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MINUTES OF THE BUSINESS SESSION - JULY 5, 1974

The business session was called to order by the President, Mr. Hugh Miller at 2.15.p.m. on

Friday July 5, 1974 at the Pegasus Hotel, Kingston, Jamaica.

1. Presidential Address

In a brief presidential address Mr, Miller extolled the efforts of the officers of the
Society and the committee members who had worked so hard to assure success of the Twelfth Annual
Meeting. He pointed to the growing number of scientific associations covering the Caribbean
region and suggested that more attention be given by the Society in future to exploring areas of
possible co-operation with such groups. He suggested that in view of growing interest in the
production and utilisation of root crops a special yam study group be set up to identify research
needs in yam production and utilisation, to secure a co-ordinated approach to the problems of yam
research in the Caribbean area, and to facilitate exchange of information between research workers

in the several territories comprising the Caribbean area.

2, Treasurer's Report

The Treasurer's report as below was presented and duly accepted.

(1) Balance Bank Statement June 30, 1973 U.S.$3,493.71
(ii) Receipts* July 1, 1973 - June 20, 1974 1,478.27
Sub-Total U.5.$4,971.98



(iii) Expenses July 1, 1973 to June 20, 1974
Barbados meeting -~ 1973
Travel & Hotel $424. 80 $

Funds to cover local

committee deficit 481. 00 905. 80
Printing 1970 proceedings 350.00
Printing 1972 " 783.75 1133, 75
Newslettexs 76. 31
Professional Reglister 75. 00
Postage 160. 38
Stationery 37. 50
Addressograph work 47. 88
Advance to Jamaica meeting 101. 00
Total $ 2,537.62
{iv) Balance June 20, 1974 2,434.36
Receipts*
Membership fees collected Barbados meeting (86 members) $ 430.00
Membership fees collected by mail (43 members) 215.00
Sustaining members fees (3) 300.00
Transfer of funds from Trinidad meeting 533,27
L.z
3. Proposal for the setting up of Yam Study Group

This proposal was enthusiastically adopted by the meeting and the study group was duly
set up.

Asked to serve on the study group were:

Dr. T. Ferguson (Trinidad} Chairman and Convenor
Mons. L. DeGras (Guadeloupe)
Dr. L.A. Wilson {Trinidagd)
Dr. L.B. Rankine (Jamaica)
Miss G. Hickling (Jamaica)
Mr. J.P. Jeffers (Barbados)
4. Membership Fees

The meeting next considered a proposal that the fees for active membership in the Society
should be increased from US$5.00 to US$L10.00 per annum effective as from year beginning July 6, 1974.
Notice of this motion had been given at the llth Annual Meeting in Barbados and the proposal was

approved unanimously.



5. Election of Officers and Board of Directors 1974-75

The following were elected to sexrve on the 1974/75 administration:

President
Vice-President

Secretary

Treasurer

Board of Directors

Dr. Syed G. Haque
Dr. Laurie Wilson
Mr. G.C. Jackson

Dr. George Samuels

Chairman Mr. Hugh Miller
Member Mr. Ronald Baynes
Member Mr. H. Beckford
Member Mr. L.A. Cross
Member Mr, L, DeGras
Member Dr. Fenton B. Sands
Member Dx. Carl J. Walter
Location of 13th Meeting - Caribbean Food Crop Society

Trinidad
Trinidad
Puerto Rico

Puerto Rico

Jamaica
Barbados
Jawaica
Trinidad
Guadeloupe

U.S. Virgin Is.

Grenada

It was proposed by Dr. L.A. Wilson and unanimously approved that the 13th Anmal Meeting

of the Society be held in Trinidad.

Registered Participants in 12th Annual Meeting - Caribbean Food Crop Society

Countxy Name Country Name

Antigua J.W. Cusworth (ODA) Guyana Dr. Amawale
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R. Walter

R. Shulterbrandt
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GENERAL PROGRAMME

Arrivals and welcome - Cocktails, Courtesy Antilles Chemical Company

Registration
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Address: Hon. Keble Munn ~ Minister of Agriculture, Jamaica

Message from Hon. Galo Plaza = Secretary-General, OAS delivered
by Mr, C. Braggiotti, OAS Representative, Jamaica

Technical session 1 (3 papers)
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Technical session 2 (2 papers)
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Technical session 3 (2 papers)
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Some Economjc Agpects of Root-Crop Production ip Jamaica
Lloyd B. Rankine

