
STUDIES IN NIGERIA

OK MOSAIC VIRUS OR

CASSAVA (1.UNIROT UTILISSIMA POHL)

*>y

S. R. CHANT,

B.Sc. (Hons. Bot.) (Edin.)
Dip. Ag. Sci. (Cantab)

D.T.A. (Trin.)

Thesis submitted for the degree of Doctor of Philosophy
in the Department of Botany, University of Edinburgh



PREFACE

She investigations described in this thesis

were undertaken by the author in the course of his

duties as Plant Pathologist in the Federal Department

| of Agricultural Research, Nigeria. For the most part
the research was carried out at Moor Plantation,

Ibadan,which is situated 630 feet above sea level at

latitude 6°K, longitude 4°E in a humid forest zone of

Southern Nigeria,

Part of the work described is already in press

viz,

(1) "A preliminary investigation of the effect of
cassava mosaic virus in Nigeria" (in colla¬
boration with 3.D.A. Beck).

Tropical Agriculture
'(Jan. W5S)

(2) "Heat inactivation of cassava mosaic virus in
Manihot utiliasima Pohl".

Erap, J.Exp.Agric,

(1958)

(3) "Studies on the transmission of cassava mosaic
virus by Bemisia app, (Aleyrodidae)"

Ann, Appl, Biol,

(July,1958)

The work done in collaboration with Mr B.D.A. Beck

is noted at the appropriate place in the text.
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iNTfiODJCTIOK

.

Cassava mosaic was first described in East Africa
*

by Warburg (1894) under the name of "Krauselkrankneit".

Golding (1956) recorded that the disease was first
observed by Jones in Nigeria ixi 1926 while it was

observed in Sierra Leone by Beighton (1926) and in the
Gold Coast (Bade, 1931) in the same year. At tne time
of its discovery in West Africa the disease was

reported to be spreading inland from the coast and in

jNigeria by 1948 most of the farmers' cassava both East
and West of the Niger was severely affected by the

virus (Kincaid, 1948).

Bufr^noy and He'din (1929)» duller (1931)»

Bouriquet (1932) and Silberschmidt (1938), respectively
described the morphology of cassava mosaic disease in
various species of Maslhot growing in the Cameroons,

Java, Madagascar and Brazil. All these workers

recorded the yellow chlorosis and leaf distortion

typical of cassava mosaic infection and in severe

cases, shortening of the internodes of the stem.

However Pascalet (1932) pointed out that while partial
or complete distortion of the leaf is more

characteristic of the Javanese form of cassava mosaic,

intense chlorosis is the more prevalent type of symptom

in the African foria. Pascalet (1932) appears to be

trie only worker who has recorded detailed studies on



the anatomy of cassava leaves infected with, the virus-

He noted that in chlorotic areas of infected leaves the

palisade tissue is reduced in amount, mesophyll tissue

is increased and that the plastids in both are larger

but have fewer starch grains and more diffuse contents

than those in the leaves of healthy plants.

Cassava mosaic virus infects cassava plants

systemically and the disease is spread when the plants

are multiplied by vegetative propagation from the stems

of infected specimens (Dufrenoy and H^din, 1929). ihe
virus has been successfully transmitted by grafting

infected scions on to healthy stocks (Heighton, 1931;

Pascalet, 1932; Storey, 1934). While other workers

(Kufferath and GhesauiHre, 1932; Lef&vre, 1935) claim
to have transmitted the virus to healthy plants by sap

inoculation, Staner (1931), Pascalet (1932) and Storey
and Hichols (1938b) have been unable to confirm this

finding.

In 1932 Hufferath and GhesquiSre in the Belgian

Congo recorded that cassava mosaic virus was trans¬

mitted by a species of Aleyrodidae subsequently

identified as Bemisia gossypiperda var. mosaicivecta

(n. var.) (Lefevre, 1935)• In fiigeria, Golding (1936a
and 1936b) also concluded that the vector of cassava

mosaic was a species of white fly which was shown to be

Beiaisia nigeriensis Corbett. In East Africa, Storey
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(1936) noted that species of white flies from cassava

had been variously identified by other workers as B.

nigeriensis Corbett (det. Corbett), B. goss.ypiperda M*
and L. (det. Karan Singh) and B. go ssniperda var.

aosaicivecta (n. var.) (det. Ghesqui^re). White flies
collected from cassava, tobacco and cotton crops at

Ibadan have all been identified as B. tabaci (Genn.)

(Cotterell, 1956). All these workers in their trans¬
mission experiments dealt with large populations of

white flies. They provide no records regarding such

factors as the number of white flies necessary to

transmit the virus, the feeding times necessary for the

vectors to become viruliferous and to transmit the

virus to healthy plants or of the persistence of the

virus in the insect. Field studies on the trans¬

mission of cassava mosaic virus have also been

neglected apart from an experiment carried out by

Storey and .Nichols (1938a) in Tanganyika where seasonal
differences in the spread of the disease were noted.
In this experiment susceptibility of plants in relation

to their age was also studied but no attempt was made

to relate either of these factors to the build-up of

the white fly population.

Although cassava mosaic virus was found to be
transmissible by grafting to Ceara rubber (aianihot

glaziovii Muell. Arg.) (Storey, 1936; Silberschmidt,

1944) there are no records of the virus having been
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transmitted by white flies from cassava to this

species, nor, in fact, is there any reference in the

available literature of any worker having found a wild

host of cassava mosaic in Euphorbiaceae or any of the

related families.

There are many records on the effect of cassava

mosaic virus on the yield of cassava. In Nigeria,

Golding (1936) reported that only three per cent of the

cassava crop at Moor Plantation, Ibadan, was infected

with cassava mosaic and was able to compare the yields

of infected and healthy plants. He showed that primaiy

infection (i.e. in plants grown from infected cuttings)

caused a decrease of 33 per cent in the yield of

variety "Karagba" and 44 per cent in the variety "Atu".

He further demonstrated that secondary infection with

cassava mosaic virus (i.e. infection of cassava plants
in the field by viruliferous Betaisia) caused little

loss in yield in the season in which infection

incurred. Similar work was carried out by Muller

(1931) in the Belgian Congo, by Tidbury (1937) and
Briant and Johns (1940) in Zanzibar. These workers
recorded losses due to primary infection of 20 per

cent, 76 per cent and 95 per cent respectively.

However, as far as the writer is aware, no one has

attempted to correlate such factors as reduction in

leaf area to loss in yield in different varieties

although work of this nature would be of value in



breeding for high yielding tolerant types-

There are various records of the effect of

different soil types (Mailer, 1931) and additions of
wood ashes and manure to the land (neflvre, 1935) on

the symptom expression of cassava plants infected with

cassava mosaic virus but these all appear to be of an

empirical nature and there is little quantitative data

to substantiate these observations-

The studies so far carried out on the effect of

cassava mosaic virus on yield and on factors affecting

the symptom expression in infected plants have not

included investigations on the effect of the virus on

the physiology of the host plant- It is evident that

not only does the virus decrease leaf area (again the

literature is deficient in any quantitative data on the
actual amount of reduction) but that it may also affect
other factors such as the carbohydrate and nitrogen

content of the leaves, and the respiration rate of the

leaves.

T*or instance, various workers have described

changes in the carbohydrate:nitrogen ratio of leaves as

a result of infection with viruses (Campbell, 1925;
Brewer Kendrick and Gardner, 1926) and Dunlap (1930)

showed that the effects of viruses on plants could be

divided into two groups: (1) mosaic diseases accom¬

panied by an increase in the total nitrogen and by a



decrease in the total carbohydrate content of the

diseased leaves and (2) yellows diseases accompanied by
a reduction in total nitrogen and by an increase of

total carbohydrate as compared to healthy material,

ihere is no information on the effect of cassava mosaic

virus on cassava which could give an indication as to

whether or not it could be included in group (1) of

this classification.

It is possible, also, that infection with cassava

mosaic virus inhibits carbohydrate translocation and/or

photosynthesis in cassava as has been found with other

virus diseases in their hosts. From investigations

carried out on the effect of sugar beet yellows virus

on sugar beet Quanjer (1934), Van jRiemsdi^k (1935) and
.Roland (1936) concluded that the high starch content of

yellowed leaves was a result of inhibition of trans¬

location due to blockage of the phloem by gummosis.

Recent work by Watson and Watson (1951) has shown that

the actual loss of total carbohydrates expressed as a

percentage of residual dry matter during darkness is as

great from leaves of sugar beet plants infected with

yellows virus as from the leaves of healthy plants.

On the other hand Bolas and Bewley (1930) and Barton-

Wright and M'Bain (1933) found a reduced translocation
rate in tomato plants following infection with tomato
aucuba mosaic virus and in potato plants infected 'with

paracrinkle virus. In neither of these host plants



was there any indication of abnormalities in the

conducting tissues.

Although comparisons of the relative respiration

rates of healthy and virus-infected plants have been

made by many workers no such studies have been made on

cassava plants infected with cassava mosaic virus.

! fining (1928) found the respiration rate per gram dry

v/eight of potato leaves infected with leaf-roll virus

was greater than that of healthy leaves and suggested

that this was because of the larger proportion of

respirable sugars found in the total carbohydrates of

these leaves. Although these observations were

confirmed by Whitehead (1931 and 1934)» other workers
have shown that increased respiration rates associated

with infection with virus diseases are not solely due

to an accumulation of carbohydrate. Caldwell (1934)

found that tomato leaves infected with tomato siucuba

, mosaic virus produced more carbon dioxide than healthy

leaves despite the fact that the diseased leaves had a

lower carbohydrate content. Galdwell attributed the

greater respiration rate to an increased activity of
oxidase enzymes. Caldwell's belief was largely

confirmed by the work of Woods and DuBuy (1942) but

I'akahashi (1947) found no such evidence.

IJp to the present time the only effective control

measures against cassava mosaic have been by breeding



8.

(Miles, 1935; Mackie, 1937; Storey, 1935, 1936, 1939,

194-0; Nichols, 1949, 1950; Williams, 1928). Crosses
have been made involving various species of Manihot -

M. utilissima Pohl. M. dichotoma die and M. glaaiovii

Muell. Arg* and hybrids have been bred which showed

resistance or tolerance to the virus in one territory

but which broke down when grown in another locality

probably due to their being infected there with

different strains (Storey, 1934 and 1935)•

Although in 1942 Stoddard cured peach trees

affected with X-disease by soaking them in aqueous

solutions of quinhydrone, urea or sodium thiosulphate

there is no record of treatments of this nature being

employed with cassava infected with mosaic virus apart

from that of Cooper (1947) who found that when cuttings
were injected at intervals of 10 days with a 5 per cent I
solution of 8 - hydroxy - quinoline potassium sulphate

all the leaves recovered eight days after the fourth

injection. It is surprising that this work has not

been confirmed by other workers*

Despite the successful inactivation of certain

plant viruses by heat treatment there are again no

references in the literature that this has been

attempted with cassava infected with cassava mosaic

virus although the practical advantages of oeing able

to regenerate desirable varieties and of having elite
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stocks of healthy propagating material are evident.

There are two methods by which heat treatment might

have been applied to cassava. Firstly, there is that

used for sugar cane which was freed from sereh and

chlorotic streak viruses (Heutman, 1925? Martin, 1930)

by immersing cuttings in water at 52°G for 30 minutes

in the first case and 20 minutes in the second.

Alternatively there is the method used by Kunkel (1936)
who freed peach trees from yellows virus by keeping

them at 35°C for a fortnight or more. This second

method has been used extensively; Kassanis (194-9)
freed potato tubers from leaf-roll virus by keeping

them in a moist atmosphere for periods of 10 to 20 days

at 37 °G and in 1954- he demonstrated that heat-therapy

was effective in freeing infected plants from some

heat-stable viruses such as tomato bushy stunt and

cucumber mosaic.

The investigations described in this thesis were,

therefore, undertaken to provide more information on

cassava mosaic virus and its effect on its host. It

has also been indicated that there are considerable

gaps in our knowledge of the virus-vector relationships
and of methods of control of the virus. Accordingly,

an account is given of studies of these aspects of the

disease.

For ease of presentation the experimental studies
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are separated into six section as follows;

(i) fhe effect of the virus on leaf area, yield

and net assimilation rate;

(ii) The effect of environmental factors on

symptom expression;

(iii) fhe effect of the virus on the carbohydrate

and nitrogen status, respiration rate and

moisture content of the leaf;

(iv) fhe effect of the virus on the leaf and stem

anatomy;

(v) Transmission studies;

(vi) Control measures.

Each section has its own chapter on materials and

methods and the results are followed by conclusions-

A general discussion of the results and conclusions is

to be found at the end of section (vi).
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Section (i) Effect of the virus on leaf area, yield

and net assimilation rate.

Materials and Methods
.

.

,

1'he measurement of leaf area; An accurate method of

measuring the area of cassava leaves was evolved by

taking sunprints of the laminae on "Ammonax?1 paper and

measuring the area with an "AUbrit" fixed-arm plani-
meter. It was found that almost identical values for

leaf areas could be obtained by direct measurement of

the laminae using a glass grid divided into squares

0«36 sq. cm. in area.

fable 1 shows the comparison of the measurements

of 20 laminae using the two methods.



Table 1 Comparison of the measurements of leaf areas

of caasava leaves obtained b.y using a ,,lasa

grid and a planimeter.

Leaf No.
Area in sq. cm. by
the "grid" method

area in sq. cm. by
planimeter

1 159.6 157.9

2 101.9 104.7

5 74.8 76.1

4 127.6 126.1

5 119.8 118.5

6 112.6 113.5

7 143.8 141.9

8 68.1 69.6

9 148.7 146.9

10 111.8 113.2

11 108.1 107.1

12 99.4 100.2

13 148.9 147.8

14 56.5 56.2

15 112.8 113.4

16 112.4 111.8

17 125.6 125.7

18 75.7 73.3

19 154.8 154.4

20 114.1 112.8

Mean Area 115.8 113.5
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The difference between means is not statistically

significant.

The glass grid method was used in the measurement

of leaves of three cassava varieties (Karagba, DiL5 and

Oloronto) infected with cassava mosaic virus. 'The

leaves were either symptomless or displayed different

types of symptom (mosaic only or mosaic with crinkle
and distortion of the laminae), (see figs. 1, 2, 3).
The leaves were as near as possible the same age and

had petioles within the range of 8 to 12 cm. in length.

However this method was found to be slow and impracti¬

cable for the measurement of large samples. A rapid

method for measuring the leaf area of sugar beet on a

field scale has been described by Watson and Watson

(1953) and it was found that this technique could be

adopted for cassava leaves if a smaller punch was U3ed.

The efficiency of this method was investigated by

first measuring the total leaf area of six cassava

plants of varying sizes with the glass grid. The
leaves of each plant were weighed and spread in several

layers in trays. Discs of the laminae were then cut

out from random positions in the trays using a circular

punch with a cross section of 2.65 sq. cm.

Complete discs were selected, counted, and weighed

in five and ten gram samples. The total leaf area was

then calculated by dividing the total weight of the



leaves by the weight of the sample and multiplying the

quotient by the total area of the discs. Measurements

obtained by this method are compared in Table 2 with

measurements obtained by the glass grid method.

Table 2 A comparison of the leaf areas of six cassava

plants obtained by two methods of measurement

(area expressed as sq. cm.).

Plant lumber

1 2 5 4 5 6

No. of leaves 60 102 54 72 59 128

Leaf area

(grid method) 4569.5 7989-5 5882.7 7*24.2 4558-6 9100.1

Leaf area

(punch method) 4546-6 8042.2 5947-5 7695-1 4475-9 9187-1
ii i .1 i

, Percentage

error (punch

method) -o.% +0»6% + 1.7% +0-9% -1.4% +1.0%

In no case did the punch estimation differ from

the grid values by more than two per cent of the

measured area and it is concluded that the punch method

using ten gram samples per plant was sufficiently

accurate for the determination of leaf area.
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Held Experiments? Two field experiments were carried

j out to find the effect of the virus on (a) yield, leaf
area and petiole and stem weight and (b) net assimila¬

tion rate (MR).

Field Experiment I was concerned witn (a) and was

carried out at Moor Plantation from July 1956 to March

195T« Symptomless plants of a susceptible ISigerian

cassava variety, ho- 56160, were obtained from Ilorin

Province in 1956- It was observed that this variety

supported an unusually low white fly population. The

locality where this variety was collected has the

lowest average yield per acre (3*098 It)./acre) of all
the Sigerian Provinces and the yield of this variety is

low and typical of this area- Mosaic symptoms on the

leaves of infected plants were not severe and it is

considered that this variety shows a high degree of

tolerance to mosaic, although it is of inherently low

yield. Michols (194-8) has recorded similar clones in
East Africa and has suggested that in Manihot
utilissima Pohl. low yield may be closely linked to
mosaic resistance.

Three plots of variety 56160 each consisting of 50

cuttings taken from symptomless plants and three
similar plots from plants showing mosaic symptoms were

established at Moor Plantation on Iwo series soil (a

sedentary soil formed in situ over granite).
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Tubers were formed after three months in the field

and the first pair of plots harvested at four months

from planting. It was decided that after eight

months, secondary infection in the field could be

expected to reduce the number of healthy plants to

below that required for a statistical sample. The

remaining pairs of plots were, therefore, harvested six

and eight months after planting. The following
observations were made on individual plants: fresh

weight of roots, stems and petioles, number of leaves

and leaf area, the carbohydrate: nitrogen ratio of the

leaves and the hydrogen cyanide content of tne roots.

Cuttings were taken from all symptomless and

diseased plants at the time of harvest and grown in

separate insectaries. All cuttings from diseased

plants showed symptoms of mosaic four weeks after

planting, as did some of the plants previously classi¬
fied as symptomless. Records obtained from these

symptomless carriers were discarded, as were data from

originally healthy plants which had been subjected to

secondary infection in the field. The number of these

plants was not sufficient to provide an adequate

statistical sample to test the effect of secondary

infection upon yield.

field Experiment II was concerned with the deter¬

mination of the effect of cassava mosaic virus on the
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net assimilation rate (KAR) ox the host plant.
Infected and healthy planting material of a hybrid

variety, B9, was obtained from Zaria Province in 1957*

This variety also supported a low white fly population

in the locality where it was growing although once it

had been established at Ibadan it became heavily

infested with white flies. Mosaic symptoms on the

leaves were moderate to severe both on the parent

plants in Zaria and on the derived plants grown at

Ibadan. Four blocks of this variety each consisting

of 2 plots (one healthy and one infected) of 200

cuttings were established at Moor Plantation on 14th

June 1957 on Iwo series soil. It had been found

previously (see Field Experiment III) that a sampling
number of 10 plants per plot gave a comparatively small

error and this number of plants was accordingly removed

from each plot at 4-weekly intervals from the time of

planting. The ten. plants were harvested in two rows

of five plants taken at random, the adjacent rows being

left and not harvested at later sampling dates.

