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ABSTRACT

FieLd etperdments indicated that refLecti,ue rmtLches reduced

the ntnnbers of migz,ant aLate aphíds as u)eLL as aduLts of tVze gz,eenhouse

uhitefLy, Tz.iaLeurodes uapoyariorum. ALL tested muLehes oiz. aLuminíum

foiL, yeLLou pLastic, tz,ansparent 'Xiz,ot sheet øtd green pLastic, wene

found to be effectiue in reducdng the coLonisatíon rate of these insecb

Ðeetors. MAzus pey,sícae (SuLzey,) is the most irnportqnt ínsect ueetov,

of potato Leaf noLL oirus (PLRV) and Lts migz,ant aLatae uez,e greatly

re,Tuced by these muLehes.

The muLches houevev u)er.e found to be effectiue onLy against

the mignating aLate aphids but not against aLL forms of aLL speeies

of aphids found on tVte plant. Latev, in the study pez'iod (1 Jame, L9B4),

gï,een plastic and 'Xirot sheet uet,e found to enhance the buiLd W of

øphid popuLatíons particuLaz,Ly !. pey,sieae ultich oceurred on the pLant.

ALuminiun foíL, gr.een pLastic and. 'Xinot sheet uene found

to haoe no fauounabLe or deLeterious effect on the height of the pLøtt,

nurnbev,s of Leaues cnd totaL Leaf area pez, pLønt. But yeLLou pLastic

enhøLeed the grouth of potato pLant bg inez,easing the nurnbev' of Leaues

øtd ttte totaL Leaf area per pLant.

?he glasshouse erperiment demonstrated tLtat the order of

thte reLatiue atteaetiueness of the refLectíue muLches to aduLt T.

uøËtov,arioz,um u)ev.e a.s folLous: yeLLou V green pLasticltXirot sheet

2 aLwniniwn foiL-- soiL. The aLíghting response of whitef'Lies to

green pLastic, 'Xixot sheet, aLwniniu¡n foiL and soiL was considered

neglígibLe eonrpq.ved to geLLow pLastic.

u



)ther nater¿q,Ls haue aLso been suggested to be used as

rm,tLehes. These aye styan¡, sqndußt, aLmond shell and hu,sk, Liuíng weed,s

and other cz,op pLants. Eina.LLy, the aduantages of mulches other than

reduaíng the coLor¿tsation z,ate of dnseet Deetors and their potentiaL

a,s q. means of nørdpulatíng the erop enu¿tþrunent in the fPM pv.ogvwnrneg

of potataes uere disetÆsed.

vr



STATM{H\TI

Tlris thesis contains no material which has been accepÈed for the

award of any degree or diploma in any University and, to the best of

my knor,uledge and belief, this thesis contains no rnaterial previously

published or written by any other person, except where due reference

is made in the text of this thesis.
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CHAPTER 1

INTR.ODUCTION AND OR]ECTIVES

Many revie\^/s have recently been written of the control of

insect vectors of plant vinrs diseases (Broadbent, 1969; Srnith and

\,r/ebb, 1969; Loebenstein and Raccah, 1980; Nomura, 1980; Harpaz, L982;

Cohen, 1982; Simons, 1982 andMlaelzer, 1984). Maelzer (ibid) points

out that the control of insect vectors of plant virus diseases has a

different slant from the control of insect pests generally becausel

i) the spread of virus disease in a crop is usually

difficult to control once the virus is there because

it can be spread by a very small number of vectors.

ii) insecticides may increase rather than decrease the

spread or incidence of virus diseases (e.g. Broadbent

et al. , L963).

iii) parasites, predators and pathogens seem not to be as

effective or as promising for the control of vectors,

presumably because economic threshold densities for

vector species are nnrch lower than those that would be

expected for pest species inflicting direct damage to

the crop (e.g. Jepson and Green, L982).

In general, insecticides seem not to have been effective

against vectors of non-persistent viruses which infect the crop from

sources outside it. Even just after application, insecticides do not

kill the vectors quickly enough to prevent crop plants being infected,

and later, when they have weathered to sublethal doses, they may

cause the vectors to be more restless and visit more plants. The end
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results is often an increase rather than a decrease in the spread

of virus within a crop (Broadbent et a1., ibid).

For the control of insect vectors of plant virus diseases,

a considerable amount of attention has therefore been given to a)

minimising the amount of inoculum at the start of a crop season, and

b) rninimising the ntmber of colonising vectors (see Nlae1-zet, 1984) .

One of the strategies which has been widely used to rninimise the

m:rnber of colonising vectors at the start of a crop Season is the

modification of the visual properties of a croP with mulches.

The use of nnrlches between plants to reduce colonization rate

by vectors seems to have started with Avidov's (1956) report that

sawdust mulching among cuctrnbers greatly reduced the nunrbers of

whiteflies Bemisia tabaci), followed by Kring's (L964) discovery that

aluminium foil repelled aphids and the observation by Smith et al.

(Lg64) that reflective aluminium sheets reduced the number of aphids

and the spread of cucumber mosaic vinrs. Since then, rnany successful

experiments have been done mostly using aluminium foil and reflective

black, white or yellowpolyethvlene plastic film to reduce virus

incidence caused by many aphids and some whitefly species (Ï,{ynan et

{.,1979; !'/illiam, 1981; Tlarpez, 1982; Cohen, 1982). Specific

colours seem to be used by some insecls, such as species of aphids,

v¡hiteflies and other Homoptera, to locate host plants. For example,

various tints and hues of yel1ow attract at least 3 aphid species

(Kring, 1972; Smith and \,,lebb, 1969). Reflected light from mulches

may therefore alter the stimuli received by such flying insects and

so affect their plant-finding and/or settling behaviour. Many
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homopterans seem to be attracted after flight, to light of the

larger wavelengths, e.g. yellow that are reflected from young plants

and bare soil. But the lig,ht reflected from aluminium and other

foils or nn:lches is similar to that reflected from the sky, with a

large proportion of it comprising the shorter wavelengths such as

blue (Kring, 1964; Smith et al. , I964i Hetnze, 1967). [,Ihen

aluminium foil is placed between rows of plants, aphids tend,

therefore, to continue to fly rather than alight (ülilson and Taylor,

1981).

Other mulchesr e.g. yellow plastic or stravü, have a different

action. They seem to differentially attract some species of wtritefly

which therefore alight in the mulch rather than on the crop plants

(Bosch and Telford, 1964; Cohen and lr4elamed-Madjar, I97B; Nitzany

et al. , 1964).

Yet again, the alatae of many insect species seem to be

attracted to sma11 or sparsely spaced plants vúrich stand out against

a bare soil background (A'Brook, 1968). Various authors (Smith,

1976; A'Brook, 1968 anrl 1973) have suggested that this attraction of

flying insects to a contrasting plant/soil surface can often be

reduced by maintaining an artificial green background of foam rubber

or by maintaining a uniform plant coverager e.B. by increasing crop

density or maintaining a cover of weeds or some other plant species

within a crop.

The use of nn-llches

Many experiments have now indicated that, to be effective,
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a mulch must usually cover more than 50-60% of the soil surface.

For aphids, aluminium foil is usually effective, and is more so than

any of the plastics, of v¡trich the most effective is usually white;

e.g. llynan et al. (1979) reduced the incidence of watermelon mosaic

virus in sunrner squashes by 947" and 77% with aluminium foil and white

plastic respectively. But aluminium foil is not always effective,

e.g. against the green peach aphid, Myzus persicae, on potatoes in the

U.S.A. (Shands and Simpson, 1972).

Similar experiments rvith whiteflies, an<1 viruses they

transmit, have given quite different results from those on aphids,

suggesting that the alighting behaviours of the two groups of

insects are different. I,r7hen aphids first fly, they are attracted to

light of short wavelengths and are attracted towards the sky. After

flying for some hours, they are repelled by the short wavelengths and

are attracted, instead, to yellow and green and start searching for

suitable host plants; hence they are repelled by W reflecting surface

which appear to them as 'sky'.

tn/hiteflies, on the other hand, tencl to be attracted to

aluminium foil (Vaishampayan et a1., I975a) and to the blue/W part

of the spectnrm (Mound, 1962). They are also strongly attracted to

yellow plastic or straw mulches; and in hot, dry climates sr.rch mulches

seem to attract and hold whiteflies until they are killed by the

reflective heat from the surfaces, thus greatly reducing the mr¡nbers

of whiteflies and the incidence of transmitted diseases in crops

(Cohen, L982).

r
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Opaque mulches also reduce competition from weeds, reduce

fertllLzer leaching, conserve \,rater and trap heat in the soil so that

crops can be planterl earlier in the season. They usually therefore

provide better conditions for plant growth and so increase crop

yields irrespective of their effect on vectors and virus diseases.

Mulches may also be useful in crops which need to be

irrigated because of their compatibility with trickle irrigation.

Thus the incidence of watermelon mosaic virus in irrigated melon

crops in trVestern Arrstralia could not be reduced by either insecticides

or oil sprays, but mulches plus trickle irrigation greatly reduced

the proportion of infected plants and increased the yield of water-

melons by 77 to 270% in different trials (Mclean e! el., 1982).

The high initial cost of aluminium foil and problems in

its use have restricted its conrnercial- use to high-value crops, but

plastic mulches - either black or white embossed on bl.ack - are being

widely used in the U.S.A. for establishing vegetable crops (Zítter

and Simons, 1980).

This project involved the use of mulches to reduce the

colonisation rate of insect vectors of virus diseases in potato crops

in South Australia.

Insect vectors of potato virus diseases

In Australia, the important insect vectors of virus

diseases on potato crops are aphids, mainly the green peach aphid,

3
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Mvzus persicae (Sulzer) and the potato aphid, Macrosiphum euphorbiae

(Thomas) (Hussein, L982). Another species of aphid, Aulacorthum

solani Kaltenbach, which is knov¡n as a major pest of potatoes

overseas, has also been reported to colonise potatoes in Australia

(Helson, 1953). The greenhouse whiteflY, þþleurocþ vaporariorum

(l.tlestwood), another important vector of vinrs disease of many crops

in nrany parts of the world including Australia, has also been

reported to infest potato crops (Goodyer, 1977).

M. persicae is reported as a major vector of well over 100

diseases of plants including crops such as beans' sugar beets, sugar

cane, brassicas, tobacco and potatoes (Kennerly et al., 1962; Powell

ancl Mondor, Ig73). This aphid is also known to be a vector of several

vinrs diseases of potatoes, the most important being potato leaf ro11

virus (PLRV). There is now general agreement that M. persicae is the

species which is generally responsible for the dissemination of PLRV

in potatoes (Davies, 1934; Kennedy et al. , 1962; Close, 1965). One or

two individuals only of {. persicae are sufficient to transmit PI,RV

from an infected to a healthy plant (Smith, 1929) -

T. vaporariorum is highly parasitic on over 200 host plants

worldwide (Russell, 1963). It has been reported to transmit pseudo-

yellows virus to sugar beet and some weed plants, in which case a

single whitefly is able to transmit the disease (Muniyappa, 1980).

Attempts to prevent the spread of potato vinrses by

controlling the aphicl vectors have so far been unsuccessful or only

partially successful. Chemical control, while effective on a short-

¡

þ



7

I

term basis, has the obvious disadvantages of producing insecticide-

resistant biotypes when applied frequently or in large doses. There

is evidence of frequent insecticide-induced aphid resurgences caused

by the destnrction of natural enemies as well as the aphids (Peterson,

1963; Radcliffe , 1972 and 1973).

Similarly, populations of T. vaporariorum have been

controlled with only some success by the use of cyanide fumigation

(Lloyd, 1922), insecticides (Smith et al., L969) and the whitefly

parasite, Encarsia formosa (Gahan) (I^lebb and Smith, 1980). However,

resistance to certain insecticides has been reported by üIardlow et

al. (L972), and the difficulties involved in handling and maintaining

Encarsia colonies limit the amount of reduction that can be achieved

in whitefly infestation (Affeldt et al., 1983).

