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ABSTRACT

The distribution, ofimportancecontrol and economic
sativa L)Aphelenchoides besseyi Christie (Oryza1942 riceon

Survey resultsstudied.
showed that A. besseyi was widely distributed in stored rice seeds.

Hot water treatment (HWT) of dry rice seeds at 54 - 62°C for
15 min effectively controlled seed-borne A. besseyi. In dry seed
treatment, exposure period rather than treatment temperature was the
significant factor for the control of seed-borne A. besseyi. Tested
seeds of rice cultivars tolerated dry seed treatment upto 60
20 min in respect of viability, vigour and seedling normality.

min following presoakingforat 54°C 15
viability, vigourcontrolled but also affected andbesseyiA.

sensitivity ofseedling normality of The
presoaked rice seeds to HWT was genetically related. Seeds treated

maximum and actualpresoaking delayed onset, peak,following

Although HWT of presoaked seeds at 56°C forpercentage germination.
15 min completely controlled A. besseyi, it also killed most seeds.
However, HWT of presoaked or unsoaked seeds at 48°C for 20 min did

Significant control ofnot affect seed germination and emergence.
seed-borne A. besseyi by HWT following presoaking resulted in 10 -
27% yield increases and, larger and/or better quality grains.

Booting stage of rice was the critical stage for control of
fifth day after the firstA. besseyi for improvement of yield. The

sign of booting was criticalmostthe stage for
infection with A. besseyi to adversely affect yield attributes.

0 C' for

cultivars grown in mainland Tanzania was

identified as

Seed treatment

some rice cultivars.
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Control of A. besseyi with carbofuran applied at planting and at 50%
booting stage improved rice yield but HWT of A. besseyi-infested
rice seed gave better nematode control and better grain yield.

Dry seed treatment to A. besseyicontrol seed-borne was
found to Tanzanian farmers;for
because it is effective, and thesafe the seed andcheap to
environment.

be the most appropriate method
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INTRODUCTION1.

Rice (Oryza sativa L.) is one of the most important cereals

in the world; being the staple food for about half of the world

population especially in South East Asia (Cobley and Steele, 1979).

In recent years, it has been gaining increased popularity in Africa,

because of its strategic position in food security and for being a

crucial element in the staple food economies of several African

countries. world'sIn 1982, Africa cultivated

total rice area and nearly 2.2% of total production (Zan et al.

1985).

Demand for rice in Sub-Saharan Africa more

Major riceit is anticipated that demand will continue to rise.

concentrated in Western and Easternproducing areas of Africa are

East Africa, Tanzania is the secondcontinent. Inparts of the

after Madagascar (Chinganga,largest rice . producer and consumer

1985).
Rice was considered the third most important food crop in

Tanzania after maize and sorghum respectively (Monyo, 1973). It has

since become more important and is now considered second to maize

(FAO, 1978). is a multipurposeIn Tanzania, rice with thecrop

grain being used both as human food and as a cash crop, while the

stalks are used as animal feed and thatching, husks litter inas

considered to have the highestpoultry and mulch. isRiceas

digestibility, biological value and protein efficiency ratio of all

cereals (Houston, 1972), and provides a substantial proportion of

human nutrition.

is becoming 
z

serious, due to a general dietary shift from conventional foods, and

about 3.5% of the
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Monyo and Kanyeka (1977) estimated that 180 000 metric tons

and,in Tanzania in 1960

(1985)Chinganga estimated ricethat under275 600 ha were

cultivation annually in Tanzania. Rice in Tanzania is grown under

varied ecological conditions, mainly by peasant farmers, mostly in

the southern part up to the southern shores of Lake Victoria, but

also on the northern shores of Rufiji andPangani,

Zanzibar. Rice is large scale at Kilangali, andRuvu,

Mbarali irrigation schemes and on various estates of Morogoro and

Tanga regions. small • proportion of upland rice inisA grown

the eastern slopes of thedifferent parts of the country such as

and some parts of the Southern Highlands.

Judging from the diversity of the varieties or lines of rice

1.1)(Table geographicaland their wideTanzaniaingrown

isthisdistribution which includes the most remote areas, crop

It is nowlikely to have had a very long history in the country.

the primary staple food for most of the coastal people and is widely

accepted by the majority of Tanzanians. long history andThe

which are likely to haveprevalence of rice in Tanzania are factors

it highly competitive withmakingits acceptability,influenced

maize as a staple food in urban areas.

In view of the important role played by rice as food and its

ancillary uses, it is not surprising that the Government of Tanzania

mounted a rice development programme as part of its effort to combat

food shortage and in pursuit of the country's policy of food self-

The programme involved setting up national irrigationsufficiency.
to producefarmersschemes, small-scaleencouraging ricemore

Uluguru Mountains, in East Central Tanzania, the Usambara Mountains

grown on

Lake Malawi,

of paddy were produced on 112 000 ha
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Table 1.1

India (local) introduction

yamilimani

Junia

A list of some of the rice varieties or lines under 
cultivation in Tanzania Mainland

Chaka Jekundu
Changuku
Cheza
Chidunari
Chikarati
Chinise Farmer

Bagamoyo 
Basmati 217 
Bibi Yampaki 
1/324 
Bibi m'nyonze 
Blue Belle 
Bluu 
Boiwani
B. 572/A3/472/48/28

Afaa Kilombero
Afaa Kilombero 0/906
Afaa Kilombero ex Mahiwa
Afaa Morogoro
Afaa Mwanza 0/159
Afaa Mwanza 0/746
Afaa Mwanza 0/906
Afaa Mwanza 1/104
Afaa Pangani
Afaa Ruvu
Afaa Tunduru
Alupi
Apani
Aw ini

Eal No.
Eal No.
Eal No.
Eal No.
Eal No.
Eal No.
Eal No.
Eal No.
Eal No.
Early Prolific
*LAL No. 1485 SML APWA

Demerara Creole 
Dunduli

Gamti
Gamti Kigoma
Gamti Tunduru
Ganda Moja
Gobe Suthimin

136 SML 242 
1322-1R—822—347 Ex Columbia
1365 SML
1366 SML 140/5 Ex IR
1367 SML 140/10/4 IR
1391 Accession
1488 SML Imerini Ex IR 
1512-02-0231-Y
1513 Shimolata

IR 1-170-1-3-3
IR 5
IR 8
IR 9-60 Ex Mbarali
IR 12-178-2-3
IR 20
IR 22
IR 24-IR-661-1140-32
IR 42
IR 52-18-2
IR 127-80-1-10
IR 154-61-1-1 x Sicastin
CP 231, 1062
IR 480-5-9-3-3
IR 520-1-26
IR 520-1-26-3-3 Ex Philippines
IR 520-1-26-3-3 Philippines
IR 532-1-33
IR 532/33 Ex Philippines
IR 579-48-1-2
IR 579-163-2
IR 589-66-2-1
IR 661-1-127-3-1
IR 665-24-1 Ex Philippines
IR 773—AG 36-2-1
IR 790-28-6
IR 878-82-62-2 
1122 IR 322-347 
1316 IR 665-1-1-6

Farmer India
Faya India
Faya Mbarali
Faya Pemba
Faya Rangi (Nene)
Faya Rangi 4
Faya Rangi 5
Faya Theresa
Fire
Fungu Miji
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Table 1.1 (continued)

Morogoro H4
Morogoro H5
Morogoro Hl5
Moshi Shinyanga
Moshi wasSigara Arusha
M'pinga fimbo
Mpunga mwepesi
Mugubu
Mutant - 38
Mwacha-Pande
Mwalopa
Mwaropa

Namilembo
Ngoi yamilimani
Ngwindimba
Nyati
Nyuki
Nzurikwao

Radium 601 
Runyuki

Labelle
L bonnet
Kalafulu (Karafuru)
Linda Safari
Likoto
Lingalangila
Lukukwi (Rukukwi) 
Lumoto (Kamoto) 
Lunungu

Pasani
Pijo marali
Pishori (Dry Season)
Portuguese

Safari 
Salama 
Salama Mgeta 
Samanini 
Sena 
Shingo lamajana 
Shingo-ya Mjakazi 
Sifari Mbugani 
Sindano

' Sindano Ex Mbarali 
Sindano Ex Mia 
Sindano Kimamba 
Sindano Nseuyu 
Sindano 0/606 
SL P 70 
Soickai 
Soikete 
STR 56 
Supa
Supa Grade Malevy 
Surinam 
Surinam KI 
Surinam K2 
Surinam K4 
Surinam K5 
Surinam Kahi 
Surinam V 880 
Surtun

Manaki 
Mali 
Malondila 
Manda Malawi 
Mbarali Selection 
Mbarali Selection-Ringa 
Mchuzi wakuku 
Meli 
Meli Chungua 
Meli Pangani 
Meli yamilimani 
* Other Melis 
Meno Meupe 
.Mambo (Local) 
Morogoro Hl 
Morogoro H2 
Morogoro H3

Kailangawa 
Kajibi 
Kajungu Long Straw 
Kiba Cheupe 
Kibawa Chainzi 
Kibawa Chekundu 
Kigunia 
Kihogo Malini 
Kihogo Mbarari 
Kihogo Mbulu 
Kihogo Red Line 
Kihogo Red Line 4 
Kihogo Red Line 5 
Kihogo Red Line 6 
Kihogo Red Line 13 
Kihogo Red Line 23 
Kihogo Red Morogoro 
Kihogo Selection L No. 2 
Kihogo Selection No. 7 
Kihogo Selection No. 22 
Kihogo 1/146 
Kikarati (Chakarati) 
Kipakapaka (Pakapaka) 
Kipande 
Kishingo
Kojicho Chamkulima 
Kolowanali 
Koroani
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Table 1.1 (continued)
Swamp Rice Mbamba Bay

Wamba
YR LI
Zira

Taichung Native 1
Taiwani T - 14
Taiwani T - 15
Taiwani 22610 M
Taiwani 22612 Mbarali
Taiwani (22613) Mbarali 
Taiwani 22614 (J14) 
Tulenabwana
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through education programmes and subsidising the price of seed and

fertilisers as well the producer price incentive through theas

years (Table 1.2).

price of paddy has inbeen all cerealsthe highest theamong

Tanzania. The Government also charged researchers with the task of

producing high-yielding varieties, resistant to pests and diseases.

Subsequent to the Government efforts, a call for better rice

productivity ofFacultymade by the then of theDeanwas

Agriculture, while addressing a National Rice Research Coordinating

thatCommittee Meeting pointed out20 September 1975. Heon

shillings inTanzania billionspending approximately 1.2was

importing cereals (maize, wheat and rice) and appealed to the nation

He charged scientiststo double its efforts in food production.

high-yielding varieties with highof producingwith the task

under good agro-ecological environments. Thisnutritional value,

was to be achieved, through different disciplines, working together,

to facilitateintegrated research with a purpose iiin what he termed II

including nutrientexamination of all aspects of

requirements, pests, diseases and weeds, time of planting, plant

It was further pointedpopulations per given area".

definite national food policy was necessary for Tanzania.

It was observed therefore, that Tanzania was beginning to

appreciate the complexity of the dimensions involved in the process
Indeed,of food production.

system which can be constrained by multiple factors which interact

with each other, such that the effect on one factor reflects on the

whole system.
In a food production system, there is the farmer in his

"a good variety,

food production is a multifactorial

out that a

As a matter of fact, on average the producer
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political and economic environment,socio-

socio- economic order is superimposed. There is the land factor,
which can range from no land to more than adequate unsuitable land
to Climatic factors are

important, though generally, they are beyond man's control, for

temperaturesexample, optimum, low;or very

rainfall can be anything from insufficient, drought to devastating
can range from 10

100%. There are also the biological factors which include pests,
diseases and weeds that damage crops and reduce the quantity and
quality of food but to some extent can be manipulated to levels

below the economic threshold through good management practices.

Therefore, food fullin given production system,any

cognisance should be taken of these factors to facilitate their

maximum manipulation in order to provide an efficient system. In

apart from the effects of environmental factors, riceTanzania,

diseases, lodging,production is known to be affected by pests,

shattering and low response to fertilizers (Monyo, 1973).

Despite the many known factors that affect rice production

1973), quantitative and qualitative(Monyo, whosein Tanzania

effects were little known, the national rice development programme

continued to emphasize agronomic and breeding studies at the expense

of a wholistic approach. Thus, the other disciplinary work on rice

left to individual scientists not strongly incorporated in thewas

Hence, the latter approach wasnational rice development programme.

taken to study the rice nematode Aphelenchoides besseyi on rice in

Tanzania, firstly by East African Agriculture and Forestry Research

(1970-71) and subsequently through(EAAFRO) workersOrganisation

storms and monsoons and, relative humidity,

over which the world

land of maximum production potential.

can be too high,
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I
this study.

Cultivated rice is known to be affected by many pests and

diseases (Ou, 1972). Among the rice pests are a wide range of plant

nematodes (Taylor,parasitic 1984;Babatola,1976;1969; Pans,

Prasad et. al. 1987). While most of the nematode pests of rice are

soil species;nematodenematodes affecting rice roots, two rice

besseyiDitylenchus AphelenchoidesFilipjev, 1936 andangustus

1942 are important pests of rice which affect the aerialChristie,

parts.

orderbelong to theconsidered toA. besseyi is now

family AphelenchoididaeAphelenchida; superfamily Aphelenchoides,

and genus Aphelenchoides while, Ditylechlus angustus belongs to the

AnguinidaefamilyTylenchoidea,superfamilyTylenchida,order
DiagramaticDitylenchus.andAnguininaesubfamily genus

representations of the two nematodes is shown on Figure 1.1.

Ditylenchus angustus is an obligate ecto - parasite specific

species of the genus Oryza (Taylor, Sheshadri and1969;to the
Dasgupta, 1975). A. besseyi on the other hand has a much wider range

The list of host range for A.of hosts covering many plant species.

besseyi is given in chapter 2 of the thesis.

ectoparastitically the growingfeedBoth nematodes on

1976),(Taylor, Siddiqi1972; 1971, Pansof the stemtissues

resulting in white-tip disease of rice by A. besseyi and 'Ufra’, Dak

of rice by D.disease angustus.pet or yad-ngoAkhetpora,
Huu-Hai-Vuong (1969) reported that in rice fields in Madagascar, it

difficult to distinguish between the symptoms by A. besseyi andwas

angustus in ratoon crop, because both nematodes cause malformedD.

sterility of spikelets and crisping of headpanicles, sheath and
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leaf. However in glasshouse inoculated plants, the symptoms by
these two nematodes are different. A. besseyi infected panicles
sometimes come out of the sheath with a little scale-like head leaf
three or four cm long with distorted tips, covering the peduncle or
lower spikelets which Thethemselves twisted and empty.are
panicles infected by D. angustus are generally completely distorted,
together with the rachis and the Thepedicels of the spikelets.

panicles may fail to highpartly emerge while underemerge or
infestations the panicles tocompletely destroyed noneare
existence.

A. besseyi is termed the rice leaf nematode (PANS, 1976),
the white tip nematode (Hollis, 1984) while D. angustus is known as

PANS, 1976; Hollis 1984).
Ditylenchus angustus, when in a state of anabiosis form 1 cottony1

the stubbles when rice ismasses
harvested where they serve as inoculum for the next crop. A. besseyi
meanwhile is the only seed borne nematode of rice (Hollis, 1984) and
is disseminated through the seed, where it is found coiled up in a

Plate 1 shows thestate of anabiosis inside the rice seed coat.
different symptoms exhibited by rice plants infested by D. angustus

Both nematodes can cause considerableand A. besseyi respectively.
yield losses which vary with countries.

Ditylenchus angustus has been reported in Bangladesh, Burma,
Thailand, UnitedPhillipines, ArabMalaysia,Madagascar,India,

Republic and, is reported by Taylor (1976) to have been found in

Africa at higher elevations which experience temperateSouthern
D. angustus has not been reported in East Africa, while A.climate.

besseyi has been identified in most of the rice growing countries,

plants and remain on

the rice stem nematode (Taylor, 1969;

on rice
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(a)Plate 1.1

White tip symptoms caused by A. besseyi on rice leaves(b)

I - ■ 

f'j

Panicles and leaves of rice affected by rice nematode 
(D. angustus)
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including Africa, (seeEast Africa particularTanzania inand

Chapter 2 of the thesis).

the
magnitude of which varies with country, variety, cultural methods

and year of crop, and that, it also affects the quality of grain. It

is not clear if this qualitative effect on the grain also involves

protein except from insinuations by Amano and Nakanishi (1976).

A literature review on the control of A. besseyi, shows that

hot water treatment of seeds is considered to be the best method for

it is also observed that the givencontrol of this pest. However,

treatment regimes vary widely in many aspects of the treatments.

The use of resistant or tolerant varieties can be considered

promising but not of immediate practical use to growers of other

may not necessarily,thosecountries because

local material forScreeningreplace locally preferred ones.

resistance and tolerance could provide an answer to the problem of

A. besseyi on rice through use of locally preferred resistant rice

cultivars.
limitation ofcontrol cost andChemical has a

most of the recommended chemicalspracticability.

may not be available in some of the developing countries.

The complexity of factors involved in crop losses due to A.

plus the variability the presented datain forbesseyi its

management, necessitates that affected countries study their local

whereand appropriatework outproblem managementnecessary,

methods.

In Tanzania, the wide distribution of A. besseyi coupled

In some cases,

is clear that the rice nematode A. besseyi causes crop loss,

resistant varieties

From the results of various workers from many countries, it
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with the heavy seed infestation (EEAFRO, 1971; Taylor et al, 1972)

warranted a further survey followed by a study to assess the damage

it and to methods.work managementout appropriatecauses

Furthermore in view of the many rice cultivars and

Tanzania, and ofthe inadequacy of information aspectson some

germination of hot water consideredtreated rice seeds, it was

to treatmentstudy the effects of latterthenecessary on

germination of different rice cultivars. it wasAt the same time,

also deemed appropriate to test some of the available chemicals for

their efficacy in the management of this rice pest.

tobriefly the objectives of this studyTherefore, were

investigate:

(a) The

The possible effect of the nematode on rice production in(b)
Tanzania;

of(c) the managementtreatmentof hot waterEffect on
on

soil(d) theofEffect
nematode management and rice yieldinfumigant dazomet

respectively.

distribution of A. besseyi in some rice cultivars grown 
in Tanzania;

A. besseyi in seeds of locally grown rice cultivars and 
the germination of treated seed; and 

insecticide/nematicide carbofuran and

lines grown in
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2. LITERATURE REVIEW

2.1 The organism
2.1.1 General

disease on rice is

called Aphelenchoides besseyi in ofhonour whoE. A. Bessey

discovered strawberry in the southern part of the United

States in 1901 (Thorne 1961). later described by J. R.

Christie in 1942 who named the species after Bessey and gave details

of its parasitic habits. This nematode withis synonymous

Aphelenchoides oryzae Yokoo, 1948 and Asteroaphelenchoides besseyi

(DrozdoviskiChristie, Fortuner and Williams1942 1967, Orton

1975).

Systematic position2.1.2

Aphelenchoides besseyi Christie, 1942 belongs to the super

family Aphelenchoididae, familysubAphelenchoides,family

Aphelenchoidinae and genus Aphelenchoides (Baker 1962). Franklin

and Siddiqi (1972) and Fortuner and Orton Williams (1975) placed it

in the order Tylenchida. However, recently Siddiqi (1980) reassigned

this genera to the order Aphelenchida, superfamily Aphelenchoidea of

evidence and observations.

The nematode known to cause "white tip"

"class" Nematoda based on ecological, ethological and morphological

It was

it on
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2.1.3 General description
A. besseyi are generally slender nematodes with females and

males ranging in length between 0.72 mm0.62 0.88 mm and 0.44
respectively. Fortuner and Orton Williams (1975) in their review
reported that it differs from species by:other Aphelenchoides

with several rows of oocytes, excretory pore slightly anterior to
the nerve ring, labial region slightly larger than the head, four
incisures on the lateral field, four processes on the tail in both
males and females and spicules lacking a dorsal process.

Biology of A. besseyi2.1.4
2.1.4.1 Mode of reproduction

(1967) A. besseyireported thatand StoyakovSudakova
reproduces parthenogenetically but Huang and Huang (1974) found eggs

A. besseyi to invariably carry two nuclei which subsequentlyof
amphimictic mode ofsuggestingform zygotesfused to an

Cayrol and Dalmasso (1975) and Huang et al. (1979)reproduction.

confirmed that A. besseyi reproduces amphimictically. In a review
by Fortuner and Orton Williams (1975), A. besseyi is considered

found in equal
proportions.

2.1.4.2 Sex ratio
(FukanoA. besseyi is reportedratio of to varyThe sex

having a short narrow, inconspicuous post vulval sac, a large ovary

bisexual and that on rice, males and females are
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1962; Huang et al. 1972). Work by Huang et al. (1972) using the sex

equation for obligate theamphimictic comparingnematodes and

estimated ratio, with the experimental results, confirmed the male

ratio to be 12,7 %. The same workers also found that the male ratio

increased under aging cultural suggesting that eitherconditions

male differentiation was favoured by poor food or that the latter

condition shortened the life span of females.

2.1.4.3 Life cycle and duration

A. besseyi develops through four juvenile stages with the

Orton Williamsandsecond stage attained Fortuner

(1975) described the duration for the cycle from egg to egg to be

6.5 - 7 days with embryogenesis taking 0.5 days; second, third and

0.65 and 0.9 days respectivelyfourth larval stages taking 0.13;

while sexual maturation for an adult female takes 4.3 to 4.8 days.

larvae toauthors considered feeding a prerequisite for

develop and that in nature, length of generation time and number of

A. besseyi life spangenerations varied with ecological conditions.

1967).is reported to be 35 - 50 days (Sudakova and Stoyakov In

ricethe rate of multiplication isrice,

variety and its capacity to resist the disease (Fortuner and Orton

being greater at tillering and greatest during1975),Williams
1956).panicle formation (Goto and Fukatsu

activity lifeand cycle2.1.5 of temperature ofEffect on
A. besseyi

While optimum temperature for activity and for completion of

the nematode can stay activelife cycle of A besseyi is 31.8° C,

The same

in the egg.

said to depend on the
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between 13° - 42° C (Tikhonova 1966c). It remains motionless and

dies after one month at 10° C (Hashioka 1964) whereas, at 42° C and

44° C, the nematode dies in 16 and 4 hours respectively.

2.1.6 Effect of atmospheric humidity and grain moisture on
activity of A. besseyi

A. besseyi is able to only over film of watermove a

(Tikhonova 1966c). Thorne (1961) considered intra- plant migration

of A. besseyi to be restricted to periods when a film of moisture is

present, such as following rain, dew or high humidity. It is able

to feed when atmospheric humidity is above 70 % (Tikhonova 1966c).

Activity of the nematode is reduced at grain moisture of 40 - 35 %

less, into quiescenceor

et al. 1972). The same authors reported that grain moisture of 27 %

or less results in progressively less revivals from anabiosis.

2.1.7 Physiological strains

of physiological strains ofexistence

Ectoparasitism of A. besseyi on VandaA. besseyi is not explicit.

Saintpaulia is attributed toand its endoparasitism on

differences rather than dissimilarity of the nematodes themselves

(1963)1952).(Allen Noegel and however noticed thatPerry

diseased chrysanthemumsstrawberry plants grown notamong were

(1975),Fortuner and Orton Williamsattacked
twobe physiologicalor more

strains of the A. besseyi species.

suggested that on rice

by the nematode.

there may

or dies (Huangwhen the nematode goes

the host

Literature on the
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2.1.8 Host range
ofhostRice is importantconsidered to be the most

followed bydisease,
(Franklinstrawberry on which it "crimp"orcauses

and Siddiqi 1972). hostsotherA. besseyi hasHowever numerous
ranging from herbs, vegetables, legumes,millets, grasses,corn,

A list of host rangeornamental plants to many other wild plants.
in spite of theis presented in Table 2.1. It is surprising that,

known wide host range for this nematode species, assessment of plant
andfor ricehas only been donecaused by A. besseyidamage

Consequently, the economic importance of A. besseyi isstrawberry.
not fully known.

Geographical distribution2.1.9
is world-wide withbesseyi' on riceThe distribution of A.

(Franklin andcontinentsin all thecountriesrecords from many
Siddiqi 1972; Fortuner and Orton Williams 1975). The distribution
of A. besseyi on rice in Africa and in Tanzania is given in Figures
2.1 and 2.2 respectively.

A. besseyi the cause of "white tip" disease of rice2.1.10
The rice disease now known as "white tip" was at first known

by different names in different countries and the causal organism
for the white tip disease of rice was not known for a long time.

In the United States, Jodon in 1935, is considered to be the

"white tip"
"summer dwarf"

A. besseyi on which it causes



- 20 -

0

CM

O CO cn

I
Eh

<0

<0
CD

Ilb

CXI
0

>
o

co
co

co
co

►J <H

a o
G

0 <0 CO>
CD

<0B o
8

ao an
Q PU

Q Q Q tx<

§

C o

X 
C 
(0

C o
E 
<0 

PC

X cu

a a

to to <o
m

g a□
PC

x a

cd 
o

o 
co 
0 a

a a

E
CO

PC

X
CO
E

G

E

G
O

X 
G 
CO

g 
X

G 
CO

M re x

x c 
0

0 x

>> 
G

0 c

X 
C 
0

0 
0 
G 
O 
O 
0 
O

0 
3 
0 
X

A
&

*8

0 
0 
X

Ch 
X 
CJ

Eh

O 
X

0 
X 
Eh

0 
0 e>

x o

0 
0>

o 
(S 
CD

0 
0 
G

X 
o

tn 
G 
0 
g

G 
0 
X tn

0 ao 
0 x x 
0 o

tn 
0 c

0 
X 
0 
0 
X tn

G 
0 
x cn

0 x

0 
3 
0 
X

o 
«H

E 
0 

PC

0 
3 
0 
X

X 
tn

E 
3

X o tn 
CD

c 
0 a 
0 x

o 
X o 
E 
0 
E 
0 >
X c 
0

0 ao 
X 
0 
tn

tn x c 
0

o 
G o 
E o o

X 
in 
CD

0 o 
<h
G 
0 
X 
0 re

0 
X

ao c o 
0 >

0 an x 
0 tn

a a tn

0 
3 
0 
X

X 
0 
Q

G 
0 
X

CD

c 
0 a 
0 x

x o 
in 
CD

o x o 
E 
0 
E 
0

a o o tn

6o s co

cn c^ 
CD

0 c <

G 
X

0 
X

o 
0 
G 
G 
0 
E 
G 
0 «

E 
0

C 
0 a 
0 x

X 
o 
W

C

0 tn 
0 
G ao

g 
0 x tn

«H 
0 re

x x 
0
G 
0 
E

0 
G 
O o 
0 
X

Pl 
0 
X 
X 
3 re

0 o

a □ o

£ 
£

X tn

CD

in co 
CD

0 a

g
5 
O

’d' 
in 
CD

'd 
in 
CD

>>

’d x 
CD

Pi 
0 X tn

E 
3 
E 
0 
X 
X c 
0 
0 >> 
G 
X 
o

X 
0 o

0

G 
0 
X tn

0

in
CD

<H 
0 
0 
Q

C 
0 a 
0 x

o 
C 
M

0
0

0 
O 
0 
X 
0

X 
0 o >

C''

2

0

Pi 
o

’d
in 
CD

0 
X & 
0 
0 

2 o

co
ID 
a>

0 
0

o 
X o c 
0
0 

a <

0
£ x 
~ 8

• G 
N C 
X © 0 ac re

0 o
X o o c

o c

0 a 
3 
O
0 
X 
0 
3 

C5

X 
C 
0
a

B 
E

G
3

o’ 
0 m 
£

s

M
%
2

G 
0 
E 
X 
0 
£

B 
© 
X 
X 
G 
0 
0 
S’ 
X o

E 
3 
E 
0 
X 
X 
G 
0 
0 
S’ 
X u

X
£

0 
0 
0 
G ao 
G 
0 
E
3 cn

0 
© 
o 
0 x s 
B a

© 
© 
X 
3 
X 
bl 
o 
0

G 
0 

B 
X 
G 
O a

0 
0 
0 
G ao 
G 
0 ap

i u

re

I o

I

©

I

re
2

5

B 
© 
o 

BJ§
© 

5 S £

X 
§ re

sl
,”l ”1SI

0 0 G 
0r-l0 
0 X i—l 

ab e o x 
X 0
G 0 C 
0 © O 
>> C -H 
C 0 x 
g a i—t 
0 0 -H 

pq x m

►j .
G 
0>



- 21 -

<

-a

o<(X.

500316

cO 
O 
tn 
CD

X
G 
co

E 
<D o a

as 
3 co x

CM 
in 
CD

cO 
3 
CO 
X

<0 
3 
<0 
X

<0 
P

c
<0 o.
CO

5 
<0 
cd 
pa

a 
<0 
Q. 
C0 

•"S

3 
<0 
CD 
pa

co 
CD 
73 o
G 
(0

<0 
3 
<0 
X

G 
0) 
X 
CD

5 73 
O 
O

o 
r* 
CD

CO 
p 
p 
(0
G 
co 
X

X o 
p

X

C0 
3 
C0 
X

G 
CD 
X 
cd

C0 
3 
C0 
X

G 
CD 
X tn

>>
C0 
G 

CD

CO

CO 
3 
CO 
X

G 
CD 
X 
cd

73

x o 
G 
O

c 
CD

CO 
3 
CO 
X

G 
CD 
X 
CD

73
X
O 
G 
O

G 
CD 
X 
CD

G 
CD 
X 
CD

•O
X 
O

CO 
§ 
X

G
CD 
X 
CD

•a
X 
O 
G 
O

CO 
3 
CO 
X

G 
0) 
X 
CD

•o
X o 
G o

§ 
CO 
X

E 
E

C 
G 
O 
O

P 
CD

3 
CD

CD
N
CO 
X

G 
CD 
X 
CD

CO 
3 
CO 
X

o 
p 
o 
E 
cO 
E 
CO 
X

■a c 
CO

p 
CD

CO 

73
G 

’>

cO
G 
C0 
P 
CD 

CD

X 
CO 
o 
>•

st
in 
CD

<
CD

X

3 
X 
O 

CD

o0

Q. 
Q. 
CO
CO 
CD 
P 
3)

sr
in 
CD

o 
<H

CO E 
0)>

73
CO
C 
O 
X

H

in
2

c 
CD 
73 
C 

La

st 
in 
CD

73

o 
G o

<—c
Sh
CD
E

E-c

X
CO 
73
CD

in 
CD

Sf 
in 
CD

inco
CD

st 
in 
CD 
r—I

c0 o

To
p

x 
co 
o

CD 
P 
3 o co
c o 
E 
CD 
P 
CO 
O c 
CD
O 

CD

inCD
in cn in

2

75

o ao
G 
CO
E

C 
cO o
G

CM
a>

I

cO 
O 
in 

2
o 
p o 
§
§

75 

§

CO 
co 
CO 
G 
bD
CD
p co
'fct
X CD 

c p 
CD CO 
CD -H 
G C-i e> pa

E 
3 
O* 
CO 
o 

■"S
co 
co
X
X 
c0| ll

I 
CD 
Q
CO 
CO
x
X
CO 

1

C 

o

aJ

’S 
p 

CD 
CD

CD
|

CO 
3 
CD
O 
O

CO 
co 
cO

p
3 
E 

CD

G 
CD 
3 
O

S 
CO

73 
CD «

CO op 

'i 
3 

pa

co9x 
X
CO1

COI 
ka

G 
CD 

c

eg
c0
C 
CD E col a> 

N

CT 
O 
CO 

*7>

CO 
c 
CO M 
<D
CD

CO 
| 
N

O 
X o 
D. 
CO

X
E 
3 
o* 
CO 
o 

*-3
CD 
CO
X
X
CO 
73 c

o
o
g
5

I
I u

73 
CD 
P 
C

■H Ch 
C0 C0 
a cd

“ I 
CO CD 
3 >-< 
CD P
O CD 
O C

£
Eh 

8 
X

&

I
X 

§

CD

& 
X
CD 
CO 
O 
K
X 
col 11

IIIIIIIIIIIIIIIIIIIIIIIH.

X 

e 
CD 
pa

l
co 

i 3

o E o 
Q.

CD



- 22 -

to

<

I

tn

<o

cd

< 
tn 
a<

tn
a <

cn
a

CM 
tn cn

c 
CD

<0 
CD 
CD 
01

co|to

& 
CO

CD
CD 
cn

(0 
3 
co 
X

cd 
CO 
w 
c 
(0 
Ch 
a 
>> 
X

Ch 
CD 
tn
<0

CO 
3 
CO 
X

E 
CO co
CO 
cn

co
CD 
cn

o 
co 
cn

CD

co
CD cn

CO 
X

3 
3 
X

no 
s 
o 
3 >

> 
5 
CO 
CD cn

CM 
in 
no

>> 
Cn 
Ch 
CD 
a 
3 
CO 
Ch 

4-> 
tn

CO 
tn 
tn 
co 
c 
co 
c 
co
co
Ch 
CO 
DO 
CO 
Ch 
tx,

CO 
3 
CO 
X

£ 
o
CO

Cn 
CO 
DO 
co 
Ch 

Exh

£ 
o 
3 
Q

CO

CO 
C 
CD 
O

CD

-P
CO

Ch 
£ 
CD

Ch 
CD 
£ 
3 
CO 
Ch 
a 
tn

CM

oi

a 
CD

a 
co 
Ch 
<o 
cn

Ch 
Ch 
CD 
X

CO 
3 
co 
X

a 
a 
co 
E 
N 
a
c 
x
TJ 
c 
CO

CD 
a 
co 
CO 
K

>»
CO 
Cn 
U

CO 
3 
O 
CO

a 
x

ST 
in 
oi

Ch 
CD 
£ 
tn

£ 
CL 
O 
Ch 
O 
CO 
E

CD 
CO 
DO 
C 
co 
Ch 

TO 
>5 
X

Ch 
CD 
£ 
tn

tn 
a 
c 
co
co

o 
Cn 
c 
E 
O 
u

CO 
X

3 
3 
X

DO 
c 
o 
3 >

5 
CO 
CD 
cn
co 
o
Cn 
a 
a

c 
co a 
co
•X 
co 
cu

c 
CD 
CD 
E 
<
a 
C 
CO

E

E-c

O 
a 
co 
a 
o 
On

a 
CD 
CD 
3 tn

c
CO
Q.
CO 
a

o
c 
CO 
Oh

CO 
£ 
CD

sr
CD cn

o
£
CO 
CO 
X

CO 
3 
CO 
X

in 
oi

co 
co 
co 

cd

CO 
a 
co 
Ch 
o 
a 
o
CO 
0) 
£ o 
3
Oh

CO 
3 
CO 
X

a 
c 
co 
E 
N 
a
o 
x

CD 
co 
o 
Ch 
CD 
a 
3 
a

co
CD 
01

CO 
a 
3 

CD

CD 
OI

tn
N 
CO

Q

•O 
c 
CO

N 
CD 

TO 
C 
CO 
c 
Ch 
CD 
[x.

CO 
Ch

CD >

XJ 
c 
CD 
3

CO 
£

C 
CO 
c 
o

3 
CO 
Q.

H
CO 
tn

c 
CO 
CD 
a 
co 
>» 
o 
tn

in 
oi

CD 
dc
Q. 
CO 
Ch 
CD >

OI

o 
G 
H

a 
CD

s
£ 
co 
5 
Ch

2

Ch
CD 
£ tn

co
CD 
o 

<H

Cn 
CO 
a 
co 
K

TO 
C 
CO

CO 

£ 
£ 
O 
c 
CO a 
w

S,
co 
3 
CD 
Ch 
O 3

a

o 
K

c
o>

E 
CO 
J

CO 
CO 
a 
co 
a

cO 
CD 
O 
E 
O a

co 
TO 
a 
co 
w

o 
Ch 
O 
E 
O 

CD

£ 
c
O 

£
o

i
£ 
o 
o 
CO 

cn

a
CD

o
>
c
CO 
o
Cn

<

i 
O 
5 
cO

9
oco

CD “
On

TO 

£ 
a 
a 
3 
X

«3

Q. 
CO

cn

CM 

o>

a 
E 
3 
£ 
E-<

E 
3 
a 
co o
3 
CO

a

I 
o
c 
CO 

On

J

CO 
CO 
o 
Cn 
CD

3 
a
co 
CD 
£

§

£

CD 
e 
CO 
o 
Ch 
CO 20 
cn

CD 
DO 

TO

Ch 
C 
CD 

JSfi
CD 
cO 
Cn 
a
co 
3 
o 
co
a 
x

£ 
O 

cZ|

oi

• X 
J CO 
— X
XI co il?
CD 
c
O >>

CD

§ 
£
cn 
g 
Ex, 
O

I 
Z s

■8
e

1
o

X 
H

8 
CD

« 
O 

£ 
§

col 
c
E 
CO 
CO 

21

CO

CD 
O 
•a

Cn 
CO 
a 
co 
a
TO 
c 
co

M 

§ 
z

i
CD

Ch 
m

* E 
K Ch

3 
— cn

co 
0) 

TO

O 
£
Q 

obi al
E 
3 
a 
0) 
co

cO co 
co 
CO 
c 
CO2 
CO

CD • 
C Cn 
CO CO 
£ > 
O
3 •
Q £ 

O 
3 
Q

CO 

tn 
c 
CD 
o





- 24 -

in Tanzania.Distribution of A. besseyi on riceFig 2-2
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(Todd and

1958).Atkins several pathologists in the UnitedUp until 1949,

States considered white tip to be a physiological disease. Tullis

chlorosis of rice supposed to

have been caused by iron deficiency; symptoms of which were similar

This resulted into a theory that white tipto those of white tip.

was caused by iron deficiency, and the latter theory was supported

by Jones et al-(1938) and Tullis (1940).

