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Preface
 

The inspiration to write this book came as we prepared to teach 
course after course on11weed llallaICellenlt ill de\veloping coun
tries. We knew tile topics we wanted to cov'c in such a course and 
the inefficiency of prepari ng anew for each course was apparent. 

It also became obvious that More thall a few people 111ust 
eventually organize and teach weed management colses if there 
were to ie ally hope of meeting the1Cneed worldwidC. Surcl\' \e had 
acquired experience that woU l be use ful to other instructors. 
There was a natural temptation Ma standard set of pato prepare 
pers on tile selected tropics and encoulraCe presentation of tile 
same material time after time. But it was apparent that for each 
COontrv. each courlSC ald each group of' participants, the needs 
varied. A standard set of material would not allow tle flexibility 
so necessary to adapt to local conditions. 

We hope the following pages are a workable conpromiise. 
They are intended 1o 11e a beginlining outliniie for instructors. This 
is not a textbook. Furthermore. it was written ilthl the a!ssump
lion that tile listructor will have extensive knowledge arid experi
ence in e'ed riianagemcnt . ideally. tile pages will be printed as an 
ot.tliliC With plenity of space for tile instructor to add details and 
local examples. 

We have used tile first draft in this way and found it to be 
helpful in preventing an unnecessary duplication of material and 
as a reminder of important topics. We sincerely hope that each 
user will improve and expand this manual to make it even more 
useful. 

L. C. Burrilland M. D. Sheik 
International Plant Protection Center 

Oregon State University 
Corvallis, Oregon, USA 



Introduction
 

Possibly the greatest contrast in crop production between hlgh
technology farming in developed nat ions and small-scale. subsis
tence farming in dCvCloping countries lies in land 1preparation and 
weeding methods. In developed countries, the use of improved 
technologies has allowed greater flexibility incrop production 
while maxilizi ng the benefits of costly inputs of nutrients and 
moislurC. IFor the irst timC in histor\, narl. o1ptinial crop pro
duction is possille \ith ,inimall labour inpults. This has led occa
sionllv to an oCrroduCtionlOf ce-taill ClOps. 

1)nthC olhcr hand, in developine countries, improved land 
pIrpMaratiOn wd lalnagcillent technologies haveweed not 
reached the lnll-scale. alra ic-land faItCr. \\ho has been left 
with technologics that have altered little with time. that are 
extrelyc\ laboriou, ind that at tilles CxCrt al adVisC CfCCl Onl 
tile a'ro-,.cosy\Stenl. "\sa result. the cCa 'iljoritv of larmers in 
these countries are lot able to llliximillZ inputs. and their 
economic status is lot materially improving. 

FA() recogni/es these conStraints and the inherent diftlicul
ties of transferring ipptropriate technologies owing to the lack of 
people with the desired expertise and the large number of small
scale 'alrmerlS to be trailnCd. TO ovecom tilese Constraints atd 
difficulties. FA) believes that there is no alternlative biul to direct 
a wider effort toward training al all pwssilhle levels. Any new 
techtolog\. elore being accCpted a tile f'alrm site. ilist hC col
rcctlv analvscd, described, dClonstrltCd. ,:riticizcd. nodified. 
and subsequently iOlhCId. 

L.earning aiout nC\ techniques is tills a slo\\ ,perntlal and 
social process. To accelerate this process. special traini.ng 
methodologies must he alppliCd. which are based on [last experi
ence and which ilave prlved succCssful. 

FAf's lnsrtu tor', intiual]orwT'/' l aieP'inlt is based on 
many years of teaching and triining experien. . Its aim is to fill an 
existing gap. namely tle lack of a suitable pubi cat ioll adalptCd to 

http:traini.ng


developing countries and capal)le of assisting in the training of a 
large number of cxtension staff aId tuIIc train:CS. If this manual 
can fill that gap. it will be of great help in the formidable task of 
transferring appropriate tcch nologies to the millions of small 
farmers who IMVC lhladlittle benefit from the mode'nizing of 
agriCulnttire. 

D.F.R. Bomrner 
Assistant Director-General 

Agriculture Department 
FAO 

x 



1 Course organization
 

Suggestions on procedure 

Ihe following sugecst ions or ideas have proved useful in weed 
rnanagement trainin, cou.'ses. Some. while )b\iols, are worth 
1101ing and all should he c nside red. 

" Plan ahead 

* Pursue lundi,.. and non-Imonetary support from1 several agen
cies and utilize the resources and strengths of each 

0 Select course participants \0hosc backgrounds. irtCrCs's and 
language capahilities are similar 

0 Select a location that i,, free oldistractions and netar field plot 
sites 

* Select a location \\here corlortablc holning,, and adequate 
food can he provided 

* Schedule the course to minimize conflicts with the lield work 
and national holid::s of participants 

• One Or more instrmdtrs should \isit local farms before the 
course to becomre fanili~ir with weed problems anid arrange for 
field trips kith course participants 

0 Select topics that are appropriate to the back ground of the 
participants 

* Organize a dail schedule that mixes class-room and field 
activities 



" Plan and prepare appropriate practical exercises 
* Insist on a high level of involvemcnt I1wV the cou rse participants 

(attendance, punctuality) 

* Do not give lectures; leadl disCussions 

o Provide as many relevant piIhlicatios as ptossihle 

" NIin ilrizC rcliancC on visual aiIS preprcd in advellicc. The'y 
tend to structure the presentation and limit involveCnnt 1bpar
ticipants. 

S tart catr day with a review NeSsiin . It Will 11Ourage night
titmc study,. 

* (O)ntile first day of the course. divide partici panilts into groups 
of, 	five to eight people. Man' activities can be carried out in 

Ol)ups. 

* The "core'" instructors shou'111 bC in the class-room (alld field) 
whenever possible to he inVolved in d iSIisSiOns illd CnSutll. the 
Con1tinutVit.f p0'-lreslltaltiorlOS 

* Start all scssif)n time.onAno \who arrives late could bel 1 
fr ,nerlierasked to anser a qtuestio [0H Alla liSCulSSionI. 

* Use the expertise ofhlcal scieltists \when atppro)priatc, but not 
to the point Wx'he r cortlof COuISC conulert is lost or the schedule 
is disrupte,,l 

* Remiid inIvited speakrs to stav withil tile assigned topic and 
allotCd titie 

a Encourage invited speakers to use a discussion foriat. Often. 
speakers will not be comfortable with this technique. It is helpful
if they sit inron several sessions before their own participation. 

* Encouirage chemical aid equipment company representatives 
to participate hyvsponsoring social events such as dinners, or dis
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cussio s of their piroducts. reseach activities, and so on. Such 
events help break up the routihlC for j;articiplanIs in longer train
ing counrses. 

* Start the coursc \itl an cxtminaition tIo dctermit the knowl
edge level of articip:;1tns 

e Take indlivitllal lpholognalhs of particilants Ontihe first day 
and have picturcs lhrincd as soon as possible so inlstructors can 
learn names. Inli\ idltAl participants apprciatc rcceiving adupli
cate print, 

a Ma sure all spport Iin\ lics such ast rainsportttiOtn. lood 
SC'ViCeS and hotusillg are :ldCqlUI alntl timlC' 

o Advise p~articipalIts bCfre their ,irii\al 0!' Haturc Of theokhC 
course,.any slpcCial CoditiOnS. antI lat will hc CXlCctCd of thCm: 

- tile locatioii Of the Course 

- the full schedlC antl tile ncssity Of CgtUlar attcndance 

- h1oLtsing alrriLnCeICints. inet.L1line !,iaring room11s 

-- the tiCItI-wOrk retuirenent 

- tinanciil dietails, in.Clutlitii type oft ravCl, CxpenllSCS ell route, 
and receipts neetlet 

o Be cspcciall. sensitive to lan ulatc2, harriers if visitingz instruc
tors or guest speakers are not thortghly f Ymiliar local cuswith 
toms. llorCs ant li elnlaLC 

• Take special care to invoie partici pants who are especially 
timid or lack self-coi fidcnce 

a Plan and piep:rc for an c; alnuation of the course 



Equipment and supplies 

The following list is based on extensive experience and should be
studied careful l. lIetCPs requiiired for a course should be obtained 
well in advance. A normal trainimn schedule leaves little time for 
shi ppi g tips 

Useful supplies.foir a weed management course 

ST1ape. i'ICeaSnc, 5011i. chlh iIi)lorccd with plastic: One for 
each group Of ',]\ Wocigli pcoplC is \,cry helpful 

* 'ape mle ,i ,trc. 2-.3 in 

* Marking pens in various colois 

* Plastic bags in vari tiousSies 

• Graduatecd cylinders. 25 cc. IW(ib cc 

0 Gradlalcd ptichcrs. 2 1 

* Scales wc'ik linallto smIqunantities of chemicals 

* Spatiltl~;hr sco'COpill pdr fornulaItiolS 

9 Pen, paper and portfolio for each participant 

* Pipettes and bulbs 

* Disposable gloves 

* 1ICay rubbcr gloves 

Rubber hoolts 

9 Assorted crop and weed seeds 

4 



* Stop watch 

* Protective lab coats and dust masks 

" Plot stakes 

" Extension cords 

" Blank plastic sheets for overhead projector 

" Detergent and household ammonia 

" Cotton twine. ruIbel Iands aMl paper-clips 

" Assortment of pots and trays for greenhouse projects 

" Assortment ofcrops growling in pots 

* Selected herbicides 

" Assorted pulblications On weed Lnmanageent and research 
methods 

" Buckets for carrying water 

" Samples of herbicide labels 

" Small calculators 

" Blackboard. chalk and erasers 

" Magnifying glass 

" Stapler 

Useful equipmentfor a weed management course 

* Lcver-operated knapsack sprayers, one for each group of 
four to six participants 
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" Knapsack sprae'r, motorized 

* FoLII-no)zzle booml1S 

* Assortmet jf Inozzle; anud screens 

" Assortment of hand-tools for field-work 

" 5-nm!! slide pro!'cctor 

" Overhead proleciu

S,,MiscCl laicou spra.,crs and other herbicide application 
equipme nt 

* JTranlsportatiOi 

Treatnieiit scheduling 

tHa.inds-on fieId experience in calibrating sprayers, spraying plots, 
and -valualhig rcsponses weed control iatmelitsplant to is 
indispensable in a wccd IIaIilelit trainine course. 

However, sincc le plant responses 1o Certain itreatillelts 
lia not be visible for Ii-12 etacs, instctors of short courseslh 


(less than ninonlli In)am be forced 1o schedule lield-work and the 
use of' herbicides for thC firstew a\'s of tle CoLrse. InstrLctors 
riced to make clear that although a shorl couseC obligaes useClhe 
of herbicides dIring tie lirs! few da\'s. it should not be itllClprltd 
to mican that chemicals are m0c illpoltant thal other inethods of 
weed control. Time pl mitting. a more logical approach would be 
to cover wfted control methods, biological and ecological factors 
influencing \Weed populations, weed control CquipnlCt, an1d field 
plot tCchniqluCs 'm1d CxpCrimntlCl procedures before beginning to 
rise herbicides. illy cIaSC, SIt'e lsC of pesticidesIn the should 
always be dealt with before working with herbicides. 

While tIis i arialI attlliipts to follow a logical sequeice of 
topics within these limitations, it may be preferahle to make other 
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adjustments to meet local conditions. such as the dntes ol which 
invited discussion leaders are available, the availability of, trans
portation and ftacilities. Experien,:ce also conlfirms that partici
pants are more atte ntive i a day can include hooth class-room and 
field or Uhorator' exercises. 

Often ion-class-rooni activities arc advisahle iinin2diielv 
following 1.1luCh1. This hcltp, particip::its teromc drowsiness 
which is comion it this ihou-. EVe lill2 iactivities. if any..should 
be plllnCd with part icipantS Paclical slhutld ber exercises 
schCdulcd to follow in mediatel the studs' Of) pri nci)ies or proce-

Suir 7s. 



2 Weeds: an overview
 

Definition of weeds 

This topic is a logical and ideal choice for the first lecture because 
it allows you to initiate a discussion format quickly for the course. 
Participants should suggest definition!, of weeds. Little is lost if 
theN are not precise, the participants are forced to think. Ask the 
group to :otmieCOt on each definition proposed. 

Some definitions 

" A plant out of place 

" A plant not sown Whose undesirable features outweigh its 
desirable features 

e A plant or part of a plant interferring with the objectives of 
hum ans 

" Any plant growing where it is not wanted 

* A plant whose virtues have not yet been discovered 

" An undesirable plant 

* Oxford English Dictionary: a herbaaceous plant not valued 
for use or beauty, growing wild and rank, and regarded as 
cumbering the ground or hindering the growth of superior 
vegetation 

o3 Question: Can a crop plant be a weed? 
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Human perceptionand tt,wmlteUd plntls 

Eo Discuss this cotic'/)t: Weeds occUi only bCsIe of htuma 
attitides. 

- plants arc consIdered weeds w1xhen Ihey itre reic with the 
utilization of land and water resources or otherwise adversely 
intrude Upon1 humanl we Iare 

- usually this m1eIanS that \wCCds are riOvill where other 
plants are supp)osCd to grow or elcrc no plants should be 

Positive value of weeds 

Considerable time wvill be spent on the negative value of wccds. 
Yet, it is iinportilnl io consider soeic of the potential positive 
vaiues of plants usuallv considered wCCCs. 

[ Askr.f," examles ofpositir vahu(,v of/needs. 

- erosion control 

- food and cover for animals 

- fool Ior people 

- Medicines 

- in adding organic matter to the soil 

- in recycling nutrients from deep in the soil 

- genetic material 

- beauty 

- host for beneficial insects 

- nectar for bees 

10(
 



Participants should be urged to balance the costs and values of 
weeds when making judgements on control programmes. 

r Discuss the con'lCet of "risk-Iem,'if'. 

The costs of weeds to society 

This section should eCIphaise that weeds are a serious constraint 
to crop production on a worldwide Ibasis and that weeds also 
interlere with huial activities in other ways. 

The instructor should refer to a 1975 palrer by C. Parker and 
J.D. Fryer, -Weed control problems causing major reductions in 
world food su ppliCs". published in FA 0) Ph/l i M'roll Blh,
tin, vol. 23, no. 3/4, ind alt available as I ivernational Plant Pro
tection (oInmnission paper B/14 (in ) 1nish3/15 (in Spanish) 
and 13/16 (in rench). This paper reports an estimated average 
annual crop loss of I1.5 percent \wrldwidc. for a total atnnual 
world loss of 287 5{900)0) tonnes. 

Agricultural losses 

It is difficult to deteri inC the losses CLused by weeds oil a global 
scale. More meaningful estimates of production losses from 
weeds can be given for different kinds of agricultural systems: 
most developed--5 percent loss: intermediate- 10 percent loss; 
least developed - 25 percent loss. 

o Discuss the' waVnit hich w'C'eds intfelt re with humans. 

Direct costs of weeds 

- reduction of crop yields in the competition for light, mois
ture and nutrients, or by allelopathic effects 

I1
 



- reduction in the quality of harvested products: vecd seeds 
in a seed or food crop; unpalatable, low-quality or poisonous
plants in forages: green plant parts in dried seeds: weed burs 
in animal wool 

- control costs 

- poisoning of livestock
 

- reduction in flow of water in aquatic systems
 

- increased W\ater loss floml 
 lakes and reser'oirs 

" Indirect costs of weeds
 

- restriction on crops -Yrown or area 
 planted
 

- harbouring of rodents. birds, 
 tc.
 

- host for :rop discaes
 

- host for harrifful insects
 

- fire hazard 

Non-agricultural costs of w\eed.$ 

- children miss school to weed crops 

- impaired visibility along roads
 

- impaired human health
 

- redUcCd i l! ValuCS
 

-interference with aquatic and terrestrial recreational 
activities 
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"] Question: 	What are the types and magnitudes of losses from 
Weeds in the country or region where the training 
course is heing held? 

" Qiustion: 	 If weeds constitute such a serious constraint to 
crop production, why arC there sO few people 
trained as weed control specialists? 

Weed biology 

The chance of finding the most effective and efficient control for 
particular weed species is improved as more is known about those 
weeds. 

o311 This session could he startled h\ asking the participants 
Whil.' they would like- to know a.tbout i weed species in order to 
plar, a good control prol' rallllic. 

* Life cycle 

- this is less imo)rtanl il the humid tropics where weeds tend 
to grow all year 

- anlIls: complele Iiflfe cCe in oine sc;iSO (ole ear) 

--	 two growing sCasons theirbiennials: require to complete 
life cycle 

- perennials: live for three or more years: simple perennials 
propagate and spread primarily Iy seed: creeping perennials 
propagate ainl spread primarily 1w vegetative inci s: 

* rhizones = helow-ground steIll 
* stololls = above-grolnd steln roots 
* tubers = unlarged fleshy rhizoneis
 

bulbs = large. lleshv leaf hase
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Dissemination of weeds 

- water 

- wind
 

-- animals
 

- people
 

C c This is the hest time to remind participants that humanactivities are responsible for muCh of the movement of weeds. 

•with crop seed 

* equipulent 

• irrigatlion systems 

• aninals 

e Dormance of seeds 

- i state of suspended development
 

- a survival mechanism for weccds
 

- makes control nIorc difficult 

- types of dol.lIancv:
 

Sinnalte: impcrmcablc or mc,:hanically rcsistant 
 eed-Colt:erndoueiious chemical llibito-s 

induced: .,ed,s would ordinarilV eernirate if planted
undCr fa\ ourable conditions but if exposed to unfavourable 
Conditions, becole drniman! and w\ill not erllillflte even 
whcni conditions becomne favourable 

14 



. enforced: one or more e1nvilO1niiltal factors are unfa
vourable - moisture, ';Itrtl'e,tllCe OXVge,1
 

Factors intluencing weed distribution in1aclimatic zone 

- soil moisture 

- soil pH 

- similarity ,f'crop and weed life cycle 

- similarity ot fcr)op and weed seed size 

- influcice of huma n acliticvIns/mana ceentcn 

Disctuss he cl,('TJet that MUnl , (to notriie'VeT'Is Iwe/l except 
in a dislutt'rd enlhviron t mah as that'of(allnhl crop. 
ILvanthlcs: 111l outs, Anlaranlhus .qp., ChenopodiuI spp. 
Setaria pp., lchintochloa spp. 

Allelopalhy
 

- harm iroughful eflects of one plalit on anotlcr th the produc
tion o~f chemical comilpounlds 

- some authors include positive responses as well 

Weed interference 

It has long been recognized that wecds interfere with crop plants. 
Interference has beer, divided into two aspects: allelopathy and 
conmpetition. 

15 



A Ilelopathy 

* Vhe producLtion hy one plant of substancCs that interfere with 
the germination, growth or development of another plant 

-	 exuldaics fronill rootsy 

-	 with rainfall. leachates frowi stems and leaves 

- toxins upoa decomIN'sition Of plant parts, including roots, 
stems. leaves. Ihi,011cS. stolons arid tuhers 

Competition
 

0 	 Linniting--factor concept involves 

- competition with crops for nutrnCrIts, water, light a1d space 

duration of compention 

[ ] There is a need to deterninc which fa|ctor(S) ai'C actuallV 
limiting in a given situation; this is depeLlent on the competitive
ability of rCspecti\e crops and weeds. Weeds often use resources 
more cflicicntlv t,tan crops. 

e Factors of competit ion 

- nutrients - absolute amount .vailable and period of 
availability!scrcity arc important 

-	 Vater --plants more susceptible during germination, floral 
initiation. and grain lilling; serious loss of moisturc can occur 
in fallow period 

- light - vigorous, rapidly developing seed liIrigs aId tall 
plants have competitive advantage 

-	 often dramatic differences between plants of saie species 

16 



- shade-tolerant species have an ad an tagce 
competition for space, pllinathng agents, oxygen, carbon 

dioxide and heat are diffiI1ctto demonstrate 

Generalizations 

" First plants to OCCupV a space have coI petit ive advantage 

* Weeds of similar growth hal itas the crop ae oft en more seri-
Otis Conlpet itors than weeds of, a dissi ilar growth habit 

* Itis Olten 	 said thal OILtmost serious competition usually 
ok.Cti rs in the liri one-thild of a crop's lH'c cycle. It is more correct 
to say that plants arc most susceptible to competition when 
votinlg. ,IthouIIlh .eriOitS CO)ptitio oCCIS When Onc or More 
fiaCtor:s '[CollcliitLd.
 

Caution: 	 Competition data are only an indication of losses 
unde..r similar conditions. TICIperature. rainfall, soil 
type, crop species and we..ed species will influencC 
losses. 

[ Question: 	 How would voti plan an CXperimCnt to decrmine 
a critical period of compCtition for an annual 
crop?
 

If a minimtiim accepIaOc .icld of 7() percent of the weed-free 
yield isset, the crop should be wLed-free between the twenty
seventh and ,fty-second day after emergence. This isoften 
referred to as the "'critical period"'of coin petition. 

* 	 Question: HoW \,ould you determine whether interference 
iscaused by alle lopathy or competition? 

o 0 Emphasize that the critical period will change with changes 
in the environment (years). 

17
 



Treatment 

1. 0-10 weed-free days after emergence 
2. 0-20 weed-free days after emergence 
3. 0-30 weed-tree days after emergence 
4. 0-45 weed-free days after emergence 
5. 0-60 weed-free days after emergence 
6. 0-90 weed -free days after emergence 
7. Weed-free 
8. First weeding 10 days after emergence, then keep weed-free 
9. First weeding 20 days after emergence, then keep weed-free 

10. First weeding 30 days after emergence, then keep weed-free 
11. First weeding 45 days after emergence, then keep weed-free 
12. First weeding 60 days after emergence, then keep weed-free 
13. First weeding 90 days after emergence, then keep weed-free 
14. Control - unweeded 

Critical p3riod of competition for an annual crop 

100 t 
Critical period 

80 
Days weed-free 

. 60 

0 

to-t 
20
 

OI Days befur, weeding starts 

0 10 20 30 40 50 60 70 80 
Days 
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Weed identification 

For a national or re:gional trainilg Course on wCLd mallagetcllt, 
it is important to ha-' participants collect and ileitifV some local 
weeds. Correct idCntification makes possilc a literat'urc search 
for in forma lio on the biolox ofthe species. which Imay he usefuIl 
illdtIcU'lnining a control prriarmm. K lowIcldc ot the dist.rihu
tiolt otfa weed species allows prediction of its rclt1iolishipl to 
en\vironmInltal conditiolS Ai enablsC its sprCad illtO lw arcas to 
be prIeic 11ad onitored. 

'he tiypical arJiculturiit Should ilpro,1ldl \\CC idlntificatio 
goal:s ani pL-actics rieCli!,ticall\. L Ilnss lie Or she Ias fornuial train
ino in plant tlXOtl,lllV or has all unisu'il intcrest illotally, a 
reasonabCil el1) \Voultd he to leaIrn to recomill.cthose \VCds cornl
lllin to local cropping s\ steIIs. 