The leaf area of the samples was measured by the

disc method and the fresh weight of leaves, petioles,

stems and roots was recorded, a representative sample

of each being dried for 5 days at 100°G to give an

estimate of the dry matter.

The calculation of BAR for each interval was as
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described by Watson and Watson (1955)

(*2 - W1)(logeL2 - log^)
| ~ (i»2 - l»i)(ti2 " cx)
ihere = total dry weight per sample

L-^ = total leaf area per sample at time t^, the
beginning of the sampling interval;

$2 « total dry weight*
L2 = total leaf area at time t2, the end of the

sampling interval.

It was calculated that the relation between W and

L within each sampling interval was sufficiently close

to linearity to avoid serious bias in the estimate of

mean NAM. NAM was computed for each sample and not

from the treatment means of W and L.

Results

Leaf area: 'lable $ shows the results obtained from the

measurement of leaves by the glass grid method at the

same stage of development from 3 varieties of cassava-
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Table 3 Comparison of the mean areas of leaves

(petiole length 8-12 cm.) of 3 varieties of

cassava displaying (i) mosaic only and (ii)

crinkling; and distortion with, the mean area of

symptomless leaves taken froia inf acted plants.

(Each figure in the table represents the mean ox 5

samples each of 100 leaves.)

Leaf area (square metres)

Variety Symptomless Mosaic only

Crinkle and

Distortion

(with mosaic)

01oronto 7-31 6.58 4.73

karagba 6*46 5-41 4.79

AL5 6.12 4.91 4.44

A statistical analysis of these results is given

in Appendix i where it is shown that within each

variety the differences between the mean areas of

leaves belonging to the different categories are all

significant (P = 0*05 or P = 0.01).

field Experiment I: The results for this expex-iment on

the effect of cassava mosaic virus on the yield, leaf

area, petiole and stem weight of individual plants of

one variety, 561(50, are given in table 4-.
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Table 4 A comparison between, leaf area, stem and

petiole weights of infected and healthy

cassava plants harvested 4, 5 and 8 months

from the time of planting'

4 month,

harvest

6 month

harvest

8 month

harvest

iiean S. E. Mean S.E. Mean S. E.

Tuber wt- (H)

per plant (I)
(S)

359*8

39*9

2% *5

520.4XX
71.1

345.7

771-8**

98.4

549.5

Stem wt. (n)

per plant (1)
(s)

284.0

31*42

350.6

416.2

54.09

370.5

519*4

61-31

472.3

Petiole
wt. (H)

per plant (I)
(s)

102.5

9*30

107-9

145-1

11*79

125*9

90.9

10.70

72.6

Leaf Area (H)

per plant (I)
(sq. cm.)

1.05

0.25

1.22

1.95**
0.21

1.49

1.12xx

0.08

0.93

I'-—"—

xx = Difference significant at P = 1%

(A statistical treatment of the results with

respect to leaf area and yield is given in Appendices

ii to viii.)
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It is shorn that, for the duration of these

observations, although there was a significant

difference in yield between healthy ana infected plants

there were no significant differences between stem and

petiole weights. The height and number of leaves of

infected plants did not differ significantly from those

of healthy ones at any of the harvests, i.e. although

storage ability was apparently affected by the virus

the growth of the stem was not.

Four months after planting the yield obtained from

healthy plants was 17 per cent greater than that from

infected ones but this difference was not significant.

Similarly at this stage there was no significant

difference between the leaf areas, stem and petiole

weights of infected and healthy plants. At six months

the yield of healthy plants was 34 per cent greater

than that of infected ones, the difference being signi¬

ficant. There was no significant effect of infection
on stem and petiole weight but the leaf area was 24 per

cent greater in healthy plants than in infected, the

difference again being significant. In the harvest of
the eight-month old plants there was a significant

difference of 23 per cent between the yield of infected

and healthy plants although no significant differences

were recorded for stem and petiole weights.

Correlations between leaf area arid yield were
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examined (fable 5) and the calculations oi these are

shown in Appendices ix to xvi. At the six month

harvest there was a correlation between the leaf area

and root weight of healthy plants, but no such correia-

tion was observed in infected plants. This harvest

took place near the end of the rains when growing

conditions were good; at this time symptom expression

of the leaves reached maximum severity. boring the

dry season when the eight month harvest took place

symptom expression was less marked and there was a

highly significant positive correlation between leaf

area and root weight in both infected and healthy

plants.

fable 5 Correlation coefficient between yield and leaf

area in infected and healthy plants 4-, 6 and 8

months after planting.

4 month 6 month 8 month

harvest harvest harvest

Healthy- 0.583xxx o.eao*** Q.720xx
Infected 0.790xxx 0.140 0.650xxx

xxx » Difference significant at P = 0-1%
xx - Do. do. at P = 1%

Scatter diagrams (figs. 4 and 5) an® shown for the

correlation between yield and leaf area for the four

month harvest and the calculation of their regression

coefficients is given in Appendices ix and x«
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Mel3 Experiment II: The results obtained for five

sets of samplings carried out at 4-weekly intervals from

the time of planting of this experiment are shown in
tables 6 and 7•

Table 6 The total fresh weight and total dry weight

(expressed as the mean of 4 samples each

consisting of 10 plants) of healthy and

infected cassava plants, harvested at 4-weekly

intervals.

Plant
Sampling Number

1 2 3 4 5

(a) Fresh wt.

Healthy

Infected

0.42

0.38

4.38

3-26

9-98

7.65

12.94

9.51

15-83

12.69

Significance insig. insig. sig. at
P « 5%

sig. at
P * 5%

sig. at
P - 1%

(b) Dry wt.

Healthy

Infected

0.089

0.084

0.89

0.68

2.05

1.55

2.81

1.90

3.44

2.49

Significance insig. sig. at
P = 5%

sig. at
P = 0.1%

sig. at
P - 1%

sig. at
P = 0.1%

A statistical treatment of the results is given in

the Appendices xv to xx. For samplings 3» 4 and 5 the

fresh and dry weights of healthy plants are sigxiifi-
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cantly greater than those for infected plants while for

samplings 2, 3, 4 and 5 the dry weights are signifi¬

cantly greater.

Table 7 The total leaf area in sq, in. (expressed as

the mean of 4 samples each consisting of 10

plants) of healthy and infected cassava plants,

harvested at 4-weekly intervals.

Sampling Number
Plant —

1 2 3 4 5

Healthy 1.95 6.78 7.99 11.70 14. 39

Infected 1.65 5.68 7.34 9.75 10..94

Significance sig. at sig. at insig. insig. sig. at

P = % P = % P = %

A statistical treatment of the results is given in

the Appendices xxi to xxiii. The results in this

table are shown graphically in fig. 6a and confirm

those already obtained for the effect of virus

infection on reduction of leaf area. Although the

differences do not reach significant levels in

samplings 3 or 4, the results for the effect of

infection with cassava mosaic virus on NAfi are given in

table 8. The mean figure in the table is a long

period one referring to the whole duration of the

experiment.
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Table 8 The effect of infection with, cassava mosaic

virus on net assimilation rates (Kg per aq. m.

per week) fmean of 4 plot samples).

Sampling Intervals
Total Mean

1-2 2-3 3-4 4-5

Healthy

Infected

0.052

0.046

0.033

0.034

0.020

0. 010

0.009

0.002

0.117

0.077

0.029

0.019

S.E. of

difference

between

means

0. 002 0. 008 0. 003 0. 009

A statistical treatment of the results is given in

Appendix xxiv. Although infection with cassava mosaic

virus caused a reduction of MAR at most samplings, the

differences were not significant. It will be noted

also that while MAR decreased with advancing age of the

plant the decrease became proportionately greater in

the samples of infected plants compared to the samples
of healthy plants.
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Conclusions

1. Infection with cassava mosaic virus significantly

reduces the yield and leaf area of the host plant.

2. 1'he total dry weight, as well as the total fresh

weight of the cassava plant is reduced by infection

with the cassava mosaic virus-

3- Although the net assimilation rate (EAR) of healthy

plants is higher than that of infected plants the

differences do not reach significant levels.



symptom expression

Materials and Methods

Effect of shade; Eighty cuttings each from infected

and healthy plants of cassava variety B9 were planted

in pots, half of each group being placed in an

insectary with an all glass roof* The other half were

placed in an adjacent compartment with half the glass

sheets replaced by asbestos causing a reduction of

light intensity in the chamber to one third of that in

the other. Although temperature was affected when the

sun was shining the effect of this factor was reduced

by carrying out the experiment from July till September
when the sky is overcast for most of the day.

The plants were sprayed three times weekly with

nicotine sulphate and the compartments fumigated once

every two weeks with "Abol" smoke bombs so that they

were kept free of Bemisia. The plants were harvested

three months after planting and records were made of the
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fresh, and dry xxreight of the petioles, stems and leaves

of each plant.

Effect of fertiliser applications f ffitrosen)

ffield Experiment III: Chronologically, this was the

first large field experiment carried out in connection

with these investigations• At the time when it was

laid down (April 1955) ro healthy cassava was available
and the effect of nitrogen applications had to be

studied on the symptom expression and yield of infected

plants only, of varieties Oloronto, Karagka and HL5*

The layout consisted of four randomised blocks with

split plots. The main treatment was nitrogen (5 cwts*

sulphate of ammonia per acre) versus no nitrogen with
each treatment subdivided for the three varieties with

1A0 plants per subplot. The fertiliser was applied in
two equal doses (to each individual plant) two weeks
and three weeks after planting. As it was thought
desirable to measure the increase in fresh weight and

leaf area of the three cassava varieties at intervals

of sis weeks a preliminary experiment was carried out
on 70 seven-month old plants of variety Aaragba to find

the most convenient sampling number. The results of

this are shown in Appendices xxv to xxvi from which it

was concluded that a sampling number of 10 plants per

subplot would be adequate. The 10 plants were

harvested in two rows of 5 plants, the adjacent rows
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being left and not harvested at later samplings.

i'he following records were made on six sampling

dates at six weekly intervals from the date of planting

(13/4/55)! leaf area (by the disc method), root weight

(fresh) and the percentage of leaves symptomless,

displaying mosaic only and displaying crinkle and

distortion (with mosaic). An attempt was also made to
estimate the percentage of leaf chlorosis occurring in

the various treatments by dividing the leaf discs into

those with more than 50 per cent chlorosis and those

with less.

Besults

The effect of shade: The results from this experiment

are given in table 9* effect of cassava mosaic

virus on the plants appears to be less severe under

shade. The most striking differences occur in the dry

weight figures where only the differences in stem

weight between healthy and infected plants are signifi¬

cant under shade while the differences in leaf, stem,

petiole and total weight are significantly less in

infected plants under normal light intensity.



Table
9

The

effect
of

shade
on

the

fresh
wt.

(,;.)
and
dry

wt.

(&.)
of

cassava
plants

infected
with

caBaava
mosaic
virus
after
3

iaonthB
growth
in

the

scrcenhouse

(each
figure

=

raean
of
40

plants).
Light

Shade

Leaves
Petioles
Stems
Total
(SD)

Leaves
Petioles
Stems
Total
(SD)

(a)

Fresh
wt.HealthyInfected

11.210.9

5.04.8

20.116.9

56.3(̂2.64)32.6(̂2.55)
11.811.1

5.15.2

15.915.6

33.1(-2.91)31.9(-3.41)

Significance
of

difference
ineig.

sig.
atP=0.00l
aig.
atP=0.001
sig,
atP=0.001
sig.
atP=0.01

insig.
insig.

sig.
at

P.
=

0.01

(b)
Dry

wt.HealthyInfected
2.92.6

0.90.7

4.42.0

8.2(-0.94)6.3(-0.66)
2.82.8

0.80.8

2.52.3

6.I(-0.44)5.9(̂*0.46)

Significance
of

difference
sig.
atPeQ.01
aig.
at5=0.01
sig.
atP=0.001
sig.
atP=0.001

insig.
insig.

sig.
atP=0.05

insig.
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The effect of nitrogen: The results from Field

Experiment III on the effect of nitrogen on the symptom

expression and yield of three varieties of cassava,

01oronto, Karagba and JSL5 are given in tables 10 (Soot

weight), 11 (leaf area) and 12 (Symptom expression).

Table 10 The effect of nitrogen applications on the

root weight of three varieties of cassava

sampled at 6 weekly intervals from the time

of planting.

(Sesults expressed in Kg.; each figure = a mean of 4

subplot samples.

Sampling

Date

nitrogen Ho Nitrogen S.E. of

the

diff •01or. Karag. IL5 Olor• Karag. HL5

25/5/55 0.05 0.02 0.03 0.04 0.02 0.05 0.01

7/7/55 3.38 1.57 2.96 2.34 1.03 1.39 0.51

17/8/55 8.36 6-35 7-97 8.01 4.91 5«10 0.99

28/9/55 17-31 12.34 14-37 15.34 11.31 15-46 1.86

10/11/55 18.01 14.9 13-89 18.30 9.55 15.23 2.19

22/12/55 24.25 17.93 21.65 20.15 15-28 12.80 3-84

In most samplings the yield of variety Oloronto

was significantly greater than that of the other two

varieties.

It should be noted that the effect of nitrogen is

only apparent with regard to root weight and there is
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little effect on other characters as is shown in the

following tables.

In all three tables 10, 11 and 12 the standard

error is calculated from a weighted mean of error (a)

(Main treatments) and error (b) (sub treatments).

fable 11 The effect of nitrogen on the leaf area of

three varieties of cassava sampled at 6-

weekly intervals from the time of planting*

(Hesults expressed in sq. metres; each figure = mean

of 4 subplot samples.)

Sampling

Date

Nitrogen No Nitrogen S.E. of

the

diff.Glor. Karag. NL5 01or» Karag. NL5

25/ 5/55 6-0 5-5 3.9 4.9 $» 8 4.6 0.64

7/ 7/55 27.6 17*5 20.9 14.5 11-0 11-6 4.21

17/ s/55 26*2 20.5 20.7 19.4 15.1 15.1 6.25

23/ 9/55 54.1 18.5 20.5 14.9 13*8 15.7 4.87

10/11/55 9.5 7.3 9*3 11.1 5-4 7.0 2.62

22/12/55 8.9 3.6 10.2 6-2 10.2 8.5 5-46

fhe results show that variety Oloronto during the

period May to November produced the greatest leaf area

while Karagba produced the least. Differences between

the leaf area of these 2 varieties decreased markedly

at the time of the 6th sampling in December, and from

field observations it was obvious that the onset of dry
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conditions at the end of -November had caused a great

deal more premature abscission of leaves in Oloronto

than in karagba and iNL5« The effect of applications

of sulphate of ammonia was most marked in July (2nd

sampling) but was not so evident later on. Although

the only significant difference in the percentage of

chlorosis displayed by the various varieties showed up

in the 4th sampling there was a tendency in all

samplings for Oloronto to display the least chlorosis

and Karagba the most.

Table 12 The effect of nitrogen on the percentage of

symptomless leaves produced by three varieties

of cassava sampled at 6 weekly intervals.

(Hesults expressed as percentages - statistical

analysis of angular transformations in Appendices xvii

and xviii.)

Sampling

Date

Kitrogen Ho nitrogen

Oior. Karag. HL5 01or. karag. JSL5

25/ 5/55 10.5 13-8 13-2 17.5 17.5 13.0

7/ 7/55 7.0 6.2 13.0 11.8 8.0 13.8

17/ 8/55 27-0 8.0 5-8 17.0 7-2 8.5

29/ 9/55 11.2 4.0 3-2 7.8 2.8 3.2

10/11/55 9-0 4.3 9-8 11.0 5.5 8.2

22/12/55 9.2 6-5 6-8 9.0 5.2 5-2
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Reference to Appendices xvii and xviii snows that

the percentage of symptomless leaves tends to be higher
in variety Oloronto than in either of the other

varieties. For the sake of brevity the tables for

percentage of leaves displaying mosaic only and

distortion are not included here but it was found that

the percentage of leaves displaying mosaic only was

generally highest in variety Oloronto (the differences

|were significant in the 2nd, 3rd and 4th samplings) and
the percentage of leaves displaying crinkle and

distortion was highest in variety Karagba throughout
the duration of the experiment.

Conclusions

1. Shading reduces the effect of cassava mosaic virus

infection on cassava.

2. Although the differences for total fresh weight

between healthy and infected plants under shade are

significant the differences for total dry weight
'

are not.

3« The effect of nitrogen applications on the symptom

expression of infected cassava plants is difficult

to assess but the variety with the highest

percentage of symptomless leaves gives the best

yield and greatest leaf area- The variety with
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the lowest percentage of symptomless leaves and the

highest percentage of leaves displaying crinkle and

distortion gives a correspondingly lower yield and

leaf area than either of the other varieties*

fhere is again the suggestion from the experimental

results that a positive correlation exists between

the leaf area and yield of cassava*
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Section (iii) The effect of the virus on the carbo¬

hydrate and nitrogen status, respiration-

rate and moisture content of the leaf.

Materials and Methods

Carbohydrate and nitrogen estimations were carried

out in two experiments. The first estimations were

made on leaf samples collected from Field Experiment II

which has been described. The samples consisted of

mature leaves at similar stages of development

collected from the infected and healthy plants at noon

on the three harvest dates (four, six and eight months
after planting). Samples of 100 g. were dried at
100°C and the total nitrogen determined by the hjeldahi

method. Estimations were made of the pex-centages of

moisture, ash, ether extract and crude fibre. The

percentage of the total carbohydrate was obtained by

J subtracting the total of these percentages from one

hundred.

In another, more detailed,experiment, carbohydrate
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and nitrogen estimations were made on the leaves of

cassava varieties 57175 and 56160 obtained from the

Northern Region of Nigeria. Plants of the variety

57175 were 12 months old at the time of sampling-

Thirty healthy plants and thirty infected plants were

labelled in adjacent plots and mature and immature

leaves were removed from all of them at 6-30 (sunset)
on 5th June and again at 6-15 (sunrise) on 6th June.
A fairly uniform sample of mature leaves was obtained

by removing the 16th to the 19th leaves numbering from

the stem apex. At sunset, the 16th and 17th leaves

were removed from half the plants and the 18th and 19th

from the other half, the reverse process being followed

in the morning. Immature leaves were classified as

those numbering 1 to 4 down the stem from the first

leaf at the stem apex having a petiole of 1 inch or

more in length. A similar sampling method was employed

as for the mature leaves. The plants of variety 56160

were 6 months old at the time of sampling, evening

samples being collected at 6-30 p.m. on 30th July and

morning samples being collected at 6*15 a.ffl* on 31st

July. The leaves were bulked and weighed immediately

after removal from the plants, dried at 100 G for 3

days and then stored after weighing in tightly-

stoppered jars.