Because of the difficulties of controlling these insect

vectors of potato vinrs diseases, there is a need to evaluate and

employ other methods of protecting crops in Australta as in other

parts of the world. One of the most promising of the alternative

non-chemical methods which has been largely ipgrored in Australia is

the use of nmlches to reduce the rate of colonization of crops by

vectors. This method if successful, could become an important

component of integrated pest management (IPM) of potatoes.

In this project the effects of nnrlches on the rate of

colonization of a potato crop by aphids (mainly {. persicae) and the

greenhouse whitefly (T. vaporariorgg) were investigated and evaluated.
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T\uo field experiments (one in a big plot and the other, in

a small plot) were sinnrltaneously conductedrand later followed by a

glasshouse experiment.

The main objectives of the field experiments were to

determine!

i) which mulches (of different materials and colours)

could effectively reduce the colonizatíon rate by

vectors, and

ii) vhether there vüas any effect of mulches on the gro\iùth

of the potato plant.

The objective of the glasshouse experiment \,üas to measure

the alighting response of the adults of T. vaporarionrm on the

various mulches v¡trich were used in the field experiments. The

results of this experiment were necessary to elucidate the outcome

of the field experiments.

It is hoped that the results reported in this thesis will

provide information for a better understanding of the importance of

mulching as a means of manipulating the crop environment to reduce

insect infestations on potatoes.



CHAP|IR 2

GENMAI, MATERTALS AND METT{ODS

2.I Growing of potato plants

2.7.L Growing of potato plants for the field experiments

Seed potatoes cv. Pontiac purchased from a 1ocal

supplier in Adelaide were used in this strrdy. The seeds were

first planted in seed boxes located in a temperature-controlled

glasshouse. Before planting, the apical eyes (2-3 eyes) of the

seed were scooped out using a melon scoop (2.8 cm in diameter)

and <lipped in a 2 ppr gibberellic acid solution for 10 minutes

to break the dormancy of the seeds. The treated apical eyes

were then planted 2-2.5 cm deep in "jiffy-pots" (6 cm x 6 cm x

6 cm) containing a recycled University of California soil

mixture. The planting rate \,üas 1 per "j if fy-pot" . The plants

were allowed to grow under natural light at 2b?-5oC until they

were 2 weeks o1d, at which time they were ready for transplanting.

They were v¡atered once a day or when necessary,

2.I.2 Growing of potato plants for the glasshouse experiment

Some of the gibberellic acid treated seeds as

discussed tn 2.1.1 were planted 2-3 cm deep in 15 cm (in diameter)

black plastic pots containing a soil mixture, as clescribed in

2.1.7. The planting rate \n/as 1 per pot. The plants r^/ere allowed

to grov/ under natural light at 2O-25oC in the same glasshouse

as described in 2.I .I. The plants \^/ere \,/atered once a day or
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v¡hen necessary.

2.2 General preparation and maintenance for field experiments I
and II

The field experiments I an<1 II were conducted simultaneously

in the experimental orchard of the l¡/aite Agricultural Research

Institute (l^7.4.R.T), Glen Osmond, South Australia, from April to

June, L984. The experimental orchard consisted of several small

blocks of fnrit trees such as apple, peach, apricot, citrus and

grape vines. There were also small blocks of almond trees and roses.

The rest of the area \¡/as either bare ground or ground covered with

weeds and other wild plants. Several buildings including an

insectary, glasshouses, laboratories and houses, and several big

experimental cages were not far from the p1ots.

After the land had been prepared for planting, a pre-

emergence herbicide (Dacthal) was applied at the rate of 10-14 kg/ha.

No insecticide, fungicide or post-emergence herbicide was applied

throughout the study period. T\¿o to three days later, the 2-week

old potato seedlings grot^m in the glasshouse \^rere transplanted into

the field at the clepth of approximately 10 cm and at the planting

density of 30 cm apart v¡ithin rows and 75 cm between rows (for the

field experiment I) and of 60 cm apart within rows and 75 cm between

rows (for the field experiment II).

The size of the plot for the field experiment I (termed the

big plot) was 43.6 m x 10.6 m; it was divided into 4 blocks and each

block was further divided into 4 experimental plots with each plot
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in each block being allocated to a treatment (detail is given in

Chapter 3). For field experiment II, the size of the plotwas 12

m x 4.3 rn (termed the small plot); it was divided ínto 2 blocks and

each block was further divided into 2 plots, with each plot being

allocated to a treatment (detail is given in Chapter 4).

The treatments \,rere inrnediately applied after transplanting

for both big and small plots. Inlateríng r¡/as done only when necessary

by furrow irrigation. Approximately one week after transplanting,

a basal dressing of a mixture of superphosphate, sulphate of annnonia

and sulphate of potash at the ratio of 3l2il was applied as fertilízer.

All plots were kept free of weeds during the period of study. ü/eeding

was routinely done manually.

2.3 Trapping and sampling methods in the field

2.3,I Trapping of alate aphids in the field

Trapping is one of the methods of estimating relative

mrmbers of insects. In spite of the great difficulty in

interpreting relative numbers, such estimates are extensively

used in animal ecology and economic entomology. Estimates based

on trapping methods, in particular, are useful because they

collect specimens continously and provide a large return of

information for a relatively smal1 amount of effort. Basically,

traps may be divided into those that attact insects in some way

and those that catch insects randomly. A strict division is

impossible as some traps¡ e.g. some \,rater and sticky traps, are
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intermediate in position (Southwood, 1966).

trVater traps have been used extensively to trap alate

aphids (Broadbent, L948; Eastop, L966; l,amb, 1958; Fisken, L959b;

Evans and Medler, L966; Landis, 1972; Sandvol and Cunningham,

7975; Bacon et al. , L976; Byrne and Bishop, L979). Usually

they are simple plastic or metal bowls or trays filled with

vüater to v¡trich a small quantity of detergent or a preservative

have been added (Southwood, 1966). The efficiency of water

traps in catching flying aphids depends on several factors such

as trap background (Landis, 1972 and Hrrssein, L982), height of

traps above ground (Heathcote, 1958;Landis, L972) and size of

bowl (Costa and Lewis, 1968 and Southwood, L978).

The main purpose of setting up water traps in this

study was to examine the effects of different reflective mulches

on the colonisation rate of mip¡rating alate aphids (M . persicae

and all aphid species termed the total aphids) coming into the

potato field. One yellow bowl (30 cm diarneter and L2 cm deep)

was placed in the furrow in the middle of each plot. Each bowl

was fil1ed to \,üithin 4 cm from the top with \^/ater and provision

for drainage of excess water was provided by two screen-covered

holes (15 nrn diameter) made on opposing sicles and 2.5 cm below

the rim. A few drops of detergent Ttas added to the water.

The trapped alate aphids were collected, using a fine

camel brush, from each trap every two days over a period of 8

days for each period of trapping. The collected alate aphids
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v/ere kept in screw-capped glass vials containing ethyl alcohol

70% and were taken to the laboratory for counting as soon as

possible thereafter. A pictorial field key given by MacGillvray

(L979) \^/as used to identify alate {. persicae.

Trapping \,üas started on May 8, 1984 i.e. twr¡ weeks

after transplanting and terminated on June 17, 1984- T'his

trapping period was chosen to coincide with the major period of

migration of alate $. persicae into potato crops which had been

reported to occur in April*Iay (Hussein, L982).

2.3.2 Samplins aphids and whiteflies

Sampling insect populations may be eithcr cxtensive or

intensive. Extensive sampling usually is used to survey large

areas, while intensive sampling stresses the continued sarnpling

of a population through time within a smaller area or plot

(Morris, L96OZ Strickland, L96L). Several workers have concluded

that no one sampling method will be suitable for all insects

because of the different habitats and life stages that should be

sampled. In this study, I was only concerned with intensive

sampling.

Several methods have been described for estimating

aphid abundance on potato plants. In most of them the aphids

are counted while they are on the leaves (Hussein, 1982).

Davies (L934) described one of the first methods of estimating

aphid populations in the field; he counted the aphids on lower

leaves chosen at random, and expressed the population as aphids
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per 100 leaves. Other workers counted the aphids on all of the

leaves of. 20 to 30 plants chosen at random and expressed the

population as aphids per plant (Heinze and Profft, L94O; Adams,

L946). In Australia, Bald et al. (L946) counted the aphids on

equal nurnbers of top, middle and bottom leaves; they estinrated

the areas of the leaves of the sample and the total leaf area

of the plant from v¡hich leaves were chosen; with these data

they expressed the population as aphids per 48 leavesr Per plant

and per unit leaf area. There has not been nearly as much work

done on sampling whiteflies. In some of the more recent work in

relation to nn:lches, populations of wtriteflies were estimated

by counting the mlnber of larvae on whole young plants (up to

15 cm ta1l) or on the third and fourth leaves from the top of

older plants, and then the populations \^7ere expressed as ntunbers

of larvae per 5 plants (Cohen and Melamed*fadjar, 1974 and L978).

fn the field experiments I and II, the populations of

aphids and v¡hiteflies were estimated by counting the nurnbers of

aphids and whiteflies on v¡hole young and older plants.

Sampling was initiaLed 2 weeks after transplanting and

was done for 2 consecutive days every week over the period of 3

weeks. On each day, thirty and twenty plants were randomly

chosen for the big and small plots, respectively. On each plant,

all plant parts such as shoots, stems, upper and lower surfaces

of leaves were thoroughly inspected for the whitefly adults and

the alatae, apterae and ngrphs of total aphids. For the big plot,

the populations of whitefly and total aphids l^/ere expressed as
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the number per 30 plants while in the case of small plot, it

r,üas expressed as the number per 20 plants. This sampling

procedure was adopted because the nurnbers of whitefly and aphids

were quite low during the study period.

Insect counts were made in situ throughout the month

of May (in late autunn), but later in the study period i.e. in

the first week of June (in early winter), destructive sampling

was employed, in which case three and two plants Ttere destnrctively

sampled from plot for big and sma1l plots, respectively. In this

sampling procedure, the plants in the entire plot were mapped

out before sampling was done. This was to make sure that there

were plants present on each sampling point. In addition, this

crop nap could also be used as a guide to exclude plants that

were too small, unhealthy or dying. A random ntmrber of healthy

plants was then selected. Each of the selected plants h/as

carefully enclosed with a thin transparent bag (66 cm x 41 cm

in size) and the plant vüas cut off at the ground 1evel. Each

plant was then taken to the laboratory and was innnediately stored

at 5oC and counts alatae, apterae and nynphs of M. persicae and

M. euphorbiae were made. The same pictorial field key as

described in section 2.3.1 was used to identify all forms of

these two aphid species.

Besides the counts of insects, the height, the mrmber

of leaves and the total leaf area of each plant were also taken.

Methods of measuring plant height, number of leaves and leaf

area r^/ere discussed in section 2,4.
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2.4 Estimating the height, nurnber of leaves and total leaf area
of each potato plan

The purpose of measuring various plant features rn/as to

determine whether the mulches would affect the growth of the

plants.

Potato plants gro!ürì in the big and small plots produced

either one, tr^/o or three stems. The plant features were recorded

frorn all stems on each plant.

Plant height was estimated by taking the average length of

each stem per plant, with the length of each stem being measured from

the ground level (cut end) to the tip of the longesl leaf. The

number of leaves per plant was counted on all stems of each p1ant.

Total leaf area was also estimated by taking three leaves - one

upper, one middle and one lower - from each plant. The length and

width were first estimated using the graph paper, so by multiplying

the length and the width, the estimated area of each leaf was obtained.

The average area of these three leaves was then rnultiplied by the

number of leaves per plant to estimate the total leaf area of each

plant. This method of measuring leaf area riùas employed because it

is simple, easy and quick. However, it gives only a rough estimate.

