
W. Bakker 

Laboratory of Virology, Agricultural University, Wageningen 

Characterization and ecological aspects 
of rice yellow mottle virus in Kenya 

/pudoc1 

Centre for Agricultural Publishing and Documentation 

Wageningen -1974 



ISBN 90 220 0540 2 

The author graduated on 22 November 1974 as Doctor in de Landbouwwetenschappen at the Agri­
cultural University, Wageningen, the Netherlands, on a thesis with the same title and contents. 

© Centre for Agricultural Publishing and Documentation, Wageningen, 1974. 

No part of this book may be reproduced and/or published in any form, by print, photoprint, micro­
film or any other means without written permission from the publishers. 



Abstract 

BAKKER, W. (1974) Characterization and ecological aspects of rice yellow mottle virus in Kenya. 
Agric. Res. Rep. (Versl. landbouwk. Onderz.) 829, ISBN 90 220 0540 2, (viii) + 152 p., 39 figs, 29 
tables, 136 refs, appendix, Eng. and Dutch summaries. 
Also: Doctoral thesis, Wageningen. 

Rice yellow mottle virus (RYMV) is the causal pathogen of yellow mottle of rice in the area around 
Kisumu near Lake Victoria in Kenya. Affected plants show a yellow or orange discolouration of the 
leaves, reduced tillering and stunting of the plants, and sterility of the flowers. The results of this 
study gave the following cryptogram for RYMV: R/1:1.4/23:S/S:S/C1. RYMV is easily mechanically 
transmissible. Experimentally a limited number of plants belonging to the family Gramineae only 
were found to be a host for the virus. Rice was the only host found naturally infected with RYMV. 
Beetles belonging to the subfamilies Criocerinae, Cryptocephalinae, Galerucinae, Halticinae and 
Hispinae of the family Chrysomelidae, and the long-horned grasshopper Conocephalus merumontanus 
Sjöstedt (Tettigoniidae) also transmitted the virus. Chaetocnema pulla Chapuis (Halticinae) proved 
to carry the virus in the field. 

RYMV is a stable virus with a particle diameter of about 25 nm and sediments as a single component. 
The base composition of the RNA is similar, but not identical to that of cocksfoot mottle virus. 
Serologically no relationship nor any other affinity was established between RYMV and a number of 
other isometric plant viruses of comparable size. 

Infected rice is considered to be the main source of the virus in the rice fields. Control of the disease 
must be sought in cultivation practices and growing of rice with short vegetative periods. Breeding of 
rice varieties for resistance to RYMV has to be initiated. 
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Fig. 1. 'Sindano' rice alïected by RYM. 



1 Introduction 

In November 1966, Mr J. M. Onyango of the District Agricultural Office at Kisumu 
sent some diseased rice plants from smallholders in the district to the plant pathology 
department of the National Agricultural Laboratories (NAL) in Nairobi. Mr N. K. 
Patel isolated a number of fungi from the specimens, but they were not considered to 
be the cause of the disease, nor was the condition attributed to nematode or insect 
damage, while Mr A. H. Ramos, bacteriologist, excluded bacteria as causal organisms. 
Subsequently I was requested to pay a visit to the rice fields at Otonglo near Kisumu 
along the shore of the Kavirondo Gulf of Lake Victoria, where the disease had been 
present for a number of years (Fig. 4). After discussions with Mr. Onyango, who had 
made accurate observations, I suspected that a virus disease was the cause of the 
affection. From almost full grown 'Sindano' rice collected in the field, I ground leaves 
and inoculated diluted sap mechanically onto rice, while a number of plants were cut 
back and planted. The first mechanical inoculation was unsuccessful, but a second 
attempt with young leaves from the potted plants resulted in systemic symptoms in 
the inoculated rice. After passage of sap through a Seitz filter, this sap still proved 
infective, so providing additional evidence that the cause might be of viral nature. An 
analysis of the soil from the rice fields by the soil chemistry department of the NAL 
gave no indication that the condition of the soil was responsible for the affection of 
the rice plants. 

In the disease stricken area, the construction of the Ahero Pilot Scheme - a pilot 
scheme for irrigated crops, rice being planned as the principal crop with two harvests 
a year - was about to be started and made the study of the disease a first priority. 

When sufficient evidence was obtained that the disease was caused by a virus which 
did not resemble any known virus, I proposed the name rice yellow mottle (RYM) 
and its causal agent was named rice yellow mottle virus (RYMV), (Bakker, 1970). 
Additional data about the vectors of RYMV have been published previously (Bakker, 
1971). 

1.1 Earlier described virus and mycoplasma diseases of rice 

In the traditional rice growing countries many diseases, mostly under local names, 
and then of unknown etiology have been known in rice for many years. Rice dwarf 
has been studied in Japan since the turn of this century, while in 1957 hoja blanca 
was recognized as a virus disease in the Americas (in Ou, 1972), being the first disease 
of viral nature of rice outside Asia. By the work done at, or in co-operation with, the 
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International Rice Research Institute in the Philippines, the causal pathogens of 
many of the early recognized disorders of rice have been identified. 

Since 1967, when mycoplasmas were found in plants that until then were thought 
to be affected by a virus, mycoplasma-like bodies have been observed in the phloem 
of rice yellow dwarf affected plants, as well as in its vectors (Maramorosch et al., 
1970). The remission of rice stripe affected plants after tetracycline treatment, in­
dicates that the pathogen may be a mycoplasma, although no electron microscopic 
study has been reported to prove this hypothesis (Maramorosch et al., 1970). Spher­
ical virus-like particles have, however, been reported as the cause of this disease to 
(in Ou, 1972). 