Faculty of Agriculture, U,W,I. Mons
Jamaica

UMMARY

In terms of total production as well as yields per acre the Yam (Dioscorea spp.)
is the most important root-crop in Jamaice and a major component of the sub-gector
commonly designated "Domeatic agriculture,”

In 1962 this sub-sectdr contributed %15.5 million to the GDP. By 1972 this
had incressed to $24.9 million having achieved an annual growth rate of 5.,4% while the
agriculturel sector as a whole grew at only 3,2% per annum and the economy ae & whole
achieved a growth of 5.3%,

Yam production over the period 1965 - 1972 represented between 50% (1965)
and 6L% (1968) of the production of the major root-crope grown in Jamaica including
sweet potatoes, irish potatoes and others, and averaged 50% over the period. Production
of Yams rose from 56,6 thousand tons in 1965 to 164,000 tons in 1972,

Yams as_an Earner of Foreign Exchange

Reports by the Agricultural Marketing Corporation disclose that for the
period 1964 - 1971 approximately 14,3 million 1lbs. of Yams were exported by that
Corporation bringing in approximately $0.,71 million in foreign exchange. Private traders
also are believed to have exported significant quantities.

Varjeties

Among the ten (10) most popular varieties of Yame grown in Jamaica - Yellow
yams have been predominant, averaging annuslly 33,000 tons over the period 1965 - 1972
or 35.6% of the total Yam production, with Negro yam 21,800 tons of 23.7%, Renta yam
1,760 tons or 14.% and Lucea yam 7,600 tons or 8,2%,

Employment

It is estimated that 28, 018 acres-.devoted to Yam production in 1972 provided
3,299,679 man days of employment on farms in that year, Additional employment
opportunities were provided by marketing and processing activities in the public and
private sectors,

tus of Yar F Ite

Yams constitute a major food item in the local dletary. The nutritional
value of yauws compares favourably with that of Irish potatoes and other root-crops.

One thousand grams cen supply just under % the daily requirements of calories
for an adult male, approximately 30% of the protein requirements, nearly % the fat
required and more than adequate iron, nearly twice the requirement of Vitamin C and also
some trace of Vitamin A,

€8 with Man tur : Examples of linkages cited are -
(1)  the manufacture of Instant Yem in Barbados

consisting of yam flakes



(2) current investigations into the incorporation
of Yam Flour into Baking Flour and use of
root-crops as animal feeds.
Characteristics of the Root-Crops Industr
Production is seasonal =~ periods of abundance allowed by periods of scarcity
with corresponding price fluctuations,
Research inputs are small and spasmodic without fefined policy objectives.
Only small increases have been noted in yields/acre from year to year.

Effect of Government Policies

Establishment of the AMC providing a guaranteed market at guaranteed prices
for root-crops and initiation of a subsidy programme are considered to be largely
responsible for the expansion of production of root-crops between 1969 and 1972.
During this period yam production increased from 68,900 tons to 163,900 tons,

The AMC has done much to develop the export of Yams and presently handles
between 10 and 20 per cent of all domestic food crops produced in Jamaica.

The Agricultural Subsidy Programme provided a subsidy limited to $16 per

acre of Negro yam (D. rotundata) White yam (D. alata) or Yempie (D. trifida) grown

by small farmers and to a limit of 2 acres per farier. Subsidies paid out over the
period 1969-1972 totalled $208,812 for Negro yams (13,050 acres) $10,825 for Yampies
(676 acres) and $8,83L for White yams (552 acres).

It appears that approximately 7% of all Negro yams planted received
subsidy, 37% of the Yampies and LO% of the White yams planted.
Trends, Acresge and Yields

The Paper presents Tables which indicate continuous annusl increases of
acreages planted to Tellow yams, Negro yams, Renta and Yampies between 1967 and 1972.

White ysm after showing marked increases between 1970 and 1971 showed a
slight decrease between 1971 and 1972. This might be due to depradation by nematodes

and disease problems.

Preliminary data for 1973 indicate the likelihood of a decrease in sll yam
acreage harvested during 1973. This may be partially attributable to a prolonged perio
of low prices combined with spiralling input costs and partially to pest and disease
infestation,

Cowmparison of yield per acre from one year to snother show variations
upwards and downwards which may reflect weather effects. However, over the six year
period 1967-1972 the average annual production of Lucea yam increased to 5.34 tons
from 4.97 tons per acre in 1967.