(1940)(1939) AlsattMartin andandMartinHowever,

Later,concluded that the disease was due to magnesium deficiency.

Takimoto (1943) in Japan, reported that the cause of the white tip

identical to that of thedisease of rice in Kyushu area might be

Yoshii (1946)American white tip reported by Martin (1939). was

(1939) that due tounable to confirm the work of Martin

He found that nematodes were associated withmagnesium deficiency.

the diseased plants, and named the disease "Senchu Shingare Byo'

(Heart blight caused by a nematode) and later in 1946 he reported

Though Yoshii (1946)the effects of hot-water seed treatment tests.

reported the causal nematode as Aphelenchoides oryzae Yokoo, 1946;
Cralley (1949)Yokoo did not publish the description until 1948.

confirmed that white tip of rice was caused by a nematode and became

the first in the United States of America to confirm the findings of

Yoshii (1946) and Yokoo (1948).

is only aThe fact that Aphelenchoides oryzae ofsynonym

(1952) whoestablished foundAllenbyA. besseyi was no

morphological differences between Aphelenchoides besseyi Christie

1942 from strawberries and A. oryzae Yokoo 1946 from rice. Yoshii

first to mention the rice disease now known as "white tip"

and Cralley (1936) reported about a

it was
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and Yamamoto (1950c) concluded that the nematodes are seed borne,

source of inoculum.

Yoshii and Yamamoto (1950b) couldthe nematodesalso found that

persist in stored rice for 3 years.

(1958, 1959) experimentally proved thatTodd and Atkins

symptoms on rice. Other

pathogens capable of causing "white tip" symptom on rice are two

Westwood (Yoshii and Yamamoto, 1950a) but the symptoms

In Madagascar lack ofcases are accompanied by physical injury.

fertilizer and the effect of parasitic fungi were found to produce

of rice caused by A. besseyi (Vuong

Huu Hai and Rabarijoela 1968).

Symptomatology2.1.11
(Tanaka and Uchida 1941;several workersbyStudies

Atkins 1958; Tikhonova1950a;Yoshii and Yamamoto

and Matsumo 1975) revealed parasitismthat1966a; Ou 1972; Ueda
in abnormal growth ofresultrice plants by A. besseyiof can

(1950a) described theand YamamotoYoshiiaffected plants.

symptoms of the disease as being discolouration of leaf tips for a

of 3-5cm (generally the typical "whiteconsidereddistance as

symptoms) plus short whorled and twisted flag leaves from which

rice plants byabnormally deformed

of xylem byA. besseyi is also reported to result in obstruction

gums followed by phloem disintegration (Fortuner and Orton Williams

The latter authors reported that cell growth in some1975). leaves

tip"

A. besseyi is capable of causing "white tip"

symptoms similar to "white tip"

and that the soil did not seem to serve as a

insects, namely Chlorops oryzae Matsumura and Eusarcoris ventralis

Todd and

in these

ears emerge. Parasitism of
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of affected plants is retarded chloroplastsand are scarce or
absent. Formation of necrotic in badly affected plantsareas
(Yoshii and Yamamoto, 1950a), retarded growth (Tanaka and Uchida
1941; Ueda and Matsumo 1975) stunted growth, lack of vigour and
production of small panicles (Ou 1972), abnormaldevelopment of
tillers from third and fifth nodes up the main tillers (Yoshii 1946)
are some of the symptoms observed for the growth phase of the rice
plant affected by A. besseyi.

Uebayashi et al. (1971) showed that injury by A. besseyi to
rice during early milk stage resulted in longitudinally cracked and

Fortuner and Orton Williams (1975) summed up theblackened kernels.
oftenof affected plants having panicles,symptoms shorteras

atrophied at the tips with glumeless spikelets at the tips, some
sterile flowers producing empty spikelets with twisted husks and

produce morphologically abnormalthat sometimesfertile flowers
grain with low germination potential and delayed date of maximum

The abnormal growth of earheads and spikelets in ricegermination.
result of theinfested with A. besseyi was

reaction of the host tissue to the secretions of the nematode (Rao
1976).

symptoms are not invariably observed
in infested fields nor are they exhibited by all infested plants
(Yoshii and Yamamoto 1951). In Tamilnadu (India) local varieties

show these symptoms (Muthukrishnan et al. 1974) and in
Bangladesh infected plants did not exhibit "white tip" symptoms

EAAFRO workers (1971) could not(Fortuner and Orton Williams 1975).
symptoms in infested fields in East Africa.detect any "white tip"

The typical "white tip"

did not

considered to be the
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Todd and Atkins (1959) reported that the most resistant varieties

rarely showed foliar symptoms even though their yield was reduced by

Babatola (1984) reported that white tip symptoms had notthis pest.

been observed anywhere in Nigeria even though berice

infested by A besseyi.

2.1.12 Etiology

Todd and Atkins (1958, 1959) experimentally demonstrated

disease

(1950) alsoYoshiiauthors andof rice. The same

ectoparasitically rice.fednematodethat thedemonstrated on

(1962) consideredseeds. Fukanoby infested ricedisseminated

by thisof infestationthe primarybeseeds toinfested source

nematode while Cralley (1952) considered them to be the sole source

Vuong and Rodriguez (1970) however, were able toof infestation.

demonstrate that a ratoon crop was

the subsequent crop.

possible infestation could arise from debris and weeds.

A. besseyi is reported to move from plant to plant and in

dry seeds, the nematodes are found between the grain and its husks

coiled in a state of anabiosis from which it is reactivated when the

In an anabiotic state in stored grain,seed is hydrated. these

nematodes are known to survive for considerable lengths of time, up

to 3 years (Yoshii and Yamamoto 1950b; Todd and Atkins 1958).

A. besseyibeing hydrated, quiescentthe becomesOn

Yoshii and Yamamoto (1950c) proposed that a

that A. besseyi was one of the causal agents of "white tip"

a possible inoculum source for

and Yamamoto

seeds may

A. besseyi is known to parasitise upland and lowland rice and is
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reactivated, swim away from the seeds and eventually return to enter
seed buds (Tamura and Kegasawa, 1957). Movement of A. besseyi from
infested seeds was found to be related to temperature and budding of
seed soaked in water while percentage survival and chances to infest
the host related to of thethe time following movementwere

(Tamura 1958).nematodes from the Higherseed and Kegasawa
temperatures during swimming results percentagein lowaway
survival, similarly the longer the time after moving from the seed,
the less chances for survival and successful infestation. Optimum

ofat and ratestemperature for swimming put 20° Caway was
budding seed at 20° C,mortality during swimming from
90.9 and 100 % respectively (Tamura30° C and 35° C were 53.3; 66.7;

Tamura and Kegasawa (1958) demonstrated that1957).and Kegasawa
the migrating nematodes could attack any part of the rice seedlings
except roots and they showed that the nematodes could also move from

part of a plant to another independent of geotaxis and thatone
their migratory behaviour was related to their overall biology while

cultural environment of ricetherelated totheir vitality was
plants in the paddy fields.

of A. besseyi reported toInterplant migration bewas
maximum at first leaf stage under double dose nitrogen fertilizer,
while under normal nitrogen fertilizer, maximum movement is during
third and fourth leaf stages (Tamura and Kegasawa 1958). Goto and

(1956) demonstrated that a chemical attraction to certainFukatsu
cultivars of young growing rice plants was involved and Fortuner and

attractive than resistant ones.
Orton Williams (1975) reported that susceptible varieties were more

25° C and



- 30 -

The nematodes are said to swim away from the germinating
seed and invade seedlings within the first 10 days after sowing and

At six leaf stage, the
whereabouts of the nematodes on the plants is not known (Yoshii and

1950a).Yamamoto is generallyat tillering stage, itHowever,
believed cavity above growingin the
points of the rudimentary culm and/or on the young leaf surrounded
by the innermost leaf sheath. with the
growing plant feeding on the tender growing tissues.

The population increases rapidly from the late tillering
stage of rice onwards and the nematodes migrate to the developing
panicle where they either puncture the inflorescence or enter the
glumes through the apical tunnel at the apices of lemma and palea.
The nematodes multiply abundantly before anthesis, feeding on fleshy
tissues of the stamens, lodicules and embryos.

nematode multiplication declinesAfter anthesis,
Development of the second toage and moisture content of the grain.

third stage larvae continue up to the eighteenth day after anthesis
and from the latter stage to adult it takes up to 30 days by which
time the grain is also ripe.
before some larvae are mature and reduction of grain moisture from

to all stages exceptanabiosisinduces second stage15 %18
larvae.

Nematodes in a state of anabiosis can be found in all parts
including straw, this being the physiologicalof the rice plant,

state through which this pest survives unfavourable conditions. In
nematode * s of polysaccharidesthis the foodstate reserves are

are said to prefer young growing parts.

However, grain ripening is achieved

The nematodes move up

that A. besseyi are found

with the
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hydrolysed to simple sugars.

In the grain the nematodes are said to be mainly distributed

in the middle followed by the lower part, and the terminal part. On

the other hand Uebayashi et al. (1971) observed that the nematodes
live in the space between the hull ofand the ventral side the

developing endosperm. (1975) showed that in dryNandakumar et al.

seeds, the nematodes are found coiled inside the palea and on the

surface of the lodicules. Ichinohe (1964) also reported presence of

A. besseyi inside the palea.

(1970) and Todd and Atkins (1958) observed chaffinessRao

and abnormal elongation of glumes some spikelets,in rachii and

rachillae. Cell damage ofto the outer wall the causedovary,

damage to the lodicules preventedpartial filling of kernels and,

closure flowers after anthesis, exposing the embryo toof

dessication, infection Trichoconisenvironmental stress like by

padwickii and spikelet sterility (Rao and Rao 1979). Dew deposition

high humidity (above 90% R.H.) was found to be essential for theor

to themigration reproductivemovement and fillers,nematodes

reached developing grainsif at allwhich few forwithout any

cryptobiosis (Nandakumar et al. 1975). A range of 21 23°C air

suitable for A. besseyi activitysaid to betemperature is and

expression of damage symptom in crops (Rao et al.1983)

loss due to A. besseyi and its economic2.1.13
importance

Crop losses due to this nematode have been found to vary

Nature of crop
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from country to country depending rice
varieties and cultural practices. In Taiwan, Huang (1959) estimated
20 - 50 % loss. In India, loss of grain yield due to chaffiness of
ear heads was reported to be 20.4 % (Muthukrishnan et al. 1974) and
earhead damage due to partially filled grains ranged from 21 - 46.3%
(Nandakumar et (1959)1975).al. ToddIn America Atkins and
recorded 17 % crop loss over a period of 3 years and, 41 - 71 % crop
loss was reported in the USSR (Tikhonova 1966). Tamura and Kegasawa
(1959) noted that the ratio of damaged stems was not correlated with
yield components during abnormal weather conditions, suggesting that
ecological conditions of rice and nematodes in bad weather differed
from those existing during normal weather.

Ueda and Matsumo (1975) disease
lowering of grain weight caused bycaused yield reduction through
and withered white tips of leaves,lowered stem and plant height

which resulted in increased numbers of immature rice grains, lowered
of grains.actual numbersinreductionandgrain weight

Muthukrishnan et al. (1974) reported that nematodes in the spikelets
Atkins (1974) stated thatcaused damage to lodicules and the ovary.

reduces yield and quality of grain, panicledisease
rice grains resultedand and in grainsfertile floretssize,

frequently abnormal in shape.

Management of A. besseyi2.1.14

managing A. besseyi on rice namely cultural, chemical and physical
(Fortuner andvarietiesresistantthewell Ortonasas

"white tip"

pointed out that "white tip"

use of

Numerous investigators have worked on various methods of

on environmental factors,
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Williams, 1975; Prassad et al. 1986). Considering the cultural

management method, sowing under water (Cralley 1956) and flooding

at germination were considered effective in managing "white tip1

Early planting (Cralley 1949) and advancing planting bydisease.

(Yoshii and 1951)60 days recommended foralsoYamamoto were

management of A. besseyi. seedA special oil

recommended by Tamura and Kegasawa (1959), by Tikhonovarotation

(1966a), Haiburying of straw, and weedsdebris, by Vuong Huu

(1969), and spreading 200 to 300 kg/ha of magnesium sulphate by

Martin and Alstatt (1940).

diseaseThe use of resistant varieties to manage "white tip'

(1949),including Cralleyseveral workersinvestigated bywas

Goto and Fukatsu (1956),Cralley and Adair (1949), Dastur (1936),

(1959). researchers working in variousTheseAtkinsTodd and

up with a number of rice varieties whose responsecountries came

ranged from very tolerant to very susceptible. Fukano and Yokoyama

Tsurugiba" variety did not exhibit symptoms even

when infected and considered it resistant. , Goto and Fukatsu (1956)

identified tolerant varieties as those which do not easily express

symptoms even if they supported a

Atkins (1974) considered resistance tonematodes in their panicles.

by commercial varieties to vary greatly. He considered

long grain varieties, as generally resistant, while medium and short

considered susceptible. He recommended growing ofgrain were

resistant varieties as the simple solution to "white tip" disease.
in "Asa-Hi" varietyResistance was

"white tip"

"white tip"

(1955) found that "

cover on

Komori et al. (1963), Nishizawa (1953a), Orsenigo (1954, 1955) and

beds was

certain number of

thought to be hereditary and
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innate (Goto and Fukatsu 1953).1956; Nishizawa
Numerous workers in several countries have tested a large

number of chemicals ranging from fungicides, andinsecticides
nematicides. Fortuner and Orton Williams (1975), reviewing the work

chemicalon various
the did not produce true1960s any

solution to this disease problem but that, the discovery of systemic
crop protection chemicals produced interesting results. In the line
of systemic nematicides Locascio et al. (1967) found thionazin,
carbofuran, dazomet and diazinon in controlling

20 kg/ha achieved completeA. besseyi and that dazomet
destruction of the nematodes and produced excellent plant growth.

thiabendazole,Several chemicals including Phosphamidon,other
fensulfothion, diazinon, disulfoton and phorate were found to give

1970).good results (Vuong and Rodriguez

(1961), control of seed-borneAccording to Kretlow et al.
Todd and Atkins (1959) considereddiseases begins with the seed.

since A. besseyi is seed-borne and infested seed serves as thethat,
tip" could"white diseaseinoculum,ofprincipal source

theoretically be controlled by eliminating the nematode in the seed.
These hypotheses seem to have encouraged many people to try and find
effective control of A. besseyi in rice seeds, hence the majority of
workers concentrated on controlling A. besseyi in seed. Whether by

concerted effort in studying thisresult of the
hot water treatment of rice "white tip"method,

However, Fortuner and Ortondisease was considered to be the best.
Williams (1975) conceded that perfecting this method had not been an

design or as a

to be effective

at 10

chemicals undertaken up to
control concluded that the experiments with

seed to control
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easy task.

Several different treatment withoutwithregimes or

presoaking seed came out of studies by many workers (Cralley 1949,

1952; Yoshii and Yamamoto 1950d, 1951; Fukano and Yokoyama 1955;

Kononova and Vinnichuk 1959; and Nandakumar1959; Todd and Atkins

et al. 1975).

Cralley (1952) treated dry seed at 52 - 53° C for 15 minutes

than 1 %.and observed a reduction in infestation from 75 % to less

(1950a)Yoshii of theand reported successful controlYamamoto

Atnematode by treating dry seed at 56 - 57° C for 10 - 15 minutes.

et al. (1975) reportedNandakumarthe treatment of 57° C,same

successful control of A. besseyi but viability of seed was affected.

(1950a) seed onlyinjury of atobservedYoshii Yamamotoand

temperatures as high as 60° C for more than 20 minutes.

Todd and Atkins (1959) succeeded in controlling A. besseyi

by treating dry seeds at 55 - 61° C for 10 — 15 minutes and at 54° C

(1959) treated seeds atKononova and Vinnichukfor 15 minutes.

by cooling at 18 - 20° C for 10followedminutes,for 10C

minutes and a second treatment at 50 - 52° C for 15 minutes, and a

This treatment controlled A. besseyi up to 98.8 %final cooling.

without damaging the seed and its viability.

beforeVarious periods of presoaking seed treatment were

Cralley (1952) suggested a cold presoak for 8-12also tried.

hours followed by pre-heating for 15 seconds at 55° C, treatment at

minutesfor for1550 53° C 15
et al. (1975)drying. Nandakumarbefore succeededminutes in

A. besseyi affecting viabilitywithout ofcontrolling seed by

55°

and a final cooling in water
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presoaking at 28° C for 12 - 15 hours followed by treatment at 51° -

53°C for 15 minutes.
The latter workers confirmed a report by Cralley (1949) that

presoaking was essential to activate the nematodes and predispose

Yoshii and Yamamoto (1950d) found thatthem to thermal treatment.

followed bysoaking in cold water for 20° C16 - 20 hours at

effective intreatment 50 - 52° C for minutesat 10 - 15 was

controlling A. besseyi but delayed seed germination by one day and

Todd andthat the seeds could be treated 3 months before sowing.

successful control of A. besseyi without

affecting viability of seed by presoaking in cold water for 24 hours

followed by treatment at 51 - 53° C for 15 minutes.

The host plant : Rice2.2

General description2.2.1
important food crop which

Its historical record as an important food dates backcontinents.

to much before written history (Adair 1972).

Systematic position2.2.2
(1971), rice belongs to twoAccording to Masefield et al.

genera Zazania and Oryza; where the species Z. aquatica belongs to

the former genus while 0. glaberrima Stued. and 0. sativa L. to the

glaberrima differ slightly0.andlatter. Oryza sativa

morphologically, the latter having shorter tunicate ligules of about

fertile lemma and palea and simple undivided panicle

branches, while 0. sativa has divided panicle branches and ligules

Atkins (1959) reported a

6 mm long,

is produced in allRice is an
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of 15 - 45 mm long (PANS 1976). The genus Oryza has at least 20

species (Grist 1975; Chandler 1979) with 0. sativa L. as the most

important 1971).species in (Masefieldcultivation et al.

Oryza sativa species is believed to be polyphyletic having resulted

from crossing of greatly diverse wild forms of rice with cultivated

species. 0. glaberrima are diploid with 24

chromosomes (2n = 24).

2.2.3 The origin of rice or of rice culture

The question of the origin of rice and its culture has been

a subject of discussion to a greater or lesser extent by many people

including Copeland (1924), Efferson (1956), Grist (1975), Masefield

(1971), Graigmiles (1975) and Carpenter (1978), etc. Theet al.

origin of rice seems to be a confused subject between origin of rice

and the origin of the actual cultivation of rice.

Grist (1975) considers cultivated rices to have evolved from

Going by Vavilov's theory of therice and not vice versa.wild
centre(s) of greatestin theto beplant speciesorigin of

diversity, Grist (1975) considered the origin of rice to be south

and thatwest Himalayas, south-east Asia,

the origins of the cultivated forms of rice may be in the Himalayas,

According tosouth-east Asia,

Copeland (1924), linguistic evidence points to south-east Asia as

(1972)rice. consideredof Adair the originorigin ofthe

southern China) and probably Africa.

0. sativa is considered to have originated from Asia where

India, China, Indo-China

cultivated rice to be southern Asia (Eastern India, Indo-China and

India, the Philippines and Africa.

Both 0. sativa and
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1971) while 0. glaberrima1s origin is thought to be Africa, selected

from the wild annual and RoerChev. or

0. brathii Chev. The other common African rice are the perennial

0. longistaminata Chev. and Roer. These two wild species grow side

by side on the banks of streams in Zanzibar. Unfortunately, these

wild species have been so little studied in East Africa that some

regionauthors have in thatnot indicated their existence

(Carpenter 1978). The latter author recognised the role played by

the theory of plate-tectonics in enabling to explain the tropical

origin of rice which species subsequently evolved in drifted apart

continents.

region of the globe including South America and Australia.

alreadycultivation hadrice1000 BC,far backAs as

advanced to a level where varietal differences were recognised and

based on growth habits, water requirements and nutritiverecorded,

values and paddy irrigation records date back to about 781 771

1975).B.C. (Grist
Rice cultivation in Africa is thought to date back to much

earlier before the landing on the Tanzania or Madagascar Coast by

the first navigator from Java or Arabian Gulf (Carpenter 1978).

Rice types2.2.4
According to Chandler (1979) 0. sativa varieties are divided

into indica, japonica and bulu types whose origins seem to have been
through selection domestication and through selection of the wild
rices under pressures of different environments. The bulu type is

it was a staple food for Chinese around 2 800 B.C. (Masefield et al.

Different species are now found over each tropical

rice 0. breviligulata
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considered to be the intermediate form between japonica and indica
(PANS 1976). Contrary to the previous belief upheld by Grist
(1975) that the indica and japonica ofrices sub-speciesare
0. sativa, they are now believed to be ecogeographic
through hybridisation may, with time,
distinction. The indica types are widely grown in the tropics while
the japonica types These
tropical and temperate rices are considered by some authors to be
two different varieties not directly interchangeable,
though hybrids can be made to combine useful qualities of both.

2.2.5 The rice plant
Rice is a typical graminaceous plant with fibrous roots and

a grass-type-above ground system consisting of a main tiller which
is the first to be formed and subsequently formed sub-tillers. The
number of sub-tillers depends on the variety and environment. The

and apical paniclesmonocotyledonous leaves bearingstems bear
The rice plant is adapted forspikes on which flowers are borne.

growing in standing water by having a hollow stem that allows oxygen
to pass downwards to roots.

The root system of the rice plant consists of a primary root
(radicle) and two additional roots which develop into short lateral

Except for the main root (seminal
root) which emerges at germination the roots are nodal, arising from
the nodal regions of the stem below the ground.

even lose the existing race

roots and, adventitious roots.

groups of

races which

are grown in the temperate climates.
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The ultimate height of a rice plant is variable ranging from

1.22 to 1.83 m (Grist 1975) or from a few centimeters to ’floating

varieties’ exceeding 5 m.

The inflorescence is a panicle which bears spikelets that

laterally compressed, oval, oblong lanceolate, withare oror

Each spikelet has

three florets, the lower two are reduced to sterile lemmas. The

fertile lemma may or may not be awned. The spikelet at maturity is

The rice kernel (grain) is enclosed in the husk.called paddy.

2.2.5.1 Rice kernel or grain (Caryopsis or brown rice)
The rice fruit is a caryopsis in which the single seed is

(pericarp) formingovary a

The rice caryopsis varies widely among cultivarsseed-like grain.

Grain shape is limited bylength and width.in shape and size,

1959).amount of variation in the environment (Grist The husks

(glumes) cover the grain and are formed from two specialised leaves,

namely the lemma, which cover the dorsal side, and the palea which

The outer tissue of the caryopsis is the pericarp whichcaryopsis.
dioxidecarbon and waterof oxygen,impermeable to movementis

Beneath the pericarp is the tegmen which is several layersvapour.

starch.rich Theisthick and
aleurone layer is beneath the tegmen and is rich in protein, oils

and vitamins with small amounts of starch. The innermost layer is

the starchy endosperm with little protein.

without awn and are borne on a short pedicle.

in protein and oil with little

covers the ventral side. A space exists between the husk and the

fused with the wall of the ripened
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The embryo (germ) is small and located on the ventral side
of the caryopsis. It contains the embryonic leaves (plumule) and
the embryonic primary root (radicle) which are joined by a short
stem, the hypocotyl. protectiveThe plumule is enclosed by a
covering (the coleoptile), while the radicle is covered by a mass of

(the coleorhiza). scutellum (cotyledon) liesThe
isbetween the endosperm embryoand the embryonic axis. The

enclosed on the outer side by the aleurone layers.

Rice protein has one of the highest nutritive values (high
protein efficient ratio) among cereal proteins (Houston 1972). High

it has higherprotein rice has better nutritional value because
levels of all essential amino acids.

Rice was also found todigestibility which improves with cooking.
(using white89

rats).

2.2.5.2 Changes in composition and properties during rice grain
development

The morphology of the caryopsis changes rapidly during grain
development. After fertilization, the caryopsis develops much faster
longitudinally than transversally attaining its full length in 4
days from the day of flowering, maximum width and thickness in 14

Optimum grain weight is attained after 28and 21 days respectively.
Whereas tropical rices are usually harvested 30 days afterdays.

flowering, in cooler climates, ripening can take up to 60 days. The
consistency of the caryopsis goes through progressive changes from

have a high biological value, ranging from 67

soft tissue,

Rice proteins have a high
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milky, dough, yellow to mature. Differentiation of the coleoptile,
coleorhiza and acutellum begins by the third day after pollination.
The plumule and the enclosing coleoptile 5 days.afterappear
Differentiation of the embryo is complete in at least 13 and not
more than 20 days after flowering. Capacity for embryo to germinate
is attained about 7 days after flowering.

When maturity is attained, optimum time for harvesting for
maximum yields is when the field moisture content is between 25 and
32%.

Geographical distribution and levels of rice production2.2.6
2.2.6.1 World-wide production

Rice is produced in all continents, right from the equator

to latitudes of 53° N (China) and 35 - 40° S and, upto elevations
(in the tropics) of 2 400 m above sea-level. The People's Republic

in the world.
pointing to itst and

global importance (FAO, 1986). Asia produces the highest amount of

.6 t annually.paddy, approximating 427.5 x 10

2.2.6.2 Rice production in Africa
(Table 2.2).In Africa almost all countries produce rice

However, among them Egypt, Madagascar and Nigeria are the major rice
planted area under riceThe production,producers.

yield per hectare of paddy are given in Table 2.2.

The world production of paddy in 1980 was 399.1 x 10 
t in 1985,

of China is reputed for producing more rice than any other country
.6

g 
it has gone up to 465.9 x 10

and average

In Tanzania, rice is grown under very variable ecological
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Table 2.2

Rice hectarage, yield and production in various countries of Africa 1979 - 1985

1979-81 1983 1984 1985

Hact Yield Prod Hact Yield Prod Hact Yield Prod Hact Yield Prod
COUNTRY

350

*

ALGERIA 
ANGOLA 
BENIN 
BURKINA FASO 
BURUNDI 
CAMEROON 
CENT AFR REP 
CHAD 
COMOROS 
CONGO 
COTE DIVOIRE 
EGYPT 
GABON 
GAMBIA 
GHANA 
GUINEA 
GUIN BISSAU 
KENYA 
LIBERIA 
MADAGASCAR 
MALAWI 
MALI 
MAURITANIA 
MAURITIUS 
MOROCCO 
MOZAMBIQUE 
NIGER 
NIGERIA 
RWANDA 
SENEGAL 
SIERRA LEONE 
SOMALIA 
SOUTH AFRICA 
SUDAN 
SWAZILAND 
TANZANIA 
TOGO 
UGANDA 
ZAIRE 
ZAMBIA 
ZIMBABWE

: Unofficial
F : FAO estimates
Source : FAO, Yearbook, 1985

107
434
70

872
497
588

61
172
10

3233
881
471

500
947

5773
2000
1236
1000
720
944

1190
1807

3420 
6042 
2341 
786 

2097 
2032 
4712 
2087

4 
55F 
45 

1280
6 

109 
609

3 
3F 
8F 
2

409 
10 
23

271 
6 
1

389
11
17 

325F 
9

25 
15F
31

1204
2048

500 
1167 
5324 
1875 
1350
1158 
725 
724

962
3712
5612
2522
786

2793

2F 
22F 
8 

43 
18 
80 
13F 
2
15F 
2F 

490 
2236

IF 
27* 
66 

403 
105 
31* 

250* 
2131 

68F 
125 
17

5 
55F 
51 

1300*
6F 

136 
460

3F 
3F 
3F 
3 

511 
18 
20 

286
6 
IF

20
87

561
140

25 
325F 

9F

8
22

2F 
22F 
10 
45 
20F 
90F 
14F 
21F 
16F 
2F 

570* 
2312*

IF 
44* 
64 

470 
10 
35F 

252* 
2178* 

70F 
128 
15F

10F 
55F 
56 

1430*
6F 

147 
500*

3F 
3F 
6F 
3F 

427* 
16 
33
29OF 

7F 
IF

26 
67 
31 

1027
5 

96 
504 
13
3 
8 
4 

400 
15
15 

252
2

314
13 
17 

339
7 
1

IF 
22F 
5 

27 
Q 

97 
13F 
18 
15F 
2F 

360 
2442

IF 
19 
40 
396 
85 
36 

250 
2147 

65F 
122 
14

1
20
10
44
12
45
12
53
14
2

438
377

1
37
89

356
54
39

251 
205 1188

43F 1512
112* 1089 

4

7
23 
4F 2571 

30 
14F 
38
13F 1181 
4F 

380 
423

2 
70F 
22 

630
1 

52
400F 1522 

IF 2333 
IF 2308 
4F 2000 

3471 
1303 
790 
1353 
800 
838 
1438

16
40 
550
90 
9* 4082 

210

qKg/ha xlOqKg/ha xlO qKg/ha xlOxlO3 xlO3qKg/ha xlOxlO3 xlO3

2 
70F 
18

670* 1940 
IF 4519 

66 2055 
35OF 1314 

IF 2308 
IF 2308 
3F 1200 
- 8725

1315 
1691 
1176 
880 
708 

IF 1600

70F 
20 

700* 2043 
IF 4429 

78 1881 
400F 1250 

IF 2308 
IF 2308 
3F 2000 
- 7500 

1220
15F 1067 

1320 
892 
778 

IF 1200

NA 2743
20 1000 
8 1172

39 1141 
4 2832

21 2100 
14 918 
43 1220 
12 1117
4 631 

383 1145 
416 5710

- 2305 
23 1604

837 
821 
771 

8 4654 
203 1237 

1182 1738 
37 1657 

165 1045
3 3262
- 4696 
6 4519

73 909 
21 1527

517 1988 
1 3189

74 1300 
403 1250

5 2520
1 2308
4 2000
2 2599 

267 1497
18 883 
12 1314 

289 
5 
1

20 
57 

556 
145

9* 3489 
210* 1190 
1170 1821 
44F 1545 
130*

5

271 
161 
161 
141 
41 

470 
422F 5479 

1875 
2200 
738 
837 
786 

9F 3889 
210F 1200 
1201* 1812 
45F 1556
160F 800 

6F 2727 
- 4500 
2F 5000 

786 
2800

NA 3456 
20F 1100 

1304 
2045 

6F 3333 
3333 
875 
1313 
1121 
500 

1213

NA 2667
20F 1100

717
1188

NA 3333 
20F 1100 
6 

21
6F 3000 

3200 
880 
50 

13F 1169 
4F 

420 
420
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situations, mostly by peasant farmers, in regions such as Mbeya,
Tobora, Coast, Shinyanga, Mwanza, along river valleys in the Rufiji
Basin, Kilombero Valley, the Great Ruaha and in the low-lying areas
around Lake Victoria and Lake Malawi. Small amounts of upland rice

Mountains, Ebbels and
Allen (1979) indirectly showed areas where rice is grown in Tanzania
when they gave a list of localities where A. besseyi was identified
on rice in 1970/71.

Peasants transplant their rice seedlings into swamps or
Rain-fed and upland and largerice is broadcast

scale irrigation schemes drill or broadcast their seed.

2.2.7 Economic importance of rice
The importance of rice in the world economy has been proven

At the anniversary of rice research at IRRI in 1979,beyond doubt.
special tribute was given to the first rice research leaders of IRRI
"for having fully understood the significance of the rice plant in

and for having appreciated that ricefeeding the world" was a
primary staple food for the world's low-income people who are known
to feed primarily or at least partly on rice (Brady 1981). The

important food dates back torecord of ricehistorical anas
1972) and its importance continues(Adair toprehistoric times

increase with the increase in the world population.
Although the production of rice in Africa and indeed in the

(ACP) countries isand smallCaribbean PacificAfrican, on a
world-wide basis, rice is very important in a great number of these

flooded areas.

and some parts of the Southern Highlands.
are grown on the eastern slopes of Uluguru Mountains, the Usambara
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including Westcountries,

In Tanzania, rice moved up fromAfrica, Madagascar and Mauritius.

being the third most important food crop after maize and sorghum

in urbanstaple foodbecome highly competitive with maize
areas.

being a staple food in many of them,

as a
(Monyo, 1973), to being second to maize (FAO, 1978) where it has
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3. GENERAL MATERIALS AND METHODS

Throughout these investigations, there are several methods

and materials, which have been used in different experiments such as

sampling for nematodes (live and dead), planting of rice seeds,

germination procedures, soil sterilization, measurement of plant

growth parameters, use of pesticides etc. In this chapter, these

materials and methods have been described generalin terms.

Materials and methods specific to particular experiments are

described in the appropriate sections.

3.1 Treatment of experimental plots
3.1.1 Dazomet treatment

Rows 22.5 cm deep and 20 cm apart were made and the chemical

was evenly applied to the rows and covered by soil. The plot area

worked by hand using hoes and rakes to mix the chemical andwas

The plot was levelled and watered with a light spray to sealsoil.

the soil and to prevent premature escape of the active gas. After a

week of allowing the chemical to act on pests and pathogens, the

soil was worked again followed by watering to seal the gas. The

toxic and the wateringof thereleaseworking facilitated gas

assisted with reactivating the remaining chemical to release the

The working and watering of soil was repeated threeactive gas.
At the end of this period, it was

released throughhad been thethe toxicthatconsidered gases

A germination test was conductedworking of soil and the watering.

completely free of the phytotoxicsoilto determine was

times, at five day intervals.

if the
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S°il from treated and untreated plots was taken and potted.gases.
The pots were with good quality lettuce seeds.sown Germination
from the treated and untreated soil was equally good indicating that
the soil was safe for planting.

3.1.2 Carbofuran treatment
Carbofuran was applied to planting holes and along the rows.

the chemical was applied as evenly as
Row application involved spreading the

chemical evenly along the In both methods the chemical wasrows.
immediately covered with soil.

3.2 Treatment of soil for pot experiment

3.2.1 Dazomet treatment
Soil was treated in 20 kg heaps by adding 4.96 g of chemical

After mixing each 20 kgfollowed by mixing the soil thoroughly.
Control soillot, heap.the treated was

watering except chemicalphysical mixing andsubjected to the
The two mounds of soil (treated and control) were spreadtreatment.

to even mounds to facilitate moisture penetration during watering.
The soils were watered evenly to provide moisture to activate the
chemical in the treated soil. After watering, the soils were covered

active frommoisture andby preventplastic tosheets gases
escaping, then it was left for two weeks, followed by working the

The working and watering wassoil, watering and leaving it open.
repeated each day for one week by which time the smell of gas could

Soil samples were taken for germination test tonot be detected.

put on one

possible over the seed.

soil was

In the hole application,
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free from phytotoxic gases. This basic
method was followed with little variation for some experiments.

3.2.2 Carbofuran treatment
The required amount of chemical

recommended rate of 17.5 kg of 3%G carbofuran/ha and extrapolating
it to the amount of soil in each pot. The general formula of 1 ha

.6furrow slice to be equivalent to 2.24 x 10 kg of soil was used to
calculate The chemicalchemical required in each pot.the was
placed covered by soil.seed and

receptacles towatered placed ontowith tap water. Pots were
from dripping out of the pot.prevent irrigation water

3.2.3 Carbofuran seed treatments

The amount ofThis treatment was done in the laboratory.

It was found that the same numberseed to be treated was weighed.

of seeds for different varieties gave different weights. Therefore,
equalthewhere equal ofnumbers

number of seed for each variety were weighed separately and their
according to their weights. Onecalculatedrespective amounts

kilogram of rice seed requires 900 g of 5%G carbofuran.
44

determine if the soil was

on top of the

was calculated using the

The pots were

seeds per plot were required,
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Carbofuran for equal seed numbers for each variety used was

calculated to give the following weight equivalents:

Variety

Nyati 20.00 0.409

Kigunia 19.73 0.409

Lumoto 0.39219.20

0.407Sindano 19.94

0.39519.33Bagamoyo

at room temp­water for 18 hoursSeeds were presoaked in

erature followed by dipping them in carbofuran solution made by

Seeds were left todissolving the calculated amount of chemical.

soak-in for 24 hours at room temperature in enough solution to cover

seeds.

Choice of pot size3.3
theexcept whereusedcapacity potsFour-litre were

experiment was designed for termination during early stages of plant

smaller pots were used,growth; in that case,

two-litre sizes.

Methods for calculating chemicals and fertilizer treatments3.4
Calculations were based on general recommendations from the

Soil Science Department of the Faculty of Agriculture, Forestry and

Veterinary Science, Morogoro (Personal communication).

(a) 1 ha furrow slice (15 cm deep)

kg of soil. A furrow slice being the soil that is

Wt(g) for equal 
number of seed

Amount of 
carbofuran 

required(g)

was taken as being equivalent
to 2.24 x 106

such as three or
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normally disturbed during the ploughing and working of soil for
cropping purposes.