Total nitrogen was estimated by the Xjeldahl

method modified to include total nitrates and the
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results were expressed as percentage of dry matter-

Protein nitrogen was estimated by leaching all soluble

nitrogen compounds from the dried samples in O-IN

hydrochloric acid, and determining the residual organic

nitrogen in a miero-£jeldahl apparatus.

1'otal carbohydrate was estimated by the picric

acid method of Willaman and Davison (1924) using a

modification devised by Grainger (1956). ihe colour

comparisons were made on a "Christa" colorimeter using

glucose as the standard. Five determinations were

made on each sample and the results are given as the

means of these in terms of total carbohydrate per gram

dry weight of material.

It was found that the differences obtained for

total nitrogen and total carbohydrate between morning

and evening samples and between healthy and infected

leaves were of the same order whether estimated as a

percentage of residual dry matter or of the total dry

matter and the results are, therefore, given as a

percentage of the total dry matter.

(Ihe results given in tables 13 to 17 were the
*

product of joint work by a colleague, B. D. A. Beck, and

the author.)

ihe results on carbohydrate and nitrogen

estimations were based on bulked samples. Although



several estimations were carried out on each sample it

was realised later that estimations should have been

carried out on the original separate samples in order

that calculations for standard error could he included,

however, as the samples were collected when the author

was on tour, hulking of the samples was the only

practical method of transporting them. It is

appreciated that the results in tables 13 to 17 have no

statistical basis, but they supply evidence to support

other experimental studies.

The measurement of the respiration rate of leaves: The

measurement of the respiration rate of infected and

healthy leaves was based on a method described by

Dunlap (1930). A detached leaf was suspended by its

petiole in a sealed litre flask containing a dilute

solution of Barium hydroxide of known normality. The

flasks were kept in the dark for 5 hours at 29°C. The

carbon dioxide evolved by the leaf was estimated by

titration of the residual barium hydroxide with

standardised hydrochloric acid. Blank flasks, without

leaves, were used to estimate the amount of atmospheric

carbon dioxide contained in the flasks* The area of

each leaf was measured by the glass grid method and the

results expressed as the amount of carbon dioxide in

milligrams evolved per hour per sq. cm. of leaf or as

amount evolved per hour per gram dry weight of leaf.

Although this method did not give very accurate values
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of the amount of carbon dioxide evolved, it was

sufficiently precise and the differences between

infected arid healthy leaves large enough, to make more

refined methods unnecessary.

The measurement of moisture content of leaves: Leaf

samples of infected and healthy plants of three

varieties, 57176, 57177 and 57178 were collected in the

morning (7 a.m.) and evening (6 p.m.) from plants

growing in collection plots in the field. Each sample

consisted of 3 leaves, five samples being taken from

each variety at each time of sampling. Mature leaves

were selected from those occurring from the 15th-25th

on the stem numbering from the stem apex. After

collection the leaves were weighed then measured by

means of a glass-grid after which they were dried for
three days at 100 °C before re-weighing.

Results

Carbohydrate and nitrogen determinations: ihe figures

obtained for the analysis of the percentage of protein

nitrogen and total carbohydrate in the leaves sarapled
at noon from Field Experiment II are given in table 13*
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Table 13 Carbohydrate: nitrogen levels and ratiost

expressed as percentage of fresh weight, in

comparable leaves of healthy and infected

plants 4, 6 and 8 months after planting.

Carbohydrate
Protein

Mitrogen
C/N ratio

4 month: healthy 8.81 8.75 1.01

Infected 8.01 7*94 1.01

6 month: Healthy 8.06 6*88 1.17

Infected 7.48 5-81 1.29

8 month: Healthy 9-45 7*88 1.20

Infected 9*45 6*56 1.49

Carbohydrate! total nitrogen and crude protein

estimations on leaves of two varieties sampled in the

morning and evening;: The results of the carbohydrate

assay are given in table 14.
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'.Table 14 A comparison between the amount of carbo¬

hydrate, expressed as mg. glucose per g. dry

weight, present in leaves of infected (I) and

healthy (H) plants of two varieties of

cassava, sampled in the morning and evening;*

'Type
of

Leaf

Amount of carbohydrate, as glucose in
mg./g. dry weight

Variety 57175 Variety 56160

Diff.

Evening Morning as % of
sample sample evening

sample

Diff.

Evening Morning as % of
sample sample evening

sample

immature
(I)

Immature
m

Mature
(I)

Mature

(H)

205 159 22.4

239 156 33.3

227 161 29.1

218 139 36-2

165 145 12.1

184 155 15.8

174 164 5.7

169 143 15-4

It will be seen from table 14 that in both the

immature and mature leaves from the healthy plants in

the two varieties the percentage loss of carbohydrate

during the night is greater than that from comparable

leaves taken from plants infected with cassava mosaic

virus. Although the actual amount of carbohydrate

does not differ greatly between immature and mature
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leaf samples, the mature leaves from infected plants in

the two varieties show a higher carbohydrate content in

the morning and the evening than comparable leaves from

healthy plants while the reverse is true (except for
the morning samples of variety 57175) for immature
leaves.

The results for the assay of total nitrogen are

given in table 15*

Table 15 A comparison between the amount of total

nitrogen expressed as percentage dry matter

in infected (I) and healthy (EQ leaves of two

varieties of cassava sampled in the morning

and evening.

Nitrogen content expressed as

percentage of dry matter

Variety 57175 Variety 56160

Type of Evening Morning Evening Morning
Leaf sample sample sample sample

Immature (I) 10.43 11.11 11.65 11.65

Immature (1) 9-56 10. 83 11.00 12.12

Mature (I) 7.68 8.€6 8.15 9.10

Mature (H) 7.75 8.1l 8.15 8.71

In all types of leaf the total nitrogen content,

expressed as percentage of dry matter was greater in
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the meriting than in the evening samples. With the

exception of mature leaves of variety 56160 sampled in

the evening, the leaves from infected plants contained

a higher concentration of nitrogen*

Details of the total carbohydrate: total nitrogen

ratio are given in table 16.

Table 16 A comparison between the carbohydrate:

nitrogen ratio of infected fl) and healthy

iEL leaves from two varieties of cassava

sampled in the morning and evening.

Carbohydrate : Nitrogen Eatio

Variety 57175 variety 56160

Type of Evening Morning Evening Morning
Leaf sample sample sample sample

immature (I) 1.96 1.45 1.67 1.28

Immature (11) 2.50 1.43 1.43 1.24

Mature (I) 2.95 1.85 2.13 1.80

Mature (ii) 2.31 1.71 2.07 1.64

With the exception of immature leaves of variety

57175 the total carbohydrate : total nitrogen ratio was

greater in leaves from infected plants than in leaves

from healthy plants. In all samples the total carbo-

hydrate : total nitrogen ratio was greater in the

evening than in the morning. The crude protein
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figures are shown in table 17*

fable 17

(Results

Crude protein content expressed as

% dry matter

Variety 57175 Variety 56160

fype of Evening Morning Evening Morning
Leaf sample sample sample sample

Immature (1) 34-. 1% 36.3% 29-3% 33.9%

Immature (H) 33-3% 34- 3% 26 • 3% 30.9%

Mature (I) 24.6% 28.3% 22.9% 23-0%

Mature (1) 21.0% 22.6% 19.0% 18.4%

In all samples the crude protein content,

expressed as a percentage of dry matter, was greater In

morning samples than, in the evening. In all cases

leaves from infected plants contained a greater amount

of crude protein than leaves from healthy plants.

Respiration rates and moisture contents: The results

of the experiments on respiration rates are given in

table 13.

A comparison between the crude protein

contents of young and mature leaves from

infected (I) and healthy frf) plants of two

varieties of cassava,

expressed as a percentage of dry weight.)
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fable 18 Comparison of the respiration rates of leaves

from infected (I) and healthy fH) cassava

plants selected from four varieties*

(Means of 10 observations.)

Variety

Signifi-
002 reived oanoe oj,

*n difference
ag./scL.W between

hour
means

Signifi-
convolved 0suice Qf

in mg./g. difference

dry wt./hr. betweeii
means

55160 (I)

w

0.199 Sig. at
P = 0.1%

0.156

0.411 Sot sig.

0.387

57176 (I)

(H)

0-325 Sig. at
P « 0.1%

0.213

0.678 Sot sig.

0.638

57177 (I)

! (H)

0.282 Sig. at
P = 0.1%

0.139

0.616 Sot sig.

0.466

57173 (I)

(H)

0.489 Sig. at
P = 0.1%

0.292

1«022 Sig. at
P - 1%

0.799

In all varieties studied the respiration rate is

greater for leaves taken from infected plants compared

to those taken from healthy plants. The differences

are highly significant when related to carbon dioxide

evolved per square cm. of leaf, but are significant in

the case of variety 57178 only, when referred to carbon
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dioxide evolved per gram dry weight. A comparison was

also made between the respiration rates of the leaves

of variety GCH7 where the leaves from infected plants

were classified into symptomless, those with mild

mosaic, and those with distortion (with severe mosaic),
fhe results are given in table 19»

fable 19 Comparison of the respiration rates of leaves

displaying (1) mild mosaic, (2) distortion

(with severe mosaic) with that of symptomless

leaves from infected plants of variety GCH7»

(Means of 10 observations.)

|i'ype of Symptom
002 evolved in
mg./sq-cm./hour

C02 evolved in mg./g.
dry weight/hour

distortion (with
severe mosaic)

0.097 0.38S

Mild mosaic 0.104 0.273

Symptomless 0.057 0.165

LSD (P « 0.05) 0.025 0.112

the moisture contents of leaves from infected and

healthy plants are given in table 20.
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Table 20 The effect of virus infection on the moisture

content of cassava leaves (weight of water

per g. fresh, weight of leaves).

(Means of five samples - 10 leaves per sample.)

Variety Condition Moisture (morning) Moisture (evening)

) Healthy 0.759 0.699
57176 )

) Infected 0.742 0.721

) Healthy 0.723 0.706
57177 )

0.735) Infected 0.750

) Healthy 0.723 0.703
57173 )

0.739) Infected 0.756

S.E. of mean of 5 samples = 0.0X0.

file moisture content of leaves from infected

|plants is greater than that of leaves from healthy
iplants in two of the varieties studied. It will be
noted from the results that the difference in moisture

contents between morning and evening samples is

consistently greater in the leaves taken from healthy
■

plants.

The area/fresh weight ratios of the leaves from
these samples are given in table 21.
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Table 21 The area/fresh weight ratio of leaves from

infected and healthy cassava -plants sampled

in the moraine and evening'

Variety Condition

Area (sq.cm.)/fw.(g«)

Morning Evening

57176 )
)

Healthy

Infected

55-4

49.4

56*7

42.9

57177 )
)

Healthy

infected

54.1

43.4

56-5

57-2

5n73 )
Healthy

Infected

61.5

45.2

61.9

44.8

LSD (P - 5%) 6.8 7.1

In all varieties tested, therefore, mosaic

infection reduced the area/fresh weight ratio although

the differences were consistently significant for the

evening samples only. This presumably implies that

leaves from infected plants infected with cassava

mosaic are slightly thicker than comparable leaves from

healthy plants.
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Conclusions

1* Infection by cassava mosaic virus is accompanied in

cassava leaves by a decrease in total carbohydrate

content.

2. After a period of darkness the loss of carbohydrate

from leaves of cassava plants infected with cassava

mosaic virus is less than that from comparable

leaves of healthy plants.

3- The total nitrogen content, total carbohydrate :

nitrogen ratio and the crude protein content are

greater in leaves from infected plants than in

leaves from healthy plants.

A-. The respiration rate of mature leaves from infected

plants is greater than that ox comparable leaves

from healthy plants.

5- Infection by cassava mosaic virus reduced the dry

matter content and the area/fresh weight ratio of

the leaf .lamina-



Section (iv) offact ox cassava mosaic virus on fche

anatomy of the leaf and stem.
—- —1"———■~

Materials and Methoda

Studies on the anatomy of cassava infected with

cassava mosaic virus were carried out from July to

October 1957 • Transverse and longitudinal transvei*se

sections were cut of the petiole, stem and leaf of

several varieties of cassava showing varying degrees of

symptom expression and at varying stages of their

development. The material was embedded in wax and

sections were cut, cleared and stained with one or other

of the following five staining combinations!

(a) Bismarck Brown;

(b) Safranin and Fast Green FCF;

(c) Safranin and Haemotoxylin;

(d) Iodine - Potassium-iodide solution;

(e) Acid phloroglucinol.
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Hesults

Sections of the chlorotic areas of leaves of

cassava infected with cassava mosaic virus show such

complete lack of differentiation of palisade tissue

that in some' leaves normal palisade tissue can only be

found at the midribs (figs. 6 and 7), fbe cells are

polyhedral in shape and contain abnormal chloroplasts

(fig. 8). In contrast to the chloroplasts in the

healthy leaves (fig. 9) these are irregular in shape
and fail to give as intense a reaction to staining with

iodine solution.

Although the xylem of the midribs aM laminae

appear to be little affected the phloem elements of the

midribs are restricted to small bundles of cells

whereas in healthy leaves a more regular radial

arrangement is found (figs. 10 and 11). There is no

sign of any blockage of the phloem sieve tubes in the

leaves or stems of plants infected with cassava mosaic

virus nor are there any distinguishable differences in

the petioles or stems of infected and healthy plants.

However a further difference in the midrib of the

leaves has been noticed. The parenchyma of healthy

leaves contains numerous starch grains than similar
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tissue in infected leaves (figs. 12 and 13).

Conclusions

1. the ccilorotic areas of cassava leaves infected with

cassava mosaic virus show lack of development of

the palisade cells and their contents.

2. The phloem in the midrib of infected leaves is

reduced in area.

3« There is an absence of starch grains in the

parenchyma of infected leaves.
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Section (v) Transmission of the virus.

Materials and Methods

Mechanical transmission: When a virus is sap-

transmitted "by abrasion it is usually possible to study

its physical properties (e.g. thermal inactivation

point and dilution end point) and other aspects in
relation to its host. Therefore, many attempts were

made over a period of three years to produce infection

in host plants by inoculation of sap from virus-

infected cassava plants. Most of the attempts were

made with cassava plants as receptors but a number of

other species were tried in Euphorbia and Manihot.

'Two methods of preparing the inoculum were

attempted: grinding the leaves or stems with a few

drops of water or grinding under a few ml. of phosphate

buffer solution (pH7). The methods of inoculation
were as follows:

(i) hypodermic injection of the sap into the
stem at varying distances below the growing
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point;

(ii) rubbing the sap on the upper and lower

surfaces of the young leaves;

(iii) the quick inoculation technique (Yarwood,

1955) of rubbing the donor leaves directly
on to the young leaves dusted with

carborundum abrasive.

All these methods ?*ere tried with or without

addition of carborundum or Eieselguhr to the sap.

Experiments were carried out where the sap from

leaves of infected plants was treated in various ways

before being rubbed or injected into the receptor

plants. fhese methods are summarised ass

(i) freezing the sap for various periods of time

(1, 6, 12, 24 hours) before inoculating;

(ii) diluting sap from infected plants with
distilled water or buffer, 1/10, 1/50,

1/100, 1/1000, 1/10000.

A further series of experiments was carried out

where the healthy cassava and Euphorbia seedlings were

treated in various v-rays before inoculation, viz. s

(i) watering the plants heavily before
inoculation (ilnsley (1955) found that

increasing the water supply before

inoculation greatly increased susceptibility

to infection);
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(ii) washing the leaves with water before

inoculation (Holmes (1929) found that when

glutinosa leaves were washed with water the

number of MY lesions was greater);

(iii) keeping the plants at temperatures of 30°C
and 35 °C for one or two days before

inoculation}

(iv) keeping the plants in the dark before

inoculation. (This has been found a useful

method by a number of workers, e.g. Samuel

and Bald, 1933» Bawden and Roberts, 194-8}

Yarwood, 1955»)

An experiment was also carried out to assess
'

whether an inhibitor to virus infection is contained in

cassava sap. Purified extracts of tobacco mosaic

virus were diluted to 1 part in 25 parts distilled

water, and glutinosa plants were inoculated with the

combinations of the $MV extract and diluted sap of

cassava.

Insect transmissions Experiments on the association of

the virus and its insect vector were carried out in the

laboratory and greenhouse and in the field. The

laboratory and greenhouse experiments dealt with

feeding times and persistence of the virus while field

experiments were concentrated on the relation of the

incidence and spread of the virus to the build-up of
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With experiments which were carried out in the

laboratory, the plant material was removed subsequently

to a screened greenhouse which was sprayed three times

weekly with nicotine sulphate and gammexane•

Since all cassava in the field at Ibadan is

infected with cassava mosaic virus certain precautions

had to be taken to establish cultures of non~viruliferous

white flies. White flies cannot transmit the virus

through the mature leaves of cassava plants (Storey and

Nichols, 1958b) but it was found that they will lay

eggs in large numbers when they are confined on such

leaves for a few hours. After the eggs had been laid,

the adults were removed and the plants placed in an

insectary where the eggs subsequently developed to give

non-viruliferous adult white flies, successive

generations of which were used in the experiments.

Cassava mosaic virus may consist of more than one

strain and it was considered desirable to use virus

from the same source in all the experiments. Clonal

material front single stands of infected cassava derived
from a hybrid variety of M. utilissima, GCfT7, was used
to provide the source of inoculum.

Five experiments are described, the first three of
which deal with the feeding times necessary for the

white flies to become viruliferous and to transmit the
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virus. The remaining two are concerned with the

number of viruliferous white flies necessary to trans¬

mit the virus and the period over which thqy can remain

infective. In experiments I, II and III the healthy

plants were derived from out-crossed seed collected

from variety GCH7 maintained in a collection plot at

Ibadan. Numerous tests have shown that the virus is

not seed-transmitted and while there is some hetero¬

geneity in out-crossed seedlings, samples used in field
tests all proved susceptible to infection with cassava

mosaic virus by the white fly vector* In experiments

IV and V cuttings were established from healthy plants

of another hybrid variety, 56160, which had been

collected from Ilorin in the Northern Eegion and had

been maintained in the greenhouse free from white flies.

Two methods were employed in feeding the white

flies on cassava. In experiments I, II and III the

method described by Storey and Nichols (1938b) was used.
A glass tube was fitted over the stem apex so that it

enclosed a young developing leaf and the growing point
of the stem (fig. 14). After the white flies had been

_

placed in the tube, the open end was covered with muslin
and the whole covered with dark paper to induce the

insects to settle on the leaf. In experiments IV and

V small micro-cages were used, the white flies being

confined to the underside of the topmost leaf on the

stem. The stem apex was removed to within a quarter

inch of the petiole of the leaf, and symptoms were
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observed 14 to 21 days later on the young leaves

produced from the new growing point.