2.4.1 More accurate estimation of the leaf area

A simple experiment r^las done to deterrnine the

relationship between the leaf area as estimated roughly by the

graph paper method and the leaf area as more accurately estimated

by a Paton electronic planimeter.
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Materials and methods

A largish nurnber of randomly collected leaves were

categorised into eight size groups, and then five leaves were

randomly chosen from each group for the determination of the

leaf area. The area of these 40 leaves was first measured by

the graph paper method as described earlier, and then was

determined by the Paton electronic planimeter. For the latter

method, each leaflet lras detached from the leaf and was fed

through the planimeter. The time involved in each method was

recorded using a stop watch.

Results and discussion

Thc rcsults of this experiment arc prcsented in

Appendix Table 1 and are plotted in Figure 1. Since there was

an obvious linear relationship between the t\^/o sets of values,

the estimates obtained from the graphical method were regressed

on those obtained from the planimeter. The calculated equation

for the regression line was Y=15.6 + L.4IX, where Y is the leaf

area by graph paper (i.e. the product of leaf length times width)

and X is the area by Paton electronic planimeter. The corre-

lation coefficient of 0.997I, with 38 d.f. and P < 0.001,

indicated the regression was highly significant. And the value

of. rZ (=0.9823) suggested that 98.2% of the variability could be

attributed to the regression.

A paired t-test was then used to compare the mean

involved in both methods; that for the graph paper method r¿as

significantly shorter (P < 0.001) than that for the Paton



18

Figure 1l Regression line for leaf area by

graph paper as a function of leaf

area by Paton electronic planimeter
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electronic planimeter. Because the time involved in the graph

paper method was significantly less than that for the planimeter

method, the graph paper method was used in all future

determinations of leaf area. The regression equation mentioned

above was then used to convert each of these preliminary

estimates to a more accurate one.

2.5 Analysis of data

DaLa from the main experiment in this study were first

subjected to a Bartlett's test of homogeneity of variance. A newly

written progranrne of the Apple II minicomputer hlas used to execute

the test. Data with non-homogeneous variances \^7ere transformed to

either _ß, _|ffi. or logr' (X+1). Original or transformed data with

homogeneous variances \^/ere then analysed by the analysis of variance

except for the data on determination of leaf area which were analysed

by a paired t-test as described in section 2.4.I. A fixed model was

used for all analyses of variance. The analysis of variance was then

followed by the new Duncan's multiple range test for the multiple

comparison of means. The analyses of data are presented and discussed

in the respective experimental chapters.



CHAPTM. 3

FIELD ÐrPERI},IEITI 1 -
REPELLENT MT]LCHES FOR THE CONTROL OF APIIIDS AND I¡ITTITEFLIES

3.1 Introduction

The state of the art regarding the use of reflective

surfaces in the control of vector-borne viruses has been well-

reviewed by Smith and l,r7ebb (L969) and Harpaz (L982). In the late

sixties, the use of aluminium (whether as a reflective foliar spray

or as mulch) and whíte plastic mulches appeared to be the most

promising as repellents of rnigrating winged aphids. Subsequent

studies pertaining to such an approach have, however, extended over

a rm-lch wider range of virus discases and vector species (l{yman et al. ,

1979). For examples, aluminium mulches have been found effective for

suppression of different aphid-borne viruses in gladiolus (Smith et

a1., 1964; Johnson et a1. r 1967), squash (ln/olfenbarger and Moore,

1968; Wynnn, et al. , 1979), \datermelon (Adlerz and Everett, 1968)

and lettuce (Nar^rrocka et a1., 1975). Insects other than aphids have

included the flower thrips, Frankliniella rritici (Fitch) (ota and

Smith, 1963), gladiolus thrips, Taeniothrips simplex (Morison)

(Smith et al. , L972) and leafminers, Ltrtclrryza sp. on squash and

tonnto (h/olfenbarger and Moore, 1968).

In contrast, there have also been reports in v¡hich aluminium

mulches have little or no repellency; rather attractancy v/as noted.

For example, Smith and l¡lebb (1969) found infestations of the cotton

aphid (Aphis gossypii Glover) more comnon on cucumbers and squash

when soil mulches of ah.rninium were present. Similarly more mines of
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Lirtonryza munda Frick were observed on leaves of squash and tornatoes

plants (Webb and Smith, 1973). On squash fruits injuries by the

pickleworm, Diaphania nitidalis (Stoll), \,üere noted to be greater in

plots protected by aluminium foil mulch (h/olfenbarger and Moore,

L968). !,lhile similarly pt'otected potatoes have increased aphid

populations (Shands and Simpson, L972). In the case of whiteflies,

even though aluminium mulch attracts thern (Vaishampayan et al.,
1975a; Cohen and Melamed-Madjar, L978) it however \^/as effective in

reducing the spread of the associated vinrs diseases in tomatoes

(Cohen and Melamed-Madjar, ibid). To date, most of such studies have

largely involved aluminium nn-r1ching. That involving other materials,

based either on the principles of different colour shades or mechanical

barrier, have been rather limited. For instance, the use of green

rings of foam rubber placed around potted Brussels sprout plants was

noted to be capable of reducing the colonisation rate of the cabbage

aphid, Brevicorlme brassicae L. (Smith, L976) , whereas in an

investigation on potato cultivation under 'Xiro' sheet (a slotted and

transparent, but reflecting polyethylene sheet) 937, fewer inrnigrant

aphids were recorded v¡tren compared with exposed plants (l.dilson and

Taylor, 1981).

Evidently, depending on the crops and the pest species

involved, mulches or protective barriers may have contrasting effects 
-

repel or attract 
- 

and as such can be advantageously employed in pest

rnanagement. However, how such reflective mulches can affect the

colonisation rates of virus-borne veclors (aphids and whiteflies) of

potatoes has been little investigated, particularly green plastic

material which has yet to be examined. This study therefore aims to
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evaluate their potentials and to assess their relative values in

relation to the more corrnon aluminium foil.

3,2 Materials ancl methods

In the experimental study a randomised complete block

design (RCBD) in four replicates of plot size 3.75 nrn x 3.3 m lras

employed (Figure 2). Three nrulching treatments r,\rere evaluated viz.

aluminium foil, green polyethylene (plastiö) sheetr ânC 'Xiro' sheet

(Plate 1). A nonnnrlching treatment served as the control. To each

plot, there were 60 potato plants.

In the aluminium foil treatment 0.22 m x 5.3 m strips were

placed in between the potato seedlings across the hills. The green

plastic strips of size 0.26 m x 5.3 m \^/ere also similarly placed.

L{ith 'Xiro' sheet which had been marketed as a weather-protection

sheet to enhance earlier harvesting and increased yields (inlilson and

Taylor, 1981), the sheets (L.45 m x 5.5 m) were perforated by 9 nrn

slits in rows of 3 nrn apart so that, v¡tren stretched, the slits would

open to give a fine plastic mesh (Plate 2). The sheets were loosely

laid down along the length of the hill, and as loosely across the

width as the potato hill would allow. Throughoul the study the

mulching materials were held down over the soil by small rocks and

bricks; these being laid mainly on the edges or on the overlaps. In

general, the area covered by the alu¡ninium foi1, green plastic and

'Xiro' sheet were 73, 87 and 100 percent, respectively.

During the first and second week of sampling, visual counts

of the insects infesting the plants were made for three treatments
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Arrangement of blocks and

treatments of the field experiment I

(big plot)

Treatmentsl A = Control (no nnrlch)

B = Aluminium foil

C = Green plastic

þ = 'Xiro' sheet
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Plate 1l The plots nn-rlched with aluminium foil,

green plastic and 'Xiro' sheet in the

field experiment I (big Plot)
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Plate 2l The slits of 'Xiro' sheet open as

plants grols to give a fine plastic

mesh

?
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only, viz. aluminium foil, green plastic and the control. However,

in both the third and fourth week assessments \,üere done for all the

four treatments. That for the 'Xiro' sheet were made while the

sheets were temporarily removed prior to sampling.

In the statistical analyses, the trapping data on M . perslcae

hrere transformed to _FJ while those of total aphids transformed to

_/". For the trapping data on alate aphids and the visual counts of

insectsra three-way ANOVA was employed. A two-way ANOVA was however

donè for the counts of insects on plants in both the third and fourth

week samples. In addition, a tvüo-vüay ANOVA with subsampling was

also performed for the data of plant features.

3.3 Results

Table 1 presents the mean nurnbers of alate M, persicae (both

arithrnetic and transformed _lÃ and the mean total aphids per yellow

\^/ater trap in each treatment over five periods of tirne, while TabLe 2

presents the respective ANOVAs.

As evident from Table 1, the mean numbers per time of M.

persicae alatae and of total aphids per yellow hrater trap l^/ere

significantly lower (P\< 0.01) in the aluminiurn foil nn:lched plots

than all the other treatments. Although there \{as no significant

difference (P< 0.05) between the mean numbers of M. persicae and

of total aphids per yellow water trap in the green plastic and 'Xiro'

sheet mulched plots, both these however were significantly lower

(P< 0.01) than those in the control plots (Table 1).



Table 1 !

Time
period

8-i6.5.84

L6-24.5.84

24.5-r.6.84

t-9.6.84

9-L7 .6.84

Mean nurnbers of alatae of Myzus persicae (with means of /ffi transformed data in parenthesis) 
^ t

and of total aphids caught-þFyêTFffi ter trap in each-of 4 treatments over 5 periods of time 3/

Control

e.5(3.07)

3 .8(2. 18)

ro.8(3.42)

10.3 (3 .33 )

6.0(2.55)

Altrninium
foil

Green
plastic

tXiro'
sheet

2.3(t.75>

z.o(t.65)

4.0(2.L4)

6.5(2.68)

4.5(2.3r)

Yean per
treatment

4.2(2.L2b)

2.I(L.68c)

5.3(2.36ab)

6.6(2.65a)

4.8(2.33ab)

Green
plastic

NA

l{A

19.8

15 .8

9.8

'Xirot
sheet

M.ean
per
treat-
ment

M. persicae Total aphicls

Control Aluminium
foil

1 .5(1 .55)

0.3(1.10)

2.3(r.73)

2.0(r.72)

2.8(1.e0)

3,5(2"09)

2.3(L.78)

4.0(2.L3)

7.8(2.at)

5.5Q.57)

NA

NA

38.3

18.5

7.8

NA

I{A

6.0

3.5

4.3

}JA

I'IA

12.5

11.3

9.8

NA

NA

L9.Ia

L2.31)

I .9c

Mean per
time

8.L(2.91a) 1.8(1.60c) 4.7 (2.29b) 3.9(2.10b) 2I.5a 4.6c 15.1b IL.zb

a/ Means followed by the same letter are not significantly different at P( 0.05 as determined by the ne¡r lluncan's
nn-rltiple ranee test

u)
H

NA 1= Not available
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Table 2l Analyses of variance of the mlnbers of Myzrp persicae alatae
and óf total aphicl alatae caught in eacmdl;ãI-o\^r \^/ater
traps in each of 4 treatments over 5 periods of time.
B = Blocks; T = Treatments; t = Times

14. persicae
(data-trñffi--ed to /T+T)

Total aphids
(untransformed data)

Source df ss nìs F Source df ss MS F

a) First ANOVA

B

T

t
BxT

Bxt
Txt
BxTkt
(Error)

Total 79 49.66

3

3

4

9

T2

I2
36

3 0.25

3 77.60

4 8.32

L2. 6.90

57 16.60

79 49.66

0.25

17.60

8.32

3.96

6.90

3.45

0.08

5.87

2.08

0.44

0.58

0.29

0.26

0.31

22.58

8.00

t.69
2_.23

T.T2

NS

\t-t^t,

NS

i\S

9.IB

B

T

t
BxT

Bxt
Tkr
BxTxt
(Error)

Total

3 39.00

3 1809.17

2 L029.I7

9 131.50

6 295.00

6 Lr76.33

18 359.50

47 4779.67

13.00

603.06

5r4.59
14.67

49.L7

186 .06

L9.97

13.00

603.06

5L4.59

186 .06

23.82

0.65

30.20

25.77

0.73

2.46

9.32

NS

-t^t^t-

NS

NS

-l^t^t-

0.55 NS

)).J/ );:;:<

/l . [Q :'r;':k

/ . $l :hi->k

B

T

t
Bxt

Error

Total

NS

.t-

-rÃt^t-

0.08

5.87

2 .08

0.58

0.29

b)

0.2_8 NS

lQ.//¡ ;:!d<

7 .lJ )::;!'<

2 .00 ?k

ANOVA

B

T

t
Txt
Error

Total 47

39.00

1809.r7

LO29.L7

1116 .33

786.00

3

3

2

6

33

indicates not significant at P< 0.05

ii 
signirican' :' :l 3:3i

" P< 0.001
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The mean nurnbers per treatment of M. persicae and of total

aphids caught per yellow T¡/ater trap \^lere noted to vary considerably

among the different assessment time periods. In general, a higher

number of alate M. persicae per traP vúas recorded in the last three

periods of trapping, ví2. 24.5-L.6.84, L-9.6.84 and 9-L7.6.84. Among

these, the nurnber of M. pjjrsicae trapped in the fourth period of

trapping (I-g.6.84) was the highest but this did not differ signifi-

canrly (P >0.05) from rhe third (24.5-L.6.84) and the fifth (9-L7.6.

