’ and *White® on a forest soil

during the dry season,

TREATNMENTS

(i) Agent *Orange’ a 50/50 mixture of technical grade n-butyl
esters of 2,4,5~T and 2,4~D applied at 2.7 gal (US) product in 3C gal (US)
diluent/ac equivalent to 11.7 1b 2,4,5-T a.e. * 11.4 1b 2.4-D a.e./ac.

The "Orange' was formulated as an emulsifiable concentrate {e.c.) and then

diluted with water.

(ii) Agent 'White' (Dow Chemical product Tordon 101) containing
2.C 1b 2,4-D a.e./gal (US) and €.54 1b picloram a.e./gal (US) both as the
tri-isopropanolamine salt applied at 2.& gal (US) product in 32 gal/ac
(US) equivalent to 5.6 1b 2,4-D (a.e.) + 1.5 1b picloram (a.e.)/ac. The

product is an aqueous concentrate and was diluted with water for spraying.

*Orange® was formulated as an emulsifiable concentrate using an
ac juvant consisting of 60 parts Atlox 3404, 90 parts Atlox 1186 and &5C
parts kerosene by weight. The concentrate was prepared by mixing one part
of the adjuvant with two parts 'Orange® by volume. On adding water a
satisfactory emulsion was immediately formed with gentle stirring. In
the laboratory test some settling out of oily components occurred during
overnight storage, but these disappeared readily on stirring. For spray-
ing a knapsack sprayer was partly filled with water to which the *Orange®
e.c. was added and mixed. The remaining water was then poured into the
sprayer which was thoroughly shaken to ensure complete dispersion. The

same procedure was used for diluting *White®.

Approximately half the total dose of each product was applied dur~
ing the evening of 1&th January 1972 (overcast, cool); the remainder the
following morning (sunny, warm). The time taken to spray each plot was

measured by stop-watch to allow the normal dosage to be adjusted to take



into account variations in speed of walking caused by the difficult
terrain. The doses given above are those calculated to have been actually

applied.

LAYOUT AND SITE

One plot 15 x 30 m was treated with *Orangé’ and an adjécent plot
of the same size treated with 'White®. Plots were unreplicated due to
site restrictions., For spraying each plot was marked out into nine 2~yd
strips, the width of the spray swath. The site near Los Banos kindly
provided by the University of thé Philippines, College of Agriculture,
was located in a clearing in the forest reserve. The clesring, which
did not exceed 1 ha has probably been subjected to shifting cultivation
and the vegetation was now dominated by grasses and herbs with a few
bushes and bananas. There was a heavy litter layer overlying a heavy
tenacious red clay soil. The plots were situated on a 20° slope facing

south east.

MANAGEMENT

Before spraying, two thirds (iC x 30 m) of each plot was cleared of
vegetation to expose the litter layer. On the remaining third the vege-
tation was slashed and left on the plot providing a dense cover of wilt-
ing freshly cut trash up to 20 cm deep. After spraying the plots will

be left to regenerate and no further management is proposed.

SAMPLING

Before spraying, 5 soil cores were tzken from each plot to 25 cm
depth to provide blanks for the chemical analysis of residues. In addition
a pit 5C cm deep was dug in each plot and a core extracted from the 50 -

75 cm soil layer. The internal diameter of the corer orifice was 4.6 cm.

After spraying, during theafternoon of 19th January, 5 cores to
25 cm depth were taken at random in each cuarter of the cleared part of
each plot, i.e. 20 cores per plot. Each core was placed in a plastic
bag, stored in a refrigerator within 4 hours (¢°C) and the arrangements
made that they should be moved to a 'deep freeze' within 36 hours.
Subsecuent sampling is intended at approximately 3, © and 27 weeks after
spraying. At each date 20 cores should be taken as above in each plot,
but the core depth should be increased to 75 cm, (underlying rock per-
mitting) each core being sub-divided into 3 x 25 cm sections. If the

tenacious nature of the soil does not permit using the corer to this
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depth, the deeper sampling should be undertaken by extracting samples

from the face of dug pits.

RESIDUE ANALYSES

Levels of each herbicide in each core section will be estimated by
Dr. T. Yoshida, Microbiology Section, IRRI, in consultation with
DPr. R. J. Hance of WRO, by appropriate chemical methods. There may be
a problem of expressing residues in terms of absolute levels in each
column, since core samples varied greatly in weight on account of vari-

able bulk density.

SPRAY DEPOSIT ANALYSES

During each spray operation 10 Whatman chromatographic paper strips
(45.7 % 7.6 cm) each with a receiving area of 26&.3 cm2 were placed at
random in each plot. The sprayed papers were collected up within a few
minutes of herbicide application, folded and rolled and those from each
plot were stored together in separate double plastic bags. These were
transferred to a refrigerator within a few hours and hopefully to a deep
freeze within 24 hours. The samples from each plot for each application
should be extracted and analysed for deposit level of the respective

herbicides.

J. P. FRYER

January 1972



CCODE FOR LABELLING SAMPLES

*Orangef ‘White®
5 samples A 5 samples \\\ \
(16-20) N\ (16-20) \ \
\ \ X
@) N\ (d) \ \
5 samples 5 samples
(11-15) (11-15)
\
©) A © | \
5 samples \\\ 5 samples \\\\ \* \\
(6-10) (6-1C) \ \\\
(®) (b) \\ \
5 samples 5 samples \\\
(1-5) v\ (1-5) \ :
(a) I\ N\ (a) \

(Shaded areas are those on which vegetation cut but
not removed)

CODE:

Site Los Banos

Control (pre-spraying samples)

Treated *Orange’

Treated "White®

(a~d) equal quarters a =

i.e.

i (a) (first sample of sub-piot a)

bottom d = top of plot

LBTO 1 (a) equivalent to Los Banos Treated ‘Orange®

o et
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