Samples of white flies were collected from the

non-viruliferous cultures by means of an aspirator but

due to their great activity they had to be

anaesthetized before being introduced to the feeding

cages. It was found by experiment that anaesthesia

had no effect on either the longevity of the vectors or

on their ability to transmit the virus. Because of

the short duration over which the white flies remained

inactive under anaesthesia it was difficult to record

with accuracy beyond twenty the number of white flies
introduced to individual plants. It has been

necessary, therefore, to note, in certain experiments,

only the range of numbers of vectors used.

A field experiment was laid out in June 1957 at

Moor Plantation to assess the effect of age of cassava

seedlings on their susceptibility to infection with

cassava mosaic virus and to study the incidence of the

disease in relation to the build-up of the white fly

population.

Twenty-four plots, each 50 feet x 23 feet, were

laid out at intervals of 6 feet along two contour

strips. Two rows of systemically infected cuttings of

variety GCH7 were planted on the two outermost ridges
of each plot. One week after these cuttings had



61.

sprouted, the three remaining central ridges in each

plot were planted with six seedlings each of the

following ages: 23, 59, 78 and 94 days so that in each

plot there was a total of 24 seedlings surrounded on

all sides by 2 rows of infected plants.

The number of adult Bemisia was counted on each

plant at the beginning of every week and the position

of newly infected seedlings was recorded at the same

time.

An assessment of the number of nymphs on the

seedlings was made 8, 12 and 16 weeks after the date of

transplanting by means of-counting the number of nymphs

on every fifth leaf of every seedling.

Records were also kept of the number of rainy days

and the amount of rainfall in every week preceding the

day on which the adults were counted.

.Results

Sap-transmission: Sone of the methods described for

the sap-transmission of cassava mosaic virus proved

successful. Although chlorotic areas appeared on
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inoculated leaves when abrasive was added to the sap

similar effects were obtained using distilled water or

buffer with abrasive.

It was found in an experiment carried out to test

[whether or not an inhibitor is present in cassava sap

showed that even concentrated cassava sap (1/1)
produced no reduction in the number of local lesions

caused by fMY.

Insect transmission: Experiments I, II and III were
-■ 1 """ r 11 1 • - "J-J- " 1

replicated several times over a total period of 18

months and the results given in this paper are based on

the aggregates of all the replications.

Experiment X: White flies were enclosed on the stem

apices of infected cassava plants for a set period of
time and were then transferred in tubes to the stem

apices of healthy seedlings on which they were left for
24 hours. The number of white flies on each seedling

varied between 30 and 50.

The results are given in table 22.
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Table 22 The effect of duration of infection feed on

the ability of white flies to acquire mosaic

virus from infected cassava plants.

Time confined

on healthy

cassava

No. of healthy

plants tested

JSo. of plants

showing infection

21 days after transfer

48 hours 10 8

24 hours 10 7

12 hours 10 7

9 hours 19 10

6 hours 12 5

5 hours 12 5

4 hours 14 3

3 hours 18 -

2 hours 16 -

1 hour 15 -

It is apparent that white flies become viraliferous

only after a minimum feeding period of four hours. The
table shows that the percentage of successful trans¬

missions increased with the length of feeding time.

Experiment II: white flies enclosed on the stem apices

of infected cassava plants for 24 hours were then trans¬

ferred for a set period of time to healthy plants. As

in Experiment I the number of white flies introduced to
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the healthy plants varied from 30 to 50 per plant.

The results are given in table 23*

fable 23 The effect of duration of feeding time on the

ability of viruljferous white flies to

transmit mosaic virus to healthy cassava

plants.

lime confined

on infected

plants

Mo. of healthy

plants tested

Mo. of plants

showing virus infection

21 days after transfer

24 hours 10 7

12 hours 10 7

8 hours 10 6

4 hours 12 8

3 hours 12 5

2 hours 12 6

1 hour 10 4

1 hour 15 5

I hour 15 5

i hour 15 5

Cassava mosaic virus can be transmitted by

viruliferous white flies in 15 minutes although the

percentage of successfully inoculated plants increases

with increased feeding time. White flies were not

found to transmit the virus in 10 or 5 minutes.
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Experiment; III: To check whether a latent period was

necessary for the white fly between the time it picks

up the virus and the time it can transmit the virus,

healthy white flies were fed on infected plants for

periods of 4 and 6 hours and then transferred to

healthy seedlings for varying periods of time* The

number of white flies introduced to healthy seedlings

varied between 50 and 50 per plant.

The results are given in table 24.

fable 24 The minimum time for white flies to become

viruliferous and to transmit cassava mosaic

virus.

Length of
time vectox's

confined on

healthy
plants

Mo. of test plants
found infected after

21 days in a total
of 6 when vectors

were previously
confined for 4 hours

on infected plants

Mo. of test plants
found infected after

21 days in a total
of 6 when vectors

were previously
confined for 6 hours

on infected plants
*

2E hour - -

1 hour -

1 hour - -

2 hours - nm

4 hours 1 2

8 hours 1 5
i

The minimum time in which healthy white flies can

become viruliferous and transmit the virus is 8 hours,
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this period being independent of whether the length of

infection feed was 4 hours or 6 hours.

Experiment IV: White flies were fed on infected plants

for 24- hours before being transferred in varying

numbers to healthy plants on which they were left for a

further period of 24- hours. The white flies were

anaesthetized after the infection feed and were trans¬

ferred by means of a brush to micro-cages.

The results of this experiment are given in table

25.

fable 25 The number of viruiiferous white flies

necessary to transmit mosaic virus to healthy

plants.

No. of White Flies No. of Tests
No* of Successful

Transmissions

1 20 2

5 20 5

10 20 11

15-20 10 7

50-4-0 10 7

50-100 s 7

The number of successful transmissions increases

with the number of white flies used. Approximately

the same percentage number of infected plants was
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Experiment V: It was found, that white flies only

survived for 15 hours when removed from the plant.

Viruliferous white flies starved for varying lengths of

time during this period still transmitted the virus

when placed on healthy plants. When enclosed on

cassava plants, some white flies remained alive for 10

to 12 days but the majority died after 4 to 5 days,

jNon-viruliferous white flies were fed in large number
(200 per plant) on infected cassava plants for 24 hours

and were then serially transferred at 12-hourly

intervals to healthy plants grown from cuttings.

The results are given in table 26-

Table 26 The length of time over which viruliferous

white flies can remain capable of

transmitting cassava mosaic virus.

No. of

test series

Condition of seedlings
21 days after transmission

Transfer Transfer Transfer Transfer

(I) (2) (3) (4)

1

2

3

4

+ - - +

~ + + -

+ +■ - -

+ + + +

- = healthy + « infected
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By the end of the fourth transfer the white flies

had been greatly reduced in number (10 to 30 per plant)
but there was no evidence of loss in infectivity or

attenuation of the virus at this stage and it may be

concluded that viruliferous white flies earn remain

capable of transmitting cassava mosaic virus for at

least 48 hours after becoming infective.

Further experiments were carried out on the

relationship of duration of infection feed and

persistence of the virus and it was found that w&su. the

minimum infection feed of 4 hours was given the white

flies could remain capable of transmitting the virus

for 48 hours. fests were not carried out beyond this

period of time.

In the field experiment on the effect of the age

of the seedling on its susceptibility to infection with

cassava mosaic virus the percentage of infection was

found to be lowest in the oldest group (94 days at time
of planting). The percentage of infection is shown

graphically in fig. 15 being based on the results of
i-

the 24 plots. Ho significant difference was found

between any of the figures.

fhere appears to be no correlation between rain¬

fall and the white fly population. A comparison of

figs. 16 and 17 shows that peak; figures for Bemisia

occurred at the end of weeks 12 and 15* each of which
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had. had a high rainfall in the seven days preceding the

count while after weeks 5 and 3 (in which the rainfall
was comparatively light) there was no corresponding
increase in the number of adults counted.

It is also difficult to find any correlation

between the size of the white fly population and the

percentage of infection. Fig. 18 shows the percentage
of infection occurring in each week (in the whole

seedling population) but where the counts were highest

(i-e» weeks 9, 10 and 12) the Beiaisia populations of the

two weeks previous were not particularly high.

The counts of white fly larvae observed on the

leaves are given in table 27.

Table 27 number of Bemisia larvae on cassava seedlings

8, 12 and 16 weeks from transplanting.

(66 seedlings assessed in each age group.)

Age of
Time in weeks from date of planting

seedlings 8 12 16

at time of
■ vQ. of Ho. of Ho. of Ho. of Ho. of Ho. of

planting leaves larvae leaves larvae leaves larvae

23 200 34-1 338 604 421 893

59 218 483 398 839 437 931

78 239 383 369 689 450 890

94 237 423 403 817 487 1018
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Although the mean number of larvae per leaf was

highest in the first sampling for the group of

seedlings 59 days old at planting (2.24) the numbers per

leaf for the 23 and 94 day old groups were very similar

being 1-75 and 1.78 respectively. In both the second
and third samplings the highest number of larvae per

leaf is again to be found in the 59 d.ay old group.

However in the second sample the mean number of larvae

per leaf is greater (2-03) in the 94 day old group than
in the 23 day old group (1-71) while in the third

sample the reverse is true (2.09 as against 2.12).

Conclusions

1. Attempts to transmit cassava mosaic virus by sap

inoculation have been unsuccessful.

2. Cassava mosaic virus is persistent in its vector.

3. fhe minimum infection feeding time of the vector is

4 hours and the minimum test feeding time is 15

minutes.

4. The minimum time for the whole process of

transmission was found to be 8 hours.

.5* Figs. 15 and 16 demonstrate the high degree of

infectivity of the vector - 28 of the seedlings in
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the field experiment showed symptoms of cassava

mosaic virus within four weeks of transplanting

while the whole population of seedlings (520) was

only supporting an average of approximately one

white fly per five plants.

fhe results from the field trial fail to confirm
a

the observation of Go1ding (1956) that high
rainfall affects the sise of the white fly

population.
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Section (vi) Control Measures'

Materials and Methods

Chemotherapy: Experiments in chemotherapy involved the

use of the following compounds in aqueous solution at

the percentage concentrations stated:

sodium thiosulphate

quinhydrone

hydroquinone

8 - hydroxy quinoline
potassium sulphate

urea

8 - azoguanine

calcium chloride

zinc sulphate

potassium permanganate

2-4: dichloro-phenoxy-
acetic acid

Six methods of application were employed on

systeaically infected cassava plants of variety GCH7

(25 plants per treatment).

0.005, 0.001

0.1, 0.001, 0.05, 0.025, 0.001

o.l, 0.01, 0.05, 0.025

5-0, 1.0, 0.1, 0.01

1.0, 0.1, 0.01

0.1, 0.01, 0.001

0.1

0.1

0.1, 0.01

0.05, 0.01
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(1) Hypodermic injection of the stem 2-4 inches

below the stem apex.

(2) Spraying the solution from an atomiser on to

the sprouting plant.

(3) Dipping the cuttings in the solution before

planting.

(4) Watering the cuttings daily with the solution

from the time of planting till 3 weeks after

germination.

(5) Combination of methods (2) and (4).

(6) Combination of methods (3) and (4).

A series of controls were set up for each

treatment using plain water.

The experiments were carried out over a period of

2 years but standard methods of maintenance of the

plants (after treatment they were kept in an insectary
for 6 weeks for observations on symptom expression and

growth rate) were given in all cases.

Heat Inactination; Experiments in heat-therapy were

carried out in two ways. The first attempt was by

immersion of the cuttings in water maintained at

temperatures ranging from 35°C to 54°G for periods of

time varying from 15 minutes to 4 hours. fhirty

cuttings from infected plants of variety GCH7 were

treated at every time-temperature combination and after

treatment they were immediately cooled in a tank of cold
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water. Ike cuttings were then planted in seed boxes

in an insect-proof screehhouse, an equal number of un¬

treated cuttings from the same source being planted at

the same time. The plants were kept under observation

for three months from the time of sprouting and records

were made of the intensity of symptom expression and

growth rate throughout this period.

The second method of heat-therapy consisted of

growing infected plants for a period of time in a high

temperature chamber- By December 1956 an incubator

had been constructed based on the one used by Kassanis

(1954). It is of approximately the same dimensions
but there are certain modifications such as double-

glass slides for better insulation and the use of a

toluene regulator for controlling the heaters (two 250

watt steel-jacketed heaters). The floor and sides of
the heating compartment are insulated with asbestos

sheeting and the floor is so constructed that the heat

diffuses up the sides of the chamber rather than up the

centre. The air inside the incubator is circulated by

means of a fan mounted upright at one end (fig- 19).
The temperature recorded in the chamber does not vary

more than -I°C of the set figure and relative humidity
is maintained between 70 and 85 per cent by means of a

flat dish of water on the floor.

Five boxes 1 foot square were accommodated in the
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incubator and these were kept watered from a container

there. The contents of the incubator were sprayed

with a copper fungicide at 3-day intervals (fig* 19)*
to prevent the development of moulds and other fungi.

The planting material used in all the experiments

was derived from variety GCH7, maintained in a

collection plot at Ibadan. After being planted in the

boxes (25 per box) the cuttings were placed in the
incubator or as controls in the screenhouse.

The treatments were carried out at 3 temperaturess

35» 57 and 39°C over periods ranging from 1 to 6 weeks.

IGrowth was much retarded in the treatments at 39°C and

many of the cuttings died. At all three temperatures

the leaves produced were smaller than the controls and

they had a slightly greater lengths breadth ratio.

After treatment the surviving plants were

transferred in pots to an insectary. Six weeks later

those plants which were still symptomless were tested

for freedom from virus by transmission tests using the

method described by Storey and Nichols (1958b). From

50 to 100 healthy Bemisla were caged on the stem apex

of each plant for 24- hours and then transferred to

young healthy cassava seedlings for a further x>eriod of
24- hours. Infected seedlings showed symptoms within
one month but those that did not were kept under

observation for a further period of 10 weeks to ensure
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no transmission had occurred.

As it was thought possible that the virus might be

more easily inactivated in the young sprouting shoot

than in the thick woody cutting normally used in

propagation, a method was devised whereby the young

green stem could be excised and rooted either before or

after heat treatment. It was only to be expected that

hormone treatment, and the use of certain types of

potting mixture, would assist the production and

development of roots and a series of experiments was

accordingly carried out to find the optimum levels of

napthalene acetic acid and Indolyl butyric acid to be

used and the best type of potting medium which should
be employed. As it was found that this method could

also give threefold multiplication of the plant

material detailed investigations were carried out as

this would prove a valuable technique for the plant

breeder. The method used by breeders has been to grow

seed produced by a particular cross for a period of at

least six months by which time cuttings can be taken

from the stem for multiplication during the following

season. This method allows only six 8-inch long

cuttings to be obtained from one seedling under Zi/est

African conditions. The plants produced from these

after a further 9 or 12 months period total about one

hundred cuttings; sufficient only fox' a variety trial

using micro-plots.



The planting material used throughout the

experiments was variety GCH7« Uniform six-inch

cuttings taken from stands in the field were planted in

boxes in the screenhouse. After they had sprouted the

shoots were allowed to grow until they had attained a

height of 6 or 7 inches when they were excised from the

parent cutting (fig. 20), care being taken to remove

also a very small portion of heel (i.e. tissue from the
node of the parent cutting). The cuttings were then

dipped for 15 minutes, 2, 6 or 24 hours in one or other

of the following hormone solutions: Naphthalene

acetic acid (INA) or Indolyl butyric acid (IBA) at
concentrations in water of 10, 40 and 80 parts per

million or in mixtures of the hormones at 5* 20 and 40

parts per million of each.

The quick dip method of immersing the cuttings for

periods of 1 to 10 seconds in 50 per cent alcohol

solutions of Indolyl butyric acid and Naphthalene

acetic acid at concentrations of 1, 5* 6 and 9 mg* per

ml. was also attempted.

After hormone treatment the shoots were planted at

2-inch spacings in seed boxes (40 per box) in a heat
sterilised potting medium of one part sand and one part
soil before being transferred to a propagator in the

screenhouse. A copper fungicide was applied as a

spray three times weekly to prevent the development of
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moulds and other fungal pathogens* A further

experiment was carried out to assess the effect of the

type of potting medium of the root development of the

stems*

ihree weeks after treatment records were made in

all experiments of the number of roots produced per

plant and their average length. It was found that the

removal of the young shoots stimulated the development

of buds not only in the axils of the othex* nodes of the

parent cutting but also those buds in the axil of the

node from which a shoot had been removed.

Table 28 shows the number of green shoots removed

over a period of 26 days from a total of 400 cuttings

(no hormone treatment given).

Table 28 dumber of green shoots removed from 400

cassava cuttings over a period of 26 days.

j>; umber of

parent

cuttings

17/4 20/4 24/4 27/4 2/5 8/5 13/5 Total

400 122 186 206 195 158 125 141 1133

After 21 days, 86 per cent of the original 400

parent cuttings were still alive and had produced more

top growth while out of the 1133 green shoot cuttings
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75 per cent had survived and were developed normally

with a slightly slower growth rate as compared to the

shoots still left on the parent cuttings hut at a

faster growth rate than seedlings grown under the same

conditions- Therefore from 400 cuttings a total of

1196 plants were produced.

In table 29* the numbers of cuttings surviving

after various hormone treatments are shown-

Table 29 The percentage of young green cassava shoots

surviving (out of 80) three weems after

removal from their parent cuttings and

hormone treatment-

Hormone Concen¬
tration parts
per million

Period of Immersion

15 mins- 2 hours 6 hours 24 hours

10 IBA 95 100 55 67

40 IBA 67 mm - -

80 IBA 67 - 45 -

10 XiU 100 90 90 67

40 ISA - - 72

80 IJSTA - ■•am 50 -

5 IBA + 5 IM 77 90 - 60

20 IBA + 20 I ifA 77 40 - -

40 IBA + 40 IIfA 67 45 40 22

Control (water
only) 80 75 - 67
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There is a tendency for the percentage of cuttings

surviving to decrease with the longer periods of

immersion and the higher hormone concentrations. The

quick dip method proved quite unsuitable as it resulted
in the death of almost all the cuttings treated due to

rotting at the base of the stem.

Tables 30 and 31 show the effect of the weakest

concentrations of hormone on the number of roots

developed and their length (40 shoots per treatment).

Table 30 The mean number of roots produced on green

cassava shoots 3 weeks after removal from

their parent cuttings and treatment with

various hormones.

(40 shoots per treatment.)