(b) Recommended rate of carbofuran was 17.5 - 20 kg/ha of 3%

ingredient (FMC Technical Bulletin).active

(c) Recommended rate for dazomet treatment was 10 - 20 kg/ha.
(d) To calculate chemicals and fertilizers for soil in pot
experiments, hectare had to be related to the equivalent oneone

.6hectare furrow slice (2.24 x 10 kg
soil.

Example 1

3.4.1 Adjustment for soil moisture:

To obtain percentage soil moisture, soil samples were taken,

weighed, and dried to constant weight for obtaining dry weight. The

difference between the dry and wet weight

which was expressed in percentage water in the soil.

Assessment of nematodes in seeds3.5

3.5.1 Single seed
Nematode infestation was assessed for individual seeds and

Total number of seeds to beeach seed represented a replication.
observed were determined by calculating the number of treatments,

multiplied by the number of individual seeds that could practically
Seeds were dehusked singly by hand tobe assessed individually.

separate the two glumes (lemma and palea) and the caryopsis. The

separated glumes and caryopsis were all placed in a watch glass with
incubatorThe glass placed in ora an onwas

c
kg soil) effectively 2.2 x 10

was the water content

little water.
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laboratory benches at temperatures between 20 - 28° C and the

soaking period was 24 hours or 48 hours. After the soaking period,

counted, sometimes both.

Nematodes were considered dead when they appeared stiff, motionless

and straight.

practical under the circumstances.

Multiple seed samples3.5.2
Sample sizes were determined by either counting seeds to a

given number per sample or by weight after thoroughly mixing the

dehusked by handbulk sample. seedsThe were
extracted using theNematodes werelaboratory mortar and pestle.

modified Whitehead Tray method. After the chosen period of soaking,

Nematodes per seed ornematodes were put into dishes for counting.

nematodes per gram of seed were assessed.

3.5.3 Flower samples
Individual flowers were obtained and were carefully opened

The samplesand placed singly in a watch glass with a little water.

were left to extract and observed as for single seed samples.

Land management and crop husbandry3.6
3.6.1 Land preparation

harrowed.ploughed andtractorExperimental wereareas

Levelling, working the soil to even tilth and demarcation of plots
Field tapes, long rulers,were done by hand using hoes and rakes.

the watch glass was placed under the microscope and nematodes were

This was not a full-proof criterion, but the most

or by using a

noting the dead or live nematodes and
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ropes and wooden pegs were used to demarcate plots using a 90° angle
criterion. Subsequently marked within plot byeachrows were
scratching a line to a depth of about 2-3 A general recommendedcm.

20 cm between plants (personal communication). slightHowever,
some

experiments.

3.6.2 Soil fertilization
A general fertilizer recommendation for the Faculty Farm was

90 - 100 kg N/ha and 50 kg P/ha. These fertilizers were available
triple21% N andwithsulphatecompounds of ammoniumas

All the TSP and halfsuperphosphate (TSP) with 46% P respectively.
the quantity of sulphate of ammonia were put as basal application at

Quantities for the plot were calculated and subdividedplanting.
The fertilizers were applied to the scratchedinto grams per row.

Holes for seed drilling were made at appropriate distancesrows.
depth of 1 - 2 cm. The remainingusing a sharpened stick to a

sulphate of ammonia was topdressed by either being further halved,

with the one portion being applied at the height of tillering and

Application wasthe rest at booting stage or all at booting stage.
a side dressing 3 - 5 cm from the row of plants.

Planting and irrigation3.6.3

plots followingtoallocated theTreatments were

experimental design and randomisation method. Seeds placedwere
into holes and covered lightly with soil. Supplementary irrigation

modifications of the recommended spacing were employed for

spacing for rice at the Faculty Farm was 20 cm between rows and
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was used whenever necessary. Watering was done from tap using rubber
pipes and efforts were made to time the duration for watering each
plot. During drier periods, irrigation was done twice a day, in the

morning and evening.

3.6.4 Weeding
Plots were weeded 4-5 weeks after planting and plots were

Weeding was done by hand using smallkept weed-free thereafter.
Thinning tohoes and hand-forks as well as uprooting weeds by hand.

Where thinning wasone plant per hole was done during the weeding.
it was done before tillering to avoid confusion betweenrequired,

tillers and separate plants.

3.7 Bird scaring
During seed filling stages up to harvest, birds were scared

by workers who were employed from 0530 - 1830 h every day for about
These prevented birds from eating rice, right from the6-8 weeks.

milk, yellow to dough stages.

Data collection3.8
Determining sample plants3.8.1
Plants to be assessed for growth parameters or yield were

Alternatively, a centraleither randomly or systematically chosen.
marked and all plants inside the markedcore area was

plants, were taggedand yield assessments,For growth,assessed.
and numbered in such a way, that each plant had its complete para-

its correct data attributed to it.meters measured and

area were

Where a
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number of plants per plot were assessed, plants next to missing

holes were avoided. A minimum of five plants and a maximum of ten

plot. The parameters measured included height, tiller number, fresh
and dry weight of plants, leaf area, panicle size, number of spikes
and spikelets, weight of ripened grain per main panicle, weight of
200 grains, and percent ripened spikelets.

3.8.2 Plant height assessment
inThe height of the main or mother tiller was assessed,

The mother tiller was determined by being the first tocentimeters.
boot. Height was
ground level to the tallest point of the tiller with its leaves and

when theThis parameter was taken,panicle lifted to their tips.

plant had reached its full growth capacity.

Tiller assessment3.8.3
Tillers per plant were counted at harvesting.

Fresh and dry weight of plants3.8.4
Plants were cut from the ground level, placed in individual

and weighed.labelled plastic bags,
together into paper bags for each treatment and, dried to constant

The average dry weight perweight in a drying oven set at 80°C.
plant was calculated.

measured using a field tape measuer from the

Sample plants were bundled

plants were tagged for assessing growth and yield parameters per
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3.8.5 Panicle Size
The mother tiller was used to assess the length of panicle.

The length was taken from the node at the bottom of the panicle to

the tallest spike.

3.8.6 Number of spikes and spikelets per panicle
Total number of spikes and spikelets per panicle from mother

tiller counted. Both filled and unfilled spikeletswere were

recorded separately and their the total ofnumbergavesum

spikelets.

3.8.7 Percentage ripened grains
This was obtained by dividing the number of filled grains

per panicle by the total number of spikelets multiplied by 100.

Harvesting and assessment of grain yield3.8.8
Final yield per plot was obtained by marking plants or a

central area and harvesting all panicles from the marked area for

The panicles were sun dried, thrashed and winnowed.each plot. The

paddy was weighed and grain moisture determined. The grain weight

was adjusted to 12 - 15% moisture content.

3.8.9 Weight of 200 grains
Two hundred grains were randomly taken from the total grain

yield and weighed. In cases where the total yield was less than 200

grains, as for some pot experiments, and where the number was not

far little, the existingtoo grain number weighed andwas
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proportionally determined for 200 grains.

3.9 Experimental location

The present study was conducted at the University farm of
the Faculty of Agriculture, Forestry and Science,Veterinary

Morogoro, Tanzania, now Sokoine University of Agriculture. The farm

lies in the Morogoro region, at the foot of the Uluguru Mountains,

56.89at

an altitude of 570 m above sea-level and receives an average annual

rainfall of about 1000 mm.

3.10 Hot water treatment of rice seeds

3.10.1 Treatment of presoaked seeds

Seeds for hot water treatment were placed in bags made of

cotton material with a capacity of 800 g and were tied with a thick

Enough and equal seed samples were treatedstring around the neck.

at a time to allow free movement of water round the seeds in order

to subject all seeds to even temperatures throughout the treatment

A few weighting stones were placed into each bag to keepperiod.

the seed samples submerged under treatment water but not to sink to

Samples were continually stirred during treatment usingthe bottom.

a stirring rod or a water bath with mechanical shaker.

The bags containing the seeds were labelled, tied and soaked

Water was heated in ain water for a set time at room temperature.

thermostatically controlled water bath to the required temperature.

removed from soaking water for drying.Seeds the Seedswere

destined to be presoaked only were removed from soaking water and

dried for storage. A separate plastic bucket was filled with water

between the latitudes 6.49' 27.14 S, and longitudes 37.36'
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heated to about 2° C above the treatment temperature. Samples were

quickly dipped into the bucket to warm them, then transferred into

the water bath for treatment. This was done to ensure that seeds

placed for treatment did not lower the treatment temperature. Soon

after placing them into the water bath, a stop clock was set for the

required treatment time.

the water bath and exposed to atmospheric temperature. The seeds

were dried in the laboratory and samples taken for examination soon

after treatment. Dried and labelled seeds were stored safely.

3.10.2 Treatment of dry seeds
for treatment ofSamples were put in bags

A plastic bucket with water heated to about 2°Cpresoaked seeds.

Seeds were placed into andtreatment temperature was set.above

quickly transferred from the plastic bucket to the water bath where

The same procedure for treatmentthe temperature was already set.

followed as already described for the treatment of presoakedwas

seeds.

Germination of rice seed3.11
3.11.1 Petri dish method

seeds which had beento 200Samples, ranging from 20

dishesrandomly picked were placed in petri dishes. Petri were

lined with blotting paper, and moistened using distilled water. Seed

The petri dishessamples were evenly placed over the wet blotters.

covered and seeds were kept moist but without free drainingwere
samples incubators laboratoryThe placedwater. intowere or

the required germination temperature.benches at When the seeds

After treatment, seeds were removed from

as described
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started germinating, the samples were examined daily and germinated
seeds were counted and removed, giving records of daily germination
and date of commencement of germination. Alternatively seeds were
left to reach maximum germination before counting and termination of
the experiment.

3.11.2 Germination chamber method
Germination chambers with temperature and relative humidity

controls were used. Seed samples of up to 100 seeds per sample with
replicates were germinated. Big sheets of two ply folded blotters

The bottom sheet was wetted andwere placed over germination trays.
The top sheetseeds were arranged evenly in rows for easy counting.

placed over the seeds to cover them and more water was carefullywas
The trays were placed into theapplied to keep the seeds moist.

The seeds were readygermination chamber with a set temperature.
show the cotyledon andfor counting when the plumule was opening to

with thewhen the radicle was big enough,

roots.

Normal germinated seeds were those showing a healthy plumule
and an emerging cotyledon, a healthy long radicle with smaller roots

Abnormal germination was either roots only or shootand root hairs.
Weak seedlings wereonly with or without abnormal small roots.

those producing weak radicles, plumules and feeble small roots. Dead
seeds were found ungerminated, rotten, rotting or partly germinated

Fresh looking ungerminated seeds were seeds that remainedand dead.
hard, without any sign of germinating or rotting.

appearance of smaller
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SURVEY OF THE INCIDENCE OF APHELENCHOIDES BESSEYI CHRISTIE 19424.
IN RICE CULTIVARS GROWN IN TANZANIA

4.1 Introduction and Objectives
A search for the prevalence of A. besseyi in Africa was

initiated in the 1960's. The first records of the
A. besseyi in Africa came from Sierra Leon and Senegal (Anon, 1965;

1966). (1966) reported thatHooper and Merney, Peachey et al
Tanzania,A. besseyi did not occur in rice from Malawi, Swaziland,

Uganda and Zambia. Annual report (EAAFRO, 1971) from East African
Agricultural and Forestry Research Organisation confirmed the above
observations of Peachy et al (1966), that neither A. besseyi nor
Ditylenchus angustus was found in the samples of rice obtained from
Tanzania (EAAFRO, 1971).

Although A. besseyi was known to be widely distributed in
untilconf irmednotAfricaEastinAfrica, its waspresence

1970 - 1971 (EAAFRO, 1972; Taylor et al, 1972). By March 1973, the
presence of A. besseyi was confirmed in various countries of Africa,

Madagascar, Cameroon,Gabon,Dahomey,Nigeria,including Ghana,
Ivory Coast, Mali,Chad, Togo,Central African Republic,Zaire,

Upper Volta, Comoro Islands and Tanzania.
of whitedistribution tipTaylor et al (1972) thegave

obtainedrice fromnematode

(Table 4.1). Ebbels and Allenof Tanzaniadifferent locations

(1979) compiled a list of localities where A. besseyi was identified

EAAFROperiod 1970 - 1971. workersfor theby EAAFRO workers
survey of A. besseyi in Tanzania a

preliminary study and had intended to make a follow up assessment of

of rice in difference cultivars of

occurrence of

considered their 1970 - 1971



- 60 -
Table 4.1

Origin of sample
Rice cultivar

Village/district

PercentagePercentage

Mbarali Salama 648 9.8
Mbarali 15.3H4 Morogoro 14
Mkuyun i-Morogoro Sindano 35.278
Mkuyun i-Morogoro 57.1 7132Cheza

Meli Kongo 13.9Mkuyun i-Morogoro 14
15.210SamaniniMkuyun i-Morogoro

6324.882JuniaMkuyun i-Morogoro
6639.374KipakapakaMkuyuni-Morogoro
6365.1Ruzukwi 18Mkuyun i-Morogoro

Kwalusonge Mazinde-
3538.236KihogoHandeni
3868.442KihogoMagamba-Handeni
1723.118Mwacha PandeKwachaga-Handeni
04.02FireTamota-Handen i

+2Tule na BwanaTamota-Handen  i
4818.932ZiraKwediuabu-Handeni

19.824PishoriBogorwa-Handen i
+2IndiaMwaya-Ulanga

1.02Stahabu-Pangani Mwaropa
+2Chaka JekunduMwera-Pangan i
+2MeliMaz inde-Korogwe

20.510AfaaMnazi-Lushoto
+2AfaaChato-Biharamulo

7.0 504Super
20.0 716Kihogo
9.3 436Kamoto

35.0 806"mixture"
40.0 532FayaKw i mba-Mwan za

Source : Taylor et al (1972) FAO Plant Prot. Bull 20:41-42

Chi kuyu-Manyon i 
Chi kuyu-Manyon i 
Chikuyu-Manyoni 
Chi kuyu-Manyon i

Occurrence of Rice White Tip Nematode in Rice Seeds 
Obtained from Different Regions in Tanzania

Seeds 
infes­
ted

Average 
number of 
nematodes 
per infes­
ted seed

Viable 
nema­
todes
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the incidence and effect of A. besseyi on the yield of rice grown in
Tanzania. Unfortunately, the break-up of the East Africa Community

prevented the second survey.

With the above stated observations in mind, it was decided

to conduct a survey of A. besseyi in seeds of some rice cultivars
grown in Tanzania. Objectives were to investigate the occurrence

and intensity of A. besseyi in rice cultivars grown in Tanzania as a

basis for further studies of this rice pest.

4.2 Materials and methods

A total of 196 samples of rice representing 196 cultivars

mainlyobtained parts of Tanzania but fromfrom variouswere

Kilombero Agricultural Training and Research Institute (KATRIN) near

Ifakara in Morogoro Region and Mbarali Irrigation Scheme at Mbarali

in Iringa region respectively.

Each rice sample was mixed thoroughly and sub-sampled for

Initially 300 seed samples were analysed fornematode assessment.

foundthis number to belaterbutinfestationnematode was

placed in a watch glassSeeds were singly dehusked,impractical.

and covered with enough water to soak the seed and the husk. Samples

After the soakingwere left on the laboratory bench for 24 hours.

nematodes were counted under the microscope and infestedperiod,
Percentage infestation and average number ofseeds were recorded.

nematodes per infested seeds were calculated.

should been obtainedhave fromIdeally, rice samples

fields during harvesting in order to ascertain the age offarmers'

this was not possible because farmers were notthe seed. However,

sell ofgive theirpart duringwilling to or cropaway any
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harvesting.

As such, the rice seed samples for nematode assessment were

obtained from stocks of rice seed in farmers1 Therefore,stores.

way of knowing the age of the

storage conditions. However, the rice seed obtained through Mbarali

Rice Scheme and Kilombero ResearchAgricultural Training and

(KATRIN) atInstitute Ifakara from previous croppingthewere

season.

Results and discussion4.3

It was observed that 36 out of the 196 rice samples (18.4%)

The numberinvestigated were infested with A. besseyi in the seed.

of nematodes observed varied from cultivar to cultivar (Table 4.2).

The percentage infestation also varied between cultivars, ranging

in cultivars likeThe highest infestations werefrom 1 to 85%.
24 and 21%M'punga mwepesi, Kajibi, Africa and Faya with 85, 52,

the total number of nematodes recoveredSimilarly,respectively.
The highest number ofto 1056.ranging from 1variable,were

per seed were found to be 50 for cultivars Kihogo andnematodes
Lunyuki, 59 for Kihogo 1/146, 69 for M'punga mwepesi, 70 for Africa

The average number of nematodes per seedand 81 for cultivar Nyuki.

ranged from 1 to 10.
it must be pointed out that the non-occurrence ofHowever,

A. besseyi in particular samples should not be interpreted in terms

For example, the same cultivars collected later onof resistance.

during the course of this study from other localities were found to

the presence or absence ofbe infested with A. besseyi. Therefore,
on the area from whichsamples dependriceinbesseyiA. may

of the incidencecollected and the degree ofthe seed was

there was no seed or the precise
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A. besseyi in such a geographical location. To establish cultivars
that are resistant to A. besseyi in Tanzania, samples of the same
cultivars would have to be collected from all areas where they are
grown and examined for several years in succession. This would have
to be augmented by screening for resistance experiments.

The results of this survey confirmed the findings of the
workers (Taylor et al,EAAFRO 1972) regarding the ofpresence

A. besseyi in seeds of many rice cultivars grown in Tanzania, the
high percentage seed infestation in some of the cultivars and the
very high nematode recovery for some cultivars.

Work in Japan (Fukano, 1962) suggested that for susceptible
cultivars an infestation level of 30 or more live nematodes per 100
seeds is enough to inflict appreciable damage to the crop. Thorne,
(1961) stated that, since there were 5 to 6 nematodes per grain,
they must be capable of causing apparent damage to the young plant.
Although the exact numbers

majority ofresults, the theprecisely disaggregated in the
nematodes observed were found to be alive.

It was concluded from the results of this survey and those
1972) that A. besseyi(Taylor et al, was

also
cultivarsinfestationlevel ofconcluded thethat was

sufficiently high to warrant further investigations on the possible
damage caused by this, nematode and the possible ways of controlling

Control of this nematode in the seed was considered the mostit.
practical approach, although other possible methods were also to be

investigated.

prevalent in many rice cultivars grown in Tanzania. It was

of live and dead nematodes were not

in some

of the previous survey
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HOT WATER TREATMENT OF RICE SEEDS TO CONTROL SEED-BORNE5.

A. BESSEYI

The present study having confirmed survey results obtained

by EAAFRO workers (EAAFRO 1971) on the prevalence and intensity of

A. besseyi infestation in seeds of rice cultivars grown in Tanzania,

it was necessary to investigate methods of controlling the nematodes

in the seeds and in the field. Hot water treatment of rice seed to

control seed-borne A. besseyi was considered by the present author

to be more socio-economically acceptable in Tanzania than chemical

control.

Various temperatures and treatment times are suggested in

the literature and have been dealt with in the literature review of

There were also variable cooling and heating regimesthis study.

suggested in literature, including other variations in the treatment

Dry seed treatement and treatment following presoakingconditions.

out consistently wellcame
and Yamamoto 1950d; Todd and Atkins(Cralley 1949, 1952; Yoshii

1959; Muniappan and Sheshadri 1964; review by Fortuner and Orton

it was concluded

from the examination of literature that there were no universally

except suggestions by the aboveregimestreatmentrecommended

in theprobably becauseauthors. This was

treatment conditions such as cooling time and temperature, soaking

periods andtime theandtreatment temperaturetemperature,
combinations and variations of these and others in the hot water

treatment investigations as presented in the literature.

in the suggested hot water treatment

Williams 1975; Nandakumar et al. 1975). However,

of the variations
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It was also apparent that dry seed treatment was done at
considerably higher temperatures than hot water treatment following
presoaking. Except for the recent publications by Garrity and

Ventura (1986),

and/or less emphasis has been placed the assessment of theon

effects of hot water treatment on the germination and emergence of

different cultivars and genetic lines under different environments.

As shown in the sections on introduction and objectives, there are
large numbers of rice cultivars being grown in Tanzania.

With the above points in mind, it was considered necessary

to investigate hot water seed treatment a means of controllingas

seed-borne A. besseyi and its effects on the germination of treated

rice seeds of different rice cultivars grown in Tanzania. To achieve

these objectives, several experiments were carried out. The studies

of followinginvolved treatment seedanddry seed treatment

presoaking.
Preliminary observational studies on the effect of dry rice

for the60°Cseed on

besseyi in rice cultivar M'punga mwepesi showed thatseed-borne A.

tested treatment regime controlled A.

nematode controlthatbesseyi also shown81.2%. Itby was

better results than assessment done on the same day of treatment,

when nematodes may appear all dead from treatment shock. These

observations were useful in conducting subsequent experiments.

dry seed treatment at the

assessment of treated seed, conducted 5 days after treatment gave

treatment with hot water at

and Ventura and Garrity (1986), very little work

10 minutes,
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Effects5.1 of hot water treatment of rice seeds without
presoaking (dry seed treatment) at different temperatures and time
periods on the control of seed-borne A. besseyi in eight cultivars
of rice.

5.1.1 Introduction and Objectives:
The investigation was carried out at the initial stages of

the study to provide baseline This studyinformation. anwas
extension of the preliminary cultivarobservations with M'punga
mwepesi. The present study, examined a wider range of temperatures

decided toand time periods cultivars. Itand ricemore was
investigate the possibility of controlling A. besseyi using hot
water treatment without prior soaking (dry seed treatment) at lower
temperatures than those observed with cultivar M'punga mwepesi in

to find the optimal treatment regime and minimal adverseorder
on the germination of seeds.effects of hot water treatment

Materials and Methods5.1.2
The treatment temperatures and time periods used were; 54,

Rice cultivars were chosen on55 and 56°C for 5, 10 and 15 minutes.
the basis of the availability of seed and high nematode incidence in

The following cultivars and treatment combinations werethe seeds.
used:
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Treatment Regimes

Sindano II II II II

Tulenabwana II II II II

Meli it ii ii ii

Bluu II II II II

Kalafulu II II II II

Faya Pemba ii ii ii ii

Kihogo Morogoro ii ii ii ii

The experiment was a complete randomised design with three

done using a temperaturetreatmentreplications. Hot water was
samples of 20 seedsAfter treatment,controlled water bath. were

randomly picked and nematode assessment was done using single seed
Details of both methods of hot water treatmentassessment method.

General Materials andgiven in theassessmentand nematode are
Nematode assessment was done underMethods Section of the thesis.

soaked forlaboratory temperature conditions and samples 24were

Live nematodes were recordedhours before nematodes were counted.
criterion for judging live nematodes.used asand mobility was a

Active and mobile nematodes were considered live while those lying
dead. Analysis ofconsideredstiff and motionless werestraight,

(square root transformation)variance using transformed data was
significance and leastfollowed by forF-testconducted aan

Comparisons of chosen means was donesignificant different test.
An analysis of variance for the factorial aspects ofusing F-tests.

Cultivar
Bagamoyo

Control 
II

55°C 
5 10 15 
(mins) 

II

54°C 
5 10 15 
(mins) 

II

56°C 
5 10 15 
(mins) 

II
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the experiment was carried out and linear and quadratic regressions

for time and temperature were fitted in.

5.1.3 Results and Discussion
The results of the analysis of variance F-testand the

showed that the treatment factors of time and temperature were

highly significant (P = 0.01). The results of the LSD test on the

significantlyroot of means controlshowed that thesquare was

different from the rest of the treatments. Mean results from the

same treatment time irrespective of different treatment temperatures

were not significantly different.

the linearsignificant andfactorThe time so waswas

live nematodes timeofregression of square root of number on

(Figure 5.1). not significant. contrastTheTemperature was

results showed that the control was significantly different from all

significant differencetreatments combined and that there nowas

between each of the temperatures. Similarly, the results of the LSD

test showed that the control was significantly different from each

of the other treatments (Table 5.1).

significant differences between thetherethe temperatures, were

5 and 15 minutes and 10 and 15 minutestimes: 5 and 10 minutes,

(P = 0.01) (Table 5.2). Table 5.3 shows the transformed means for

time and their reconverted values.

concluded that temperaturethese results itFrom was

independently did not matter very much but the time of exposure was
the significant factor (P = 0.01). The numbers of live nematodes

While there was no significant difference between each of
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Fig 5.1 Rate of decrease in numbers of live nematodes 
(square root transformed values)

Estimate of the stope 
=0,038
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Table 5.1

Control 2.78

0.1334SF.D

LSD (1%) 0.3441

CV (%) 31.3

Effect of hot water treatment of dry seeds of rice at 
different temperatures and time periods on the control 
of seed-borne A. besseyi in eight cultivars or rice.

1.73
1.68
1.51
1.37
1.31
1.30
1.03
1.03
1.03

55°C/5 mins
54°C/5 mins
56°C/5 mins
54°C/10 mins
56°C/10 mins
55°C/10 mins
54°C/15 mins
55°C/15 mins
56°C/15 mins
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Table 5.2 Contrasts of means of chosen treatment factors and their
relative F-values

Contrasts F-value

Control vs other treatments 172.9
Temp. 54°C vs Temp. .0088 NS55°C
Temp. 54°C vs Temp. 56°C .818 NS
Temp. 55°C vs Temp. .657 NS56°C
Time 5 mins, vs Time 10 mins. 13.35 **

Time 5 mins, vs Time 15 mins. 50.19 ««
Time 10 mins, vs Time 15 mins. 11.77 **

Control vs Time 15 mins. 209.9 **

F 1.158 (1%) 6.63

= significant at P = 0.01Key; *»

Transformed mean values for time and their correspondingTable 5.3
reconverted values (square root of x + 1)

Time (minutes) 10 155

1.3271.638 1.035Transformed values

0.76 0.07Reconverted values 1.68



- 74 -

decreased significantly with increase (Figurein treatment time
5.1). Therefore, nematode control in dry seed treatment, depends
very much on the length of time of exposure to the thermal treatment
where 5 minutes was comparatively less effective in controlling A.
besseyi than 10 and the latter less effective than 15 minutes.

However, minutes, especially, able kill15 to awas
significant proportion of A. besseyi compared to minutes. It5
should be -noted that there still remained some live nematodes, after
treatment for as long as 15 minutes for all temperatures.

There was no significant difference between the cultivars in
Therefore,the way the nematodes reacted to the thermal treatment.

this investigation demonstrated that nematode control by hot water
treatment of dry seeds was independent of cultivar differences. Of
the studied temperatures, any one of them could be adopted for hot

long as the time fob exposure was effectivelywater treatment as
These resultsextended beyond 5 and even 10 minutes to 15 minutes.

(1975) stated that in seedwhoal.etwith Nandakumaragree

it is essential to get the treatment temperature to thetreatment,
Enough time of exposure isnematodes, that is, below the seed coat.

necessary to allow the treatment water to penetrate the different
husk layers and for the heat to be duly transfered to the nematode.
Treatment of dry seed may require comparatively more time for these
processes to take place before the heat is transfered to the target
nematode below the seed coat.
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Effect5.2 of hot water treatment of dry seeds theon

germination of six cultivars of rice.

5.2.1 Introduction and Objectives:

This experiment was conducted during March - April to assess

appropriate germination conditions for later experiments.

also decided to study the effect of hot water treatment of dry seeds

on the rate and germination of treated seeds. There were only a few

temperature Facultycontrolled in thegermination chambers

laboratories. It was therefore necessary to test the efficacy of

the two types of environments available and the environment of the

laboratory benches on the germination of hot water treated seed,

germinated within closed petri-dishes.

Materials and Methods:5.2.2
Kajibi,namely, Africa,of rice MpungacultivarsFour

mwepesi, Dunduli yamlimani were chosen for this study because of the

Twenty seeds per sample were tested and twoavailability of seed.

petri-dishes (replications) per environment were used. Hot water

for minutes in15at 62°Cdonetreatment dry seedof awas
Details of the treatment methodtemperature controlled water bath.

are given in the General Materials and Methods Section. Seeds were

treated.waterof being hot Thewithin weekgerminated one
The laboratoryincubator and the drying oven were both set at 30°C.

temperature was recorded daily at the same time during the day for

The average laboratory temperaturethe whole period of germination.

reading ranged between 21°C - 24°C during the course of germination.

It was
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Seeds were placed over the blotting paper within petri-dishes and

moistened with distilled water and covered
with appropriate lids. The samples placed into theirwere

respective environments and kept moist throughout germination test.

The experiment was block design with tworandomiseda

replications. enable theto

recording of the first day of germination (onset of germination) and

thereafter, germination was recorded daily until the termination of

the experiment.

5.2.3 Results and Discussion:

Germination started on the fifth day in all rice cultivars

The onset of germination coincided with the

Most of the germination was complete by day 9.peak germination.

germination and the percentagetotalTable theshows5.4 mean

germination for each cultivar and germination environment. Cultivar

factor was only significant in rice cultivar Dunduli yamlimani where

it showed a significantly lower germination compared with the rest

of the cultivars (Table 5.5). Hot water treatment of dry seeds at

62°C 15 minutes did not significantly affect germination of the four
forgermination obtained cultivarlowertested cultivars. The

Dunduli yamlimani compared with the rest of the cultivars probably

reflected the poor condition of this particular seed sample. The

three environments were not statistically different from each other.

It must be noted that this experiment was conducted during the warm

months of March and April when there is not much difference between

day and night temperatures. Therefore, at that time, it is possible

Germination observations were made

for all treatments.

the petri-dishes were
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Table 5.5 Cultivar means and their levels of significance

Africa Mpunga mwepesiDunduli yamlimani Kajibi
18.4217.46 14.83 18.50

LSD (5%) 1.691
SE 2.010
CV (%) 11.6



- 79 -

to successfully germinate the seeds in the open laboratory.
The non significant results for the treatment were confirmed

by the rate of germination results where all
cultivars started germination the 5th day of planting. Theon
experiment, therefore, demonstrated that hot water treatment without
presoaking at the tested regimes, ofdid affect the ratenot
germination of seeds of the studied rice cultivars.

It was concluded that hot water treatment without presoaking
at 62°C for 15 minutes did not delay onset of germination, rate of
germination nor significantly reduced the ultimate germination. The
three environments were equally efficient for that period of the

The results provided data for onset and rate of germinationyear.
of hot water treated seeds without presoaking.

withouteffectsA study of the5.3
presoaking (dry seed treatment) on the control of the seed-borne
A. besseyi and on the germination of seeds of five rice cultivars

Introduction and Objectives:5.3.1
This experiment was conducted in the months of June to July

as
study, it was decided to include soaking in water as a treatment.
Previous dry seed treatment investigations had shown that A. besseyi
could survive temperatures as high as 62°C for 15 minutes. It was

this aspect further and includetherefore decided a
Possible damage to the seed was considered andhigher temperature.

a germination test was included in the investigation. It was also

a follow up of previous dry seed treatment studies.

decided to follow

to examine

up previous observations on the assessment of

treatments for all

In this

of hot water treatment
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nematodes on the day of treatment and one week after the treatment.

Soaking period for maximum revival of A. besseyi was also included

in the investigations.

This study was conducted to assess the effects of dry seed

treatment (with hot water) on the control of seed-borne A. besseyi

and to of A.

besseyi in treated seeds.

period of soaking for maximum revival from quiescence of A. besseyi.

The latter two objectives were also required to provide baseline

information needed for streamlining methodologies for subsequent

The effect of hot water treatmentexperiments with this nematode.

on the germination of treated seeds was also studied.
theon

survey for A. besseyi results, which showed seeds of these cultivars

to harbour this nematode in considerably high levels.

Material and Methods:5.3.2
Kajibi,Mpunga mwepesi,Rice cultivars Dunduli yamlimani,

Kihogo Red Line-7 and Africa were used. Treatment temperature chosen
Sampling for

treatments was done as shown on the diagram below:

were 60°C and 62°C for 10 and 15 minutes respectively.

decided to follow up previous observations on the assessment of

(days) to assess controlestablish the best time

Five cultivars were chosen for this study based

It was also intended to examine the
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212 32

Pl - P4 were each hot water treated at one of the selected

in water atsoakedtemperature regimes. and P6P5 roomwere

minutes respectively. The(22°C) andtemperature for 1510

following treatments, Pl
Subsequently,subdivided into 1, 2 and 3 subsamples respectively.

kill whilesubsamples 1 were dehusked for assessment of nematode

subsamples 2 and 3 were left to dry on laboratory benches and stored

after which subsamples 2for weekone
nematode assessment. Individual seeds were assessed for nematodes.

Nematodes lying straight, motionless and stiff were considered dead.

24 hours after soaking thetakenNematode
repeated again for samples that had been soaked for a total of 48

hours.
A seed germination test was

The experimentusing seeds from subsamplestreatment 3. was

conducted in randomised block design with two replications. Hundred
seeds per treatment were germinated in petri-dishes under laboratory

Two sets of petri dishes per treatment were linedconditions. with
blotting paper and seed samples were placed

Partitions (P) I

'I
3

I
3

r
P5

ISample II 
(to treat in water at 
room temperature 22°C)

Sample III 
(dry and 

untreated)

I
1

I
1

’I 
P6

Samples I 
(for hot water 
treatment)

I 
Partitions (P)I

Rice Cultivars 
I Seed

I I II
Pl P2 P3 P4 

iti i4~i i"l"i rk 
123123123123

onto the blotting paper g

were further sampled for

counts were

P6 and sample III were each further

conducted within one week of

seed and
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The blotting kept moistened distilledwith water.paper was

Germination counts were made and analysis of variance was conducted

followed by contrasts to compare chosen means.

5.3.3 Results and Discussion
Cultivar, alltreatment cultivar treatmentand werex

significant at P = 0.01. There were significant differences between

hot water treatment at 60°C and 62°C for the 10 minutes exposure

time and the same comparisons were even more significantly different

the 15 minutes exposure time (P = 0.01),for suggesting that the

increase in time from 10 to 15 minutes effected more serious damage

significantly affectdid notto the Soaking treatmentseed.

germination compared to the control but both control and the soaking

treatmentfrom hot watersignificantly different

P = 0.01 (Table 5.6).
There were inherent cultivar differences in germination as

shown by cultivars Kajibi and Africa which had lower germination in

the controls compared with the other cultivars (Table 5.7a). The

cultivareffects of treatments were significantly related to the

differently(Table 5.7c) cultivarssuggesting thatfactor were

affected by the hot water treatment.

treated samples significantlyGenerally, hot water gave

control and soaked seeds,lower percentage germination than the

showing that hot water treatment at 60°C and 62°C for 10 and 15

minutes did significantly lower germination of the tested cultivars

(Table 5.7b). Among the studied cultivars, there were two with poor

treatment and two with whatgermination even without hot water

treatment were



- 83 -

Table 5.6

F-valueContrasts

Control vs all other treatments 19.905
Control vs soaked NS0.111
Control vs hot water treatment 39.476 »»

Seed soaked vs all hot water treatment 58.387 **

NS2.281Hot water treatment at 60°C vs 62°C
63.223 »*Seed soaked vs hot water treatment at 62°C

NS3.73210 min vs 15 min for hot water treatment at 60°C
NS10 min vs 15 min for hot water treatment at 62°C 1.524

Hot water treatment at 60°C vs 62°C for 10 min 7.117

Hot water treatment at 60°C vs 62°C for 15 min 78.181 **

Effect of hot water treatment at 60°C and 62°C for 10 
and 15 minutes on the germination of seeds of five rice 
cultivars

Significance 
(F(l,3,4))
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Table 5.7

(a) Cultivars Kajibi Africa

Means 24.98 37.60

(b)

Treatment

(c)

Key;

Treatment 
Means

Percentage germination means (2 replications) for seeds of 
five rice cultivars, hot water treated (without presoaking) 
at 60°C and 62°C or 10 and 15 minutes.

S22T10
S22T15
H60T10
H60T15
H62T10
H62T15

Control
68.42

S22T10
66.09

S22T10
87.45
82.10
23.10
88.15
49.65

S22T15
69.42

S22T15
89.50
84.00
40.30
91.65
41.65

H60T10
61.36

H60T10
91.80
69.90
14.55
88.80
41.75

H60T15
56.90

H60T15
84.15
70.00
12.95
80.70
36.70

H62T10
56.20

H62T10
74.80
78.15
17.30
78.05
32.70

H62T15
53.35

H62T15 
74.00 
68.90 
34.40 
72.45 
17.00

Control 
90.85 
84.30 
32.25 
90.95 
43.75

M1punga 
Mwepesi 
76.76

Cultivar 
Dunduli 
Mpunga 
Kajibi 
Kihogo RL7 
Africa

Dunduli 
Yamlimani 
84.65

LSD (5%) = 3.98
SE = 1.3796

soaking at 22°C for 10 min 
soaking at 22°C for 15 min 
Hot water treatment at 60°C for 10 min
Hot water treatment at 60°C for 15 min
Hot water treatment at 62°C for 10 min
Hot water treatment at 62°C for 15 min

LSD (5%) = 4.71
SE = 1.6327

LSD (5%) = 10.53
SE = 3.65
CV (%) for the whole experiment = 84

Kihogo 
Red Line 7 
84.39
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Garrity and Ventura (1986) considered as good germination (more than

85%). It must be noted that germination conducted underwas

laboratory conditions where temperatures for that time of the year

(June and July) low and could get much atlowerwere

night. Temperatures during the period of this germination experiment

can be considered suboptimal and could have exacerbated the adverse

treated and sensifised seeds losing their viability.