84) period of trapping. There was also no significant difference

(P > 0.05) among the numbers of [. persicae trapped in the first

(3-16.5.84), third and fifth period of trapping. In the second

period of trapping (16-24.5.34), the nunrber of M. persicae caught per

trap \^ras significantly lower (P< 0.05) than those caught in the other

periods of trapping. There tüas a highly significant interaction

(p< 0.001) between the treatments and trapping periods for the nurnber

of alatae of total aphids caught per trap (Tab1e 2). In terms of

chronological time the mean m-mber per treatment of total aphids was

significantly higher (P< 0.01) in the last week of l{ay (2-4.5-l-.6.84)

and declining gradually by the first (1-9.6.84) and second (9-L7.6.84)

week of June (Table 1).

In Tables 3 and 5 the data on insect counts in situ for both

adults T. vaporariorun andalaLae + apterae + nyrnphs of total aphids

are presented, while their respective ANOVAs are given in Tables 4

and 6.

From Table 3, it is evident that the mean ntunbers per time

of T. vaporariorum in aluminium foil and green plastic mulched plots



Table 3i Mean nurnbers of adrrlts of d of total a
n¡zmphs (with means of /X sis) on 30 p
treatments over 3 peri-ods

VA rorum Total aphids
Mean per

phid
lants

alatae +
in each

aPterae +
of3

I
I'r7eek Control Alurniniurn

foil
treatlnent ControlGreen

plastic
Aluminir¡n

foil
Green
plastic

Mean per
treatment

1

2

27.3

33 .5

6.3

6.8

11 .5 15.0b 26.3(4.88) 12.8(3.2L) 23.0(4.49) 20.8(4.19b)

15 . B L8.7b 22.s(4.7r) 20 .5(4.25) 36 .5(5 .97) 26 .5(4.98b)

28.3 ?-6.6a 42.0(6.38) 37 .3(5.77) 104.0(9.80) 6L.L(7 ,32a)

30.3(5 .32ab) 23.5(4.4Lb) 54.5(6.75a)

3 34.5 17.0

31.8a 10.0c 18.5bMean
per
tirne

a/ Means followed by the same letter are not significantly different aL P< 0.05 as determined by the
new Duncair's multiple range test

(¡)
+.



Table 4l Analyses of variance for the m:rnbers of
30 plants in each of 3 treatrnents over
B = Blocks; T = Treatments; t = Times

vaporarionrn adults ancl of total aphids onTrialeurodes
J perr-ods oÍ trme;

T. vaporarionrm
(untrZiñîfõñdl-ãta)

Source df

Total aphids
(data transformed

SS flts

to

6.66
L6.70
3L.73
3.L4
4.39
4.18
2.77

6.66
L6.70
37.73
3.40

/")

Source df SS

L34.3L
2883.50

B4L.r7
4r3.6r
34s.94
183 .33
634.89

35 5436.75

r34.3r
2883.50
B4T.I7

1577.78

Íts

44.77
LML.75

420.59
68.94
57 .66
45.83
52.91

F

0.79 NS
IJ.J) '.:::<

a t a -t-t-l.+o ^^

B

T
t

BxT
Bxt
Txt
BxTkt
(Error)
Total

L9.99
33.39
63.45
18.83
26.35
L6.72
33.25

35 2rL.97

F

.13 NS

.58 NS

.51 NS

1.96 NS

4.9r *
Ç.lJ *^Å-:k

a) First ANOVA

B
T
t

BxT
Bxt
Txt
BxTxt
(Error)
Total

3
2
2
6
6
4
21

0.85 NS

27.25 -þ,l1:<

J .)J r:x
1.30 NS
1.09 IIS
0.87 IIS

3
2
2
6
6
4

L2

3
2
2

28

B

T
t

3
2
2

28

B
T
t

2
6

11
I
1

1

.40 NS

.03 'k

./aJ');t:

b) Second Al'IoVA

Error
Total

L9.99
33.39
63.45
95.r4

2r7.97

44.77
144L.75
42A.58
56.35Error

Total 35 5436.75

NS indicates not significant at P< 0.05
:k " significantatP<0.05

rr rr rr P < 0.01
:'r*-:'s rr rt rr P < 0.001

35

(,
\.|.I
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Table 5i Mean nu¡nbers of and
total aphid ala s of
fr transformed s

Ïn each of. 4 tr

Treatment T Total aphids

Control

Aluminium foil

Green plastic

'Xirot sheet

34.5a

17.Obc

28.3ab

2.8c

42.0(6.38b)

37 .3(s.77b)

104.0(9.80ab)

270.0(I5.49a)

a/ Means followed bv Èhe same letter are not significantly
¿iifãr""t at p<0.05 as determined by the new Duncan's
multiple range test
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Table 6i Analysis of variance for the nurnbers of Trialeurodes
vapoíariorurn adults and of total aphids õilõ'pfa-G
în::ea-'cñìfZ treatments in week 3

Source df ss ms F

T. vaporariorum

Blocks

Treatments

Error

Total

Blocks

Treatments

Etror

Total

3

3

9

292.25

2333.25

724.25

3349.75

97.42

777 .75

80.47

4.94

79.36

t7.59

1.21 NS

9.67 r-^t

0.28 NS

4.5L *

L5

Total aphids

(data transformed to 
-þ

3

3

9

14.81

238.09

r58.32

4LI.2315

NS indicates not significant at P ( 0.05

,i 
tt*ificant at P ( 0.05

" P <0.01-t^l-
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\^/ere significantly lower (P< 0.01) than that of the control plot.

Between the aluminium foil and green plastic treatments, the former,

however, had significantly lower (P< 0.05) m:¡nber of T. vaporariorum.

In/hen counts of different sampling times \^/ere compared, that from the

rhird sarnpling was noted to be significantly higher (P < 0.05) than

those of the first and second week.

For total aphids, the mean nu¡nber per time was also

significantly lower (P < 0.01) in the aluminium foil treatment plot

than that in the green plastic mulched plot (Table 3). Even though

the total aphids in the former treatment was lower than that in the

control, the difference T¡Ias however not significant (P >0.05); this

was also observed for those between the conLrol plot and the green

plastic treatment. In general, the mean number per treatment of

total aphids appears to fo11ow the same trend as that of T.

vaporariorum, i.". a significantly higher (P < 0.01) nurnbers occuring

in the third-week sample than those in the first and second week.

In the analyses of data concerning insect populations on

30 plants in each of the four treatments from the third-week sampling,

the mean numbers of adults T, vaporariorum andala-tae + apterae +

nynrphs of total aphids \^Iere considered. For the latter, analysis was

also made on the _fl transformed data (Table 5). The relevant ANOVAs

are given in Table 6.

From the data analyses (Tables 5 and 6) it is clear that

the mean nurnber of adults T. vaPorariorum \,'/as significantly lower

(P < 0.01) in plots rnulched with 'Xiro' sheet than those mulched with

green plastic or the r-rnmulched control. But it was not significantly
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different (P > 0.05) frorn that of the aluminium foil treatment

despite a lower munber.

Between the aluminium foil plots and the unmulched control

there was however a significantly lower (P < 0.05) mean nilnber of

T. vaporarionrm in the former, but no significant difference (P >0.O5)

was obtained between plots mulched with aluminium foil and the green

plastic (Tables 5 and 6). The latter however was not significantly

different from the control plots. On the other hand, the mean ntunber

of total aphids in plots mulched w-ith 'Xiro' sheet was significantly

higher (P < 0.05) than those with aluminium foil and unmulched

control. No significant difference (P > 0.05) however occurred

between the mean nurnber of total aphids in the 'Xiro' sheet and

green plastic treatments, as well as, among the plots nnrlched with

green plastic, aluninium foil and the unnnrlched control.

Table 7 gives the mean mlnbers of alatae + apterae + nyrnphs of

M. persicae and M. euphorbiae on three destructively-sampled plants

in each of the four treatments taken during the fourth sampling week.

The ÆTIOVA based on untransformed data of M. persicae and of M.

euphorbiae are given in Table 8.

From this sarnpling, it was found that the mean number of

alatae + apterae + nymphs of M. persicae in the plots mulched with

'Xiro' sheet was significantly higher (P < 0.05) than those in plots

muJ-ched with green plastic and aluminium foil as well as the unmulched

control. For the last three treatments, there l^/as no significant diffe-

rence (P > 0.05) among the mean nu¡nbers of M. persicae. There was also

no significant difference (P )¿ 0.05) in the mean m:rnbers of alatae +
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Tabl-e 7l Mean mlnbers
persicae and
sampled

of alatae + apterae Myzlrg
truct^U/eIy
ek l+s

Treatment M. persicae euphorbiaeu

Control

Aluninium foil

Green plastic

'Xiro'sheet

32.3b

51.3b

60.8b

L29.8a

20.3a

24.3a

28.8a

26.3a

a/ Means followed by the same letter are not significantly
different at P < 0.05 as determined by the new Duncan's
multiple range test

I
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Table 8! Analyses of variance of nurnbers of lu9zus persicae and
Macrôsiphum euphorbiae on 3 destrucffiIyTãñfllãI
plants in each of 4 treatmenÈs in week;4

Source df SS ms F

Blocks

Treatrnents

Error

Total

Blocks

TreaËments

Error

Total

3

3

9

15

M. persicae

3702.00

2L693.00

L3737.00

39t32.00

L368.75

L54.75

5570.25

7093.75

1234.00

7231,04.

L526.33

456.25

51 .58

6L8.92

0.81 NS

4.74 *

0.74 NS

0.08 Ns

euphorbiaeM

3

3

9

15

NS indicates not significant at P< 0.05

" significant at P < 0.05
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apterae + nyrnphs of M. euphorbiae in the control and plots mulched

with tXiro' sheet, green plastic and aluminium foil.

In Table 9 the means of plant height, numbers of leaves

and total leaf area per plant in the four treatments are presented.

From the ANOVA for these data (Table 10), there apPears to be no

significant differences (P >0.05) for these plant features among

the four different treatments, suggesting that these treatments did

not have any significant effect over the plant features considered

in the study.