Hormone Concen¬
tration

(Parts per
million)

Period of Immersion

15 mins. 2 hrs. 6 hrs. 24 hrs. L.S.D.
(P = 5%)

10 IBA 6.9 8.5 6-9 10.6 0.42

10 IHA 6.8 8.0 6.2 8.9 0.41

5 IBA + 5 INA 8.0 9-5 - 16.9 0.57

20 IBA + 20 IHA 8.9 7.8 mm 9-8 0.48

C ontrol (water
only) 7.1 6.8 mm 6-5 0.36

L.S.D. (P = 5%) 0.38 0.46 0.34 0. 64
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Table 31 1'b.e mean len ;th fcm.) of roots produced on

young green cassava shoots three weeks after

removal from the parent cuttings and treatment

with, various hormones.

(40 shoots per treatment.)

Horraone Concen¬
tration

(Parts per
million)

Period of Immersion

15 mins. 2 hrs. 6 hrs. 24 hrs. L. S. D„
(P - 5%)

10 IBA 6.1 8.3 5.9 6.2 0.46

10 ISA 6*4 6.8 6.2 7.9 0.39

5 IBA + 5 IKA 6-7 8.0 - 6-6 0.51

20 IBA + 20 ISA 5-1 5-5 am 6.6 0.50

Coxitrol (water
only) 6.0 6-5 am 5.9 0.43

L.S.D. (P = 5%) 0.46 0.73 0.42 0.51

It will be seen from figures given in these tables

that hormone treatments result in a greater root

development on the young green stems. Fig. 21 shows

the effect of the 5 ISA + 5 IJSA mixture and 10 ISA

compared with the control three weeks after treatment.
*

The effect of the type potting medium is shown in

table 32 where it is seen that although sand is the

best medium from the point of view of survival of

cuttings and the actual number of roots produced,

sawdust is the best medium in respect of the length of

roots produced.
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i'able 32 Effect of potting; medium on establishment and

subsequent growth, of .young cassava shoots

treated with 3 IBA + 5 IM for 2 hours.

Potting Medium
Ho. of

Cuttings
survived

fMean root'
length

Average
Ho. of
roots

Sand 40 12.9 8.1

Sawdust 27 14-7 6.6

1 part sand plus)
1 part sawdust )

20 6.2 7.0

Coconut fibre 55 14.2 3»8

L.S.D. (P = 3%) 0.64 0.78

Results

(a) Chemotherapy
Rone of tlxe chemical treatments in any way

affected tne symptom expression of cassava plants
infected with cassava mosaic virus.

(b) Inactivation of the virus by heat treatment
treatment of the cutting by immersion in warm water:

!Hone of the treatments -with this method was successful
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in inactivating the virus. For periods of time up

till 4 hours the treatment of the growing plant with

treatments lasting 14- days or longer the plants lost

all visible symptoms of mosaic from their leaves.

However, symptoms soon reappeared (within 6 weeks) in

the insectary on those plants which had been given an

inadequate heat treatment to free them from virus*

table 33 shows the number of plants that remained

healthy after treatment for various times at the three

temperatures* and fig. 22 compares plants cured by

treatment at 39°G for 42 days compared with untreated

controls.
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Table 33 The relationship of time to inactivation of

mosaic virus in infected cassava plants

maintained at 35°C, 37°C and 39°C.

35°C 37 °C 39°C

Length
of

Treat¬
ment

(days)

Bo • of
plants

Bo. of healthy
plants 16 wks.
sur- after
vived removal

from in¬
cubator

Bo. of
plants

Bo. of healthy
plants 16 wks-
sur- after
vived removal

from in¬
cubator

Bo. of
plants

Bo• of healthy
plants 16 wks.
sur- after
vived removal

from in¬
cubator

7 25 - 25 - 25 -

14 25 25 - 22 -

21 25 jm 23 -■m 19 -

28 20 - 23 - 14 2

35 18 15 - 10 4

42 18 1 12 2 8 4

Plants were considered to be healthy when it was

not found possible to transmit mosaic with Bemisia as a

vector. Three plants (all after treatment at 37°C for
3 weeks) which remained symptomless were proved to be
infected by transmission tests with the insect vector.

Treatment of the young green stem: The young green

cuttings obtained from plants in the screenhouse would

not stand the high teiaperatures of the incubator for

more than 10 days. On the other hand, similar

cuttings taken from plants in the incubator became
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successfully established in the screenhouse at normal

temperatures - results are shown in table 34.

fable 34 Inactlvation of cassava mosaic virus in .young

green shoots excised from infected plants

maintained at 57°C and 59 °C for 4 and 6 weeks.

Tempera¬
ture

Time for which
infected

plants were
grown in the

incubator
before removal
of the green

shoots

No • of
green
shoots

removed

No. which
rooted
success¬

fully

No. of shoots
healthy

16 wks« after
removal from
parent plant

37 °C ( 4 weeks
(

.
( 6 weeks

50 35 4

56 32 9

39°C ( 4 weeks

( 6 weeks

36 24 15

50 12 12

Fig. 23 shows 4 healthy plants produced by the

method described.
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Conclusions

1. i<one of tixe attempted chemotherapeutic treatments

was successful in controlling cassava mosaic virus.

2. The virus is not inactivated by immersing infected

cassava cuttings in hot water.

3- The virus is inactivated by growing infected

cuttings in an incubator maintained at 39°C for

four to six weeks.

4. A greater percentage of healthy plants can be

produced by striking cuttings from the green shoots
after heat treatment than by keeping the treated

plant as a unit.

5- Healthy-looking plants produced by both sets of

treatments were susceptible to re-infections with
mosaic virus introduced by the white fly vector.



DISCUSSION

From the results given in Section (i) it may be
concluded that cassava mosaic decreases leaf area and

yield and that these two factors are correlated* The

virus also decreases the total fresh weight and the

total dry weight of the plant while the NAR tends to be

less in infected plants. In both the experiments

described in Section (i) it was noted that the leaf
area was reduced because the leaves were smaller, not

fewer. Part of the reason for the decrease in siae

might be that the cells of the lamina itself are

smaller (at least in the chlorotic areas) as is shown
in Section (iv), It is almost certainly not due to

lack of assimilate, as infected leaves were found to

contain very similar amounts of carbohydrate as healthy

leaves at the end of the day (Section (iii)).

Little quantitative information on the effects of

other viruses on the growth of their host plants has

been published. Grieve (194-3) studied the effect of
tomato spotted wilt virus on the growth of young

tomato plants and found that, after the appearance of

leaf symptoms, infected plants had a smaller leaf area

and a lower NAE than healthy plants. Watson and

Watson (1953) found similar effects due to infection of

sugar beet by sugar beet yellows and sugar beet mosaic
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viruses.

The net assimilation rate is a measure otf the

excess of the rate of gain of dry matter by photo¬

synthesis in the leaves over the rate of loss by

respiration of the whole plant, per unit area.

Therefore, diminution in BAR caused by cassava mosaic

virus might be due to either an increase in the rate of

respiration or to a decrease in the rate of photo¬

synthesis.

It has been shown (Section (iv)) that the palisade
tissue of the chlorotic areas of infected leaves is

undifferentiated and that the ehloroplasts are

irregular in shape. It is suggested that tissue of
this nature might have a reduced photosyntnetic

capacity. Unfortunately, no estimate was made of the

percentage of leaf area with chlorosis on the infected

plaint samples taken in Field Experiment II, otherwise

it might have been possible to recalculate HAS on the

basis of symptomless leaf area only and compare it

again with the EAR of healthy plants. However, an

indication that the chlorotic areas do not photo-

synthesise may be supplied from the data presented in

table 9 (Section (ii)) where the effect of cassava

mosaic virus on the plant is seen to be very much less

under shade conditions. It is noted in Section (ii)

that the leaves of infected plants in the shaded



compartment had a mean of only 19-7 per cent of their

area chlorotic as compared with 35*6 per cent of the

area of leaves of infected plants in the unshaded

compartment.

On the other hand it is shown in table 14 (Section

(iii)) that the carbohydrate content of mosaic-infected

leaves is similar to that of comparable leaves from

healthy plants. This may be due to a slower rate of

translocation of carbohydrate from the infected leaves

(as well as decreased photosynthetic activity) but

there is no conclusive evidence that this is so.

However, there does seem to be a restriction in area of

the midrib of the leaf occupied by the phloem sieve

tubes. As infection with cassava mosaic virus

increases the respiration rate of the leaves (tables IS

and 19 - Section (iii)) it may be necessary for
infected leaves to have a higher rate of photosynthesis

per unit leaf area to give the same carbohydrate content

per gram of the dry matter as healthy plants.

Working with sugar beet, Watson and Watson (1953)
came to the conclusion that their data were too

inadequate to decide whether the decrease in HAS by

yellows virus infection results from changes in photo¬

synthesis or respiration or both. They suggested that

the redaction of NAR arises mainly from a large increase

in the rate of respiration, especially of the root, and
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that there is no appreciable decline in the rate of

photosynthesis. In sugar beet the diurnal fluctua-

tions of carbohydrate in the laminae of healthy and
this

yellows-infected leaves are very similar and/suggests

that photosynthesis may not be much slowed by infection.

On the other hand it has been demonstrated in cassava

(table 14 - Section (iii)) that there is a considerable
difference in the diurnal fluctuations of carbohydrate

in healthy and mosaic-infected leaves. The respira¬

tion rate of mosaic-infected leaves is also greater and

it is suggested that the slight depression of NAfi by

infection with cassava mosaic is due to both changes in

respiration and in photosynthesis. fhe question as to

how big a part each of these factors plays can only be

settled by the direct measurement of the rates of

photosynthesis and of respiration of healthy and

infected plants.

It is suggested from the results in Section (iii)

that there is an increase in total nitrogen and protein

content of infected cassava leaves due to the presence

of the virus. Although the differences are of a very

small order they are consistent in the two varieties

studied for both immature and mature leaves. It is

possible, therefore, that if cassava mosaic virus, like
'

all the plant viruses that have been purified, is a

nucleo-protein it may diminish leaf growth by diverting

nitrogen from the normal metabolic processes of the
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leaf for its own multiplication. However, as Watson

and Watson (1953) state: "If reduced leaf growth in
infected plants originates from deranged nitrogen

metabolism the change must be more complicated than

merely a reduction of the internal supply of nitrogen

for growth processes by diversion of nitrogen to form

virus protein or other abnormal nitrogen compounds."

fable 13 in Section (iii) gives the estimations of
carbohydrate and nitrogen percentages of fresh weight

in healthy and infected plants. bunlap (1930) showed

the effects of virus on plants could be divided into

two groups: (1) mosaic diseases accompanied by an

increase in the total nitrogen and by a decrease in

total carbohydrate content of diseased leaves and (2)

yellows diseases accompanied by a reduction in total

nitrogen and by an increase of total carbohydrates as

compared to healthy material. Therefore, from the

results in table 13» it appears that cassava mosaic

virus fits into this classification.

The results given in table 14 show that after a

period of darkness the loss of carbohydrate from leaves

of cassava plants infected with cassava mosaic virus is

considerably less than that from comparable leaves of

healthy plants. This is independent of the actual

amount of carbohydrate contained in the two types of

leaf. However, there is another possible interprets-
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tion of these results, viz. that the leaves of healthy

plants can synthesis© more carbohydrate than comparable

leaves of infected plants. "Therefore, it is possible

that the virus causes losses in yield by interference

with either the mechanisms of photosynthesis or trans¬

location. Although no evidence has been found of

blockage of the phloem tissues in infected cassava

leaves, a redaction in translocation can occur without

this type of abnormality (Bolas and Bewley, 1950}

Barton-Wright and M'Bain, 1953).

The respiration rate of mature leaves from

infected plants has been shown to be greater than that

of comparable leaves from healthy plants. Caldwell

(1934-) in investigations on the effect of tomato aucuba
mosaic virus on tomato plants has attributed the

increased respiration rate of infected leaves, which

contained less carbohydrate than healthy leaves, to be

caused by the increased activity of the oxidase system.

Infection by cassava mosaic virus reduced the dry

matter content and the area/fresh weight ratio of the

leaf lamina. It has been found that increased

respiration rates of plants can be correlated with
increased water content (Stiles and Leach, 1952) and it
may be that the primary effect of cassava mosaic virus
is on the water content of the leaves, a secondary

effect of which is on respiration rather than causing a
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change in enzyme activity.

The effect of nitrogen applications on ^rmptom

expression (Section (ii)) is hardly noticeable although
much greater yields were obtained from treated plants,

jit is difficult to correlate these results with those
obtained by Lefevre (1935) ^ho found that applications
of manure to the soil in which cassava was growing

greatly decreased spread of the virus. One of the

most interesting points arising from Field Experiment
III is that the variety displaying the least severe

symptoms was the highest yielder and the variety with

the most severe symptoms gave the lowest yield - an

observation which is at variance with the views of

certain agriculturalists in Nigeria who have said that

severity of symptom expression can in no way be

correlated with yield.
.

Various reasons may explain the failure of sap

inoculation to transmit cassava mosaic virus. The

three most probable are that the virus may occur at too

great a dilution in sap extracts, it may be inactivated
too quickly or it may have to be inoculated into some

specific tissue. The other possibility, viz. that the

cassava sap contains substances which inhibit

infectivity, can probably be discounted in view of the

fact that it has been found that cassava sap fails to

decrease the number of local lesions produced on N.



94-

glutinosa by I'M?. The author doubts the validity of

the claim of Suffer at h and Ghesquidre (1932) and
Lef&vre (1935) that they transmitted cassava mosaic

virus by sap inoculation. In the face of the negative

results recorded by other workers (Pascalet, 1932;

Storey and kichols, 1938b) it is the author's opinion
that either (a) some virus other than cassava mosaic
virus was transmitted or (b) they mistook mechanical
abrasion for transmission. Fig. 24 shows a typical

case of abrasion of a cassava leaf which does not look

unlike infection by cassava mosaic virus.

Sirkpatrick (1951) found that cotton leaf-curl
virus was persistent in the vector and the same appears

true for cassava mosaic. There are further

similarities on the virus-vector relationships of

cassava mosaic virus and cotton leaf-curl virus. It

has been found that in cassava mosaic the minimum

infection feeding time of the vector is 4 hours and the

minimum test feeding time is i hour. Comparative

figures for cotton leaf-curl are hours and i hour

respectively recorded by Sirkpatrick (1931). 'With
cassava mosaic the minimum time for the whole process

of transmission was found to be 8 hours which is in

agreement with the recorded minimum period of 6i nours

for cotton leaf-curl.

There is no evidence, however, that these two
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viruses are related. White flies collected from

infected cassava were fed successfully on young cotton

seedlings, but no transmissions occurred. Similarly,

experiments carried out at Ibadan have shown that

tobacco leaf-curl and cassava mosaic virus are not

reciprocally transmissible between cassava and tobacco,

although white flies collected from both host plants

were able to feed for some time on their new host.

Wolf et ai (194-9) suggest that a relationship
exists between the three distinct viruses, tobacco

leaf-curl virus, cotton leaf-curl virus and leaf-curl

(mosaic) virus of Manihot esculenta Cranz. The two

first-named viruses have a wide range of alternative

hosts but cassava mosaic virus has so far only been

recorded on the genus Manihot. I have tried to infect
a number of related genera in Suphor'oiaceae with

cassava mosaic virus both by sap transmission and by

white flies with negative results in all cases. The

high degree of infectivity of the vector is

substantiated by the field experiment where it can be
seen (figs. 15 and 16) that 28 of the seedlings showed
symptoms of cassava mosaic virus within four weeks of

transplanting while the whole population of seedlings

(520) was only supporting an average of approximately
one white fly per 5 plants.

The studies on the effect of age of seedling in
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relation to its susceptibility to infection are

inconclusive. There was a difference in the percentage

of infection in the various age groups (the oldest

group had the lowest number of infected plants) but
this was not statistically significant. There is

certainly no evidence that the vectors show a

preference for the younger seedlings with regard to egg

laying and no significant differences were found in the

number of adults recorded on seedlings of each group

for the duration of the experiment. The results on

the build-up of the white fly population fail to

confirm the observations of Golding (1936a) that heavy

showers of rain destroy many adults by mechanical

damage. Golding (1936a) also failed to transmit
cassava mosaic virus to Manihot glaziovii Muell• Arg.

and Euphorbia heterophylla but the author has achieved

insect transmission,under experimental conditions, of

cassava mosaic virus to M» glaziovii. The author also

transmitted a virus identical to cassava mosaic virus

found in M. glaziovii seedlings in the field to cassava

seedlings using the white fly vector. Although a

range of possible hosts has been investigated the
author has been unsuccessful in transmitting cassava

mosaic virus by white flies to any other plant outside

the genus Manihot♦

The failure to control cassava mosaic virus in the

host by chemotherapy is difficult to explain in view of
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the work of Cooper (1947) in East Africa. As already
stated there is no confirmation of this in the

available literature and it is probable that Cooper was

working with very different forms of cassava mosaic

virus than those present in Nigeria.

The successful inactivation of cassava mosaic

virus by heat treatment has proved a useful tool in the

study of cassava mosaic virus. At Ibadan where many

of the clonal hybrids are one hundred per cent infected

with the virus it is now possible to regenerate the

most desirable types and produce nuclear stocks of

; healthy material.

A greater percentage of healthy plants can be

produced by striking cuttings from the green shoots
after heat treatment than by keeping the treated plant

as a unit. A similar technique is described for

chrysanthemum affected with ring pattern viruses

(Hollings and Kassanis, 1957) and with improved

humidity control a higher percentage of green shoots

might be induced to survive.

Because it is not sap-transmissible nothing is

known yet about the properties of cassava mosaic virus®

Bawden (1943) has demonstrated that some viruses with
low temperature coefficients of thermal inactivation

can be inactivated by heating infective sax> for a few

hours at temperatures much below their thermal
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inaetiv&tion points and Kassanis (1954) has suggested
that failures to free plants from potato virus I and

henbane mosaic virus by heat treatment might be partly

due to their large temperature coefficients of thermal

inactivation.

fhe success of the heat treatment in curing

mosaic-infected cassava cuttings suggests that cassava

mosaic virus itself has a low temperature coefficient

of inactivation. In East Africa the existence of

several strains of cassava mosaic virus has been

demonstrated by Storey and Nichols (1958b) and a similar
situation almost certainly holds in Nigeria where plants

of the same clone may display varying degrees of

chlorosis and distortion of leaves. Ihere is a

possibility that some strains or groups of strains may

be more susceptible to heat treatment than others.

Such a difference could explain the persistence of the
virus in some plants which remained infected after

treatment in conditions that cured other plants.

fhe methods outlined for the striking of green

shoots from untreated plants should be of value to

cassava breeders who wish to obtain rapid multiplication

of new hybrids for field trials. With care in

handling the material it is shown that at least three¬

fold multiplication of plants can be obtained from each

6-inch cutting. Hormone treatment is of value in
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stimulating root development "but care must be taken to

ensure that only low concentrations (about 10 parts per

million) are used as higher concentrations appear to
have a deleterious effect on the establishment of the

green shoots.