Although all the cultivars were significantly lower in their

5.7),(Tablepercentage germination by hot water treatment

cultivars; Kajibi, Africa and mwepesi with lowesttheMpunga

germination percentages for the control,

affected by hot water treatment than the other cultivars which had

better germination in the control (more than 85%). The latter point

agrees with Garrity and Ventura (1986) who stated that seeds with

initial low germination before treatment (below 85%) tend to have

their germination more affected by hot water treatment than those

with high germination. The latter point might mean that seeds with

low germination before treatment are of poorer quality.

The cultivar differences observed, seem to have been due to

conditions of samplesthe the seed rather than from genetic
effectdifferences. The of the seed condition probablywas

compounded by hot water treatment and germination environment under
suboptimal temperatures.

It can be concluded that hot water treatment of rice seed of

the studied cultivars at 60°C for 10 and 15 minutes significantly

lowered germination of all cultivars, especially at 62°C for 10 and

effect of hot water treatment on the germination, resulting in some

were more significantly

than 20° C
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15 minutes respectively over that of the control or soaked seeds.
The cold conditions during believed havegermination is to
exacerbated the effects of germination.hot water treatment on
Cultivars with low germination before treatment were more affected
by hot water treatment compared inherent highwithwith those
germination (at P = 0.01 compared with P = 0.1). The latter aspect
of the result agrees with findings of Garrity and Ventura (1986).

the previous storage conditions andThe age of the seed,
other aspects of seed quality, all of which affect viability of the

important factors in the determination of the level ofseed, are
tolerance by the seed to the adverse effects of hot water treatment.
Some of these factors plus the effect of cold during germination are
believed to have had an effect on the germination especially of more
sensitive (treated) seeds.

Analysis of variance and test of significance conducted with
the results of an assessment gave

cultivar, treatment,factors;for thesignificant differences

revival period and the interaction between cultivar and treatment.
treatment, wellafterweekconductedThe assessment as asone

confirming the significant results obtained for the latter analysis,

cultivarfor the period andresultssignificantalso xgave
The analysis of variancetreatment x revival period interactions.

conducted with combined results (same day and one week after) to
examine the comparison of the two assessment days confirmed the
significant differences between the factors; cultivar, treatment,
revival period and the interactions between cultivar x treatment and
treatment x revival period.

same day of treatmenton the
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The comparison of the mean percentage dead nematodes for the
control compared against the mean percentage dead nematodes for the
treated samples as a whole for both assessment days were highly
significant (P = 0.01). The control showed significantly less dead
nematodes compared to the hot water treatments (Table 5.8).

The contrast results demonstrated that the two temperatures
and the two treatment times were not significantly different (Table
5.9) and that they all significantly controlled A. besseyi leaving
0.05 and 0.06% live nematodes for each assessment day respectively.
Therefore, at those treatment regimes (60°C and 62°C for 10 and 15
minutes respectively), besseyi was almost complete,control of A.
leaving very few live nematodes whose survival could not make much

The controldifference between the treatment regimes.

soaked treatment did not significantly differ and similarly the two

hot water treatments for each time period were not signigicantly

different.
The effect of different treatments (excluding the control)

on the percentage dead A. besseyi for each of the two assessment
soaked treatments hadWaterpresented in Table 5.10.days is

significantly lower percentage dead nematodes compared with the two
themselves didwhich nottemperatures,treatmenthot water

there were slight decreases in thesignificantly differ. However,
percentage dead nematodes for each of the hot water treatment in the
assessment done one week after treatment compared to that of the

results suggest thatday of treatment. latterThe somesame
presumed dead nematodes were actually alive. These results confirm
those obtained in the dry seed experiment with the cultivar Mpunga

and water
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Table 5.8

F-valueversus

99.95 60.00
2One week after tratment

F-valueversus

51.7099.40

Key;

= significant at P = -0.01««

Overall hot weater 
treatment mean

Overall hot water 
treatment mean

Contrasts of the means for the percentage dead nematodes for 
the control against treated samples (hot water treatment), as 
a whole

Control 
mean

Control 
mean

2MS = 100.5 with 30df

1MS = 21.98 with 30df

10n the day of treatment

128.3 **

828.1 **



- 89 -

Table 5.9

Hot Water Treatment

Means NS99.6 100 21.9898.3 99.7

Contrast of 62°C versus 60°c NS0.369

Contrast of 10 and 15 minutes at 62°C 0.384 NS

NSContrast of 10 and 15 minutes at 60°C 0.020

NSContrast of temperatures versus time 0.291

0.002 NSContrast of 62°c versus 60°C for 10 minutes

NS0.657Contrast of 62°C versus 60°C for 15 minutes

Table 5.10

Treatment

99.85100.00Hot water 60°C

99.95Hot water 62°C 99.9

53.25Water soaked 51.5

LSD (5%) 3.0276.473

LSD (1%) 4.0778.718

SED 3.171 1.483

SE 2.242 1.049

Temp (°C)
Time (min)

Contrasts of the means for the percentage dead nematode for 
the two temperatures and two treatment periods for the 
assessment done one week after treatment.

On day of treatment: 
mean % dead nematodes

One week after treatment: 
mean % dead nematodes

F - value 
30 df

Effect of day of assessment on the percentage dead nematodes 
for each treatment (excluding control)

60°C
10 15

60°C 
10 15
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mwepesi described at the beginning of this chapter.

Summary of significance levels for the effect of hot water

treatment on the percentage dead nematodes is shown on Table 5.10.

There percentage deadsignificant differences thein

nematodes between cultivars when the assessment was done one week

after treatment than on the same day of treatment (Table 5.11a).

Examination of the percentage dead nematodes on each of the

similarrevival periodsassessment days twobetween the gave

givingsoaked treatmentsresults, with control and waterthe

significantly lower percentage dead nematodes than the two hot water

treatments (Table 5.11b).

only ricetreatments,On

cultivar Africa gave significantly lower percentage dead nematodes

when revival period extended to 48 hours from 24 hours (Table 5.12).

week later cultivars Dunduli yamlimani and Kihogo Red

Line-7 had significantly lower percentage dead nematodes compared

with the results obtained on the same day of treatment.

The comparative effects of the two revival periods on the

same day and onepercentage dead nematodes was significant at both,

week after treatment at P=0.1 and P=0,01 respectively (Table 5.13)
significantly lower percentage deadinresultinghours

The treatment effects compared with each revival periodnematodes.
(24 and 48 hours) gave significant results for the control and for

significantly lower numbers of deadseeds withthe water soaked

nematodes for revival period of 48 hours compared to that for 24

(Table 5.14a). theThe of percentagecomparisons deadhours

nematodes between the two assessment days for 24 hours and 48 hours

However, one

were more

the same day of assessment of

with 48
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Table 5.11

a.

Cultivar Same day of treatment Week after treatment

Mpunga 89.3 91.71

Africa 85.6486.5

Kajibi 76.7178.7

Kihogo 73.2974.7

Dunduli yamlimani 69.6473.3

LSD (5%) 3.6187.739

LSD (1%) 4.87310.423

1.773SED 3.790

1.253SE 2.680

b.

48 hoursTreatment

99.999.8100.0Hot water 6o°C 100.0

99.1 98.899.8Hot water 62°C 100.0
60.7 45.844.6Water soaked 58.4

58.9 44.8Control 64.2 55.4

LSD (5%) 6.05511.211

LSD (1%) 8.15415.098

2.965SED 5.490

3.882 2.097SE

Week of treatment 
24 hours 48 hours

Effect of cultivar differences on the percentage dead nematodes for 
each assessment day

Effect of day of assessment and soaking period on the percentage 
revival of A. besseyi following hot water treatment

Same day of treatment 
24 hours

Summary of significance of the effect of hot water 
treatment on the percentage dead nematodes
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Table 5.12

Variety On the same day One week after

24 hrs 48 hrs 24 hrs 48 hrs
Afrika 92.4 80.6 88.86 82.43
Dunduli 75.4 71.1 79.14 67.43

Kajibi 80.7 78.2975.4 75.14
Kihogo 76.3 73.1 74.00 65.29

Mpunga mwpesi 90.1 92.43 91.0088.4

Table 5.13

One week afterOn the same day

24 hrs48 hrs 48 hrs24 hrs

82.5477.7 76.2683.0

The comparative effect of the two revival periods (24 to 48 
hours) on the control of the seed borne A. besseyi on the 
two assessment days

Percentage dead nematodes counts at each of the revival 
period (24 and 48 hours) for the different cultivars on the 
two assessment days

SED
SE
LSD (5%)
LSD (1%)
CV%

SED
SE
LSD (5%)
LSD (1%)
CV%

2.40
1.697
4.901
6.600

12.5

5.36
3.790

10.945
14.740
12.5

1.121
0.793
2.289
3.083
5.9

2.506
1.772
5.117
6.892
5.9
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Table 5.14

a. Treatment On the same day One week after

Control

One week afterOn the same dayTreatment

48 hrs48 hrs 24 hrs24 hrs

98.8100.0 99.1Hot water 60°C 100.0

99.999.8 99.8Hot water 62°C 100.0

60.7 45.844.6Water soaked 58.4

2.0974.483SED

1.4833.170SE
4.281(5%) 9.155LSD
5.766(1%) 12.329LSD

One week afterOn the same dayb. Revival period
82.5483.0024 h
76.2677.7448 h

SED 1.774

SE 1.25

LSD (5%) = 3.35

LSD (1%) = 4.72

48 hrs
55.4 ns

SED
SE
LSD (5%)
LSD (1%)

6.34
4.483
12.946
17.436

2.965
2.097
6.055
8.154

24 hrs
64.2

24 hrs
58.6

Effect of different treatments revival period (24 and 48 
hours) and day of assessment on the control of seed borne A. 
besseyi assessed on the same day and one week after 
treatment.

48 hrs
44.8 **
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revival periods respectively gave (Tablesignificant resultsno

5.14b). It must be noted that live nematodesmore

(although not in significant numbers) revivalfor the hours48

period and for the assessment done one week after treatment compared

to that done on the after only 24 hours

soaking.

Results presented above show that the control (untreated)

had about 48% dead nematodes. This is too high a percentage of dead

nematodes to be expected from control samples, unless the seeds were

very old and degenerated, whose viability is wouldreduced and

therefore be expected to be degenerating with the pest they harbour.

This control checked fornot the because seeds werewas case,

germination and germination results for some cultivars were quite

high. The possible explanation seems to the temperature

during the revival.

(1957) found 20°C to be the optimumTamura and Kegasawa

temperature for A. besseyi to swim away from soaked seeds. During

the cooler months in the University Campus area in Morogoro, night

below 15°C when theto minimummean

Low night temperatures maytemperatures lie between 15°C and 17°C.

have caused more nematodes to fail to revive and thereby yielding

more dead nematodes than normal.

during the of this study,observed thatcourse

extractions of A. besseyi by soaking seed samples in water over

laboratory benches during periods of low temperatures yielded more
dead nematodes,live sometimes all deadthan nematodes. When
nematode extraction was done from seeds of the same batches under

same day qf treatment,

temperatures can fluctuate

there were

lie on

It was
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revived. Hence, based on the results of the present study and that

of the previous experiments, temperatureto use

controlled incubators to extract nematodes during cooler months.

seedsoakedThe results showed control and thethat the

twothesesignificantly differ, and thattreatment did not

treatments yielded significantly fewer dead nematodes compared to

hot waterThe results also demonstrated thathot water treatments.

treatment at 60°C and for62°C 10 and 15
control A. besseyi. Results also demonstrated that treatment

temperatures and time themselves significantlyregimes notwere

different (Table 5.9). The percentage number of dead and live

nematodes assessed on the same day as opposed to fromthose the

after did not yieldassessment conducted week significantone

differences for the cultivars or the treatments.

Except for cultivar Mpunga mwepesi and the water soaked

the rest of the cultivars and treatments had less deadtreatment,

(though not in significant numbers) for the assessmentnematodes

done one week after treatment compared to that done on the same day

of treatment. That means some of the nematodes presumed dead when

the same day of treatmentthe assessment was done foundwereon

These results confirm the previousalive one week after treatment.

observations made with dry seed treatment of seed of cultivar Mpunga

It is likely that on the same day of treatment (revivalsmwepesi.

of A. besseyi having been done soon after treatment) some nematodes

may have been in a state of shock, precipitated by thermal treatment

warmer conditions, such as in incubators, more live nematodes were

it was decided

min can significantly
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from which they were able to recover later.
Comparisons of revival period showed ofthat hours48

reviving nematodes, resulted in more live nematodes than after only
24 hours. This result was significant in both control and soaked
treatment showing that the comparative optimum period for revival of
A. besseyi in dry seeds by soaking dehusked grain and husk in water
is 48 hours.

It was decided from the results of the present and previous
studies that, warm environment with temperatures not fluctuating to
below 20°C should be used for both germination of rice seeds for all
experimental work and for nematode revival for study of live and/or
dead nematodes in rice seeds. Laboratory open bench environment was
considered unsuitable for these purposes during the cooler months of
the year when incubators should be used for extraction of A. besseyi
and, germinators for seed germination.

is not theregardless of treatment, 24 hoursTherefore,
maximum period for revival of nematodes from quiescence in dry seed
of same or different cultivars of rice. The actual day of assessment

importance of the day ofTheindependently, was not important.
assessment was associated with the treatment and the cultivars with

This may be related to thewhich the days of assessment interacted.
physiological condition of the different cultivars and that of the
nematodes they harbour, which in turn may be related to the moisture

of dehydration of nematodeslevelthecontent
contained therein.

in the seeds and
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5.4 Hot water treatment following presoaking
Introduction:5.4.1
It is well known that cultivated rices constitute thousands

of cultivars. For example, Webb et al (1968) were able to assemble
as many as 4 381 rice cultivars from 49 countries to study their
characteristics. (1944)Wilson and Tidbury observed 148
varieties/cultivars in Zanzibar Island. Despite the fact that the
latter authors were of the opinion that some of those varietal names
were synonyms, they were nonetheless convinced that there were, all

great many different varieties under cultivation ona
there is probably also aZanzibar Island. In Tanzania Mainland,

synonymous situation in the nearly 200 varieties/cultivars being

grown (Table 1.1). there must still beThat taken into account,
from the local,constitutedwell cultivarsdifferent100over

in Tanzania.thatintroduced and improved rices

Martin (1963) aboutthat there 8 000estimateLeonard and are
botanically different rice cultivars in the world and stated that

differences in water supply, altitude and season of cultivation as

well as differences in consumer demands necessitate the growing of

many cultivars.
Most parasites are generally believed to be in physiological

balanced state with their hosts, that factors bringing distress to
the pest also bring about an equally distressing effect to the host.

(1975) stated that, in seed treatment,al. it isNandakumar et
essential to get the treatment temperature to the nematodes (below
the seed coat) and, at that point, temperatures become critical to
the life of the seed.

the same,

are being grown



- 98 -

Cralley (1949) reported that presoaking essential towas
activate the nematodes and predispose them to hot water treatment.
Fortuner and Orton Williams (1975) stated that it is essential to
presoak rice seed before hot water treatment for control of A.
besseyi in order to bring the nematode out of quiescenence and
predispose it to thermal treatment. Meanwhile, rice seeds thus
presoaked become physiologically active to start germination

In that physiological state, rice seeds also becomeprocesses.
Yoshii and Yamamoto (1950d)predisposed to hot water treatment.

from the results of their studies, observed that, hot water
treatment following presoaking controlling A.effective inwas
besseyi but delayed germination of seed by 1 day. It would seem
from examining literature that more work on the effect of hot water
treatment following presoaking on different rice cultivars grown in
Tanzania was necessary.

In view of the great importance placed on the hot water
treatment for control of A. besseyi and the seeming gaps in the
present knowledge of the effect of such treatment on different rice

coupled with the knowledge of the very many cultivarscultivars,
date, it consideredTanzania tobeing actively in wasgrown

important to study hot water treatment following presoaking. It was
essential, to study various aspects of hot water treatment on rice
seed following presoaking with a view to achieving the following
objectives:

periodstemperatures and treatment that willTo1. assess
significantly control A. besseyi with minimum damage to the rice

seeds.
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To assess the effect of hot water treatment following presoaking2.
selected riceofgermination and emergence of seedstheon

cultivars.

Effect of hot water treatment (following presoaking in water5.5
for 18 hours) at 54°C for 15 minutes on the control of seed-borne
A. besseyi

Introduction and Objectives:5.5.1
From the preliminary studies with hot water tratment at 54°C

for 15 minutes, it was observed that complete control of A. besseyi

achieved when infected followingrice seeds treatedwas were

presoaking. Therefore, a follow up study to assess the efficacy of

this treatment regime in the control of A. besseyi in the seeds of

three rice cultivars was conducted. The three cultivars were chosen

based on the availability of seeds with live nematodes.

Materials and Methods:5.5.2
Seeds were hot water treated following presoaking in water

subsequently (after 1 week) assessed forfor andhours18 were

nematodes using single seed assessment method. Treatment of seeds

and nematode assessment were done according to methods given in the

Materials and Methods Section of the thesis. Fifty, single seed

treatment and replication.cultivar,assessedsamples perwere

Samples were assessed 48 hours after soaking to revivie A. besseyi.

Results and Discussion:5.5.3

(untreated),control 29.95,the there 21.43In andwere

nematodes for cultivars Sindano, Nyati and Bagamoyo24.85% dead

respectively. After hot water treatment, all nematodes recovered

showing that hot waterdead treatment of presoaked seeds atwere
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54°C for 15 minutes, completely controlled seed borne A. besseyi.

This treatment regime had previously been used on many occasions to

control A. besseyi in seeds used for other experiments. For that

this regime was adopted for A. besseyi control in the seedsreason,

used in field experimental studies. The results therefore confirmed

previous observations on the efficacy of this treatment regime to

decided tocontrol Therefore, itseed borne A. besseyi. was

concentrate on the assessment of the effects of the latter treatment

regime and several others on the germination aspects of seeds of

several rice cultivars.

Effect of hot water treatment5.6
presoaked seeds of four rice cultivars

Introduction and Objectives5.6.1
The experiment was a follow-up of the previously conducted

seeds following hot watergermination of treatedobservation on

Limited facilities were available attreatment of presoaked seeds.

and a germination test withthe National Seed Testing Laboratory,

four rice cultivars and one treatment regime could be facilitated.

The lowest previously tested treatment regime that had been found to

completely control A. besseyi was chosen (54°C for 15 minutes). The

choice of cultivars was based on the availability of seeds and on

included inbeen

previous dry seed treatment studies.

Previous observations showed that soaking seeds in water for

especially during resultedmonths, into hours,72 warmerup
sprouting and it became very difficult to find nematodes at that

decided to reduce soaking time to whatstage.

could be considered adequate period for the purpose of seed imbibing

the fact that most of the chosen cultivars had

It was therefore,

on the germination of



- 101

water and long enough for the nematode to hydrate and be activated.

Soaking period of 18 hours was therefore considered satisfactory.

Therefore, the objective of furtherthis study towas

examine the effects of hot water followingseed treatment,

presoaking, on the germination of seeds of four rice cultivars. In
this experiment normal germinated seeds, abnormal seedlings and any

other abnormalities that may have been due to seed damage were also

recorded.

Materials and Methods:5.6.2
Experiment was conducted as a completely randomised design

with three replications. Hot water treatment was conducted in the

Faculty laboratory and seed germination tests were done at the Seed

Rice cultivarsTesting Laboratory situated in the Faculty Campus.

forKihogo, and Nyati were treated atKigunia, Lumoto 54°C 15

for 18 hours at laboratory ambientminutes following presoaking

carried out in temperature controlledtemperature. Treatment was

water bath as described in the General Materials and Methods Section

Germination test was done a week after treatment, inof the thesis.

Seeds were left to germinate forgermination chambers set at 28°C.

10 days. Two hundred seeds from each treatment were germinated on

moist blotters. Normal and abnormal germinations, dead and rotting

lookedand seeds that fresh and felt hardseeds, but were

ungerminated were recorded. Analyses of variance using transformed

data (square root transformation) for the various parameters was
conducted followed by an F-test for significance.

Results and Discussion:5.6.3
shows5.15 theTable percentage for the variousmeans
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Table 5.15

Cultivar

Treated Control Treated ControlTreated Control Treated Control

Percent Germination

0.333.00 0.17 2.00Lumoto 0.0092.83 99.50 2.17

3.00 0.00 0.334.00Nyati 2.6780.33 94.00 15.67

0.334.33 0.002.83Kigunia 5.30 3.5091.83 91.83

0.000.008.17 2.50Kihogo 4.6792.83 22.6769.17

Summary of significance for the analysis of variance

0.805 1.470 0.9020.71 1.8141.35Lumoto 9.9759.634
0.9022.119 1.858 0.7071.76Nyati 9.695 3.978.959

2.196 0.707 0.8801.7481.98Kigunia 2.399.5839.583
0.707 0.7072.881 1.7322.26Kihogo 4.699.6358.301

0.3439 0.23380.588SED 0.2163

0.1650.24320.4159SE 0.1530

LSD (5%) 0.4961.2466 0.73330.4586

0.683LSD (1%) 1.71750.6318 1.005

30.2 32.80CV % 22.22.8

% germinated 
seeds

Mean percent germination and Summary of analysis of variance 
for the effect of hot water treatment (54°C for 15 min) 
following presoaking on the germination of form rice 
cultivars (transformed means and square root transformation

% abnormal 
seedlings

% dead and 
rotting seeds

% fresh 
ungerminated 
seeds
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parameters and the corresponding transformed values (square root

transformation). Hot water treatment following presoaking

significantly affected germination

variables. The cultivar differences were significant to a greater

lesser extent for all the studied variables. effects ofTheor

treatment significantly related forto rice cultivars thewere

percentage germination of normal seeds and the percentage abnormal

seedlings. The percentage number of dead seeds notwere

significantly affected by the treatment.

lowerCultivars significantlyNyati and Kihogo had

germination seedlings treatedpercentage of normal in the as

The other two cultivars did not differcompared to the control.

significantly in seedling germination between thetheir normal

The same cultivars (Nyati and Kihogo) hadtreated and the control.

to germinatea significantly higher number of seeds

(ungerminated seeds) which looked fresh, felt hard and

rotten or rotting, compared to the control. The other cultivars did

not differ significantly between the treatments for these variables.

For the percentage abnormal seedlings, there was a significantly

higher percentage in the treated seeds compared to the control for

cultivars Lumoto and Kihogo and, for the percentage dead and rotting

seeds, cultivar Lumoto had a significantly higher percentage in the

treated than in the control.

results presented above demonstrate that hotThe water

treatment of rice seeds at 54°C for 15 minutes following presoaking
hours18 significantly decreasedforin water the percentage

germination for normal seedlings of two of the studied cultivars

as shown by almost all studied

were not

that failed
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(Nyati and Kihogo) and not for the others. The cultivars whose

percentage normal seed germination was significantly decreased had a

corresponding higher percentage of ungerminated seeds in the treated

compared to the control showing that hadthe thermal treatment

prevented their germination. two variablesThe results of these

also demonstrate cultivar differences in the ability to tolerate hot

water treatment.

Two cultivars (Lumoto and Kihogo) had significantly higher

percentages of seedlings that were abnormal in the treated compared

to the control. Cultivar Lumoto had a zero percentage seeds that

could significantly higherbe considered ungerminated but a

percentage of abnormal seedlings and also a higher percentage of

These results suggest that in the latterdead and rotting seeds.

cultivar, the effects of hot water treatment did not prevent actual

germination but affected the development of the seedlings. These

results agree with Levitt (1956) who stated that some seed type may

treatment with high temperatures butafter theremain viable

subsequent development of the seedlings may be adversely affected.

It is noteworthy that the same cultivar had the highest percentage

normal germination (99.50 and 92.83% respectively).

cultivar Lumoto could be considered tolerant toTherefore,

the tested treatment regime such that the effects of the treatment

only able to produce abnormal seedlings rather than inflictwere

total loss of viability thus preventing germination altogether. The

reverse can be said for cultivar Nyati. For cultivar Kihogo, there

increasessignificant in both ungerminated and abnormalwere

seedlings, suggesting that this cultivar was the most sensitive,
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resulting in serious loss of vigour and equally serious
viability.

The temperature range, within which seeds germinate is said
to be determined by the source of seeds, genetic differences within
the species (for example, varietal differences) and the age of the
seed (Mayer and Poljakoff - Mayber, 1978). It can be concluded that
while hot water treatment adversely affected normal germination,
some cultivars were more tolerent than others. The adverse effect of
treatment temperature was manifested by failure of seed to germinate
(destroyed viability) abnormalproducedand seeds whichby
seedlings. Abnormal seedlings had developed either root
only or some weak seedlings with or without malformed root system
(Plate 5.1 and 5.2). The results also demonstrated that hot water
treatment was not instrumental in the death to the seeds categorised
as dead and rotting.

These results lead into further investigations to elucidate
effects of hot water treatment following presoaking thethe on

germination of seeds of 22 rice cultivars and their reaction to the
thermal treatment.

Effect of hot water treatment following presoaking on the5.7
germination of seeds of twenty two rice cultivars

Introduction and Objectives:5.7.1
multitudeof cultivars beingof rice ingrown

it was considered important to investigateTanzania, further the

watereffect hot treatmentof following presoaking theon

germination of cultivars than those hitherto tested. also

In view

It was

loss of

or shoot
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Abnormally germinated rice seeds showing "Shoots only"Plate 5.1

Abnormally germinated rice seeds showing "roots only"Plate 5.2
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decided to test and/or further assess more treatment temperatures

and time periods as treatment combinations.

Some of the rice cultivars investigated in this study, came

well thosefrom National Rice Development Programme,the asas

considered popular within localities.

Materials and Methods:5.7.2
The experiment was a factorial design in a randomised block

The following factors were used:layout with three replications.

a) Treatment

(i) Temperatures - 54, 55 and 56°C

(ii) Treatment time - 5, 10 and 15 minutes

(iii) Control

b) Cultivars - 22

presoaked in water for 18All seeds

hours; treatment combinations were as follows:

(vi) 55°C/15 minutes(i) 54°C/5 minutes

(vii) 56°C/5 minutes(ii) 54°C/10 minutes
(viii) 56°C/10 minutes(iii) 54°C/15 minutes

(ix) 56°C/15 minutes(iv) 55°C/5 minutes

(x) Control(v) 55°C/10 minutes

The following rice cultivars were assessed:

(12)(1) SindanoKihogo Red

(13)(2) Mchuzi wakukuNyati

(14)Afaa Mwanza 0/906(3) Faya Pemba

for treatment were
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(4) Afaa Kilombero 0/906 (15) Bluu

(5) Kihogo Selection No 7 (16) Kihogo Selection No 22

(6) Kalafulu (17) Kigunia
(7) (18)Taiwan T - 14 Meli

(8) (19)Lumoto Afaa Mwanza 1/159

(9) (20)Bagamoyo Tulenabwana

(10) (21)Lunyuki Faya Theresa

(11) (22)Kihogo Faya

included andParameters to be measured germination

observations on any abnormalities.

thoroughly andmixedrice cultivar sampleEach was

Each sample wassubsampled into treatment lots consisting of 500 g.

tied inside a treatment bag with weighting stones and soaked in

water for 18 hours at laboratory temperature. Hot water treatment

controlled water bathtemperatureout usingcarried asawas

described in the Materials and Methods Section of the thesis. After

seeds were dried for 24 hours on laboratory benches andtreatment,

germination was carried out a week later in seed germinators at the

National Seed Testing Laboratory

and placedat 28°C seedsset inwere

special germination papers and placed on trays. A total of 100
replication were used.treatment Assessmentseeds per wasper

the first germinated seeds had developed the
and counting done two days by removingfirst leaf everywas

The experiment was continued for 18 days, and ongerminated seeds.

the last assessment day, ungerminated seeds (those that looked fresh

soon asstarted as

Germinators were
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and not rotting), dead seeds (seeds in the process of rotting) and
weakly germinated seeds (seeds that germinated into comparatively
weak seedlings) were recorded.

Data was transformed using angular transformations. Analysis
of variance for factorial aspects of the experiment were conducted
and linear and quadratic regressions were fitted for each of the
quantitative factors (temperature and time). A Student-Newman-Keuls

In addition,Multiple Range Test was conducted to compare means.
conductedanalyses of variance, including all treatments, was

Student-Newman-KeulsF-tests forfollowed by significance and

Multiple Range Tests to compare treatment means.

Results and Discussion:5.7.3
For all the variables, time x cultivar and time x cultivar x

temperature interactions, were not fitted in the model because they
This resulted in increased residual degreeswere not significant.

not fitted modelin thethatof freedom, effects werewereas
automatically accounted for in the residual degrees of freedom.

ofanalysis variance for normallytheofThe results
temperature,time,that cultivar,showedgerminated seeds

temperature x cultivar highlytime x temperature and were
significant (P = 0.01) and so were the linear regressions timeon
and temperature for these variables (Figures 5.2, 5.3 and 5.4). The

andtemperature timequadratic notonregressions wereon
As time and temperature increased, so did the rate ofsignificant.

normal germination.decrease in the percentage Cultivars were
cultivareach havingsignificantly different, with differenta
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linear regression on temperature (Figure 5.5). The interaction
between time and temperature was significant, with each temperature
having a different linear regression (Figure 5.4). At 56 °C the
percentage germination decreased more rapidly with increase in time.

The results of the analysis theof variance for
fresh-looking ungerminated seeds temperature,showed that time,

cultivar, time x temperature and temperature x cultivar were
significant factors, and lineartheir correspondingso were

(P = 0.01).regressions on time The quadraticand temperature
regressions on time and temperature were not significant. With
increase in temperature or time, the percentage number of seeds that
failed to germinate (ungerminated seeds) increased (Figures 5.6 and
5.7). significant interaction between time andThere was a
temperature and for each temperature there was a linear relationship

in thewith Therefore, theretime. was
percentage of ungerminated seeds with increase in time for each of

5.8).(Figure Cultivars significantlythe temperatures were
different and they significantly interacted with temperature. It

cultivars, withall changes inalmostforthat,shownwas
temperature, there was an increase in the rate of percentage seeds

slope).(positive However, forgerminatethat failed to one
cultivar, Faya, there was a decrease in the rate of percentage seeds
that failed to germinate (negative slope) (Figure 5.9).

The results of the analysis of variance for the factorial
aspects for the percentage weakly germinated seeds showed that time,
temperature, said temperature x cultivar were significant and so were

a significant increase

their linear regressions on time and temperature except that of
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temperature x cultivar, The quadratic

regressions were not significant. There were significant differences

between the times and the temperatures as independent factors and

their corresponding linear regressions significant (Figureswere

5.10 and 5.11). Therefore, as temperature or time increased, there

were significant changes in the number of seeds that germinated into

weak seedlings. However, temperature and time did not affect each

other to influence percentage weakly germinated seeds. Cultivars

reacted significantly differently and interacted significantly with

The rate of change in the percentage numbers of seedstemperature.

with inthat germinated seedlings increased changeinto weak

temperature for most of the cultivars (positive slopes) while for

five cultivars the rate actually decreased (negative slopes - Figure

Afaa Mwanza 0/906,5.12). AfaaThe latter cultivars were Meli,

Mwanza 1/159, Bagamoyo and Tulenabwana.

The results of the analysis of variance for the percentage

number of dead and rotting seeds was significant for the cultivar

Although there were noCultivars reacted differently.factor only.

significant interactions between cultivar and temperature or between

linear relationshipsneverthelessthere were

between cultivar and temperature (Figure 5.13). For some cultivars,

there was a positive increase in the rate of percentage number of

dead seeds with increase in temperature (positive slope) while for

actually reduced with increaseof increase inrateothers the
temperature (negative slopes - Figure 5.13)..

the resultsto 5.19 show5.16 ofTables the
Student-Newman-Keuls Multiple Range Test (SNK Multiple Range Test)

which was not significant.

cultivar and time,
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Table 5.16

Cultivar Mean

Afaa Mwanza 1/159 51.500

Afaa Mwanza 0/906 53.800

Afaa Kilombero 0/906 54.700

Lunyuki 56.100

Meli 56.400

Sindano 57.100

Tulena bwana 58.900

61.500Taiwani T-14

62.000Kigunia

64.800Bluu

67.000Lumoto

67.500Kalafulu
68.500Kihogo Red

68.800Kihogo

69.200Faya Theresa

71.200Nyati

71.500Faya

73.900Kihogo Selection 7

74.900Kihogo Selection 22

75.300Bagamoyo

75.500Mchuzi wakuku

78.600Faya Pemba

Significant P =0.05

"Means joined by the same lines were not statistically different"

Effect of hot water treatment (following presoaking) on the 
germination of seeds of 22 rice cultivars Ranked means for 
percentage normal germination (angular transformed data)
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Table 5.17

Cultivar Mean

Faya Pemba 2.900

Kihogo 6.000

6.300Bagamoyo

Nyati 7.000

Mchuzi wakuku 7.700

8.000Kihogo Selection 7

9.400Kihogo Selection 22

10.300Sindano

11.500Kihogo Red

11.900Lumoto

12.000Lunyuki
12.100Kalafulu

12.100Bluu
13.100Faya

Afaa Kilombero 0/906 13.700

14.100Faya Teresa

Afaa Mwanza 0/906 14.200

15.500Kigunia

15.800Taiwani T.14

Afaa Mwanza 1/159 18.900

19.200Tulena bwana

19.600

"Means joined by the same lines were not statistically different"

Meli
Signigicant at P = 0.05

Effect of hot water treatment (following presoaking) on the 
germination of seeds of twenty-two rice cultivars Ranked means 
for percentage fresh looking ungerminated seeds (angular 
transformed data)
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Table 5.18

Cultivar Mean

Nyati 5.500

Faya Pemba 6.700

Mchuzi wakuku 9.300

Kihogo Selection 22 9.300

Kihogo Selection 7 9.800

Kihogo Red 10.000

Faya Teresa 10.400

10.600Faya

10.700Bagamoyo

11.800Lumoto

14.200Kihogo

15.300Kalafulu

16.400Kigunia

17.200Bluu

18.600Tulena bwana

20.500Meli

22.000Taiwani T.14

Afaa Mwanza 1/159 25.600

26.700Lunyuki

27.300Sindano

Afaa Mwanza 0/906 28.700

30.700

"Means joined by the same lines were not statistically different"

Afaa Kilombero 9/906
Significant at P = 0.05

Effect of hot water treatment (following presoaking) on the 
germination of seeds of twenty-two rice cultivars Ranked means 
for percentage weakly germinated seeds (angular transformed 
data)
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Table 5.19

Cultivar Mean

Afaa Kilombero 0/906 1.100

Taiwani T.14 1.700

3.100Faya

Kalafulu 4.800

Kihogo Selection 22 4.900

5.300Bagamoyo

6.000Mchuzi wakuku

6.700Faya Pemba

6.900Sindano

7.300Kihogo Selection 7

7.700Faya Teresa
8.300Afaa Mwanza 9/906
8.400Bluu

9.300Lunyuki

Afaa Mwanza 1/159 9.400

11.300Kihogo Red

12.100Kihogo

12.100Tulena bwana
12.400Kigunia
12.700Meli

13.900Lumoto

14.800

"Means joined by the same lines were not statistically different"

Nyati 
Significant at P = 0.05

Effect of hot water treatment (following presoaking) on the 
germination of seeds of twenty-two rice cultivars Ranked means 
for percentage dead and rotting seeds (angular transformed 
data)
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of significance for cultivar means for the analyses involving all
treatments. Cultivars Faya Pemba to had the highestLumotoUP
germination percentages compared with the rest and notwere
significantly different from each other. The opposite extreme
included cultivars such as Afaa Mwanza 1/159, Afaa Mwanza 0/906 and
Afaa Kilombero 0/906 which had the lowest germination percentages.
The intermediate group of cultivars included Faya Theresa
higher germination percentage scale to Sindano on the lower scale.
Cultivars which had highest percentage germination (Faya Pemba,
Mchuzi wakuku, Bagamoyo, Kihogo Selection No 22 and Kihogo Selection
No 7, Faya and Nyati) had the lowest percentages of ungerminated and
weakly germinated seeds (Tables 5.16, 5.17 and 5.18).

significantinteractionscultivarsTreatments and were

(P = 0.01) for percentage normal germinated seeds, percentage weakly
dead andFor the percentageungerminated seeds.germinated and

rotting seeds, only the cultivar factor was significant (P = 0.01).
Percentage dead and rotting seeds

influenced by treatment except by the cultivar factor. Cultivars
0/906, leastAfaa Taiwan T - 14 and Faya had theKilombero

while Kihogo Red, Kihogo, Tulenabwana,seedspercentage dead
Kigunia, Meli, Lumoto and Nyati were a group of cultivars with the
highest percentage dead seeds (Table 5.19).

