
IV. FUNGICIDES AND THEIR APPLICATION 
J . Lamb, 

C r o p protection now has c la ims as a separate science a n d has made 
tremendous advances i n recent years. T h e first International Crop Protection 
Congress was held i n 1949. T h e meeting was held in L o n d o n and was attended 
by representatives f r o m all over the wor ld . 

T h e main div is ions of the subject a r e : — 

1. Cont ro l of Insect pests. 

2. Con t ro l of fungus diseases. 

3. Cont ro l of weeds. 

A l though o u r main concern is with the contro l of fungus diseases, I w i l l 
attempt to g ive you some sense of perspective. 

Control of Insect Pests. 
O n the whole this ma in ly Involves eradication, a l though prophylaxis has a 

place in crop protection against Insect pests. 

1. T h e most desirable approach is by biological c o n t r o l A n example of 
this is the control of iontrix by Macrocentrus. 

2. In recent years great strides have been made i n the development of 
amazingly effective chemicals wh ich , at extremely low concentrations, k i l l a 
wide range of insects a n d w h i c h leave deposits f rom spray ing o r dust ing w h i c h 
persist in their toxic effects. Gammexane and D.D.T. are two examples of Insec­
ticides wi th persistent effect. 

Insecticides also vary greatly in their effect o n different groups of insects. 
Gammexene and D.D.T. are part icular ly effective on caterpil lars, mosquito larvae 
and flies. 

Some insecticides are mere stomach poisons a n d have to be eaten — lead 
aresenate Is an example. Gammexane and D D T . can act as stomach poisons. 

Some ki l l by contact — Gammexane and D.D.T. are also contact poisons. 
Other contact poisons depend on volat i l i ty and act as respiratory poisons. 
Nicotine Is an example of this class. 

Some are gases such as hydrocyanic acid wh ich Is used for fumigation. 

3. Insecticides based bn oi l emulsions suffocate insects. 

4. T h e latest development Is in systemic Insecticides wh ich are absorbed 
by plants and render their juices toxic to suck ing insects for a prolonged period-
Some Insects, such as scales and a phi ds, concentrate large amounts of sap a n d 
gradual ly accumulate toxic doses of systemic poisons wh ich are! present In 
the plant h i very low concentrations, - .-. . 

Prophylact ic insecticides main ly rely o n destruction of eggs, as wi th winter 
washes, a l though some leave a toxic deposit w h i c h also acts as a prophylat lc . 

Control of Weeds. 
T h i s branch of crop protection has developed enormously In recent years . 

Modern weedicides o r herbicides, as they are n o w cal led, are usual ly ce l l poisons 
e n d cause distorted reproduction o r cell d iv is ion. T h e y are general ly absorbed 
f rom wet sprays and are h igh ly specific. 
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In general they have been developed for their toxicity to dicotyledonous 
plants, oVweedŝ  "which" grow in cereals. 
Cereals belong to the same family as grasses; and since our problem Is to control 
"monocots** in a "dicot" crop, they have not been of much value to us so far. 

there are some general weedicides such as sodium chlorate and sodium 
arsenite-, but these are only really useful-in fallows and are difficult <o appry 
to standing crops, . . . . 

Control of Fungicides Diseases. 
Fungicides are much more akin to weedicides than Insecticides. A fungus 

is a weed growing on the crop itself instead of in the soil. There Is hope of 
development through weedicides. Some chemicals are known to be absorbed 
through the leaves and stems of higher plants without 111 effects but are showing 
signs of being: toxic to lower plants or fungi. We therefore hope that fungicides 
with systemic action will soon become available. . ; 

Insects move about and more generally live on the surface of plants and the 
problem of eradicating them Is relatively simple. They walk into the poison 
traps laid for them. Fungi, on the other hand, are generally only vulnerable 
during the disposal of Infective material — usually spores. Once a fungus 
has gained entry into the plant tissue It Is not usually susceptible to control 
methods. Fungicides are therefore mainly prophylactic and a fine film of fungi­
cide has to be spread over the entire surface, of the susceptible tissue of the 
plant to give protection: 

Similar difficulties do occur with insects, and I give you the example of 
the shot-hole borer In tea which lives in galleries remote from normal control 
by mseeticldes. 