Leafhoppers (Cicadellidae) and plant hoppers (Delphacidae) transmit most of the 
rice viruses, mostly in a persistent or transovarial manner, but tungro is unique in the 
leafhopper-borne viruses by having a non-persistent virus-vector relationship, while 
these insects are the only known vectors of mycoplasmas in rice. 

Mosaic of rice, reported from the Philippines (Martinez et al., 1960) is, however, 
mechanically transmissible from rice to maize, but further information is lacking. 
The symptoms induced by this virus in rice are an irregular shaped mottling, varying 
from greenish dots to elongated yellowish-green lesions which may coalesce to form 
chlorotic streaks. Mottling is also observed on the leaf sheaths. Severely affected 
plants are stunted and in later stages of development the infected leaves turn yellow-
brown to brown and eventually wither. Affected plants produce few tillers. One of 
the mosaic inducing viruses of grasses is suspected to be the cause of the disease. 

The recently described necrosis mosaic from Japan (in Ou, 1972) is caused by a 
soilborne virus. Infected plants are slightly stunted and have a reduced number of 
tillers. Instead of an erect growth, affected plants spread and assume a decumbent 
growth habit. Mosaic symptoms are first noticed in the lower leaves and later in the 
upper ones. 

A list of the known virus and mycoplasma diseases of rice other than RYMV, ab­
stracted from Ou (1972) and Maramorosch et al. (1970) is summarized in Table 1. 
For further information about the noted diseases, the reader is also advised to peruse 
'The virus diseases of the rice plant' (IRRI, 1969). 

Experimentally rice proved to be a host for the following viruses : sugarcane mosaic 
virus (Anzalone, 1963), barley yellow dwarf virus (in Ou, 1972), barley stripe mosaic 
virus, brome mosaic virus (Kahn & Dickerson, 1957), maize dwarf mosaic virus 
(Brambl & Dale, 1967), maize rough dwarf virus, oat pseudo-rosette virus (in Smith, 
1972), ryegrass mosaic virus (Mulligan, 1960), African cereal streak virus (Harder & 
Bakker, 1973), and wheat streak mosaic virus (Podkin & Panarin, 1972). 

1.2 Symptoms in field grown RYM affected rice 

The characteristic symptoms of RYM are a discolouration and stunting of the plants. 
The discolouration is noticed about 2 - 3 weeks after transplanting and depending on 
the variety, the leaves turn yellowish ('Sindano') (Fig. 1), mild yellowish-green 
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Fig. 2. Panicles and spikelets of field grown 'Sindano' rice before 
being fully developed. Upper figures from healthy rice, lower 
figures from RYM affected plants. 

('Basmati 217') or orange ('IR 8'). The youngest leaves show mottling. In 'Basmati 
217' the symptoms are difficult to distinguish, but are more pronounced in fresh 
growth of ratoon plants. In some varieties, especially the IRRI varieties, a mostly 
orange discolouration of the older leaves was noticed in plants whose youngest 
leaves did not show mottling. These plants proved not to be infected with RYMV and 
the cause may be damage at transplanting or insect damage (Loeris spp.?). 

Infected plants produce less tillers, especially marked when infection occurs at 
an early stage of growth. Although diseased plants usually survive, the heads produce 
grains which are unfilled (Fig. 2). The effect of the disease on yield depends on the 
time of infection of the rice plant and the variety. In 1966 an estimated yield reduction 
of 50% occurred in 'Sindano' at Otonglo. When blast (Pyricularia oryzae Cav.) occurs 
too, only very low yields are to be expected in varieties susceptible to these diseases, 
as is the case with 'Sindano' rice. 

1.3 Scope of this study 

This study was carried out primarily to find ways of controlling RYM. Therefore 
I had to become acquainted with the rice cultivation in East Africa, more specifically 
with the cultivation of this crop in Kenya. Diagnosis and determination of the basic 
properties of the causal agent as well as its ways of transmission had to be studied. 



Thus the host range and the effect of the pathogen on rice and other hosts were 
determined throughout the study. From the beginning of the study the search for 
the vector and purification of the virus was undertaken in Nairobi. Soon after the 
first electron micrographs of purified virus were received from the Laboratory of 
Virology at Wageningen, a beetle species was found that could transmit the virus. 
Attention was consequently directed towards these insects. Several beetle species 
were tested and relations between virus, vector and host plant were determined with 
common beetles that were able to transmit the virus. Information about these or 
related insects was collected. 

From the observations in the fields, supported by laboratory experiments, infor­
mation about the ecological aspects of the virus was obtained and ways in which the 
disease could be controlled were looked for. In Nairobi information about the pro­
perties of the virus in crude sap and an antiserum to RYMV were also obtained. With 
this I continued after my return to Wageningen in 1973. Here the main interest was 
the intrinsic properties of RYMV and its relation to other simiarly shaped viruses. 
From the results obtained in Kenya and at Wageningen, RYMV was sufficiently 
characterized to provide a base for control, but at the same time one could under­
stand the difficulties involved. 

Throughout the study phenomena of a more fundamental nature were encountered 
and these are also noted. 