The results of the comparisons of all treatment means, for
all variables, are shown on (Table 5.20) Hot water treatment at 56°C
for minutes s ign ifi cantly different from15 all otherwas
treatments. Treatments at 55°C for 5, 10 and 15 minutes and 56°C

not significantlyfor different. The control,

were not significantly

10 minutes were

on the
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Table 5.20

Treatment % normal % fresh % weakly % dead
Control 77.05 b 5.86 b 3.32 a 8.13 a
54°C/5 mins. 75.04 be 8.48 ab 8.80 ab 6.83 a
54°C/10 mins. 72.43 be 11.12 ab 9.26 ac 7.00 a
54°C/15 mins. 69.28 be 12.63 ab 11.10 be 8.41 a

55°C/5 mins. 68.24 be 12.69 ab 11.18 be 7.89 a

55°C/10 mins. 62.77 a 17.89 ac 14.43 be 8.46 a

55°C/15 mins. 64.89 ac 16.73 ac 13.52 be 8.99 a

56°C/5 mins. 63.45 a 17.9 13.20 be 9.14 aac

56°C/10 mins. 16.30 be55.15 a 25.66 c 7.63 a

56°C/15 mins. 17.69 b 9.50 a45.69 33.53

Means having the same letter are not statistically different

Student Newman - Keuls multiple range test

Summary results of the effect of hot water treatment 
(following presoaking) on the germination of seeds of 22 
rice cultivars (Angular transformed data)
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treatments 55°C for 5 minutes, 54°C for 5, 10 and 15 min were not
statistically different. Hot water treatment at 56°C for 15 min
resulted in significantly ungerminated seedspercentagemore
compared to all other treatments. The percentage ungerminated seeds
in the control, in treatments at 54°C for 5, 10 and 15 min and in
55°C for 5 min were not significantly different.

The ranked treatment for weaklythe percentagemeans
germinated seedlings showed that the control, 54°C for and5, 10
15 min constituted a group of non-significant treatments.

The results of the analyses of variance for the factorial
aspects of the experiment showed that time, temperature and cultivar
factors were very important in the normal germination of rice seeds
treated following presoaking and in the determination of seeds that
fail to germinate or those that germinate into weak seedlings. Both
time and temperature seriously reduced normal germination (Figures
5.2 and 5.3) by either destroying seed viability (Figures 5.6 and
5.7) or by reducing seedling vigour (Figures 5.10 and 5.11) and, in

The effect of time and temperature on
the germination of rice seed was interrelated in a manner that, for

there ineach temperature increase, was

percentage normal germination (Figure 5.4) and significant increases
in weakly germinated or ungerminated seeds (Figures 5.10, 5.11 and
5.8).

in theshow that the reduction percentage
germination was related to the increases in either ungerminated or
weakly germinated seeds or both. Hence hot water treatment of rice
seeds could be considered as causing loss of viability and reduction

some cases, affected both.

a significant reduction

These results
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in seedling vigour.

Mayer and Poljakoff - Mayber (1978) stated that different
seeds have minimum, maximum and optimum temperatures for germination
and that these conditions are determined by the source of seeds and
the genetic differences within the species.

Present study concluded that there were some cultivars whose
seed germination was seriously affected by hot water treatment
especially at 56°C for 15 min. while other cultivars were actually
positively affected.

For percentage dead seeds, demonstrated that hot

water treatment was not instrumental in the death of the seeds but

the cultivar differences or environmental condition of the seeds
prior to the treatment were more likely instrumental to the death of
seeds.

It was demonstrated that the effect of temperature on the
followingseedstreated ricegermination ofstudied aspects of
cultivarscultivars,presoaking
could beotherwhile thegreat sensitivity, groupsexhibiting

fromrangingsensitivityintermediateofbeingconsidered as
(Figure 5.5). is noteworthy, thatItindifferenttolerant to

genetically related cultivars such as Afaa Mwanza 1/159, Afaa Mwanza
0/906 and Afaa Kilombero 0/906 reacted in a related manner within
each others range and so were such cultivars as Kihogo Selection No

This observation22, Kihogo Red, Kihogo Selection No 7 and Kihogo.
seems to agree with Mayer and Poljakoff — Mayber (1978) who stated
that temperatures at which different seeds germinate and the range

determinedis partly by geneticthey germinatewithin which

it was

with some groups ofvaried with



- 127 -

differences within a species.
It was observed that cultivar Faya had a very small negative

regression slope (almost zero) for percentage normal germination and
corresponding negative regression slope for percentagea

ungerminated seeds but for the percentage weakly germinated seeds
the regression slope was positive (Figures 5.5, 5.9 and 5.12). This
result suggests that this cultivar minimally affected bywas
temperature in so far as viability was concerned. seedHowever,
vigour was definitely reduced (Figure 5.12). These results agree
with Levitt (1956) that seeds may still be viable after treatment at
high temperatures, but that their seedling development may
nevertheless have been adversely affected. Loss of vigour can result
in the seedling's failure to cope with suboptimal growth conditions.
Ballard (1969) stated that less vigorous seeds are more adversely

affected by harsh environmental conditions such as low temperatures
and low The proportions of ungerminated tooxygen
weakly germinated seeds by cultivars could be interpreted as having

treatment affectingbeen influenced by the way hot water their
reflectphysiology. different reactions cultivarThese may

cultivars loosing viability where others, merely lost vigour.
It must be emphasised that the age of the seed samples used

were not known, and also their previous storage history, and hence,
the overall seed quality. Consequently, the poor performance in the
germination of some of the cultivar may have been exacerbated by
their overall poor quality. from
previous experiments exhibited high tolerance to hot water treatment

For example, cultivar Sindano,

in the soil.

differences in the ability to tolerate heat treatment with some
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at 54°C and 56°C for up to 15 minutes. In this experiment, it
germinated poorly but however, the effect of hot water treatment to
this cultivar was reduced vigour (giving weak seedlings) rather than
loss of viability altogether. Therefore, the poor germination
performance by Sindano in this experiment to suggest seedseems
quality deterioration. There may be more cultivars among those that
germinated poorly whose quality had deteriorated. theHence
tentative grouping of cultivars into categories according to their
reaction should be viewed in that context.

Treatment as
percentage of seeds that were designated dead and rotting. However,
since there was a linear regression with time (Figure 5.13) there
could be some small proportion in that category that were killed by
hot water treatment. The overall results confirm the observations

found to interact.
Temperature was critical in the germination of seeds. For

example, the control and hot water treatment at 54°C for 5, 10 and
for 5 minutes not significantly15 minutes and at 55°C were

different in the percentage normal germination and ungerminated
seeds. However, for higher temperatures, 5 minutesas
treatment was found to belong to such group of treatments as 56°C
for 5 and 10 minutes and 55°C for 10 and 15 minutes, meaning that an
increase in temperature could effect more changes in trite germination
of seed exposed for the same period of time.

the intensity of treatmentHowever, was more

apparent in the weakly germinated seeds than in the ungerminated

a factor did not significantly influence the

made for the factorial analyses where temperature and time were

as short

hot water
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seed variables. For example, a higher and wider range of treatment
regimes such as: 54°C for 5, I
minutes were not significantly different from the control for loss

However, reduction in vigour (weakly germinatedof seed viability.
seeds) was effected at a much lower treatment regime much closer to
the control (54°C for 5 and 10 minutes).
were seemingly larger treatment ranges and higher temperatures and
longer viabilityeffecting loss inperiod of treatment for
(ungerminated seeds), the physiological damage to seeds was effected
at lower treatment regimes much closer to the control resulting in
reduced seedling vigour.

An examination of the abnormal germination of seeds of six5.8
rice cultivars treated with hot water following presoaking

Introduction and Objectives5.8.1
Previous germination experiments with hot water treated rice

some abnormally germinatedseeds following presoaking had shown
or malformed root system.seedlings, having root or shoot only,

This experiment was designed to further investigate this phenomenon.

Material and Methods:5.8.2
A random selection of six rice cultivars was made from the

Rice cultivars used22 cultivars studied in the previous season.
were:
1 - Tulenabwana
2 - Afaa Kilombero 0/906
3 - Afaa Mwanza 0/906
4 - Nyati

Therefore, while there

10 and 15 minutes and 55°C for 5
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5 - Runyuki
6 - Kalafulu

Hot water treatments consisted of: 54°C, 55°C and 56°C for
and5, 10 minutes respectively.15 Treatments donewere as

described in the General Materials and Methods Section of the
thesis. Seeds germinated after theweek treatment inwere a
germination chambers of the National Seed Testing Laboratory.
Germination chambers set at 28°C. Two hundred seedswere were
germinated per cultivar per replication.treatment and Theper
experimental design was a randomised block with two replications.
Abnormal seedlings were recorded.

Analysis of variance was conducted followed by an F-test for
significance for the percentage seedlings which had developed shoot

Student Newman Kauls (SNK) Multiple Rangeonly. Subsequently, a
Test was conducted to compare the means of significant variables.

Results and Discussion:5.8.3
Cultivars Runyuki, Kalafulu and Afaa Mwanza 0/906 had 3, 1

only without shoot respectively.and with rootseedlings1
Consequently no analysis of variance was conducted for the latter

Seedlings with shoot only for each treatment and cultivarvariable.
shown in (Table 5.21) and ranked treatment and varietal meansare

and their respective LSD values are shown on (Table 5.22).
Treatments and cultivars were both significant (P = 0.01)

suggesting that there were significant differences in the numbers of
(with shoot only and roots)abnormally germinated seedlings no

between treatments and between cultivars. The control had the least
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Table 5.21 Percentage seedlings with shoot only

Treatments

Control 0.0 7.2 2.0 0.0 13.0 2.0

54°C/5 5.03.0 17.0 1.0 14.034.0

54°C/10 3.06.0 6.0 0.0 0.010.0

54°C/15 5.0 10.0 2.0 7.0 0.00.0

55°C/5 11.0 0.0 4.0 9.019.0 6.0

55°C/10 4.0 0.02.0 7.0 0.0 3.0

55°C/15 0.0 7.08.0 21.0 0.0 4.0

56°C/5 0.0 0.0 5.04.0 7.0 23.0

56°C/10 8.0 0.0 0.0 1.0 10.00.0

56°C/15 27.0 10.0 16.08.0 8.0 7.0

C2 C3 C4 C5 C6C1
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Table 5.22

Cultivars

Nyati 0.935.33

Tulenabwana 6.35 1.22

Runyuki 1.436.99

Kalafuru 2.208.53

0/906 2.70Afaa Mwanza 9.45

Afaa Kilombero 0/906 4.4712.20

SED 1.545

LSD (5%) 3.09

Ranked treatment means

Treatments

0.945.55aControl

1.015.76a54°C/15 minutes
1.126.07a55°C/10 minutes
1.266.45a55°C/15 minutes
1.887.87a56°C/10 minutes
2.138.39a54°C/10 minutes
2.2155°C/5 8.54aminutes
2.2656°C/5 8.63aminutes

54°C/5 11.52b 3.99minutes

56°C/15 minutes 12.97b 5.05

SED 1.995

LSD (5%) 3.99

(for this variable as a whole)CV (%) 59.8

An examination of the abnormal germination of seeds of six 
rice cultivars treated with hot water following presoaking

Transformed 
Means

Transformed 
Means

Reconverted 
Means

Reconverted 
Means

Ranked varietal percentage mean for seedlings with shoot 
only
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of seedlings with shoot only abnormality and was
significantly different from hot water treatment at for 1556°C
minutes, the latter treatment having ofthe highest numbers
seedlings with this type of abnormality (Table 5.22).

Cultivars Afaa Kilombero 0/906 and Afaa Mwanza 0/906 showed
the highest mean numbers of shoot-only abnormal seedlings (4.47 and
2.70 respectively) compared to controlthe with abnormal0.93
seedlings and, it was noted that the latter are genetically related.

The results demonstrated that hot water treatment of rice
seeds at 56°C for 15 minutes following presoaking in water for 18
hours can significantly increase the proportions of seeds that can
germinate into abnormal seedlings (with shoot only without a root
system) type ofin cultivars that sensitive to thissome are

thermotherapy. confirmed the abnormal germinationThe findings
results of a previous experiment (presented in the same chapter of

the thesis) with four rice cultivars treated at 54°C for 15 minutes

following presoaking in water hours. the previousfor In18
experiment with 22 genetically related cultivars such as the Afaa

shown to germinate within the same range with equalseries, were
proportions of ungerminated and weak seedlings, suggesting that they

were affected in a similar manner.

These findings agree with Ventura and Garrity (1986) who

stated that different genotypes may differ substantially in their

sensitivity to hot water treatment, suggesting that genetically

related cultivars would react in similar manner to this factor of

mean numbers
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treatment. The results also agree with Levitt (1956) who stated
that seeds still be viable after hightreatment withmay

temperatures but subsequent development of their seedlings may
nevertheless be adversely affected, which points to some
physiological damage that may result from the treatment.

The incidence of seedlings with shoot-only abnormality was

These

hot water treatment compared to the shoot, hence comparatively more
seedlings failed to develop roots.

concluded from the results of this study and fromIt was
those of four and twenty-two cultivars presented in this chapter,
that hot water treatment can adversely affect normal germination of
seeds of susceptible cultivars, significantly reducing percentage

and/or producingviabilitydestroyingnormally germination by
The abnormalitiesabnormally germinated or weak seedlings. can

formation ofrange from failure to form root or shoot systems or,

abnormal root systems or weak shoot systems.

relationship between hot waterThe
treatment and abnormal germination of a specific nature,

Plates 5.1 and 5.2 show examples of theseedlings with shoot only.
abnormalities referred in this study, shoot and root-only seedlings,
as observed earlier on in the course of the investigation.

nature of the root and shoot only abnormality in hot water treated
Such a study should include a widerseeds following presoaking.

toknown berange

results seem to suggest that the root system is more sensitive to

results pointed to a

much higher than that of seedlings with only the roots.

of treatment temperatures and rice cultivars

Further studies are proposed to investigate incidence and

such as
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sensitive and tolerant to hot water treatment. The rice seeds to be
used in such a study should be of the same age (less than 1 year)
and of uniform maturity and equal moisture content and from optimum
storage conditions, that is, good quality seed.

The relationship between seeding depth with the germination5.9
treated with hot water (following presoaking) andof rice seeds

withtreatedbetween germination of rice seeds planted soilin
carbofuran.
5.9.1 Introduction:

germination testshad thatobservations shownPrevious
conducted in the laboratory under warm temperature conditions were
giving high germination rates compared to those in the field using

Hot water treated samples were giving worsethe same seed samples.
results in the field compared to the laboratory and field controls.

that seeds that were potentially viable from the
laboratory tests actually did germinate but failed to emerge. It was
further observed that these seeds were rather more deeply seated

those that had successfully germinated in thecompared to same
investigation of thesepromptedobservationstreatment. These

performance ofthephenomena since they have strong bearing on

treated seeds in the field.

conducted, each trying toA number of experiments were
involved investigationselucidate the observations made. One, on

of hot water treatedthe effect of seeding depth on germination,
seed and on the germination of seed planted in carbofuran treated

repeated under environmentallysoil. The

It was observed

latter experiment was
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controlled conditions in germination chambers with more hot water

treatment regimes, more cultivars and increased levels of sowing

depths.

Effect of two sowing depths on the germination of presoaked5.10
rice seeds, treated with hot water, and on the germination of seeds
sown in soil treated in different ways with carbofuran

Objectives:5.10.1
The objective of theThis experiment was conducted in June.

experiment was to investigate the effect of hot water treatment of
rice seeds at 54°C for 15 minutes, following presoaking for 18 hours

This treatmenton the germination of seeds at two sowing depths.
regime was chosen because it was found earlier, to give consistantly

The other objective of the experiment was to100% nematode control.
investigate whether carbofuran treatment, applied in two different
ways was of any advantage in the germination of seeds planted at
different depths.

Materials and Methods:5.10.2
Carbofuran at 17.5 kg/ha of 3G and half that rate, was used

and applied along planting furrows and in planting holes (stations).
The two planting depths were 1.5cm and 6.0cm respectively. Only two
depths were used because the germination was done in rectangular
metal trays which facilitate a depth determination. The trays were
of the following dimensions: 14cm wide and 7cm deep.44cm long,

dried plantedSeeds previously hot water treated and atwere
spacings of 10cm within rows to give 5 seeds per row and three rows
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giving total of seeds15 per tray. Sandy loam soila was
incorporated with fertiliser before being placed into the trays.
Fertiliser was applied at the rate of 100kg N/ha and 50 kg P/ha.
Carbofuran was applied over the seeds along the rows and on top of

seeds (for hole application).the
preweighed soil to give the required depths. Germination test was
conducted in the outside the laboratory to simulate fieldopen,
conditions. Germination records were taken at 2 - 3 day intervals
for a period of 2 weeks.

The experiment was factorial design in a randomised block
layout, with replications. treatments and theirtwo The
combinations were as follows:

Carb/rec rate (17.5kg/ha of 3G) to holes sown deep (6cm)1.
shallow (1.5cm)2. iiii

furrow deep3. II

shallowii4. ii

Carb X rate (% of 17.5kg) to holes sown deep5.
shallowII6. II

deepfurrows7. II

shallowii8. ii

Hot water treated seeds sown deep9.
Hot water treated seeds sown shallow10.
Control seeds sown deep11.

12. Control seeds sown shallow
Key: Carb/rec rate is carbofuran recommended rate, and rate is
half of the recommended rate.

The seeds were covered with
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Analyses of variance and F-tests for significance were

the main days of germination namely; the last day of the counts and

the 11th day when most treatments had attained their peak

germination. The following contrasts were made:

Hot water versus control.1.

2. Hot water versus control deep.

3. Hot water shallow versus control shallow.

Hot water versus carbofuran.4.

Hot water deep5. rate deep applied toversus

holes.

Hot water shallow versus carbofuran rec. rate shallow applied6.

to holes.

Hot water deep versus carbofuran \ rate deep applied to furrow.7.

Hot water shallow versus carbofuran \ rate shallow applied to8.

furrow.

Hot water deep versus water shallow.9.

Control deep versus control shallow.10.

Carbofuran rec. rate deep versus carb/rec. rate shallow.11.

Carbofuran rec. rate deep versus carb/rec. \ rate shallow.12.

Carbofuran deep versus carbofuran shallow.13.

5.10.3 Results and Discussion:
Table 5.23 shows the means for all the variables for all the

assessment days and their respective least significant values.

conducted to compare chosen means. Contrasts were made for two of

carbofuran rec.
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Table 5.24 show the results of F-tests conducted to compare selected
treatments at two of the assessment days (days 11 and 21).

significant differences (P = 0.01) at all
assessment days after day 6. On day 11 all contrasts made were
significantly different, to a lesser or greater level as shown.
However, by day 21 (last day of assessment), 7 out of 13 of these
contrasts were no longer significantly different.

On day 11 carbofuran with shallow seeds and control shallow
seeds germinated better and had achieved two-thirds of germination,
while the other treatments (minus hot water deep) with seeds sown
'deep' had only achieved about one third germination. By day 11 hot
water shallow treatments had only achieved
similar to treatments sown deep. Meanwhile all the other treatments

All the contrasts for day 11 were significantly different
from each other. On day 21 all the treatments had attained their
maximum germination resulting in non significant differences between

The differences between the significant contrastsmany contrasts.
on days 11 and 21 demonstrate the slower rate of germination in some
treatments which nonetheless managed to germinate as well theas
fast germinators by the end of the experiment.

Days to maximum germination were at least 12 to 13 for the
recommended rate/holes/shallow.control shallow carbofuranand

Except for the carbofuran/^/furrow/shallow which took 19 days to
achieve rest of thetheir maximum germination, carbofuranthe
treatments of application andregardless of method depth took

their maximum germination (19 to 20 days).longest to achieve

sown ’shallow' had by then achieved two-thirds germination.

There were

one third germination
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Maximum germination for the control

12th day while for deeply sown seeds it was attained on the 15th

day.

The results presented above show that hot water treatment
delayed germination and significantly ofreduced the number
germinated seeds compared to all other treatments. Hot water
treated seeds sown deep were the least successful in germination,
attaining less than one-third ofgermination by the end the
experiment. While, other comparable treatments in terms of depth,
had achieved greater than two thirds germination by the end of the
experiment. Therefore, hot water treatment delayed the rate of

but under shallow germination depth (1.5 cm),germination, this
treatment rest of theachieved comparable germination to the
succesfully germinated treatments by the end of the experiment.

These results show that, increased depth seriously affected

germination of hot water treated seeds, and the effect of depth was

in viability of the seeds.the actualand not theemergence
However, there was a proportion of hot water treated seeds that was
affected in its viability as assessed by the germination period day
21.

All the shallow treatments (except hot water treatments) had
germination day theirachieved their initial by 6. However,

counterpart seeds sown deep started emerging between day 8 and 9.
The control sown deep was one day later compared to some of the
carbofuran treatments. However, for all treatments it was less than
6 days and probably 6 days for hot water treatment. Increase in
depth significantly affected some treatments, for example carbofuran

'shallow* was attained on the
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deep compared to carbofuran shallow; but for the control, the

opposite was the case where the control seeds planted shallow had

lower germination than control planted deep at day 21. This could

not be easily explained, hence efforts were made in the subsequent

experiment to examine this further. The co-efficient of variation

values were very high on the early days of germination which reflect

the variability whichemergence

(days 16 to 21).

These results show that rice seeds cannot emerge well from

higher depths (6cm) when their emergence rate is delayed. However,

hot water treated seeds were the most affected by deep seeding (6cm)

and their rate of emergence was delayed beyond day 8 and 9. The

results further show that there was more than the function of depth

treatment hadHot waterfor hot water treated seeds to emerge.

that reduced theirsuchseeds inprobably affected the a way

seedling vigour compared to the other treatments sown at the same

The latter debilitation of the seedlings probably resulteddepth.

in significantly less of them finally emerging above the surface.

for furtherfactorThis depth andaspect of emergence was a

investigations in the subsequent experiment.

Effect of sowing depth on the germination of hot water5.11
treated seeds of three rice cultivars (treated at 48°C and 60°C for
10 and 20 minutes following presoaking in water for 18 hours)

Introduction and Objectives:5.11.1
This investigation was a follow up of a previous experiment

where two germination depths were studied. It was aimed at further

stabilised as the maximum germination and emergence was achieved

in the rate of germination and
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studying the effect of seeding depth using three depth levels and

rice cultivars.three These were tested against two treatment

temperature regimes of minutes48° C and at and 2060°C 10

respectively. controlledThe experiment conducted underwas

environment, It was decidedin germination chambers set at 20°C.

inalso to record numbers of germinated seeds that fail to emerge

order to assess the effect of these treatments on the emergence and

hence vigour of the seedlings.

Materials and Methods:5.11.2
The experimental factors involved are shown below:

(1) Seeding depth:

1cm below the soil

3cm below the soil

7,5cm below the soil

(2) Cultivars:

Bluu

Bagamoyo

Sindano

The seeds were hot water treated following pre-soaking at room(3)
and subsequently dried prior tohoursfor 18temperature

In the case of the control, seeds were not subjectedplanting.

to any treatment.

Treatment combinations were as follows:

Control (unsoaked and untreated seeds)(1)
Seed presoaked (in water for 18 hours) and not treated(2)

(3) Seeds presoaked and hot water treated at 48°C for 10 minutes
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(4) Seed presoaked and treated at 48°C for 20 minutes
(5) Seeds presoaked and treated at 60°C for 10 minutes
(6) Seed presoaked and treated at 60°C for 20 minutes
(7) Unsoaked seeds treated at 48°C for 10 minutes
(8) Unsoaked seeds treated at 48°C for 20 minutes
(9) Unsoaked seeds treated at 60°C for 10 minutes

(10) Unsoaked seeds treated at 60°C for 20 minutes.
The experiment was in a complete randomised

layout with 3 replications. Rice seeds used were from a previous
One hundred and five seedswhich nematodes.crop were

be studiedplanted per treatment per replication. Parameters to
included; normal germination of seeds, ungerminated seeds (seed that

looked fresh and not rotten),felt hard,

rotting) emergedseedlings that had notgerminatedand

(germinated-unemerged). germinated andAfter assessment of the
emerged seedlings, soil samples from individual germination trays
were examined and the numbers of ungerminated seeds were assessed.
Those seeds that had germinated but had not emerged were recorded as

Seeds that had failed to germinate andgerminated and unemerged.
showing signs of rotting were recorded as dead seeds. Therewere

alsoturned out to be empty husks werewere some,
recorded.

5.11.2.1 Soil Preparation:
Soil used in this experiment was clayey and was seived and

The soil mixture was 1:2 sand and clay.mixed with river sand. The
resultant soil mixture was steam sterilised. Trays assigned for the

a factorial

seeds which

dead seeds (that were

had no
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7.5cm depth were filled first with pre-weighed soil to give the

required depth level. Seeds for the appropriate treatment and depth

were planted in rows. The trays were filled with pre-weighed soil,

to make the top depth level.up were

completed, the germination trays were placed in the germination

chambers set at 20°C. The experiment was left for 18 days before

germination assessment ofcommenced. The final assessmentwas

unemerged seedlings and dead seeds was completed 26 days after the

experiment was set up.

factorial ofAnalysis of aspects thevariance for the

(using angular transformed data) conducted andexperiment were

linear and quadratic regressions were fitted in the temperature and

Tests of significance were carriedtime aspects of the treatments.

out to further examine means of significant variables. A further

analysis of variance involving all treatments was conducted followed

by Student-Newmen-Kuels multiple range tests.

Results and Discussion:5.11.3

Summary of significance levels from the analysis of variance

tables for the effects of three sowing depths on the germination of

hot water treated seeds of three rice cultivars is shown on (Table

for all studied variables and their LSD values are5.25). Means

given on (Table 5.26) and the summary for significance levels for

the cultivar and depth factors are presented on (Table 5.27).

All treatment factors; cultivar, depth, hot water treatment

and their interactions were significant (P = 0.01) for all studied

variables and their corresponding linear and quadratic regressions

When all the treatments
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were also significant (P = 0.01). After analysis of variance, the

empty husk variable not examined further treatmentbecausewas

factors for the latter variables had not been significant.

result of the latter variable and some miscounts of the seeds, a few

total germination percentages were slightly below or above hundred.
All rice cultivars had significant reduction ina

germination from 3cm to the 7.5cm seeding depths (Figure 5.14).

Cultivar, Bluu had a significantly lower percentage of fresh looking

ungerminated seeds (P - 0.01) compared with the other two cultivars

which themselves did not significantly differ. Effect of different

sowing depths on the germination of seeds by the different cultivars

differed with cultivar Bagamoyo and depth. In comparative terms,

Bagamoyo had the least reduction in percentage normal germination of

the three cultivars at 7.5cm seeding depth. all riceHowever,

cultivars significantly different in percentagenotwere

ungerminated seeds at 7,5cm depth.

For the percentage germinated but unemerged seeds, cultivars

did not differ significantly for the 1cm and 3cm sowing depths.

all the three cultivars wereHowever, for the 7.5cm sowing depth,

significantly different with cultivar Bagamoyo having leastthe

number of seeds that germinated and failed to emerge (Table 5.27).

percentage germinated and unemergedThe rate of in thechange

seedlings increased with depth for all cultivars; showing that, all

cultivars were more affected in their ability to emerge from 7.5 cm

seeding depth (estimated slopes were; 3.692 for

Bagamoyo and, 4.472 for Sindano). The increase in the percentage

significantly greater for 7.5cm seedling

As a

5.362 for Bluu;

unemerged seedlings was
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depth for all cultivars (Figure 5.17).

Percentage numbers of dead seeds varied with cultivar and

depth (Table 5.27 and Figure 5.15) with cultivars Bagamoyo having

the highest dead seeds and Sindano the least at 1cm depth. Rate of

change in percentage dead seeds also differed with cultivar (Blue =

0.218; Sindano = 0.162 and Bagamoyo = -0.0089) indicating that there

significant increases in the percentage dead seeds withwere

increase in seeding depths for cultivars Sindano and Bluu, while for

cultivar Bagamoyo the reverse was true.

The effects of depth, irrespective of cultivar or treatment,

on some studied aspects of germination is shown in Figures 5.16 -

Means covered by the same LSD lines were not significantly5.19.

There was a significantly lower germination (P = 0.01)different.

from a 7.5cm seeding depth compared with that of 3cm and 1cm depths

(Figure 5.16). The latter two seeding depth were not significantly

different.

There was

(P = 0.01)but unemerged seedlings from

compared with the two other depths (Figure 5.17) which themselves

Percentage ungerminated seeds weredid not significantly differ.

significantly higher at 1cm depth compared to 3cm and 7.5cm sowing

depths and the latter two depths were not significantly different

(Figure 5.18). significantly lower percentage dead

seeds from a 1cm seeding depth compared to that of the other two

5.19).

a significantly higher percentage of germinated

a 7.5cm seeding depth

There was a

depths which themselves were not significantly different (Figure
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significantly lower percentage of
fresh looking ungerminated seeds (P = 0.01) compared with the other

two cultivars which themselves did not significantly differ (Figure

5.20). Effect of sowing depth on the germination of seeds by the
different cultivars showed cultivar Bagamoyo to have the highest
percentage ungerminated seeds at 1cm sowing depth. At 3cm seeding
depth, cultivars Bagamoyo and Bluu were significantly different (P =

0.01) from Sindano. At 7.5cm depth, all the three cultivars were
not significantly different in terms of percentage ungerminated
seeds. Cultivars Bluu comparatively higherBagamoyo and had
percentage ungerminated seeds at all seeding depth compared to
variety Sindano. all cultivars had negative slopesHowever,
(Sindano = - 0.25; Bluu = - 0.156 and Bagamoyo = - 0.065) indicating

that the percentage ungerminated seeds were decreasing with increase

in the seedling depth.

percentage germinated but unemerged seeds, alltheFor
and 3cmlcm

However, for the 7.5cm sowing depth, all the threesowing depths.
cultivars were significantly different with cultivar Bagamoyo having

that germinated and failed to emergethe
(Figures 5.21). The rate of change with depth in the percentage

unemerged seedlings increased for all cultivarsgerminated and

showing that, all cultivars were more effected in their ability to
emerge from 7.5cm seeding depth (estimated slopes were; 5.362 for
Bluu; 3.692 for Bagamoyo and, 4.472 for Sindano). The increase in
the percentage unemerged seedlings significantly greater atwas
7.5cm seedling depth for all cultivars (Figure 5.21).

Cultivar Sindano had a

least number of seeds

cultivars were not significantly different for the
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above showed that the three rice
cultivars studied exhibited some differences in their ability to
germinate into normal seedlings, with cultivar Sindano germinating
significantly better than the other two cultivars which themselves
did not significantly differ. Germination performance by the three
cultivars by depth, showed that cultivar Sindano germinated best at
1cm and 3cm depth at which levels Bagamoyo cultivar was the least in
germination. At 7.5cm depth, cultivar Bagamoyo germinated best and
cultivar Bluu was the least in percentage normal germination.

The comparative ability to germinate better at 7.5cm seeding
depth by cultivar Bagamoyo whose seeds are the smallest of the three
cultivars where cultivar Bluu with the biggest seeds had the poorest
normal germination is noteworthy.

Cultivars Sindano and Bluu had positive regression slopes
for percentage dead seeds with depth (0.162 and 0.218 respectively)
suggesting that the number of dead seeds increased with depth for

cultivarthe forthe casereverse was
0.089 regression slope (Figure 5.15). TheseBagamoyo with a

results indicate that these rice cultivars have different optimal
Cultivar Sindano maintained the best viability whenseeding depths.

shallow seeded (1cm). On the other hand cultivar Bagamoyo, had the
best percentage normal germination when seeded at 7.5cm depth. The
differential reaction by the cultivars to seeding depth becan
attributed to their inherent seed condition which could be genetic
or environmentally conferred.

In general and irrespective of treatment, normal germination
significantly decreased at the deeper seeding depth of 7.5cmwas

two cultivars while the

The results presented
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(Figure 5.16) demonstrating that, the latter seeding depth by itself
is not conducive resultsseeds. The
demonstrated that, rice seeds have optimal depths from which they
can successfully germinate and emerge. The results agree with a
statement made by Purseglove (1972) that in a dry
optimum sowing depths for rice is 5 - 6cm in light loams, but not
more than 2 - 3cm in heavy clays.

This can be explained by the fact that the ability of a
seedling to emerge successfully from any given depth is a function
of its amount of vigour which in turn is determined by many factors
including amount of stored food, and the overall quality of the seed
(Heydecker and Coolbear 1977). latter is governed by theThe

nutritional andenvironment on which it was formed,
The position of theclimatic conditions at the site of production.

seeds on the mother plant and the stage at which the physiological
ripening process was terminated were also considered important as
these determine the rate, degree and uniform nature of maturation of
the seeds and hence the ability of individual seeds to germinate and

(Heydecker and Coolbear,successfully emerge from below the soil
1977).

Seeds of Rice cultivars, irrespective of treatment, differed
Thisin germination and emergence.

showed that failure to emerge by some proportion of seedsresult
that had germinated, was due to cultivar differences rather than due
to treatment. It is noteworthy that a

comparatively smaller size seed than the other two. Heydecker and

Coolbear (1977) discussing seed quality stated that larger size seed

which means

seed bed the

in their percentage failure

for germination of rice

cultivar Bagamoyo has
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food storage; and the smaller seeds are probably only disadvantaged

in the timing of their seedling emergence. The results obtained in

this study to differ (1977)from Heydecker and Coolbearseem,
statements concerning the advantages in the timing of seedling
emergence by bigger seeds compared with smaller seeds.

Summary of the results of the Students KuelNewman
multiple range test to separate significant treatment treatment

for all the variables is shown on (Table 5.28). Unsoakedmeans
seeds treated 60°C for 10 minutes and seedsat soaked but not
exposed to hot water treatment gave a significantly higher normal
germination compared with the rest of the treatments. Presoaked
seeds treated at 60°C for 10 or 20 minutes gave significantly lower

germination compared with the of thepercentage normal rest
treatments (7.443 and 1.129 respectively).

Seeds presoaked and treated at 60° for 10 and 20 minutes had
(91.08significantly higher percentage ungerminated seeds anda

The percentage ungerminated seeds fordid not differ significantly.

the latter treatments ranged from 1.36 to 3.31.

Seeds presoaked and treated at 60°C for 20 minutes had the

lowest seeds that germinated and failed to emerge. The treatments:

presoaked and treated atpresoaked and not treated,

minutes and, seeds unsoaked and treated 60°C for 10 minutes were not

7.2%significantly having anddifferent, 5.2, 5.5 unemerged
seedlings respectively. hand, the control, seeds

at for minutes andunsoaked and treated 48° C 10 20 minutes,

or greater seed weight is not necessarily an advantage except in

On the other

82.99% respectively) compared to the rest of the treatments, which

60 °C for 10
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presoaked seeds treated at 48°C for 10 and 20 minutes, dry seeds
treated at 60°C for 20 minutes had the highest unemerged seedlings
and, were not significantly different.

Presoaked seeds treated at 60°C for minutes10 gave
significantly higher percentage of dead seeds.
treatments were not significantly different.

Results above demonstrated that presoaking seeds in water
for 18 hours followed by hot water treatment at 60°C for 10 or 20
minutes was too drastic, resulting in a significant reduction in

correspond inga
82.99 and 91.08% seeds whose germination potential was destroyed. On
the other hand, seeds that were treated at 60°C for 10 or 20 minutes
without 80.55% normalprior resulted in andsoaking 87.54

with treatment at 60°C for 10 minutesgermination respectively,
actually gave the highest percentage normal germination compared
with all other treatments including control.

These results show that rice seeds hot water treated without
presoaking can tolerate significantly higher temperatures compared
to those treated in the same way following 18 hours presoaking. The
results agree with Mayer and Poljakoff - Mayber (1978), who stated
that many types of seeds are able to resist extreme temperatures if
treated without presoaking. Results of treatments at 60°C for 10 or
20 minutes demonstratedof presoaked seeds that, the latter
treatments resulting in thedrastic destruction of seedwere
viability.

Treatment at 60°C for 10 or 20 min (following presoaking)
resulted in significantly higher percentages of seeds that were dead

viability to 7.443 and 1.129% respectively with

The rest of the
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and rotting. The percentage unemerged seedlings for most of the
other treatments including (Table 5.28)the control were

statistically not significantly different, suggesting that for those
treatments a greater proportion of the unemerged seedlings did not
fail due to the effects of hot water treatment but were probably
lacking in vigour due to other factors.

This study demonstrates that hot water treatment at 60°C for
10 or 20 minutes following presoaking effected total destruction of
viability for almost all the seeds. On the other hand, hot water

or presoakedtreatment at 48° C for 10 or 20 minutes of unsoaked

minutes did not impail germination, but rather improved it. (Table
5.28). Soaking seeds without hot water

followed by germination resulted in the least percentage failures to

emerge (excluding the two extreme treatments at 60°C for 10 or 20

following presoaking) rest of thecompared with theminutes
This could have been due to thetreatments including the control.

initiateperiod of imbibition toadded advantage given by the
of beforeratefastergiving agermination emergenceprocess,

conditions such as oxygen concentration in the soil were depleted.
Ballard (1969) stated that conditions during the first minutes or
hours of imbibition can make the difference between good and bad
germination and between vigorous and poor growth. Heydecker and
Coolbear (1977) observed that there are germination advantages in
hydrating and subsequent drying back of seeds, such as advancing
germination. Unsoaked seeds treated at 60°C for 10 minutes, seeds
that were only presoaked without hot water treatment and, seeds

seeds and hot water treatment of unsoaked seeds

treatment for 18 hours

at 60 °C for 10
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presoaked and treated at 48°C for 20 minutes had significantly

greater germination compared with the control. Therefore, these
treatment regimes did not adversely affect germination potential but
rather, they positively influenced germination. Chappendale (1933)
soaked seeds of Dactylis glomerata L. at 20°C for 17 hours before
drying back and attributed the subsequent germination advantage to

increased rate of water uptake by breaking the permeabilityan
The outer tissue of the caryopsis (the pericarp) isbarriers.

impermeable to movement of oxygen, carbon dioxide and water vapour.
Therefore, will facilitate the latterpresoaking breaking

permeability barrier, placing presoaked seeds at an advantage over
The results also demonstrate to what extend dryunsoaked seeds.

seeds can tolerate high temperatures, while at the same time taking
advantage of hydration giving them a germination advantage.