Negro yam at an average of 5.64 tons showed no appreciable change, neither
did Renta or White yams averaging 4.79 tons. Yellow yams with an average 4,38 tons
showed variations upwards and downwards, but Yampies at 2,75 tons per acre showed
an increase over the 1967 average of 2,54 tons. Other varieties showed no significant

change.



The Author suggests that the deficiency in research inputs directed towards
development of a complete package of technological improvements may have been responsible
Tor the rather static position of Yam yields in the country.

Eroduction Sygtem

The bulk of the island's yam planting takes place January to March and
harveating is continuous between September and January. However, owing to climatic
variations some Yams are availsble at all seasons of the year,

Lucea yams are grown chiefly in the Grange H1ll Land Authority area while Negro
yam and Yellow yam are concentrated mainly in the Christiana area.

Yams are most commonly planted on hills with spacing varying between 3 x 3
and 7' x 6. Small tubers, heads or bite are normally used for planting.

Yams are staked using Bamboo or Hard wood poles - and cultivation practices
are normally restricted to weeding, twining of the yam vinea sround the stakes and
application of fertilizer, Chemical weed control is rarely practiced. Great care is
exercised in hervesting to avoid damage to tubers - a pointed stick is commonly used.
After reaping, the yams are exposed to the sun for drying - this facilitates removal
of excess earth and promotes healing of any tubers damaged during harvest. The system
of yam production adopted is highly labour intensive and 1ittle use is made of mechanical
equipment., Production units are often fragmented.

Economics

Data provided by the Agricultural Planning Unit and from a& survey conducted
1968«1970 involving 98 farms, suggests that Yam growing was only marginally profitable
in two Land Authority areas while other areas showed losses up to 9 cents per 1b. These
returns are based on Farm Gate prices ranging between L and 6 cents per lb. which are
closely related to prices pald by the Agricultural Marketing Corporation.

Cost of production varied between 4 cents per 1lb, in the May Pen area to 14
cents in the Grange Hill area. The average overall being 7 cents per 1b.

Labour expenses varied between 33% and 60% of total costs. Land preparation
involved the highest labour inputs ranging between 44 to 66 man days per acre.

Planting involved an average of 11.5 man days per acre ranging between 5.85
in Christiana to 25.5 in Grange Hill, Weeding and other cultural operations, excluding
fertilizer application, averaged 19.56 and 12.59 man days respectively.

Harvesting involved an average of 15.95 but ranged between 11.50 and 24.50,

Total man days required per acre per crop ranged between 91.62 to 152 man days.

Family Labour
Family labour contributed an average of 45 man days per acre tut ranged

between a low of 28,25 and 74.62 man days.

Yield Per scre ranged between an average of 3.5 tons in some aress to over 5 tons per

acre in others.
It is concluded that there 1s considerable scope for improvement in the

majority of the farms surveyed (these were mostly on farme of less than 5 acrea in size).

3.



Labour Produetivity
The survey indicated that the overall average productivity per man day
employed on the farm was 69.43 lbs. of yam ranging between a low of 4O and & high

of 99 1bs.

Marketing Agpects

While retail price to consumers varied between 40-25 cents per 1b, prices
paid to farmers ranged between 4.29 and 7.38 cents in 1972 and between 6.33 and 10 cents
in 1973. A Table is presented sbowing monthly prices paid to farmers by the AMC between
4967 and 1973 for six different varieties and another showing annual average price paid.
The latter indicates a steep increase in the prices for Yellow yam between 1972 and 1973
(from 4.29 cents to 10 cents) and modest increases in other varieties, following eBix
years of virtual price stagnation.

The Table of monthly prices indicates wide fluctuations depending on availability
of supplies ~ Luces yam for example ranging between a low of 5.50 cents in Jesnuary to a
high of 10 cents in July and Yellow yams from a low of 3,91 cente in January to & high
of 6.86 cents in August.
The Export Market

Between 1964 and 1970 over six million lbs of Yams were exported to the U.S.A.,
the U.K., Canada and other Caribbean islands. Between 1971 and 1973 another 3,9 million
lbs. were exported but a decline which started in 1971, has developed - due, 1t is
suggested, to competition from Africa and other Caribbean countries,

The Author proposes that in order to expand the export market it will be
necessary -

(1) to change the form in which the product is now available

(2) to increase the protein content of yama

(3) to secure greater co-ordination of export activities between

Caribbean exporting countries

Long Term Development Planning

The Author suggests that in order to promote sound development of the Yam
industry it will be necessary -

(1) to effect the utillzation of land with high production potential

than those now commonly used for the crop
(2) to mobilise resources of research to develop a package of improved

production techniques.