The difficulties involved in controlling fungus diseases-are therefore con­
siderable and there have been few developments in fungicides comparable with 
the discovery of the Insecticides Gammexane and D.D.T. 

However, we hope for developments In the not distant future. 
Possibilities are — 

. L Fungicides with systemic action. 
2. Micro fungi parasitic on the fungi to be controlled. This would cons' 

titute biological control and, to some extent, brown blight does exercise 
a control of blister blight It can only gain entry to tea through damaged 
tissue and crowds out blister blight and prevents sporing; Unfortu­
nately, when it does gain entry It damages more tissue than the compara­
tively dr<oimscribed blister. 

At the present time fungicides, are mainly inorganic. 
Y ' T / \ Inorganic Fungicides. "• '.' ' 

Inorganic fungicides are most often compounds of mercury, sulphur or 
copper̂ ;.; . . 

1. Mercury Salts, Mercury salts are generally extremely poisonous; They-
•are ."usually too poisonous to both higher plants, and animals which consume 
them, to be used as sprays. Mercuric chloride, .in concentrations as low as 
1/10000, Is very toxic tp most fungi but scorches badly. It Is also very soluble 
and washes off In rain. -.... , . .N 

Complex organic compounds containing mercury are widely used as seed 
pressings to .check seed borne disease and to afford protection during germi-

(Culture rubes with dressed and undressed tea seeds were fcm4nstrdted*).,.l 
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2. Su lphur . S u l p h u r i n the elementary form is ve ry toxic to m a n y fungi . 
It has very little action on most h igher plants and is insoluble a n d rainfast. 
Var ious compounds of su lphur are m u c h more effective than elementary su lphur 
but are more liable to cause scorch . E lementary su lphur does not control blister 
bl ight but l ime su lphur gives a reasonable degree of control. L i m e sulphur 
however causes very marked taints in tea. 

3. Oopper. Copper salts are very toxic to most fungi but soluble forms 
s u c h as copper sulphate scorch plants and are not rainfast. Insoluble com­
pounds such as cuprous oxide and copper oxychlor ide retain their toxicity, 
are innocuous to most h igher plants, and are h ighly insoluble in water. T h e y 
a re presumably sufficiently soluble In dew and rain to k i l l spores at some 
distance f rom the actual particles of copper. 

T h i s Is i l lustrated by the control of fungus growth on culture plates at 
some distance f rom a smal l spot of. -copper fungicide. 

(Petri dish cultures were demonstrated). 

T h e bl ister bl ight fungus, Exobasidium vexans, is extremely susceptible to 
copper fungicides. Prov ided they are finely divided, and evenly distributed, 
copper fungicides give a very h igh degree of control. 

II. Organic F u n g i c i d e s . 
T h e number of organic fungicides becoming available is increasing almost 

dal ly . T h e y are prov ing to be highly specific In action, i.e. to control only 
one fungus disease, and have Important applications i n the control of diseases 
w h i c h are not part icular ly susceptible to copper o r su lphur compounds. T h e y 
are more l ikely to be absorbed than insoluble inorganic fungicides and are 
being closely examined for systemic action. 

Bl ister bl ight Is so susceptible to copper fungicides that it wi l l oc 
difficult to find organics w h i c h are more effective than copper compounds. 

I w i l l therefore now confine mysel f to a descript ion of copper fungicides. 

Copper Fungic ides. T h e first use of copper fungicides was (generally 
supposed to be) i n the wine growing district of Bordeaux. T h e toxic or scorching 
effect of copper sulphate was greatly reduced by forming a complex insoluble-
compound wi th lime. 

F r e s h l y made Bordeaux mixture is sti l l one o£ the most effective copper 
fungicides. Its efficiency fal ls off rapid ly after m i x i n g and it settles very 
rap id ly . . Bordeaux mix ture adheres to foliage very wel l but does not spread 
easily. 