Results of this study also demonstrated that the three rice
cultivars studied have different tolerance to hot water treatment;

tolerant compared with thewith Sindano being significantly more
that the effect of hot water treatment resulted inother two and,

more ungerminated seeds than unemerged seedlings for all cultivars.
that thestatement testedthe aboveconfirmedThe observations

treatments following presoaking were two extremes, the one almost
totally destroying viability, while the other did not result in

forgermination. Thus, thoseeffectssignificant adverse on

germination were comparative to thetreatments whose
viability and vigour were not significantly affected.control,

However, three treatments (soaking only, dry seed treatment at 60°C
for 10 minutes and presoaked and hot water treatment at 48° C for 20

effects on
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minutes) resulted in better germination and emergence demonstrating

these treatments.
Figure 5.22 presents the trend in the percentage normally

germinated seeds with depth for each of the ten treatments and the
corresponding estimated linear slopes.regression There was

generally a decrease in the percentage normal germinated seeds as
The graphs in (Figure 5.22)shown by the negative estimated slopes.

levels ofconstituted two main groups at significantly different
germination percentage axis showing the extent of the levels of

The one group lying between 50extremity of these treatment groups.
and 90 % germination for the three seeding depths while the other
group of treatments (following presoaking) at 60°C for 10 and 20
minutes respectively lay between 12 and 1% germination.
latter group there was a minimal decrease with depth in percentage
germination especially for the treatment 60°C/20 minutes. This is
because the latter two treatments killed almost all the seeds.

There was
with depth and a corresponding increase in the percentage seeds that

This reflects a flow in thewere classified as dead and rotting.
subjective criterion used to separate seeds that were assumed dead

theirfailing to germinate becauseseedsfromby other causes

Due to prolongedviability was destroyed by hot water treatment.
period of the experiment, and due to germination delays caused by
temperature and seeding depth, the seeds that otherwise would have

fresh looking ungerminated likelybeen were more
getting rotten by the time these seeds were assessed. Consequently,

a decrease in the percentage ungerminated seeds

an added advantage on germination over the control conferred by

For the

classified as
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they were put in the category of dead and rotting seeds.
The result of the effect of different treatments on

germination demonstrated that unsoaked seeds treated at 60°C for 10
minutes and seeds that were soaked and treated were not only better
in germination than the other treatments but had their germination
improved compared to the control.

Figure shows the5.23 graphical representation of the
percentage germinated and unemerged seedlings. These results go
further to elucidate the fact that most of the treatments were as
good as the control with respect to seed emergence. The treatments
such as soaking without hot water treatment and treatment at 60°C
for without soaking for 20 minutes following10mm at 48°Cor
presoaking, resulted in an improvement in the vigour to enable seeds
to emerge comparatively better than the control from lower depths.

Figure 5.24 is a graphical representation of the percentage
Seeds presoaked and hotdead seeds with depth for each treatment.

water treated at 60°C for 20 minutes had a significantly greater
rate of change with depth compared with the rest of the treatments
showing that with increase in depth, the number of seeds that died
increased.
these treatments were so weak, that the environments in the deeper
seeding levels resulted in total loss of viability.

Percentage dead and percentage empty husks had very high
for lattershowing that theco-efficient variation chancesof

variables to appear are low giving a patchy frequency distribution.
The latter variable was not significant for all treatment factors
and their interaction confirming the fact that they were non-viable

This means that some of the seeds left viable after
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and therefore, were not affected by treatments.
It can be concluded that hot water treatment at 60°C for 10

20 minutes following presoaking significantly loweredor seed
germination in all the rice cultivars. Cultivar Sindano resulted in

significantly higher percentage seeds that germinated and faileda
to emerge. Most of the seeds that did not emerge from the 60°C for
10 or 20 minutes treatment following presoaking had not germinated,
indicating that they had totally lost viability as a result of this
treatment.

The 7.5cm depth can be considered suboptimal for successful
emergence of seedlings. The results also confirm the statement by
Heydecker and Coolbear (1977) that seed from the same plant may
differ quality depending growth and harvestin their theon

The difference in quality may be reflected in theirconditions.
ability to perform in germination and subsequent growth.

some treatments like soaked and untreated seeds,However,

unsoaked seeds treated at 60°C for 10 minutes and presoaked seeds

hadtreated for minutesat 2048°C
increased beyond that of the control and, their rates of change in

the percentage unemerged seedlings were correspondingly lower than

that of control with significantly lower percentage unemerged seeds

significantly higher percentage germination (Figures 5.22,and, a
5.23 and 5.24). seeds from these treatments could beTherefore,
considered as having had greater viability potential and increased
vigour beyond that of the control. Hence, these latter treatments
could be considered as possible treatments for improvement of these
aspects of seed germination.

their rate of germination
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6. CONTROL OF A. BESSEYI

Introduction6.1

It was observed that most of the recommended pesticides,
including nematicides, were often not available in Tanzania, mainly
due to shortage of foreign currency. Tanzanian farmers resorted to
pesticides, only when other forms of pest management notwere
available. The reasons for low priority of chemical control methods
in Tanzania was financial constraints, scarcity of pesticides and
inadequate knowledge of their use.

Carbofuran, a nematicide-insecticide with systemic activity
was chosen for use in the present study because it was recommended
for nematode control in rice (FMC Tech. Bull.) and, it was available
in the country for banana insect control. Dazomet was used in these
investigations to fumigate and sterilise the soil.

Carbofuran was tested at the recommended (17.5 kg of 3G/ha)
for the control of white tipraterecommended

nematode in rice (FMC Tech. Bull.). Various methods of application
A number of experiments wereand time of treatment were tested.
of using carbofuran in themethodsconducted study variousto

control of A. besseyi.

6.2 A preliminary field study of the effect of A. besseyi on some
aspects of growth and yield of a rice cultivar "Mpunga mwepesi"

ofscreening tests, out 195 rice cultivarsthe 36In
assessed were found to be infested with A. besseyi. Highest seed

infestations were in cultivars such as Mpunga mwepesi and Kajibi,

half theand at
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with 85 and 52% seed infestations respectively. From 100 seeds of
each of the cultivars: Mpunga mwepesi, Kajibi and Nyuki, 1 056, 605
and 55 nematodes respectively were recovered. Consequently, rice
cultivar Mpunga mwepesi was chosen for use in the preliminary field
study conducted to assess the effect of controlling A. besseyi on
some aspects of growth and yield.

6.2.1 Materials and methods
fourrandomised block design witha

replications of six treatments. Seeds of cultivar "Mpunga mwepesi"
infested with A. besseyi and hot water treated to control A. besseyi
were planted in untreated plots, in plots treated with carbofuran at

(to control soilplanting and in plots pretreated with dazomet
nematodes and other pests/pathogens).

6.2.1.1 Chemical treatment
Dazomet was used to pretreat the soil in order to minimise

soil pathogens/pests in anof soil nematodes and otherthe effects
effort to isolate the effects of A. besseyi and those of controlling
A. besseyi on some aspects of growth and yield of a rice cultivar
"Mpunga mwepesi".
this experiment and was applied to a depth of 22.5 cm along the
furrows that were 20 cm apart, at the rate of 595 g of dazomet per
plot of 15 n? . Details of soil treatment in the plots is given in
the Materials and Methods Section of the thesis.

Carbofuran 3G was applied at planting at the rate of 17.5

A granular formulation of dazomet was used in

The experiment was
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Dazomet

Treated

Carbofuran

Untreated

kg/ha to the plots. The chemical was applied to furrows 10 cm apart
to the depth of 7.5 cm.

6.2.1.2 Hot water treatment of seeds
It being the first attempt with hot water treatment, choice

of hot water treatment of seeds without presoaking at 60°C for 10
compromise from many suggested treatmentminutes made aaswas

regimes in the review by Fortuner and Orton Williams (1975). A
prewarmed thermos flask was filled with water heated to 60°C, about
300 g lots of dry seeds were treated at constant temperature of 60°C

After treatment, seeds were removed from the flaskfor 10 minutes.
subsamples from the treated andand water was quickly drained.

liveassessment for and deadfortakenuntreated seeds were
nematodes and the remainder was taken to the field for planting on

Seeds that remained after planting werethe same day of treatment.

Sown with untreated 
seeds

Soil in 
Plots

Sown with hot water 
treated seeds

Sown with hot water 
treated seed

Sown with untreated 
seed

Sown with treated 
seed

Sown with untreated 
seed
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returned to the laboratory and dried on laboratory benches. The
for

live and dead nematodes, 5 days after treatment.

6.2.1.3 Planting, fertilizer application and weeding
and

plots were prepared using hoes and rakes. Planting was done by
hand. Treatments were allocated to the plots randomly and seeds
were sown in rows 20 cm apart and two seeds drilled 10 cm apart to
be thinned to one, 5 weeks later. Seeds left after planting from
treated and untreated samples were returned to the laboratory to be
stored and were subsequently used for nematode assessment, 5 days
after treatment. Phosphate fertilizer was applied at planting at
the rate of 50 kg P/ha and nitrogen was applied at the rate of 90 kg
N/ha. Nitrogen was applied in split application, half at planting
and the rest at 50% booting stage. Fertilizer was applied along
planting rows and top dressing with nitrogen was applied between

three times before maximumWeeding done hoes,byrows. was

tillering. No weeds were found in the plots treated with dazomet.
6.2.1.4 Nematode assessment in seeds used in the experiment

Assessment for nematode kill was done from hot water treated
and the day of treatment and 51 days afteruntreated
treatment. Seeds were singly dehusked and both husk and seed were
placed in individual watch glasses where water was added to cover

the samples. Details of nematode assessment is given in the

Materials and Methods Section of the thesis.

Experimental area was tractor ploughed, disc harrowed

dried and stored seeds were subsampled and assessed once more

seeds on
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6.2.1.5 Growth parameters

to
determine the following parameters; fresh weight, dry weight and

panicle length. Fresh weight was taken by weighing the plants cut
at the ground level. For practicability, after taking all the other
parameters, the plant material belonging to the same treatment were
bundled together per replication and put into a brown sampling bag.
The samples were placed in the drying oven for drying to constant
weight. Dry weight was then assessed.

6.2.1.6 Yield parameter
Ten plants from a marked central plot area were used for

(first to boot) used inMother tillerpanicle assessment. was
Each panicle was taken separately and themeasuring this parameter.

Percentagenumber of filled and unfilled spikelets were determined.
ripened grains was considered as the ratio between the total number
of spikelets formed (filled and unfilled) and the number of filled
spikelets (regardless of whether or not filled) on the same panicle.

population determination in flowers and harvested6.2.1.7 Nematode
seeds

This was done starting from the stage of flowering at weekly

Flowers were randomlyintervals up to the stage of grain maturity.

A total of 50sampled from panicles of randomly chosen plants.
The flowers were opened andflowers were sampled from each plot.

placed in a watch glass and covered with little water and left for
After this period, each sample was observed underabout 24 hours.

the microscope counted. Thisnematodes repeatedand were was
several times during grain filling stage until the grains were ripe.

Ten plants taken at random from each plot were used
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6.2.2 Results and discussion
There were 0 and 18.8% live nematodes in the treated seeds

on the date of treatment and 5 days after treatment respectively.
The control had between 98 and 100% live nematodes when assessed on
the same day of treatment and 5 days after treatment respectively
(Table 6.1). Nematodes were found to a greater or lesser extent in
all treatments and in most of the investigated flowers and spikelet

(untreated) whetherdevelopment stages (Table 6.2).

insoilinto dazomet treated sownsown
seedatnematode numbersuntreated soil yielded highermuch

maturity.
Mean fresh and dry weight of rice plants and mean panicles

Plants from hot water treatedlength are presented in Table 6.3.
seeds gave the lowest fresh and dry weights and the greatest mean

Mean panicle lengths were muchpanicle lengths of all treatments.
smaller for plants grown from untreated seed and in untreated soil
compared with the rest of the treatments.

(untreated seed and untreated soil) theThe control gave
least mean number of spikelets per plant and the least percentage
filled grains compared with the rest of the treatments (Table 6.4)

Control seeds (infested with nematodes) sown in untreated
number ofleastthepanicle sizes,soil leastthe meangave

leastleast percentage seed filling and thespikelets per plant,
while hot watergrain yield compared with rest of the treatments,

treated seeds sown in carbofuran treated soil or untreated soil gave
the highest grain yield (Tables 6.3 and 6.4). Carbofuran and hot
water treatments gave high percentage seed filling and corresponding

carbofuran or
Control seed

or where
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Table 6.3

Treatment

Seed treated with hot water 84.73 15.75 18.21

134.40 25.85 17.56

17.34185.45 34.28

17.6396.98 19.40

17.68 16.76102.88

21.90 13.86117.03

Table 6.4

Treatment

165.53 020.0682277.75

156.30 22025.6662096.25

42.7515.486 1522601.00

183.0318.502 02083.50

Dazomet and treated seed 37.6510.551 02319.00

6.854 32.551968.25 1189

Effect of A. besseyi on some aspects of yield 
of a rice cultivar "Mpunga mwepesi”

Dazomet treated soil planted 
with treated seeds

Dazomet treated soil 
planted with untreated seeds

Untreated seed planted into 
untreated soil (control)

Carbofuran and 
untreated seed

Carbofuran and treated 
seed

Seed treated with 
hot water

Dazomet and untreated 
seed

Untreated seed planted into 
untreated soil

Carbofuran treated soil 
planted with treated seeds

Carbofuran treated soil 
planted with untreated seeds

X No of 
spikelets/ 
plant

X Fresh wt. 
(g) /plant

X %age 
filled 
grains

X Dry wt.
(g) /plant

Total No. of 
Nematodes/ 
50 sampled 
spikelets

X panicle 
length cm 
/plant

X grain 
yield 
g/ 0.675m2

Effect of A. besseyi on some aspects of growth 
of a rice cultivar "Mpunga mwepesi"
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high grain yields. Dazomet treatments higher vegetativegave
material (Table 6.3) and high numbers of spikelets but fewer of them

filled compared with the rest ofwere the treatments. The
corresponding nematode counts at maturity are shown on Table 6.4.

These results show treatment controlled

A. besseyi (Tables 6.1) resulting in improved grain yield components
compared with the control (Table 6.4). Soil treated with carbofuran
at planting sown with untreated seeds also improved yield but sowing
treated seeds into carbofuran treated soil gave the highest yield.
Dazomet treated soil, sown with treated or untreated seed gave high
vegetative material and lower yield.

Vegetative growth from dazomet treatments were high, being
highest of all where the treated soil was planted with untreated

The latter trend was also true for carbofuran treated soilseed.
sown with untreated seed. Similar trend was observed for the number
of spikelets but the percentage filled seeds and grain weight was
lowest in all dazomet treatments (comparable to control) and highest
in the hot water and carbofuran treatments.

plots had plants that were vegetatively overgrown compared with all
The latterother treatments, as if they had far too much nitrogen.

plots also delayed in flowering and grain ripening. This observation
prompted an investigation on the possible cause.

Dazomet treated and untreated soil (that was to be used for
another experiment), chemical dazomet were analysed for
available nitrogen (Appendix 6.1). The results showed that the
chemical dazomet itself when applied at the rate of 356.4 g/800 kg
soil added 22.7 mg N to each kg soil. The actual physical treatment
itself resulted in additional 68.3 mg N/kg soil. Since all plots

and the

that hot water

It had been observed, in the field, that dazomet treated



- 184 -

soil added 22.7 mg N to each kg soil. The actual physical treatment
itself resulted in additional 68.3 mg N/kg soil. Since all plots
had a blanket nitrogen treatment at the recommended rate of 90 kg
N/ha, plots treated with dazomet (even though the rate was not the

in the analysed soil), must have ended up with far more
nitrogen than the recommended rate. concluded that theIt was

vegetative overgrowth observed in the experiment under discussion

was caused by over fertilisation with nitrogen and that, the latter

growth was at the expense of the grain yield. Nematode populations
from dazomet treatments were comparable to carbofuran treatments and

Dazomet plots
conducive toprobably notprovided environment that wasan

A. besseyi multiplication.
low for all treatmentsconsiderablyGrain filling was

(Table 6.4). This was due to the cool weather, low rainfall and low
relative humidity experienced during the experiment. The experiment
was conducted after the optimum period for rice growing in Morogoro,
April to August.

Although the results were not statistically analysed, there
clear improvements in all the studied yield variables in hotwere

water treatments, compared with the controls (Tables 6.3 and 6.4)
which corresponded to decreases in nematode populations in the hot
water and carbofuran treatments as compared with the controls. These
results were construed as demonstrating that hot water treatment was

seed by 81.2% resultingable besseyi in theto control inA.

considerably low A. besseyi populations throughout the plant growth

both of them, were lower than those in the control.

same as
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until maturity (Table 6.2) and a corresponding improvement in the

growth and yield of rice cultivar Mpunga mwepesi (Table 6.3 and

6.4).

Similarly carbofuran treatments also controlled A. besseyi

populations during growth and maturity (Table 6.2) with improvement

both in growth and yield of this rice cultivar, and
yield results obtained carbofuran soilwhen treatmentwere was
combined with hot water seed treatment (Table 6.3 and 6.4). Since

hot water treatment had controlled A. besseyi by 81.2%, it can be

concluded that carbofuran soil treatment combined with treated seeds

gave better yields by probably controlling the remaining A. besseyi

in the seed and other root nematodes and insect pests. However,
carbofuran soil treatments combined with untreated seeds resulted in
much less control of A. besseyi during the growth and reproduction

compared to hot water treatment (Table 6.2) butphases of rice
considerable nematodecarbofurancontrol,compared to the gave

control (81.5%) at final nematode assessment.
The effect of carbofuran treatment on the grain yield from

(Table 6.4) was comparable to that of hot wateruntreated seeds
Since carbofuran control of A. besseyi was considerablytreatment.

the comparable yields ofless than that of hot water treatment,
these two treatments were probably due to the fact that carbofuran

could alsohavethereforenematicide andis insecticidean
insect pests of rice as well as other nematodes apartcontrolled

The other possibility is that the numbers of livefrom A. besseyi.

control with carbofuran were probablyA. besseyi nematodes after

even better
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below threshold levels for serious damage to the growth or yield of
this particular rice cultivar. The latter two factors could also
have operated together resulting in comparable yields obtained for
the hot water and carbofuran treatments respectively.

It therefore be concluded that andboth hot watercan
carbofuran treatments were able to control A. besseyi and increased
grain yield of the studied rice cultivar, by 4.1 and 3.8 times more,
respectively, than the control.

6.3 Effect of hot water treatment of seeds and soil treatment
with carbofuran at planting nematodeon

infested rice cultivar "Meli"
This study ws conducted to assess the effect of A. besseyi

carbofuran soil treatment atcontrol by hot treatment andwater
planting on the grain yield of a nematode infested rice cultivar

This experiment was also designed to compare the possible"Meli".
yield benefits that could accrue from the use of these treatments to

Rice cultivar "Meli"control A. besseyi on the same rice cultivar.
infestation inchosen because of its high level of nematodewas

seeds (Table 6.5) and its seed phenotypic homogeneity.

6.3.1 Materials and methods

A randomised block design with four replications was adopted

and the trial was conducted between the months of February and June.

Treatments involved were:

Control - (seed untreated and unsoaked)a)

the grain yield of a
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Table 6.5

Sample

0Total 201

10.6Mean number of nematodes infested seed

38%% seed infestation
54 nematodesHighest seed infestation

Samples 1 to 19 = samples containing nematodes out of a total of 50 
observed (not in order of incidence)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Control seeds 
Live Nematodes

Treated seeds 
(54°C for 15 min) 
live nematodes

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

22
5
5

22
7
3
5

11
6
3
6.
1

54
29
6
5
1
9
1

Seed infested with Aphelenchoides besseyi out of a total of 50 
sampled seeds from the lot used in the experiment to 

study the effect of controlling A. besseyi using carbofuran 
and hot water treatments on the grain yield of a 

rice cultivar ,,Meli,,
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b) Hot water treatment - (seed presoaked in water for 18 hours

under room temperature followed by hot water treatment at

54°C for 15 min and dried)

c) Carbofuran treatment planting holes treated withwere
carbofuran at the rate of 17.5 kg/ha of 3G carbofuran during
seed sowing.

Seeds to be planted for A. besseyi using
single seed nematode assessment method described in the Materials
and Methods Section of the thesis and live nematodes were recorded
using motility as criterion for nematodes. Nitrogen was applied in
two splits at a rate of 100 kg N/ha. All the phosphate was applied
during planting at the rate of 50 kg P/ha. Half the nitrogen
fertiliser was applied at planting and the rest 50% booting stage.
The experimental area was tractor ploughed and disced followed by

The experiment waspreparation of the plots using hoes and racks.
under rainfed conditions supplemented by irrigation. Plots were kept

plot area. Seeds wereand, 20 cm apart between rows over a 15 m

Grain was harvested from an effective area of 9.89 m at4 weeks.
maturity using knives to cut the panicles. Harvested paddy was sun

Paddy was manually thrashed from thedried in brown paper bags.
Grain weight was assessed at 13% moisturepanicle and winnowed.

content and the weight of 200 seeds randomly sampled was assessed
per treatment.

drilled in at the rate of 4 seeds per hole and thinned to one, after
2

weed free by hoe weeding. Seeds were planted 20 cm apart within rows
2

were assessed
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Analyses of variance for the grain yield and the weight of

200 seeds were carried out followed by F-tests of significance. A

least significance difference (LSD) test for the significant factor

(weight of 200 seeds) was carried out to separate significant means.

Results and discussion6.3.2

Summary of analysis of variance for the weight of grain and
of 200 seeds is given in Appendix 6.2. The results of the LSD test
to separate significant means for the weight of 200 grains is given
on Table 6.6.

Treatments did not significantly differ for the grain yield.
(Appendix 6.2). there was a increasing trend in the meanHowever,
grain yield from the control through carbofuran to the hot water
treatment suggesting that hot water treatment had resulted

comparatively greater yield than the control (27%) and, carbofuran

(16%) treatments. The latter treatment gave a 10% increase in yield

above the control.

water and carbofuran treatments were beneficial . Since hot water

treatment had resulted in 100% control of A. besseyi in the planted

seeds, it was concluded that this control method had resulted in the
observed increase in grain yield as compared to the yield obtained

(control). The yieldinfested rice increase in
carbofuran treatments over the control could have resulted from the

control (of the parasitic activities) of soil nematodes and insects

as well as the control of A. besseyi.

The weight of 200 seeds was significant at 5% probability

in a

Therefore, it could be concluded that both hot

from nematode
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Table 6.6

Treatment

5.13Hot water 3.88

5.034.50Carbofuran

4.83Control 3.53

0.23LSD 5% NS

0.21730.3649SE

2.5CV(%) 18.4

Means joined by the same lines were not significantly different (P=0.05)

Grain Yield 
kg/ 9.89 mz

Weight of 200 seeds 
(g)

Effect of hot water treatment of seeds (at 54°C for 15 minutes 
following presoaking) and of soil treatment with

carbofuran at planting to control A. besseyi on the 
grain yield and the weight of 200 grains 

of a rice cultivar "Meli"
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(Table 6.6) with the weight of 200 seeds from carbofuran treatments
being significantly greater than those from the control. The weight
of 200 seeds from hot water treatment not significantlywas
different from that of carbofuran and control. The result showed
that the increase in yield of rice observed from hot water treatment
compared to control was mainly due to grain than from themore
increase in the unit weights of the grain while that observed from
carbofuran treatment was due to significantly increased unit weight
of the grain above that of the control (Table 6.6).

be concluded that hot water treatmentIt therefore,can,
increased the numbers of grain produced (though not significantly)

carbofurancontrol.thecompared to carbofuran and However,

significantly improved the weight of individual grains compared with
the control.

The 27% increase in yield over the control resulting from
when considered inhot water treatment above that of the control,

can bring considerable profit.terms of large scale production,
Therefore, results of this nature should be viewed not only from the

farmersrelated to thealso bebutstatistical viewpoint of
For example, during 1986-87,situation.practical and economic

1987-88 and 1988/89 the producer prices for paddy per kilogram was

14.40 and 17.30 Tanzanian shillings respectively; by far the9.60,

highest of all cereals (Tanzanian Economic Trends, July 1988). The

benefits accruable from a 27% increase in yield for a ton of paddy

at 1988-89 producer price could not be considered non-economical;

especially when achieved from a low cost technology such

water treatment.

as hot



- 192

6.4 Effect of different methods of carbofuran application in the
control of A. besseyi and on the yield of a nematode infested rice
cultivar "Bluu"

This experiment was designed to study different methods of
carbofuran application in soil to control A. besseyi. The objective
was to try to find the most appropriate method of application that
is both effective and practical. Rice cultivar Bluu was chosen

(77.75because of its high nematode infestation in seed

nematodes/100 g seed) and its phenotypic homogeneity.

6.4.1 Materials and methods
threeThe experiment was

Treatments involved carbofuran 3G soil treatment atreplications.
the recommended rate of 17.5 kg/ha, and half the recommended rate.
The chemical was applied at planting, along the planting furrows or

Treatment combinations were as follows:into the planting holes.

(C/Rec/Holes)Carbofuran recommended rate to holes1.

Carbofuran recommended rate to furrows (C/Rec/Furrows)2.

(C/J$/Holes)Carbofuran half rate to holes3.

(C/^/Furrows)Carbofuran half rate to furrows4.

(Control)Control (untreated plots)5.

Phosphate fertilizer at the rate of 50 kg P/ha was applied
Nitrogen was applied atalong the planting furrows during planting.

the rate of 100 kg N/ha along the furrows in split application at
planting and when 50% of the plants had reached booting stage.

a randomised block design with
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The experiment was conducted between February and June. Land
was tractor ploughed, hoe levelled and hand planted. Spacing was 20
x 20 cm between rows and 20 cm between plants. Yield was assessed
from a central area of 1.8 m2 . Grain weight and husk weight were
assessed. Analyses of variance for the grain weight and husk weight
were conducted followed by contrasts of chosen means.

6.4.2 Results and discussion

analysis of variance and the F test, (Appendix 6.3), the results of

for different

carbofuran showed that carbofuran applied to holes was significantly

better than the furrow application for the grain yield (Table 6.7).

Similar significantcontrasts made for the husk weight

results (Table 6.8).

Grain yield increased from the carbofuran half rate to the

recommended rate when applied to holes and decreased from half to

recommended rate for the furrow application (Figure 6.1). Husk
weight stayed more or less the same for the recommended to the half
rate for hole application but significantly increased from half to
recommended rate for furrow application (Figure 6.2).

The results suggest that hole application is better than
furrow application and that with increase in the rate of chemical

in grain yield.increase Thean
chemical was more thinly spread when applied to furrow and therefore
the results of the furrow application for the yield and husk weights
may not have been related to the effect of chemical.

there was

Although there were no

applied to holes,

contrasts made

gave no

rates and ways of application of

significant differences from the
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Table 6.7

F (1,8,5%) = 5,32Contrast SignificanceF

Carbofuran treatments versus Control NS0.22
Carbofuran recommended rate versus half rec. rate NS0.48
Holes versus furrows applications 7.26

* = significant at P = 0.05

Table 6.8

SignificanceFContrast

NS0.50Carbofuran treatments versus control
NS1.84Carbofuran recommended rate versus half rec. rate
NS0.002Holes versus furrow applications

Effect of different methods of carbofuran application on the 
grain yield of a rice cultivar, "Bluu"

Effect of different methods of carbofuran application on the 
husk weight of a rice cultivar "Bluu"
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It is felt that an increased rate of the chemical beyond the

recommended rates might have given a clearer trend in the results.

peasant farmers.

lower than the recommended rate. Furrow application method was of

interest because of its applicability like the furroweasy

fertilizer application method commonly used. the resultsHowever,

showed that the latter method was less efficient compared to the

the half recommended rate was equally

ineffective.

Effect of A. besseyi control by hot water treatment of seeds6.5
mins following 18 h presoaking) and carbofuran at(54°C for 15

different stages of rice growth on some aspects of grain yield of a
rice cultivar "Bagamoyo"

This study was conducted to assess the effect of carbofuran

treatment of seeds and soil at planting, treatment of rice plants

plant growth and inofwith stagesdifferentcarbofuran at

comparison with hot water treatment of rice seeds on the control of

A. besseyi and on the grain yield of rice cultivar "Bagamoyo".

even at these recommended lower rates, is beyond the means of many

Hence, efforts were made to test the efficacy of

On the other hand, carbofuran is a very expensive chemical which,

hole application and that
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Materials and methods6.5.1

The investigation

designed randomised block with four replications.as a The

following eight treatments were used:

Control - (seeds untreated and unsoaked).1.

2. Soil treated at booting - (soil at the planting station was

treated when 50% of the rice plants had reached booting

stage).

Seeds soaked in water - (seeds presoaked in water for 24 h3.

at room temperature and dried).
Soil treated at tillering - (soil at the planting stations4.
treated with carbofuran when 50% of the rice plants had
reached tillering stage).
Soil treated at flowering - (soil at the planting stations5.

treated with carbofuran when 50% of the rice plants had
reached flowering stage).

(soil in the planting holes6. treated at plantingSoil

treated with carbofuran at planting).

Hot water treated seeds (seeds soaked in water for 24 h at7.

room temperature, followed by hot water treatment at 54°C

for 15 mins, followed by drying).

Seeds treated with carbofuran (seeds soaked in water with8.

a

further 24 h).

Carbofuran 3G treatment of soil was done at the rate of
20 kg/ha. Seed treatment was done at the rate of 1.5 kg carbofuran

carbofuran for 24 h followed by soaking in water for

was conducted using a field experiment
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3G to 44 kg of rice seed to which water was added as soaking medium.
Seeds were first soaked in water at laboratory temperature for 24 h
followed by soaking in water containing corbofuran for further 24 h.
Treated seeds were removed, dried and stored.

50% rice plants had reached tillering, booting and flowering stages
respectively. Precalculated amounts of carbofuran were applied to

the plants around the root system.
Nitrogen and phosphate fertilizers were applied at the rate of 100
kg N/ha and 50 kg P/ha respectively. Half the nitrogen was applied
together with the phosphate (TSP) at planting and the rest during
booting stage.

minHot water treatment of seeds was done at 54°C for 15
temperature andfollowing presoaking in water at24 h rooma

Seed soaking treatment was done in water undersubsequent drying.

Control seedslaboratory temperature for 24 h followed by drying.

were neither soaked nor treated. Seeds used in this experiment were

from a nematode infested lot from a previous experiment.

Nematode assessment of seeds

seeds that were only soaked incarbofuran treated seeds,control,

water and the seeds that had been hot water treated (Table 6.9).

SingleNematode assessment was based on fifty seeds per treatment.

assessment following a 24 h presoaking was used asseed nematode
described in the Materials and Methods Section of the thesis. Data
was collected on grain yield, some characteristics of grain and on

the incidence of nematodes in the harvested seeds.

to be planted was done for

Soil treatment with carbofuran was done at planting, when

seeding holes or next to
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Table 6.9

Control

0% Seed infestation 20 8 16

02.93.59.2

0924 5

Mean No. nematodes/ 
infested seed

Highest No. of 
nematodes/seed

i Nematode assessment data from seeds used in the 
experiment to assess the effect of 
different methods of carbofuran 

application on the grain yield of a rice 
cultivar "Bluu" (from 50 seed samples)

Carbofuran 
treated 
seeds

Water 
soaked 
seeds

Hot water 
treated 
seeds
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Harvested seeds sampled andwere assessed for their

proportions of ripe, unripe, filled and partially filled grains,

respectively. straw colour

colour were considered ripe and those green-looking or those with a

greenish colour were considered unripe. Nematode assessment and

seeds of the combined carbofuran treatments, hot water treatment and

control.

6.5.2 Results and discussion
Summary of analysis of variance for various aspects of yield

studied are presented on Appendix 6.4. Tables 6.10 and 6.11 show
the mean grain yield and weight of 200 grains and their respective

analysis ofstandard of significance. Theand levelserrors

for the grain yield did not show significant differencesvariance
(Appendix 6.3). However, contrasts of treatment means for the grain

yield showed that carbofuran treatment at booting stage of rice had

significantly higher grain yield over the control (Table 6.12). Hot

water treatment of seeds did not give significantly better yields

However, yield from hot water treatedcompared to other treatments.

seeds was 10.5% more than that of the control. Grain yield from

soil treated with carbofuran during booting stage was 25% more than

the control.

forsignificantly differentgrainsWeight of 200 was
treatments (Appendix 6.4). Table 6.11 shows ranked treatment means.

Hot water treatment produced significantly bigger grains than all

the other treatments. Treatments where carbofuran was used to treat

Seeds with a

germination tests were done for the filled and partially filled

or orange-light brown
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Table 6.10

Replications

Treatment 1 2 3 Means4

Table 6.11

Replications

MeansTreatment 4321

Means not covered by the same line are significantly different.

Hot water
Soil treated
Soil treated
Seeds soaked
Soil treated

Soil treated 
Seeds soaked 
Soil treated 
Soil treated

Weight of 200 seeds(g) of a rice cultivar "Bagamoyo", 
harvested from an experiment to assess the effect 
of controlling A. besseyi using carbofuran and hot 

water treated seeds, on the yield of a rice 
cultivar "Bagamoyo"

(for comparisons 
excluding treatments

SE 
0.05

302.70
265.10
256.30
334.90
215.30

276.10
208.20

CV(%)
15.2

352.00
235.50
283.40
366.60
375.80

294.80
261.40

LSD(5%) 
0.15

LSD(5%)
68.91

293.30
231.00
306.60
433.40 
missing

301.90
212.20

292.00
382.10

375.70
304.90
351.70
320.60
373.80

330.93
259.13
299.50
363.88
321.63

291.20
265.98

SE (unadjusted)
23.10

Grain yield (g/24 plants) of a rice cultivar "Bagamoyo" after 
using carbofuran to control A. besseyi in seed, in 

the soil, and using hot water treated seed

CV(%)
2.6

4.20
4.13 
3.94 
3.91 
4.01
3.70 
3.85 
3.66

4.29
3.93
4.10
4.05
3.90
3.84
3.74
3.70

4.15
4.22
4.02
4.00
4.10
3.72
3.86
3.73

4.13
3.99
3.90
3.94
3.80
4.00
3.75
3.80

4.19
4.07
3.99
3.98
3.95
3.82
3.80
3.72

at planting 
in water 
at tillering 
at booting

Seeds hot water treated 
Untreated soil and 
untreated seeds (control) 
Soil treated at flowering

at planting 
at booting 
in water 
at flowering 

Untreated seeds (control) 
Seeds treated with carbofuran 
Soil treated at tillering
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Table 6.12

SignificanceF

Control vs soil treated at planting (F) 1.48 NS

Control vs seeds soaked in water 0.96 NS

Control vs soil treated at tillering (F) NS0.06

Control vs soil treated at booting 4.95

Control vs seeds hot water treated NS0.73

Control vs soil treated at flowering NS0.60

NSCarbofuran vs control 0.855

NSHot water vs control 0.064

NSSeeds hot water treated vs soil treated at planting 0.005

NSSeeds hot water treated 3.07seeds soaked in watervs

NSSeeds hot water treated vs soil treated at tillering 0.40

NS1.40Seeds hot water treated vs soil treated at booting

NS2.43Seeds hot water treated soil treated at floweringvs

F (1, 17, 5%) = 4.45
where: 4.45 is the F-value at 5% level of significance 1, 17 are degrees of 
freedom

Contrasts of means for the grain yield (g/24 plants) obtained 
from an experiment with carbofuran to control

A. besseyi in seed, in the soil, and hot
water treated seed
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soil at the tillering stage yielded almost the same weight as the

untreated seeds (Table 6.10). There were 64.5, 52.5, and 33.5%

ripened grains for hot water, carbofuran and control treatments
respectively (Table 6.13).

The mean number of harvested seed with nematode infestation

was significantly different for the hot water treatment, control and

for the carbofuran treatments (Table 6.14). There were significantly

infested seeds in the carbofuran treatments compared with themore
control.

There were significant differences in the mean number of

nematodes filled andand betweenseed between treatmentsper

partially filled grains in the harvested seed (Table 6.15). There

nematodes in grains from carbofuran treatments compared
with those from the control. Filled seeds had significantly more
nematodes compared with the partially filled seeds, and filled grain
from the control and carbofuran treatments had significantly higher
mean numbers of nematodes compared with their respective partially
filled grains (Table 6.16). Grain harvested from hot water treatment
had no nematodes.

Germination results of seeds harvested from the experiment
are shown in Table 6.17. There were no significant differences in

fromharvested theof seedsthe percentage germinationmean

However, partially filled seeds germinatedexperiment by treatment.