The type of potting medium also appears to have a

considerable bearing on the survival of the cuttings

but further investigation is necessary of this aspect

of the work.
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SUMMARY

Investigations on cassava mosaic virus in .Nigeria

are described. Particular attention has been paid to

the effect of the virus on the plant, methods of

transmission and attempts at control of the viru3.

Infection with cassava mosaic virus reduces yield,

leaf area, fresh weight and dry weight of the whole

plant. It also causes a difference in the diurnal

fluctuation of the carbohydrate content of the leaf and

causes an increase in total nitrogen and protein in the

leaf. The respiration rate of mosaic-infected leaves

is greater than that of comparable healthy leaves.
reduced

The/photosynthetic capacity of mosaic-infected leaves

is probably due to the lack of differentiation of the

palisade tissue and it is suggested that the decrease

in MAR is partly attributable to changes in rates of

photosynthesis and respiration. The effect of cassava

mosaic virus is less evident when the plants are shaded.

Prom observations raaae over an eight month period on a

selected cassava variety it has been demonstrated that

there is a highly significant positive correlation

between leaf area and yield in healthy and infected

plants.

Attempt3 to transmit the virus by sap inoculation

were unsuccessful but detailed studies have been made on
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the feeding times necessary for the wnite fly vectors

(liemiaia spp.) to acquire the virus from infected

plants and to transmit it to healthy ones. It is

shown that the virus is persistent in its vector and

that single white flies can transmit the virus. The

similarities between the virus-vector relationshipsof

cassava mosaic and cotton leaf-curl are discussed.

Cassava mosaic virus has been inactivated by

growing infected cuttings at temperatures ranging from

35 to 39°C for periods of 28 to 42 days. When green

shoots produced during the heat treatment were removed

immediately after treatment and rooted separately, they
i
later gave healthy plants although their parent plants

developed symptoms after some weeks in the greenhouse.

As an adjunct to the work on heat inactivation the

technique used for excising and rooting green shoots

from the parent cutting has supplied a means of

[achieving rapid multiplication of cassava.



ACKNOWLEDGMENTS

X wish to express my deep appreciation and thanks

to Dr A. Nelson, D.Sc., and Dr W. Blyth, Ph.D., of the

Department of Botany, Edinburgh University, for the

help and advice they have given me in the presentation

of this thesis.

It is also a very great pleasure to acknowledge

the encouragement given to me by Dr I.KU Waterston,

Ph.D., Director of Agricultural Research, Nigeria, by

whose permission I have been allowed to present in this

thesis results of investigations carried out in Nigeria.

I wish to thank Dr T.W. Tinsley, Ph.D., of the

West African Cacao Research Institute sub-station,

Ibadan, for much helpful criticism given during the

preparation of the text.

Last but by no means least I should like to thank

jthe members of the Junior Staff of the Plant Pathology
ection of the Department of Agricultural Research for

ssistance given in field and laboratory experimental



H iiFEREECES

(1) Barton-Wright, E. (1933) "Studies in the physio-
and M#Bain, A.M.

(2) Bawden, F.C.

(3) Bawden, E.G.

logy of the virus
diseases of the potato.
II. A comparison of the
carbohydrate metabolism
of normal with that of
crinkle potatoes together
with some observations on

carbohydrate metabolism
in a carrier variety.
III. A comparison of the
nitrogen metabolism of
normal with that of leaf-
roll potatoes."
Ann. Appl. Biol., 20, p.
525.

(1943) "Plant Viruses and Virus
Diseases."
Chronica Botanica NS 23,
2nd ed.

(1956) "Plant Viruses and Virus
Diseases."
Chronica Botanica NB 23,
3rd ed.

(4) Bawden, P.O. and (1948) "Photosynthesis and pre-
fioberts, P.M.

(5) Bolas, B.D. and
Bewley, W.F.

(6) Bouricpuet, G.

(7) Brewer, P.H.,
Kendrick, J.B. and
Gardener, M.

disposition of plants to
infection with certain
Viruses."
Ann. Appl. Biol., 35, p.
418.

(1930) "Aucuba or Yellow Mosaic
of the tomato: a note on
metabolism."
Nature 126, p. 471.

(1932) "Cassava disease in
Madagascar."
Kev. Path. Veg. et Ent.
Agric., XIX, p. 290.

(1926) "Effect of mosaic on car¬
bohydrate and nitrogen
content of the cassava

plant."
Phytopath. vol. 16, p.
843.



104.

(8) Briant, A.K. and (1940)
Johns, K.

(9) Caldwell, J. (1934)

(10) Campbell, E.G. (1925)

(11) Cooper, P.S. (1947)

(12) Cotterell, G.S. (1956)

(13) Bade, H.A. (1930)

(14) Deighton, F.C. (1926)

(15) JDufrenoy, J. and (1929)
He'din, L.

(16) Dunlap, A.A. (1930)

"Cassava Investigations
in Zanzibar."
E. Afr. Agric. J., 6, p.
404.

"The physiology of virus
diseases in plants.
VI. Some effects of
mosaic on the metabolism
of the tomato."
Ann. Appl. Biol., 21, p.
206.

"Potato leaf roll as

affecting the carbo¬
hydrate, water and nitro¬
gen content of the host."
Phytopath. vol. 15, p.
427.

"Plant injections for
diagnostic and curative
purposes."
E. Afr. Agric. J., 13,
P. 37.

Unpublished Memorandum.
Fed. Dept. of Agric.
fiesearch, Nigeria.

"Cassava Mosaic."
Gold Coast Dept. of Agric.
fear Book 1930 (Bull. 23)
p. 245 (publ. 1931).

Mycological Section -
issued with Ann. Rept.,
Leeds, and Forests Dept.,
Sierra Leone, for the
year 1926 (publ. 1927).

"La mosaique des feuilles
du Manioc du Camerun."
Rev. de Bot. Appliquee,
ix, 94, p. 361.

"The Total Nitrogen and
Carbohydrates and the
relative rates of
respiration in virus-
infected plants."
Amer. J. Bot., vol. xvii,
p. 348.



105.

(17) Golding, P.D.

(18) Golding, P.D.

(19) Grainger, J.

(20) Grieve, E.J.

(21) Boilings, M.,
Kassanis, B.

(22) Holmes, P.O.

(23) Houtman, P.W.

(24) Kassanis, B.

(25) Kassanis, B.

(1936) (a) "Beaisia nigeriensis
Corb., a vector of Cassava
Mosaic in Southern
Nigeria."
Trop. Agric. XIII, 7,
p. 182.

(1936) (b) "Cassava Mosaic in
Southern Nigeria."
Eleventh Bull. Agric.
Dept., Nigeria, pp. 1-10.

(1956) "Host nutrition and
attack by fungal
parasites."
Phytopath., vol. 46,
p. 445.

(1943) "Studies on the physiology
of host-parasite relatione.
4. Some effects of tomato
spotted wilt on growth."
Aust. J. Exp. Biol. rred.
Sci. 21, p. 89.

and (1951) "The cure of Chrysanthe¬
mums from some virus
diseases by heat."
J.H.H.S. LXXXII, 8,
p. 359.

(1929) "Local lesions in tobacco
mosaic."
Bot. Gas. 87, p. 39.

(1925) "Warmer waterbehandeling
van zeefavtenzieke D152
bibit in het groot
toegepast."
Arch suikerind Nederiand
- Indie, 35, p. 621.

(1950) "Heat inactivation of
Leaf Soil virus in potato
tubers."
Ann. Appl. Biol. 57 (£),
p. 559.

(1954) "Heat-therapy of virus-
infected plants."
Ann. Appl. Biol. 41 (j?),
p. 470.



106.

(26) Kirkpatrick, T.W. (1930)

(27) Kirkpatrick, T.W. (1931)

(28) Kufferath, E., (1932)
and Ghesquiere, J.

(29) Kunkel, L.O. (1936)

(30) Lef£vre, P. (1935)

(31) Mackie, J.E. (1936)

(32) martin, J.P. (1930)

(33) Miles, A.C. (1935)

(34) Muller, E.H.A. (1931)

(35) Hichols, R.P.W. (1946)

"Preliminary note on leaf-
crinkle of cotton in the
Gezira area, Sudan."
Bull. Ent. Res. XXI,
p. 127.

"Leaf-curl of cotton in
the Sudan."
Bull. Ent. Res. XXII,
p. 323.

"La xaosaique du manioc."
Coiaptes rendu3-Soc. de
Biol. CIX, 12, p. 1146.

"Heat treatments on the
cure of yellows and other
virus diseases of peach."
Phytopath. 26, p. 806.

"Quelques considerations
sur la Mosaique du
Manioc."
Bull. Agric. Congo Beige
XXVI, 4, p. 442.

Annual Report of the
Agricultural Department,
Eigeria - 1936, 43, pp.

"Chlorotie streak disease
of sugar cane."
Hawaii Plant Rec. 34,
p. 375.

"Report on the Department
of Agriculture, Gold
Coast, for the year
1934-35."
77, pp.

"Mosaic disease of
cassava."
Inst. voor. Planten-
zietkten Bull. 54, p. 17.

"Plant Pathology - report
for 1946."
Rep. E. Africa Agric. Res.
Inst, Amani, 1946, p. 13.



107

(36) Nichols, B.F.W. (1950)

(37) Pascalet, M. (1932)

(38) Pruthi, H.B., and (1939)
Samuel, O.K.

(39) Pruthi, H.S., and (1942)
Samuel, C.X.

(40) Quanjer, H.S. (1934)

(41) Roland, G. (1936)

Annual Report, East Africa
Agric. and Forest of
Research Organisation 1950.
p. 18.

"La mosaique ou lepre du
Manioc."
Agron Colon, XXI, 172,
p. 117.

"Entomological investiga¬
tions on the leaf-curl
disease of tobacco in
northern India. III.
The transmission of leaf-
curl by white fly, Bemisia
i,os3.ypiperda to tobacco,
sunn hemp, and a new
alternate host of the
leaf-curl virus."
Indian Jour. Agric. Sci.
9, p. 223.

"Entomological investiga¬
tions on the leaf-curl
disease of tobacco in
Northern India. 7.
Biology and population of
the white fly vector,
Bemiaia tabaci (Genn.) in
relation to the incidence
of the disease."
Indian Jour. Agric. Sci.
12, p. 2 7.

"Endele Kenmerken der
'vergeiings* - siekte van
Suiker - en voeder-bieten
ter onderscheiding van de
zwarte houtvatenaiekte."
Tijdschr. Plaiekt 40,
p. 261.

"Recherches stir la
jaunisse de la betterave
et quelques observations
aur fa mosaique de cette
plante."
Publ. Inst. Beige Aiaelior
Better, 4, p. 13-



108.

(42) Saiauel, G., and (1935)
Bald t J. G.

(43) Silberschmidt, K. (1938)

(44) Silberscaiaidt, K., (1944)
and Campos, A.R.

Stiles, W., and (1952)
Leach. W.

(45)

(46) Stoudard, E.M. (1942)

(47) Storey, H.B.

(48) Storey, H.H.

(49) Storey, H.H.

j(50) Storey, H.H.

(51) Storey, H.H.

(52)

"On the use of the primary
lesions in quantitative
work with two plant
viruses."
Ann. Appl. Biol. 20,
p. 70.

"0 xaosaica da Mandioca."
Biologico iv, 6, p. 167.

Estadoa relativos doenca
superbrotaxaexito ou envass-
ouramento do Maniioca.
Arg. Inst. Biol. S. Paulo,
xv, p. 1.

"Respiration in Plants."
3rd ed. Methuen & Co. Ltd.

"Inactivating in vivo the
virus of X - disease of
peach by Chemotherapy."
Phytopath. 52 (Abstr.),
p. 17.

(1934) Report of the Plant
Pathologist - Rep. E.
Afri. Agric. Res. Sta.
1934-35 (publ. 1935).

(1935) Report of the Plant
Pathologist - Rep. E.
Afri. Agric. Res. Sta.
1935-38, pt. I (publ.
1936).

(1936) Report of the Plant
Pathologist - Rep. E.
Afri. Agric. Res. Sta.
1936-37, p. 17 (publ.
1937).

(1939) Plant Pathology - Rep. E.
Afri. a^ric. Res. Sta.
1939, pp. 8-11 (publ.
1940).

(1940) Plant Pathology - Rep. E.
Afri. Agric. Res. Sta.
1940, p. 7 (publ. 1941).

Storey, H.H., and (1938)
Nichols, R.F.W.

(a) "A field experiment in
the transmission of cassava

mosaic."
E. Afr. Agric. J. iii, 6,
p. 446.



109

(53) Storey, H.H., and (1936) (b) Studies on the mosaic
Nichols, R.F.W. of Cassava."

Ann. Appl. Biol. XXV, h
p. 790.

(54) Takahashi, W.N. (1947)

(55) Thung, T.H.

(56) fidbury, G.E.

(57) Kinsley, T.W.

(56) Van Riemaedijk,
J.F.

(59) Warburg, 0.

(60) Watson, M., and
Watson, D.J.

"Respiration of virus -
infected plant tissue and
effect of light on virus
multiplication."
Amer. J. Bot. 34, p. 496.

(1928) "Physiological investiga¬
tions in connection with
the virus of the leaf-
roll disease of the
potato plant Solanum
tuberosum L."
'fijesehr. 0 P^siekt 33»
p. 1.

(1937) "A note on theyield of
mosaic-diseased cassava."
IS. Afr. Agric. J., 3»
p. 119.

(1953) "The effects of varying
the water supply of
plants on their suscepti¬
bility to infection with
viruses."
Aim. Appl. Biol. vol. 40,
p. 750.

(1935) "Physiologish onderzock
van de vergeling -
sziekte van voederbietan
en de schade door deze
ziekte teweeggebracht."
Tijcfrehr. Plziekt, 41,
p. 317.

(1894) Die Kultur pflanzen
Usambdras Mitt dt3ch
Schutzgab, 7, p. 131.

(1950) "The Affect of Infection
with Beet Yellows and Beet
Mosaic Viruses on the
Carbohydrate Content of
Sugar Beet Leaves and on
Translocation."
Ann. Appl. Biol. 38» I,
p. 276.



110

(61) Wataon, M., and
Watson, D.J.

(62) Whitehead, T.

(63) Whitehead, T,

(64) Willaman, J.J.,
and Davidson, F.R

(65) Williams, T.L.

(66) Woli, P.A.,
Whitcomb, W.H.,
and Looney, \'i. C.

(67) Woods, M.W., and
DuBuy, H.G.

(68) Yarwood, C.E.

(1953) "Comparative Physiological
Studies on the Growth of
Field Crops. III. The
effect of Infection with
Beet Yellows and Beet
Mosaic Viruses on the
Growth and Yield of the
Sugar-Beet Crop."
Ann. Appl. Biol. 40, I,
p. 1.

(1931) "Respiration of healthy
and leaf-roll potatoes."
hature, 128, p. 967.

(1934) "The physiology of potato
leaf-roll. I. On the
respiration of healthy
and leaf-roll-infected
potatoes."
Ann. Appl. Biol. 21,
p. 48.

(1924) "Some modifications of
the picric acid method
for sugars."
Jour. Agr. Res. 28,
p. 479.

(1938) "Progress made in the
production of varieties
of cassava resistant to
mosaic disease."
Publ. Third W.A. fr„
Agric. Conf. 1938, (Gold
Coast Soc.), p. 45 (publ.
1940).

(1949) "Leaf-curl of Tobacco in
Venezuela."
Journ. of the Elisha
Mitchell Scientific Soc.,
vol. 65, 1.

(1942) "The effect of tobacco -
mosaic virus on cellular
respiration."
Phytopath. 32, p. 288.

(1953) "Quick virus inoculation
by rubbing with fresh
leaf discs."
Plant Disease Reptr. 37,
p. 507.



Fig- 1 Symptomless cassava leaf (variety NL5)



 



Fig. 2 Cassava leaf displaying mosaic only

(variety HL5)



 



i'ig. 3 Cassava leaf displaying crinkle and

distortion (variety JSL5)



 



Pig. A Scatter diagram showing correlation

between leaf area and root weight in

four-month old healthy cassava plants.
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Fig. 5 Scatter diagram showing correlation

between leaf area and root weight in

four-month old cassava plants infected

with mosaic virus.
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Fig. 6a The increase in leaf area (in sq. m.)
over a 20-week period of samples of

healthy and infected cassava plants.



 



T.3. healthy cassava leaf showing

normal palisade tissue on midrib and

lamina. (X 100)

T.S. infected cassava leaf showing

normal palisade tissue on midrib only.

(X 100)



 



Pig. 8 T.S. infected cassava leaf showing

abnormal palisaue tissue and chloroplasts

in a chlorotic area. (X 400)

Pig. 9 T.S. healthy cassava leaf showing normal

palisade tissue and chloroplasts. (X 400)



 



Pig. 10 T.S. midrib of infected cassava leaf

showing small bundles of phloem cells

outside the xylem tissue. (X 150)

Pig. 11 T.S. midrib of healthy cassava leaf

showing normal phloeia cells radially

arranged. (X 150)



 



Fig. 12 T.S. midrib of healthy cassava leaf

showing 3tarch grains in the parenchyma

cells. (N.B. also the phloem tissue.)

(X 300)

Fig. 13 T.S. midrib of infected cassava leaf

showing absence of starch grains in the

parenchyma cells. (B.B. also the

phloem tissue.) (X 300)



 



Pig. 14 Introducing white flies to young cassava

leaves: note paper covering the tubes

to induce the white flies to settle on

the leaves.



 



Jj'ield Experiment on the Transmission of

Cassava Mosaic Virus

fig. 15 Diagraxa of the percentage of cassava

seedlings infected over a period of 16

weeks in the field. The seedlings

belong to one of four age groups at the

beginning of the period of exposure.
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Field Experiment on the Transmission of

Cassava Mosaic Virus

Fig. lb The number of white flies observed on

the whole population of seedlings over

the lb-week period.



 



Field Experiment on the Transmission of

Cassava Mosaic Virus

Fig. 17 The weekly rainfall (in inches) over

the 16-week period.
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Field Experiment on the Transmission of

Cassava Mosaic Virus

Fig. 18 The percentage of seedlings infected

each week over the 16-week period.



 



Fig, 19 Constant temperature incubator:

spraying the plants with a copper

fungicide to prevent the development

of fungi.

J?ig. 20 Stage at which green shoots are excised

from the parent cuttings.