3.4 Discussion

Reflective mulch treatments can greatly reduced the infltrx

of aphids and whiteflies (lnlilliam, 1981 and NÍaelzer, 1984) . This

is also found in the present investigation. Based on comparative

trap catches (Table 1) aluminiurn foil was found to be most effective

in reducing migrant M. persicae and many other aphids when compared

with reflective plastics (green plastic and 'Xiro' sheet). Its

effectiveness in repelling migrants aphids supports earlier findings

by Kring (1964); I,,/yrnan et al. (L979); Johnson et al. (1967); Smith

et al. (1964); Vlolfenbarger and Moore (1968), and Ãdlerz and Everett

(1968). However, measurements of repellency of aluminitrn for aphids

have been in most i.nstances limited to alate forms. This was clearly

shov¡n by Shands and Simpson (L972) who conducted a study to determine

the effect of aluminium foil mulches upon populations of apterous

aphids on potatoes, and wherein they found that aluminium foil

mulching did not reduce the nr¡nber of M. persicae. Such a case l,øas
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Table 9i Means of plant heigþt (cm), numbers of leaves and
total leaf area (cm¿) per plant in 4 treatments

Treatment Plant height No. leaves Total leaf area

Control

Aluminium foil

Green plastic

'Xiro'sheet

32.5

36.3

34.8

39.5

L3.2

17.9

19.1

76.3

L254

2203

2085

1952
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Table 101 Analyses of variance of plant hçight (cm), mmbers of
leaves, and total leaf area (cmz) per plant sampled
in week 4

Source df ss ms F

Blocks

Treatments

Experimental
error

Sarnpling
error

Total

Blocks

Treatments

Experimental
error

Sampling
error

Total

Blocks

Treatments

Experimental
error

Sampling
error

ToLal

236.L3

303.76

272.69

1508. 14

47 2320.72

Plant heieht

No. leaves

3

3

9

68.06

237.73

231.02

78.7r
L}I.25
30.30

47.I3

22.69

79.24

25.67

39.65

2.60 NS

3.34 NS

0.64 NS

0.88 NS

3.09 NS

0.65 NS

0.76 NS

1.40 NS

1.62 NS

32

3

3

9,'I

H
{9

I 32

47

L268.65

1805.48

Total leaf area

3

3

9

32

47

3547000

6517000

13940000

30630000

54634000

1182330

2L72330

15/+8880

957200

NS indicates not significant at P< 0.05



r{
I

45

also obtained in the present study involving population counts of

insects in situ (Table 3), thus showing that aluminium foil is

effective only in repelling migrants alate aphids but not those

already present on the plants. One other possible explanation is

that the different methods of insect sampling used might have

produced the different outcome.

In the present study, thealateM. persicae under

investigation was entirely that of the autumn dispersal forms. But

Shands and Simpson (1972) tested the aluminium mulches against spring

migrant M. persicae. As such, it thus appears that the responses to

reflected light fron aluminium foil by autuûrr migrant aphids are not

different from that of the spring dispersal forms.

I,r7ith regards to T. vaporariorum, although aluminium foil

led to reduce number of the adult whiteflies on the plants the

mechanism(s) involved are perhaps different from that for migrant

alate {. persicag and other aphids. This is because adult T. vapora-

riorum tend to be attracted to aluminiurn foil (Vaishampayan et al.,

L975). However, this attraction is not a straight forward mechanism,

but rather the visual behaviour as reported by Coombe (1982) is a

nnrch more complex process where the insect will eventually walk away

or take off away from the illumination of the noon sun. Such a

response of T. vaporariorum to illumination of noon sunlight thus

explains wLry there \^/as a low mmber of T. vaporariorum in plots

mulched with altrninium foil.t
I

l

r

I,Jith 'Xiro' sheet the suppressing effects on insect
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infestations are believed to be due to its acting as a mechanical

barrier as well as through a repelling effect resulting from the

reflection of high wavelength light (trüilson and Taylor, 1981). The

suppressing effects obtained in the present investigation further

confirmed the finding of trlilson and Taylor (1981) vilro showed that

'Xiro' sheet can greatly reduce alighting by migrant potato aphids

and subsequent colonisation of the crop by the aphids. However,

it is unable to provide any effective control of the overall aphid

population as vras observed by lr/ilson & Taylor (ibid).

For green plastic mulch the effectiveness in suppressing

migrant alate M. persicae ancl total aphids para11els that of large

field cage studies by Smith (1976) wh.o found less ntunbers of alate

Brevicor]¡ne brassicae L. settling on cabbage plants surrounded by

rings of grass (living or cut) or by artificial green rings of foam

rubber (Tables 3 and 5). However, in general, the green plastic as

demor-rstrated by this experiment increased the mlnber of alatae +

apterae + nymphs of total aphids foun<l on the p1ant.

As with aphids, ac1ult T. vaporariorum colonised potato

plants in control plots more than those mulched with green plastic.

A similar response to green background was also noted in Aleyrodes

brassicae (another species of whitefly) as reported by Smith (1976).

By having the green plastic nrulch in between plants, the contrast

between plants and bare soil was greatly reduced, thereby interfering

with the alighting response of these insects.

.L

f,t
i,i
I

t

Ì
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From the results of destructive sampling (Table 7) it rs

evident that the reflective mulches did not suppress the ntunbers of

alatae + apterae + nymphs of M. persicae and M. euphorbiae. Rather,

the mulch treatments increased the number of aphids, particuLarly

M. persicae. The apparent ineffectiveness of mulches in redrrcing the

nurnbers of alatae + apterae + nymphs of -l!, æreicac and of M.

euphorbiae in this sampling (week 4, 1 June, 1984) may possibly be

associated with the higher numbers of migrant aphids occuring during

that period (Table 1). Another contributing facLor is the relative

decrease in the amount of exposed nn-rlch as the plant becomes bigger.

This was also noted by Shands and Simpson (1972). For the case of

the 'Xiro' sheet, in addition to the higher nurnbers of migrant aphids

during that period, another contributing fea[¡re would be the stretched

sheet (caused by growing plants) admitting some migrant aphids through

the opened slots ([,/ilson and Taylor, 1981).

That 'Xiro' sheet will,encourage the development of the

population of M. persicae on potato plants was clearly ewident from

the present investigation (Table 7). Largely, this is due to several

favourable conditions such as the protection from adverse weather

(rainfall, wind) as well as the parasites and predators. The nruch

higher temperature inside the cover which may catlse an increase in

developmental and reproductive rates of U. persicae is another

contributing factor.

On general plant growth, the mulching treatments in this

study are found to have no favourable or deleterious effect. The

height of the plant, nurnber of leaves per planL and total leaf area

i(

r
T

I

i

!
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per plant !üere not significantly different (P >0.05) from that for

¡þs urmnrl,ched ptrants. Shands and Simpson (1972), experimenting

with aluninitm foil nn¡lching for potatoes have also obtained the

same finding. On the other hand, the results of mulching with 'Xiro'

sheet in this experiment \nrere contradictory to that of Rothamsted

Experimental Station, Harpenden by Ï,lilson and Taylor (1981). In

the latter instance, it was found that covering with 'Xiro' sheet

nny be detrimental to normal growth of the main-crop potatoes such as

Pentland Crovsn which is a tall, erect variety, that can quickly

pushed the cover to full stretch. Probably, the different potato

cultivars used rnay respond differently to 'Xiro' sheet, hence the

differing results obtained. It would thus appear desirable that

additional- studies be carried out to further clarify this.

I

1

!

(
I

I

I

I
I



CITAPTER 4

FIELD Ð(PR]¡4ENI II -
TÏ{E USE OF YEIJ.OI{ PIÁSTIC MI]LCFI FOR TTIE

CONTROL OF APTTIDS AND tr{ITITEFLIES

4.I Introduction

Reflective surfaces, for example, yellow plastic has been

reported to attract aphids and whiteflies (Cohen and Marco, L973;

Cohen and Melamed-Macljar, 1978; Cohen, L982; and Maelzer, 1984). It

has also been used as "colour bait" for trapping alate aphids, based

on the long establish principle that alate aphids are attracted to

yellow colour (Van Emden, 1972), in order to reduce the spread of

aphid-transmitted viruses in peppers. In this case, the spread of

aphid transmitted viruses in peppers \^/as reduced by traps made of

sticky yellow sheets, 120 cm wide, erected vertically outside the

field, where 70 cm of their bottom edges above the ground formed, a

screen around 50% of the crop perimeter at 6 m away from the crop

(Cohen and Marco, 1973). According to Harpaz (1982), due to the

effectiveness of the traps, they are no\^r a standard practice for the

control of potato virus Y (P\nf) and cuctunber mosaic virus (CMV) in

peppers in Israel. On the other hand, Cohen et al. (L975), reported

that similar traps around a crop of tomatoes had no effect on the

numbers of whitefly or the incidence of tomato yellow leaf curl virus

(TYLCV). As a result, Maelzer (1984) pointed out that a control

measure that is highly effective for one vector-virus-crop system

may not be effective for another.



50

The purpose of this experiment was then, to sLudy the

effects of yellow plastic sheets applied as mulch on the populations

of aphids and the greenhouse wtritefly, l. vaporariorur4, as well as

to determine whether the mulch will affect the plant features.

4.2 lvlaterial-s and methods

The arrangement of plots, 4.3 m x 3 m each is shovn in

Figure 3. Each block contains only one mulching treatment with the

yellow polyethylene (plastic) sheet and a control i.e., no mulching

(Plate 3). A randomised complete block design (RCBD) ín 2 replicates

was employed. The plots, each containing 30 potato plants were not

spaced out from each other.

Ye1low plastic strips, each 4.5 m x 0.5 m in size, I^rere

placed in between potato seedlings across the plots. The yellow

plastic strips which covered 837" of the plots were held on the soil

by small rocks and bricks.

A three-way ANOVA based on untransformed data (transfor-

mation of data found to be unnecessary) was used to analyse trapping

data of alate aphids and the insect counts on the plants. For

destructive sampling conducted in the fourth week, a t\n/o-ü/ay ANOVA

was used. In the case of plant features, a two-way ANOVA with

subsampling vüas used.

Results4,3

The mean nu¡nbers of alate M. persicae and total alate
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Figure 3l Arrangement of blocks and

treatments of the field

exPeriment II (small Plot)
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Plate 3i Yellow plastic mulched and unmulched

plots in the field exPeriment II

(small Plot)

l
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aphids caught per yellow \,vater trap in each treatment over five

periods of time are shown in Table 11. The ANOVAg are given in

TabIe L2.

The result shows that the mean ntunbers of alate M. persicae

and total alate aphids caught per trap over the whole period of time

were significantly lower (P < 0.001) in plot mulched with the yellow

plastic sheet than that of the control plot. But, there L^/as no

significant difference (P > 0.05) in the m.mbers of alate aphids caught

in both treatment between each time period (Table 11).

Table 13 shows the mean mlnbers of adult T. vaporariorum and

alatae + apterae + nymphs of total aphids on 20 potato plants per

treatment per week, and Table 14 gives the details of the ANOVA. The

result shows that Lhere v/as a significantly lower (P< 0.001) mean

ntmber of adult T. vaporariorum in the mulched plot but not in the case

of aphids. The mean number of T. vaporariorum (but not aphids) over

the two treatments is highest (P( 0.001) in sampling week 2 followed

by week 3 and lowest in v¡eek I (Table 13). Also, as shown in Table

14, there r^/as a highly significant interaction (P< 0.01) between the

treatments and sampling periods for the number of adult T. vaporariorum.