LA LA 2L T2 2 DT LY DR PP g ey
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AGRONO! .| D
b4

Theodore U. Perguson

Faculty of Agriculture
University of the West Indies
St. Augustine, Trinidad,

INTRODUCTION

Yams are one of the more important food crops which can be found growing throughout

the region. Yams are particularly valuable in the economies of Jamaica, Barbados, and St,
Vincent. Jamaica is by far the largest grower, producing over 150,000 tons. Production in
Barbados is estimated to be 15,000 - 18,000 tons (Gooding, 1970). Production in St. Vincent

is estimated to be less than 500 tons.

In this paper various aspects to the agronomy will be examined and auggestions for

improvement made,

YARIETIES

Varieties belonging to all the major edible species can be found throughout
the region. The major edible species are Dipscorea rotundats, D. cavenepsis, D. alata,
D. trifidg end D. gsculenta. Each of these five epecies contein a large number of
varteties which carry local names. Ferguson (1970) noted thet the same variety may
carry the same name in different areas and varieties of the same name may be of
different species. This confusion has led to difficulties in the identification and
classification of verieties. The work of Gooding (1960) has gone &8 long way in
helping to sort out this problem. Martin (personal communication, 1972) has recently
made a world collection of all the major edible species and is in the process of
clessifying them, Degras gt al. (1973) have collected and described a large number of
varieties in Guadeloupe,

Table I lists some of the more inportant verieties found in cultivation in
the Commonwealth Caribbean region. The Chinese yam has been recognised as a variety
with great potential (Ferguson and Haynes, 1970a) but it 1s still to be cultivated
widely,

-6-



TABLE I SOME IMPORTANT VARIETIES OF YAMS
AND THEIR DISTRIBUTION IN THE
CARIBBEAN REGION

Veriety __ Species Area(s) of lmportance
White /1isbon D. glats Barbados, Trinidad
(Farm Lisbon

Crop Lisbon) St, Lucla, Leeward Is.
Coconut Lisbon D. alata Barbados
Oriental D. plata Barbsados
Renta! D, alats Jamaica, Tobago
White D. alats Jamaice
Hard D, alata Jamaica
Sweet D, alats Jamaica
Water Yam D. alate 8t, Vincent
St. Vincent D. alats Jamaica
(Barbados)
Statia D. glats Leeward Islands
Bottle~neck D. alats Leeward Islands
Negro D. rotundata Jamelca
Lucea D, rotundats Jemaica
Portugese D. rotupdgta St. Vincent
Eboe D. retupdata Tobago
Antoine D, rotundatg Dominica
Yellow D. cavenensis Jamaica
Yellow Guineau2 D. cavenensig Grenada, Trinidad
(Yem-a~tou-temps)
Round Leaf Yellow D, cayenensis Jamaica
Cush Cush D, trifids Trinided, Guyana,
(Yanpte ) Jamaica
Chineee D. gsculenty Of minor importance
(Sweet, Fancy in Trinidad, Windwerd

China) Islands and Jamaica.
Pana D. esculenta Tobago

1

May be different varieties in Jamaice and Tobago.
2

May be the same as Yellow yam in Jamaica,

Called Yampie in Jamaica.

-5-



PLANTING MATERIAL

Yams are propagated commercially by using either whole underground tubers
or pieces of underground tubers. The propagules are called setts. The type of sett

used and ite method of producticon vary with species,

(1) D. gsculenta

For D. esculents (e.g. Chinese yaum), small whole tubers are normally used. These
tubers may very in size from 25 - 4100 gn, They are usually the small unmarketable
tubers of the previous crop.
(11) D, trifids

For D. irifida (e.g. Cush-Cush or Yampie), small tubers or pieces of tubers of
about 50 ~ 100 gme are used., Ferguson (1973) noted that tubers decompose rapldly after
cutting and suggested that unleess suitable methods could be found to prevent this

raplid decomposition the use of cut pieces of D. trifida should be avoided,

(411) D, alata

For D. glate most farmers in the region use setts ranging in weight from 100 gms.
to 300 gms. In Barbesdos, St. Kitts and Trinidad the sett size for the White Lisbon
variety is normally in the range of 115 - 175 gms. However in Jamaica setts of up to
3 Kg are often used for some varieties.