2 Rice in East Africa 

Rice, Oryza saüva L., is the main staple cereal in tropical areas especially in 
Southern and Eastern Asia, but it is only of limited importance in Africa. The genus 
Oryza gives its name to the tribe Oryzeae, to which belong several annual or perennial 
herbs, usually aquatic. The genus Oryza comprises about 25 species, which grow in 
the tropical and subtropical regions of Africa, Asia, Northern Australia and Central 
and South America. These species are probably derived from two genetical sources, 
the main one in Asia the other in Africa from which the species in South America 
have also been said to originate (Grist, 1968). Purseglove (1972) stated however, that 
Africa with the largest number of endemic species i.e. 9, is usually considered the 
centre of origin of the genus. 

Two Oryza species are cultivated: O.sativa L., the common rice, evolved in South 
East Asia and cultivated in the warmer regions throughout the world, and O.glaber-
rima Steud., evolved in Africa and grown in the flood plains of the Sahel and Sudan 
zones of West Africa where water is largely uncontrolled (Purseglove, 1972). 

In East Africa, apart from O.sativa L. as minor crop, the following Oryza species 
are found: O.barthii A.Chev., O.eichingeri Peter, O.punctata Steud. and O.longistam-
inata A.Chev. et Roehr. Other genera belonging to Oryzeae occurring in East Africa 
are Leersia represented by L.denudata Launert, L.drepanothrix Stapf, L.friesii Meld., 
L.hexandra Sw. and L.tisserantii (A.Chev.) Launert, while Maltebmnia is represented 
by M.schliebenii (Pilg.) C. E. Hubbard, according to Clayton (1970). 

Little is known about when the cultivation of O.sativa L. spread to East Africa, but 
this crop was certainly grown on the East African coast before the arrival of the 
Portuguese (Greenway, 1945), i.e. about 1 500. 

2.1 Cultivation 

In Kenya, Uganda and Tanzania, agriculture dominates the economy. The climate 
and physical conditions allow the growing of tropical as well as of moderate crops. 
The main cereal crops are maize, sorghum, finger millet (Eleusine coracana (L.) 
Gaertn.) and wheat, while the acreage under rice when compared to these cereals is 
small, but expanding. Large areas can be made suitable for irrigated rice growing, 
providing work and higher income for many families while by diversification of the 
food production a more stable food supply for the fast growing population would be 
obtained. 

Rice is grown for own consumption and in increasing amounts as a cash crop. On 



the island Zanzibar, rice is the staple food (Wilson & Tidbury, 1944) but does not 
usually have this status in the other production areas. Asian and Arabic communities 
and to a growing extent, the Africans purchase the product (Acland, 1971). Forms of 
dryland rice growing are practised at Zanzibar and Pemba, the wetter parts of the 
Southern highlands and the Kilombero escarpment in Tanzania and near Bundi-
bugyo on the Western slopes of the Ruwenzori mountains in Uganda. The bulk of 
the crop depends on water received from swamps, rivers, lakes or seepage areas. 
Although direct sowing is applied, most rice is transplanted. The growing of rice in 
supervised irrigation schemes is applied in Kenya. 

10°S 

30°E 35° 40° 
Altitude 

HHH between 1500-2000 metres 
• • over 2000 metres 

Fig. 3. Areas of rice production in East Africa. P: Pemba, Z: Zanzibar, 
• : rice grown by tenants of irrigation schemes in Kenya, • 1 : Mwea 
Irrigation Settlement, A 2 : Ahero Pilot Scheme, A 3 : Bunyala Irrigation 
Scheme. A : rice grown by peasants. 



Of the three states, most rice is grown in Tanzania. Here the main rice producing 
areas are: Western Tanzania, south of Lake Victoria, the northern shores of Lake 
Nyasa, the Pangani and Rufiji basins and the islands Zanzibar and Pemba. 

The main production area in Kenya is the Mwea Irrigation Settlement (in 1972 
4800 ha) with one crop a year. The Ahero Pilot Scheme (834 ha), designed to give 
guidance for further expansion of rice on the Kano Plains, and the Bunyala Irrigation 
Scheme (212 ha), providing information for irrigated rice cultivation in the Yala 
swamp, have been in operation since 1968 and 1969, respectively. Here two crops of 
rice are grown annually. The irrigation schemes are managed by the National Irriga­
tion Board. 

A new irrigation scheme, the 1000 ha Kano II Scheme, is planned south of Kisumu 
near the Kavirondo Gulf. 

In addition rice is cultivated by peasants on the banks of the Tana river, on the 
shores of Lake Victoria, in swamps near Mumias in Western Province and along 
the coast of the Indian Ocean. 

Rice is of little importance in Uganda and is grown as an occasional crop by 
farmers in the hotter parts where waterlogged ground is available either as swamp 
margin or in local ground seepages. The principal areas are: Bukedi, Lango, Bwamba 
(Toro), West Nile and Madi, with smaller areas in cultivation at Busoga, Teso and 
Acholi (Tiley, 1970). 

The main rice growing centres in East Africa are shown in Fig. 3 and in Fig. 4 in 
more detail for the neighbourhood of Kisumu. 

Rtfq Swamp or seasonal swamp 
HID Rice areas 

Fig. 4. Areas of rice production near Kisumu. 