Eu Qlli'Violl: 	 Why is it important to iCdCntitf \\ccd species 
correct lV.t 

The following steps should be 1rCful in prepiiring for the 
Weed idCntificZttitr, sement of it weed Inana'eniclll trailling 

* \huiciic\ cr p issrblc, cck t lie scr\ices of a taxononist famiiliar 
with Iocal Wcds 

eas-to-lIC 'se,.d 

area: ifthese are in(otavailable, consider workitii with a local 
taXolloliist tI) prepare olie 

o ()htailIIo1eC u identilicatiin guides for vonlr 

o Obtlin as complete :Iplatlir .Ccilen as possible for screeiing 
out or idCniific!Iti(n 

- iicluCe unCLrground IH ilowers. fruits, stit11s, and ba.sal 
alid upper leaves 

- the more complete the specimen. the better yolr chaice Of 
success will he 
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0 While classical t;lxotiGIlj sts deperid oil flowcr pa rts as primary
identification critcria. a practising ariculturist mtnst identif'
wceds betcfirC the flhwtCrtil) lart pia-lr 

0 ICar'n1 to I'CCOgIliZe distrtie idtifing Ic atNimres suCh as leaf 
shapC, smlraeC tCxtmjl-C, vCmtionl. pereunnial Irroductive struc-
ItleS and itilimct ivC oLOIIrs. EVCi the pa1itlt of growth in the 
field, season of ,crniinati ind time of flowe rinn offer clues for 
:ecoinizing certain weed species. 

2(0
 



3 Weed control
 

Methods of weed control 

Weed control is part of a more general problem: vegetation man
agcment. ilwhich conditions are Created that faVOur desirable 
p)lants while sultpp~rCssinl unwilnted p)lants. 

No single plant specics call fnlly exploit tihe resources of a 
haibitat. This is why any natur:fl stand of vCctation, even a climax 
vegetation, is a mixtnr,,- of SpeCiC s. In contstt, 1110110CLI tlre, 
which is practised in most d'vClpcd countries, leives "'niches'"of 
unutilized resources. TIl: gol of \Cgectation management is to 
leave as few niches as possible: for CxIlplC, by closc planting?, 
and disrupting available niches 1y hMd weeding, cut tivation, the 
use of herbicides, and so fortI. so that plants can not invadC. 

Important weed management concepts 

E3 [J'jre COnihringvarious i''d conttrol methods, the instruc
tor shouldmenttion tr'e, coti'elpS ilportantto ivecd naltage-
Inclit: 

* Prjjention - preventing the entrance of new seeds or plant 
propagules into an area or preventin seed set on existing plants. 
Methods of prevention include: 

- sanitation of non-crop areas on the farm 

- quarantine of aninals 

- use of clean seed 

- scruenin, of irrigation water 
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- laws designed to preve t tle seeds or propagules Of certaini 
plants from entering a ConuntrV 

6 l'+'radicatiwr-- elimirnating allplants and plant parts ofa single
species fron an area. This is very dillictWlt on a larga scale and 
probably nneconIonical ill mOst cases. 

0 0 This is a good place to ask participants to snggest sitnatiols 
in which it iight be jUstiliable to attempt the eradication of a 
species. 

- a newV weed withl lincited distribtttiofi 

- a weed restricted to a limited a.-e, that is,a.single farm or 
lield
 

r ed sO tts as to- a t)xio justify this efftIt 

0 (ontroml (1tlnc'/ltt't('ll) -- liimiting weeds so that they do a 
iinimum of harm. The degrce of naiagernent (control)

depends on beIllcits/cosIs and resonIrcs available
 

Physical control inethtod 

0 Machine tillage 

- effective ol anUal weeds 

- applicable in extensive areas where access is not limited by 
topography or weather: if UsCLI systemiaticalI'. can redue 
seed supply in the soil 

- special tillage practices include: delay'ed tillage - prepar
ing seed-bed. waiting until weeds have germinated, tilling 
lightly, and seeding cnp: blind tillage -- planting crop andperforrin shailo%\ tilla ge before crop emerges (most practi

cal when wecds emerge well ahead Of crop) 
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- perennial wceds may he controlled With tillagc through: 

i) carbolVdrCit( dt'pI''tio - when top growth is cut off. 
rntrennial plants draw upon root ICSer1\'CS to prlod nec ne \w 
i ,!)grovti: n;aximulfl depletion o1 roo,1t reserves wi!l occur 
it cultivation is donce 10-15 days a1ter Ccrgelice of new 
gro wth (this pcriod may he hongCr itcnviromCtal condi
tions retard the growth rate ) and 

ii) d'.siccatiol o/ rhico-oiI's, tre.crx an1td toots h leaving 
them exposed on the soil surl'ac. This rqutires repeated til
lage and. at hest. ill reduce weed popmilation Moly to a 
tolerablec Ivl. 

Moving 

- effctive .: tall weeds. hut not for iow-groming weds 

- weed seeds can mattire after being cut off 

- often used to redu ce competition in neIly planted peren
nial crops that can recover froml rnowing; for example, forage 
grasses or legumes 

HNand pIiLing or hoing/cuttihg 

- labour-intensivC 

- free from cost ly/soph isticated machinery and chemicals 

- often the mIost practical lctlhod for small farmers with 
limited rCsourcCs or an abundarc of hand labour 

- somte closely planted (seeded) or broadcast crops are 
difficult to hand wccd without damage to crop 
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* 	 Flooding
 

- limited to areas where 
 water is available and can be 
impounded 

- used in rice and taro and in special cases to control peren
nial weeds in non-crop periods 

* 	 Mulching 

-- the use of plant parts, plastic. paper, sawdust or other 
materials can reduce gcrniinalion and development of weeds 
while reducing erosion !nd Conse'vi n,moisture 

- when crop residue is used as Iul,1h, sceds from that crop 
May grow ai create a probl Cinal 

c 	 Selective ltaming 

- the crop must be larger than the weeds or protected by 
shields 

- requires a source of fuel and equipmentl 

e 	 Non-selectivc flaming 

- used in land clearing or for sanitation in non-crop 
situations 

- often destroys many weed seeds, but can stimulat germi
nation of certain seeds 

-	 can lead to predominance of perennial species 

- also allows more soil erosion on slopes 
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Cultural control Inethodv 

This incltudcs any hushandr or managclucint practice that 
enhances a crops ability to compctc with weeds. ('ultural comtrol 
is basically the art ofmanaging \ egetatiBM: it is cspCcia!ly ilIpor
tant wilh cIOSCly ,a.I Iclcrops like ,mall-.rain cccals. 

[] Thk is a good pohint to ask paiticipant., for cxarnplcs of cul
tuIal control. 

* Crop interference (intccrcncc [Ia incIIdc hoth comnpeti
tion and aIchopatlhy 

- selection of a Cmllplctiti\ c crlop 

- selection of a compctitivc ;Iarictv 

- nanipulationi of phIlting aimcment and density 

- allelollthic cf(LfC I ccrtai'l Crops 

- shift to a silothcr crop
 

- mul tiple cropping
 

" Fertilizer placemcnt 

" Timing of' Planting 

" Liming 

" Irrigation and draiiagc 

" Crop rotation 

- from sping-scecded to autumn-seeded crops (which breaks 
the life cycle of some weeds) 

to crops planted in rows to allow cultivation or hand weeding 
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- to a diftC rnt crop. Which WOhiL pCIit the use of a diI
ferent herbicide trcat incit 

Other conlrrol meilds 

* Biological control: the use of biotic origanisms to control 
weeds: should. b trcatCd sCpa ratcly 

Il0 (',hicie;tl \CCd Cd0ontrol:the' use orCaiicLand inorganiccorn
pounds to disrupt pliuit grt 

S]IlntCgleated w'ed laIlal~iWClIlut: CVrCAl wCCd contol 1leithods 
c luIhilcnd to increase yencss and eflicienc'flCCtivC 

Biological conlrol of weeds 

The influence of iisects,. nitc,, plant pathogens and oth r 
organ isnis on plant ro\I',th is t natural process and has existed 
since tie ori'gin 'if plants. For centuries. \\.Cd 'rowth Ihas becn 

1:rina{,,cd hy hird, lih aid lra/inc, allillial, such as goiats, sheep 
and cattle. his is bit-,ogie contriol. Stijll h,' colSciou. use t 
these biohLoical atclt lr , e.cd nllinaCellelnit i, IrClativclv rlCent. 

Terminology 

* Mu)olhaig tis -- feeds oil only one species 

" 011 1iphaci us - feed', on a few species 

" Polxphagous -- feeds oil mallu species 

" Classical biohogici control - introduction of one ot more 
origanisnms that ure known to attack the \wecd in its native ramze 
and which are absent from the areas in Iiich tile weed problem 
exists 
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Basic approach to classical biological cotnfrol 

" Look ittthe distribution of the \\ced in\:OUr country 

Is it serioLs enouglh to justi ' the expense? 

- Is it alW'OVs considCreda \\'ed? 

- Are there alread\ cltrol agents in the area that could be 
helpful with Sonic nanacment. 

" Go to the conlit rIMhcre tile weed caie from to look for a 
latUIllmIl 

whether Control 
other species 
a Determine hile ai'ent could be a threalt to 

-. ('heck the gCOra-,hical distributionl ot the x.\ced and the 
oranisin the coi. of o-ricin. If til !anisi has a widere 
distribution than the weed, it mam O"attackiiig o(l- plants. 

-- ('heck the tixonoi1\ of the \weed. If it isclosl\ relatied to a 
vluabhlc spCcies, e ciltlls. 

- \WIll the control agen)rlt tced on ai cloomiC species InllI pro
longed absence of the prCfCrredCI w.CCd species.' (Starvation 
test) 

* BIring the control aWent to tile new country 

- Make sure no other orianisns colme with it. 

- Free the organism of its own predators. 

- Release. manage and redistribute the agent isrequired. 
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E.rainphe.' 01sccesf/d him +inrol programme,s 

0 Prick lv pCa CaCttn. (()IItwtiut spj).) illfetctd 25 million hectare'Cs in AustrliNa. ('Cto /hti.\('tUor!Ifl \\:is the principal inscct.bit SCxVelal otherlS XsCl. ;r') hCllpli: lreat improveenlt wlsaichieved ate_'live \ea rs,. 

& tl.\\tt (tI/)-rii.u;I /)'r/0Iur 1) infcctcd i;Inan\ hecta're\ o I n(I in northeil (Uitfrllii. ('ImVS(oil(I qulid
arbeetle. Itla., otei\ e.n t rol. 

aJ SkultCICIO 
 _.'I(('htmilil/. m[ll( '' ';.
~i " ; " Il' lt,
 

hcCtre.. HIAu,,J'alia. (GOLIC0n!rol ,. attChic\.d with /ltt('illiu
Clio,,l/riI/iu, atIiliHgtis. 

('haracteritic.so/'biologicalcontrol 

* The o)st ol hlopiil, bitcontrol gctlts is uisually putliicly
ILideCL. In COtMrst. herbicice,, aIrt1,tulfly LveCIljCd privately,. 

0 (tt1rol Is le."e.clCOItI ai d OCt ",it) C\elS 

. (i'antages o/biologicalcontrol 

* No+ chlii ii l rCsidtlCs o Io.ic lIaat'.I 

* liost-specilic 

* Self-ICrpetiatit,., mce established 

* ,lav be less chMcC of the \ced developing resistance 

" thner -eflicieui 

" Effective in inaccessible area s 

" InIexpensiye after initial cost oldevelopment 
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D isadvantages ofbiologicalcontrol 

" The behaviour of the control z,.ient may change 

" Usually neither rapid enough nor complete enough for 
cropland 

" Generally limited to a selected species 

" Irreversible after release 

" Conflicts of interest may arise over the target weed 

Socio-econonic considerations 

In most developing countries there are two levels of agriculture, 
commercial and subsistence, often existing side v side. The same 
economic analysis is usua lly not relevaiint to both levels, and dif
ferences between the two are critical when CValtlllne weed con
trol technologics. 

(Comncrcial farming isprinarilv cnernCelL-CI'.d with operational 
efficiency to ma xi nize net income. lhc major problem facing 
these farmers is adjltiStillg to the elfecets of chaniging technology. 

Subsistence fartning. On the other niald, is characterized by 
relatively simple and stable technologies. The major problem for 
these farmers is obtain intnI1\ i atIp aind rCsources in order 
to break out o' a poor (albCit cfficient) prolduction system and 
improve their cconom ic position. 

Characteristics of commercial farms 

" Large 

" Capitalintensive 

" Use modern technology 
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* Production goe,, to national and imrnational markets 

May utilize a substantial aMnouint of local labour on a seasonal 
basis 

Characteristic ofsubsistencefarming 

* Small 

* tabOLr-i ntef'sive 

* Use traditional technoloPy 

* ProductiOn 1is used on f:irm or iraJcd locally 

* Limited ald expens:iVe catpital 

" Ulncertain markets 

" High risk because of \\c ithcr antd pests 

* Li mi ed alternative employnment 

* Shortage ot lahour at critical periods 

S I.illitCd C(lCa1lon 

Weed controlforsubsisencefarmers 

Subsistence farmcrs commonly expend about 40 to 60 percent of 
their labour on weed control before or after planting. The adop
tion of labou r-savi rIllcmhods, mIta hal e a negative impact on tlhe 
labour-force, and may also be resisted because ftarmers are reluc
tant to adopt a tcchnoogy that carries added risk. As weed con
trol systems may lhe higily site-specific, the direct transfer of 
technology is rarcl stcces,,I It. 

The selection of aetonovmically. ecouomlicalh and socially
acceptable weed control sys tems requii rcs an uItnderstandi ng of the 
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technIcal ,eC0o oIIih aid social reIal tics of the arca. Ihe 1'o)I Iowin,
stepTs shouIIld Ile l'ollo\Ved Ill deVlvcpi!inlg weedC'ont rol ahitern'aties. 

SId,, ifv the targlt 'ro11p-arm 

* Identity cuient iLroii)intmlc plractice's and why they arc used 

* Stud\ solo-ecollnnic Conditions 

* lt,.cI pr.)li';jg itliod' on farnIel'leldd uSing faml'ICrs' 
man gement 

a Modifty as needed 

* Proml"o lttllthods t tairge1t IIarm'S 

* Monitor adlOpItiOnI and ,,uccesS 

This process reqiiire', a Ill tilt idiseiplli na ry team of agronomists, 
economists, extenlli ntgeits tnd farmers. It must he kept in 
l+1l.11d that no1 elop1. the) It111 that ain appro-pl)C.OJl, a targetilnd 
priate technolOg is, iaIelinohi,, that is adopted. 

E F1 Whllcnverl" po,',ilc. tr"li'h sliould try to have an 
econsllst infllorll participatnts of the. netliods used to COllect atnC 
allly.IVSe CConomitc Llat. 

The followig are re..adings in cCoInomIes of particular 
iltC Cst anId help to a Ig'onlli stS. a ItlholIgh too basiC to be useful 
to agricUltural economists oil in ltidiscilplin ary Ievelopment 
tea ins: 

MC,\I( ,. B.A. Economics of in e ratled pest maniagement: all 
1981 interpretive review of the literature. Corvallis, Oregon, 

Intcrnalional Plant Protection Center. Special Report 
No. 636. 
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PERRIN, P.K. From agr(nomic datato ru, It'conit'ldatiols: 
1976 an cconmic. traiijng ,nw,,ut. Mexico ('ity',Centr 

Interilacioial de Nlcjoraniento deiMafz Triigo. lnfb-
Itin ltioeI n No. 27. 

REl~tll!ltHl.Ri , K.t., ('..\zitsO., (.A. & NOtMN, (;.A.
1984 tcwiomic 
 i,'IiIia('e ]cr cropi/'t 'oltro/. Romie , FAO./M,,Cl 

F\O Plant 1!roductiit alnd l'rtetCtiOi Paper No. 58.
SIIANFR. \V.V.. Ptti !!'t'.P.F. & SCMl11 I . \V. . CLIs. "it/'MiI,-'
1982 simcml.,, IC.S('r-/lc ,/cilh'n'ntatid t: gld'li'.i s /0r

(ICI('/opiOI4 (()tmtri%, lBouliCt. (',h \VstvxicwlraOl. 

Press. 

Shifting weed populations 

One of1 the dIIanmic phenomena occurring in natural ecosystems
is Ole constant competition between plants to occu py the same 
area. With the passing of time. certain species tend to predom
imate as they \%ilthe strugglC for space. 'he final species comlpos
ition illa cliIMax wLgctatin differs -reatly frori that which ispres
ent in the early em's of the sLtcc.Cesi' p,,'OcS fll awin"a major
disturbtnc ecosys tern. rictultural 
higihly diSt urhed ecosvStCnis. and thil., it i,not surpris.illg that ftI
quent chanles ill species composition occur in farm fields. The 
purpose of this uisctnssion 

(If MI A.A, systems represent 

isto examile factors affectingi" shifts in 
the balance aM"ong weed species. 

Management practicesaff'cting weedflora 

Cropping prlctice. 

• Types of' crops 

SLile cycles of crops and weeds 

" Competitive ability of different crops 
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('ropping patterns 

-- nionlocrop
 

- polycrop
 
- spacing an J density of crops
 

* Fertilization
 

* [inil.g aid other special soil amendments 

* Drainiage 

* Ifrig atior. 

STiinie (f plantinl. 

Wecd cxert ac()nstant pressure to adapt toe tiviroilnnci acondi
tions and invade Utnoccupied niches. No single method will con-
Irol all weeds. 'I he repeated use ol one method permits a buildup 
of species iot beine couitrollcd. 

Devlelopmenlt of*retl'anlce 

Ph.\ytologicltd r'esivatm,'t
 

* True phsiolomicail resistance should be distinguished froim 
selectivi t (rCsistiIce) IsUltinlg fron factors such as herbicide 
placeient, diffcrcntial welling and the timing of application 

* The Leceticcliahozes associa ted with true physiological rc:.is
tance require many genetraiiOls of repeated exposure of the 
same species to a herbicide. With herbicides, the development of 
physiological resistance is a very slow process, especially where 
only one or two annual applications are made. 
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BtUihhIf 1/') ofln-stISCe/tihh' .species 

* Within i weed iora, llany.SpCCiCS may,not he Stiscepti
tle to a herbhicide 

0 \\'ithill a snsCept ible slcies there MaV hC , VC rV low pel'CLnti
age of hiotypes (strninls) 1:tt are not ,susceptile 

* Rpe+atedC hert+,icide r Sulis iIIrCdue111,Clie,tio0i otthe SaMtt Zt 
tioU of stIscpt ihlc species :1,1d iicrease 1111111biolpCs mnd an 
SnScptibhle tes until the."hltter predoiminate. This Io.s not 
ii\'n-lvet:Cltie c lli Cs and iS 1ot C_'liVAlnt to the dCvelop
ninl-t ol lresistanlc. 

I-l'cl' iml ()/ I 'C(c( lu ctt of /''f])hi'iH/ ''vis(ltI(c an(d t1 

bui lduti ()/ otI-r s 

* lRotj oil ofl Co tl thods 

* Ro,tation of herb+,ihidc, 

0 (_'onllinatimu (flhrhicides 

1 nltegratiotl weed control methods 
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4 Application of weed 
management technologies 

The safe use of pesticides 

Toricity and hazard 

Pesticides have the potential to benefit or harm humans and the 
environmntt. Iheir proper tuse or abuse determines end results. 
Two inp-ot1ant Concepts for this discussion are toxicity ind 
hazard. 

" Hazard the chance or danger of harm 

" Ioxiit\- how )OisonOs coI pn)U nd is 

Toxic coml)ounlds should be considered hazardous, but their 
careful handling can reduce the hazard. Conversely, even com
pounds of relatively low toxicity cani be hazardous if handled 
unwisely. 

Measurementt of tticitv 

There are basic measures of toxicity. 

" Acute- single oral exposure 

" Chronic- sublethal dose repeated over time 

L D, 

LDS0 - the single dose that kills 50 percent of a group of test ani
mals when taken orally. LD., is usually cxpressed as milligrams 
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OF Pcsti:ilcd .r kihi)r-iji of 1,d\ \vciiht of the tc',t animal ttlt r,ct he tox itit .Io v , cr th e .. A , ,lh) hi h, 

Example Calculate the dose that would be lethal in half the cases for 
a person weighing 70 kg, for one pesticide with LD50 = 5 and another 
pesticide with LD, 0 = 5 000.
Theoretically, for a person weighing 70 kg, in the fi,'st case 0.35 g(5 mg/kg x 70 kg = 350 mg) would be fatal half the time, while in the latter case 350 g (5 000 mg/kg = 70 kg) would be fatal in half the cases. 

Dc't C1-1) i I t i t 1 .f .,,, ,, pC IhI o l cd (i't cI il ',uclh is 
r a ts , m k' _ i ' i i d ; I h l l kl lI t 0H I l l il l ,,. 1.1) -, Vid l ICS 
f'roniI~ 1.1 h C'HIcililttll 0 c\t~li'ilatcf ito hijnjbill IMietP,[I lli;liliilnml\ C heC V[ .'\I;II'IIII I, th ". h l I1 m>dE.,L lll i 

i 1i5 1 , >lt ' \l k 'L'iL,N t, ' inl nil 1I,.~ll\ h; li i i t f r e,i t 1 .1 ) , , \;ll ne'frot it tit ec i',,ci . :11iicn\\ithin i ' e'ic it Ci'Ill I), ill to 

lercittislhix ditICIC11 )1pIbhI1t\ hetkk\.Cen lIAC1le\ IClliIC'Iti. 01

illtlli . ,icc,1I\c:1_, ithIlit\. tir hl ,c c;i"o ,.I h, 1.1) , ,h tijld he 

rCInrbeielrC ttItI h percCI]t 01 hIC p tlilj)Ili~in died 11this Icvel.L 

()lher Io-flll.- tl h Xicil\% 

0 l ) C'M 111. 0 -,, l1 li ] CXl~ o, li-_C 

a L1 , ,-- the ciiccntriltiolrl olha crint ical in hC air- (inihalationi
toxiCitv) or \\ atcr1iIctatic toxicit\ ) thait will kill 51 peucent of, the 
i llti ,ists ill I spc ilic tlt lituatlion 

* .Subi'i h / c. ohsofi'' to amricllr lAI)p i t CidCS is 1oe CI 1t)0l 
than] iacute .\posute 

- effects of' repeaited CX poSn rC to SubNCleilhl dOSaeeIS OVer time 
are de tcrmni ned in Iono-ternlu chronic feedini, tests 
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- animals are carefully observed for signs of alinornia lity 

- "o-effect'" level is often rep)rtCd as parts per million 
(ppm) of the pesticide in the feed at which no effect was 
detected after a known period of consumption 

- histological examinations arc performed to determine 
effects on the vital organs of a test animal 

Factors afl'cting hazard 

Roule of exposure 

SOral ig('sioll frecluentlV occurs when food products are con
taminated 1bpest iciCes or pesicides are stored in food containers 
and mistakenlv eaten. Oral ingesion is prolbahly the least con. 
mon form of accidental contamination to agricultural workers. 

* DernalCJ Ir.spills or failure1o fmtCCt the hands whileToI 
mixing Or preparing pesticides arc common ica ns of exposure 
for aI.ricultural workcrs. Thii is prohahl the easiest roultc of 
exposirC to gUarld igalinst h\ creating proper ivirellness. 

* tInhalatinu of dust, X'apocfrs aind Splir.v mists of pesticides is 
)robahblV the most &IaIIg,2IlS exposure mthod. Assimilation in 

thIe blotOclstrciun from the Ilings is high ly probable. The eceral 
aMvarcness of the potential for inhalation is probably lower thlan 
for the other methods, especially fr im \'apoi rs or spray mists. 

Other factors inliuencing hazaid 

* Application methods 

" Storage and handling facilities 

" Persistence of the pesticide in the environment 

" Frequency and extent of use 
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e Type of crop treated (i.e. a fibrc or se.ed crop as opposed to an 
edible crop) 

* Pesticides may also enter the body through the eyes. One of 
tile rCsulting dangers is blindness. 