Since more seeds weresignificantly lower than fully filled seeds.

partially filled in the control than in the hot water and carbofuran

treatments, treatmentsit can

significantly improved germination performance of the progeny of the

were more

be concluded that the latter two
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Table 6.13

Seeds Hot Water Control

Number of ripe grain 129 67105
Number of unripe grain 71 95 133

Total number of grain 200200 200

% ripe grain 33.552.564.5

Table 6.14

CarbofuranControlHot Water

7.886.750

SE = 0.363

LSD(5%) = 1.0927
CV(%) = 21

Mean number of A. besseyi infested seed harvested from rice 
cultivar "Bagamoyo" following hot water 

and carbofuran treatment

Treatments
Carbofuran

Results of assessment of grain ripening from harvested rice 
from carbofuran, hot water and control treatments
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Table 6.15

2

Hot water 0.000 0.000 0.000 SE = 0.0570
Control LSD(5%)2.087 1.768 1.933 = 0.1718
Carbof uran 2.768 2.1261.485
Lev means 1.622 1.084 1.353 = Grand Mean
SE 0.0465

LSD(5%) CV(%) = 11.90.1402

Key:
Lev = Level

Table 6.16

SignificanceFilled grain

Control «1.772.10

Carbofuran **1.492.77

Hot water NS0.000.00

LSD(5%) 0.2429

LSD(1%) 0.3360

significant at P = 0.05 
significant at P = 0.01 
No Significant Difference

Contrast of mean number of nematodes (mean of 15 seeds 
replicated four times) from filled versus 

partially filled grains 
(using the LSD for comparisons)

1 - Filled
2 - Partially filled grains

Partially filled 
grains

Treatment 
means

NS

Mean number of nematodes (A. besseyi) in hot water and 
carbofuran treatments by seed filling levels in 

rice cultivar "Bagamoyo"

Levels 
1
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Table 6.17

Replications
Level Treatments 1 2 3 4 Means

7.

Filled

7.

83.00 80.11Partially Filled 84.8674.9374.64Means

Filled 98.93 96.6898.0795.9393.79Means

Treatment means
76541 2 3

Key:

Means marked with different letters are significantly different.

1 to 7 represents treatments 1 to 7.

1.
2.
3.
4.
5.
6.

1.
2.
3.
4.
5.
6.

Partially 
filed

treatments 
treatment X levels 
levels

84.70 
a

95.00
89.50

48.00
83.00

92.50
94.50

65.00
94.50
75.00

89.50
88.50

85.00
95.00
95.00

90.80 
a

95.50
92.50

65.00
84.00

64.00
85.00

96.00
96.00
98.50

95.50
97.50

99.50
97.50

88.00
84.00

99.00
97.00

90.50
71.00
83.50

90.00
87.00

99.50
99.00
95.00

99.00
99.00

99.50
97.00

75.50
80.00

99.00
99.50
99.50

89.50
79.50
80.00

90.50
86.00

97.25
94.63

79.25
84.38

96.63
96.50

84.13
82.25
72.38

73.38
85.00

97.38
97.38
97.00

90.76 
a

89.80 
a

88.30 
a

89.50 
a

3.0406
4.3063
1.6263
4.646
9.7

91.50
84.00
51.00

Percent germination results for harvested grain (filled and 
unfilled) from an experiment to assess the effect 

of controlling A. besseyi using carbofuran and hot 
water treated seeds on the grain yield of a 

rice cultivar, "Bagomoyo"

Hot water treated 
Treated at booting 
Treated at flowering 
Carbofuran treated 
seeds
Treated at planting 
Untreated soil and 
untreated seeds 
Soaked seeds

Hot water treated 
Treated at booting 
Treated at flowering 
Carbofuran treated 
seeds
Treated at planting 
Untreated soil and 
untreated seeds 
Soaked seeds

SE of
SE of
SE of
LSD(5%)
CV(%)

85.00 
a
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rice plant grown from treated seeds. The better germination
obtained from seeds harvested from rice plants grown from hot water

treated and carbofuran treated due to seed quality

improvement resulting from the latter two treatments.

However, carbofuran treatments had significantly higher
nematodes compared to the control, suggesting that carbofuran did
not control A. besseyi. These results reflect the effect of

controlling A. besseyi at different stages of the rice plant and the
fact that nematode assessment was done for combined samples from all
carbofuran treatments where certain growth stages might have had
greater nematode population resulting in inflated overall numbers.

that filled seedsNematode results showedassessment
harboured significantly higher nematode population than unfilled

seeds for both carbofuran and control treatments. The fact that

partially filled seeds were not fully ripe may have

contributed to the fewer number of A. besseyi in them, reflecting

that A. besseyi populations in those seeds had not had as much time

to multiply as of the populations found in filled (ripe) seeds. The

second possibility is that, unripe seeds at harvest were those that

were formed later on in the season and by then, the optimum period

for rice development and probably that of the pests of rice such as

Therefore, A. besseyithe past.A. besseyinematode was

multiplication and development would probably be at its lowest ebb.

Indeed, seeds found still unripe during the months of June, July and

August in Morogoro would have been subjected to cool weather which

A. besseyi biology asis not conducive a
factors could havewhole. of thesebothTherefore, orone

to rice production or

some of the

seeds was
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contributed to the lower populations observed in partially filled

grains compared to filled grains.

Although, there significant differences

overall grain yield, contrasts of mean yield from the carbofuran

treatments showed that soil treated with carbofuran at booting stage

yielded significantly higher grain than from the other times of

treatment with carbofuran. This result seems to tie up with the

significant result found for inoculation with A. besseyi during

booting stage which is described in Chapter VII of the thesis. The

result again suggests that booting stage is a critical period for

the control of A. besseyi to improve grain yield.

Although, hot water treatment and the other treatments did

not give significantly different results for the grain yield (except

carbofuran at booting), hot water treatment did improve yield over

the control by 10.5%. Weight of 200 grains was significantly higher

for the hot water and carbofuran treatments compared with the other

treatments. improvement in the yield by hot water10.5%The

treatment over the control was due to increased weight in the unit

formed.

weight of individual grains and considerably increased the number of

grains that ripened compared to control and carbofuran treatments

(Plate 6.1). The quality of grain was much better in the hot water
where the majority of seedstreatments compared to the control,

longitudinally cracked,filledpartiallycategorised wereas

There were more distorted andseparating the lemma from the palea.

were no

grains rather than in the overall increase in number of grains

Therefore, hot water treatment significantly improved the

in the
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Plate 6.1 Effect of different treatments on ripening of seeds of 
rice cultivar "Bagamoyo".
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discoloured grains in the in the hot
carbofuran treatments. The results seem to suggest that the effect
of A. besseyi on the yield of the rice cultivar under study was an
important reduction in the grain quality and unit grain weight.
Although germination in petri dishes was not significantly different

treatments, investigation into vigour of seeds andan
seedlings might have given a different picture for unripe and the

quality seeds indicated by the, significantly lowerpoorer as
germination of the partially filled grains.

It is noteworthy that the overall percentages of ripe grains
were considerably lower than expected (Plate 6.1). This is probably
because of the weather and the lateness of the season for rice.

It can be concluded that, since there was a high degree of
harvested paddy,nematode rice grains frominfestation in the

A. besseyi had passed on from infested seed to harvested seed. The
effect of hot water treatment resulted in a total elimination of
A. besseyi from planted seed and from harvested paddy due to the

The yield from the hot water treatments was notlatter treatment.
significantly higher than the control or other treatments. However,

10.5% greater than that of the control and the grains wereit was
except fromtreatmentsof thesignificantly bigger mostthan

The quality of harvestedcarbofuran treatment applied at planting.

seed was much better with 32 % and 12 % more ripe grains over the
control and carbofuran treatments respectively. The control resulted
in poorly shaped grains, most of which were unripe, and/or partially

Therefore, it can be concluded that A. besseyifilled and, cracked.
caused reduction in unit grain weight and grain quality; properties

control than

for the

water and
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which can be significantly improved by hot water treatment of seed
at 54°C for 15 mins following presoaking in water for 18 h.

with Atkins (1974) who stated that
disease reduces yield and quality of grain, panicle

numbers of fertile spikelets and the total numbers of ricesize,

grain resulting in grains frequently abnormal in shape. The results

also agree with Ueda and Matsumo (1975) who pointed out that "white
tip" disease caused yield reduction through lowering of grain weight
caused by lowered stem weight and plant height and, withered tips of

in increased numbers of immature grains,leaves,

lowered grain weight and a reduction in actual numbers of grains

formed.

"white tip"

These results agree

which resulted
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7. THE EFFECT OF A. BESSEYI ON RICE YIELD

7.1 Introduction

Stansel (1975) described three components of rice yield as;

panicles per unit area, grain per panicle and the weight of grains.
These components, he reckoned, influenced by physiologicalare

processes during the three stages of development, namely; vegetative

stage, reproductive stage and maturation stage. (1975)Stansel

described the reproductive stage of rice involving panicleas

initiation, panicle differentiation, panicle development and

flowering, grain filling and grain maturation.

Panicle ofdifferentiation is said the endto mark

vegetative stage and the beginning of reproductive stage. This

stage Panicleis plant development.considered critical in

development begins when all nodes of the stem have been formed. At

this stage, the panicle becomes the most active area of growth, such

that cultural inputs and climatic conditions become critical for the

yield factor.
The period from panicle differentiation to heading (known as

panicle development) is described by Stansel (1975) to be the most

vulnerable phase in the life and growth of the rice plant. During

every three days and plantthis stage panicle doubles in size

exhibits high sensitivity to adverse conditions, at the same time

The panicle differentiationrequiring large quantities of energy.

and development stage, before heading can be termed booting stage.

The number of grains per panicle is determined by the number of

florets produced and the number of them that are pollinated.

Grain filling and maturation begins when 50% flower heads
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have appeared out of the leaf sheath of the flag leaf and ends when

the average grain moisture is 21%. When 15% panicles have emerged

leaf (a process of heading),sheaths pollination and

fertilisation of embryos also begins and when 50% florets are

pollinated, grain filling and maturation stage begins.

Thus, appreciating the importance of the reproductive and

maturation stages of rice in the determination of grain yield, it

important to examine relationship between this phase of ricewas

development and infection with the rice pest A. besseyi.

7.2 An investigation on the effect of inoculating rice plants

with A. besseyi during booting stage on some aspects of yield of a

rice cultivar "Sindano"

7.2.1 Introduction and objectives

Infection of rice flowers by A. besseyi has been reported to

cause abnormally developed grains with distorted glumes and, in some

sterile flowers (Todd and Atkins, 1958; Yoshii and Yamamoto,cases,

Huang and Huang (1972) studied the1950a; Uebayashi et al, 1971).

of white-tip nematode A. besseyi in ricebionomics

The latter workers' population analyses showeddeveloping grains.

second-stage larvae

indicating an active reproduction by the nematodes during booting.

The same authors stated that there was high correlation between the

numbers of second stage larvae and the loss of moisture in maturing

Booting stage is considered to be the panicle developmentseed.

This stage ends withstage which includes panicle differentiation.
the emergence of the panicle from the flag leaf sheath.

florets and

in florets before anthesis,high levels of

from the
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First sign of booting was the time when the panicle within
the leaf sheath could be discerned just as it was being pushed up by

elongatingthe top internode. theFor practicability, the

experiment was conducted in a glasshouse. The boot before the

flower opens was considered the most appropriate stage to inoculate

when all developing florets were within the sheath enclosure in

close proximity. Furthermore, booting stage consideredwas
appropriate because of the sensitivity of the rice plant to adverse

conditions during this stage and also because this is the stage when

most of yield attributes are determined (Stansel, 1975), and when A.

besseyi developing panicles and entersaid to migrate toare
inflorescences and multiply abundantly before anthesis, feeding on

stamens, Iodides and embryos (Fortuner and Orton Williams, 1975).

therefore, tothis study,objective ofThe assesswas

whether inoculating rice plants with A. besseyi during booting would

cultivaryield parameters of riceaffect studiedof theany

ofthe timeinvestigatetointended"Sindano". alsoIt was

in relation to the effect of A. besseyi on the graininoculation
yield.

Materials and methods7.2.2

TheThis was a pot experiment conducted in a glasshouse.

factorial in a randomised block layout with 10design

replications, where each potted plant represented a replication.

used was a
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Factors involved and the treatment combinations were as follows:

Factors Involved:

a) Inoculations:

b) Time of Inoculation: Time.1

Treatment Combinations:

(Control)Time of Inoculation

x xXX

XXX

XXX

XXX

and

Soil used for this experiment was pretreated with dazomet in

in the Materials and Methods Section of thedescribeda manner

- Other details of the treatment combinations are given 
in Appendix 7.1.

= Control (where all tillers 
were inoculated with 
distilled water).

= All tillers inoculated with 
nematodes (All Tillers T).

= Half the tillers inoculated 
with nematodes (half tillers 
T).

T4

Time2

Inoculations
T2

T4

T2

T3

Time
*5

T3

Time„4

Time„4

T1

T1

Time2

Time 
o

Time^

On 7th day from the 1st sign 
of booting.

On 5th day from the 1st sign 
of booting.

On 3rd day from the 1st sign 
of booting.

= Half the tillers inoculated 
with distilled water (Half 
tillers control C).
At first sign of booting 
(at 1st sign).

Key: - (dash) = (inoculation with distilled water for all 
tillers was not done for Time , Time 
Time .4
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thesis. Seeds used in the experiment were from progeny of a hot

water treated sample that were observed to be nematode free. These

seeds were themselves hot water treated to ensure that they were

completely nematode free. Hot water treatment was done at 54°C for

15 minutes without presoaking in order to minimise seed damage.

Plants were inoculated with an average of 100 nematodes as they

reached the required stage. Nematodes were extracted from a mixture

of infested rice cultivars that served as a source of inoculum.

Inoculation was done using a special micro-pipette after

blowing five times to bring the nematodes into suspension. Nematodes

in suspension were gingerly pipetted on to the axils of the nearest

leaves to the flower boots. Volumes of water containing aliquots

per millilitre were pipettedcalculated to contain 100 nematodes

during inoculations, while occasionally samples of equal volume were

also taken to assess nematode concentration.

Two to three inoculations were done the same day to give the

inoculatedeachrequired nematode count.

droplet to disappear before another inoculation was done.

At the end of the series of inoculations, the rice plants

At grain maturity,to grow and the grains to mature.

length of panicles were measured, numbers of spikes, spikelets per

For the grain weight the moisture content waspanicle were counted.

adjusted to 12%.

From the harvested seed, samples of 15 seeds per treatment

ofindividually assessed for presencerandomly picked andwere

nematodes, using single seed nematode assessment method described in

the Materials and Methods Section of the thesis.

variousfor theconductedAnalyses varianceof were

Time was allowed for

were left
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parameters followed by F-tests of comparisons of the inoculation

treatments and the inoculation times. The data was analysed twice.

done for each parameter as

the control.

At 1st sign of booting the control was compared with the

rest of the inoculations, subsequent comparisons were made between

tillers inoculated with distilled water. The following comparisons

were subsequently made:

inoculated with nematodes compared with half

tillers inoculated with nematodes and water respectively, at

all the booting stages studied.

Half tillers inoculated with nematodes compared with half

bootingalldistilled water attillers inoculated with

stages respectively.

Results and discussion7.2.3

it was observed that thereFrom the analyses of variance,

significant differences in the treatments for all the studiedwere

shows the mean values for all parameters,parameters. Table 7.1

the least significant difference and co-efficientstandard errors,

of variation values after the main analyses of variance.

Table 7.2 shows the results of an F-test to compare the

control with all other treatments at the first sign of booting.

There were no significant differences for the parameters studied.

a 4 x 3 factorial design which excluded

One analysis involved all 13 treatments and the other analysis was

all tillers and half tillers inoculated with nematodes, and half

All tillers
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Table 7.1

Control (all tillers
0.85with water) 39.06.9017.43

1.0045.6All T. (1st sign)tillers 7.0718.48
1.0343.4All tillers 7.36T. at 3rd day 17.07
0.7635.9All 6.58tillers T. at 4th day 16.02
0.8737.8All 7.21tillers 17.00T. at 7th day
0.82'/z tillers T. 37.37.4518.52at 1st sign
1.15yz tillers T. 46.97.4317.59at 3rd day
1.17V2 tillers T. 42.67.97day 18.78at 5th
0.70yz tillers T. 30.27.0416.27at 7th day
1.0538.2yz at 6.52Control 18.041st sign
1.2249.17.30y2 atControl 18.333rd day
1.2652.78.87yz atControl 20.175th day
0.9040.17.03yz atControl 15.307th day
0.11864.6460.4450.873SE
0.332713.01.247LSD (5%) 3.236

38.135.519.315.7CV%

Inoculation
Treatments

Effect of inoculating rice plants with A. besseyi during 
booting stage on some aspects of yield of 

rice cultivar "Sindano"

Panicles 
(cm)/ 
plant

Spikes/ 
plant

Spikelets/ 
plant

Grain wt 
(g)/ 
plant

Means of Parameters Studies 
(mean of 10 plants)
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Table 7.2

Treatment Means

F-valuesControl

11.0540.821X Grain wt 1.00 ns0.853

118.0418.42 ns18.4817.43
(cm)

16.52 ns7.457.07spikes 6.90

138.2 ns37.345.6spike- 39.0

Parameters 
measured

X No of 
/plant

Table of comparisons for the control against the rest 
of treatments at the 1st sign of booting

All 
tillers 
treated

tillers 
treated

tillers 
with water

X No of 
-lets/plant

X Length of 
panicle 
/plant
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Table 7.3

Inoculation Comparisons F-values

0.03 ns

0.14 ns

On 3rd day

0.65 ns

0.34 ns

On 5th day

9.77

1.19 ns

On 7th day

1.21 ns

0.58 ns

At 1st sign 
of booting

Time of 
Inoculation

Comparisons of inoculation means for the length of 
panicles/plant

Signif­
icance

(a) all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)

(b) half tillers T. vs half tillers 
(C).

(a) all tillers T. vs half tillers
T. and vs half tillers
Control (C)

(b) half tillers T. vs half tillers 
(C).

(a) all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)

(b) half tillers T. vs half tillers 
(C).

(a) all tillers T. vs half tillers
T. and vs half tillers 
Control (C)

(b) half tillers T. vs half tillers 
(C).
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Table 7.4

Inoculation Comparisons F-values

(a)

1 ns
(b)

2.18 ns

(a)On 3rd day

1 ns
(b)

1 ns

On 5th day (a)

**10.52
(b)

1.90 ns

On 7th day (a)

1 ns
(b)

1 ns

At 1st sign 
of booting

Time of 
Inoculation

Comparisons of inoculation means for the number of 
spikes/plant

all tillers T. vs half tillers
T. and vs half tillers
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).

Signif­
icance

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).
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Table 7.5

Inoculation Comparisons F-values

(a)

1.83 ns
(b)

0.02 ns

On 3rd day (a)

0.63 ns
(b)

0.11 ns

On 5th day (a)

»4.10
(b)

2.27 ns

On 7th day (a)

0.21 ns
(b)

2.18 ns

At 1st sign 
of booting

Time of 
Inoculation

Signif­
icance

Comparisons of inoculation means for the number of 
spikelets/plant

all tillers T. vs half tillers 
T. and vs half tillers
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).
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Table 7.6 Comparisons of inoculation means for grain weight (g)

Inoculation Comparisons F-values

(a)

0.18 ns
(b)

1.89 ns

(a)On 3rd day

1.08 ns
(b)

0.19 ns

On 5th day (a)

9.70
(b)

0.26 ns

On 7th day (a)

0.25 ns
(b)

1.34 ns

At 1st sign 
of booting

Time of 
Inoculation

Signif­
icance

all tillers T. vs half tillers
T. and vs half tillers
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C)
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C) 
half tillers T. vs half tillers 
(C).

all tillers T. vs half tillers 
T. and vs half tillers 
Control (C) 
half tillers T. vs half tillers 
(C).
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Fig..7J Effect of inoculation of rice plants with A besseyi during 
booting on the mean length of panicles/plant.

1st
1st 
Sign

o

£
CD

c
8s:

c_g

a> 
o 
'c
&



- 226 -

(SED = 0,653)
9

(C)a

\»■

\ tillers (T)
7

All tillers (T)

6
5th 7 th3rd

after first sign of booting

1st
1st 
Sign

Days

tillers

Fig.,7 2 Effect of inoculating rice plants with A besseyi during 
booting on the mean number of spikes/plant.
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(SED = 6.70)

55

/

tillers (C)

35
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7th5th3rd1st
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Sign

Days after first sign of booting

Fig.-Z.3 Effect of inoculating rice plants with A besseyi during 
booting on the mean number of spikelets/plant
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1.2

1.1

(SED = 6.70)1.0

\ tillers (T)

0,5.

0.5

7th5th3rd

Days after 1st sign of booting

Fig..7,4 Effect of inoculating rice plants with A besseyi during booting 
on the mean grain weight (g)/plant.

tillers (C)
All tillers (T)

1st
1st 
Sign

“ 0,9 
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£ 
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Tables 7.3 to 7.6 show results of all other inoculation

comparisons at all the tested booting stages of the rice plant.

Comparisons between all tillers inoculated with nematodes with other

two treatments (half tillers (T) and half tillers control) were

consistently significant for all parameters on the 5th day after the

first sign of booting. There were no significant differences for

the other days of inoculations for all the parameters. Similarly

comparisons between half tillers (halftreated with nematodes

tillers T) and half tillers inoculated with distilled water (half

tillers control) at all inoculations days significantgave no
differences for all parameters.

Figures 7.1 to 7.4

effects of the various treatments at different booting stages on the

respective studied variables.

(all

of nematodes extracted from harvested seeds at thetreatments for

There were significant differences betweenend of the experiment.
tested nematodethe

parameters.
The results of the F—test to compare and contrast the effect

of the control against the rest of the treatments to all tillers and
inoculation at first sign of

for all the studied parameters did not makebooting in any manner

Therefore, at first sign ofany significant difference (Table 7.2).

booting, it did not make much difference whether or not inoculation

with nematodes or with water was done to all or half tillers.

toF-testtheThe results of

or half tillers inoculated with distilled water) and inoculated

are graphical representations of the

Table 7.7 shows contrasts between the control as a whole

compare the rest of the

half the tillers demonstrated that

inoculated and the control samples for all



- 230 -

Treatment Means

SignificanceF-valueParameter Control

3 706.06.660.00

44442.9340.220.00

**770.716.710.00

Number of 
infected seeds 
out of 15

Highest number 
of nematodes

Mean number 
of nematodes

(Nematodes 
inoculated 
treatments)

Table 7.7 Comparisons of the control (as a whole) and the nematode 
inoculated treatments for nematode parameters in harvested rice seeds
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presented on Tables 7.3 to 7.6 demonstrated that

during the seven days from the first sign of booting, only the 5th

day significant. Thesewas results were

parameters as shown by the means for all studied parameters on Table

7.1 and figures 7.1 to 7.4. For the other inoculation days the

results were consistently non-significant for all parameters Half

tillers inoculated with nematodes compared with half tillers

inoculated with distilled water (control) at all other inoculation

significant results for all parameters. It can be

concluded from these results that, of all comparisons made for the

various inoculation times, only the 5th day after the first sign of

booting was important. Results on Figures 7.1 to 7.4 and Tables 7.3

to 7.6 show the 5th day after first sign of booting, the

significantly better than
performednematodesnematodes. withtreatedtillersHalf

significantly better compared to all tillers treated with nematodes.

The findings of the present study confirm the statement by

that booting is a vulnerable stage of rice growthStansel (1975)
The results ofalso when yield of rice is determined.

present study also demonstrated that the critical period during the

booting stage is the 5th day after the first sign of booting when

the length of panicles, numbers of spikes and spikelets and the
Infection with A. besseyiweight of grain were adversely affected.

the nematode to get to the developingat booting stage enabled
period when the physiological conditions of the

known to be conducive for the nematode reproduction and
the(Huang and Huang 1972). During this period,development

nematode invasion

florets; during a

times gave no

that, on

host are

consistent for all

control was all tillers treated with

which is

treatments as

coincided with the vulnerable stage of rice
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(Stansel, 1975). The 5th day after first sign of booting is

therefore, the period when the intensity of parasitism, coincided

with the sensitive stage panicle development and the

determination of yield, resulting in significant adverse effects on

the yield. The adverse effects resulted in shorter panicles, less

spikes and spikelets, and consequently less grain yield.

For all comparisons made for various inoculations days, only

that of the 5th day after first sign of booting was consistently

significant for all parameters, with all tillers inoculated with

nematodes yielding significantly less for all the studied parameters

For the same inoculation day (5th day), halfcompared to control.

tillers inoculated with nematodes yielded significantly better in

all tillersstudied allwith wherecomparedparameters were

Therefore half tillers infestation couldinoculated with nematodes.

be considered below the threshold for significant adverse effects

half tillers inoculated with nematodesfrom A. besseyi. However,

yielded comparably less than the control, although not significantly

(Figures 7.1 to 7.4).

Results of nematode assessment at the end of the experiment

showed that inoculations on the first sign of booting and on the 7th

compared to similar inoculations done on the 3rd and 5th days after

Therefore, it seems the presence or absencefirst sign of booting.
only important on the 5th day, while on the other

days whether or not there were more nematodes on all or half tillers
The nematode populations in harvesteddid not matter very much.

is similar to that of the experiment with variety Bagamoyoseeds

of nematodes was

first sign of booting resulted in more nematodes

of rice

day after the

where damaged, poorly filled and cracked seed had less nematode
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populations than fully filled seeds.

poorly filled and chaffy spikelets. The results suggest that,

either the nematodes from damaged spikelets multiply to a point of

population check or they move from badly damaged spikelets.

This study to suggest that thereseem were some

physiological conditions enabling the rice plants tolerateto

nematode infection at other inoculation stages and that on the 5th

day after the first sign of booting, the plants were less tolerant

to nematode infection. The results of the F-test from the analysis

of variance for the nematode assessment data from harvested seeds

showed that there were significantly higher nematode infestations in

inoculated treatment compared to the control (P =the nematode

Similarly comparisons of the control (as a whole) and the0.001).

nematode inoculated treatments (Table 7.7) demonstrated that there

highly significant differences between the control and thewere

nematode inoculated treatments.

shown that the inoculations with distilled water were, as expected,

nematode free, while inoculations with nematodes were successful in

developing panicle resulting in infested harvestedinfesting the

seed.

Effect of different levels of A. besseyi in seed on the7.3

grain yield of a rice cultivar "Bluu"
The

designed to assess the effects of different levels of A. besseyi in

The study wasyield of a rice cultivar, "Bluu".seed on the grain
also intended to examine possible

for significant loss of grain yield.

These results are contrary to 

those of Nandakumar et. al. (1975) who reported more nematodes from

investigation involved a field experiment which was

Therefore, it was experimentally

threshold levels of infestation



- 234 -

7.3.1 Materials and methods

used in this study because it had a

high level of nematode infestation (77.75 mean nematodes per seed).

The experiment designedwas randomised block withas a three

replications. Treatments involved were as follows:

200 seeds all hot water treated

150 seeds hot water treated and 50 seeds untreated

100 seeds hot water treated and 100 seeds untreated

50 seeds hot water treated and 150 seeds untreated

200 seeds all untreated

Two hundred seeds were planted in 1,5 x 1 m plots with a 15

x 15 cm within row and 20 Plants were20 cm between row spacings.x

thinned to one per hole at the onset of tillering and thinned plants

left inside the plot to maintain nematode population.were

Ten plants were randomly chosen for individual grain yield

assessed at 12% moisture content.assessment. Grain weight was

Nematode assessment

Grain from each treatment was thoroughly mixed beforereplication.

random sample of 15 seeds was taken for nematode assessment. Seedsa

methodfollowing thenematodesindividually assessed forwere

described in the Materials and Methods Section of the thesis.

7.3.2 Results and discussion

ofnumberyield variables and theMeans for the mean

nematodes per infested harvested seed are presented on Table 7.8.

The showgrains did notweight of 200grain theyield and

L o

L3/4 -

Rice cultivar "Bluu" was

was done for 15 seed samples per treatment per

L4/4 “

Ll/4 "
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Mean for the different variables studied in the experiment

Treatments

0.00a0.00a5.708a19.84a

4.23ab2.75ab5.722a21.44a

7.33ab2.25a5.740a21.66a

12.49bc5.50bc5.613a16.99a

16.44c7.50c5.670a17.27a

1.48SE 0.4720.0501.520

8.41LSD (0.1%) 2.88.30510.834

36.5CV (%) 26.21.813.5

Key:

same letter are not significantly different.Column means followed by the

Table 7.8 I' “ ---
to study the effect of different levels of A. besseyi in seed"on the 

grain yield of a rice cultivar "Bluu"

= 200 untreated
(Control)

= 150 seeds treated 
(and 50 seeds) 
untreated

= 200 seeds treated
(hot water)

X No of 
nemas per 
infested 
(harvested) 
out of 60 
seeds)

= 100 seeds treated 
(and 100 seeds) 
untreated

50 seeds treated 
(and 150 seeds) 
untreated

X grain 
wt(g)/ 
plant 
(out of 
10 plants)

X wt(g) 
of 200 
seeds

X No of 
infested 
(harvested) 
seeds (out 
of 15)

Ll/4 =

L0

L4/4

L3/4

Ll/2
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significant differences between treatments. However, where

one-quarter and half of the seeds untreated, therewere was

comparably greater grain weights and weight of 200 grains than from

the control and hot water treatment.

Where all three quarters of theor seeds planted were

untreated, the yields were 12.95 and 14.36% less than where all

seeds planted were hot water treated (Table 7.8). However, where

three-quarters or half of the seeds planted were hot water treated

the yields were 8.06 and 9.17% greater than where all seeds planted

hot water treated, suggesting that both parameterswere were

similarly affected by the treatments. However, the increases and

decreases in the weight of both the yield and 200 grains were not
statistically significant.

weight of 200 grainsThe yield and theincreases in

resulting from the lower levels of nematode infestation show that

nematode infestation (Table 7.8), also had possible advantage of

oftreatmenthaving by theless debilitatedseeds

Hence their performance were better than where allpresoaked seeds.
seeds were hot water treated or where three-quarters or all seeds

The latter two treatments having higher nematodewere untreated.

the yield while the formerpopulations that adversely affected

oftreatmentwatertreatment by hotvigour reducedhad seed

presoaked seeds.

can adverselydemonstratedThe results

affect yield of rice and that hot water treatment of presoaked seeds

thusseedsfromyield performance of plants grownaffectcan

The adverse effects of hot water treatments at 54°C for 10treated.

the half and one-quarter untreated seeds as well as having less

hot water

that A. besseyi
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minutes following presoaking on the vigour of some of the seeds that

may manage to germinate was demonstrated in experiments presented in

Chapter V of the thesis. The results agree with Johnson (1975) who

stated that seed vigour

performance of resultant plants, and by Heydecker (1972) who stated

that seed vigour show its effects in the survival ability of thecan

seeds in storage, in the ability of the resultant seedlings to

emerge in the field, in the establishment of subsequent plants and

in the ability of those plants to produce full yield. The latter

author further stated that all the above stages can be affected by a

range of factors acting on the seed, and that vigour is an essential

that affects

potential at any stage of the plant life cycle. Since vigour is one

of the demonstratedparameters that were

adversely affected by hot water treatment at 54°C for 15 minutes,

following presoaking (see Chapter V of the thesis) it is concluded

though it wasthat yield resulting from all treated seeds,the

increased theA. besseyi,ofdue eliminationto

depressed by the adverse effects of this thermotherapy. Hence, where

untreated seeds (half and one-quarter) and hencethere were some

plants. Consequently the combination of lower nematode numbers and

better performance of plants gave greater yield than in either the

control or where all seeds were hot water treated.

The results

experiments presented elsewhere in the thesis that yield increases

from seeds treated following presoaking might have been better if

the treatment had been done without presoaking, as did the yields of

can be used to predict the potential field

its ability to deliver its

there were better performance of those

confirm the points raised in the previous

attribute of the seed

to be significantly

increase was

lower nematode numbers,
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cultivar Mpunga mwepesi.
The results therefore demonstrated that A. besseyi

infestation at certain levels,

confirmed previous results that hot water treatment of presoaked

seeds, at the tested regime, can completely eliminate seed borne

besseyi resulting in increased grain yield and unit weight of

grains. However, the resultant increases in the yield were lowered

by the adverse effects of hot water treatment following presoaking.

The adverse effects can be emeliorated by treating a proportion of

the infested seeds to reduce the nematodes populations to below the

threshold level, and mixing with the treated and untreated seeds in

the right proportions. Another alternative would be to treat seed

without presoaking at the treatment regimes recommended in this

study for the control of seed borne A. besseyi.

thatshowedseedsharvesedThe results fromnematode

A. besseyi had passed from the seed to the harvested grain in a

demonstrating the decreasing levels of infestation effectedmanner

Theby the mixing of infested (untreated) and treated seeds.

in conformity with the objective of the mixing of the

The control had significantly

higher numbers of A. besseyi than all other treatments except where

three-quarters of the seed planted were untreated (Table 7.8).

Although the 12.95 percent and 14.36% yield depression by

A. besseyi was not statistically significant, to a farmer losses of

especiallysignificantthat economicallymagnitude becan

considering that they can be avoided by dry seed treatment or mixing

treated and untreated seed in the right proportions.

findings are

can reduce grain yield and further

treated and the untreated seed.
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8. DISCUSSION AND CONCLUSIONS

Rice has lately been gaining importance as a food crop in

the African continent and its production has increased significantly

during the past ten years (FAO, 1986). Pests and diseases are some

of the significant factors contributing to the low yields being

obtained in Africa.

The rice nematode, Aphelenchoides besseyi Christie, 1942,

which causes the "white tip" disease of rice is among the documented

The

economic importance of this nematode in Asia, particularly in Japan,

has been established (Fukano, 1962; Huang et al, 1972). However, in

Africa particularly in Tanzania, studies of that nature have not yet

extent of the incidence, severity and

established.wellnotpesteconomic thisimportance of are

Investigations on the occurrence of this nematode on rice in Africa

started in the 1960s (Anon, 1965; Hopper and Merney, 1966) and in

preliminary survey of A. besseyi on rice was carried

The latterout by EAAFRO workers in 1970-71 (Taylor et al. 1972).

workers considered their 1970-71 survey a preliminary study and had

further survey and an assessment of cropintended

However, the breakup of the East Africandamage due to this pest.

Community did not allow the intended follow up survey.

designed to follow up someThe present study therefore, was

A survey of A. besseyi in some rice cultivarsof their objectives.

conducted followed by assessment of somegrown

Resultscontrol methods and studies of crop damage by besseyi.

besseyi inof the

East Africa, a

confirming the presence of A.

in Tanzania was

identified on rice in Tanzania.

survey while

to conduct a

been conducted; hence the

rice pests and has been



- 240 -

Tanzania; also highlighted heavy infestations in many of the rice

cultivars. The implication of these observations

Firstly, that possible that the low yields obtained by

farmers in many parts of Tanzania could be partly attributed to pest

activities of besseyi.A. Secondly, the wide

A. besseyi recorded in rice cultivars in Tanzania is probably due to

the fact that this nematode's spread is facilitated through the seed

where it of time.for considerable periodssurvivecan

it was deemed necessary to find appropriate means ofConsequently,
controlling A. besseyi under Tanzania conditions.

The review of literature, indicated that hot water treatment

of A. besseyi—infested rice seeds was the best control method, which

In comparison to other controlneed not be repeated every year.

such as chemical control involving large rice fields it wasmethods,

besseyi in the seedconcluded that

bewould moretreatment,before waterplanting hotby

Hence,feasible.practical andacceptable,socio-economically

conducted involvingtreatment experiments were

both unsoaked seeds (dry seed treatment) and pre-soaked seeds (seed

pre—soaked in water for 18 hours before treatment).

noted that except for some work done by Yoshii andIt was

Yamamoto (1950), observations on the viability of treated seeds by

recent studies by Garrity and

has been paid to the important aspect of the effects of hot water

It was thereforethe germination of treated seeds.treatment on

the effects of some of the studied treatments onnecessary to assess

the germination and emergence of rice seeds of several cultivars.

Nandakumar et al (1975) and the more

Ventura (1986) and Ventura and Garrity (1986), inadequate attention

it was

several hot water

were twofold.

for Tanzania, control of A.

incidence of
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A few of the available chemicals were assessed for their

efficacy in controlling A. besseyi and their effect on rice yields.

Two experiments were also conducted to assess possible crop damage

by Aj_ besseyi and some corollary studies on critical periods for

significant reduction of grain yield by A. besseyi. Field

experiments using hot water treated seed and, carbofuran seed and

soil treatments were also conducted, to assess the effect of the two

control methods.
Results obtained from dry seed treatment of rice to control

A. besseyi demonstrated, that

control seed-borne A. besseyi with treatment temperatures of 54, 55,

56, 60 and 62 degrees centigrade depending on the length of exposure

time, lower temperatures suchespecially for the

degrees centigrade. However, for all the tested dry seed treatment

regimes, complete the

Furthermore, at the lower dry seed treatment regimes, such as 54, 55

10 and 15 minutes,and 56 degrees centigrade for 5,

nematodes were recovered compared to where treatment had been done

Similarly,at 60 and 62 degrees centigrade for 10 or 15 minutes.

when treatment was done at 54, 55 and 56 degrees centigrade for 5,

nematodes were killed as exposure time was

increased to 15 minutes from 5 and 10 minutes.