The area under production by smallholders varies annually, but is influenced by 
external factors too as demonstrated in the case of Zanzibar and Pemba. Before 
World War II, only a small part of the fields suitable for rice production was in use. 
With the money earned in the clove and copra industries imported rice was bought. 
This situation lasted till 1942 when due to the war this import had to be restricted. A 
campaign organized by the government resulted in an increase of the planted area 
from 1000 ha till 4000 ha in 1943 (Wilson, 1944). 

Numerous varieties of rice are grown in East Africa. In peasant farming areas 
mixed stands are common. In the Kenya irrigation schemes 'Sindano', an indica 
type, is the predominant variety, but because of its high disease susceptibility it had 
to be replaced by 'Basmati 217' in the Ahero Pilot Scheme and in the Bunyala Irriga­
tion Scheme. 'Basmati 217' has quality of higher value but yields normally less than 
'Sindano'. 'Mbuyu' and 'Shingo la Majani' are of little importance and are occasion­
ally grown in peasant farming areas. In Tanzania the most popular varieties are 
'Afaa' and 'Kahogo'. 'Afaa' differs from place to place and is often given a prefix 

Table 2. Rice production and trade figures1 for East Africa and Africa during 1967 -
Dhital (1972) and Eruz (1972). 

1971. Sources: 

Year Kenya Uganda 

area prod. yield import export area prod. yield import export 

1967 
1968 
1969 
1970 
1971 

1967 
1968 
1969 
1970 
1971 

3 
y 

5 
5 
6 

16 
19 
27 
26 
28 

Tanzania 

area 

1044 

128 
129 
151* 
1534 

prod. 

114 
136 
136 
182 
1854 

56.3 
54.53 

54.3 
48.4 
50.5 

yield 

11.04 

10.6 
10.5 
12.14 

12.1" 

4 
31 
3 

12 

import 

272 

151 
80 
73 

24 
22 
28 
7 

export 

52 

1 

— 
5 

3 
3 
4 
8 
84 

Africa 

area 

3088 
3045 
3248 
3296 
3364 

8 
3 
3 
6 
64 

prod. 

4486 
4408 
4817 
4912 
5082 

31.2 
8.0 
8.0 
8.0 
8.04 

yield 

14.5 
14.5 
14.8 
14.9 
15.1 

102 
19 
60 
40 

import 

6644 
6911 
6911 
8344 

4 
4 
3 
2 

export 

4930 
6579 
8462 
7356 

1. area in 1 000 ha, prod(uction) in 1000 metric tons paddy, yield in 100 kg paddy/ha, imports in 100 
metric tons rice and exports in 100 metric tons rice. 
2. Tanzania mainland only. 
3. Unofficial figure. 
4. FAO estimate. 



or suffix according to its origin, e.g. 'Afaa Kilombero' (Acland, 1971). 
The yield per hectare obtained by smallholders is moderate, but in the Mwea 

Irrigation Settlement outstanding yields (average 5000 - 6000 kg/ha) are obtained. 
Production figures for the three states as well as for the whole of Africa are given in 
Table 2. 

The methods of rice cultivation will be dealt with as practised by smallholders along 
the shores of Lake Victoria and by tenants of the irrigation schemes, both in Kenya. 

2.1.1 Practices in use along the shores of Lake Victoria 

Rice seeds were probably originally brought from the coast by the Swahili and 
Arab slave traders before the advent of the white man to the Mumias area of Northern 
Kavirondo (Anonymus, 1944) about 60 km north-west of Kisumu. Rice was intro­
duced in Central Kavirondo, near the Kavirondo Gulf, by officers of the former 
British Administration in the early days of the colonial period (Gamble, 1939). In 
1934, this area was expanded and reached by 1938 an estimated 300 ha, an acreage 

Fig. 5. Rice nursery at Otonglo in 1967. Note RYM affected ratoon 
rice near nursery and recently transplanted rice. 

10 



which was presumably still the same during 1966 - 1970. Rice is grown here under 
irrigation, or to a lesser extent in fields prepared in or along the swamps. Two grow­
ing seasons are known. A long rain-fed crop is grown from December till June and a 
short rain-fed crop from June till December, but mostly only the short rain-fed crop 
is planted. Small fields of approximately 0.1 ha are prepared by cutting the weeds and 
after flooding, hoeing. In a corner of the fields the nursery is prepared (Fig. 5). After 
sowing the rice, the nursery may be covered with mown weeds to conserve humidity 
and to prevent depredation by birds. After the seeds have germinated, the grass cover 
is removed and at transplanting the leaves and roots are often trimmed. Weeding, 
maintaining the water level and scaring off the birds are the further activities of the 
farmers till harvest. After the harvest, which begins in December, cattle are allowed 
to graze, or a ratoon crop is harvested. After the initiation of the Ahero Pilot Scheme, 
nearby farmers also used the drained water of this scheme so that a relatively large 
area was planted with rice, mostly during the short rainy season. 

At Otonglo a similar pattern is followed. Here a limited amount of drained water 
from the prison farm was available during the whole year, causing a less strict plant­
ing scheme and resulting in vigorous growth of volunteer and ratoon rice as well as 
of grasses and sedges after the harvest. From 1966 till 1969 about 15 ha was planted 
with rice annually, often two crops a year. There was no closed season for rice, while 
water control was insufficient. After 1969 interest in rice diminished at Otonglo and 
for a couple of seasons no rice was grown here till 1972, when a small area was planted 
again. 

2.1.2 Practices in use at the irrigation schemes 

The most important differences in the cultivation of rice in these schemes from the 
cultivation practized by the smallholders along the shores of Lake Victoria, are: 
scheduled and supervised work programme, strict water control, fertilizer application, 
sowing of pregerminated seeds on the nurseries, and when necessary use of pesticides. 