Table 15 shows the mean nu¡nbers of M. persicae and M.

euphorbiae on thlo destructively sampled plants in the mulched and

control plots in sampling week 4. Table 16 gives the mean ntunbers of

M. persicae and M. euphorbiae in blocks I and II, and Table 17 gives

the ANOVA.
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Table 11! Mean m:mbers of a
aphids caught per
treatments over 5

icae and of total
l_n of2

Time
period

M. persicae

Céntrol Yellow
plastic

Mean per
treatment

Total aphids

Control Yellow
plastic

Mean per
treaLment

8-16 .5 . 84

t6-24.5.84

?-4.5-r.6.84

r-9.6.84

9-L7 .6.84

t9.5

5.5

11.5

L4.0

11.5

1.0

1.0

0.5

1.5

0.5

10.3a

3.3a

6.0a

7.8a

6.0a

NA

26.0

39.5

31.5

18.0

NA

7.5

2.5

8.0

4.5

r{A

16.8a

2I.0a

19.8a

11.3a

Mean per
time

72.4a 0.9b 28.8a 5.6b

a/ Means followed
different at P
range test

the same letter are not
0.05 by the new Duncan's

significantly
multiple

by

NA = Not available



Table 121

Source df

Analyses of variance for the nurnbers of alatae of Myzus persicqsr

"rnglrt 
in each of 2 yellow water Lraps over 8 days.-F5leEoG

B = Blocks; T = Treatments; t = Times

and of total aphids
of time.

Total aph.ids

SS MSSS

L9 1010.55

M

2.6.45
661.25
106.30
216.55

1010.55

. persrcae

ms F

3.L4
78.M
3.15
4.99
r.23
2.95

B

T
t

BxT
Bxt
Txt
BxTxt
(Error)
Total

126.56
?-r39.06
226.L9
2L7.56
77.L9

306.69
97.I9

3r9A.44

t26.56
2L39.06

226.1.9
698.63

3190.44

L26.56
2L39.06

75.40
2L7.56
25.73

L02.23
32.40

126.56
7139.06

75.40
69.86

F

3.91 NS

66.02 r*
2.33 NS

6.71 NS

0.79 NS

3.16 NS

Source

a) First ANIOVA

df

15

B
T
t

BxT
Bxt
Txt
BxTxt
(Error)
Total

I
1

3
1

3
3
a
J

1

1

4
1

4
4
4

26.45
66L.25
26.58
42.05
10.33
24.88
8.43

26.45
661.25
106.30
42.05
4t.30
99.50
33.70

}JS

NS
IlS
NTS

}TS

B

T
t

Error

26.45
661.25

26.58
L6.66

1

1

4

1

1

-)

B
T
t

1.59 NS

39 .70 ?'c'nk

1 .60 l\IS

b) Second ANOVA

Total

1.81 NS

30.62 -rrt-),

1.OB NS

Error
Total

13

79

10

15

NS

-f-l-

indicates not significant at P-( 0.05

,, 
tt*ificant at P< 0.01

" P < 0.001 ut
!
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Table 13i Mean mnnbers of adults Trialeurodes vaporarion-rm and
of total aphid alataeta pterae + on 20
plants
(week)

1n
e/

each of 2 treatments over 3 periods of time

Total aphids

Iùeek Control Yellovu
plastic

Mean per
treatment

Control Yellow
plastic

Mean per
treatment

I 24.0 14.o 19.0c 1l*.0

90.0 32.0 61.0 20.0

4.0 9.0a

7 .5 13.8a2

3 43.5 28.5 36.0b 7.5 I2.5 10.0a

Mean per
time 52.5a 24.8b 13.8a 8.0a

a/ byMeans followed
different at P
test

the same letter are not
0.05 by the new l)uncan's

significantly
rmrltiple range



Table 141 Analyses of variance for the numbers of Trialeurodes vaporarionrm adults and total aphids on
20 plants in each of 2 treatments over 3 penods Of trme.
B = Blocks; T = Treatments; t = Times

Source df ss

Total aphids

52.08
102.08

50.L7
114.08
r93.L7
179.r7

10. 17

11 700.92

Source df ss

588.00
2296.33
3570.67
r47.00
62.00

11 8082.67

ms

588.0
2296.33
t785.34
I47.00
31.00

696.34
13.00

588.00
2296.33
1785.33
696.33
47.00

45.23 *
176.5/* ':;)<

llJ.JJ ':;:<

11.31 NS
2.38 NS

53 .56 'v

B
T
t

Bt'I
tsxt
Txt
"B>{ixt
(Error)
Total

MS

52.08
102.08
25.08

114.08
96.59
89.59

5 .09

52.08
102.08
25.08

114.08
63.75

10.23 NS

2A.06 ':ç

4.93 NS

22.4r ),
18.98 NS
17.60 NS

F F

a) First ANOVA

B
T
t

BxT
Bxl
Txt
BxTxt
(Error)
Total

1

1

2
1

2
2
2

2.67391

0026

I
1

2
1

2
2
2

1

1

2
I
6

B
T
t

Txt
Error

Total

NS

588.00
2296.33
3570.67
1392.67

235 .00

8082.67

1

I
2
2
5

L2.5I *
{$. $S :b'ck

37.99 'r.J*

7¡*.$l'::::

h) Second ANOVA

B

T
t

BxT
Error
Total

52.08
102.08

50.L7
114.08
382.50

700.92

O.82 NS

1.60 NS

0.39 NS

1.79 NS

11

(¡l
\o

indicates not significanL at P< 0.05

ii "*'l'"""' :'il 3:3i

" P < 0.001

11
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Table 15i Mean numbers of alatae + of Myzus
oersicae and of 2 

-destructrvely s treatments
in week 4

Treatment . pers1caeu

Control

Yell.ow plastlc

11 .5

12.0

8.5

8.0
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Table 16i Mean ntrnbers of alatae + apterae + nymPhs of
I{vzus oersicae and of Macrosiphun euphorbiae on
destructlvely sampled plants ].n each or z DIocKs
in week 4 9/'

2

Block M. persicae

I 17.5a

6.oa

12.5a

4.obII

2/ Means followed
different at P

by
<0

the sane letter are not significantly
.05
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Table 17! Analyses of variance of nurnbers of Myzus persicae and
lfacr'osiphumeuphorbiaeon2destrucEiGlyîffip-I-eÏ-
plants in eacti of4treatments in week 4

Source df ss flts F

B lock

Treatment

Ettot

Total

Block

Treatment

Error

Total

1

I

I

3

M. persicae

132.25

0.25

90.25

222.75

72.25

0,25

0.25

72.7 5

L32,25

0.25

90.25

72.25

0.25

0.25

1.47 NS

0.0028 NS

v.
I

1

I

3

289 .00 't
1.00 NS

NS indicates not significant at P ( 0.05

" significant at P <0.05
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The result (Table 15) shows that there \,las no significant

difference (P >0.05) in the mean ntunbers of {. persicae and M.

euphorbiae between the nnrlched and that of the control plots.

However, there v/as a significant difference (P< 0.05) in the mean

m¡nbers of M. eup-Lrorbiae (but not $. persicae) between block I and II

(Table 16).

The means of plant height, nunber of leaves and total

IeaL area per plant in each treatment and block are presented in

Tables 18 and 19, respectively. The ANOVAs are given in Table 20.

The result of Table 18 shows that there l{as no significant

difference (P >0.05) in the means of plant height between the

mulched and the control plots. However, the means of nurnber of

leaves and total leaf area were significantly higher (P < 0.05) in

the nrulched cornpared to the control plots. Table 19 shows that there

r^rere more (P< 0.05) leaves per plant in block I than in block II.

However, there .t^ras no significant difference (P >0.05) in the mean

nurnber of leaves and the mean total leaf area per plant between

blocks I and II.

4.4 Discussion

The yellow plastic nulch was found to greatly reduced the

nurnbers of migrant M. persicae and sorne other aphid species as well

as I. vaporariorum. This finding is in agreement with the works of

other workers (Cohen and Melamed-Madjar, L978; and Cohen ' 1982). It

was also found that the nurnbers of alatae, aPterae and nynphs of
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Table 18!
of

Means'planL hçight (cm), mrrber of leaves and total
leaf area (cm¿) per plqnt sampled in each of 2
treatments in week 4 a/

Treatment Plant height No. leaves Total leaf area

Control

Ye1low plastic

28.9a

33.la

11.5b

16.8a

7L4b

2204a

a/ Means followed hy the same letter are not significantly
different at P¡i 0.05
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Table 191 Means of plan[
leaf area (qmz
in week 4 s/

height (cm), mrmber of leaves and total
) per plant sampled in each of 2 blocks

Block Plant height No. leaves Total leaf area

I 29.4a

32.6a

15.8a

L2.5b

7504a

I4I5aÏI

!/ Means followed
different at P

by the same 1etËer are noL significantly
0.05
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Table 2.0! Analyses of variance of plant þeight (cm), nurnbers of
leaves ancl total leaf area (cmz) per plant sarnpled in
week 4

Source df ss flìs F

Plant hei,eht

Block

Treatment

Experimental
error
Sampling
error
ToLal

Block

Treatment

Experimental
ETTOT

Sampling
error
Total

Block

Treatment

Experimental
error
Sampling
error
Total

2L,L3

36.13

2.00

I29.24

188.50

No. leaves

2I.I3
55.13

0.13

10.57 NS

18.07 NS

0.06 NS

L62.54 t,

424.08 *
0.0029 NS

20.03 NS

552.7 .$l :"-:k

0.00031 NS

I
1

1

4

7

2I.L3
36.L3

2.00

32.3t

2I.L3
55.13

0.13

44.63

I
1

1

4

7

178.50

254.88

Total leaf area

L

1

l

16088.02

4440930.50

803.38

16088.02

4440930.50

803 .38

4 10534157.00 ?-633539.30

7 r499L979.00

NS

-t-

indicates not significant at P-( 0.05

,, 
rt*ificant at P( 0.05

" '' P<0.01.t^l-
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{. persicae, M. euphorbiae and other aphid species caught were

reduced by the mulch, however, the reductions were not significant

(P >0.05). These results seem to indicate that yellow plastic

mulch, like any other reflective mulches is only effective against

migrating insects.

The reduction in the population of T. vaporariorum in each

treatment plot was found to be greatly determined by the sampling

time period in Autunn. Ttris seems to suggest that the effectiveness

of yellow plastic mulch in reducing T. vaporariorum may vary from

time to time depending on the period of the year traPpings were

conducted. Cohen (L982) noted that in hot and dry climates, such

mulches not only attract, but hold whiteflies until they are killed

by the reflective heat from the surfaces of the mulches.

The above results also shows that very few alate aphids

were caught in yelloln/ \n/ater traps. It seems that the attractancy of

the reflected light from the yellow plastic mulch was stronger than

that from the yellow \n/ater trap. This could also be due to the fact

that the r¿ater inside the yellow trap nny affect the nature of the

reflected light. Perhaps, the attraction of yellow rn/ater trap is

recluced, thus insects are more attracted to the mulch than the yellow

water trap itself.

The build-up of aphid populations may differ from one place

to another within the potato plot, for example the build-up of M.

euphorbiae population was somewhat higher in block I than that in

block II. This is probably due block I being closer to the sources



68

of M. euphorbiae located outside the experimental potato plots.

The yellow plastic mulch was also found to enhance the

plant growth. It seems that such an enhance growth is brought about

by the reduction of aphids and T. vaporariorum population which

indirectly reduced the incidence of virus diseases transmitted by

these insect vectors. Such effect could also be due to some other

factors as noted in Chapter 1. This growth enhancement effect of

yellow plastic nn-r1ch on plants has been reported earlier by Cohen and

Melamed-ùfad,jar (L978). However, as observed in this study, although

the build-up of M. euphorbiae population \¡/as higher in block I but

the plants in this particular block stil1 produced more leaves than

block If. Therefore, it seems that factors other than the level of

M. euphorbiae infestations \irere responsible for the plant growth

enhancement phenomenon.



CHAPTM. 5

GIASSHOUSE Ð(PM.IMENT -
AIIGTTIING RESPONSE OF I^/TIITEFLIES TO TTIE

VARIOUS MT]LCHING MATRTALS

5.1 Introcluction

The strong attraction that the greenhouse whitefly show to

yellow and yellor,'rgreen was first recorded by Lloyd (L92L).