 



Green shoots three weeks after removal

from the parent cuttings:

no hormone treatment after excision

immersion in 5IBA + 5INA mixture after

excision

immersion in 10INA after excision



 



Inactivation of Cassava Mosaic Virus by Heat

Treatment

fig. 22 a = plants grown at 39°C for 42 days

B = plants (from the same parent) grown

in the insectary

Inaetivation of Cassava Mosaic Virus by Heat

Treatment

fig. 23 Healthy plants produced, from green shoots

excised from the parent plants after

treatment at 39°C for 36 days.



 



l?ig. 24 Mechanical abrasion of a young cassava

leaf with the use of kieselguhr.



 



Appendix i Leaf Areas

Statistical analysis of the comparison "between
the areas of cassava leaves displaying 3 types of
symptom expression. (Measurements given in square
metres: each individual sample = leaf area of 100
lOQVOS/•

(i) Variety Oloronto

Symptom * °* of Sar^le 'Mean's.E.
T~T 2 t~3 r"H r~5 '

_ T_rnfMnr - , L| t, nr. I, » ,11 T*Z «m - Z- r, ,.1 .u_. i ■ 1 ji. »- » n.. j .m iuj ■■ ■,

7a) Symptomless '7. 12*7.73'7.11 '7.23 '7.38 '7.31 '0.20
(b) Mosaic '6.81 '7.16*6.l8*6.2i+'6.52'6.58fO. 11+
(c) Crinkle & * ' ' * * * *

Di stortion Hu 57^5.06]1+. 72JU. 6o_[l+. 71 ]1+. 73)0.09
For n = 8 and P = 0.05 t = 2.306

* the differences "between the areas of leaves
* *

displaying the 3 types of symptom are
significant.

(ii) Variety Karagba

Symptom ' K°- °f Sa"*le
r

Mean S.E.
***1 T 2 * 3 *4 T 5

- _ —. ' ... ' ' I— 1 --

(a) Symptomless 16. 7o'6.08!6.22l6.5216.80
(b) Mosaic ,5.07,5.39,5. 65,5.!+!+, 5. 51
(c) Crinkle

Di storti on i+. 82 U. 92lu 11Ju 18 lu 68

6.1+6
5.U1

,4.79

0.11+
0.09

£i2^
For n = 8 and P = 0.05 t = 2.306

• the differences betx?een the area of leaves
* • displaying the 3 types of symptom are

significant.
(iii) Variety ML5

Symptom T__ ' Mean'S. E.
r*-- 3 ~~~k 7 5 ' ^

(a)
(b)
(c)

Symptomless
Mosaic
Crinkle &
Distortion

*6.32 *6.23*5.39'6.1+6'6.19'6.12'0.19
'1+. 1+8*5.07'!+. 81 '5.20'i+.99'l+.91 *0.12
t » » i t t »

; iu 30; i+. 87; i+. 2 6; i+. 1+2; i+. 36; i+. IM+ ; o. 11
i

r-)

1

o

1

fo n = 8 and P = 0.05 t = 2.306
• the differences between the areas of leaves

* * displaying the 3 types of symptom are
significant.



Appendix ii i'ield Experiment I

h month harvest

(A) Healthy Plants

Plant Leaf area No. Root wt. Stem wt. Petiole
No. (Sq.m) leaves (g) (g) (g)

1 0.96 52 326 22+8 76
2 1.09 61 32+7 312+ 12+3
3 0.65 39 269 178 53
2+ 0.92 kk 2+32 261 101
5 0.76 2+2 213 183 79
6 1.25 62+ 312 32+3 135
7 1.03 2+3 352+ 202 110
8 1.2+6 67 2+25 2+37 113
9 1.07 63 2+52+ 280 89

10 0.99 55 361 219 96
11 1.17 57 602 293 126
12 1.2+2 63 227 503 172
13 0.95 51 156 21k 99
12+ 1.01 63 262 295 81
15 1.33 56 503 2+25 12+1
16 1.63 101 2+02+ 2+2+2* i'- 135
17 1.22 52 510 322 132+
18 1.01+ 2+5 32+0 22+5 113
19 0.98 2+8 2+82 233 102
20 1.52 65 72+2+ 2+65 153
21 1.02 129 383 521 157
22 1.01 69 2+2+7 269 87
23 1.12 50 588 282 137
22+ 0.92 2+2+ 156 213 96
25 0.70 32+ 50 157 60
26 0.97 62+ 32+7 208 72
27 0.50 38 262 116 38
28 0.71 53 113 150 2+9
29 1.12 12 276 302+ 79
30 1.31 55 2+25 315 12+0
31 0.90 51 269 203 70
32 0.78 kk 32+7 208 72+
33 1.22 12 572+ 329 99
3k 0.88 69 216 219 77

Total 35.61 1975 12236 9656 32+86

Mean 1.05 58 359.8 282+ 102,



Appendix iii Field Experiment I

4 month harvest

(B) Infected Plants

Plant Leaf area No. Root wt. Stem wt. Petiole wt,
No, (Sq.m) leaves (g) (g) (g)

1 0.88 58 206 254 116
2 1.05 75 234 314 107
3 1.03 70 99 270 64
4 0.65 48 142 151 78
5 1.57 110 347 609 186
6 0. 42 29 21 120 42
7 0. 68 48 227 132 56
8 0.94 76 120 261 82
9 0.67 51 113 178 55

10 0.89 55 255 314 116
11 1.64 104 447 509 131
12 1.04 72 177 294 86
13 1.63 89 517 483 142
12+ 1.79 119 404 609 164
15 1,80 89 496 406 179
16 2.02 97 631 507 175
17 1.08 76 184 299 65
18 1.19 82 347 276 66
19 1.24 81 475 348 116
20 1.93 140 305 428 131
21 0.80 60 206 243 86
22 2.04 112 765 632 139
23 0.24 23 14 45 18
24 2.08 128 198 649 190
25 1.71 145 319 445 125
26 1.54 98 404 397 148
27 1.09 55 340 308 113
28 1.42 77 560 1(46 114
29 0.69 68 85 228 56
30 0.90 83 120 271 74
31 0.67 60 156 201 48
32 1.25 85 234 356 75
33 1.95 124 610 461 165
34 0.78 74 28 350 59
35 1.15 86 397 393 100
36 1.50 33 539 455 129
37 1.30 67 248 329 108

Total 45.25 2947 10970 12971 3994

Mean 1.22 79 296.5 350.6 107.9



Apvjendix iv Field Experiment I

6 month harvest

(A) Healthy Plants

Plant
No.

1

2

3

4

5
6

7
8

9
10

11

12

13

14

15
16

17
18

19
20

21

22

23
24
25

Leaf area No. Root wt. Stem wt. Petiole wt.
(Sq.m) leaves (g) (g) (g)

3.52
4.11

2.04

3.45
1. 68
1.81

1.70

2.86

2.93

3.42
1.37
1.14

1.39

1.32

1.62

1.54
1.34
1.31
2.28

1.98

1.19

1.38
0.94
1.17

1.14

170
181

120

154
65
68

64
132

133

148
78
48

65
50

59

85
37

69
103

117

51

57

70
68

59

1141
836
369

1112

276
695
404
359

645
693
184
319

439
496
574
454
99

333

461
1148

461
468
298
454
291

625
809
330

542
542
204
268

461
395

522

390

259

382
310

430
349
249
318

538
733

307

419
318

357

349

213
261

142
182

182

84
110

160

147
202

118

97

142

143
182

115

109

99

187
156
129
142

81

118

126

Total 48.63 2251 13009 10406 3627

Mean 1.95 82 520.4 416.2 145.1



Appendix v Pi eld Experiment I

6 month harvest

(B) Infected Plants

Plant
No.

Leaf area

(Sq. m)
No.
leaves

Root wt.
(g)

Stem wt.
(g)

Petiole wt.
(g)

1 1.69 82 106 355 96
2 1.68 81 333 494 72

3 1.80 94 340 373 137

4 1.12 67 113 221 88

5 2.73 129 361 581 207
6 0.75 38 58 88 41
7 3.49 144 142 445 138
8 1.36 74 241 222 93

9 2.22 122 411 488 161

10 0.90 40 418 289 91
11 1.01 50 333 327 106

12 0.95 42 255 266 86

13 1.03 49 425 443 131

lb 1.73 110 617 616 150

15 0.90 37 312 259 87
16 1.07 60 227 408 153

17 1.84 115 241 537 153
18 0. 66 35 227 198 73

19 1.47 86 284 387 107
20 1.80 83 78 520 153
21 1.57 66 638 296 175
22 1.80 105 617 324 201

23 1.94 78 1184 762 217

2b 1.06 58 553 313 130

25 1.22 56 305 376 137
26 1.39 78 383 386 128

27 1.39 — — _

28 1.39 79 191 386 127

Total 41.96 2058 9393 10360 3438

Mean 1.49 76 345.7 355.7 125.9



Appendix vi Field Experiment I

8 month harvest

(A) Healthy Plants

Plant
No.

Leaf area

(Sq.m)
No.
leaves

Root wt,
(g)

Stem wt.
(g)

Petiole wt,
(g)

1 1.09 115 333 509 99
2 1.18 124 858 610 79

3 0.78 94 482 289 55

4 0.48 60 524 293 36
5 1.60 206 1786 780 90

6 0.42 52 361 159 35

7 1.29 109 1106 696 106

8 1.08 90 617 450 96
9 1.22 110 950 582 109

10 0.83 107 588 452 69
11 1.34 117 1169 712 121

12 0.99 128 737 434 68

13 0.81 72 681 358 84

14 1.51 155 730 751 142

15 1.43 140 914 631 110

16 1.43 139 652 556 129

17 1.33 187 808 608 71

18 0.80 68 319 266 69
19 1.63 130 1184 874 162

20 1.06 75 638 378 87

Total 22.30 2278 15437 10388 1817

Mean 1.12 114 771.8 5194 90.9



Appendix vli Field Experiment I

8 month harvest

(B) Infected Plants

Plant Leaf area No. Root wt. Stem wt. Petiole wt
No. (Sq.m) leaves (g) (g) (g)

1 0.81 101+ 716 1+07 61
2 1.1+1 11+6 1+82 577 99
3 1.73 116 91+3 777 121+
1+ 0.92 93 602 556 71
5 0.36 38 170 189 31
6 1.21+ 172 1368 71+2 95
7 2.19 215 1233 869 150
8 0.50 59 226 316 1+9
9 1.1+7 177 1127 608 151

10 0.78 63 581 361 68
11 0.71+ 82 163 279 50
12 0.97 11+1 851 1+13 59
13 0.33 50 99 126 20
11+ 0.32 36 181+ 93 21
15 0.76 93 333 375 1+9
16 2.05 198 595 1061+ 187
17 1.17 121 31+0 602 98
18 0.29 1+7 181+ 291+ 23
19 1.19 150 680 1+96 81+
20 0.87 158 602 696 79
21 0.1+3 52 351+ 223 26
22 0.62 75 631 332 33
23 1.02 152 181+ 686 70
21+ 1.20 11+9 91+3 751 99
25 0.18 11+9 1+89 1+96 61
26 0. 83 137 390 1+27 51
27 0.92 129 879 1+08 1+6
28 0.1+0 1+8 170 170 29
29 0.1+3 1+0 1+3 131+ 29
30 1.26 101+ 893 567 11+7
31 1.01 98 886 51+6 69
32 0.91+ 133 28 552 82
33 0.59 75 269 373 55
3k 1.06 106 101+2 1+56 79
35 0.80 121+ 510 318 38
36 1.65 183 595 71+2 11+0

Total 33.1+h 1+013 19785 17021 2623

Mean 0.93 112 51+9.5 1+72.3 72.9



Appendix viii Field Experiment I

Statistical Analysis of the comparison of yields

and leaf areas of healthy and infected plants after 4,

6 and 8 months in the field.

(1) Yield

—

flSvSt Conflitloh Mean Variance t DP ficanct
means

Infected 296.5 35069 39.9 1.586 69 Insig.
U month

Healthy 359.8 22062
Infected 3*4-5.7 55*435 71.1 2,h57 51 Sig.at

6 month ^
Healthy 520.k 76955
Infected 5*49.5 126651 98.k 2.259 5*4- Sig.at

8 month ^ ^
Healthy 771.8 1232*42

(2) Leaf area

BE of

nSvSat Oonaltlon Mean variance t DF
means

Infected 1,22 0.214-1 0.25 0.680 69 Insig.
*4 month

Healthy 1.05 0.06*4-

Infected I.I4.9 0.37*4 0.21 2.190 51 Sig.at
6 month ^

Healthy 1.95 0.782

Infected 0.93 0.237 0.08 2.375 5*4 Sig.at
1%

8 month

Healthy 1.12 0.121



Appendix ix Field Experiment I

Yield Leaf area

Total = 12236 = 35.6

No* of plants = 3k - 3k

Mean = 359.8 = 1.05

Uncorr. Sum of Squares = 5*131*582 = 39.i|087

Com. factor = 4,1|03,520 = 37.2963

Corr. Sum of Squares w 728,062 - 2.112J+

Variance = 22,062 = O.OSijO

•

. . Covariance = 703.11

Correlation Coefficient (r) for leaf area and yield in
U month-old healthy plants.

r = covariance

Vss yield x ss leaf area = 725.11
12l|0.1

= 0^83 ™
Regression coefficient (yield on leaf area) for

individual healthy plants harvested four months

from planting.

Leaf area = x yield = y

The regression coefficient of y on x(b xy) = 723.11
728,062

= 0.00099

1 inear regression X = x + "b xy (y-y)
= 1.05 + 0.00099 (y-360)

if y = o then x = 0,69k9



Appendix x Field Experiment I

Yield Leaf area

Total = 10970 = *4-5.25

Number of Plants = 37 - 37

Mean = 296.5 = 1.22

line orr. Sum of Squares *4-51^938 « 64-.04-3
Corr factor = 32524-57 = 55*339

Corr. Sum of Squares 1,262,4-81 = 8.704-
Variance « 35>069 = 0.241
Covariance - 2604.93

•

• . Correlation Coefficient (r) for 1 af area and
yield in 4 month old
infected plants.

r = covaricmc^

Jss yield x ss leaf area

= 260**.93 = O.79O x**
3315.6

Regression coefficient (for yield on leaf area) for
individual infected plants harvested 4 months from
planting.

leaf area = x yield = y

the regression coefficient of y on x, bxy = 260*4-. 98
1,262,481

= 0.00206

linear regression X = x bxy (y - y)

=1.22 0.00206 (y - 296)

if y = o then X = 0.611



Appendix xj Field Experiment I

Held Leaf area

Total = 13,009 = k8.63
Ho. of Plants 25 = 25

Mean = 520. b = I.95

Uncorr. Sum of Squares 8,693,261 = im-,1^61
Corr. factor = 6,769,363 = 9**«595l
Corr. Sum of Squares 1,923,898 = 19*5510
Variance = 76,955 = O.782
Covariance = 1^393*35 =

Correlation Coefficient (r) for leaf area and yield
in 6 month old healthy
plants.

r = covariance

ss yiciu x ss leaf area =

*tl71»6l
6132.8

0.68 XXX



Appendix xjj Figld Experiment |

Yield Leaf Area

Total = 9393 = 1*1.96

No. of plants = 28 = 28

Mean = 31*5.7 = IA9

Uncorr. Sum of Squares = 1*,657,761 = 72.9866
Corr. factor = 3,151,016 = 62.8800
Corr. Sum of Squares = 1,1*96,71*5 = 55,^35
Variance = 55,^35 - 0.371*
Covariance = 56111*

Correlation Coefficient (r) for leaf area and yield

in 6 month old infected

plants.

= covariaiice

j'ss yield x ss xeaj. ttrea 5^1.^
0.1M}

(Insig.)



Ap .c-ndj^c xiij, m2A Experiment I

Yield. Leaf area

Total s 15. *+37 ■ 22.30

No. of plants 20 = 20

Mean « 771.8 = 1.115

Uncorr. Sum of Squares l1*, 256,655 = 27.15H6
Corr. factor * ll,9l5,01+8 » 2*f .86^-5
Corr. Sum of Squares 2,3^1,607 = 2.2901

Variance = 123,24-2 = 0.1205
Covariance = 1665*4-2

Correlation Coefficient (r) for leaf areas and yield
in 8 month old healthy
plants.

r = covax^iance

J ss yield x ss leaf area = A665.*+2
2315.7

= 0.72xx



Appendix xiv Field Experiment |

Total ss

Mean =

No. of Plants =

Uncorr. Sum of Squares

Corr. factor =

Corr. Sum of Squares

Variance =

Covariance =

19,785 33.Mf

5^9-5 0.93

36 36

15,306,285 39.3598

10,873,506 31.0620

V*32,779 8.2978

126,651 0.237

3910.93

Correlation Coefficient (r) for leaf areas and yield in

8 month old infected plants.

r = _£g£arij£2ie£_

_/ss yield x ss leaf area = 39X0,9.3
£061.9

« 0.65 ***



MuSMi2LJB£ Field Experiment II

Analysis of tne total fresh wt. of plants

field experiment 3 (Each figure in tables =

ffsan of sample of 1Q plants).
lgt {Sftmplfcig

' Bloc
i

• 1 2

(*r

jjcn
r
t

4 •
Total Mean

t

Healthy* O.39
t

0.42 0.44
t

0.43 1
1

1.68 0.42

Infected O.39
1

0.41 O.36 0.36 *
t

1.52 0.38
1

Total * 0.78 O.83 0.80
1

0.79 1 3.20 0.40

Factor SS DF MS Variance Ratio Significance

Blocks 0.0007 3 0.0002 0.25

Healthy
Infected 0.0032 1 0.0032 4.00 Insig.

Error 0.0025 3 0.0008

Total 0.0064 7

2nd Sampling
1

» 1
Blocks
2 3

«

4 '
1

Total • Mean
1

Healthy » 3*59
Infected* 3.66

1

4.26
3.08

4.85
3.24

1

4.82 *
3.06 |

17.52
13.04

4.38
3.26

>

Total ' 7.25 7.3^ 8.09
■

7.88 ' 30.56 • 3.82

Factor SS DF MS Variance Ratio Significance

Blocks 0.251
Healthy
Infected 2.509

3

1

0.084

2.509

0.24

7.27 Insig.

Error 1.034 3 0.345

Total 3-794 7



Appendix xyj

3rd Sampling

Fjqld gxpeyiment j|.