(Demonstration). 
B u r g u n d y mix ture Is made b y subst i tut ing wash ing soda for lime. T h i s 

spreads more easily but does not st ick so w e l l A s imi lar fungic ide may also 
be made wi th ammonia or a m m o n i u m carbonate. T h e s e home-made mixtures 
are troublesome and have to be made u p careful ly. T h e y deteriorate quickly, 
settle rapid ly and are very corrosive to ..equipment. ^ 

M o d e m proprietary formulat ions a r e more satisfactory in commercia l prac­
tice. T h e y are most ly manufactured f r o m the insoluble compounds cuprous 
oxide and copper exychlor lde. 

T h e manufacture of fungicides f r o m cuprous oxide and oxychlor ide is a 
matter of technical sk i l l a n d control . 

1. T h e y must be extremely finely ground. It Is obvious that for 5 ozs. 
of fungicide to be able to spread evenly over a l l the upper leaves i n a n acre 
of tea it must be ground to an extremely fine state of d iv is ion. T h e chemical 
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activity of most substances increases with gr ind ing a n d this is apparently the 
case w i th fungicides. 

' 2. T h e y must disperse in water quick ly a n d easily a n d r e m a i n in suspen­
sion for long periods. T h i s is again a matter of g r ind ing but the ^ c o r p o r a t i o n 
of wett ing agents is of considerable assistance. 

( Demonstration). 
3. T h e y must spread easily over plants when sprayed In water suspension. 

T h e incorporation of wett ing agents assists them to spread. T h e wett ing agent 
also causes the water i n w h i c h the fungicide Is suspended to form smal ler 
droplets, ie . . Increase atomisation. F i n e atomisaUon is essential w h e r e low 
vo lume spray ing technique is employed. 

4. T h e y must stick to plant surfaces and not wash off too easily In ra in . 
A g a i n the finer the state of division, the better the adherence but . chemicals 
k n o w n as "st ickers" are also added in many preparations. 

So for, I have assumed that the fungicide is to be dispersed i n water. 
W h e n water is used as a vehicle, I must stress. the Importance of fine atomisa­
t ion to obtain the fu l l benefit o f the processing into fine particles. T h e ftiH 
benefit o f extremely fine g r ind ing cannot be obtained w i th coarse sprays and I 
w i l l deal fur ther with this matter i n m y lecture o n application. T h e Incorpora­
t ion of wetting agents w i t h the fungicide helps to Improve atomisation. 

(Demonstration). 
Dusts. Instead of water, substances also finely ground , s u c h as ch ina c lay 

o r kaol in and f rench cha lk o r talc may also be used as vehicles f o r copper 
fungicides. 

T h e requirements i n t h i s case a r e ; — 

1. A finely g round carr ier w h i c h floats In w i n d currents and w h i c h adheres 
to plant foliage. 

2. Processing in s u c h a way that the copper compounds adhere to the carr ier 
and do not merely w i n n o w out. 

U n l e s s these requirements are met, control w i l l be very poor and the dis­
tr ibution very faulty. 

M is ts . A l though suspensions of finely g r o u n d copper fungicides .may be 
finely atomised and b lown In air blasts as mists there are two complications. 

<a> F i n e atomisation of water is diff icult 

(b) F i n e l y atomised water evaporates very quickly . 
T h e r e are possibilit ies for mechanical ejection of mists f rom power operated 
machines but effective ranges w i l l be l imited. T h e most favourable condit ions 
w i l l exist i n the south west monsoon when humid i ty is h igh a n d w i n d currents 
are avai lable to carry the mist . . 

A further possible development of this technique le the oil m i s t C l e a n 
Crops L td . 's M ic ron sprayer is at present bascrj on the possibilit ies of ve ry 
fine atomised .o i l : l i g h t oi ls atomise m u c h more easily than water a n d do 
not evaporate at the same speed. W e are explor ing the possibilit ies of o i l 
soluble copper compounds. Materials i n solut ion are d iv ided Into molecules, 

wh ich state of d iv is ion Is Impossible by mechanical gr ind ing . Copper napthe-
nate w h i c h has l imited solubi l i ty In oil Is at present u n d e r test. W e hop> that 
other o i l so luble .copper compounds w i l l be .ava i lab le . th is year . 