Vaishampayan et al. (L975a) measured the response of T. vaporariorum

to reflected and transmitted light of various colours and like Lloyd,

found that most vrhiteflies v/ere trapped on a yellow surface.

Light reactions of olher species of whiteflies have been

investigated by Butler (1938), Husain and Trehan (1940) and Mound

(L962). Coombe (1982) found that at the wavelength of under 400 nrn

the whiteflies toolcoff more readily and v¡alked faster than under 500

nm. In flight they oriented towards 400 nm when sfurn-rltaneously

illuninated with equal quanta of 400 and 550 nm lights. FIe concluded

that in natrre, flying adults would orient towards the sky (i.e. ca.

400 nm) but would tend to land on green plants v¡trich reflect nraximally

at 550 nm. After landing on a suitable food-plant the position wtrere

the insect finally feeds and reproduces is probably also determined

by visual stinnrli. This is because whiteflies will walk to the shaded

side of a leaf re¿¡ardless of vitrether it is the bottom or top surface.

There has been little work on the response of T. vaporariorum

to the reflected light from reflective surfaces particularly green

plastic and transparent 'Xiro' sheet. Therefore, the experiment was
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carried out to measure the alighting response of the adults of T.

vaporariorLun to the various mulches used in the field experiments

and soil (a control). The mulches used were aluminium foil, green

and yellow plastics and 'Xiro' sheet.

!. vaporariorun was chosen for this experiment because

this insect vector was the most abundant in the field during the

period of study.

5.2 Materials anC methods

An experiment was conducted in a compartment of a glasshouse

as described in section 2.L.1 from 19 until 29 June, L984. T. vapora-

riorum were first bred on potato plants as described in section 2.I.2.

The experiment was initiated when many acltrlt \,ühiteflies occurred on the

plants.

Sticky traps, consisting of petri dishes (15 cm in diameter)

covered with the various rnulching materials namely, aluminium foil,
green and yellow plastics and 'Xiro' sheet was set up.

A set of petri dishes containing soil covered by petri

dish covers (as a control), was also set up. The traps were then

smeared with a thin layer of 'tangle foot' glue. There were five

traps of each rnaterial used and they were arranged in a 5 x 5 I¿tin

square design at a distance of ca. 2 cm apart on a glasshouse bench

covered with white computer paper. The infested potato plants were

placed close together in the surrounding area of these traps. The
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gradient of light \dithin the compartment of glasshouse r¡/as

considered negligible.

Trapping !üas done for two time periods of five days each from

19 to 24 Jme, 1984 and from 24 to 29 June, 1984. After counting and

removing the whiteflies from the first trapping, the second trapping

was then initiated on the same day (24 Jme, L984). The nu¡nber of

whiteflies trapped was also recorded.

Data of trapping of whiteflies were transformed to logt.

(x+1), these data were then analysecl using a two-way ANOVA for Latin

square <lesign.

5.3 Results

The mean nurnbers both arithmatic and of logro(x+l) of adults

of T. vaporariorum in each treatment in the experiment for each of the

five clays period are given in Table 21. The ANOVA based on the data

transformed to logr.(x+l) is given ínTabLe 22. The results in Table

21 reveal that the whiteflies \^rere more attracted to ye11ow plastic

than other rnaterials (P( O.Ot). In the first period of trapping, the

mean ntrnbers of whiteflies caught on trap made up of ye1low plastic

was significantly higher (P< 0.01) than on the other traps. There

\^ras a significantly higher (P< 0.01) mean numbers of whiteflies

caught on green plastic than those caught on control, aluminium foil

and 'Xiro' sheet. The differences among the mean nurnbers of whiteflies

caught on control, aluminium and 'Xiro' sheet were not significant

(P >0.05).
¡

!
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Table 2Li Mean ntunbers of Trialeurodes va ariorum adults
means of r_n paren thes
caught on traps rrnde of different mulching

periods of 5 days each

(with
is)

materials ovet 2

Trapping period
Iulaterial of

trap 1
(19-24.6.84)

2
(24-29 .6.84)

Soil (control)

Alurninium foil

Green plastic

tXiro'sheet

Yellow plastic

2.0(0.45c)

L.2(0,26c)

8.2(0.95b)

2.2(0.Mc)

43.2(L.6La)

1 . 2 (0.31d)

0.4(0.12d)

14.4(L.17b)

6 .8(0. 83c)

113.8(2.05a)

fl
T

N.B. Means followed
different at P
range test

by the same letter are not significantly
< 0.05 by the new Duncan's multiple

i

i

l

I

I
!,

T
I

Ii

r
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TabLe 22i Anal
Tria 0(x+1 LT caught orr -stickyovet 2 perrods

es of variance of the ntunbers of adults of

Pso
of 5 days each

ma 1st

Source df ss ms F

Trapping period no. I

Rows

Colunns

Treatments

Error

Total

Rows

Colunrr

Treatments

Error

Total

4

4

4

L2

24

0.06

0.18

6.00

0.72

6.96

Trapping period no. 2

0.20

0.05

LL.B2

0.43

L2.50

o.o2

0.05

1.50

0.06

0.33 NS

0.83 NS

25.00 *rlþk

1.25 NS

0.25 NS

/{. QQ :'s:'r,'s

I

I

4

l+

4

72

24

0.05

0.01

2.96

0.04

¡

i

l.

I

T
I

I

NS indicates not significant at P< 0.05

:'o'*k " sigaificantatP<0.001

t
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In the second period of trapping, the mean nu¡nbers of

\,ihiteflies caught on yellow plastic was also significantly higher

(P < 0.01) than those caught on the other traps. More whiteflies

\^/ere attracted to green plastic than soil, aluminium foil and 'Xiro'

sheet (P< 0.05). The results of second period of trapping are

slightly different from that of the first period in that traps made

of 'Xiro' sheet caught significantly higher (P< 0.01) ntunbers of

whiteflies than those caught on control and aluminium foi1. There

was however no signif icant dif ference (P > 0.05) between the nt-r¡nbers

of whiteflies caught on traps made of soil (control) and aluminium

foil.

5.4 Discussion

Adult T. vaporariorum appeared to be attracted to the

mulching materials used as follows! yellow> green plastic )'Xiro'

sheet ) aluminium foil = soil (control). The strong attractiveness

of yellow plastic to adult T. vaporariorum agreed with reports by

Lloyd (L92I), Vaishampayan et a1. (I975a) and Affeldt et al. (1983).

The spectral reflectance of light which strongly attracted T.

vaporariorum was in yellow-green region, from 520 to 610 nm

(Vaishampayan et al., L975a). Affeldt et al. (1983) however indicated

that the region vüas a little wider i.e. from 500 to 600 nm. fn this

experiment the spectral reflectance vüas not measured.

The alighting response to green plastic, 'Xiro' sheet,

alurniniu¡n foil and soil was almosL negligible when compared to yellow

I

plastic. The unattractiveness of green plastic to T . vaporarlorum
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T¡ras reported by Vaishampayan et al. (L975a). The response to

ah¡ninium foil, which reflected ultraviolet light (( 400 nm), in

this experiment, was however different from the result of the other

workers. In this experiment, T. vaporariorum tends to avoid

illu¡nination from aluminium foi1, similar to the finding by Coombe

(1982). Vaishampayan et aI (L975a) and Coombe (L982) in another

fincling however reported that T. vaporariorr.rn was moderately attracted

to ultra-violet light. 'Xiro' sheet v¡as less attractive because of

its repelling effects. This comes from the reflection of light of high

wavelength, as indicated by l,trilson and Taylor (1981). The low ultra-

violet emission of the soil surface (Smith, 1976) is perhaps the most

important factor which contributed to the unattractiveness of soil

to adult T. vaporariorum.

The results of this experiment r,vould help to elucidate the

effects of nnrlches on the abundance of adults of T. vaporariorum on

potato plants in the field.
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GENERAL DISCT]SSION

Chapters 3 and 4 have revealed that reflective mulches such

as aluminiurn foil, green and yellow plastics and 'Xiro' sheet are

effective in reducing the migratory alate aphids and adult v¡llite-

flies. However, this varies with time of the year when trapping is

conducted. The major factor attributed to this variation seems to be

the weather conditions, for example rain, wind and the brightness of

the sky prevailing at the time of trapping.

The results of the glasshouse experiment as described in

Chapter 5 were useful in understanding the mechanism(s) which renders

the effectiveness of reflective mulches against the greenhouse

whiteflies in field conditions. As illustrated by the results of

alighting response in Chapter 5, adult !ühiteflies were less attracted

to soil. fn the field experiments, however, there \¡/ere more whiteflies

in control (no mulching) p1ots. This would indicate that v¡hiteflies

are attracted to the contrast between the plants and soil rather than

to the soil itself. By putting mulches in between plants to cover the

bare soil, the contrast could be reduced, hence interfering with the

orientation of insects towards this cue. Thus, illumination and/or

reflective light from these mulches might repel the adult v¡hiteflies.

On the other hand, yellow plastic nnrlch l¡/as very attractive to

whiteflies. In the fiel<l, whiteflies would alight on yellow plastic

mulch rather than on the plants. These mechanisms explained why Lhere

were low numbers of whiteflies on the plants in mulched plots as
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compared to plots with bare soil background (control).

The high initial cost of aluminium foil, 'Xiro' sheet,

Éìreen and yellow plastics may restrict their conmercial use to high-

value crops, but plastic mulches - either black or white embossed

on black are being widely used in the U.S.A. for establishing

vegetable crops (Zítter and Simons, 1980). In the case of aluminium

foil, in addition to high cost, it is difficult to use because it

will easily break especially during windy days and when being

trampled.

For many years now, yellow plaslic has been utilised as

sticky traps, the traps worked so well that they are nor^r a stan<lard

practice for the control of P\Y and CMV in peppers in IsraeI (Harpaz,

1982). Because of the high cost of these mulching materials therefore,

cheap alternatives need to be identified, tested and used. Among the

cheap materials wtrich can easily be utilised are straw, sawdust,

almond shell and husk, etc. In addition, living plants such as

certain weeds and other crops can also be maintained in between rows

of main crops as a cover to eliminate the contrast between plant and

bare soil.

Several workers such as Cohen (1978), Wynan et al. (L979),

and NIaeLzer (1984) have reported that opaque mulches usually provide

better conditions for plant growth. This is because, their

beneficial effects such as sunlight enhancementr. soil temperature

adjustment, retention of soil moisture, v¡eed control and soil

conservation increase crop yields irrespective of their effects on
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vectors and vinrs diseases. However, the only problem with potato

crops is that hilling needs to be done, which is quite impossible

for mulched plots. In order to avoid the requirement for hilling,

the crops need to be planted deep. If the crop is mulched to

provide the better conditions for plant growth, their protection

from insect vectors would be an added bonus. This form of mulching

could be very useful to farmers wlro wish to grow their o\¡rn seed crops

in areas that are not advisable to be grovn with such crops because

of the high activity of viruliferous insect vectors.

In general, mulching is necessary especially during the

early inrnigration stage of aphids and wtriteflies into the crop, so as

to prevent the introduction and spread of the potato leaf ro11 virus

and other virus infections. This study has revealed the potential of

mulching as a means of manipulating the crop environment so as to

reduce the infestations of insect vectors in potato crops. This could

become an important component of IPM of potatoes. However, more

extensive 1ocal trials are needed before the benefit of this approach

are fully reaLízed in any crop. Its potential however, could be

considerable for small plots of high value crops, such as seed crops,

and in areas with high populations of insect vectors or virus risk.
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Appendix Table 1: The area of potato leaves ("tn2).measured by the graph
paper and Paton electronic planimeter methods and the
time (in second) involved for each method

Size
group

Leaf
no

Graph paper
method

Leaf area Time

Paton electronic planimeter
method

Leaf area Time

1

5
5
4
6
0

52
4L
54
48
38

1

2
3
4
5

450
450
485
490
400

20.o
17.5
46.4
37.4
26.7

338.00
290.75
392.r3
337.90
270.20

2

20
15.
19.
L9.
18.