10 and 15 minutes, more

as 54 and 55

it was possible to significantly

more live

nematode, was not achieved.control of
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It also observedwas that in dry seed treatment to control

exposure times.

These results agree with the findings of Cralley (1949),
Todd and Atkin (1959) and, Muniappan and Sheshadri (1964), who

recommended hot water
ranging from 50°C to 61°C.
explicitly highlight the importance of length of exposure time as a

critical factor in the efficacy of dry seed treatment to control

seed—borne A. besseyi. Nandakumar et al. (1975), pointed out that

in seed treatment, it is essential to get the treatment temperature

to the target nematode below the seed coat.

penetration of treatment water through the husk/seed coat to the

site of A. besseyi to facilitate the necessary heat transfer to kill

the nematode. In dry seeds A. besseyi are in a quiescent state, and

whileThus,considerably resistant toare

to thetreatment timeimportant,temperature is

crucial in actually facilitatingtreatment temperature moreseems

the killing of the nematode.

Higher temperatures such as 60 and 62 degrees centigrade

threshold for significant control offound to be above thewere

A. besseyi, such that with almost all nematodes dead, there were no

theirsignificant differences

tested times (10 and 15 minutes) combinations.

Repeated assessments of treated seeds conducted on the same

However, the latterday of treatment showed 100% A. besseyi kill.

results proved inaccurate after assessments were conducted some days

did not

between the two temperatures and

— besseyi, temperature as a factor was secondary in importance to

is therefore necessary to allow

These workers however,

the exposure

Adequate exposure time

treatment of rice seeds at temperatures

harsh conditions.
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later (5 days and 1 week). It was concluded that live nematode

assessment from treated seeds should be done 5 days or 1 week after

hot water treatment.

Irrespective of whether seeds were or were not treated, 24

hours of soaking rice samples to revive A. besseyi was found to be

inadequate for the recovery of A. besseyi from anabiosis. However,

with treated seeds, the need to extend the soaking period for the

revival of A. besseyi from 24 to 48 hours was apparent. It was

concluded that for more correct revival results, it was necessary to

treat, dry and store seeds for 5-7 days before assessing for the

to be assessed should becontrol A. besseyi and that seedsof

dehusked and soaked for 18 hours.

The time required to revive more nematodes in both treated

irrespective ofand tofounduntreated seed was

the capacity for nematode revivalcultivar (48 hours). However,

This could be due to the condition of seedsvaried with cultivars.

of different cultivars, for example their storage history, moisture

potentially healthyand hence their capacity to supportcontent, a

been shown to have precisebesseyi hasnematode population. A.

andactivitysurvival,forlimitsenvironmentalnarrow

multiplication (Tikhonova 1966; Barat et al. 1966; Huang and Huang

1972).

it isgiven such types of environmental limits,Therefore,

water treatment byhotsurvivecapacity topossible thethat

This is moreA. besseyi in seed samples can vary with cultivars.

theinpossible variationsthelikely to ofreflectionbe a

environments provided by the different rice cultivars, rather than

the actual genetic differences.

be the same,
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Cralley and French (1952), planted 8, 20 and 32 months old,

A. besseyi-infested rice seeds

disease decreased with increase in the age of the seed,

suggesting a deterioration in the nematode viability with storage.

This would correspond to the deterioration of the seed condition and

its viability. The environmental provided by thecondition

different cultivars can therefore vary resulting in variations in

the status of the contained nematodes which will determine their

capacity to survive hot water treatment.

Hot water treatment of rice seeds following presoaking was

also studied in

(dry seed treatment and treatment following presoaking) would be

most appropriate under Tanzania conditions.

of presoaked seeds demonstrated that

results agreed with Cralley,for 15 minutes. The

better control
nematode and predisposing it to hot water treatment.

Hot

seed will be in a quiescent state,

better withstand more harsh conditions suchwhich the nematode can

Furthermore,precipitated by hotbeas may

of treatment water into the seed and hence

in the treatment following

in(1979) stated that presoaking rice seedspresoaking. Vergara

treatment of dry seed may not effectively allow easy and even entry 

transfer of the required

"white tip"

Nandakumar et al (1975) who stated that presoaking seed facilitated 

by physiologically activating the

an endeavour to find out which of the two methods

effective in controlling A. besseyi because, the nematode in the dry 

a physiological condition during

seed—borne A. besseyi can be completely controlled at 54°C and 56°C

(1949) and

Hot water treatment

water treatment of dry seed was comparatively less

treatment heat, to the same extend as

water treatment.

and found that the intensity of

of A. besseyi
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qualityseed determined by their germinationas

performance without treatment should be taken seriously when

considering the ability of rice seeds to resist hot water treatment.

Further studies to investigate theare necessary

effectiveness of hot water treatment of rice seeds in conjunction

with stress factors such as sub-optimal temperatures for germination

and sowing depths, to physiological properties of seedassess

quality that affect germination performance.

Hot water treatment of rice seeds following presoaking at

54°C, 55°C and 56°C for 15 minutes respectively destroyed viability

of a significant proportion of treated seeds and delayed onset of

germination by three days for three out of four studied cultivars in

A follow up study to assess the effect of hot waterone experiment.
treatment of seeds of four rice cultivars treated at 54°C for 15

controlledtemperaturepresoaking) usingminutes (following

germinators, confirmed the possible serious adverse effects of hot

water treatment of seeds following presoaking

two of the studied cultivars (Nyati and Kihogo) and the resultant

significant numbers of abnormally germinated seedlings for cultivar

The abnormalities included weak seedlings, seedlings withKihogo.

These

differtypesseed maygenotypesstated different orthat

Therefore,

following presoaking, at much lower temperatures such as 54°C for 15

completely control seed-borne A. besseyi, it can also

significantly destroy seed viability and/or produce abnormal or weak

substantially in sensitivity to hot water treatment.

it was concluded, that while hot water treatment

root or shoot only or seedlings with abnormal root systems.

findings agreed with Ventura and Garrity (1986) and David (1936) who

on the germination of

minutes can

and emergence
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seedlings in cultivars. Thesesome

observations made by Nandakumar et al. (1975) that while presoaking

in better control of A. besseyi

compared to dry seed treatment, seeds thus presoaked also became

predisposed to the adverse effects of the thermotherapy. This is

because presoaking will enable the seeds to imbibe water and become

physiologically activated to initiate germination processes. In

that physiological condition, subjecting them to hot water treatment

would enable easier entry of treatment water into the seed (Vergara

in turn facilitate easier transfer of the treatment

heat to the embryo, enzymes and other important proteins, destroying

Theviability or damaging some important components of the seed.

destruction of viability is probably effected by the denaturation of

enzymes and proteins in the seed caused by the treatment heat.

treatment regime of 54°C for 15 minutes wasWhile the

tolerated by some rice cultivars, for others the latter treatment

Tolerant cultivarssignificantly adversely affected germination.

partially affected, resulting in abnormal and/or weakwere only

with David (1936) who stated that someseedlings. The findings agree

resistant to treatment at high temperatures, and thatseed types are

of 22 rice cultivars on the germination,

assess the cultivars' seed germination performance.

demonstrated that the factors ofThe experimental results

all significantly important in

The effect of time andthe germination of presoaked rice seeds.

the range of thermal tolerance varies with genotypes.

investigation to study the effect of hot waterA follow up 

treatment at 54, 55 and 56°C for 5, 10 and 15 min of presoaked seeds 

was carried out to further

time, temperature and cultivar were

with the

1979); which

seeds before treatment results

results agree
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temperature inter-relatedwas in such that for each

temperature, an increase in exposure time resulted in a significant

decreas in viability and vigor. The results also showed that the

reduction in percentage germination was related to the increase in

either ungerminated seeds or weakly germinated seeds or both and

in turn significantly positively related to the

effects of hot water treatment.

The findings agree with the statement made by Mayer and

Poljakoff—Mayber (1978) that seeds have minimum, optimum and maximum

temperatures for germination and, with Levitt (1956), who stated

that seeds may still be viable after treatment at high temperatures

but the subsequent development of their seedlings may be adversely

affected. treatment following presoaking is much moreTherefore,

damaging to the seed in terms of viability and other aspects of seed

plant performance compared to hot water treatment of seedsand

without presoaking.
Some of the 22 rice cultivars tested were seriously affected

while others showed variable levels of tolerance to what could be

positiveshowedtermed cultivarsfewresistance, and yet a

Genetically relatedgermination reaction to hot water treatment.

cultivars reacted to the thermal treatment in a similar manner and,

their germination in terms of normal seedlings, weak seedlings and

These findings, ifungerminated seeds were within the same range.

assessing geneticalfurther inusefulmight beinvestigated

Cultivars were tentatively groupedrelationships of cultivars.

according to their sensitivity to the tested regimes of hot water

with suggestions for further studies of this aspect.

that these were

Results of an experiment with six cultivars designed to

a way
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study the relationship between hot water treatment and abnormally

germinated seedlings demonstrated that hot water treatment following

presoaking affect seeds ofmay cultivars resulting insome

abnormally germinated seedlings with root or shoot only. The

results also demonstrated that the incidence of the abnormality

termed frequent termedthan thewas more one

"root-only", suggesting that the root systems were more sensitive,

giving rise to more
compared to those and
shoot-only abnormality in genetically related cultivars such as the

Afaa series was very close. The latter findings confirmed previous

results that showed that genetically related cultivars reacted to

It was concluded that ahot water treatment in a similar manner.

further study of this phenomenon was necessary involving cultivars

known to be sensitive to hot water treatment such as the Afaa Mwanza

and Afaa Kilombero series and others known to be tolerant to hot

water treatment such as rice cultivar Sindano.

Overall observations point to the fact that the phenomenon

result of partial destruction of theof abnormal seedlings, is a

a stage between a healthy germinatedseed, which was considered as

of these root orweakly germinated seedlings which do not show any

affected seed than those giving riseresult of comparatively lessa

to root or shoot-only seedlings.

suggested that furtherthereforeIt is

effects of hot water treatment of presoaked

damage from theexamine the

or unsoaked seeds should

seedlings with "shoot-only"

"shoot-only"

seed and a seed whose viability is totally destroyed. Similarly, the

no shoot. The incidence of

and no roots

shoot-only abnormalities, nor any other obvious abnormality, may be

incidence and the nature of seed

with root

studies of the
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anatomical and physiological angles of the rice seeds and seedlings.

Germination studies

which hot water treated following presoaking or withoutwere

presoaking and sown at different depths, or sown in soil treated

with carbofuran. One of the experiments involved one cultivar,

Sindano, and seeds hot minutes

following an 18 hour of presoaking in water. The results from the

carbofuran show significant improvement totreatments did not

suggest any germination enhancement conferred by the chemical. It

notchemical doestherefore lattertheconcluded thatwas

any phytotoxicity.significantly germinationimprove causeor

shown that hot water treatment delayed onset ofHowever, it was

At the deepergermination and slowed down the rate of germination.

sowing level (6cm), hot water treated seeds showed even more delayed

germination (11 days compared to less than 6 days for control seeds

depth (6cm) hot water treated seedsown deep).

treatments.controltheinthanlessgerminated significantly

comparable germination to thoseTreated seeds sown shallow attained

of the control treatments at the end of the experiment.

that the significantly less germination inIt was concluded,

could not be all due to failure tothe treated seeds sown deeply

germinate (loss of viability) but that it was also partly due to

Therefore, hotfailure of seedlings to emerge (loss of vigour).

minutes following presoaking15forwater 54°Ctreatment at
significantly reduced total germination of seeds of cultivar Sindano

affected seedlings failing toresulting inby reducing vigour,

emerge from deeper levels.

tolerant tofindings which demonstrated that cultivar Sindano was

The results further confirmed previous

water treated

were also conducted involving seeds

at 54°C for 15

At the latter
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hot water treatment at 54°C for 15 minutes following presoaking but

that some of its seed were nevertheless affected by this treatment

resulting in loss of seed or seedling vigour. The result agrees with

Levitt (1956) who stated that hot water treated seeds

beenthough their subsequent growth will havegerminate, even

affected.

It was therefore necessary to conduct a follow up experiment

to assess germination and emergence of treated seeds. The experiment

withwas conducted in temperature controlled germination chambers,

seeds of three rice cultivars from a recently harvested crop which

was not infested with A. besseyi.

used in the previous two-depth experiment was again included in this

study which involved hot water treatment of presoaked and unsoaked

60°C for 10 and 20 min respectively and, threeseed at 48°C and

sowing depths.
treatment regimes used twoResults showed that the were

extremes. The one extreme treatment at 48°C for 10 and 20 minutes of

unsoaked seeds and treatment at 60°C for 20• presoaked or
minutes of unsoaked seeds did not adversely affect germination and

the other extreme treatment at 60°C for 10 andHowever,emergence.

20 minutes of presoaked seeds destroyed viability of almost all the
seeds. It concluded that hot watertherefore treatment ofwas
presoaked or unsoaked seeds at 48°C for 10 and 20 minutes did not
seriously affect germination and Similarly dry seedemergence.
treatment at 60°C for 10 and 20 minutes did not adversely affect
germination, if anything, the latter treatment in particular 60°C
for 10 minutes and, treatment of presoaked seeds at 48° C for 20
minutes significantly improved germination and emergence over the

10 and

One of the cultivars, Sindano,

may still
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control.

The failure to emerge by germinated seedlings in this
particular experiment was associated with deep seeding and not with

hot water treatment suggesting that there were some less vigourous

seedlings among seed samples that could not cope with the deep

seeding at 7.5cm. These findings agree with Heydecker and Coolbear
(1977) who stated that overall seed quality may vary within the same
batch of seeds and that in their overallthis
performance in germination, especially under suboptimal conditions

in their capacity stressful conditionsto tolerateor
thermal treatment.

of studiedseedsalso demonstrated thatThe findings
irrespective of treatment were significantly lowered incultivars

suggesting thatgermination at the deeper sowing level of 7.5cm,
optimum sowing depth. The results agree with

Purseglove (1976) who stated that in a dry bed, the optimum sowing
depth for rice is 5-6cm in light loam soil but, not more than 2-3cm

The findings also showed that the tested cultivarsin heavy clays.
of

Cultivar Sindano's optimum germination depth lay betweenviability.
seemedl-3cm cultivar Bagamoyo

viability better at lower levels. However,

cultivars were adversely affected.

germination by the ricealso lowerIt thatshownwas
cultivar Sindano when seeded at the deeper level (7.5cm) was not due

further demonstrating the ability ofseedlings to emerge, thus
cultivar Sindano to retain viability under stressful conditions.

In conclusion, to

rice seeds have an

be .more

but rather due to failure of some

may be reflected

such as

dry seed treatment was shown

to germinate better or maintain

to destruction of viability,

had different optimum depths for germination or maintenance

at 7.5cm depth, all
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practical and feasible, compared to treatment following presoaking

due to the fact that it involves less treatment stages and therefore

less risks of damaging or mismanaging the seed. Generally, dry seed

treatment with temperatures ranging from 48°C to 60°C for up to 20

minutes showed no serious adverse effect on the germination of a
wide of tested cultivars. On the other hand,range hot water

treatment following presoaking at comparatively lowermuch

temperature regimes of 54°C for 15 minutes significantly reduced

germination of cultivars destroying viability and/orbysome

reducing vigour or producing abnormal seedlings.

thermal tolerantIt for theshown that morewas even

cultivars, following presoaking resulted intreatment some

far-reaching physiological adverse effects that either resulted in

The abnormal andreduced vigour or produced abnormal seedlings.

tougherwithless capable in copingweak seedlings become

environmental conditions such as suboptimal temperatures and sowing

depths.

from the seed health and practical points ofTherefore,

dry seed treatment can be considered the better of the twoview,

studied treatment methods, with possible added advantage of improved
The safe treatment for germinationseed germination and emergence.

seeds treated without presoaking was found to be 60°C for 20of
minutes for a wide range of cultivars compared with 48°C for 20

However, good seed quality and optimumminutes for presoaked seeds.
pre-requisite in thegermination and emergence

adoption of any of the two hot water treatment methods.
carbofuranofeffectstheComparative field studies on

application at different stages of rice plant growth, soil treatment

conditions are a
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with dazomet and, hot water treatment to control seed-borne

A» besseyi on the growth and/or yield of chosen rice cultivars were

conducted.

Positive increases in the growth and yield of ricea

cultivar Mpunga mwepesi were achieved from hot water and carbofuran

treatments (4.1 and 3.8 times more grain than control) corresponding

to 220 and 1189 nematodes per 50 sample spikelets for hotzero,

water, carbofuran and control respectively. This combination of hot

water treated seeds soil resulted inand carbofuran treatment

complete control of nematodes and, 4.6 times more grain yield than

the water andThe grain yield from the combined hotcontrol.

carbofuran treatments were shown to be 10.6 and 17.1% more than the

treatmentscarbofuranandhot waterobtained in theones

independently.

concluded that the better yield obtained from theIt was

combined treatments was due to either the control by carbofuran of

seed after hot water treatmentthe remaining A. besseyi in the

and/or, probably the control of other root nematodes and insects

There were generally lower numbers of nematode population inpests.

the carbofuran treated plants during growth and reproduction phases

of rice, compared with the control, corresponding to improvements in

it wasthe measured growth parameters of rice plants. Therefore,

shown that both hot water and carbofuran treatments were able to

control A. besseyi resulting in improved growth and yield of rice.

in particular,treatment, dry seed treatmentwaterHot

produced comparably better grain yield than carbofuran and can be

considered more practical and economical to carbofuran treatment.

Rice plants in the dazomet treatments showed vegetative overgrowth
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and delayed flowering and grain ripening compared

treatments. The plants had much higher numbers of spikelets
compared to other treatments but the grain yield was lowest, only

comparable to the control.

When the treated, untreated soil and, the chemical dazomet

were analysed for available nitrogen, the results showed that the

chemical contributed considerable amounts of nitrogen to the soil.

rice plants from dazometthe

available nitrogen which made the results of the latter treatment

difficult to explain in terms of the effect of A. besseyi. It can

be concluded that hot water treatment of dry seeds was the better of

the two tested methods giving better yield, being practically more

Dry seedenvironmentally safe.feasible, less expensive and

also found to have other beneficial effects on thetreatment was

contributing toseedstreatedof thegermination and emergence

improved grain quality and greater grain yield.

The results of one other field experiment conducted to study

the effects of hot water treatment of presoaked seeds (at 54°C for

15 minutes following presoaking for 18 hours) and of carbofuran soil

treatment at planting on the grain yield of a rice cultivar Meli

demonstrated that hot water treatment of presoaked seeds at 54°C for

15 minutes completely controlled seed-borne A. besseyi and increased

grain yield by 27% over the control and by 11.6% over carbofuran
carbofuran treatment had achievedOn the other hand,treatment.

thecontrol.increase in grain yield However,the11.0% over

increase in yield was not statistically significant.
The weight of 200 grains showed that carbofuran treatment

It was concluded that the vegetative overgrowth observed for the

treatments were due

to all other

to excessive
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significantly improved the unit grain weight over the control. The

increase in grain weight observed in the hot water treatment over

the control and carbofuran treatments due to both increasedwas,

unit weight of grain and more grain.

It is possible that effects

treatment following presoaking on seed germination and emergence may

also affect the final yield performance of plants growing from such

seeds. It is therefore likely that some of the plants from treated
seeds (following presoaking) did not perform optimally. Therefore,
the 27% yield increase obtained with treatment of presoaked seeds
could have been exceeded with dry seed treatment as demonstrated by
the experiment with cultivar M'punga mwepesi.

It should be noted that, from a practical and economic point
27% increase in yield to a farmer can be considerable,

especially if the increase has resulted from a low-cost technology.
Consequently, results of this nature, should be viewed not only from

statistical point of view but also from the farmer's practical anda

economic situation.

A field experiment was also conducted to study the effects

of carbofuran treatment at different stages of rice growth and of

cultivar, Bagamoyo.

Results of this study demonstrated that hot water treatment

besseyi.A.

Carbofuran seed treatment considerably reduced both percentage seed
infestation and the total infestation levels but did not achieve

Soaking seeds in water (for 18 hours) withoutcomplete control.

subsequent hot water treatment reduced nematode infestation but, to

of view, a

a ricehot water treatment of presoaked seeds on the yield of

the adverse

of presoaked seeds completely controlled seed-borne

of hot water
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significantly improved grain yield by increasing

grains formed. The results agree with Stansel (1975) who stated
that booting stage of rice is
in the life of a rice plant, during which the numbers of buds formed
to become florets (grains) are determined.

The results of an experiment conducted to assess the best
method of applying carbofuran to improve yield showed that, grain
yield increased from carbofuran half rate to the recommended rate
when applied to holes and, decreased from half to recommended rate
for furrow application. It was also shown that, with increased rate
of chemical application to holes, there was an increase in the grain

The chemical was more thinly spread when applied to furrowyield.
and therefore, the results of the furrow application were considered
as not reflecting the actual effects of carbofuran on the yield.

It was concluded that, hole application of carbofuran at the
recommended rate is better than hole or furrow application of the

There was an indication that more yield may be obtainedhalf rate.
theincreasing theby

would beof increasekindthatalthoughrecommended rate,

economically prohibitive.

In the present study, yield results were considered from the
following perspective: that pest control studies designed to improve

technicalonly consider thetheyield for growers

yieldevaluate thealsotobutstatistics,ofsignificance
improvements from a farmer's economic and practical situation. The
latter aspect was considered to involve the type of crop, the value
of which can vary with the market, the production hectarage and the
cost of the technology used to improve the yield. These factors

a very sensitive and vulnerable stage

the number of

should not

rate of chemical applied to holes over
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among other economic criteria will determine the profitability of
the yield increase, which may or may not tally with the statistical

significance levels. Furthermore, quality improvements such as
in the present studies with cultivar,

Bagamoyo are to be important factors of yield
improvement.

Hot water treatment, depending on the cultivar was found to

improve yield by increasing the numbers of grains formed or by

increasing the unit grain weight and the quality of grains. Except

for rice cultivar Bagamoyo, hot water treatment gave comparably more

grain yield for all other experiments than did carbofuran. The

improvement of grain yield by carbofuran application during booting

stage of rice was by increasing the numbers of grain formed, while

The results suggest a possibilityincreasing the unit grain weight.

control of A. besseyi by carbofuran or by hot water treatment for

the improvement of seed size or to increase numbers of grains formed

or both.
The results demonstrated that A. besseyi can reduce rice

yield and seed quality improvements obtained with hot treatment for
consideredMeli and BagamoyoM'punga mwepes i,cultivars were

they were obtained with a low cost technology thatimportant, as
while its benefits continue to

accrue.
Inoculation of all or half tillers with A. besseyi at the

first sign of booting for all studied parameters did not make any

need not be repeated for years,

yields, the magnitude of which can depend on rice cultivar. The

of choosing cultivar and/or phase of rice plant growth for the

the ricethose obtained

that of carbofuran applied to seeding holes at planting was by

also considered
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significant difference to the yield. The results also demonstrated

that during the seven days from the first sign of booting, for the

four inoculation times, only the 5th day consistentlywas
significant for all parameters. The results from the inoculation on

the 5th day after the first sign of booting showed that the control

was consistently better in all yield attributes studied than all or

half tillers inoculated with nematodes. Half tillers inoculated

with nematodes yielded significantly better than all tillers

inoculated with nematodes. It therefore concluded thatwas

inoculation with A. besseyi to all tillers on the 5th day after the

first sign of booting significantly adversely affected all the

studied yield paramenters.

Infection by A. besseyi during the 5th day after the first

thebooting probably interfered withsign of

numbers of flower buds formed (as that is the time when the latter

are said to be determined, Stansel, 1975) and the development of the

panicle resulting in shorter panicles and less spikes and spikelets

(grains).
These findings isolated the 5th day after first sign of

ofstage within the periodparticularly criticalbooting as a
inpanicle development for the damage by A. besseyi resulting

The results alsoadverse effects on all studied yield parameters.

the booting stage in the determinationthe importance ofconfirmed

besseyithat A.and cangrain formationof
significantly reduce rice yield.

The results from a field experiment with a rice cultivar

Bluu, demonstrated that, where either 3/4 or 4/4 seeds planted were
by 12.95 and 14.36%lowerthe grain yieldsuntreated, were

also demonstrated

determination of
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respectively than where all seeds planted were hot water treated

following presoaking. true for the weight of 200

grains. However, where or 3/4 of the planted seeds were hot water

treated, the yields were 8.06 and 9.17% greater than where all seeds

control (where all (4/4) seeds) and 3/4 of the seeds were untreated.

These yield increases however were not statistically significant.

Better yields and greater weight of 200 grains obtained from

the and 3/4 seed-treated treatments over yields from all seeds

presoaked likely due toand hot treatedwater were more

below-damaging levels of A. besseyi within the former treatments

coupled with the proportion of treated to untreated seed within

them, which more likely offset the debilitating effect of hot water

The combination of the two aspectstreatment following presoaking.

put the two treatments at an advantage over where 3/4 and 4/4 seeds

were untreated (with maximum A. besseyi effect) or where 3/4 or 4/4

treatment effect on seeds) resulting in reduced seedling vigour. Hot

water treatment of presoaked and dry seeds at 54°C for 15 min was

significantly affect seedshown

vigour for considerable numbers of rice cultivars, and that seeds

thus treated did not germinate/emerge and hence affected the yield.

ofbe(1975) seed vigourJohnston can

subsequent field performance of the resultant plants and Heydecker

(1972) stated that vigour is an essential attribute of the seed that

affects its ability to deliver its potential at any stage of the
plant life.

The combination of the below-damaging levels of A. besseyi

seeds were presoaked and hot water treated (with maximum thermal

planted had been hot water treated and even greater than in the

The same was

a measure

in the previous experiments to

stated that



- 261 -

in the % and 3/4 treated seeds and the proportion of treated to

untreated seeds in the latter two treatments probably produced plant

populations with better field and yield performance than in the

control (4/4 seeds) and in 3/4 seeds infested with A. besseyi or

where all seeds were hot water treated following presoaking.
The findings substantiate observations from yieldmade

performance of previous experiments with presoaked and hot water

treated seeds of cultivars Meli and Bagamoyo and those of dry seed

treatment of cultivarseeds of M'punga mwepesi. The former

treatments (of presoaked seeds) increased yield over the control by

10-27% while the latter (dry seed treatment) gave 4-5 times more

yield than the control.

The complete control of A. besseyi in the seeds planted in

The nematodethe experiment was confirmed in the harvested seeds.

(all seedscontrolsignificantly higher in theinfestation was

untreated) as compared to where all or one quarter or half of the
However, where three quarters of the seeds wereseeds were treated.

untreated, the nematode infestation in the harvested seeds though
less than in the control, was not significantly different.

the mixing of treated and untreated seeds hadTherefore,

successfully graded the nematode infestation levels from zero (all

treated seeds) through to the maximum in the control seeds and these

from the planted seed through to thelevels had been passed on

that seed-borneconcludedthereforeItharvested grain. was

A. besseyi can reduce grain yield and unit grain weight and that the

extent of yield reduction depends on the levels of A. besseyi in the

It was also concluded that hot water treatment of rice seedsseeds.

at 54°C for 15 min following presoaking can completely control
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seed-borne A. besseyi with consequential increases in the grain

yield and unit weight of grains. It was considered that, grain

yield could be greater if hot water treatment is done to seeds

without prior soaking or if treated and untreated seeds are mixed in

right proportions.

The findings of the whole range of studies conducted to
investigate the incidence and control of A. besseyi and, to assess
the effect of A. besseyi on the growth and yield of several rice
cultivars demonstrated that considerable numbers of cultivars grown
in Tanzania harbour high levels of A. besseyi in their seeds.

The latter pest was shown to be contributing to the lower
water treatment of seeds (withoutrice yields in Tanzania. Hot

min can significantly control theprior soaking) at 60°C for 10

andgermination,better seedresulting innematode emergence

The latter controlsubsequent better field performance and yield.
method is recommended as the best of all tested methods because its

seed and theeffective and safe to theless complicated, cost
The method can be applied on a wide scale through theenvironment.

national seed distribution system.



- 263 -

9. SUMMARY

Aphelenchoides besseyi Christie, 1942, is a plant parasitic

nematode of world wide distribution, which "white tip"causes
disease of rice. The disease is considered of economic importance
in most rice producing countries. In view of the increasing
importance of rice (Oryza sativa L) as a food crop in Tanzania and

investigations were conducted to theassess
incidence of A. besseyi in seeds of some rice cultivars grown in
Tanzania, its effects on the yield and its control under Tanzania

conditions.

A. besseyi in rice in Tanzania is wide with heavy infestations in

this nematodewide distribution ofcultivars. The wassome

considered to be associated with its habit of spreading through

infested seed, where it can survive for considerable periods.

Having confirmed the prevalance of A. besseyi in seeds of

rice cultivars grown in Tanzania, assessed the effect of A. besseyi

tested two controlthe yield of selected cultivars, measures,on

namely hot water treatment (HWT) and chemical control; work was
carried further to study the effect of HWT on the germination and

of seeds of selected cultivars as a means of assessing theemergence
latter method's possible practical use for Tanzanian farmers.

Hot water treatment studies involved treatment of presoaked
and unsoaked seeds to assess the efficacy of the two methods in the
control of A. besseyi and the effect of the thermotherapy on the

treatmentDry seedemergence- seeds. studiesandgermination

a whole,Africa as

Results of the survey revealed that the distribution of
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demonstrated that, it possible to significantlywas control

besseyi at temperatures ranging from 54°C to 62°C depending on

the length of exposure time where 5 and 10 min were comparably less

effective than 15 min, especially at the lower temperatures.

times of 10 and 15 min were not significantly different from each

other, because at those treatment regimes almost all nematodes were

killed.

With dry seed treatment, it was demonstrated that, exposure

time was the significant factor in controlling seed-borne A. besseyi

two factors did nottreatment temperature and, the

The effect of hot water treatment of drysignificantly interact.

seeds on the control of A. besseyi was not influenced by different

cultivars. Furthermore, it was demonstrated that 48 hours as opposed

to 24 hours of soaking dehusked seed gave maximum revivals of seed

untreatedbesseyi from quiescence in bothborne A.

seeds, and that to obtain reliable results of nematode kill in hot

water treated seeds, assessment should be done several days (1 week)

after treatment, as opposed to the same day of treatment.

seedspresoakedoftreatmentwaterof hotResults

demonstrated that complete control of A. besseyi can be achieved at

much lower temperature regimes (54°C for 15 min) compared to dry

While hot water treatment of presoaked seeds atseed treatment.
54°C for 15 min did significantly affect germination, vigour and the

normal growth of seedlings of some cultivars, higher temperatures

such as 56°C for 15 min killed almost all seeds of most cultivars.

treated and

At higher treatment temperatures of 60 and 62°C, exposure

and not the
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For seeds, both temperature and

exposure significant factors (in the germination of

treated seeds)which interacted significantly, such

treatment temperature, an increase in the exposure time resulted in

in to

germinate or germinated into weak seedlings.

Some rice cultivars exhibited great sensitivity to increases

in temperature, others reacted positively but moderately, while a

few showed negative correlation with temperature. It was observed

that genetically related cultivars reacted in a similar manner and

within the same range.

studied hot water treatment methods, as it significantly controlled

and itsseedtheeffectsdeliteriousA. besseyi without on

subsequent performance in germination, emergence and yield. Dry

if cbnduceted on seeds of goodless complicated procedure which,

improve germination performancequality, over

untreated seed.
Hot water treatment of presoaked or unsoaked rice seeds at

regimes significantly controlledtemperatures and timesuitable

seedborne A. besseyi and, depending on the rice cultivars, increased
In the case of the rice

variety, Bagamoyo, the quality of rice grains and percentage grain
Yield increases of 10ripening was also considerably improved.

27% were obtained for experiments that involved hot water treatment

of presoaked seeds.

grain yield and/or the unit grain weight. 
acVvnr __

seed treatment was considered better because it is logistically a
"Z.c>r-' V wc.1

may even

Dry seed treatment was considered the better of the two

that at each

that of

Although most of the grain increases were

that failed

time were

treatment of presoaked

the percentage seedsa significant increase
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statistically non significant, to a farmer, yield improvements of

such magnitudes could nevertheless be economical and desirable,
especially when the increases are obtained through

environmentally safe technology, such as hot water treatment which
need not be repeated for meanwhile it's benefitssome years,

continue to accrue with added grain quality improvements.

concluded that seed-borne A. besseyi does reduce

yield of rice in Tanzania and that the control of the latter pest

results in yield increases, the magnitude of which depends on the

cultivar and on whether or not HWT was done to presoaked or unsoaked

seeds.

Older rice seeds sensitive to hot waterbecame more

treatment suggesting a breakdown in tolerance as seed quality and

viability decreased with age.

followingtreatmentof hot watereffectsadverseThe

preasoaking included loss of viability,
The latter two forms■/ production of abnoramlly germinated seedlings.

of abnormality were found to be intermediate stages between total

More sensitive cultivarsloss of viability and normal germination.

lost seed viability, tolerant cultivars lost vigour or germinated

into abnormal seedlings and, the less vigorous seedlings failed to

successfully germinate from suboptimal seedling depths of 6.0 and

7.5 cm, especially seeds treated following presoaking.

Hot water treatment of presoaked seeds delayed onset of, and

peak germination, attainment of maximum germination, significantly

reduced the actual percentage germination and emergence and resulted

debilitated and abnormal seedlings,inin significant increases

a low-cost and

It was

reduction in vigour and
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which failed to perform optimally under stressful germination

conditions.

abnormal, might not recover well enough to yield to their full
potential.

Dry seed treatment studies showed that rice ofseeds

treatment with temperatures ranging from 48°C to 60°C for up to 20

min. In fact, dry seed treatment at 60°C for 10 min and treatment

of presoaked at for min significantlyseeds 48°C 20 improved

germination and emergence of studied cultivars beyond that of the

treatment ofcontrol. for both dry seed treatment andHowever,

shown that older seeds were significantlypresoaked seeds, it was

adversely affected by hot water treatment.

While dry seed treatment could be tolerated by more rice

oftreatmentcultivars

lowercultivars atby fewer ricetoleratedpresoaked seeds was

temperature and time ranges.
Seed treatment with carbofuran before planting or carbofuran

treatment to the soil during tillering and flowering of rice was not

effective in controlling A. besseyi or in improving grain yield.

However, carbofuran soil treatment at planting and booting stages of

rice improved grain yield, especially treatment during booting stage
Carbofuranyield improvement. soilsignificantinresulted

treatment at planting increased yield by increasing unit grain
weight, while treatment at booting increased the numbers of grains

On the whole, carbofuran treatments were surpassed in yieldformed.
performance by hot water treatment. It was concluded that hot water

It was considered that, seedlings thus debilitated or

different cultivars were able to germinate and emerge well after

over wider and higher treatment regimes,
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presoaked rice seed was

carbofuran treatment in controlling A.

improving rice yield. Hot water treatment is therefore recommended
for it s excellence in the control of A. besseyi, in improving yield
and seed quality and, for being cost-effective and environmentally

safe.

The fifth day after the first signs of booting was shown to

be the critical period for infection of developing panicles with

A. besseyi adversely affect yield parameters. The latter results

demonstrated that A. besseyi

Investigations of the effects of differentgrain yield of rice.

levels of A. besseyi in the seeds on the yield of rice demonstrated

that, there are levels below and above which yield will or will not

be adversely affected by seed borne A. besseyi.

The present study demonstrated that, the white tip nematode

Aphelenchoides besseyi Christie, is an important pest ofof rice,

rice in Tanzania, which should be considered as a constraint in rice
It can effectively be controlled by hot water treatmentproduction.

of rice seeds to the benefit of Tanzanian rice growers.

besseyi, as well as in

treatment of unsoaked or

can significantly adversely affect

better than
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Appendix 7.1
Treatment combinations

atinoculated with distilled water1.

withinoculatedtillers2.

3.

4.

5.

inoculated with6.

with7.

with8.

9. with

10.

11.

12.

13.

c
11

Control half at third day = half the tillers inoculated with 
distilled water on third day from first sign of booting.

Control half at third day = half the tillers inoculated with 
distilled water on third day from first sign of booting.

Control half at fifth day = half the tillers inoculated with 
distilled water on fifth day from first sign of booting.

Control = all tillers 
first sign of booting.

Half at fifth day = half the tillers inoculated 
nematodes on fifth day from first sign of booting.

Half at third day =■ half of the tillers inoculated 
nematodes on third day from first sign of booting.

Half at seventh day = half the tillers inoculated 
nematodes on seventh day from first sign of booting.

All at third day = all tillers inoculated with nematodes on 
third day from first sign of booting.

All at fifth day = all tillers inoculated with nematodes on 
fifth day from first sign of booting.

All at seventh day = all tillers inoculated with nematodes on 
seventh day from first sign of booting.

All tillers at first sign = all 
nematodes at first sign of booting.

Half at first sign = half the tillers 
nematodes at first sign of booting.

Control half at seventh day = half the tillers inoculated 
with distilled water on seventh day from first sign of 
booting.

if