The Mwea Irrigation Settlement was initiated in 1954 after field trials proved that 
the area at an altitude of about 1200 metres was suitable for irrigated rice growing. 
In 1955 there was 120 ha under rice, but this area was extended to 4800 ha in 1972. 
Rice is grown in 'black cotton soil', a montmorillonite clay, which is hardly permeable 
to water, obtained from rivers from Mount Kenya. Each tenant handles 1.62 ha 
divided in four fields of 0.405 ha. Due to their own initiative some farmers cultivate a 
larger area. There is only one crop a year in the short rainy season from July till 
January, and no rotations are practised. The main variety is 'Sindano'. The settlement 
provides all essential provisions such as water, mechanical cultivation, seed, fertilizers, 
pesticides, transport and storage. The size of the settlement necessitates an early start 
of the cultivation. In April the first fields are flooded, occasionally preceded by mow­
ing of the vegetation of weeds and rice. Within 72 hours the fields are cultivated by 
tractor-driven rotary hoes. After puddling, the fields are kept submerged and new 
growth, mainly rice, is dealt with by hand (Fig. 6). Nurseries are prepared by the 
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Fig. 6. Mechanical rotavation of rice fields in irrigation schemes. 

A. Rotavation of fields at the Ahero Pilot Scheme. The ratoon rice 'Sindano' shows a high incidence 
of RYM. 

B. Ratoon rice which survived the rotavation and which has to be removed by hand at the Mwea 
Irrigation Settlement. 
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tenant and these receive ammonium sulphate. Sowing starts at the end of July and 
transplanting commences at the end of August. Before transplanting the fields receive 
ammonium sulphate and every other year superphosphate. One month after trans­
planting the tenants start weeding, which occasionally must be repeated. During 
weeding the water is not drained off. 'Sindano' and 'Basmati 217' need around 146 
days from seed to seed. After the harvest the rice straw is burnt in the field. Because of 
the low temperature of the irrigation water in the long rainy season, no second crop is 
grown. 

Further information about this successful scheme is to be found in Chambers 
(1969), Giglioli (1965a, 1965b), Golkowsky (1969), Veen (1969) and in the annual 
reports of the Mwea Irrigation Settlement and of the National Irrigation Board. 

At the Ahero Pilot Scheme, where the Irrigation Research Station Ahero is situ­
ated too, 834 ha are leased to tenants to grow rice. The altitude is about 1100 metres 
and rice is grown here too in 'black cotton soil'. The first crop was grown in the 
1968/1969 season. The system of management and cultivation is similar to that of 
the Mwea Irrigation Settlement. Here two crops a year are grown one in the short 
rainy season from August till March and the other in the long rainy season from 
March till August. The water is pumped from the Nyando river. The initial period of 
the scheme was difficult. Most of the technical problems were overcome, although 
growing rice twice a year at this scale was new for the area. The effect of diseases re­
sulted in disappointing yields and caused some demoralization of the farmers. The 
first harvest of 'Sindano' yielded for the 212 ha planted, an average of approximately 
5000 kg/ha, but later crops were heavily attacked by blast {Pyricularia oryzae Cav.) 
and RYM. 'Sindano' was therefore replaced by 'Basmati 217', which was less affected 
by the two diseases. Yields for this variety varied strongly and were between 1200 -
2000 kg/ha, although these figures may be too low. 

The growing season from seed to seed for 'Sindano' and 'Basmati 217' are both 
about 130 days. The growth of volunteer and ratoon rice, and of weeds, mainly gras­
ses, is vigorous and there is a time lapse of about 2 months between cultivation of 
the first and last fields. Consequently nurseries are found in the neighbourhood of the 
fields with RYM affected plants that have not yet been tilled. 

To illustrate the climate, rainfall, maximum and minimum temperatures for 
Otonglo, the Ahero Pilot Scheme and the Mwea Irrigation Settlement are given in 
Table 3. 

2.1.3 Research activities 

In Kenya, Uganda and Tanzania, rice research is mostly devoted to agronomical 
aspects such as comparison of varieties, spacing and fertilizer experiments, maintain­
ing and multiplication of seeds. Problems requiring specialist attention, mainly 
disease, pest or soil problems are generally referred to centrally based officers e.g. the 
Senior Plant Pathologist. At the East African Agricultural and Forestry Research 
Station, quarantine of imported seeds and more fundamental problems or those re-
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quiring specialization, e.g. in nematology are studied. 
The Mwabagole Rice Station near Lake Victoria in Western Tanzania was started 

in 1935 and till 1956, good yielding strains were produced here by selection in local 
varieties (Doggett, 1965). Varieties originating outside East Africa performed poorly 
at that time. In Kenya, the work done by the research section of the Mwea Irrigation 
Settlement played an important role in the success of the scheme. To study rice grow­
ing in the Kano Plains and in the Yala swamp, and other crops, an irrigation research 
station was established at Ahero. This research station was started in 1959 and in the 
initial period was run by a FAO team. Much work has been done on the diseases en­
countered in the Ahero Pilot Scheme, while irrigation and drainage are also studied. 
In Uganda, rice research is centralized at the Kawanda Research Station near Kam­
pala, while in Zanzibar rice was studied at the Kizimbani Experimental Station and 
its substations. 