Setts of D. @lata may be pieces of large tubers or whole tubers of the appropriate
weight., Pieces of large tuber {called "bits" in Jamaica) may be taken from any part of
the tuber, Those from the head or top section (proximal to the vine) are cslled heads,
those from the middle section, middles and those from the bottom or tail section, tails.
Heads are generally preferred to middle and tail setts. Ferguson (1973) found that
heads of White Lisbon yam are very efficient and setts as small as 57 gm will give good
yields. Small whole tuber of D. glats are often preferred by farmers., However, experim-
experimental evidence indicates that whole tubers of eguivaient size of heads, middles
or talls are inferior to these setts (Gooding and Hoad, 1967; Ferguson, 1973), One
poseible disadvantage in using small whole tubers is the probability of selecting for
genetically low yielding clones (assuming some genetic variation within a given poplustion)
and diseased material, For best results it is recommended that setts should always be

taken from large healthy tubers of varieties of D. alata.,

Aerial tubers of yams are not normally used as setts in c ommercial production.
Ferguson (1973) has shown that yielus of over 4O tons per ha can be obtained using
serial tubers as setts in White Lisbon yam. Aerial tubers are however secondary
carbohydrate sinks and sesimilates are only diverted to these when the primary sinks
(the underground tubers) have achieved their maximum bulking rate, As a result only
e limited amount of aerial tubers are normally produced and the majority are very small
(less than 3C gms), The writer is of the opinion that it is physiologically possible
to develap a system which will allow for greater aerial tuber production in some D. aglatg

verieties. This is an obvious area for future research activities.
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(1v) 2. rotundats

The system of obtaining setts for propagat on of D. rotundats differs markedly
from those described for D. alata, D. trifids and D. eaculepts. Varieties of D. rotundata
are normally propagated by setts which are called yam heads locally. A yam head is the
secondary underground tuber produced by the yam plant and harvested 3 - 5 months after
the primary tuber(s) 18 harvested. In this system, at 6 - 8 months mfter planting
the hill (most of the D. potundats yems are grown in hills) is carefully dug on one side
80 as to avoid destroying many roote. The primary tuber(s) is removed by slitting just
below the primary nodal complex {cf, Ferguson, 1973)., The hill ie then remade and left
intact for another 3 = 5 months. During this time the plant producees another tuber(e)
which i8 harvested as the yam head, Great variation existe in shape and size of yam
heads so produced. They may vary in weight from 0,5 Kg to 5 Kg. These are often planted
without any selection., Farmers in Jamalca seem to prefer yam heads in the range of 0,75 =
2 Kg for Negro and Lucea Yam.

The primary tubers of D. rotundagtg may also be left in the soil undisturbed for
9 = 12 months end then harveated, When this is practiced the head section is cut off

(Junked) and used as a sett. The size of thease setts are usually in the range of 0.5 - 3 Kg.

It 18 the writer's opinion that under good growing conditions such large setts
sre not necessary. It is his view that the size of yam heads in Jamaica has increased
over the years through an unconscious attempt by farmers to combat the plant parasitic
nematode problem (to be discussed im more detall later in this paper). Thie is an area
which requires immediate investigation not only to increase yilelds but to reduce
the financial outlay for the large quantity of setts reguired.

In some varieties of D. rotundsts (e.g.Lucea) it is poseible to use pleces of
large tubers other than from the head region as setts., However they do not sprout as
readily as head setts and more failures are likely to occur after planting. They sare
only recommended for general use when there is a shortage of head sette,

(v) . cayenensis

Por D. gavenensis, sette are usually collected by taking the head section of
mature tubers (1.e. head setts as a result of junking). As for D. potundate these are
large (1-4 Kg) and sometimes consist of 50% or more of the primary tuber, 8Some varieties
are aleo cut (8lit) early and yam heads allowed to develop. Again these are large (1-4 Kg).

Indications are that the nematode problem may be greater in this species,

TIME QF PLANTING
There are two main periode in which yams are planted in the Caribbean region =
April to June and November to March. Varieties belonging to D. alats, D. esculenta
normally planted in ther period April to June and varieties belonging to D. rotundatg
planted in ther period November to March. Many varieties of D. cavepensig (e.g. Yellow
yam, Yag=a-tou-tegps) can be planted all year round. They are however moetly planted in
the period April - June,
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The tubers of all edible yams have a dormant period which may vary from 3 weeks
(Yellow yam) to 3 months (White Lisbon). As a general rule sll yam tubers should
be planted just before they begin sprouting towards the end of their dormant period.