(A film entitled Modern Covver Fungicides, loaned by Plant Protection 
Limited, was shown at this stage of the lecture): •'; v' 
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The Application of Fungicides. 

Orifice 

E d d y Chamber 

F i g . 1. A simple type of spray nozzle. 
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T h e a im cal led " A t o m tza t ion", loaned to us b y Shel l Company , wh ich is 
to fol low this lecture, w i l l explain m a n y points m u c h more clearly than I can 
hope to do by lecturing. T h e point I wish to make Is that low vo lume spray ing 
is an exact technique a n d that the equipment m u s t be carefully chosen and 
operated under controlled conditions. Above al l , I w ish to emphasise that n 
spray nozzle is not merely a hole dri l led into a piece of brass. 

The main difficulties with the application of fungicides at low volumes are :— 
(a)' we w i s h to distr ibute 5 ounces of extremely finely ground fungicide 

particles as evenly as possible over an enormous surface area. 

(b) to do this, we must have very fine droplets to get the best distribution 
possible and to get a quick dry. If possible. 

(c) since water is heavy, and not a lways readijy available, we ^'ish to use 
. cs little as possible. \ • 

(d) as we are frequently up against h igh winds, the spray must not be so 
fine as to drift away too easily. 

A t the present moment the most practical compromise is the pressure 
retaining knapsack equipment fitted with a nozzle w h i c h wi l l g ive a moderately 
fine spray at an output of 10—12 gallons per acre. T h e main disadvantage of 
the knapsack type of equipment is that as the spray fluid is exhausted, so the 
pressure wi th in t h e knapsack gradually falls. T h e nozzles to be used with 
s u c h equipment in Cey lon are designed to operate over a pressure range of 
f r o m 40 to 80 lbs. per square Inch. It is most Important that y o u should realise 
that the spray nozzles are special ly designed to give un i fo rm results over this spe­
cific range of pressure. F i g u r e 1 illustrates a s imple type of s p r a y nozzle. 

Swi r l P late 



There are many variations and modifications of this so called "swirl 
atomlzatlon" type of nozzle but the basic principles are the same for all types. 
In Vable l are given a list of the various factors which Influence the character 
of the spray issuing from a swirl type of atomiser. 

Table 1. Spray Factors. 

I. Amou nt ... ... (a) Orifice 
(b) Pressure 
(c) Depth of Eddy Chamber 

II. Droplet siie ... ... (a) Pressure 
(b) Swirl plate 
(c) Depth of Eddy Chamber 

III. " C a n y " ,.. ... (a) Pressure 
(b) Droplet site 
(c) Swirl Plate 

IV. Shape ^ ... ... Orifice 

I am Indebted to Mr. F. W. J. Lane of Plant Protection Limited for the 
following summary of the principal points In connection with swirl atomisers :— 

(A) Output. 
A number of simple factors contribute to the amount of spray passing 

through the nozzle hi any given period of time. These are;— 

(1) The size of the orific- The only function of tbe size is the control of 
the amount of fluid passed. It does nop determine the droplet size of. 
the spray. 

(2) The pressure. The greater this is, then the greater the output and vice 
versa. This is, however, not In direct proportion. For example:— 

Pressure in lbs. 
per square inch. 30 60 90 

Output in gallons dlff. diff. 
per hour. 7.2 < ~ > 9.00 < _ > 10.5 

1.8 . . 1.5 

Diameter of orifice -032' 

As the pressure Increase so does the output, for each successive Increase, 
decrease. 

(3) Depth of eddy chamber. .The greater this depth the greater the rate 
of flow and vice versa. 