Safety precautions 

• Pl head --- olV as luch pesticide as needed, thereby 
avoidingi ,.Storage 

- storage increases the pOssibilit of deIradat ion and con
tamiMtionl of ,aprodutct as well as exposure to hultmanlS, Ii
meals and the immediate elviromlellnt 

• 	Read labels- follow instructionlS carefully 

* 	 Move pesticides saCly 

- Ie%er transport or store pesticides with food prolicts 

- ak~ays move pe,t icides in a closed container 

" 	 Protective clothing. The minirnum safety equipment should 
include: 

- rubber boots 

- long trousers 

- shirt 

-	 rubber gloves 

- respirator or a cloth covering the nose and mouth, and gog'
gles for the eyes for pesticides that present special hazards 

" To avoid exposure while applying pesticides niever eat. drink 
or smoke 
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* Hygiene 

- wash hands and face thoroughly after spraying
 

- wash clothes before wea ring tilein again
 

" Avoid uclUiicftint ,ccidits 

- check eqlilnltli for leaks. we'ik hoses. lfaultv COllnCCtiOlS 
and other dclecets 

do llt puti the tilcr Iiosc in thc t;ank mix 

- avoid po(urin or il l Siijids near ditches, wells or 
othier water sour.. 

" Intorm the cquipmcnt operatorof the product being applied 
and its potCntial haZirts 

Di.posal 

a Try to aiold surrlus. (itculate the amoint necedd accuratcly 
and buty' 0ilV the aillount lCdCd. 

SIf'excess pesticide remnllains in the spra cfr. spray it in a safe 
plaice such as a crassv ra y i falo\\ tield to oid a high cong s\ 
centration of pesticidc in ismill aa. )o not lt animals praze 
the arCa until dieateC :ljiSLLl.time has&, 

IZRisC etylil ct.onl;iiners thltu '7t;h])Irilie :'ns" Ind lways 

pourl the rinsC wate.r inlto tank. 
) 


the Sral-

Dispose of lmpt.. containers 

-- burn bag, in a sat e place where not )lprohhitCd 1 law 

- avoid inhaling smoke from btrning hags 

- return empty metal and glass containers to distributor/man
ufacturer if this service is available 



- it'fl) hataIdoLIS niaterial (utlltainers and . aca is avaiaeh cruIs.h Colli, a ca \hc~c tile .1')-0Md-\Ntt.r supply 

will not he contaJ mitIIl I " 

- ,, Itaaith ilgh lc cl . ., '.J . i- i ., [la tice. lia V r e s 
sa "'lftl (oltirikI,"er1i to o and trallspot ohlir sub+stilcest l t. and milk. Such ctllainles mustlSe%"mhId with i t l ,illCt.ICrto CLdtIIIL'o' possile C(nltalllntiltioll. 

Storage 

, Store pcSticideS II anlrea ,\ a\c fo ini uarters. animaf 
pens aad \vatcr supplics 

* Keep pesticides ;I)a h cked s,torajic a ora.(Lit of le Icl ofchildren 

* Never store pe1t cides i fi,OI 

* Avoid storiti) psticid\\ith Sceds and fertilizers 

* A\Ivs sltore_ p1tiei in1,a closdCl containcr to I'CdLCe deora
dation and comtaiII ationi
 

* (heck pciodically for Icaks 

* Place wva-n i z,sumls in the storaj alea 

" Never store pesticides in cmlPty I*od containers 

Chemical Control ot weeds 

Chemical contro l is not the control, nor should it freq uently beused ahonc: integration with other control methods assuresnmore eftecti.c rsCult. Socio-cclol,. ic and grotlllic conditionswill determine Which methods arc combined. 

4(0 
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o 	 You maY n'ant to discuss briJ'l' the di/T'-rn'cs l'eulien lmpg 
Jfarms and small Jarms, or between coMInercial andU subsis
tence operations. Ti/s will a/so be col'ered later. 

[ 	Ask course, plrtic'lants o list the adva'llap's and disadvan
tages of'ch(emical i-c,,d control. 

Possible advantages ofherbicides 

" Speed ol corntiol -- can hc used ol exteilsive areas 

" Lc!;s drudgery than naMIiui control 

* CoMtrol in critICal period when the weather does [lot allow 
other methods to he tsied 

" 	 Selective colltlol 

* 	 Control of special \weed prI-hleIs 

* 	 Conltol in closely slccd (closed) crops 

* 	 Reduced erosion with less cili\'iaion 

* 	 MixtlrCs perillit br ad specirum control 

• 	Possible ecololliV 

Possible disadvantages qf herbicides 

• 	Certain technical skill requiIeld 

" 	 Special equipment required 

" Potential for crop in.jury hoth within and outside the target 
area 

* 	 May fail to kill the weeds 
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N\ot tota!I~' safe foi aimaljls oI- litiiiiaiis (1) tell rclio
menital conltanl1I*Iatilonl 

* 	 \VCCCI IMy tlc\Cbop) r-csIsancc 

" 	 Nfa. creaite relianicc oi :I11ilif'U-tc(l pI'ljIlCj 

" 	 Sccohldar\ %ccds, ma\ hccoinc a prnnar\' probilem 

* 	 Cost: lintmtcd pm~cr anid Creit~I mtake it difficult for small-scale 
fairmers to hn v hcrhic 1 Ic 

0 	 PlIcrops ceti t a pruohiut whencl Several Crops are 

He1rbicide( id('fl ijic(tiWI 

E 	 ltlcjticic. hiatriMcralpfoA.i/)h' -i('ifjtj(. Y'oui ntl wait to 
cdisciis.x tin dilcn',it hIdcitt'Afic, ,1i p'r~oll haix: a /'Il givell 

* 1-erhiideshax tou po~ Ihie ltitics: 

- a 	 ~i l-lieillical loijtila volkie hasic rutles of chemilical 
lionleniclat iirc 

- i commonll/Ic ~i \ Inch Ucis\i asmuall letter. ( 0111111011 
ilanles a,'c :IisI)iCil h\ oI1'llMliOIott1 Sthle;Iuc l'it ish Sta a1
&IRIS 1IStailtic 0vI Scicc Socictv of Amri-ca.or(Ile \VCeed 

-a 	 tradc ia l/c Muicith \ilwt I caplial letter. The tralde 
iatisI"ltC propcrtl\ of thc ittilactLircr. 

-a Chlemli cal ,amd nlrc 

* ,laChideittiliCeanovi is, illustrated1 Ill tIle lollow\\i.g exM1plI)es: 
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- chemical formula - 3-(3,4-dichlorophenyl)-1 ,j-dime*Mylurea 
- common name -- diuron 
- trade names - Diurex, Karmex, Telvar 
- chemical structure: 

Cl 
H 0I CHI 

CI N-C-N < H 

- chemical formula - (2,4-dichlorophenyl)acetic acid 
-- common name -2,4-D 
- trade names - Dacamine, Esteron, Formula 40, Hendonal, Trinoxal 
- chemical structure: 

0II 
Cl 0 -- CH-C-OH 

Cl 

- chemical formula- N-(Phosphonomethyl)glycine 
- common name - glyphosate 
- trade name- Round-up 
- chemical structure: 

0 0 
II IIHO-C-CH2 -NH-CH ,-P-OH 

CH 
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Herbicide classificationl 

Therc ure dil'lurcrit groupings of herbicides which allow us to
suggLest or prCdiMt how 1they might be used. Ihe most common 
svstenis :ire: 

TTine ol'application 

Period 

Pre-plant 

Pre-plant 
incorporated 

Pre-emergence 

Post-emergence 

Post-directed 

At emergence 

Crop 

Pre-plant 

Pre-

Pre-

Pre-

Pre-

Post-

Post-

Post-

With emergence 
of first leaves 

Weeds 

Post-

Pre-

Pre-

Post-

Post-

Post-

Pre-

Post-

Pre- or early 
post 

Examples 

Glyphosate or para
quat alone or mixed with 
soil-applied herbicides 
in No-Till 

EPTC in maize; 
tri'luralin in cotton 

Atrazine in maize; 
diuron in cotton 

Atrazine in maize 

Paraquat, No-Till 

Propanil in rice; 
2.4-D in wheat 

DCPA, transplanted 
tomatoes 

MSMA in cotton; 
paraquat in maize; 
2,4-D in coffee 

DNBP in potatoes, 
groundnuts, beans 

0 Selective vs. non-selective. Selectivity is relative-it depends 
on the herbicide rate and the state of plant growth. 
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" 	 Foliage-acting vs. soil-acting 

- soImle herbicides fall il0111ly one categ(ory 

- some are ef'cCtive o n both leaves and soil 

" 	 Contact vs. translocated 

• Modc ofaction herbicidCs interfere with one or more of the 
physiological processes of a plant. Manv of tliese processes have 
been ident iftied, althou'h the exact lucchan ism maV not be 
known. Some of the identified modcs of act0o1 include: 

- acting as miltotic poisons 

-	 reenlating , wt ill 

- iilihiting pllto,,\'nthesis
 

- inhibiting oxidative phosphorylation
 

- inhibitiiieshots 0leeriMililU SCedlin.S
 

- inhibiting roots of' cinintine :codlings
 

- inhibiting chlorophyll
 

- inhibiting protcin snlth esis/letaholism
 

- increasing,cell wall perieahilit\ 

a ('lassificatiion h herbicide fanilics (cem ical groups) 

- triazines 

- substituted uircalS
 

- phCno)X' comI)ounds
 

-	 dinotroanilines 
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- dinitrophcnols 

- hipyridyliunI 

• ('lassificatiOn by use: 

- contact (bromoxynil) 

- a -translocated (2,4-D)Selective__ 

mobile in plant (atrazine)/Soil-appled 

- non-mobile (triuralin)Herbicide 

- contacl (paraqual)Fo--aoe-app eo zQ 
Non-selve "' /Non-selective -translocaled (glyphosate) 

if- fumigant (metham sodium)Soil~appliedsc.-Z 
rsidual (sodium borate) 

Principles o4 llerbici(le selectivity 

Selectivity iS the rCSult of a herbicide reachingi and disrupting the
 
vital functions in one 
piant (the wCd). hut not ill another (the

crop). Sclectivity Is relative: the dClinition could include 
 'under
 
certain conditions ain a]it CCrainlI rates". In lll cases, the selec
tiVC use of a herbicide is the result of ; cominination of two or
 
more types o1 selectivitv.
 

flow herbicides work 

For a herbicide to he toxic to a plant, it must: 

- make contact with its target (foliage or roots) 

- penetrate the plant 
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- move to the site ot action within the plant 

- exercise a toxic effect upon the plant's vital process 

Aln ulnde'Staildilh1 of tliCse oCcuITC1leS en.Ibles One to naln
ace herbicides to ,icthiAS.e'lectivitv. 

Aplication of herbicides 

Sllvsical/nilecl:tnial(contact with ,he plant) 

- 1y directing sprays,, or using .hiekls. contact with the crop 
can be avoidCd and herbicides that: ae normally toxic to a 
CRoT carn be used 

-- ht'rhi,.' I/)'cfcilill: thle r)oting depth o tplant may be the 
ba1is of scleetiL (rtlin ol'It\ M(. )Crhic.Ites staY in the top lavye 
.,oil, cro lcant I)- pl:11ntcd epe' th:n tie herbicide laver iHI 
order to t\oid upItakt- !\ rool'. Ihe roc of perelnial crops 
stay safeh blo\\ IIIh hcrhi idetk Ihviiig ;lilntl \,C(dSto 
be CotIt lleLd. 

tih ,: 4 i L1/)liN('C(iU- h( I 111 ;r1)i( I' m : certtin herb1icides 
CII be Spil d 011 .\eCl,belore ihe cHrL-genCeC Of the sle\ower 
germinating cro0p. I tCrbicidC., tIa\ hC sprayed duritg atdor-
Ittit fcri)d () the c o)) iintu. Durine certain stagest a1;1\0id 
of dvcfOpuiti pLatts \\ill tolerate hebiciides that are 
toxic during o)iliert growinth hasPIMcS. tppli-Tining the herbicide 
caltioll to coincide \\i h a "ltolerallt phasC permits selective 
us:-e. 

Example Wheat will suffer abnormal growth if 2:4-D is applied during
 
the period from germination to the four-leaf stage and from jointing
 
through flowering. But during late tillering, and from the soft dough
 
stage of grain through maturity, wheat is relatively tolerant to 2,4-D.
 
Susceptibility is greatest during periods of most rapid meristematic
 
development and applications must be avoided in these periods.
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Penetration of tht' plant 

0 	 Morphology and alatoly of*plant 

- position, size and shape of the leaves affect the retention of 
the herbicide, hence tie opportunity for penetration into the 
plant 

- broad, flat leaves reta in more herbicide than narrow erect 
leaves 

El 	 Raise questioti about nature and fonction of cuticle in 
herbicide penhctratioll. 

t] E3 Here is a g ood place to ask part icipa ls to discuss tile ilor
phlo;gical di ffere ices between Ionocots and dicois and how 
they affcLCt tihe retentionof, a sorav sM)lution]. 

" 	 Naturc Otleaf surl',lcc 

- the tllickicss of the cuticle arid tile delg'ec of pubescence or 
rough ness (corrrugalIoi) of tIe leaf srmrface influece penetra
tiori of the herbicide into the planl 

- a waxy or highly corrugated sti rlace or one with extensive 
lptbCscernce will reduce contact between the herbicide and theleaf surface., resulting in !Lss or slower penetration 

" 	 Location of ricriste matic tissre 

- growint points (rneristeiMtltic tisue) :'bVe ground may be 
more susceptible to herbicide. than meristeis at ground level 
or Under tile soil surface 

- perennial grasses have surface crowns or subsurface meri
sterns of' roots, rhizomes and tubers, and are thus bttter pr'i
tected than annual grasses which have meristerns at the soil 
surface 
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- meristematic tissue in broad-leaved plants tends to be more 
exposed than in grasses. The cambium layer and the dormant 
buds found in the stems of many broad-leaved species add to 
their susceptibility in many cases. 

Movement of the plant 

0 Some herbicides move within the plant only in the xylem and 
others move only in the phloei 

" A limited number of herbicides move in both tissues 

* While the system in which a herbicide moves in a plant may 
determine the difference between sensitive anld tolerant plants, 
the user cannot control it 

* Manipulation is limited to applying the herbicide at the cor
rect point, i.e. to the foliage or the soil to obtain the desired 
effect. For example, some hormonal herbicides will not control 
certain woody species when applied to the foliage but are toxic 
when applied to the root system. 

ToxicitY and selectivity 

* In sone cases, a herbicide molecule will be chapged to a non
ptiytotoxic form in a tolerant plant (deactivated). Susceptible 
species do not have this ability. 

0 The user has little control over physiological and biochemical 
selectivity 

e Conditions that place the plant under stress may interfere 
with these processes. Thus, it is advisable not to apply herbicides 
when environmental conditions are extreme. 

* Interactions between certain herbicides and other pesticides 
may interfere with selectivity in a plant and result in toxicity to the 
crop 
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Example Propanil is commonly used to control weeds in rice; how
ever, if certain carbamate or organophosphate insecticides areapplied up to ten days before or after the application of propanil, therice plant cannot deactivate the propanil and severe phytotoxicity
results. 

q Many ecolonic plants have Cultiva rs that are more or less 
sensitive to certain herbicides 

o Repeat: Selectivity is relative. Some types ofselectivitv call 
be oviercome bY increSi'g hlerbicide rates and bY chan'es ill 

'Ivirolnm('llIl[('onditions. 

En viroimnenitalfactors affecting herbicideselectitit 

* Teipcratlre 

- within certain limits, absorption, tranIslocation and 
physiologicall-Iiocllen licaI processes increase as temperature 
increases 

- whcn seClCctiv1ity dlependsi diff lerentia Ihasorption or 
translocatioa1 it can hc altered at rcllferar tir c xtremles. For 
exanpli lintnron can hC ULc ill whCat ill tellpcirate climates 
but is toxic to wheat ill trop1ical conditions. 

- if propalnil is applied to rice whlcn the air temiperatire is 
above 38"C, phytoroxicity tlla\'v occur 

* Relative humin id ity -- can illfl nncC hlcrbficide absorption by
affecting stornatal openings and the turgidity of the leaf 

- with high relative ltunlidit, stornatcs arc open ?Ild tile leaf 
cells are more expanded causing minute. openings in tile cuti
cle that permit increased penetration of herbicides into the 
leaf. In some cases, the plant will absorb a herbicide at a faster 
rate than it can deactivate it, reducing selectivity. 
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- evaporation of the herbicide fron the leaf surface is slower 
at a higher relative humidity. thus increasing the time avail
able to penetrate into the plant 

- relative humiditV can also influence cuticle development. 
Under conditions of low relative humidity, plants have a 
thicker cuticle thantinder high humiditv. 

* Soil moisture - can affect selectivity by influencing the 
ailoulnt of herbicide in the soil solut ion and the depth of herbicide 
Inovenient in the soil profilc 

- high soil moisttre can result in more herbicide in the soil 
solution and iIcrcascd Uptatke 

- excess soil moisture may leach herbicides into the crop root 
zone, resulting in toxicity iflhe basis of selectivity isthe differ
ence between herbicide placenent and rooting depth 

- leaching is more actte with herbicides having higher solubility or a higher leaching index. These factors are determined 

by the molecular conliguration of the herbicide and are 
beyond the user's control. Nevertheless, a herbicide may be 
chosen icco rdi iig to its solulbilit V or leaching properties and 
cxpccted moisture regime in order to maximize efliciency. 

Surficants 

* Surfactants are chemicals that modify the relationship 
between the surfaces of two liquids or a liquid and a solid, 
facilitating and enhancing the emulsifying, dispersing, wetting, 
spreading, sticking and penetrating properties of liquids 

* Surfactants can increase the retention and penetration of her
bicides on and into plants 

* The use of surfactants with foliage-applied hgrbicides when 
not recommended can result in a loss of selectivity 
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Herbicide formulations 

This topic is best presented as a demonstration. If samples of the 
various formulations can be acquired along with a few glass beak
ers and some water, it can be an interesting and informative pre
sentation. 

Formulationfor practical use 

Formulation mueans preparing a technical-grade herbicide for 
practical use. A technical-grade herbicide is the pure chenical, 
either a liquid or solid, solu ble or insoluble in water or various 
organic solvents. 'Practical use" has several meanings. Since a 
relatively small quantity of herbicide must be spread evenly over 
a given area, some method of distribution is required. Watlr is 
the norma diIuen t,and most herbicides are formulated to be 
compatible with water. A few f'ormulations are intended to t-z 
applied dry, the di luent ma' he an inert material such as finely 
ground clay. 

The form u ittion chemist cnsideLs many' things i!ldeciding 
how to formulate it herbicide: 

The chemical and physical properties of the pesticide 

solubility in variois sOlvents, including water 

- volatility 

" Geographical area Of use 

-- the custlms of USeS in various parts of the world may dictate 
how a herohicide is formulated; for instance. Asian rice 
farmers prefer a granular formulation 

" Reliability and safety 

- shelf-life 
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- inflammnability 

- toxicity
 

Economics
 

- cost of materials
 

- cost of containers 

- relative shipping costs: formulations with lower percent
ages of active ingredienws tend to be more expensive because 
more lotal weight must be shipped to mo\ve the same amount 
of active ingredient 

Formulations to be spraed in water 

* Choice will dependIi on the solhhilit vof the technical herbicide 

* To be solible enough, the solution must not esceed 12 per
cent ( 121 0(0)11ppm). which is equal to .1198 kg/I (I lh/t ISgallon) 

Water-soluble coicentrates 

* "Fheactive ingredient can be dissoh ed readily in water to form 
a true solution 

The manufacturer can dissolve the material in water and sell
the product as a concentrate for further dilution by the user 

• The manufacturer may also choose to sell a water-soluble 
herbicide as a dry powder for mixing with water by the user 

* Adjuvants may be added to improve effectiveness 

- wetting agents improve retention and penetration 

- sequestering agents prevent precipitation in hard water 
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e Inportant characitcristics of' water-solub]e colcentrate for
iiulations: 

- relativelv o\w cost 

- 10 agitat i)Ol req u ired in spraver 

- reduced hizard to tiuSI becC.ilse it can be easily washed off 
the skin 

- may rcwt with hard water 

- active ilnleien-CClI lItv n _ 'rllIlnt iCidily, a desirable 
trait if it is a illechanism of ,lcx.tivitv. or undesirable if it 
reduics COItr)l Of CCr t a Vceds 

- chemicals cntll he rCadil,'IachCd through the SOil by VatCr. 
an advailtace whel appling aI her"I'bicidC to control deep
rooted perenncllsn1, 

- CxcCss Ilching canl1 be i diSadv;antai it it iesults in short 
ICidtual control. inefltctive p4erforinmancC or cirop iijury 

l~mtistiiahh' tU('fentrates 

* The active ingredient caiot he dissolved in water: however, 
it is soluble in I suitablC non-polar organic solvent 

* The man,u t'ictturler dissol%Cs the herbicide ill the organic sol-
Vent and adds an em1inuls'ifying igClt (a surfactant) 

* Emulsifiable concentrate is mixed witii water hy the user to 
form Inl Cmulsion 

C(haracteristics Of Cmii Isi a He concel I ratt formlulations: 

- relatively high cost I)causC the solvent is expensive 

- relatively more hazardous to user bcaIusC oily material is 
not as easily washed off the skin 
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Example An example of a common emulsion is oil suspended in 
water. Usually, when oil is mixed in water, the oil coalesces to form 
large droplets and the oil and water separate rapid;y. When a surfac
tant Is added, it forms a more stab!e emulsion. Each surfactant 
molecule has two ends, a lipophilic end that extends inwards, attach
ing itself to the oil droplet, and a hydrophilic end that extends outwards 
into the water, repelling adjoining oil droplets (see Figure). Thus, a sta
ble emulsion with thousands of tiny globules suspended in the water 
is formed. The oil droplets will remain suspended in the water as long 
as they are kept very small. Some agitation may be required to keep 
the droplets in suspension. 

Emulsifier 

Oil 
containing 
dissolved Water 
herbicide 

ot 
Other forl i atiions 

- pCnetrates the waVy surf Ofclea0es oInre CffCctivelV than 

- less likely to he washed otftfoliage by rain or irri1ation 

- cmiCal not ,o readil\ IcIcd 1thIroiiojh he soil becausCe of low 
water solubility 

Wetahl fp,'owder.s 

* Sometimes a technical herbicide is not soluble enough in 
water nor in i organic solvent, hut being able to spray it iu water 
is desirable 

0 '[he hcrbicide cain he verV finely round aind f-rmi in attCd as a 
wettable powder, a powdcr that will rCadilk form , sut1speusio+ in 
water 

,A wettahle po\dcer is foritulaIted by impre nating a technical 
pesticide on an inert material such as cly 
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0 A typical 50 percent wettable powder may contain 46 percentclay, 2 percent \wetting agent. 2 percent dispersing agent, and 5() 
percent technical hCrbCidCa 

- the wetting agent helps wet the powder so thlt it will dis
solve raither thall float onl the silll'face 

- the dispersing aIgert aids in spraClding the particles through
out tile water 

e Important characteristics of wettable powder fornitlations: 

- relatively low cost becauose they weigh less than liquid
for'mlulatilons and require less expensivc packages
 

- agitation of the spray tank required 
 to keep particles insuspension 

- dusty 

-- abrasive to pumps and nozzle tips 

- generally less I'olar activity than other spravable l'ormula
tions 

- often require rainfall, irrigation or mechanical incorporation 
to move theil into the soil 

Flolvable Ormularions
 

A llow ablc fhi'r tllatioll is atconcentrate of a solid herbicide 
suspended in a liquid, a kind of slurry pre-packaged fr addition 
to spray tanks 

o Important characteristics of flowable formTIlLItions are tilesame as those of wettable powders, with the advantage that flowable formuii lat ions are not dusty and can be measured rather than 
weighed 
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l)ry.I/o lvahIe'.oihrMitioM, ol.dtti,'ral' ,'nIn i/dr 


" Wettable powders that 1%'c havCebn tornied. into small rinile
 

, WhCn added to the
K cr;luhles brcak u1p and dispersc as 
with a \wettalc po'%dcr 

i, A\ ,.i"flob1i\ di-,r.,al-, crainu .,hrmlhtio ll thehas 
SaMe adva lae sa 'enl wtalc ti rn iitis n: 

-- b l)ce Ct ilerhas, en1 re_ssed. into cranlun. thefrC iS 
little 0I no dut'l alnd mate'ilCa hbel asily porCL andl 
Ill';.I,tlI,.d
 

- rjCr'ULltagc tl ;iCti,\ !r1ireeient in rannies is high (80t-9( 
plicent I i cotllrls \ ith (r\ 'nniea ftuluhltious 

Formulaions to he applied drY 

(;rallult. 