2.2 Diseases and pests 

The fungi recorded on rice are listed by Nattrass (1961) for Kenya, by Hansford 
(1938) for Uganda and by Riley (1960) for the mainland of Tanzania. Additions to 
these lists are normally published in the annual reports of the departments of agricul­
ture of the three states. 

Blast (Pyricularia oryzae Cav.) is present in all areas, but is of importance only in 
areas of high humidity. It proved to be a limiting factor in the development of rice in 
Uganda (Hansford, 1938). In the Ahero Pilot Scheme blast caused much damage in 
the second and successive crops of 'Sindano'. 'Sindano' was replaced by 'Basmati 217' 
which showed less susceptibility to blast, but during 1972 this variety was also 
attacked in the Bunyala Irrigation Scheme and to a lesser extent in the Ahero Pilot 
Scheme too. 

Brown spot {Cochliobolus miyabeanus (Ito et Kuribayashi) Dastur) common in 
East Africa occasionally causes serious damage (Bock, 1970); stem rot caused by 
Leptosphaeria sahinii Catt. occurs also in Kenya (Robinson, 1960), but is generally of 
minor importance. At the Ahero Pilot Scheme (Anonymus, 1973a) the presence of 
sheath blight (Corticium sasaki (Shirai) Matsumoto is suspected but has not yet been 
confirmed. 

No diseases caused by bacteria have been recorded in rice as yet in East Africa. 
Insufficient water supply at the flowering stage of the rice plants or a low temperature 
of the water has been reported as the cause of white heads, resembling stem borer 
damage, at Yatta Furrow in Kenya. 

Many species of the insect pests of rice listed by Grist & Lever (1969), do occur in 
East Africa, although the economic importance of these insects has not been assessed 
and only a few of them are recorded as pests (Le Pelley, 1959). Pyralid and noctuid 
stem borers are common and so is Diopsis thoracica Westw. (Fam. Diopsidae). 
Outbreaks of army worm {Spodoptera exempta (Wik.) are a threat to rice in East 
Africa as were locusts. The rice hispid (Trichispa sericea (Guérin) (Fam. Chrysome-
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lidae)) can do considerable damage to young rice plants at the Mwea Irrigation 
Settlement, and is also present around Mwanza (Tanzania) (Nye, 1960). In Tanzania 
around the shores of Lake Victoria, Loeris neumanni Jac. (Fam.Cercopidae) caused 
the yellowing of young shoots after puncturing, while Oliarus sp. (Fam.Cixiidae) 
caused yellowing of the foliage after feeding on the roots of the rice plant along the 
coast (Harris, 1937). 

Thrips are suspected as being the cause of partly empty heads of 'Basmati 217' 
during the long rains at the Irrigation Research Station Ahero (Anonymus, 1972). 

Nematodes recorded include Hirschmanniella oryzae (van Breda de Haan) and the 
recently recorded white-tip nematode - Aphelenchoides besseyi Christie (Taylor et al., 
1972). 

Of the other pests, birds especially Quelea spp., may cause considerable loss at 
harvesting time (Fuggles-Couchman, 1952), while rats are responsible for damage in 
experimental plots at the Irrigation Research Station Ahero. 
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3 General materials and methods 

In this chapter only those materials and methods will be described which were used 
frequently in routine procedures. Details and other methods will be given in the 
appropriate chapters. 

3.1 Visits to the field 

From August 1967 till July 1972 I normally visited the Kisumu area once a month 
during three day trips, while Mwea was regularly paid a visit for a single day. Other 
rice growing areas in Kenya were visited on a single occasion only. 

3.2 Plant material 

3.2.1 Origin of plants used 

Oryza spp. were provided by the International Rice Research Institute, Los Banos, 
Laguna, Philippines, while the different rice varieties were obtained from the District 
Agricultural Officer, Kisumu; the East African Plant Quarantine Station, Nairobi; 
the Irrigation Research Station Ahero, Ahero; the Mwea Irrigation Settlement, 
Kerugoya and from the Kawanda Research Station, Kawanda, Uganda. 

'Sindano' rice provided by the Mwea Irrigation Settlement and the Irrigation 
Research Station Ahero was commonly used in the experiments. 

Seeds and splits of indigenous Kenya plants, mainly monocotyledons, were ob­
tained from : plants collected from the field which were brought to seed in a screen-
house; the Plant Breeding Station, Njoro (these seeds were originally obtained from 
the National Agricultural Research Station, Kitale); the UNDP Range Management 
Project, Nairobi ; the National Agricultural Research Station, Kitale ; the Katumani 
Agricultural Research Station, Machakos, while seeds of Eragrostis tef, collected in 
Ethiopia, were obtained from Dr E. Westphal, Department of Tropical Crops, 
Agricultural University, Wageningen. 

The cultivated Kenya grasses were acquired from: samples sent for testing to the 
Seed Testing Laboratory, NAL, Nairobi; seed merchants in Nairobi; the National 
Agricultural Research Station, Kitale. 

European grasses were obtained from : the Department of Field Crops and Grass­
land Husbandry, Agricultural University, Wageningen; the Welsh Plant Breeding 
Station, near Aberystwyth, Wales [Phleum spp.). 
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3.2.2 Identification of plant species 

The endemic Kenya plants were identified at the East African Herbarium in 
Nairobi. The large number of Gramineae and Cyperaceae were identified by Miss 
C. H. S. Kabuye and Miss D. M. Napper. A number of grasses formed no flowers in 
the screenhouse and the name could therefore not be confirmed. In Table 5 (page 30), 
these plants are marked by an asterisk. Dried specimens of most of the plant species 
were placed in the collection of the Department of Plant Taxonomy and Plant 
Geography, Agricultural University, Wageningen. 