(B) Droplet Size, 

Factors determining droplet size are;*— 

(1>-Pressure Increased pressureitflll cause, inejpased atomtsaUon..^ ; 

(2) Design of swiri plate. A swirl plate drilled or slotted with small holes 
round the periphery will place a greater interference on the straight flow 
of the fluid than will larger holes and will result In a finer spray being 
projected, ie . , the swirling effect is increased. 

(3) Depth of eddy or swirl chamber. The greater the depth of this chamber 
then the less will be the interference In the flow of the liquid to the 
orifice. In this case larger droplets will emerge from the nozzle than 
would be the case If the depth of the chamber was small. 
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(C) Carry. 
Factors determining "car ry" of s p r a y : — • 

(1) Pressure. T h e h igher the pressure the greater the " c a r r y " for any given 
size of droplet. 

(2) Droplet size. L a r g e droplets wi l l "carry" very m u c h further than smal l 
droplets if the same amount of energy is imparted to each. T r y throwing 
a pebble and then a grain of sand. 

(3) Design of swirl plate. If a central hole is dr i l led In a swi r l plate, 
already fitted w i th holes round the periphery, it wi l l be found that the 
droplets wi l l be coarser and the spray wi l l car ry further. 

(D) Shape. 

(1) T h e r e are two types i n common use. F i rs t ly , the simplest in design 
wh ich gives a flat fan shaped spray and the second, a litt le more com­
plex, wh ich can be made to give sprays rang ing f rom a wide hollow 
cone to a straight jet of water. 

(2) F o r the nozzle g iv ing a flat fan shaped spray it is claimed, correctly, 
that a wider distr ibut ion of the spray is given for each gal lon of l iquid 
passed through it. T h e hol low cone type enables a wider var iat ion in 
types of spray pattern to be achieved but the swathe width i s narrower 
than Is the case w i th the fan shaped spray. T h e r e Is normal ly less 
drift w i th this type of nozzle. 

(3) T h e nozzle g iv ing the flat fan shaped spray consists of a body to hold 
the component parts, a fine mesh filter and a filter body and a n orifice 
tip. T h e orifice itself Is usual ly eliptical In shape and this determines 
the shape of the spray. 

(4) T h e hollow cone nozzle consists of a body for the components. A metal 
orifice disc which , i n the better made equipment, is usual ly of hardened 
stainless steeL A brass (usually) disc is posit ioned immediately behind 
the orific d isc and separated f rom it b y a brass or rubber washer. T h i s 
is k n o w n a s a s w i r l plate and there are many designs to g ive a variety 
of types of spray. T h e space between the orif ice disc and swi r l plate 
is k n o w n as the s w i r l o r eddy chamber and is a n extremely Important 
Item In determining the ult imate shape of the spray. 

It Is therefore obvious that the nozzles used wi th knapsack spray ing equip­
ment must be special ly chosen. T h e y must be designed to operate efficiently 
over a chosen range of pressures. T h e washers and fittings. In components such 

' s u c h as eddy o r swi r l chambers, are of exact dimensions and must be replaced 
w i t h correct spare parts. Assembl ies must be kept i n good order and orifices 
must o n no account be cleared. If blocked, b y hard w i r e o r steel needles w h i c h 
are l iable to distort the shape. A blocked orifice plate or t ip should b e replaced 
In the field, b y a spare part and later cleaned by soaking or.botj lng. 

- -Ori f ice p ta tes*or tips should fee replaced as soon as 'they s h o w s i g n s ' o f 
wear, as It is v e r y false economy to use them once the output or character of 
the spray shows a marked change. 

T h e employment of suitable equipment is of paramount importance. Pres­
s u r e retaining equipment Is more efficient because the mechanical efficiency i n 
Dumping a non-compressible fluid such as water is m u c h higher than i n pump­
i n g a h ighly compressible fluid such as air. W h e n recharging w i t h fluid Is 
carr ied out wi th a central charge p u m p the correct pressure is m u c h more 
l ike ly to be maintained than when Individuals are responsible for p u m p i n g a 
recharge of air wi th a "bui l t - in" pump. 
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