0 PrctparCd by i pircgat in- the tech11ical herl'deiC or inert 
particles. such as clia,S 

SGrMular ftormulations cotair, from 2-21 percent concentra
ionS Oif tCtivC incrediCnt becatuse_ the inert cly isused as the 

diluCnt r;ther than watcr 

* Characteristics of granule formul,tions 

- may be plicd w it h less CxpeCn.li\C CqnilmCnt than sprays 

- penetrate a plant canopy and reach the soil easily 

- may release the herbicide gradually over a period of time 

- less drift hazard 

- relatively higher cost 
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- more chance of poor distrilbition on tile soil since gran ules 
may roll or be blown in to fu rrows or other depressions 

P~el.ets, ,ahles. hbh 

0 Both watLe'r-soluble and non-wvale r-s(uIOblC herbicides may be 
loi mLilated itnLlrgeer-sil.ed pellets for special needs such as spot 
(Ireatment 

AdjIIvaIIts for herbiiddes 

An adjuvan t caI hC defincd as a soIStance added to [ prescription 
to aid in fhe operation of the main ingr'dient. Possible reasons 
for the addition of ad Wit spr:ay tank of pesticides.tthe 
include 

" liiiprovcd \\cttineg 

" Reduced CVe\'atatitil 

* Increased pnctraltioun 

* Improved translocation 

* Extended wcal herabilitN 

* Slowed release 

" Adjusted plI 

" Deposition 

* Compatibility aid
 

" Retarded drift 

* Odour ihibition 
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A few of the types of adjuvants that are of particular impnO'
tance to herbicide users arC discussed. 

Surfacta.s 

The WtOId "surfactant is an acron\'i cerived hr1 "snrfl'iCe tC
live aent". Surtact;.iIt nIohlculCs 1te sorl of loubCl-CndCd, 
cOmIpIIosed of ai IplsOtphilic portion and a h vdrophilic portiOli 
(see [igurc ). The lilophilic portion isusuallk illadeC o1 ho1-chail 
hVdrtocarbons or- bCi1Cn'-typc 1i1n- ;ituctuircs which hi\Ve low 
Walc soLI lit\ hul hl ll i ilit, . hI ydrolphilic enld hZS at 
.,tl m .illifililt r t ui. 

Lipophilic Hydrophilic 

Thcre arc p class0s of surLCints. dctelrmnnedthree Ciiiru 
by the chemical structure of the mol'cule's, hvdrophilic portion: 

0 ,l/li)jj( br-utes i ae to forlm1 i Icgaive'lv chireged sub
stance;ill nav i.actlwith contalmlinilts. incluidine llncills in 
"'hard" water, in spilay ,olltilin 

S('oiC --- ioliteS ill watr to for : pOsitivCl\ chalgd sub
stance: ila rea;ct with conltainats in spiay solution 

* Ai/io i- llost conlllonll used airicutllral srflia',Cta.ltS 

are non-ionic: easy to us, unamffccted by hard walter 

Specifiic surfaLttsiill an be used inla., wvys: 

* Wettine CtS 

" Dispersing agents 

" Enmulsifiers 

59 



* Foamning agents 

* I)etergerns 

Veuing agenl" 
MIT genIts are substances added to herbicidc sprax's to 

increase the spread of spray droplets 'er theustrface of foliai.!c 
Th'lley work r surfaceietl tCsion Of droplets (see
Idgire), 

Wit out wettifng ,jJ..O Aitlh "ettmy; ag t 

(tropt 

The !otal effeet of N 'Cllis lota t,,-Itill:2 \ell unLderstOod. It 

is knowIn that a maximtum Ic.1,11tlj IrfaceOt jl: tension is aeliie\'Vd 
with l t itin agen'rt c1ictatrt f .c," than ().os lof I percent. This 
ItIeaIW , that tIlLthels.li,_' rate Of SUtni etiL't \%,ill not cause the
',,, .a'
d+roplet to ,pica u t t itlicr. Hut it is also kno \n that the
uptake and el.ctisen,.s of lllal\ hlerijidc, Contintue to illrease 
as the wtiti.L aglentconcettatitt increasesilc A I plcenrt.
II inplicatioi is that wttu., atuzents imlproVe the Uptake of a
herbicide in other \was besides rwruing the surwac tenion of 
the droplel. 

Oils 

(ilshake been used in herbicide spirays for many yea rs. Oils are
adjuvaMts but not surfactants. Oils 
can ne diVidd into lhree
 
types:
 

Non-s.lecti\ceihytotoxic: diesel fuel, for example 

-
hr:avy oils With a hi h degree of tinsaturation ( tuany double 
and triple hends) 

6(0
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-	 -CIIrally a(dd to kinockdown-typC herbicides for roadside 

spraying, canal and ditch-bank sprayile, etc. 

" 	 Sclect'ive phytotosiC 

- oils that aIr [lot actually adjuvants because they '11aV le 
sprayed directlV without Mixing wihl water or without corn

biniiing with a lie rhici ne 

-	 intermediate %iscosity 

- used mostlv for control of broad-lcaved weeds in certain 

crops, such as the carrot family. The carrot family is appar
ellty better able to withstand the effects of oil on membrane 
SVSIt1m1S than[1 Most weeIds, SOf he crop is 101 harmCd, while the 
weeds arc. 

* 	 Phvtobland oil (some thimcs callcd maiC oils or spray oils) 

- light Oils that arc stutelCdMearly 

- not phytotoxic by thc inseles but often added to lie rbicides 

that n1Ccd help in pcnetratiog plant leaves 

- a majo r use has bCCl in lixturcs with atlrazine for post-
CllcrgClC appl ication in maize 

Pesticide mixtures 

Sig'nific:,t advantages often develop from mixing agrochemicals 

for si aIultaneous application: 

* 	 Saves time 

* Reduces applicatiOln costs 

" Reduces soil compaction with fewer passes over a field 
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Mixing herhicides may have additiolhjia eneits: 

BBroader spect llui l'\weeds conllrotfed 

* %:iv r'ceilIC ap)lication rates of cachI hCrhicidC 

* Prevents shifts in weed populations
 

* 
 May have a s,ncrgistic el'lcct 

Polenlal problems with pesticidemi 'ures 

Use rs n1ced to Ibe a rc o plohlCns that MaV OCclr wten pes
ticies are MixCd: 

" Reduced ItOItllCC 

* Reduced effectiveness 

C"+H.ocs oll ill',,11lpaihilit, 

0 t'lhvsical iilC0Illlrn .it-ititly ili\ resul ili ti IltocculatiOn (ifsuns
p)Cnsions. scparatlioll of CIti LIsionIs or adsO ptiori of the toxicant ofol pesticide on tile dilHVent of the othCr 

* ("t-llliical -aclioIs Illav Occur :1ltion, valious Co iponents of"
the producls bele mixed 

* Reaction amilong the surfactants (wetting agent. emulsifier,

c-lpat 
 ent tte various pesticides 

How to preveml problems wit/h pesticide mixtures 

* Read the label. (Crtain mixtures may' already have been
shown to bhe LI1-tileC or non-compaltilc 

* Consutlt a,pesticidC compatibility chart. Compatibility charts 
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are updated and pul'lished each year by, amog others: Meister 
Publishiing Co., Wi lhoghbvy, Ohio 44(4, USA. 

" Ask your chemical.supplicr 

* When minixing a wettablc powder with other fornmuii lat ions, 
always add wettable powder to tie water lirst 

- if an eniulifiab1le concentrate is added first, its oil solvent 
will coat tile wcttahle powder particles that are added later 

- this prCVCnts t unform sus+,plnsiol and causes Ilocculttit)n 
of tile wettthle pmxxdc r 

- an ClsifiablC C011CClt-atC should hc added to the tnnk 
alter the wettalIc l)\dtCr is in pr' pr suspension. Wiater sol
uble concentratCs should hC added last. 

* If there is an doulbt 'about coUplatilility, the pliined mixture 
should be tested in ld\'lc ona small scalc 

- esticides to bC corn bi ned shItl Id IbC inixed in small glass 
containCrs at the SamC ratios to be used in the field 

- allow to staind for a few minutes and observe results 

- good agitation il the spraevCr Will help prexvent problems 

Biological incompatibilifY 

Another problem ) " mnixtures occurs not in tile sprayer, but in the 
plants. There are two niiajor types of biological incompatibility: 

* The sccolId conrponiCit o' a hierbiicide mixture may break 
down I sclccti xit\x mechanisi ini a crop, daniaging the crop 
together with the wceds. This happens in sexeral cases when 
insLcticidCs a.nd herbicides arC sprayed together. 

* There are also exaiples of reduced xweed control from one of 
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the components of a m11ixture. For example. when thl new -dou
ble ring" grass killers are mixed with )henoxy herbicides. tht con
trol of broaI-leaved weeds bV thehe inoxiCs is reduced. 

Herbicide applicatioi equipment 

Herbicide applicatiol equipment ensures a uniform distribution 
01' an exact quantity of pesticide in a given area and saves the 
farmer time and effort. 

7T'pes of applicators 

Non-pi'sfsutiizd 

" 	 Water can 

* 	 Duster 

SGranuiIlar applicator 

" 	 Spinning-disc applicator 

- recognized for uniform droplet size 

- uses lower volutime than most hVdraulic applicators 

" Direct-contact applicator 

- depo)siis herbicide 1hronl0 direct contact with the target 
plant includes rollers, wicks and wipers 

Pressurized 

* Hydraulic - uses liquid (usually water) to distribute her
bicide in target area 
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- manually operated 

- motorized 

- ground-driven 

Air 

- ",ses air current to distribute herbicide in target area 

- usually motorized 

- often called Lfogc rs' but distinct from thermal foggers 

- rarely used for herbicide application 

0E] A knapsack prayer should I--Ivailable during this ses
sion. It is also helpful to have sa'. of other sprayers to 
delMOiSt rate2. 

Spinning-disc applicator 

In this type of applicator, an electric or air-powered serrated disc 
produces ligaments of liquid that break up in droplets. Its chief 
characte ristics a:re: 

" Highly uniform droplet 

" Speed of rotation a.lld conliguration of disc determine droplet 
size 

* CurreLIt hand-held IodelIs arC usually quite fratgilC 

" DifficUlt to calibrate 

* Difficult to see spray being applied, leading to concern about 
operator safety 
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Sou rce of power'e 

" 	 Electricity 

- runs on two to eight 1.5-volt "flashlight" dry-cell batteries 
or one larger drv-ce!l battery 

- battery life and maintenance present problems 

- solar collector batterics should reduce battery replacement 
problems and costs 

" 	 Air 

- recently introduced models use a manually operated air 
punip 

- this unit, similar to a knapsack sprayer in appearance, may 
overcome battery replacement costs and erratic application 
costs 

Direct-contact applicator 

" 	 Limited to systemic herbicides 

" Especially useful for applying herbicides in areas where spray 
drift poses a dangher 

* 	 Allows selective use of non-selective herbicides 

Hydraulic applicator 

The following are common components of hydraulic applicators: 

T[ank -- trmsports spray solution 

* 	 Agitator - keeps tank contents evenly mixed 
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- mechanical or hydraulic essential with large tanks 

- advisable with smaller sprayers as well 

0 Pump - pressurizes the system, he it manual, motorized or 
grotud-driven 

" 	 Pressure gauge 

-especially important on motorized equipment or in 
research work 

* 	 Pressure regulator 

- extremely important on motorized sprayers to avoid exces
sive prc';sure that could cause a rupture 

, Ilose - colliutcts spray mix from tank to boomi, wand or 
nozzle 

- in-line primary screen/filter advisable 

" Boom or vand - carries nozzles and helps convey liquid 

" Nozzle -atomizes liquid for uniform coverage of target area 

- nozzle body 

- filter screen - non-drip filter advisable 

- nozzle tip - determines droplet size and spray pattern 

- nozzle cap -- secures nozzle tip to body 

Types of nozze tip 

* 	 Flat fan tip 

- tapered pattern 
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--	 designed It he set on a boom so spray patterns overlap 

-	 many sizes and angles available 

*Even, flat fan tip 

-	 uniform pattern 

-	 designed for band application 

- many sizes and angles ava.ilable
 

" Flood.ijt or impact tip
 

--	 wide angle 

-	 operates at low pressure 

-	 droplet distribution less uniform than for flat fan type 

-	 less drift in windy conditions than with other nozzles 

* 	 Cone tip 

- cone-shap ed pattern 

- used at higher pressures than the other types 

- produces small droplets 

- used for insecticides arid funzgicides 

Mtainteinance o" applicators 

* Hydraulic and spinning-disc applicators need more mainte
nance than direct-contact applicators 

e Chemical residues left in any applicator present a threat to the 
next crop sprayed 
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- to remove hormonal herbicide residues, tillthe applicator 
with a 1 percent ammnia solution (flound in several house
hold cleaners), let stald overnight and, the lext day, rinse 
three times with water 

0 Oxidation and corrosion commonly,occuir when sprayers arc 
not properly washed aftcr use 

* Leaky hoses aid falty con necliols are common problems 
that should be che1Lked often 

* Plugged nozlc tips and screens result in non-un iforni applica
tion 

* PLugged nozzle tip.' should never be cleaned with hard objects 

Sprayer calibration 

The accurate application of herbicides is so inilp)rtanlt;dliSO 
often misu nlde rs'ood that considerable time should be allotted to 
this subject. Both class-r'oomll alld oLtdoor activities should be 
used. 

Calibration involves deltermining or adiusting a sprayer's 
output to facilitate unif'om distribution of an exact quantity o' 
chemical in a given area. Excessive herlbicide can kill the crop. 
cost extra mn1ey or leave undesiralC residues ill the soil. Too 
little herbicide, on the other hand, results in poor weed control. 

Requirements for. prayer calibration 

I] /his topic.s/ouhl hIpresnt'll idt1s it,ill class-rooln and Illen 
repeated ill f/it' jlcd a/l/e . t /Il/ic' culibratioti e.vercise. 

In order to calibrate a sprayer, one must be familiar with how it 
works. Beyond this, it is imTportant to unde rstand the factors that 
regulate sprayer outpuL: 
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" Nozzleorifice size 

- there is a direct relationship hetween orilice size and OUt
put: the larger the oniice. tile greater ile outpul 

" Speed 

- all inverse relationship exists between travel speed and 
spralyer ont)pul. For example. if spCed is doubled, out put is 
reducCd 5)) percent. 

* PressLrc 

- rclatic chcanc iII OIl)tpIt is proportional to tile square root 
of relative change ii pressure at tihe nozzle. For example, ill 
order 1o dubLIC 01111pu. prCssurC illust be increascd nearly 
fourfold. 

Calibrating a motorized spraer 

The objective of calibration is to determine tile output of tile 
Spraye r. ileasu red in litres per hectare. TIhe correct procedIire is 
as follolows: 

" Determine that the sprayer is lunctioning properly 

- there are no leaks 

- the sprayer is clean 

- tile nozzles are uLliforll
 

- the pressure is correct
 

- the speed is set to tile level desired
 

- the boom height is correct 

" Add water to the sprayer tank and mark the water level 
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" SpraV elasurcd area at the speed and rL desireda SJreu 

- the ar'c'a should he hlre enough to allow ,IccUrt if',lstllc
mnent 

•- idCall the pI-ocdure should h._ peC'rfolrme'd inI the field to he 
sprayed olr in an alla with sililar Con1ditions to avoid chlatngCS
in speccl 

* Rclord the aM-n11t If till reCquircl to spray thle atCra 

fr sp)t where the 
first determiined 
SRCltuII spr totie same \ater lcv.'l was 

SMeuasue the C\act tmoun t of watr reqturl t rfill the 
SprI'ver to its orlicinal level 

1To cross-check this amotI )c'al the1CI-a\ Il ;I statioll
arIV p(osition. at tile sa preIlurtfor the sa allI t of tilI 
requild to eO\'er the 11CnieatIIC.I arCI. aind then cot(11_C ;tncL llld -
SUIe the otpIuIt from1l 1\\) orMoe llesL, 

* Nluftiplv tIe a ieaMnotlt collctel h\ tile mlmbe,r Of 
nozIles in th Ibom ( is applicabiIle) 

F.]11 The secoild meuthtod should be more-c accrCtel'l IblcllSe it 
does not rely oi th slprayr I, placcd in the alle Spot o illea
sUl'e the water \'CL speCialll\ When i iarc tuink iS ised.el 

* CalculatC the OUtpluIt in f/ha with the foho\inz foriuia: 

water ised in litres x It10(O) in- - -- = I/h1a 
\rea sprayed ill IllI 

Example: 

n2Test area = 400m 6 Ix 10000 m2 

Water used = 61 - -= 150 I/ha 
400 ml 

71 



Calibrating a knapsack .spray.'r 

lhe knapsack spraver is the most univerlal tool 'or applying her
hicides in dccloping Countries. It k also a cery convenient 
spra.'er for Icaehing calihiatitn in a training Curse and f,)field
rese;alCi \ith lICrbiciles. cHcauIc moist knapsack spra\.ers do not
 
phnl, tout all t,f
the liquid placed in them. the calibration and cal
cutiUiois ar sihtI\ diffeent r h W ,itfrI1 1
( I i/tid sprayers. 

c Pf~lrlic'ipals 
s]hmII] bc' veil inil++grm"€ips. midJ ,. kcd+l Io go 

) offi/ l tIt11 / , ',il' c Ics'/b icami/ialrwit u tlq',raiclioll o/ 1 %prw cr andU I!11' sIcill'c/l¢
111M r./ )ss,ac1 'ah,1 

* Assebllhc tle spray cr 

" Add water and check for leaks and proper operation 

* P-acise spraying with water until everyone is comfortable
 
with the operation o) the spra.er
 

Sl)etcrnilinc the atil(Ionll (t water that Cannilt he sprayed out: 

- add a mesuntreld lltitll ()I Water to the spI)aye 

-- spray into a tontainer of rater \\'tlhthe nozzle held under 
the Water SIirface 

- stop wher,larig bubbles appear, which indicates that air is 

- lmeasurelI' th it'IlloUilt ttf wa[ter"spra'ye,..d and suibtract fr'oml thle 

aifoitillt pui Insprayer 

" Add a ineasu rCd allroiunt ()f water (2-4 I) to the completely
emlpty sprayer 

a At a cinlortalc walking speed and punping rhythm, spray 
a measured area 
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0 Measure the water remaining in tile spravcr (or the amnount 
needed to refill it to the original IevCl) and calculate the odipult in 
litres per hectare tlsile the same f[ormula as shown for tle 
motorized IiCld sprayer: 

Water used in lilres X I) 000 I ln = I/ha
Area; spriay'cii iiinm 

Example 
2

Area sprayed = 200 n1

Water used = 31
 

3 Ix 10000 in2 

2 2 150 I/ha200 m

Herbicide calculations 

'a.1l'r c'.%c' iIlIlr-El FlowringIIt . calih'altiol isc, ti.i film' to 

l'cns (In /('I I or 1Slit't n I1)(l1'i Il /IIII /lI (',/ I ltllt1i I o
( SS.
 

Follow this pr[)eclCurc tO calculat tile co r'ect miX Of water and 
herbicide to put in the sprayer: 

Sl)terminiC output per hectare usine tle form1ula: 

Water used X I0 (lit)) I)/ll ha= l/hla
 
Area sprayed 

" Determine the aniount of' active ingredient of' herbicide 
neeledC to trealt I het.larC 

e Determine the size of the area to he sprayed 
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SCletlat thle a u. at11101111!'Vter udd t spr'ay.t thle desired 

area. as followNs: 

Il to he sprlycd otut liaL=ltIlrH 

Ill per heclare 

Example 

Area sprayed = 100 m2 

Water used = 1.51 
21.5 Ix10000 m

Thus output is equal to - - = 150 I/ha2100 m

Example 

Area to be treated = 4 plots of 50 m" each = 200 m2 

Output = 150 I/ha 

200 m2 x 150 I/haThus, water needed is equal to =3 1 
10 000 m2/ha 

HIowecr. mniost knap,,,ck ,.,praFLr, do1ltlUmp oit 11l the 
liquid ill the tank, pumpndri 'istir tcham-er. lto dtleeriniuC the 
di.1t0t o w1'tr that ItUmt be alddCd to alow r tisi and lor 
lllillor erlrolrS, It iS k) 'tor:e'arLIIII 

U) the a:mlllt needed to ,pray pht 
) the amunUt that is no0t pumped out 
) tama''iu for 'afet\ 

Example 

a= 3 000 ml (from previous example)
b = 450 ml (determined for each sprayer) 
c = 200 ml (determined for each situation) 

3 650 ml = Total amount of water needed for spray job 
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Now the amouniot oI lmel rcial prod UcC (CT) nCded for the 
above quantity of water can he calcuhlted as l'ollows: 

litres l)esired rate of herbicihleCot P attr in 
Calibrated I/Ia PercCnt active inglredient 

expressed ;asa decimal 

Example Assume we want to apply the equivalent of 2.0 kg active 
ingredient/ha of a product containing 80 percent active iriredient: 

Thus, 3.65 1 2 kg'
x 8 .0608 kg, or 60.8 g150 I/ha .80 

This means that 60.8 g of the commercial product would be added to 
3.651 o1water to spray four plots of 50 rn2 each. When finished, 650 ml 
of the water-herbicide mixture would be left in the sprayer if spraying
was equal to the calibrated amount. The amount of liquid remaining in 
the sprayer can be measured after spraying in order to verify accu
racy. 

Factors atffecting soil-applied herbicides 

This is a Cry importan' topic if the weed tnaceLgCnCllt course 
includes a discussiol of hrClicides s,, weed control tool. An 
underslanding of these f.actors is ,..,se.,tial if participants arc to 
know how herbicides react in the -.oil environmlcnt. 

Man herlicidCs arC appliCd tt)the s;oil for uptake by thle 
roots or 1bV th cIeeine shoIots '\\,eeds. Roots ae geReraSlly 
llore effective than leaves at t.,,ing up hrlbicides: hower,r 
because of events taking place atl'er appliC:Iliato soil-applieCd her
bicides arC not alwa\s \,ailhblC in sufliciCnlt qunMties to kill the 
weds. The major factor dLCterining tirIhe ffCctivCcnss of a soil
applied herbicide is its aailablilV to the \\ceds: the herbicide 
must be itl the rigzht plhce. at a I ch cnotioh coInccltration, and forhi, 


sufLicient time, to achieC weed kill. 
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Soil components 

o El This is a god place to ask participants to list the comlpo
neilts of soil. 