3.2.3 Growing of the plants 

In Nairobi, rice seedlings were grown in pots 10 cm in diameter ( 5 - 6 seeds/pot) or 
in a wooden box and subsequently transplanted in the 2 - 3 leaf stage. Steamed compost 
was used as potting medium. Unsterilized 'black cotton soil' in tins lined by a plastic 
bag with water added was used only for experiments of long duration. These plants 
received 150 ml of the standard liquid-nutrient solution at transplanting. The nutrient 
solution was made of 15 g (NH4)2S04 and 15 g KH2P04 per litre tap water. 

The other plants were germinated in a pot or on a Copenhagen table and subse­
quently transplanted in steamed compost with 2 - 5 plants/pot. 

In Nairobi, glasshouse space was limited in the initial period, but this situation 
improved eventually. A large glasshouse (maximum temperature between 45 and 
25°C, minimum temperature between 16 and 22°C), divided in compartments well 
isolated from each other, was used for growing all plants except rice from seed, and 
for experiments of short duration. The warmest and brightest compartments were 
used for the experiments with rice, while the cooler and more shaded ones were kept 
for other plant species. A small unshaded glasshouse was in use for rearing the rice 
seedlings, while a similar but shaded glasshouse was used for rice experiments of 
long duration. A screenhouse (a frame of wood covered with chicken wire of which 
the roof and most of the sides were covered with plastic) was initially used for rice 
experiments of long duration, but later for growing of field collected plants only. 

The potted rice plants and most grasses were placed in a tray filled with water, 
while the rice plants in tins were grown in standing water. 

In Wageningen, rice was grown in plastic buckets, diameter 18 cm - and height 19 
cm with 5 - 1 0 plants per bucket, or in plastic containers, 46 x 31 x 15 cm with 
30 - 35 plants per container. Unsterilized clay (clay fraction 70%) was used here as 
potting medium for the rice. Rice seeds were germinated in this clay at 26 °C and 
transferred to a glasshouse (temperature about 24 °C) in the 1 - 2 leaf stage. Water was 
added and the plants received 1 g fertilizer per 10 plants. The fertilizer was composed 
of 20% nitrogen, 8% phosphorus and 5% potash ('Asef' lawn fertilizer). During obser­
vation the plants were placed in a glasshouse with a 25 - 20°C day-night temperature, 
while the rice in use for production of RYMV was grown at a constant temperature of 
about 25 °C. 
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After transfer of the rice seedlings from the germination box, the seedlings re­
ceived additional lighting from 'Philips HPI/T' 400 W lamps, hung about 80 cm above 
soil level (1 per 2 m2) for 16 hours/day throughout the year. The relative humidity in 
the glasshouses was about 45% during most of the day. 

Only occasionally were the rice seedlings transplanted. Transplanted rice grew in 
general better than non-transplanted rice. 

The other plants were reared in steamed soil, consisting of a mixture of pre-frozen 
peat and clay. 

The properties of RYMV necessitated high standards of sanitation. The rice seed­
lings were grown in well-isolated glasshouses. Plants used in transmission tests, back 
inoculation etc. were watered from their own glass beaker. Precautions were taken 
against pests normally encountered in glasshouses. When necessary plants used in 
insect transmission experiments were sprayed with insecticide after inoculation feed­
ing of the tested species. 

3.3 The virus and mechanical inoculation 

Isolate The RYMV isolate used throughout the study was obtained from a young 
rice plant from Otonglo in 1967. The virus was maintained by mechanical transmis­
sion in 'Sindano' rice. 

Indicator host plant 'Sindano' served as indicator host. In several experiments this 
variety was compared with the varieties 'Basmati 217' and MR 22', because they may 
be of value in the schemes near Kisumu. 

Standard inoculum The standard inoculum was prepared from young 'Sindano' 
leaves with clear symptoms of plants inoculated 2 - 3 weeks earlier, or from new 
growth of rice ratooned 2 - 3 weeks earlier, after the harvest of the diseased leaves. 
The leaves were squeezed in muslin cloth or cheese cloth with a small pair of pliers. 
After dropping some 0.01 M phosphate buffer pH 7.0 on the cloth, this process was 
repeated a number of times. In total 1 - 2 ml buffer per g of leaves was used. 

Mechanical inoculation Plants were inoculated at a vigorous stage. After dusting 
with carborundum 600 mesh, plants were inoculated with the fingers. 'Sindano' was 
back inoculated 3 - 5 weeks after the inoculation. This inoculum was prepared by 
the same method as above or by using a pestle and mortar. Only occasionally had 
buffer to be added. After inoculation the plants were sprayed with tap water. Test 
plants grown from seed were kept in the glasshouses, while field collected splits were 
placed in a screenhouse. 
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3.4 Collecting, handling and identification of invertebrates 

Mites were obtained from rice collected in the field and brought to the laboratory. 
Individual specimens were handled with a single haired brush. 

To collect nematodes, soil and roots of diseased rice plants were transported to the 
laboratory in plastic bags, while care was taken to avoid excessive heat. Nematodes 
which were ground were collected by Baermann's funnel technique as described by 
Taylor (1967). 