Yans are often plented late in the Caribbean. Late plenting has been shown to
result in low yields (Gooding & Hoad, 1967; Enyi, 1970). In later planting, setts
are often taken from sprouted tubers. Substantial asmounte of carbohydrates, minerals
and other growth factors would have moved into the growing sprout from the tuber,
S8etts taken from such a tuber, in which the sprout is usually broken off, are obviously
weakened setts and can only produce a poor plant which will most likely give a poor yield.

In Trinidad and Barbadoe where the White Liebon yam is grown it is essential that
all yams be planted before the end of May which represent the end of the dormant period
in this variety,

It should be noted that good sgronomic practices are unlikely to compensate for
poor setts planted late,

Early planting of D, alatg by the breaking if dormancy in tubers with 2 - chloro-
ethanol is possible (Campbell et al, 1962; Ferguson, 1969). The commercial feasibility

of this approach is however still to be demonstrated.

LAND PREPARATION

There are two distinct systems of land preparation for yams in the Caribbean =
the hill (mound) eystem and the ridge system.
(1)  Ihe nill svetea

Hills are used extensively throughout the region, Barbadoe 18 one of the few
territories where they are hardly used,

In this system a hole which may vary in width and depth from 0.5 - 1m is dug.
the hole is then refilled with loose 8oil and trash or trash alone and then mounded up
with soil, The hills may very in height from 20 cm to 90 cm. Two to six yam setts are
planted around the top of the hill depending of varlety,

In Jameica, where large quantities of yams are grown and most of these on hills,
the preparation of the yam hill is a key operation in their system of production.
Digging yam hills as 1t is called 1e considered to be one of the more expensive and
laborious operations,

On heavy soils the holes are often dug and the soll so removed left to dessicate
for a fow weeks before the hole is refilled., Dessication of the soil seems to offer
two advantages:

(a) The structure of the soil is improved by weathering in the open and

(b) eome plant parasite nematodes are likely to be killed by the drying of the

of the soil,

The soll between hills is often forked and intercropped,
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Two of the major problems encountered in using hillas are the limitations of
mechanisation and the aggravation of soil erosion on sloping land., Hills are not
easily made mechanically and a8 a result their formation will moet certainly continue
to be manual. The high labour input will greatly restrict the acreage any one farmer
can handle., The use of hills on steep hilleides is common throughout the Caribbean.
801l erosion is greatly increased when hills are formed on such slopes. The soil
erosion problems in the yam growing areas of Christiana and Lucea in Jamaica are well
known, The introduction or iRcreased use of soil conservation measures and/or the
moving of yams (and other root crops) off the very steep hilleides are topics
warranting immediste attention,

(11) ZThe ridme system

Ridging has been in use in Barbsdos for many years. In that country yams are
traditionally planted on wide ridges (1,68 m) which are prepared for sugar cane
cultivation., It has been shown that higher yields can be obtained with ridges at 0.48 m
apart (Gooding and Hoad, 1967)., However, only very few Barbadlan farmers use narrow
ridges,

Ridges are also used to a limited extent in St. Kitts, Antigua, Puerto Rico and
Jamaica,

Ridging is an operation that is very easy to mechanise. It is also substantially
cheaper than forming hills. Forming ridges on the contour on hillsides is ora way

of reducing the soil erosion problem.

Before ridging it is recommended that the lemd ehould be ploughed, harrowed
and rotavated.

EBLANTING

Planting of yams 1s normally a manual operation in :11 Caribbean territories
whether ridges or hills are used. BSette are usually planted to a depth of 5 - 8 cm.
In Jamaica 2 or 4 setts are planted ver hill. The total weight per hill is usually
in the region of 3 - 5 kg.

Mechanical planting of yams has been tried in both Trinldad end Barbsdos. In
Trinidad a modified potato planter is used with some success for White Lisbon yams,.
However, the spacing of that planter ie fixed at 68 cm which is perhape too narrow for
yams. In Barbados, Chandler (1973) has built & planter specially for yams and has had
good success planting White Lisbon yams on ridges 1,68 m apart.