" 	 Minerals ill tle form of, sand. silt, clay 

" Gas in the lform of nitrogen. oxygen, carbon dioxide, '.tc. 

" Nutrients C. I, 0, N, P, K, ('a, Fe, S, (Tl Mg. Mn, 13, Zn, 
No an1d CTt
 

" Micro-oria ii isins
 

* 	 Insects, worms, an imails. etc. (in icro-organ isms) 

* 	 Organic Iatter 

- partially decomposed and original tissue of I'ots !ld topsof"higher plants aiid rclaibs of IuMi, bacteria, earthworms, 
rodelnts, etc. 

- 11111i1uS the dCuICIlposed residuies of the above 

* 	 Water 

* 	 Air space 

0 	 lter living all of Iit'stfllors, ask which of ihecm will not 
1.1J, ct .soil-ayplliedherbicide. (NearlY till coil i.i/u';ce herbicide ielojormance. 

Soilprocesse. that determ ine herbicide a ailabilit , 

* 	 AdI.orpuioli ,asoil colloid.: adsorupt io Isthe chenI ical and/or 
physical attractiol of a SlhSt nC to atSuraiCe. When aIherbicideis applied to soil. a considCrale peIcentage of its molecules can
be atlached to the soil cOlloids so tightl tat thttiey are unvailable 
for uptake hy plants. 
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- only herbicide molecules ill the soil solution are availatble 

- an eC(jIilibriunim reaction occurs Under Illost conditions 

There are four primry soil flactors tl:It affect the extc~lt of 
adsorption: 

- '.tur1'--- affects tile M~i'ail Iable surface area. com-Clav is 
posed of1 smal particles, so the surface area is greater: sand 
consists of large particles so the surface ara is stnaller. 

--- mont mor knilhitC- Iv/W, a]"c 1 cIhvs Ihave a inuch Igreater 
capacity to adsorb than illtc or kaolinitic clays 

- uraullic mlt'r cocu'ltI pCrha ps tile most- imiportant soil 
factor affectinl . adsorpt ionl 

-. xudi/floi.turl' - a:r ca in iupete with h e rbicides for 

adsorptive sites on soil colloids. For soil-applied volatile her
bicides, surface loss is usuralk; much greater from moist soil 
than from dry soil. Soe herbicides tetrLi to be too adsorbednII 
by dry soils to produce optirlium activity. In thIiis case, hetter 
results occur from application to moist oil so that fewer
molecules arc adsorbed. 

-Water filIm 

Soil l- irWbiCL2 Soil 

Moist soil Dry soil 

9 Phnotod('compa)ustjun 

- light energy breaks cheniical bonds in tihe molecule and 
destroys herbicides 

- most hIerbicide, are not highly susceptible to pliotodecom
position, but some - such as trifluralin - are broken down 
fast enough to cause a seriouIs reduct ion in activity 
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- prompt mechanical incorporation into the soil is the usual 
solution 

- in Soic cases, herbicide movement into the soil with rain
fall or irrigltion prCCnts serious photodeconposition 

Chemical deco il''.itio/I 

- seN'Cratl chemical rCactions can occur in the soil to break 
down herbicides: ox idation, reduction, hydrolysis and 
hydhal ion 

- reactions oCcurli )st readily in warm. moist soil 

- erzvmes ale ftrequentlv involved 

c. Lea(hintg: dO ,II\\rild 111OVelllCl)' Of a substance, ill solution, 
it: rouigh tie soil. (SoIIIC authors call the movement of water in the 
soi horizon 181 leaching.) 

- tie an1oulnt of herblicide h. Iing th rough the soil depends 
on its solubilit\,, tile volume 0l .'Ac passilng ti rough tile soil, 
the disitribution o1' tIe \ate r, soil texttire aiid tle Ndsorptive 
relationships between herbicide and soil 

Eo Ask particitas if 'achiflg is good or bad. 

- in gener:l. some movement '1 the herbicide is needed to 
move it into thli soil for adsorption by weed roots 

- undesirable for herbicide to move too deep and be ineffec
tive on weeds or injuriotUs to deep-rooted crops 

* ,'Ilicrobial dlown 

- microbes can use certain hcrnicid's for food 

- can also break down lic bicides rather incidentally, while 
working on nlllother1 food SOurlCC 
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- the breakdown of herbicides in soils by microbes is an 
important plenomenon 

- without microbes, most herbicides would remain in the soil 
much ilonger thall needed 

- sonic herhicides are decomposed rapidly, i.e. within three 
to four weeks 

- others resist microbial Ibreakdown and can persist more 
tlaln one year 

- in general, Conlitions t'avourahle to the growth of microbeF 
will hastlell herhicide deco nposition 

Herbicide response in the soil 

* Extent ofl hericide adsorption depends greatly on herhicide's 
laturi'e; som1c are quickly and tightly adsorbed (paraiqMIat): others 
arc iI)Lic'h less alsorb0Cd 

* SolubilitV: within Igiven herbicideCIC family. there is an inverse 
relation iip bet\'CCII solulilitv and adsorption. A slight change 
in tie herbiciCe moleculC call iratl iVlter solubility 

* Volat ilitv - some lie rbicides Can evaporate into gas or 
vapour and he lost 

- suchiatlltcriatls usually need leclhanical incorporation into 
the soil 

- volatilitv is alffected hV telpcrature, relative humidity, 
wind and soil moisture 

Interactions 

The soil is a complex medium. Many factors caln interact; any one 
factor can bc important enough to cause herbicide success or fail
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urc. Of all environmental 'act' rs, soil moiSture is likely to be the 
key factor in the success of soil-applied herbicides: 

* Poor moisture conditions probably cause more failures with
soil-applied herbicides than any other single reason 

a A herbicide lying on the soil surface Cannot satisfactorilV Con
trol germinating weeds 

* Even ifra herbicide has been mechanically incorpo-ated in tile
soil, sufficient moisturC is needed to make a herbicide available
for uptake. \VCd seedlings lnergine 'om deeper moist soil can 
emerge through tMe dry soil la\er tin whamed. 

* The proper location of1 a herbicide in the soil and adeuate
 
nloisttire are critical factors
 

Factors affecting foliage-applied heriicides 

Falage-aIplied herbicides arc ak known as "post-emergence"
herbicides as they arc applied after the weeds (and crop) have
eniougzh foliace to i.terCept ,tdLCllhtC ailloullts ohiicidal Splray. 

i] Iniiuah' thI.s ioni,topic byv s[k /)tIri'ip)t.lsto coltIrasIhI/ceasolPs 
'irt)/)'fvl' aheri'cide to 1/ic l/iage rs. the soil. lor examleh: 

0 Soil-alplicd hcriiicid.'s arC used to cot0nrol \wCds early in the 
life of*the crop as well as later on 

a Applications to the soi Iarc easier: for example, worries about 
contact with the plant are eliminated 

e Applications of soil-appliCd herbicides are Made \vithout cer
tainty of the extent oIf the weed prohlcinl 

e Foliar applications can be carried out or postponed as weed 
presence warrants 

Sf) 
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o Foliar control can bc used for special weed problems that 
anpear after the crop is growing 

* 	 For a foliage-applied herbicide to be effective it must: 

- reach weed plant 

- he retained on the plant's leaves 

- penetrate the leaves 

- move to the site of action 

- remain in toxic form for sufficient time to exert its effect 

Barriers to the herbicide reaching the plant 

0 	 Ask participants what dtesc barriers could he. 

o Spray drift: the nmovment cI spra 5 particles outside the t:irget 
are:i 

-	 particles c :n be ph totoxic to0 susceptible species 

- snlall droplets are more subject to rift. The sniallcr the 
nozzle orifice, the smaller the droplet; the higher the pressure, 
the smaller the droplet. "Che maximum recommended operat
ing pressuIc iS 1.4-2.8 kg/cm 2. 

-	 wind velocity will cause drift 

- the height of the nozzle above the target surface is a deter
mining factor 

0 	 Volatilization 

- the change of a herbicide from a solid or a liquid to a gas is 
influenced by the nature of the herbicide molecule, tempera
ture, relative humidity and the wind 
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- loss of a herbicide through .'volatilitV can cause a signilicant 
decrease in herblicidal activity 

-	 sonic herbicide valloulS ale phytotoxic to susceptible plants 

* 	 Canopt y'lffct 

- taller planS Ireq ueinItly protect shorter, uLnderlying phlants 
from herbicide applicat ions 

- this Is a irticularly serioLus pioblem when contact her
bicides alre applied in dnCIsC w.'ed growth 

o1 Ask what ,n,,ht he dome to improvec the coverage ol short'#r 
weeds l'heni (pp/via g a cotntact herh'ile in afield wit/h weeds 
of wide/v 'ar'Ying heig/t.s. 

--	 insilcr: Incl-ease c-riicr vol meand adjust thle pressure to 

the UtipCr limit (2.s kg/cm 2 ). which ncans that the spi-aycr 
must be recalibratcd. 

Factors tajiectint' herbicideretention on the leaf 

Flant 


- narrow uprigit leaves (as the leaves of onions)
 

- broad, flat leaves (bean plant leaves)
 

H lorplology 

* 	 Nature of leaf surface 

- waxy 

- pubescent 

- corrugated 

9 	 Nature of the spray solution 
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-	 polar 

-	 non-polar 

Mlay hc ,nodified by using adjuvants such as spreaders, 
stickers, wettiig agents and oils 

" 	 Wash-off 

- rainfall dew. irrigation 

- excessive volunie of carrier and/or adjuvants 

" The volautility of tihc herbicie 

- climniatic conditions - tcnIpcraturc, relati e hunidity and 
the wind -.affect herbicide v v aliias well as the evapora
tion speed of thlie water intile spray droplet 

Once ret ained on tile leaf' surface, the herbicide has flour possible 
fa tes: 

o It remains on the leaf surface as a crNvstal, which happens 
whel :he water carrier evaporates too quickly 

* It enters tile cuticle and re mains dissolved in lie non-polar 
portion: this happens with various v\ced oils 

* Itenters and moves in the aqueous )hase along cell walls to 
the vascular system: examples are dalapon and amitrole 

* It enters and movCs directl' into living cells and through then 
to the vascular system; inexample is 2.4-D 

Herbicide absorption in thefoliage 

• 	Entrance routes into the leaf 

- upper or lower surface, the latter being more permeable 
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- stoniate 

- cuticle (generally More important thatn stomataI uptake) 

* Leaf cuticle: a complex layer covering the leafI, serving as a 
barrier to water loss illdrv weather and as InI
et raice tor cxtl
nat substaIces. Tvpical cutical constitueits includc: 

- clli: 'aNes which 111l1ayhe Iltil-polar, lipoplilc or short
c1 ai esters and ailcohols lackile reacl i\ ccul grOLIpS 

- cuain which is a niixturc of polymerized acids and alcohols 
of high niolecular Wcight Lu-0tining cd gtlrOuS and is partly 
lipophilic and part IVlIylrolliilic 

- pectins which are amorphotus anld highlylivd rothic arid are 
made up lopolyuronides (sugar-like materials) 

- c('lhloNC which is hycd phi i lic. librillar illnature arid perile
able to water and polar Compounds 

Cutin waxes are lilpOlhilic and thus difficult for p()olhr. wiater-soltr
ileherbicides to penlietrate. Polar lie rbicides deeC lId 0 physical
openings illthle Cuticle to e liter the ICA.,finally moviig along pc
tills arid cC.lluosCs (tie aqUeOUS route). Non-polar 
or lipophilic
coi1outrids pL'nCS ,til."t e li)olhilic tlase ructure.ofthe leafs If 
too lipophilic innallItlre, ihericide ma, havell'tubhl iMIetriatii-g 
hydrophilic pectin and celluloSe. 

Fliviioilliclntal conditions atffe., the floiar absorption of'her
bicides, especially watetr-solIN ':(Oll1)ot1ndS. IHigh i'CltiVe 
hIiitniity llils thlat tile Spray it.plet evapoirates more slowly,
 
more time is needed to peinta!c the cuticle and thai the l'drO
philic portii (if the leaf swells., forcing wax platelets farthcr apart
 
arid lp>roviding Casier accsc,,s for wait r-so irble herbicides.
 

o Adjuvants: increase absorlitien . patiulrlV of D'ar Iate
rials. The exact IllchanriIm of adjuvai ts i,iitclear. although it
 
may have in part a solubilizing effect inthe cuticle. 
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Translocation 

Many herbicides lioe froni tile point of appliathi to other 
atIparts of the plant. Niov nitll occur' ill SVIldaSt .ild 0popJast,

Svinplast re ters to all ill erciielCt ., livilg,sN'sten of plant cells 
functioning a' a trlilllttlinl- phori and Iticr livi Ageel,.
Alpoplast is ;in itlhtCrcoictld network of nolt-l+ivlng tissue. 
inicluding x,'lem and s !ondlarycClI walls. 

I terhicides Ci: ll o u short distane,:cs Ov simple diffusion. hut 
I'mr Itiu swc.rInic actioli, tle\ must move, citlici in the xclviln mr 
lphloeni. Sone hrbl+cide,s ilovC ol\ ini alc ,\,,tstL1 while othels 
iliove ill loth. Se\eral l liage-appli.d cOnlptiLts ttlo)e III tie 
leaves ill the ,vnpoat aloig with the ,ugars prc dueet in photo
svnt hesis. l+xamples i'clude 2.4-) d alpon. ainitrolc. dicamlba,
piclorarn and gl ph sate. hi ,,e will frequ enll by pass l cves that 
are pl-tldeui aid Cxport ie sugars. 

The "'soircc-to-sink" concept is i tipmtrant here. Sinuk refers 
to a site within th. plIant \hr stgr.( ll'e C .il ue' to follm StOr
age matcrials, )r \herc the are hein, acivelv inuctalolized. 
Stairs tenld to i1ove Iroll Icilfarcas \\ here the\'vrC mllanufacturcd 
(smrcC). towardi sinks. In the I)ttOCs, the carrv alon ,4-)D 
which cannmt move 1v itsetslf alo Ii: these lpaltlw.'tys -- and other 
herbicides. 

Il .111111LINll ;.ls, th n11vMIlelIlt ()I' hCrbicide..s over long, dis
ta nuees is gClncrally tlot of Iliajor itnIIportatlice ltr herbicide clfcc
ti.ness ill Coll)uparismi Itothellr lact.rs. Inl b111llials. trcatient 
 tl 
the seedling. stage or the rostcte stae,. lt before the plant sends
ulp a flower stalk, is critical ill mnany species. Iln perelnnials. the 
sourcc-to-sink concept can be of great ill portalice ill tilillg .t 
spray :applicatioll. 

h ia plant newly eieetl' f'olll 'egeiltat' pilrts. Most ofI, tle 
sugarLprndttcCd ill lhlotlsyltlhcsis is used to form ve'Ietative 
growth. M ovemlent is [1o(st ly upwartLs. WheCIl tile ilant rCaIches 
the htid or early-bloom stage. vegetative growth slows or ceasesant most stigar )rotdicCtl il ICavCs begins tMo iovC to tildr
groitijid storage tisstLC. It is here that the hrlicide cail be carried 
alon. H-herbicide alIplicatiOI at tlis Ipoint is tstlh iVost effective 
for lou g-terll control. 

Siice 111st herbicilc transhocation '1m0111IcavCs oCClrS inl the 
phlocm. rapid burning or"desiccation of tle leaves by the herbi
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cide is detrimental to etective translocation. Often, therefore, 
the fastest acting lrr11 iilation ol alherbicide is not Lsed for peren
nial weed control. Excess herbicide rates shoti ldhe aVOided foi 
(le sanc reasons. 

Herbicide families 

Each group, or fanil y,of herbicides has distinct characteristics.
 
Their use - includingz mixing and application - and the target 
weCedS \'rv,th us the lnforllatioll presented lere is divided 
according to specific Ia'millies. 

o 	 Quevtion: Ask participans to list groups or Iamilies of ler
bicides. Ilow would they do this? 

Hormonal herbicides 

lormones are 	tile sulbstaIces lo1d in plants that control and 
reglate plant 	functions such as cell differentiation, root initia
tion, tropism, stem longitude and diameter, leaf abscission. flower 
initiation, apical dominance, callus fo0rmation and ovary develop
merit. At loWx 	 c() ncen trationIs. ccrtaiii herbicides afect certain 
plants illa manner similar to auxill hom'ne1l1CS. HoweVer, plllnts 
lack an intrinsic control of artilicial horllones and. at higher coil
centrations, uncontrolled grtVth olra disruption of n 1orm1alpro
cesses results. 

Generalcharaceritic oflhor, lu/a! herbicides 

e More phytotoxic to dicotyledons than to monocotyledons 
with the exception of chlorani ben and fenac 

* Generally 	 foliage-applied 

" Relatively short residual life in the soil 
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* Breakdown in the soil 1w inicr)-LOral isnils, pcrsistencec is 
influenced h Climatic and soil Conlditi , 

* MONileratk to low nliinIalian Ioxici,,
 

l sed selcc-, in mall g-ail crops, pastures and non-crop
 
reas 

(Ollmicalgroips) 

* Phemmxv: 24-1) 2.-1-I)B: 2.4-1)P (idhchnorprIp)) 2.45-: 
',4 5-TP (silvex): 1CIPA\: M('PIB: M(TPP (mecropro) 

* elrizioic acid: dicainb: chlornamben: 2.3.M-'I, 

* Picolinic acid: iich ",lli 

Slpcific chemictd .group)s 

0 PILnoXV 

- basic ,1oleculC includes aroniatic (hCnIZene) ring with an 
oxygen atom hondcd directly to tie ing and acarhoxvl group 
(acid) Separated from the o.agelil l the ring 1w al 
aliphatic chaill of one or olll)l'eatosllicaLronll 

- SL lsittltions AC P si1 o l 1hc Ii and carbox'. t gIoup 

- short-chain esier substitLtions oil the carlIoxx Igroup result 
ilia \'olatilC. nM-polar, lipophilic comIpound 

-- with long-chain esters. \olalilit' is low 

- most often applied as amine, sodium Or aMnionium salts 

- moves from leaves witl photosyn thates - thus it is impor
tant to apply herbicides when perennial plants are accumulat
ing food reserves 
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- 2,4,5-T and 2,4.5-1P are especially effective in the controlof voodv perennials 

- 2,4-I1) (dichlorprop) and 2,4.5-' and 2,4.5-TPI have a 
longer soil life than other herbicides of this family 

- highly toxic ly-prodLct. dioxin, can form during manufac
turing process of 2.4.5-T. but careful temperature control has 
reduced this problem to insignificant levels in reC,!It decade 

0 Benoic acids 

- chloralin en iseffective only when applied pre-elergence; 
also effective in controlling annual grass weeds 

- dicamba aid 2.3,6- [BA are translocated in the plant in 
both photosynithate aiid tralsl'piration streams: can also be 
excreled or leaked flro0,m plant roots, to be reabsorbcd by the 
roots of ldjacent 1)l:ltS 

- salt forms are readily leached in the soil 

- dicaMiha and 2.3.0-'l',,A used for the coI andntrol of'anii nua 
perennial Iroad-leaved weeds: especially effective for deep
rooted species such aIs ("o111l/lvtlhs Ul'T('I)SIS 

- 2.3.6-TBA may persist in soils for two to three years at 
rates of It}-2( kg/h a 

- d ic'ainba is olteIl USed to COmpl'leelCnt pllellOXy coon nulds 
to control ce'tain species such as PJO/y,1jun111 spp. . Rtmex 
spp., Stellaria media 'Ind I.amium spp. 

e Picolinic acid 

- absorbed by foliage and roots: highly effective in control of 
certain trees and sh rubs when soil app1lied 

- long residual life in the soil, may persist two to three years 
in dry climates 
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0-- Phenoxy chemistry 

phlenyl 	 ring 6 	 2 
plus 0 	 - phenoxy 5 

Basic phenoxy group Numbering system 

Phenoxy groups Acid groups Derivatives 

o H 	 acid 
0Cl 	 II 

-CH;-C-- Na' sodium salt 
acetic 

K' 	 potassium salt 

CI NH., ammonium salt 
2,4-dichlorophenoxy +R(2,4-D) H2Nn 	 amine salt [water soluble 

ifRs (carbon chains) are 
short) 

CH:, -R ester: for example, butyl
C ester• 


CH3 0 -CH 2-- H,-CH,-CH-C
1II -- chain is less than 5C,-CH-0-0- lighly volatile

CI propionic -chain 5C or more or with 
2-methyl-4- oxygen in the chainchlorophenoxy resulting in low-volatile
(MCP-) ester 

-0-

Cl 0It 
-CH2-CH2-CH?-O-O-
- - -butyric + C CH -oil-soluble 

Ci__ C_ amine 

Cl (carbon chains are 10-14 
2,4,5-trichlorophenoxy Cs long) 

(2,4,5-T-) 

89
 



- high mobility in soil water 

- Up to 1I0 times mtorc biological activitv than 2.4-i) 

-- loi1g residnal lf,.., high iiiobility in ',oil water and its potency 
neCessitates the Ca.l'ni] LSe of p~icloram to avoid the cOntailli
nation of' I1tI-tait-l ar S 

- rather weak tn ( rt+i/i,rtt, specics 

iriazinex,ureas and uracil, 

" All soil-applied. hut sonic also have foliar activity 

" Al! arc taken tip1 the roots xylem, but theh, and moved in 
iore soluble also hav contact activity when used with certain 

e All are effective against ,gerinating broad-leaved and grass 
weeds 

a All are w in solubility From a fo1nhation standpoint and are 
foiunlated as wettable pode is. lwvabls or grautiles : solubi litv 
ran cs from 5 to 3 ON) pp "1 I[2) 

* Nhost ha'. c to he -activated- h rainfall or sprinkler irrigation 
to Illove them illo the soil 

* Most arc sClcCti\'C primarily according to the difference in 
rooting depth 

-herbicides Stay in top) laver of'soil 

- weeds gcrilnating in this layer are killed 

- crops with roots IbClow this layer arc tolerant 

a Degree of downward lmoVemnCt depends on: 
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-- 

- adsOi1 )OiV'C (1tali1iCS o herbicid 

- 1'yiC Mid duItIulit.\ of cliiv iII soil 

-- ,anic li;itlr colltcnlt o1 soil 

moisture content of soil at tle tMie of application dln On1 

flow Soon rainfltl 0r irri',-to0n follows 

A known rection inthe photosyntheticAll are to( inhibit I fill 

* \'olatilit\ and pI0tOLl npo',itiofl are Ito,,So herdcids can 

SlaM Oil 111soil SII''ICC l1"1,0111C !MilC 

a Al arc Soil ;tcrIl:-iIts at h11i1h rleN: rmorc pe'rsiStelt herl-bicides 

of these erOtlupS CauI pre''SCt t11liUCle11llt problems 

* Allh hlaC ow\mmulitmala toxll; 

* SlO\V to act Or st.SCCptiI,: .,,cCds 

1ia~ZiP('5 

e Basic t'azire structure: 

N 
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0 	 Examples:
 

- atrazine: 33 ppm 
 HO sOliIbility CI 

OH3 I 
CH-NH-- -.C 
 C-NHC 

2 H, 
CH,>
 

N
 

uses: naize, .sorghun.,suaI 
 rll ic,pineapple. conifer refores
tation and .ihCr 

-	 sitnziw,: 5 ppm 1-,0 soluhilit 	 Ci 

C 

N N 

C2HNH-C C---NHC,H, 

N 

uses: maize. citrus, fruit and rnt trees, pineapple, orinalen-
Ils, sugar caIC and others 

0* l3asic tea ltlrcture: II 
H2N--C-NH, 

* 	 Examples: 

-- diuron: 42 ppm HO solubilitV H 	 01 	 I1 %/ CH3 

N-C-N 
\ 

CH 


3 

Cl

0 

uses: wheat, barley, sugar cane, pfneappie, citrus. cotton 
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- chlortoluron: 70 ppm FO2 solubility
 
H 0
 
1 11 CH, 

N-C-N< CH, 

Cl 

CH, 

uses: control of weeds in cereal grains 

Uncils H
I 

N
Basic uracil structure: C C=O" 

C N 

C 
II 
0 

" Example: H
 
I
 

- hronacil: 815 ppm 11,0 solubility N 

CH 3-C C=O 

Br-C N-CH-CH2-CH 
IIIC CH, 

0 
uses: citrus, pineapple, non-cropand 

Acid amides 

Basic derivatives: 

H 0 H 0 H 0 
N C-CH N-C-R N-C-CH3H 

Acetamide Anilide or Acetanilide 
phenylamide 

9 
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*Most effective awI.aist se dliii" gra'ss xwccds, hut also control
soIIIC MnI bM~Id wCded1a v 

* Gcnicrallx Io\ finaliiala ii xcjt\ 

*( cncixiia soi -apid I nlrcl c lcor-p(ratiton ol' 2-4
cin hy rain all1. sprinklei, irril-at imn (11nIclch allicalIlx'. I ILL proves p
loI'*Wlice. lPropalni! i" All e\ceptiiii --

I-
- strictly' foliage-apjplied. 