Of the aphids, Myzus persicae Sulzer was bred on Brassica pekinensis Rupr., while 
other species were collected from field grown Gramineae. 

Other insect species were mostly caught by means of a sweeping net and collected 
by means of an aspirator. During their transportation from the Kisumu area to 
Nairobi, the insects were kept on their respective food plants in a plastic bucket 
closed by a perforated cover with a closable opening, and sealed with sticking plaster. 
The food plants were generally grasses and rice, but for Sesselia pusilla often some 
blooming flowers of Cyperus spp. were added. Excessive humid conditions were 
prevented by wrapping the roots and soil in a plastic bag and avoiding drastic changes 
in temperature. When the insects were collected near the laboratory or at Mwea, the 
specimens were transported in aspirator tubes with some leaves of grass or rice, and a 
piece of filter paper to absorb liquid. The tubes were closed with muslin cloth. 

At the laboratory the small insects except the aphids, were handled individually 
with an aspirator made from a 25 ml volumetric pipette. The insects were starved in a 
Petri dish (aphids) or in aspirator tubes. 

During the acquisition and inoculation feeding periods of the insects, the aim was 
to create conditions in which the insects would eagerly feed off" the plants. Therefore 
different methods were applied. 

Acquisition feeding was on 'Sindano' rice, inoculated about 3 weeks earlier, or on 
fresh growth of ratoon rice. Only young leaves clearly showing symptoms were left 
on the plants. Depending on the number and type of insect used, the insects were 
placed on : 
- 5 - 6 rice plants surrounded by a glass cylinder made of lamp glasses and covered 
by muslin cloth (Method a) ; 
- a single rice plant surrounded by a glass cylinder, diameter 5 cm, and covered by 
muslin cloth (Method b); 
- detached rice leaves in a glass cylinder. The cut ends of the leaves were kept moist 
by wet cotton wool wrapped in plastic (Method c) ; 
- a leaf in a micro cage (Method d). 

Inoculation feeding was performed on young rice seedlings normally in the 2 - 3 
leaf stage, transplanted 1 - 2 days before. Occasionally older test plants were used, 
for exemple for mite and grasshopper testing. The insects were caged in : 
- a glass tube of the size of a test tube; 
- a glass tube, diameter 5 cm, length 40 cm; 
- a lamp glass; 
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- a PVC tube, diameter 1^ cm, length 5 or 1\ cm; 
- a micro cage. 

When the acquisition and inoculation periods were only of short duration (up to 
4 hours) the feeding occurred in the dark. 

In the experiments in which the retention periods of RYMV by the insects were 
determined, the insects were transferred to a new test plant for inoculation feeding 
every day for 10 days. 

After the experiments, the insects were preserved and kept for identification pur­
poses. 

Per insect, some test plants in which symptoms were incited were tested with 
antiserum to RYMV in the agar-gel diffusion test. If the serological tests proved to 
be positive, the insects were considered to be capable of transmitting the virus. 

Identification of the species was done by several specialists. Acarina were identified 
by H. H. Keifer, Sacramento, California, (Eriophydidae), and E. W. Baker and 
R. L. Smiley, United States Department of Agriculture, Agricultural Research Ser­
vice, Washington D.C., (Tarsonemidae and Phytoseiidae); Nematoda by D. W. 
Ngundo, East African Agriculture and Forestry Research Organization, Nairobi; 
Hemiptera by M. S. K. Ghauri, Commonwealth Institute of Entomology, London, 
(Homoptera, Aphididae excluded), by D. Hille Ris Lambers, National Council for 
Agricultural Research (TNO), Bennekom, the Netherlands (Aphididae), and by 
R. Linnavuori, Somersoje (Berg), Finland, (Heteroptera); Coleoptera by G. Scherer, 
Museum G. Frey, Tutzing bei München, W. Germany, (Halticinae, Hispinae), by 
J. A. Wilcox, New York State Museum and Science Service, Albany, New York, 
(Sesselia pusilla), and by N. A. Aslam, E. A. J. Duffy and R. Madge of the British 
Museum (Natural History) or the Commonwealth Institute of Entomology, London ; 
Hymenoptera by R. D. Eady, Commonwealth Institute of Entomology, London; 
Lepidoptera by J. D. Bradley, Commonwealth Institute of Entomology, London; 
Orthoptera and Dictyoptera by F. Willemse, Eygelshoven, the Netherlands; Diop-
sidae by J. F. Shillito, Old Forge, Staple Cross, Robertsbridge, Great Britain. 

Most of the mounted insects are kept at the Laboratory of Entomology, Agricult­
ural University, Wageningen, the Netherlands and by the specialists who identified 
them. 

3.5 Purification of RYMV and determination of its concentration 

Purification The procedures as applied by Scott & Moore (1972) for Desmodium 
yellow mottle virus and by Proll & Schmidt (1964) for ryegrass streak virus ( = brome 
mosaic virus (Bancroft, 1970)), both resulted in highly pure RYMV preparations. 
Because of its ease and the apparently higher yield, a modification of Proll and 
Schmidt's method was used. This procedure is given in Table 4. 

'Sindano' rice was inoculated in the 5 - 6 leaf stage and kept at about 25 °C. The 
first systemic infected leaves were harvested about 10 - 12 days later, before they 
turned necrotic. The rice plants were then cut and new growth harvested 2 - 3 weeks 
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