6
7
I
9

10

357
352
315
374
330

8
7
2
0
5

ztL.82
227.16
207.L0
2_I7 .09
L95.3r

40.3
37.0
28.9
31.2
4L.7

26
29
27
29
34

15
15
15
I4
15

3

11
L2
13
L4
15

195
154
192
L76
195

2
I
1

4
5

110.43
108.91
L39.33
L23.93
ILg.2-2

8
4
4
2
9

4

L6
I7
18
L9
2.0

170
?_34

22I
198
252

18
t7
20

4
4
3
2
0

L23.42
162.62
L39.07
L39.24
r59.70

29
27
32
24
28

1

3
0
6
1

t9
23

27
15
24
?-I
16

5

2T
22
23
24
25

300
?_52

320
352
315

4
9
0
3
1

193 .05
r75.73
L82.72
207.69
L98.64

7
4
7
9
0

25
32.
30.
28.
28.

3
I
9
5
4

22
79
18
L6
18

62.70
66.38
79.27
56.20
70.59

9.6
13.9
LL.9
13.8
8.5

96
108
IO4

84
130

26
27
28
29
30

6

I
7
3
1

7

22
25
24
1.9

2_3

38
39
85
59

58
63
55
63

6.7
8.3
8.0
6.5
8.5

88
110

B8
110

B8

31
32
33
34
35

7

55.82

4
9
2
1

7

t9
20
28
24
22

5.5
7.r
7.2

13.2
7.0

40
63
45
45
45

36
37
38
39
40

26.77
36.68
32.76
29.28
31.50

8
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Appendix Table 2! Nunrbers of alatae of Myzus persicae and of total
aphids caughL in each-offi f-'f,6\^/-water traps over
8- clays tor 5 periods of time a/

Time
period
(date)

Block
no. T1 T2

M. persicae Total aphids

T3 T4 T1 T3 T4

(s-l615.84)

Total
Mean

I2tt
(t6-24.5.84) rrr

IV

Total
Mean

I
3 II

(24.5-L.6.84) III
IV

Total
Mean

2
0
2
2

6
1.5

I4
8
1

15

38
9.5

I
II
III
TV

0
1

0
0

1

0.3

2
5
2
5

1

1

2
5

9
2.3

L4
3.5

4
15
4
B

31
7.8

NA

NA

8

4
4
4
3

15

11
9

13
10

43
10

3.8

9
L4
11

7

47
10.3

0
2
1

5

8
2

4
2
9
L

6
4

5
6
3

L2

1

2
2
4
I
9
2.3

0
4
5
7

6
4

1

7
2
4
4

L7
4.38

15
25
L9
15

74
18

L2
2

11
6

31
7

6.5

3
4
B

3

5

26

18
4

5
9
5
4

5.8
23

5
1

3
2

11
2.8

39
35
40
39

153
38.3 5

L2
5

27
6

50
12

6
1

3
4

1

24
6

2
0
5
2

9
2.3

3
?-

1

2

I
2

4
3
z
5

74
.5 3.5

13
18
2.3

25

79
19. B

15
20
10
18

63
15. B

L2
8
6

L9

45
11 .3

B7
13 13
89

10 11

39 39
9.8 9.8

4
(L-9 .6. 84)

I
II
III
w

Total
Mean

I5n
(9-I7 .6.84) rrr

IV
Total
Mean

9
2
0
3

1

24
6

Total over timel
Mean per time :

16. I
8.1 4.7

258
2I.5

35
1.8

55
4.6

77
3.9

93 181 r34
15.1 Ll.2

T1 = Control; T2 = Aluminium foil; T3 = Green plastic;
T4 = 'Xiro' sheet
NA = Not available

a/
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Appendix Table 3! Nurnbers of adults of
and alatae * apterae
on 30 plants for 3 p

Tirne
period
(week)

Block
no.

Total aphids

T1 T2 T3 T4 T1 T2 T3 T4

I
II
III
IV

1

5

11

4

6

25

46
116.3

8

4

2

5

6

I

27
6

2

28

22

33

26

109
27.3

Total
Mean

Total
Mean

Total
Mean

3

I2
3

7

25

L2

15

L2

29

68
L7

n
L

3

5

I

8

6

24

L

20

5t
L2

39

28

7

I
82
20

61

59

L6

13

3

31

50

L5

9

05
26

1

13

55

12

L2

22

31

42

51

r46
.5 36 .5

92
23

I
IT
III
IV

I
]I
III
ry

4L

34

29

30

L34
33.5

138
34.5

t4
L7

15

L7

63
15.8

16

39

26

32

113
28.3

24

30

20

t6
90
22.5

24

4T

50

23

3

45

57

46

20

168
842

r49
37.3

168

37

L46

65

416
r04

60

t67
/ú6

407

1080
270

11
)

Total over timel
Mean per time : 5

82
23

2381
31

r20
.8 10

222
18.5

363
30.3

654
54.4

a/ Tl = Control; 12 = Aluminiurn foil; T3 = Green plastic;
T4 = 'Xiro' sheet

= indicates no sampling



Appendix Table 4i

Block
no.

Ntrnbers of adults of Trialeurodes vaporariorum
Myzus persicae and Ma
week 4 (1.6.84)

and alatae + apterae + nyrnphs of
destructively sampled plants in

T vaporarlorum M. persicae M euphorbiae

T1 T2 T3 T4

4370

2t00

T1 T2 T3 T4 T1 T2 T3 T4

22 t+6 15 16

31397L6

1027568

1810185

0

0

2

I

00

0

I

]I

III

IV

47

23

56

44

60

30

77 56

29 94

54 L74

0 3 7L 83 L95

Total
Mean

6

L.5 2.5

I29
32.3

205

51 .3

243

60.8

5L9

L?-9.8

81

20.3

97

24.3

4

1

10 0

0

115 105

28.8 26.3

e/ T1 = ControLl f2 = Altrninium foil; T3 = Green plastic; T4 = 'Xiro' sheet

co\o
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Appendix Table 5l Plant height (cm),
in week 4 (L.6.84)

Plant height

åI"tb"t
of leaves and total leaf area C"#l per plant sampled

Ntunber of leaves Total leaf area
B lock

no.

III

IV

Total
Mean

Plant
no. T1 T2 T3 T4T1 T2 T3 T4 T2 T3 T4

42

36

44

I
1

2

3

1

2

3

L

2

3

I
2

3

29

40

33

44

27

36

31

40

27

24.5

29

30

39.5

44

37

35

33

46

24

30.5

37

40

31

39

36

28.5

31

30

24

38.3

2

28

49

46

33

50

40.5

40

43

37 .5

473.5

39.5

10

13

19

I2
15

10

11

24

9

9

11

158
1^ a
L).L

23

L2

20

22

2I
13

9

22

12

2L5

L7.9

18

12

11

18

18

22

10

20

20

12

17

17

L95

16 .3

604

1358

2L36

1457

9L6

969

980

4L35

501

764

325

905

r5049

L254

3L33

227I

2t36

3490

2346

2543

463

2t42

968

7602

L907

3438

26439

2203

200L

1590

4422

648

2127

366L

4r3

592

2304

2207

2L42

2909

25016

2085

L829

1980

r237

2054

3763

2645

1643

3738

1858

23420

1952

13

24

285

8

I

r324

550

802

11

24

26

15

5

48

27

31

30

44

33

II
10

t9
31

22_

30

L4

22

-?90.5 436 4L7.4

32.5 36.3 34.8

229

19.I

\o
O

a/ T1 = Control; T2 = Aluminium foil; T3 = Green plastic; T4 = 'Xiro' sheet
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Appendix Table 6i Nu¡nbers of alatae of Myzus persicae and of total
aphids caught ín eacir-îof2, fe'ffov, \^rater traps
over I dayé for 5 periods of time

Time
period
(date)

Block
no.

M. persicae

Control Ye1low
plastic

Total aphids

Control Yellow
plastic

1I
(8-16.5.84) rI

Total
Mean

2r
(16-24.5.84) II

Total
Mean

3r
(24.5-L.6.84) rr

Total
Mean

4r
(1-9.6.84) rr

Total
Mean

5r
(9-r7.6.84) rr

Total
Mean

25

L4

39

L9.5

9

L4

23

11 .5

17

11

28

T4

15

B

23

11.5

1

1

2

I

0

2

2

1

NA

d

ï

5

6

9

15

7

9

2

11

5.5

2

3

5

2.5

0

1

I
0.5

9

7

I
2

3

2

7

9

4.5

I
0

1

0.5

1.5

3B

t4
52

26

39

4A

79

39.5

39

24

63

31 .5

25

11

36

18

L6

I

Total over timel
Mean per time :

L24

L2.4

9

0.9

230

28.8 5.6

45

NA = Not available

I

r
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Appendix Table 7! Ntrnbers of adults of Trialeurodes vaporariorun
and alatae + apterae
on 20 plants for 3 periods of time

Total aphids
Time
period
(week)

Block
no. Control Yel1ow

plastic
Control Yellow

plastic

I
II

1
31

L7

48

24

103

77

180

90

15

13

28

I4

36

2I

57

28.5

7

2L

28

L4

10

30

40

20

6

9

15

7.5

3

5

8

4

I

ì

34

30

64

32

I
TI2

5

18

7

25

L2

I
ÏI3

Total
Mean

Total
lvlean

Total
Mean

55

32

87

43.5

9

6

15

7.5

Total over Limel

Mean per time I

315

52.5

L/+9

24.8

83

13.8

48

I

i

i

I

I
!.

T
I

I

r
I
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Appendix Table 8l

Block
no. Control

Total
Mean

3

1.5

vaporarrorum

Nunbers of adults of Trialeurodes vaporarionrn and alatae + apterae + nymphs of
Mvzus persicae and lvfa destructivel' sampled plants in
wãtr+-Tfi6-.4ãl

I M. persicae

Control

23

11.5

Ye1low
plastic

Yel1ow
plastic

Control

17

8.5

Yellow
plastic

13

4 4

1322

1

I

I

2

1

I

II

L2

16

I
2

1

11

24

L2

\o(/)



Appendix Table 9i Plant height (cm), number of leaves and total leaf area G#) per plant
sampled in week 4 (7.6.84)

Plant height Nr¡nber of leaves Total leaf area
Block
no.

I

II

Total
Mean

Plant
no Control Yellov¡ plastic Control Yellow plastic Control Yellow plastic

I

2

26.5

29.0

36.0

24.O

115.5

28.9

31

39.4

L32.5

33.1

46

11;5

11

26

10

20

67

16.8

to47

452

1061

298

2857

714

934

3585

340

3959

BB18

2204

28

34

15

11

L2

I
I
2

\o
N
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Appendix Table 10! Nurnbers of adtrlts of Trialeurodes vaporariorum
caught on each of 5
different mulching

st]-cKy traps
nnterials over 2 periods of

5 days each

Trapping
period

Colturm
no.

Soil
(Control)

Aluminium
foil

Green 'Xiro'
plastic sheet

Ye1low
plastic

I
(t9-24.6.84)

Total

Mean

2

(24-29.6.84)

Total

Mean

I

2

3

4

5

1

2

4

1

2

10

2

1

0

1

0

4

6

1.2

10

5

7

B

11

4T

8,2

L6

8

2L

T2

15

72

t4.4

5

2

2

2

0

11

c,

7B

29

26

32

51

2L6

43.2

L4T

99

95

100

L34

569

113.8

1

2

3

4

5

2

1

I

2

0

6

I.2

1

0

0

0

1'
2

0.4

2

8

8

13

3

34

6.8