*Sojl-aLJpjlie.i ifillljl)t CeJI1iltiool :anil cell elongation of
clilnciLmII1 Mo&t" . l 'h1oot". .(IIc-Apdiecl. allcctl~~I pholosyn
thesis andi Jis"plaI ontact action. 

* l-11i1 ffjl\ 1)'10()Ch\~ 1'0nt1and 'JItOoS. LdCpcnditj on par-iCLIl:I hell)cd n:x c
 

o Selccti~ \iiitl 1h0cliciltiea!
 

* (ICncrall\k rCLMtCl\ ,11ho1tpLtISistcttce inlsoil: considerable 
tiicr-Ohil &LldciItill 

CH,(IIItih a: 242 ppni 11Il)soIluhiliv 
0

CH.,CH, I 
CH., 0 

1 1 
-- N-- C-CH,Ct 

CH.CH,
 

- mefo/auIzlur: -5301 ppm II: sohtbiiit\ 

CH, 
CH, CIH -CH 0-OH,
 

-N,N 0 

O CHCH, C--CH CI 
uses: weed control inlmlai/c. soybeanls. potatocs. cott'on atd 
man111 Idothes u1Ise\\ i t11SeVerail hroaul-lcavcd killers 
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Carbamates 

0II 
" Basic carlamatc structure: 

" Fairly volatile 

* Microhial dICieradation is fast tilder Warml, Moist conditions 

" Need rainfall, overhea1d irrigation or mechanical incorpora
tioll
 

S('on1ro inIV gMrinSing dliiiseedilin rasses and some 
brold-lcaved \ecC'Ik 

* ,\hshed h rlulieh fhe coleoptiles ofeliergting grass seedlings 
and to a iesse! dereCeihroieh roo s 

* Act on plants by. inhibhiine cCli division 

* [L.xaflples: 

- lVOIuvunI: 25) ppm IM,) soluhilNIt 

H 0 H CHiI II ,/ 
N-C--O-C 

CH, 

- cHlorln'phaz: 81 ppm 1-1,O soluhilitv 

H 0 H CH3I II I 
N-C-O-C <CH 

Cl
 
uses: weeI control in seedling legumes, perennial grass crops, 
ornamentals and dodder (Cuscuta spp.) control in leIuimes 
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-	 barban: 0 ppl HO solubility 

H 0
I ii 

-N-C-O-CHCEC--CHCI 

uses: primarily an carly' post-emeri-nce wild oat killer in 
wheat, barley. peas and slgfar bects 

Thiocarbanales 
0 

* Basic thioocarbamnates stlucturC: IIN-C-O

" Require mecha nIMical incorporation in the soil because of their 
extreme voltilitv 

0 Most effective againmIst annal grasscs. but also Control soic
Perecnnial gtrasses and some broad-lea ved x,,eeds 

* Absorbed w the plMt. motllAv 1.rou h the shoot 

" Inhibit cell dixision 

* 	 Biologically activc in the soil only for a few weeks 

* 	 Examples: 

- EPTC: 370 ppm FHO solubility 

CH 3-CH 2-CH 2 
0 

N-C-S-CH,--CH, 

CH 3-CH-CH 2 / 
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- 'rflolate: 90 pIpn 1-1,0 solubility 

CH3-CH,-CH., 0 

> N-C-S-CH:,-CH-CH3 

CH 3- CH-CH, 

LISCS: \veeId C(IltllI ill mlliZe. So\ IbeanIs. "I'OLIIutS, )Otatoes 
'iIld lllIV 011lC1 l'copS 

- irialatc: 4 ppm l1,() S0olubilit' 

CH3 

CH 

CH/ 

uIses: Wild Oi Coll'iol ill \\'hea, haley,\ lentils andL peas 

Dinitroanilines 
N 

• BasiC diniro ',milin eS tl-Cturc2: 0ON  " NO , 

nmechanical hncor0 Most mcnihtcrs of' this I'amlilv! rquire 
p1otation l'or one2 or m1oire oll he f'ooinlg rc2a1sons: 

- 10\V S0ILulilIIV in watelr 

- photodeconmposcd 

uses:what volatile 
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0 Most effective against scedlilng grass weeds. but also control 
SomC 1i III1al[ broad-leav'ed weeds 

- absorbed bv roots and shoolts, bult raslocation is \'er\' 
limited 

- ihlibit celle division in the rml aIld shoot oI' germinaing 
seedlings 

- sclcctivty h, Iten dac to herbicide placement ill the soil 

- herbicide reiducs in ,)il may bC active longI enough to 
Cause p-)Hlcll,, ill rntainn cI)ps 

Fxanmpls: 

- tri/lu,'a/it: 0.3 ppm 11() SolubilitV 
H ,C--H.,C- HC-N--CFI,-CH:,--CH, 

ON NO, 

CF, 
uses: cottoll Soyb'aIIlnS, i1t s, healls, pOtatoes and 
nIalV lllorC clops 

-l>w'mlinwIudIi: (i..5 ppm l-k( ).,olubilit\ 

CH;,-CH 
I 

NH - -CH 

ON NO.. 

CH, 
uses: maize, soybeans. c(tton, groundnuts, ice, sunflovers, 
potatoes and many others 
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Bipyridyliums 

SFolliage-applied 

" Seldom move in the plant 

* tliohliv soluble in \vater 

" No soil activitV 

" SNmlllptomllls inav he scil within a fc\ hours 

" Work:; 1n uch 'aIctr in Ihritghi sunlight 

* Non-selective 

uses: stale secd-hed, directed spray' in ornamentals, orchards 
or hetmcen rows of lnany cirops 

* Elxamples: 

di(IIII pOr(IIualI 

2' 2"
 

CHCH _2b,r L 20, 

Substituted glycine 

" Foliagce-applied 

" Moves throughout tile plant via the symplast 

" Almost no soil act:I ity 

" Negligible volatility 
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" Slower action than p+arc1 uIat
 

" Non-selective, general weed 
 killer, controls most antiual and 
perennial grasses cl broad-leaved \wccds 

- tisC, I in both cropland and non-cropllld situations 

- SClct \i t v is aieCvCd h dtitffCrCntial time of applicat ion or 
Placement 

- pvrc-planit tremilent for 1an11y crops 

* xample: 

- L,'lhvlwse: higll 11,0 so ltiNhit V sold isopropylanine 
sall 

0 0II II 
HO-C--CH.,--N-CH.>--P-OH 

I I 
-; OH 

Double-ring gra.,s-Ikilhrs 

A relat ivcl\\ roulp of0 herlbicidcNli.t\ gaining rap'lid worldwidC 

e .lnique herhicidc, bccauseIicth are ellecti'c against most 
ralases vetl have l) cffect ni Iioi t br dl-lCaiVC slpeci s 

* All are foliage-applied and have little Monlk il f Cwweeks of 
soil activitv 

* All ar, inacti\c against tine Icics an1d givC po01or CtrIiol of 

* Most are slox to act 

* All are very active against maize Mid sorghtumi 

* Treated weccds" growth slows or stops soon after treatiilt, 
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followed by a general chlorosis; sometimes reddening develops, 
followed by necrosis 

* Examples: 

- diclIO-fl-mthyl 

CH3 0 
1 II 

O--CH-C-O-CH3 

C, 

CI 

uses: selective in wheat and barley: most of the others are not 

- fthazilop -bity! 

CH:, 0I II 
O-CH--C-O-(CH,),-CH, 

N 

CF:, 

uses: crops tested include cotton. soybeans, alfalfa, 
groundnuts and many vegetable crops 
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5 Conservation farming 

13 the mid-t'wenticti c iiintur\, the concept of soil tillage as a 
necessary and intcgral part of modern agricultural roducltiOll 
had bCcome \\idelC accCptcd, Falrm m'tachincrv travelled over 
fiCli Lp to eight to ten tiues in MC production scason. Agricul
turall dCvclopnent cIhnics pronotcd by imdustrializcd Countries 
in devclpin nations oltcn C tleILd nIeciuul,/atiOl with ii 

i/ation or \\itlh a,tzicultur',al pl tIllctioll (lC\chlpnlcnlt. I lovcver. 
serious ecolgical pruubl , drnlliati/cd h\ cItllrc willd and 
w\atcl cI'O)Sion ill t11 lnli.l-\o:'stclll I'titctd Statc> in thel )301k 
caused lIla [ C5c itllisls to LtlC!,tioll inlldi\linu ilitt tilli!U C alld 
ca.usel others to rccotlnllcr plin-suil rcltiiltip,+, giving rise Ito 

resCIiClh in altCrnativc practices. 
('onservatim tairmine roclr, cithcl to protductionI s\stemns 

ililliel at s sis ll allil \\ ItILerIeduucillg ii ctl " l- l. or to svStClls 

that attempt to tMlaintaitnIor inlproc the fCrtilit\ and physical 
prI)peltiCs Of thc soil thrMgh cr p tiItatill. i,(\er cro)s5. iluilhes 
a.iid reduced ('ctIor tillagc teclniquics. Although not a nllalldate. 

conls'rVaition [jllllril mlla\ or Illia\ not LIClland 11tu0ic iltensive 

liallagellecilt and the il'tgratioll I cl.r p prtcct ion praLtices. 

The developimenl o' tillage 

I listor\' doCs not -'c us a chcar record of "hen huinas lirst becan 
prictising plant hushalndr\. Ve\ Carly wvritings depict man 

struggling against d 'and tilling thes till to produce crops. 
Whether these carl, tillage pncticcs 1(rproIidc improved 
conditioms for scud ctMiAltion and plant Llc\clpnlnt or \\'crC 
mcant to eliminate \\ccd, is not kno\\n. In 1731. .Jcthro Tull 
stated in IIr-mot'ii .boiIh that small palticlcs of soil 

(pabulum) werc the tood of plants and that tillage would solve the 
prolen of plant nutrition. Although his reason for tillage is 
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ueCstionable, hl is the one whVo iinitiated the dC\evelpnilnt of'
modern tillage implenents and their use. 

The indnstrial rCvolution in FAInIland and tile I IlnitCd States
Was aCCOl[paliCd 1wanl CXoLLnS ol'.man', citizCls I'lOlll Iiiual alreas
to the cities. The adoption flOf se-drail'n --- and later, tlraCtor
dra \'n-- implcnmnts illA .. d gratcr tritptlt for iWndiidui.lls. IlepI\ow hccalcricclilCd ias a tool. not olinf lor prilar\ tillatc, 
but also as a 111t1ii toillt \ee.IsltC l\e CxtCtlSiN'C areaS. The 
use of, hor,c- and irh.'h-dr1a. itlnplenlnts led to plllting c.op sill iows. A.\11.'er-decreaig farrn11 Opnlation Il to0 largcr pro
dtUCtion Units pCper son, \\ rich CeC0ltlaeCd rlullfactreltrs to 
devClp ccn lreer. HIOr cfleiCiCht nnaChinr\. 

The tiilage crisis 

As tillahge practices SlrCd tolagr areas, pOhetl s of Soil Cro
sion caused Iw \ lid and \\atcer action reached alarming prop'Opr
tioins. Soil conpacior and the destructioll of, soil strlUltnre \\as
also attribtlCd tto xcessiC tillage orMt0ceo.sive tr'lic 11
increasingly hea v machine>. In the late I ,,htts, tre increased cost
o" pctrolcmne1U l as a Qatu in rcdunc, the umlcr of passe,
farmers made acros their hields. 

RcdnUcul tilla1c 'CcariC morel+,p',r2\ilcnt. ('orLtirentl.
fromll the IN-)(, to tIhe rl+sLiCt, thre UsC of aueticultnlRal chclmicails
incrcased rNrIMlv. lOllution fror11 aerchOcliicals as :aresult ol'soil
eltOsin andI ill \'ater rLlll-ifl incrcascd. Sclious el-isioll arid soil
depliction coritimuc nlder tradlitional uraiUal and draft animal
systemnrs cf ard preTiratior in ,man.\ dcheveloping coun ries. Alter
native plactices arc needed.
 

The evolution of conser-i'ion tillage 

Early efforts at conservation tillage concentrated on the develop
incnt of machinerv that vould permit farmers to till fields Without 
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burying all plant residues. As the r'educd-tillace1C Con.Ce'pt 
broadened, specialized pla',ting machinery was developed. 

However. ucontrolled weed llthrepeatedly appearcd as 
a major obstacle. The developin of selective herbicides cna
ld farmers to oer-come iiaiy oftie \ed problems experi

enced with initial conscr\ation f'rnlin svstelns. I tcrbicidc use 
became imore effCctic. ,Areas pronducing Maike. ,ovbeais. Wheat 
and other crops with minimum and ict tillage tcclhiuces 
inc reased. 

At prcscnl. there is afrmnc\ccd interest ii management prac
tices that \will rcdtncc farlcr dcpelndclce oil herbicides and fer
tilizers. Cover crops. li\ inc mulches and the more careftiming 
of Iallageillcilt practiccs are ileIost proinising activities. 

In mally tropical arc;is. If)d is prlduccd Lnder traditional 
practicCs of shiftltiic cltivatiOll. AS population pressure.s 
lengthen the cultivation perid or shorten die tallow pCriocd. 

ields dccreamsc and wed problcms hccolc Ic,,s ma namcigblc by 
traditional Ill lbb]OlIS. 

RCsCarch iindicites that prdUctiol ICels can Ihe Iitimiitaincd 
b1Vtsinl c i,\ crops or l lltllch s\ stci .. CItLs\ ation1 falll",im\s 
inc sVStcmlls evolvc, researchrls frlo'a Viis disciplines hIkc 
sl0l\ been drawn in cOIlaburati\ e cltort. developing intcrated 
crop protection scllcuc:<. 

Research 

Future reseairch priorities in conservation farmning include: 

o Improved weed Control through relincd cultural practices and 
herbicide prograin iFc dCvC p ilnt for specilic weCC problems 

" ThelCe ClOlnICnt Of living mulch systcms 

* Weed control during mulch establishment. especially in 
minillmUil and Zcro tillagc sistcns 

* ('ultural and chemnical control practices 
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SIcrbicidc :s key to suppressing iking inich to allow crop 
establishment 

* Improved herbicide application 

* Herbicide - se for special problems: parasitic and perennial 
w\'eeds 
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6 Research strategies 

ModernIi wCed flaiagh'lk it is di ,. ',eand compIleX. WhiIL \Cid 
control rCSearch can he eq rally corrle)lx, it need not be. II it is 
pliannd ind(done in leaile segments. research can he pmloduc
tivC and Satin;!yilg. In pite of the inherent problel.IS Of research. 
the import:An I Iss;re. co'rl' ',honld be to h0toi Ihe1tici0;l, 

SM'tltlle Ihe sirtll',,teSI i Seq lencc Lot e c lt, otr research is as 

lolltmi S: 

o SLI I e\ \CA 11-d)olIrC1, Ih re'Iion, tcro. ;I111S (with specific 
chara .'i tic_). I ruakina ,o it, in ticlds, asking faime.rs. inter
vi,.ine othe.r re.SearcherS 

* ,.t research prioritivs 

- rcembnucr that th into: common weed may not present the 
most seri us proilen 

co-'ider the cltnces it snecess 

COlsidlr the I'n'LII'CsneL'ded 

-. kee p in inind that the individual researcher may not have a 
choike df prjects 

* )o a literatnrlc search 

- check whether research pertaininrg to v'OUtr p)robl)iun has 
alrhad\ been done and repottcd 

-- check available research, v,rite letters, ask col,.apes 

o StIv the hioly and ectolgy of impot ant weeds: reprdtic
tion . sued dotrman I fIcc','cl,,.., the dep')th fro')nm which a seedling 
can eree. d.isseminatio. L"trre"t identificatiort 
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* Study weed response to changes in the environment: flooding, drying, shading. fertilizer applications, soil pH 

* Consider the cropping systel and whether the crop culture
will allow certain practices: 

- delayed tillage 

- inter-row cultivation
 

- mIulching
 

- closer planting in rows
 

- reduced row width
 

crop rotation
 

- zero tillage
 

0 Conduct 
a herdicide screening trial based on the literatureand other information and determine the following: 

- best rates
 

- time of application
 

- method o, application
 

- volume of water 

- conlbinations
 

- formulations
 

- effects of additives 

* Search for the best combination of weed control methods 

- herbicides, cultivltion, hand weeding 
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- mulching, directed herbicides 

- delayed tillage, hand weeding 

" Plan ahead 

* Form good research habits 

" Keep complete records 

" Stress uniformity 

" Never adjust data to obtain better results 

LI [] Remind participants that good data should be accurate but 
will 	not necessarily he positive. 

El 	 Writ1/a(d distrbilt(, rports. 

Field research procedures 

This is an ideal topic to encourage comments from participants. 
The notes given here are a SmLnmarizCd version o;*infornation 
presented in Field/nanual/oracedcoitrol research, publication 
in English and Spanish avaiilablc from the hnternational Plant 
Protection Center. 

0 	 This is ani ap/)ro/lriate tie to emphasize the importance of 
til ifor/miY il researc'h. 

Site selection 

o 	 Draw afield on the blackboard with trees oil ote side, all irri
gation ditch onithe other side, a road o/ione end, the farmer's 
house at the other end.Ask participantsto suggest where the 
experimnent s/!ouldbe located. 
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The following should be considered when selecting an 
experimental site in a field: 

" Shade, water and the ntutricnt competition from trees 

" Roatd dust 

" Corners or row ends 

" Distance to carry water 

* Distance to carrv sprayer or other equipment 

" Irrigation 

" Animals around the farmer's house 

* Weed distrihution 

" Low spots 

* Croppinlg history and fertilizer history 

" Access y the public 

Agreement with the landowner 

It is important that the farmer understand what is expected of him 
and that research has special requirements. 

* Hlow much land will be used 

* Whalt cultura practices will be used by the farmer 

" Whether weedy check plots will be required 

" That reduced yields ma:y result 

* What the disposition of the harvested crop will be 
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Technology level 

o 	 Questiom: In the interest ot research unilformitv, arc lnoll
treatiment production practiccs - which differ 
from1 those used by the 'arnier - appropriate?
Conlsider irricaitio.,fertili/cers, fine vs+.rtnih seel.d
hedls. 

Plot siz+e faictors 

[] .sk fmlutipu'itLt 10.,fIitr!,. 1/t size bf'Oc .voudo. (tde their 
thi/ kim," it) o li .,!,.vs.ith/ [cto/'.i c' the .t' 

* 	 Rescarch ohjCt i'-ti\ 

[11nifou-ilit ofl\\ccd,. cropsar',id Soils 

* 	 Bl'pe oftccdl, 

T\lpe of' en ' 

* 	 I"(1t.ipullciu tohIc useCL 

,\stell
* 	 Ir1i'i'tiot 

SAvaillabilli\ of land 

* A\viltbilit\ Of manuil labolulr for the ettablishmnCit. carelC and 
hirx est of' plot"s 

PIlt s s1houlld I, a N1, IsIpossihC,1ll +illd Still provide the 
information soueht \ ithliout excessive variabilitv. 

Plol border"s 

Borders form the transitionl Zone separatin, two different treat
mnents. When working wihI row crops for y'ield purposcs, at least 
three (and preferably four) rows should be used in each plot sO 
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thiat Outside rows c ll be left uIhlIt'VStLd..\ c01tor ll ll etlhoi
cstil ishcs lot hotidarics aiong ile Ceintre ol a crop row.- le
LOW thLIs sI'VCS a, tihe CoIll border I-Ow Ot adjaI.lcclt plots. This 
iSoftCn doLIiC \whlcn spaIic iSliiiItcd. 

If Space is aviailablc, a ',._tter s\ stcin ilivolcs making bound
arics betecel rowVS so that cach plot his itSCparatc border iowy OIL
each sIdIc of the Ceitral row". v fich %\vill be hlar\csled. When
seeds ile broA\dcSt or ro\S, illC VCr cios,. a border illca is itlo
desirable. This is usualhv d,,e b\ NIpMravin g the entire plot, hut
hIirvestiltg onh clitrc portion. sonic rcsclllcrs pri'lfer to
have an ,nspral-,d bIt,/oneI CCII plot', to fiacilitatI. e \ isuil e'sti
matt1iol of crop Ii( nr. \,C;IiifdL coi.l \I Utl,II , .. -i cd 1lnC ia'V 
not 	he desirable bccal,,c it requirc ,, aA ht+I,..,cr ,tiLC ;ilil ss\cCds air 
uncontrolleld. lur tpes (fl coitrol plot, lc: 

* 	 No weed coltrll Ucd t) lii rc Ios,,, otie to lli'nol
trolle.,d sIerdS atil 1to idhe1 lh ,;luatioil FiOCC,,, 

* 	 \Veed fre 

" C'otlon \vd control prllctice fotr it regioll, compared wirth
IInpl'OVed Or het c.O)iitrl-] .permits lesnil tileI: off actual vild
 
losss incture'.d
 

e 	 Using of moSt coniiitil' ucd herbicide tor crop il question 

, ' I hc C\)cliiiitl rea_;l: ii0 nial.lihitollt s ,t Ieat.

Utlifortll. \.Csll-aligied phIt,, ssiih square angles giCSai expert
ment itpleasijig pIt>,sic.,l lpp:rmcc ;1mld can clhalce tleCCisioll. 

[L 	 .f.k small LrouI pl/liCqImIli/ if) ',\. Om," iSm/Itrh, are(a t1sin't

ltv' . , 4 - .5 ' it wih!.')dt,'llt.
 

Evaluation of field research 

Whenever possi l. discussion of topics related to field activities 
shoulId he followed hV actual practice in the field. The type of' dalta 
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collected may he qualitative Cuantitative or a combihation of the 
two. Preliminary ex periments may not warra nt the extra effort 
required to obtain lUntitatve daCtta. The ad\'anltails 0f qualita
ti\ c data are that the\ can be eathered qickly as compared to 
quantitative lta, and that non-trcatmnt effects - Such as 
animals, lowv Sp)Ots and poor lCtiliter diSt ribution-IaM\ be con
sidered. 