Blocks
2

1 i

3 k » Total • Mean
i i

Healthy • 9-59 10.67
i

Infected1 8.21 6.93
*

10.21 9.33' 39-80
i

7.60 7-86' 30.60
t

r

9.98

7-65

Total ',17.80 17.60 17.8117.19, 70.>+0 , 8.82

Factor SS OF MS Variance Ratio Significance

Blocks 0.126 3

Healthy
Infected 10.580 1

Error 2.252 3

Q.Ql*2

10.580

0.750

0.06

m-.ii Sig. at
5l

Total 12.558 7

Ifrtfa Sampling

1

. 1 Blocks ^ ^ , Iotal

t

' Mean
1

Healthy *12.55
t

»

11.96 m-Ai 12.78 j 51.76
10.27 9-03 8.66138.01*

t

' 12.91*
1

Infected'10.08
1 ; 9.51
1

Total '22.63
«

22.23 23.50 21.1*1**89.80
•

* 11.23

Factor SS OF MS Variance Ratio Significance

Blocks 1.102 3 0.361* 0.26

Healthy
Infected23-529 1 23.529 16.63 Sig. at %

Error **.233 3 1.1*11

Total 28.861* 7

\



Appendix syU Field Experiment II

?th Sampling

Bio c k s

1 2 3 »+ Total Mean

Healthy 19.01 16.08 1^.99 15.21+ 63.32 15.13

Infected 13.11+ 12.53 11.78 13.31 50.76 12.69

Total 30.15 28.61 26.71 28.55 111+.08 li+. 26

Factor ss DF MS Variance Ratio Signifi-
6. cance.

Blocks 2.861+ 3 - 0.955 0.26

Healthy
52.98Infected 19.719 1 19.719 Sig. at Ifr

Error 1.085 3 0.362

Total 23.668 7



Appendix xviii Field Experiment II

Analysis of the total dry wt. of plants field
experiment 1 (each finure in tables = mean of
samples of 10 plants).

1st Sampling

,, ly
« 1

Bloc
2

k s

3
1 1 t

** 'Total * Mean
1

Healthy *0.086 0.089 0.091
1 1

0.090 • 0.356'
1 t

O.O89

Infected*0.085
t

0.087 0.082 0.082 • 0.336*
1 1

0.08*f

t

Total '0.171 0.176 0.173
1 t

0.172 ' O.692' 0.087

Factor SS DF MS Variance Ratio Signifi¬
cance.

Blocks 0.0007 3 0.0002 0.25

Healthy-
Infected 0.0050 1 0.0050 6.25 Insig.

Error 0.0025 3 0.0003

Total 0.0082 7

2nd Sampling

1

• 1
B 1

2
0 c k s

3
t 1

*f 'Total « Mean
1

Healthy *0.81
Infected'0.73

t

0.91
0.65

0.91
O.69

i t

0.93 ' 3.56 '
0.65 ' 2.72 •

1 t

0.89
0.68

7*

Total '1.51* 1.56 1.60
» »

1.58 • 6.28 * 0.79

Factor SS DF MS Variance Ratio Signifi¬
cance

Blocks 0.0010
Healthy-
Infected 0.0882

3

1

0.0003

0.0882

0.07

21.51 Sig. at %

Error 0.0122 3 O.OOfcL

Total 0,101** 7



Appefldiat ?U.y

3rd Sampling

Field Experiment II

1
Bloc

2
k s

3 4
-1

1 Total

»

'Mean

Healthy
Infected

2.07
1.50

2.09
1.59

•

*OJH 2.03
1.57

1

' 8.20
' 6.20
t

i

« 2.05
• 1.55
1

Total M7 3.68 3-55 3.60
1

*14-. 40
t

» 1.80

Factor SS DF MS Variance Ratio Significance

Blocks 0.0049 3 0.0016 1.14

Healthy-
Infected 0.500 1 0.500 317.14- Sig. at O.lj*
Error 0.0041 3 0.0014

Total 0.509 7

4-th Sampling
"»■ Bloc k s 1
» 1 2 3 4 'Total Mean
»

Healthy »2.79 2.63 3.02 2.80
1

' 11.24 2.81
Infected'1.92 1.98 1.86 1.84 ' 7-60

t
1.90

1

Total '4.71
1

4.61 4.88 4.64
t

* 18.84
t

2.36

Factor SS DF MS Variance Ratio Significance

Blocks

Healthy-
Infected

Error

Total

0.0219 3 0.0073

1.656 1

O.O669 3

1.74-5 7

1.656

0.0223

0.33

74-.26 Sig. at 1%



App<?i#j,x M- Field Experiment II

?th Sampling

1

t

t

• 1

Bio

2

c k s

3

T
t

t

4- »
Total

r

t

•Mean
t

Healthy *3.50
t

3.4-6 3.38
t

3.4-2 *
t

13.76 * 3.4J+
t

Infected* 2.52
i

2.4-7 2A1 2.56 *
t

9.96 * 2.4-9
t

t

Total *6.02
t

5.93 5.79
<

5.98 1
t

23.72
t

* 2.97
t

Factor SS DF MS Variance Ratio Signifi¬
cance.

Blocks 0.0151 3 0.0050 6.25

Healthy-
Infected 1.805 1 1.805 2256.25 Sig. at 0.1#

Error 0.0025 3 0.0008

Total 1.826 7



Appendix xxi Experiment

Analysis ox' the total leaf area of plants
field experiment 3 (each figure in tables =

mean of samples of 10 plants).

let
1
' 1

Bloc
2

k s

3

—

—r -

4 ' Total • Mean
1

Healthy *1.78
Infected^.bO

1

1.94
1.71

2.07
1.60

i i

2.01 « 7.00 » 1.95
1.61 » 6.52 • 1.63

» >

»

Total «3.38 3.65 3.67
t i

3.62 * 14.32 1 1.79

Factor SS DF MS Variance Ratio Signifi-
cance.

Blocks 0.0273 3 0.0091 1.00

Healthy-
Infected 0.2048 1 0.2048 22.57 Sig. at %

Error 0.0273 3 0.0091

Total 0.2604 7

.SQd Sampling

• 1
B 1 0

2
c k s

3
1 T

4 « Total t Mean

Healthy '6.91
Infected;6.10

6.19
5.36

6.93
6.04

1 1

7.03 • 27.06 • 6.76
5.24 « 22.74 1 5-68

• 1

t

Total 13.01
* t

12.97 12.27 . 49.80 1 6.23

Factor SS DF MS Variance Ratio Signifi¬
cance

Blocks 0.713 3 0.238 2.05

Healthy-
Infected 2.333 1 2.333 20.11 Sig. at %

Error 0.348 3 0.116

Total 3*384 7



Ap .unuix 334*

3ffl Sampling

Field Experiment II

»

' 1
Bio

2
c k s

3
r

4- »

1

Total » Mean
f

Healthy *8.80
Infected*6.16

t

8.67
8*68

7.06
6.68

t

t

31.96 1 7.99
29*36 » 7.34

*

i

Total 14.96 17.35 13.74
1

15.27 »
1

61.32 » 7.67

Factor SS DF MS Variance Ratio Significane

Blocks 3.375 3 1.125 1.21

Healthy-
Infected 0.84-5 1 0.84-5 0.91 Insig.

Error 2.796 3 0.932
„

Total 7.OI6 7

4-th
* Block
» 1 2

s
3 4

• ' I
* Total* Mean

1

Healthy* 11.4-1
Infected 9.94

1

10.36
10.18

13.11
10.52

11.92
8.36

4 1

*46.80 » 11.70
*39-00 « 9.75
t 1

«

Total » 21.35
t

20.54- 21.4-7 22.44
t <

•85.80 * 10.73
1 1

Factor SS DF MS Variance natio Signifi¬
cance .

Blocks O.9O9 3 9.303 0.05

Healthy-
Infected 7*605 1 7*605 3*96 Insig.

Error 5*753 3 1.918 • ■

Total 14-. 267 7
/



Aaasaflla aaJLli Field Experiment II

5th Saqpljflfi

■

» 7 r

Bio c k s t t

9 f

1 2 3 k * Total *
1 t

Mean

Healthy 15.36 15.62 12.08 14-. 50

1 1

# t

1 57-56 *
t t

1^.39

Infect d ONc>-•CMH 9.37 8.99 12.61
1 t

* 4-3.76 »
t 1

t t

10.94-

Total 28.15 24-. 99 21.07 27.ll

1 t

t t

*101.32 *
« t

12.67

Factor SS DF MS Variance Ratio Significan

Blocks 14-.691 3 4-.897 2.62

Healthy-
23.805 23.805

,

. at %Infected 1 12.78 Sig

Error 5.590 3 1.863

Total ¥f.086



Appenaix Fj,$J.d ffxperim^t &

Net Assimilation rate ke per sa. m.oer week
Statistical Analysis.

Efealtfry pia^tg

1

§
t

S a m p 1 i n g

Block No.* 1-2 • 2-1 • 1-4 * 4-S
•

1 * 0.01*9
1 <

• 0.041 * 0.018
1

1 0.013
2 1 0.056 ■ 0.04-1 » 0.014 • 0.016
3 0.051 * 0.038 1 0.026 • -0.004-
4 1

t
0.052 4 0.013 1

t 1
0.020 1 0.012

t

Total *
»

0.208
1 1

1 0.133 '
1 t

0.078
1

* 0.037
t

Mean 1
t

0.052 * 0.033 1
» «

0.020 t 0.009
1

Stand Oev1
t

±0.003 * ±0.016 1 ±0.005 * ±0.010

Infected. Plants

1 S'aiol in'e i

Block

1

Hoi 1-2 * 2-3 1 3-4
i
• 4-5

1
2

1

1

1

»

1

t

t
OOOO OOOO •••• OOOO ijjUjWU) OOJVJifO

•— 0.013
0.011
0.009
0.008

1

» 0.012
• -0.012
1 0.016
• -0.009
1

«

Total '
Mean '
Stand Dev'

0.184
0.046

±0.002

• 0.136 *
» 0.34 1
* ±0.002 *

0.04-1
0.010

±0.004

* 0.007
» 0.002
» ±0.014-

SE of means
of Healthy +
Infected 0,002 0,008 0.003 0.009
plants

.*. t = 3-000 0.125 3.333 0,778
for 6 DF these values are insignificant.



Ap .^nqiy MY

(a)

Field Experiment Ixl

The calculation or the standard error of a

single cassava plant in respect of leaf area.
Leaf area (in sq. metres) of ?Q 7 month old
cassava plants Cvar. Karagba).

■ Hi inn J ———iiiimi i rw i ii mi ii y
Total J55.0 **0.6 30.1 52*1 to.G 33.8 39.0 , 297.6

G.M. = to3
Analysis of variance

51

"Blocks 6 H-i. 20
• Plants 61 i.to
Total h I?*.??

St, deviation
= 1.19

(b) A comparison of the accuracy gained by using 10
or 20 plants as the sampling number per sub-plot
in a field experiment involving replications.

10 -plants
SE of a single plant (from(a))
1.19 sq. metres.

•*.SE of the mean of 10 plants
1.19 = O.38 sq, metres

10

,*.SE of the mean of b picos «
0.19 sq. metres.

The SE of the difference
between 2 means of plots =
2x0.19 ss 0.27 sq. metres.

, , The significant difference
between 2 means of plots =
Q*$b sq. metres.

. . The difference = 12.6$ of G.M.

,?0
,SE of a single plant

(from(a)) = 1,19
sq, metres,
*,SE of the mean of

20 plants =
1.19 = 0.26 sq.metres.

20
.*• SE of the mean of

plots = 0.13 sq, metres
,*,SE of the difference
between 2 means of b
plots = 2x0,13 = 0.18

•

• ,The significant
difference between 2
means of b plots =
0,36 sq, metres.

. , The difference =
8A$ of G.K.



Appendix xxvi field Experiment III

(a) The calculation or the standard error of a single
cassava plant in respect of root weight*

Root weight (in kilograms) of 70 7 month old cassava
plants.

(variety - Karagba)

"Block" Number.

» I II " III 'IV V VI VII *
* 3.2 1.8 1A 4.9 2.3 1.3 J.o »
' 1A 2.6 1.4 1.4 1.4 1.5 2.4 1
• 3.2 1.8 2.3 3.6 2.3 1.8 3.0
' 3.0 3.1 1.3 5.0 2.4 2.0 2.4 *
' 2,3 1.8 1.5 2.7 2.2 1.4 2.4 •
' 1.4 3.0 1.5 2.0 1.4 2.9 3.2 '
• 3.2 2.0 1.4 5.0 2.3 2.7 2.7 «
• 2.1 2.0 3.0 1.3 2.1 1.8 1.8 *
1 2.9 1.3 2.3 2.5 2.0 2.6 5.4 »
» 2.0 2.3 2.4 3.0 1.4 1-7 3.2 •

Total

Total 24.7 21.7 18.5 31.4 19-8 19-7 29.5 165.3

GM = 2.4
of variance

g£ ?*? variance?
o96.92Standard deviation = 0.82

Analysis
factor
"Blocks"
Plants Q.fr742,38
Total 69 139.30
(b) A comparison of the accuracy gained by using 10

or 20 plants as the sampling number per sub plot
in a field experiment involving 4 replications.

10 pismtg
SE of a single plant (from

. (a)) = 0.82 Kgm.
• SE of the moan of 10
plants = 0.82 =0.26 Kgm

J10
•SE of the mean of 4 plots
a 0.13 Kg.

I

.SE of the difference
between 2 means of 4 plots
» /2 x 0.13

. m 0.18 Kgm.
• The significant? difference
between 2 means of 4 plots
= O.36 Kgm.

• the difference = 15.Q/&
of GM.

20 pjLantg
SE of a single plant from
(a)) = 0.82 Kgm.
• SE of mean of 20 plants

. .= ,0.82 = 0.18 Kgm.
. J72)

• .SE of the mean of 4 plots
=0.09 Kgm.

41

• • SE of the difference
between 2 means of 4
plots 5/2x0.9 = 0.13 Kgm

The significant difference
between 2 means of 4 plots
= 0.26 Kgm.

• • The difference = 10.8^
of GM



Appenq&y ravli Ffefg Eftpeyjmgqt III

Summary of results from a Field Trial to study
the effect of symptom expression ox" mosaic on

fog yj-glfl Ql' Cagsavg.

% age of symptomless leaves.
(angular transfornu i en)
(Each figure = the mean of *+ samples of 10 plants)

J. g>t Sampling

Variety H Mean
T r r )

Oloronto i 22.3 1 17.7.• 20.0 )
Karagba i 2x 20.9 • 22.8 )
HL5 t 21.0 • 21.2 » 21.1 )

l t 1 )
Mean

i

t 22.7', 19.9; 21.3

1

Hot sig.

Variety
t

I
0 \ H Mean

I t 1
, )

Oloronto • 19.9 1 15.2 » 17*6 )
Karagba f 15.7 1 llf.l » 1^.9 )
HL5 f

t
21.7 1

t
21.1 *

1 *•*1
Mean

r

* 19.1; 16.8 \ 17.9

Not sig«

(6.1 at %

Hot sig.
SE of the difference between 2 variety means at the
same level of N = 2.8

,3yd Sam;4i4g.

Variety * 0 : » I Mean

t

Oloronto '
Karagba '
HL5 1

1

•

2^.6 »
15.^ '
16,7 •

t

t

30.9 •
15.5 '
12.8 •

1

)
27.8))
15.5 >
l4.8 )

)
t

Mean t .18,9 ! 19.7 . 19.3

Hot sig.

SE of the difference between 2 variety nnans at the
same level of H = 3*6



Append^ xyvUi Field Experiment III

Summaries oi desults of a Field irial to study
the eii',.ct of symptom expression of -osaie on

the Yield of Cassava.
ia age of symptomless leaves

(Angular transformatijn)
(Each figure = mean of ^ samples of 10 plants)

Variety 1 0 ' M
r

Oloronto 1 15-8 1 19*5
Karagba * 9.0 • 11.1
NL5 1 10.2 » 10.2

Mean

Mean

17-7 )
10.1 )
10.2 )

L
Sig.diff.(11.0 at 1%

( 7.8 at %

11.7 , 13-6 . 12.7
Mot sig.

SE of the difference of 2 variety means at same level
of N = 3.6

^nnpl-Uig,

Variety M Mean

16.9 • 17-
12.1 I "
17.1

15A ;

ill? )
16.5 ) Sig<

15.4 ^
Diff. (7.6 at 1#

(5.4 at %

Mot sig.
SE of the difference of 2 variety means at same level
of N = 2.5

frfrfa Saiftplyig

Variety N Mean

Oloronto
Karagba
ML5

"» S I >
• 17.0 » 17.6 * 17.3 >
t 12.8 * 14.2 « 13.5 )
. 12.9 • 14.8 t I3.9 )

J ! ! I

Mot sig.

Mean 14.2 • 15.5 1 14.9



ABSTRACT OF THESIS

Name of Candidate « C

Degree DOCt^P of I nlloSQj. fly (Pn.j).^ Date 10th .»aPCh 1958
Title of Thesis Studies in Nigeria on Mosaic Virus of Cassava (Manihot

Utiliaaima Pohl)

Infection with cassava mosaic virus reduces yield, leaf area,
fresh weight and dry weight of the whole plant and the net
assimilation rate (:AR). It also causes a difference in the
diurnal fluctuation of carbohydrate content of the leaf and causes
an increase in total nitrogen and protein in the leaf. The
respiration rate of mosaic-infected leaves is greater than that of
comparable healthy leaves. It is suggested that the photosynthetic
capacity of mosaic-infected leaves is reduced because of the lack of
differentiation of the palisade cells and their chloroplasts in the
chlorotic areas and that the decrease in WAR is partly attributable
to changes in rates of photosynthesis and respiration. The
constriction of the phloem observed in the midribs of infected
leaves is thought to be related to a possible decrease in the rate
of translocation of carbohydrate from the laminae. When cassava
plants are shaded the effect of cassava mosaic virus is less evident.

from observations made over an eight montn period on a selected
cassava variety it has been demonstrated that there is a highly
significant \ ositive correlation between leaf area and yield in
healthy plants and in infected plants except when symptom expression
was at its maximum.

White flies (Bemisia sop.) were found to require a minimum
feeding period of at least 4 hours on the young leaves of a cassava
plant infected with cassava mosaic virus before they acquired the
virus. Although white flies could transmit the virus to healthy
ifLants in 15 minutes, a period of delay occurred between the time
the vector acquired the virus and the time it could transmit it to
healthy plants. Adult white flies were found to be capable of
transmitting cassava mosaic virus for at least 48 hours after their
infection feed and it has been demonstrated that single white flies
can transmit the virus. The similarities of the virus-vector
relationships of cassava mosaic and cotton leaf curl are discussed
but these viruses were not found to be reciprocally transmissible
between the two hosts.

Cassava mosaic virus has been inactivated by growing infected
cuttings at temperatures ranging from 35 to 39°C for periods of
28-42 days. Treatment at 39°C gave a greater proportion of healthy
plants than treatments at lower temperatures, but fewer plants
survived at the higher temperature. When green shoots produced
during the heat treatment were removed immediately after treatment
and rooted separately, they later gave healthy plants although
their parent plants developed symptoms after some weeks in the
screenhouse-

As an adjunct to the work on heat inactivation the technique