The subjective methods used in qualitativ:c Caluation are 
based oil established arbitrary scal',. Values riimieiitalonl. a 
scale ar assiLneld to Cah wCd or crop SpeciCs. henever pos
sible, values should be asi-ned to ,epatie \','CuLspecies rather 
than h\ oroupin se r r a) Varuious scalesgraisii id-le ved wCe.ds. 
and their relatiolships arc given illthe lable. 

Scales 
Percent _ 

0-10 0-5 1-5 

0-10 0-1 0 
10-20 1-2 1 
20-30 2-3 1 
30-40 3-4 2 
40-50 4-5 2 
50-60 5-6 
 3 
60-70 6-7 3 
70-80 7-8 4 
80-90 8-9 4 
90-100 9-10 5 5 

In selecti ng an e" niationi scailC or Method, it is imloi aint to 
choose a svstem that will give aII accurate rellcction o1l treatment 
effects. It is also essential that the reseircher explain the method 
used whel ,,iritine the ricport of'the CXICrielent. 

[ .. sk f)(/l (li/)U1pZ it)) ,i.us.sm, ii'l-I'ahle tJ) hdli.s hbY' 
l' C h'C'rill I ia t /1/1C' iIll/ "'./]'/d I. 

0 ('hai'e ' in , ecd ,:n>,it\ ;tild species cotill sition in the
e.xieriiiet.l aread~t,:
 

l'reatincl iimay cntrol the domininant 
aIlovw aniot her spe.ics to ,tro\% 

h species sufficicntIv to 
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0 WVhCn t IICne'sIpecies is nlot 1r)esCt ill COitMl plots, evailuation 
isdiflicult 

E"valution rYPes 

* Silbjcctiv. qualitative visual Cvaluation. A \veIl-tested prn'acti
cal technique for making vistial evaluations is as follo\s: 

Step I. 	 Walk OV' test area It get an idea ol g'ne'ral conditiMs 
and an cIp growth or weed popuClation differences 

Step 2: 	 (loscl+ obsere control plots 

Step 	 3.: Perform n evalutit o without knovledtw of the treat
inenty, Ceach plot (except the contro plot) by rnovil 
from hack to front so plot-markers cannot he icad 

Step 4: 	 Compare rcsulls inl each replication mid clheck to CnSultC 
that any case of m,ide \ariItion beCtwccn repilicimons is 

tLiC1t tlCtlllClltS 'ld 1tot lhCr CNtISeS. )O thiS blforc 
leaving the field. If the rcs ults of :\vo replications differ 
signihicanth+, recheck their c'+ihiuatioM. 

St 5.' 	 Prefrilhly MO l)polC siild evatluate ch trial indc
pendcntl\ so that rcsults can be pooled. particularly 
regarding ;t)ijccti\c da:t;[ 

* Quanlitative evalltiatio ,i 

- the datU pro,,ided arC not inlIlunce,.'d b\' the biases of the 
evaluator 01- b\ un1 inlCOliSlClcies. (QuanltittivC data mailV 
also show differencCs that the CVa.luator missed. ()n the other 
hatl, a titti vhtitatiIeevalnaitmn may not overcome \ ariation 
pr, blems due to nol-tc;tment factors. 

- quantitati c data collection i costly and time-consuming.
It should be perfoImed onlh with a planned objective inl min'd. 

* Weed counts 
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de[nsity of a usIl'ul ,iccI of in 

tion when interpreting hoth visual e,ValuatIions and yield datl 
- the ;Ictual ',CCs ca I I orina

- wCed coLnts, h1w ,CI-. *il to reflect Ihle pra'.ctical effects of 
a few larce \\ Ceds coin lmIrCLd With !m,11V siMall weeds 

- w'Cd Counts can be maC by lacine a (fu'adlrate At ranldo 
location" in plots lnd countin plants \\ithin the qualdrIte 

* Plant weigit 

- useful for Nilie perennial ClopS 

-

- ueful for forl'!'clop 

' 
+- mna reflect diftc re ne,. hctv,',.'n , few, lfrte weeuds and 

ia'IV small \\c's 

- often each sa1mplc's dr\ v,,eight is det,:rminlCd to elimin',ate 
errors cilSd bh\ une1CqIuaZl \\;ater loss IbetweCl harvesting and 

the we'ighing of res>'nh,;ilnpl,:s
 

(it viCld dLfnitivC dlti bcuItSc oftl]e 
1;irc \\ atIrcti it vaiaI tion of diffe rent species 
- dr\ wviuit, alon olot 

* Plant height 

- with cros, flora.tgC tIL \wo id\ pere lman\a+tin na.l cropa., 

lirias,plant hecight pr,''vides a1useful leasuremenlet of her
hicide ttixiCitV 

collcctcl to supplement filal yield d Mid 

Ina\, not correspond to finil yield
 
- often m.itiIlIIV or 

*D Crop yicld: the finlal and milost inportant type of ua ntiltative 
data. MoSt of the points made CalieiCr On other types of CqUMltitai
tive evaluitions, apply eq'Iluall. to yield data. 

uI 

tLSe of herbicides
 
-- yield Cltti ut sut'Ip)ot reconmendations for the cropland 
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- the alnibereOf r11Itetlents sholiId bhic mi inized to alow 
harvest during a rcasotnablv short period, preferahly a day 

- experinents should he hm'vcsted h\ repl!ication to reduce 
differences in results if the harvest itient upted 

- special problelms arise for crops such tomatoes andas 
cucumbers that ripen over a prctiod of wcks and must b ha r
vested cx irv uf di',,s. Such conditf iis Prcsctnt t IIzh pot 'n
tial for error and therefore a period of' time may' be estab
lished for harvestine Ill treatIIIts with 10 datU taken there
ifter. 

- ain ther problelin devclops wvhen herlbicide t eatimen ts -- or 
w'eed Competition - (tlela or hasten crop mllaturtitV. 
WhCnCver possiHlc, each plot shulduhl be harvested it tlie 
proper time Or- COrretCttonIS madellth, inlv for IllOiStuirle con
tent. pamrtitilrIl\ In ,Cd yields. 

tditsIMnent should alS0- moisttime ,S be made tot) help stand(.ard
ize (ldtta. Proper (uta iItel+e.ttttill I c()Ies difficult if' inos
tuLrc content is not ix cii or if \\ide rin existsa llilinlg differ
elt experimets. AdIjListInICntS inl weiChts can he ladc tising 
the folhowim ot)rmula: 

(icasured1(!-N I illoistll'. colln,.lt) 
100()-I) ((dCsiglnatCd lllOistLre coltent) 

Statistical analysis and research 

Experience confirms that most statisticians do wot present this 
discussion at a practical level for trainees in a \,ccd management 
course. An experienced ficld agroimtinist with an umderstandint 
of basic statistical theory will be able to present this subject so that 
trainees may grasp it more readily. 
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Usefulness of statisvics 

0 Statistics should be Ised by rCsearcheCrs to help analyse (lata 
so that reliable conclusions (inferences) can be drawn from 
resear-ch 

* Statistics shoukl SCve SasI tool for the reCSCar'cher. ra.tlwher 1111 
be i taskmaster 

• Statistical datia will not compensate for improperly identified 
problems, poorly dcfi ned research objectives, improper field pro
cedurcs, a poor experimental design or inadequate knowledge of 
biological relationships 

Experimental design 

FrequtIenItly'. resea rcherIs have bcc onC servants of statistical 
theorv, which results in poorly conceived research. There has 
:1so bIen a tendency to design complicated field exprimlits that 
are physically and biologicaly IOI1WIcld\ . The most S;Iple experi
mental hesi[tI possible should be uScd t permit the achievement 
of experimental obijctives. 

LxpeCrimcntal ,deSign is determined to a large Icgre_ by
research objectives,, 'a\ailabl, resurIC (human ands phy'sical)
and the condition'. of the experimental site. Further, it is advisa
ble to consult with it reliale biometrician ..hen planning field 
experiments. 

Greenhouse and field experinenlts 

Frequently. important principles in weed management can be 
dcn onstrated with simple experiments in the licl d or laboratory,
without the need for eXlCnsivc or soplhisticated CquipmnCt. 
These simple demonstrations are particularly beneficial in help
in g trainIIees understand cert a in herbicide, soil and plant charac
teristics that affect herbicide perlorni ancc under field conditions. 
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0 	 .C'lect slort experimcIts tltltha It' pro 't,to be rliable. 

Nearly allthe cxperimn ts listed herc f'equcLtly require sev
eral days I0o thal anticipa,tCd Slov'ithe desired results.n-cz to 

When conLductiln tht..sC
experiments. keep in mind that sonic par
tici taits mlay wish to tr\ Simillr diemonstrations \\'hotn the\' rCttuln 
to their orm.ulizaitiols. 

] 	Isi'rct(tilis S/tould Ie brief.* lh'rtbicid. I/ta! affct g'ermina
fiolu o1 5'('(/lilt, c,'/'ih)//l/ittshould lbe tsed so that resu/ts cat 
b' seci ill le 'stim', cV'sjcO'ic/\' ill traiittng cYirscs of less t/al( 
dirce itks. 

Greenhouse t'xperiments 

therhicid' letlchi, '/tc tAltlms:show the cIcct of' soil type and 
raini'all on herbicide 1 in the soilet11illent 

* Ih'rlbid tOil'11t'ne illth' %oi: similar to leachingl columns 
hut simpler 

* herbicide volatilitv: demonstrates the effects (f 2.4-1) 
V:: I)u1 I'Son sensitiWe pMlants aIl the diffr'CenCCS in \olktility a1mong
de:'ivatives Of>2.4-I) 

* 	 E lJISp!rtlioll 0/l11! Mil civiirol! ci'!t with (littp/)otlY (i!t/'latii 
without1i'C'dls: dtons t , Ihlatq tic \Ce(s o11the suflCc o" 
a o (1 acr ;'t_ Ie \\ :t.r lsI, ,,,rhet Compare1 I to R1nidCn
tical body t'rcc (I \\ccd, 

* Alloi'e'ent of colll ti(/ v'elnic h rlicidcs: demonstrates 
the extent and direction of i nt of' selected hrlbicidcs"C111n 
app-liCd t sclectidteIavs of test n:li uts 

* 	 Crop injur,v/r ;n a 2.4-1) cotllniiatt'd spraye',r: detlmon
strates the hih level oI activit' 1 i small amun left int.at of 2 4-1) 
a sprayer 
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Implementation of greenhouse experiments 

I lerbicide leachingi study in diflerent soil types 

Soils: 	sandy and loam1lny (if soil is too sandly or a very heavy clay, 
results Im1av not be satisfactory) 

Helrbicides: 	 pCnd irnetlhalinl (Stomp) 
at 3.1) kt a.i. (active ingredient)/ha 
alachloi (lasso) at t .() kg a.i./hl 

Volume of rainfall: 2 cm/ha andI cm/ha 

op ProcedI 	re. 

- It0 x 3)) en PV( (polyvinyl chloride) tubes by cut
tillg them lengthwisc mid rejoininglthem with tape (balmboo 
will work in place of thc PVC pipe) 

-- olic two da\'s Carl\', fill the tubes with sil aid wet the soil 
to field Capaci t 

- applyv hcricidc. The alca of soil surface Illay be calculated 
in the tube (-r r) ind the corresponding aulnount of her
biCide applied with a1Inicro-appllicator. I lowvcer. it is casier 
to calibrait if' the deircd ratCe of herbicidCe i :iplied as in a 
iolI'al application. setling the soil-iilled cylindcrs in al 
uprigh lttsti aIi spraing ()1clil in a nornial manner 
as the "largmr ireai is Ieing Spray'cd . (1. lilldc r hei.hl should 
be cotsiderd'lwhen adjusting pi r norzzle lciit. 

- sinlttC rainfall by app1lying the correct allount of water 
(aiCa of'soil surlfaZcCX em ol raiMlll ) using acanl with holes in 
the bot toll ir ai pTNmi-cr. with tliel PVC cylinders standing 
upriglt (tle w\ate r shoild be added slowly o'vCr aione1-to tWo
hour period if possiblc) 

- tier 24 hours, lay the PVC cvlirnners in a horizontal posi
tioni and Ca+lrCfully cuL in half lengthwisNve with a knife or a ietal 
sheet th rough tile tape and soil from one side only inl order to 
preserve the soil structure 
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- plant oat seeds in two straight lines I cm apart down the 
centre of the cylinder halves 

-observe the seedling oats daily after germination and 
record your observations 

Her'bicide movement in soil 

0 Procedure
 

- fill it30 x 30 cm tray with soil to 5-10 mm from the lop
 

-
 spread seeds of the test species (small seeded grass species 
are best) evenly over surface 

- cover seeds with soil to the top of the tray and pack
uniformhlv 

- place across the tray two se.inents of string which havebeen soaked in a 2 percent mixture of alachlor or pendi metha
lill with water. This can he done with different soil types to
demonstrate the effects of soil type on herbicide movement. 

Herbicide volatility study 

Herbicides: 2,4-D aminc 
2,4-D ester 

Test species: tomatoes, beans or cotton 

a Procedure 

- test plantls should be grown in pots in advance 

- place ten drops of the herbicide on cotton and place on jarlid (or piece of wood or stone) on the soil surface of a pot
containing one or more test plants. Do not permit the herbi
cide to contact the plant or soil. 
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PVC cylinder joined with tape. To be
1o0- filled with soil 

Can with holes or sprayer used to 
simulate rainfall. This should be done 
gradually over a one- to two-hour 
period to avoid "flooding-escape" of 
the water down the sides of the cylin
der 

It. 

Cylinder split in half with test species 
planted in two rows in each half 
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- separate plants should be exposed to the amine and ester 
form. In some c:iscs, both a low-volatile and a high-volatile 
ester will be available. 

- no symptoms should appear from the amine form as it is 
non-volatile at normal temperatures 

-- cover plants and pot vith a plastic hag and seal 

- observe over 241 hours. If no effects are observed, keep 
covered for 24 hours longer. 

- remove plastic bags 

- continue observations. Symptoms will lie slow to appear in 
cold Conditions. 

Evapotranspiration from aquatic environment with and without 
weeds 

9 Procedure 

-- using any tw) uniform containers, fill with water to equal 
levels 

- place iloatinlig aquatic weeds ill one, ht not ill the other 

- compare the water level in the two containers daily
 

- record results
 

Movement of cotntact and systemic herbicides 

This experiment is designed to demonistrate that certain her
bicides move readily in a plant while others do not; that her
bicides that move readily from treated leaves usually niove with 
the pmlt sugars prluced by those leaves" and that the move
metit of plant sugars depends upon the aCe of individual leaves as 
well as on the plant itself. 
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* Procedure 

- uSe i twilin broad-lea\ed species such as Ipomoeia spp. 

- on separate plants treat a top leaf (yvoung). a I Middle leaf 
(tlediunil) and a bOttOmll Icif (GILd) 

- dip (or paint) theselectcd feal in eithera 2.4-) amine I per-
CLtnimixture inI\watter: atclvlphoslAte (Roundup) 1percent mix
tlure in wate: or a paraquat ((ralloxone) I percent nixture 
inl water 

- be careful that herbicides do not get on lntrealCd leaves 

- observe after 24 hcours and periodically for 11-12 days. 
recording rcsults 

Crop injury from a 2.4-I) cotmtl in'tCd sprayer 

* Objective: to demonstrate the high level of activity of 
even a small amt.1nt Otf2,4-) 'esiLuc in a sprayer 

* Test species: beans. Itollatoes and cotton 

* Procedule 

- place I I of a I percent solution of 2.4-I) in a small compres
sion or knapsack sprayer 

- spray several plants of tile selected species 

- spray remaining Iliuid into a container or on a waste area 

- add I I of water to tilsprayer and spray several othet plants 

of the test species 

- repeat the preceding two steps at least twice 

- observe the effects onl test planuts after two to four days 
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Field expe'rimeflt8 

0 1:/'cct ol rail ,m lo/ Iiv- appfichI hcrl'icidc (herbicide %%'ash
off stuid, ): (Cllt0ll'tlitle, thI illhl,,ellC: (tf the tuile inter.A Ibe
tm ocri spra.iilg and rIiitl' t ni the cf ci'ic,,, tl ',cltted 
folIiquc-aI',pll I lit bic.IL 

* I/('l/ricid Vr{CCIIIII, [rial: dc[lltilstratIC',ediffellrlc s in .tlep
tihitit\ ot \ ariun plalts,t' ,Cvcral herbicides , hen ajpplied at dil
fere icutIie MIiid ateN 

111ir? C')/): L-llltflltr IC,it the tof r cOnlIll"er
ciall icti.ililicndcl herbicides iin a commn cro) ",hen applied 
prc-cIIcrg inc m).I poml-clIIcI'ClcC to the crop 

Imphemewtatiai (!/"fi,'ld ,'.perimewts 

I h.ilhice wash-tff trial 

* ()ljeCti : 1t tCtenonstralto., the ctl'C rainfall variousof at 

inter,,atl, 
 tlhmin, hcrhicide application 

0 P'roeduhire 

- ill i ;ited aa ee l itil , unitornli Weed or 
crop pptilationi) each participant group slloiuld spray S'2pa
rate I x 5 il plos \vitlh the Iollo inhrc I rhiCideliltreenS. 

* paraqual (Jr"mo\moc)l I k, a.i./ha

glyphosatc Roundup) at 
 I kg a.i.lha 
2 4-1)) aIit t 1 : i 'ha 

Sotilier pO'.,-erIlIc hirbiciIe'. CtImIlon to the area 

-- imrm.edialcI, aflCr ,pr,. i the hCrbiciC, with i a Clean 
sprayer. spra. I e f \atCl s -ill s.ctiolls of the plots
and then at intcr\alsof 1/2 hour, I ho1i and 'hours until there 
is n) wash-off 
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- repeat experiment, itdctr',d, using a surlactant with the 
herbicides, remembering that I cm of rainfall = I()I/rn 

Herbicide screening trial 

* (bjcctivc: to obscrve the efl'eets of different lierbicidecs their 
time of application and dlosai,;e oil various pla li speCies 

* Pl'roced urc 

- plant tvo rows each of five to seven of the IIost co1n1mi 
crops ofthe regi ni \N.ith 5 bmtween rowvsa spacing, of StI a 

- apply herbicides illstrips lierperidicfular to the planted rows 
across all crop species 

- each hrl iide Should he applied plrC-CnergeCh e and post
cmergence At two Or thICe rates o show the effects of tihe tilme 
of application and Irlhiede d(jsC 

*U tnlthe case of a trilliMl OUnrSc of only three to fonr weeks, 
the trial for post-ucrnalent application should he plailted 
sufficientlv ill advance so that thev are \well established. with 
three to live true leaves. eoCrse bilus.wirt li tile 

[: For the plrC-clieglcet trial. paiticipalt,, should mark the 
plots plait and spray so that they will ha\C'th enelit of hinds
on Held epeic. 

I::EIt iSadvidable to diviLC the trinee 0rLo1ipSir of fo 1r 1t six. 
Each grnup nay be two at severa lrates so,isi il.ed herMicides 
that each perColhv,' I1C expliclCC f ctallv' applying a treat
ment. Several rclications of each trcatment sht ld he included. 

cr i is often helpful if the area sprayed with herhicide be 20-25 
cmi1less thaii the actual phat width . This allows a "'check plt' on 
the border of each plot so that effle"ts illaV e reco.lnized more 
easily. 
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I !pu It-CI I.'lr 

' , n 

pr- In. rIc I Ilcc I ]IcLccLI\I I ItIIr c I : 

,'\I~ L [t)s -L'II 'tr It -".-cxIpc.'litttctnt nhiu &MI b.c c t:i+,li,,h1 . iiu a 
'l'O( +'C01111110111 lto 111C '1iH Iil t~ llcI'~ i ;\;fIlklhlc lCr-

bictiLC','. tidilCC., ',I)O ILi ru t t'iic i tht illrkinm o iand 
,spva..iti t1u pl ii n . j)riC-crIIiiCc,ncl) Irit. I hc ct'rq- ',It) ti.Ihii\,.. Initr [( Ib~c' tri,.' ],.'i\C,,,Itur ill.. pn"'t-ci',.'. c.t"c'Lu''triit. I\JL'I't-

Iliclitail pIlmi jic'c "u ItmI-.il;ifiL',t I 1 It L'-L' I t'I'ccL'Ir
hIjiu ' trial Mn\MIicut to \i,, tC I pC tl \JpCriilicilt l itiiIII 
\\ hich Illa1\ h'u u ihc ,,illlic.', kl~iI;< Im~ 1h11C ,tIud lICl11C . 'l-d' 

cll i. I1c'ictri'dl. 

* Sapllplc' plit p il I itI . ' 

Pre-emergence herbicides in wheat 

Chemical Tram., iame Dosage(kgai ha) 
____a) 

C'vfli'rercia/product 
(per plot) 

MethabenzthiAzurofi 
Methabenzthiazuron 

T iburii 70". w, p, 
Tibunil 70", w p 

20 
4.0 

Chlortoluron Dicuran 500' , f w 1 0 
Chlortoluron Dicuran 500", f w 2 0 
Diclofop 
Diclofop 

loxan 28", e c 
Iloxan 28"L o 

1,0 
2.0 

Isoproturon 
Isoproturon 

Tolkan 50(, 
Tolkan 50% 

w p 
w p 

1 0 
2,0 

wetting powder ftowab!e, rettable emulsifiable concentrate 

Plot plan 
Treatment Replications' 

Ill IV 

1 105 201 309 402 
2 107 205 305 409
3 101 206 308 404 
4 109 207 303 406 
5 102 208 307 401 
6 103 202 304 407 
7 104 209 302 408 
8 106 203 306 405 
9 108 204 301 403 

Results of random number generation to determine which treatments to be 

used in which plots 
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7 Weed control in crops
 

huid' Of l thL I oo til wCrops and~i \CCdISinl~formation Ilit OOf) 
involved is Oil C-)l'c~ar.1oCaiIand CliffatiC COlditiumi'. 

patterns roIon )l am,~ Culturli praclicc, Illilsi Aso0 he 

Sill inA 1OVgiCa anld OldCfIkLI IlgcSsiIll so) that th1i" zgoal iiiltv he 

iichim ed. 
If leadingi qutcsi i-1w arc ikcd a" iS ~i~scl C\lCI)llitOS 

, Oih,iCi.Ctit)IIkHILl tO hell HI-C\\CClItlalc \I~Cs.1 

Iforih-ltionI gAtliriiig 

*('lop l ld \\CCLIS, 

life C\clcs 

- row\\ i abit" 

- kCi pel)titi\ivc ll NC Llil- V i r1.heim.lht ellSity 

- adlIal)ilit\: ti-ailirmnar 01IiIlt-OIlI1ceL variey 

- kirge \". smai~ll 

- reSOIrC~S: landi capital. aCcss toi cecdit, labour. Supply. 
pr1ice Of labOurI. pIl iCC (It hrbhiCides and Other inputLIs, technical 
capacity Of thce tarnw11r. Ctc. 
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* 	 Physical environment
 

- tenperdlire
 

- rainfall pattern
 

-	 topography 

- soil fertility, pIt
 

- drainage
 

Cultural practices
 

- laid preparation
 

- planting dales
 

- Seed source: clean vs. contaminated. germination, etc.
 

- fertilization
 

- irrigation
 

- tillage practices
 

--	 sc o weeds for human or ilinal COlISlnlptioll 

- are livlds past ured following harvest? 

-tallo periods: are the weeds permitted to produce 
seeds? 

Cropping patterns
 

- when isthe crop plan ted?
 

- how many cycles per year?
 

- is crop rotation practised?
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-	 crop spacing and density 

-	 intercropping or relay cropping 

-	 arc certain wreeds associated with certain crops? 

* 	 Weed control methods 

- physical: manual or mechanical? 

- chemical 

- cultural 

- biological 

- integrated 

- others 

lAsk iurticil'nt.to dici.vSS the outliuedmaterial. 

DO sociO-ecOn110liC Cotlditions pose inmcdiatl constraints 
on potenlial weed control mellthds? 

-	 land, hibour, capital 

-	 technical capabilities 

--	 others 

* How might clt url methods be used to reduce the conpeti
tive ability of wceds? 

- seed-bed reCparalion 

- stale seed-bed met hod
 

- pre-irrie: t i(n
 

-	 more vigoroLs variety 
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- spacing and density of crop 

- time of plant ing 

- Icrtilization: wlien, how much, broadcast of banded? 

- irrigation if necdCd or availablC 

- others 

* IHoW Might physical v,cCd control methods be used? 

- n;anual/mcclhinjcal weedinc 

- smotherine with mulchc: what materials are available? of 
living mulches, what specie,, are available? is their life cycle 
compatible \\ ith the cropping pattern? 

- ire 

- floodiuc_' 

,a Potential for bioloical control 

- hae,'C biot ic a, CMs beC it-oducCd in similar areas which 
might serve here? (13iological control does not provide a 
workablc controlI :nethod for immediate needs if some acent 
has not alreadV been1 iIt rod.iucCd inI the COLIt r) 

* Herbicides 

- availaIilit\ of' apprk)prilte. recistei'd herbicides 

- cost 

- residue potential for associated or rotational crops 

- availability Of applicition Cqlipllell 

-- technical capability of farmer to apply them correctly 
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- daneCr of l hlvtOtoxicity to nc1hiIJIiL urigno crops 

- restrictions imposed bw \'a ther pattcrns 

- humln 1d Ciiro!IInIIIaf safCl 

- iillnorlnitio axitilahlc on the.' use ofla given hC'lideC in the 
Same Situation In othoer areas of the1couiitrvj/yorld 

0 HOw can everal v cCLIcontt, i metols he intCwatCd to 
imlprove oyleratl control? 

Plan of acion 

Once the sugg~ested in ft rnit ion has been compl ledt, the groUp 

should he able to identify' appropriate weed control tlcthtodIs to 
l+Ui'uor1iidCnt il' sCvCal altCrnt,lsV, hiCh may1' CtestL tIlnder 

exper-iie ntal Control. 
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8 Extension methods 

'lhe claIln gc ot coiNc\ ying IIIfort ion to I rmcl+'rs iswrth ofI 
COilej)JCtC (NrifiIH,, Coursec. All thle IICthIoILs anId pio;IL-cs of 
exteilsion Cannot ieCOclred tholtugll\v ill a \\,Cc]d iatllll lga lllnt 
coursc. Neverthccss. participalnts should he i'rc of the impor
lancc of ile ex.Insion plocc . 

illt- ttfllo\\ iig ltopic", cotkld he. astietd I'()I a(iicctd prep
aration or prc,nIcdI, 1h) itruc.'tttr dtLrig the dlicUssloi: 

," h , .'lti,\. i+ thc cli,,iH.l \cxltlike cflort. 

S\Vhat fictors lilit cllcics' 

* ANr VCS OtltuCs av iihlc t i1llrl0\,. tile sv+s1cnI'. 

* What Irc Irop01riate to COI I\CV toIthirod.s app ilnforlllttion 

publications
 

- speechcs
 

- radio
 

- television 

- dlemonst rations 

- field days 

e Comnmnication bctwccn extension and research personnel 
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* Recsearchi by extenlsin persnfil 

* IF~tensjon hy research personinel 

*i fiftccnccs.hct\~ c xtcllsl(Iunnlid h11 111d Sjiiali1rI Ia0ri.111,C-

" Thec rleL of unkicI-sitics III ICCelcI1 aid exten1sion 

* The inlportMhMlCe Of Lcllurl' Mid Socia more-S if) eXtIuSion 
mecthodls 
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Sample schedule 

The following is an actual SChedule 01' activitiCS fotr anI IS-dav traininig 
Cour11se: 

I~av I 
Arrival and registiratioil of trainees at trailing cetltre and assiilicll of' 

)uv 2 
()9.))-I-)0.0) ()peniig cCrentm0 Mid Iea
 
I0.0))-13.)) [.ioptics. ol-;lli/iatioll and introduction 
to coursc 

0 (;roup and iuliiduld phIt)1tO
* hlt'OdtlctiOli o1 [pOllirOliue on'illril/atitll 
" hl uitlt ()lOfJ itctois 
* Pdlitieip;iut, illtiotlceC tIlCtisl'C C,
 
SPr,.-coiule cVxill
 

14.001-15.1)) Safe u',:
Of peticides, 

Da1,
 
08N.00(-08.3(0 Rc\ ic\
 
)8.30-l10. 00 Ficld rscarch tcclitiqucs
 
1).31- 10.t I0 tllioducc splta.iCts mid rplaci
calibration 

Aiv 4 
0)8.00(-
W AN()) I lIrhicidc, c;IICIIMlitm 

I)ov 5 

Intr1dttcc i licl)d e ,prinCit+, 

08.30-13.0() IicI) rc,c;rch 
14.1))-14.3) IntroLucceCiCChouse experiieritS 
14.30-16.0il0 ( irccnihouc experilicits 

(i onhllc..ork ol cilcuilititns 

Dali 6 
))08.00-0i8.3)) ,clic applic',tior l))hlciis from plc iotis

)8.30-10.0) I)clinitionis il costs (rf scetls to siCiety 

day 

10.30)- 1).45 l)iscuti hinc\\ork 
10.45-12.30 \VCed interfrcience 
12.30-13.)() ('onteS: IV ouLt squarelllC plot 
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4.8(11511( tDcIIonom~ilc !.'as-o\\crct backpack andiitCO.
 

Ihiv T 

08.10- 1(().00 PillCijplC\01 \\C~tI CttitioIjl;Ii nm-clicilicail Jflcillots 

1-1.30(13100 (rCd! \011 Ipv:It~IAI\\CCtl OF 2.-1) Oil Selcd IC~i\L.S 
I4. (ll)-14.301 ICil-lhn o: pit C\pcI illll
 
14.310.00~ C (ut;Iccl'i'li- OI i li I L1-1 ice
I1licbidc l tl l~ti 

ll; S 
18.11 -(I8.3( RC\ ICNt 

15.001- 10.00I SCiIc il 'M~Ic ia ICcaci t o ,rohlal 

I0av I) 
os\I( Ia'.1 SR-Ctic ataiici of~II icniIail"ifiel 

II8.IHI-I9(Iu Boi-io 11 noiiijp wccs iolai 

t
()I).3(- ],).00 Sli L:co incl n ill tplaiii qupmn 
14.0- 11.30) SItkc .clon pc'diioloca cduvn(ro 1\kcs 

14.1(10-15.00II 1)bc slskt hicidcIlrcwcslcac 

15.00(- 15.-'11 '.icv. toll"qal i ng lot. 

I I,ctOn.()) S ide Riil I "Cil-C cl- l137go~t \%th 

http:14.310.00


1)av 12 

11.3011l0.1 l)cnionst mc pinblcn ()I spriivcr confamiinati(,ii N%it 2.4-1) 

INCII i\Cd hw141.001-15.1) ( )h',CrIA C11 rhcd j)10, parntici~anltS 

O~av 13 
018.001-0-N,30 Rc%ic\ 
08.30- 11.110 1 I)ijL H", C\(hLl iiik-ii1iA Lk'Si~ Alu11ni 0 'tatj',ljcs 

j~i ( 11 %10.3011 .()(1 ) ~ 1nl (1C c CitCCC scicLAIC" 

l1-83A1 h12 AV W \ io kc "I\\C1 h~l olL\11CN 

14.001- 10.1 S;IIJlh' CJihc~tlk- iiid (:iClk-iiin id-- d Iacit 
ISANK1 AH 111dc~l 1,!iiil 1)'a micltomnn10111 itcli-Liniu Ch 

Ial. 145 
118111-I18.11Rc\ ic\k 

118.311-11.((1 \\VLC(I ()I Pakl i IC 

~ ni inI I .301 13.11(H) ( iiou. \\ o kio 

14 A H I-15.11 l iriic cii Lii tacr and 11UHICL'i.Ipaidts( mc 
15.301- 16.1) \VcticdC ti~i((i in ai rsmiic I'i 

f1N.130- 1.1 (hniW L'. 1101mil li( C cicadhaiuiapa n 

1.3.l1-13,11))(1 \\i~iiim kI i~i~iigroup~ian an l nI 

5.1(H1- l4ul0)) Icpaic'' renCiciuihJiclfl(II'.cd WingiSirnl A 

15.11h.01 \\ mk odil iido iicaig nn w luiicl npn 

INV /
 

http:118111-I18.11


)av 17 
10.100- 13.(100 inal exam 

I)av 18 
08S.30)-119.'NO [Zc,ic\\ final cxvull 

10.()()-II .10 I'rccntatioll ofl ccrtificaitcs 
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Sample review questions 

Uj WI -sit 4, 110 q! 11 
U1 /jist"/ !I'c at,(, W~~ iIII /()/ nricil. I/;(/ 

L(1i t(
nil! Oltu / '(uIA K I'b, rca11 bt /I, i'varuo, 1 ill (I 

fli )IlL't I L'2L'innAIII jLIL'1 'ICIC CC M 

l'la l -1\CI i l t 

* "LIj\jp\ 1ICI[I' aAII011 C L' OHj~Iuit I f (d icl(I't i t IiC~ t o'le.1 

tI 1ic;Nc' l 1 cI I%I i 

f C 0)l 11 1 ii Cl I 11'atjti' IC li ~ii 

1 lil Iitr cL l (I'It i' I tI cIifI (c L 

'Lt prfiCil 

* l~~i'.L',Ili iitC fiiItiLCl LI) iidn!itLt ccd1wt pII ;1 ifll'lI tt p 

lCiH'.' thL' CM tIC I) (11, LN''"1.iLl O t't~LC 

* l"t '.II11L' idL'tim" ln11tlc'i.ilL' liiaid (Ii a pe'ict: 
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* DiSCuSS tle on-armL dispoIal Of peISCideICtiidcs 

" l)iCus', the on1-lrnttll sto f lpetll si',t 

)fivlo so %ea\a Ise herb 
fo r werd Co n Itt 
* ( ne ,l armini 11av \\:lilt to ides 

* I)isus, the rtle ofI\\,ttcr inl the Icti t\ a \(xhoftile herbicide 
,I'.I+\l t)Il the , il:th a.ti,.it\ of .; ittn-\t latil. herbicide 
-+ralyed t)il tile sttil: d the *tcti\ it o01flit ;1a-aplicd herbicide 

* l)i,,t,,s the Ikcttt, illctine herbicide." iiio\culil t in al plhnt 

* I Itx ttu \\ill d IicrbicidC i cLIC 'tl .t 1the itlIali 

* \Vhil t i" the ct tIle tC ',pl, a trarisII)IC'0dctkhIiricid C to a 

lpcr tli ;, emu ._ld,. 

* l),u'u, the role of "iltItpe In herbicide activity 

* I)i, , lh h. lilehinllcuicid 

* I)clribe hM toiCLIC the drit elfherlicidelu,,lC spra, 

to detCruiMu the otlt lol yerl'r'* l), crile hw sail in litres pert 

,. hectalDiscusscd ho\\,' thm ue tlmultipleI crote~n cart reduce the 

impct of l, lII Mi el 

* )escri be thl.edillftrut tame eiu to herbicides,enul 


the oI* Dc'rieh lt;iNerdiI herbicide folahted as a Wet
tab1i1c powder(Ic 

D l)escribe the imn-erdientls of a herbicide tformulated as an 
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0 D~iscuss Ilhc impo~rtance of "Ater or oil solijbilitv in lormulat
ing.a herbicidc 

* I)iSCUS" sOHne Char'ierei islie', of' [lie 17,.onip' of herb-IicideS 
known as plleio'.\, W~ aziis. lircas. liitvridylium-i~d g.lycines 

* 	IDiSeny, the \\i~t\"~ inl %\liIhith aherbicide is able to kill olle erouij 

* 	lDiSsS IIIC WI~C Mt all L111itl',iti ai-,cilt it,, tised illthe pi
a ill oI all kCitii alie L-o cciliatieI 

* ( ttitpiie- 111C nianl;Ieenictnl mu of tv'o 110iI-applied her 
hic-idlC'.01ne \\ il J 'hi ill \\actie -'() ppnl "Ind [lhe (tile 

* 	D iscus ,C\ ciii tllithlil ittiiot iiscd to clas',ilv hledbicides 

* 	 IDi!,C1N" tIlL \\, t\' ill\MliChl a hlerbcdiihit 1)(),e a threat it 

*Ndic factorsi 01iiiqet fohiaie-appliedL hir-hiciiie pCrhlurnualice 

* 	 I isctts, theC tAltioisltjp berl\\eII soil type atnd herb-icide 
residues 

a 	 Mo numt 01'at soil-appllied herb'icide known toIWieiste eurnent 

beic ihh \ ohltilc 

* ICUis lieC itile (1faSoil-app[lied herbI~iicen known to
 
behc fl\ li)%% ill \\dM'ersOILnhihit
 

*I )is Ill(.the i'l oI \\ ittii;tens ill herb-icidC ftIiii111latiOii 
and 	use 

* 	 I isCutS lli\ i\ta hill t1t /L to Mt mini1ninitilte coppoduLi
lion tliilhi inhhutettee the \%ced pipnliionl m1atharm 

* 	 \hal arc sontlc. oft tIL tcisittts aiitItOLChelst paer'ihtleaVe
 
01rjt
Lt1itlitit roiled \etsinl it ireCdteh field. 
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0 )o VOn think the chemical Ildustrv is ta kimn, enontlh care to 
ensurie that their chemicals are :;af,? 

* Discuss the COILptl of risk-ler..lit 

l)isc\,',(s Ile lOl", that imil,1uce' the actiVit\ off a foliamge
aplplied herbicide 

" l)icusS the ft of herbicidlCs ipplid 10 tile soil 

* )IScus the i',t0I r.'astrs Ilr nllmor than llC lerusin 
bicide on t e.rtop 

* l)iscusS two a\'s tht; herbicide \ohatilitv catn h a problem to 
the use"r 

* lhOvIow can C\fillll SCctCd herbicide rCsidLus in the soil'? 

* WhIy sh1ouh1ld .Urfactlts 11,t be dded to all herbhicides? 

" ISther Aily \ alil ina hebicide thlt controls, vc,+d', lot Oil 
half ot a crop Cycle? 

* [ low would decide tih hlrbicide to put ill a Slplray'erl 1111hoC 
ror a spot spnliivg (fl ceds. 

,e (ive sollic cx:ampllc of weejd control p,'acticeS thatt are 
direcCCd it the crJop rlther than 1MItle Weeds 

shouhLld intCgratedl o\onrLI'ol 
'condeIlldCtllL' t "n 
, Why an apprlloac.h Ito weed be 

o Lxplai i the concept of herhicide sClcctivit\ h\ time 

" Fxplain what research stcps are taken Io ensuric that hiocon
trol agents Will 11ot feed on CCloinlic planlts 

* Djiscuss some precautions to be takea \vllCn using 2,4-) 

" I)cscribe how the leaching off herbicides can be good or bad 
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0 De)scrihe III, pr-icticc oI tichiv%,ci tilaIIC 

0 1% arci iriicjdcs forilllit?id. ,Ih2 

L)Itrol Cannot 
I)Lt olIk ILIICC \iCIii 11"C 

* ISCIis' thec conlctjt that \\C~Con I'inCrCiSC ViCIds, 

* WI~viCid MVc ~ -\ -,iLIc. Bonth havC licen N'pr \ cd \\ill] thc 
"mIilelc iciiC mt 1,1C "anlIC ratk Oil tlC -1:111C Li;l\ . Control wa 

"Odi 011C. IlCII AM]t JI)OI ill Hlcot bcr. i i\ C sOnIC )poss'ib)ic 
rca'~olls II)! I itc"c ni 

o 	 What Is tilt tilitcicntc: hct\\C1 cII IlcasI1imin \\ct iossc. Ill d 

cci[IOontolcrop1 With HO \%e\ uiparci \\ [ItIiosc after thc 'Iarnilcr\s 
110o,111111 pratti;c 

(Ms0 1)is 	 IMIo\\ %uh\aMCI sAliniti hc tisCI adl a Maricr for iicr
hICcc 



Sample examination questions 

\d11IhIXC IMOkCdA pre-cou rse mid final evn LISC fu1I C)Iifl)OIC UtS Okia 
weedc Inlaaiclit traiintzc- C()*,C The prC-couI!sC exall willW 
proxidC an ICCLII'ItC indcaition ()f participants,' knolcldgC level 
anid also CI Jll i/c that !h~c nsltFLICtor1;nMC rions0l' aIhOnt the 
COLIF5S. 

oIs~f' Iiicd hear 1ctilt: (jc1~1w l,,tcc \ Iitcii !) "illipIlil' file
 
CX'vIiIti01U j)J)CCSs &I
Mid~. still 1)1()%sd l aIccillacncL1lI~~ ~ 

* (;i\c MIC %\,I-\ tHLt 1i11;12,. ill jcts the ~t~i~tii of \\CCd 
5,CCdS 

* (11i\C tillCC IC&W(i's nnns Me 1))! CO)H'C'Itlo)!I\\11\ ai Im 
w'ccds 

" Whadt JIa 1c11CC \\I5to prICCn t \ 'CCdscddpra 

) o2L-Cr* lFXplaiii1 the' 'i tcl p~i d a it 1l(c \ op c ornl

* ~ IXC hat nc Xlollll thl..'crIiiCl p)CIIOd l~li 1ictor ii'\ d ct1CrrI 

\XC~-CIOorpo..t jtior ( ccinr,
 

tl \ li l ) \\Xit li I cr m a~k e it m ore om * lis"t thre e Wls o:1i Oj to 
plct it l~ca lis XCCd\ 

;cfl i* ( OX C t he i 'spCcCSC' nallC 01 sanip11ic \VCCdS 

" ( i XeCIOb o IIr i oir ~C istics of, a n WlXCC dISth altC~lahIC 1t hC r nto 
coiflpIICtc %Nith iop 

0 ( iXC MIC IIICtlIOl of' kiIlinu,~p ren iial weeds without her
hi CidCS 

e List three routes lvwh'iich pCstimics may eniter thC hody 
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* 	 \Which typc of t)CstiCidc c p\lOStlrC is Coisidcl l I roSt

it rK,?
n.C iu 

\ uC\'I~.'l thCrlhiCidC rucsidc.s to Ic+,a i prolil
 
il laLVSoils Of -N11IV' s.dils'! \VI1\'?
 

* I li)h pr.'CsLC rI'C.Ic, tdlrlic Isi/c. tIM,i ucreasing the rvisk (of
 
drift. What other Iactolr-uffeclsdroplet si/c'.
 

I'0111r lhat lalbih* List thiil + hapll to a ,,oil-activC hlrlbiCidc 
Once it has Ibe_n appllie to Ih ',Oil 

* W hich Of tlhe tdlt ,iig i,,/;ue dilitro~ialilile Ie,,.' i ,:
alacloltr, atra,,ific,. limilrmi, i;Cllui I trilltulillfimlt 1:lif 


* list tNVt;Id\ III'L'S and tM disiatld,Iltac.,'es Of dilu otll-h',llrml 

* \\h' arc Itilluralii mitl I 1' W ltell ulceptahlc for sinall
on" se?2
rut 

iiOtIhIC thiji, that can t e lto ier 'cul tilehbildtulp of 
Wescds that MVr e'Ci tal to hlerlAieiCl, 

* \Whatt ar )ttoia,. ehairatcuri,,lis tht inluulce.lic M.icide 
,,,cletiv it,'!
 

I I\ lIoI, at\\ ttiL acendl.t ffCt a herIliCidic Wpra,it Convshc 

ta,:ts a plant? 

0 A haunici haws 9l ha of Cotton to plant. I-Ic "sants to apply 
".5 kc a.i./ha of triflurlin " hich is lormulatcd as Trelan E.C Coil
taininrig Whpcen a.i. lis tractor-mouinted sprayer has .4501-I 
tank and i,seti to apply 140l I/ha. 

(1) tlos much Trclian does tile alrm nicd1 t coteL'rltile lull 
ti0l
ha'?
 

h) Inloss much THhali istl hc add to each full spriy tank? 
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hc full tank oI 
mixtI e ' 
C) H ,,. man1 Ihcct rcs c II he ilItCtct \N11h Ocil 

ir

IIo,\ milliv Ik of the commercial product Gcsaprifi (alt

tizilic) m Icncccd to ',praii 3) Il' if the dcsircd raic is 2.5 kg 
./i' iil (ics1iiiniil is , 51pcrccnt ',i.. floa\\ iicl ft l1h11i t uioll? 

* )cscribc thicc \\itvs Iii which aiIicrhicidc cii kill x\ccds witil

oti hlamlnllin, itsocliatcd Crops 

S\VIV ric C'oiC llol1c, lt he ) he.Cr-StiIltP0Ld tO IISCd to iplyl
Ihicildcs'. 

0 Naic ahcrlicidc that Is clisilicd :i,: a) hormonal. b) Contact., 
and c') "oil ;ict*\c-s stcnili c 

* Nilic hiclmaitr oil Clhirict.ristics that iiillcllecc icrlIcidc 
acti \it\ 

0 (Iic thic, Ica"it )i- '. thic IitoltTIicnil Con 'trolof \\,ccLS on11 

cliplaliIlll P, Hot ti l'itI\ ',iltislactoi\ C\cn l1 -c (; !l in 'trol is 
lchic\ cd 

* list Ii c thin Sn1CCCSAI\ I(Ir cstill iImL' I2O\\hIol i herlicIlC 
will i actli\ c in the soilainci 

0 I)cscrihc th (lcall , )i lloJItic condition Iori i nol-volatilc 
solil-act ic hcrhicidc 

* (ivc ftour liffcrcnIl lind oflchcck-plotsii lltiy hc nrsftl for 
Iild rCciiclI onl \ Lcon0rol 

,j list tlhrcc Ilcth thilt dlctcilinc 1lhc kohlllc of water a 
' spr;iiyer will tlischin'rc on i tlil oI llind 

SDfclinc tlhc trlln 1.1),, 

* (i c fonlr fictors ito cO ilsidCr in decidine Ol the plot size for a 
ield expe1riment 
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tisrf~u~.theyrviou mangelment Of~a ficd naf 

Aspraer s calibrated aniusid i5 1of NNater iw'an arca dl isI>
20 101 Ciathe litres'petr hcf.tuie 6utpuI't. 

Herbic~ideA ha amn oral LD', iatng of 500 inuk.r rbicide
B sin L1~ ra'ting 015,O0O0'mg/k. 'Which is thle mnore toic's 

*Whly ispara-iquat (G. moxone) not used to control weeds by
root uptake? A A 

~A~AAA~ ~A,~<~ A~Describe two ways in which' to usC ai nonscctive herliczd' 
~-on a crop 

AA 

~A 

~ : 0Name four if'ins of protective clothing that shou.ld be wornspraying aA 
A 

SAAA *Explain the terms 1)prCemergence. 'post-cmergence and pe 
p itincorpotiThd 

A 

A

' 

AAA 
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