SPAQING
Spacing between hille range from 1.5m x 1.5 to 3.0m x 3.0m. Thise gives a range
of 1,110 to 4,ulLO hills per hectare and plant population will range from 3,330 to 13,320
plants per hectare when three setts are planted per hill, ’

In Barbados yams are usually planted on ridges 1,68m apart and spaced 0.75



t0 1.50m apart in the row. Closer ridge epacing of 0.8um and setts spaced at

0.75 in the row has been shown to give higher yields (Gooding and Hoad, 1967). Most
farmere however etill persist in using wide ridges because the yam as grown in
Barbasdoe is a secondary crop grown in a system intended for suger cane.

Ferguson (1973) showed that in White Lisbon yam spacing is closely interrelated
with sett size in ite effect on yleld, The total amount of setts planted per acre is
the seed rate and it can be varied by changing either esett eize or pacing. As asymptotic
yield response curve is got when seed rate ie increased, Head Betts are more efficient

and the optimum seed rate for head setts is lower than the optimum seed rate for middles,

STAKING

Yems are normally staked in the wetter territories, They are not etaked in
Barbados, Antigua and St. Kitts. In Jamaica and 8t. Vincent, two wet territories, there
are some varieties which are grown without stakes. For example the White Yam (F. alatg)
in Jamajca and Water Yam (D. glatg) in St. Vincent are not usually staked. In both
these countries some highly valued D. protundats verieties are always staked (e.g. Negro
and Lucea in Jamaica and Portuguese in St. Vincent).

Staking has been shown to increase the yleld of D. alats in Trinidad (Chapman, 1965)
and D. rotundats in Puerto Rico (Caro-Costas & Servando, 1968). Increases in yield by
staking are not always economic and the recommendation for a particular area must always
take into consideration the variety, the cost of staking and the local climatic conditions.

The traditional system of staking involves the use of individual polee. These may
be bamboo or some readily available wood. In the hill system one pole is normally used
per hill end where ridges are used on pole may serve 2 - 4 plants., Poles may vary in
height from 1m to over 6m., In Jamaica short poles ({1-2m) are used for Sweet yam wheresa

poles for Negro, Lucea and Yellow yams are often over 3m.

Staking by the use of individual poles is another expensive and leborious operation.
In Trinided, Haynes (1967) described a trellis system of staking developed at the
University of the West Indies. It involves the use of slung wires which are supported
by teak poles and bamboos. Thia system has been modified by Payne (41971) and introduced

to Jamaica for use on D. rotundatg snd D, cavenenpis. Not many farmers have adopted this
system and some likely reasons are:

(4) Lack of ready cash or credit for the high initial
. capital required.
(2) The small acreage grown by the farmer may not justify
the use of this system, )
(3) It ie not suited to the hillsides where most of the
yam farmers are located,
(4) It doee not stand up to high winds.
(5) Some farmers (in Jamaica especially) already have expensive

hard wood etakes.
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HEED CONTROL

Practically all weed controls in yems in the Caribbean region is done by
hand. Generally at least two hand weedings ere required during the life of the orop.
In Berbados yams are planted in fields which are more or less weed-free as a result
of being in sugar-cene for the previous 4~5 years, Under such circumstances only one
hand weeding may be necessary. In Trinidad on the other hand, weedy fields are the
rule and crops are sometimes weeded as many ae seven times (Newhouse & Wilson, 1969).
In Jamaica crope are usually given 2 or 3 weedings,

The herbicides atrazine (Gesaprin 80) at 24Kg/ha is recommended for weed
control in yams (Kessasien & Seeyave, 1968)s It is used regularly by a few farmers
in Barbados. In other territories 1t is rarely used. Christie (1973) recommended the
use of either ametryne (Gesapax - Combi 80 WP) at 4.5 = 6,7 Kg/ha or atrazine (Gesaprim
500 FW) plus ametryne (Gesapax 500 FW) at 1,2 = 1,9 liters/ha each for weed control

in Yellow yams,

MULCHING

Mulching ia practiced to any great extent only in Jamaica, Banana leaves
green trash may be used. Mulching helps by reducing weed growth and conserving moisture.
It may also have some benefit in the moderation of soil temperatures and possibly on
the reduction of plant paresitic nematode population., This 18 an area which requires

some investigation,

FERTILIZER USE

The status of fertilizer use in yams in the Caribbean ie somewhat confusing.
In Trinidad. although fertilizers are recommended for use in yams, they ere hardly
used, In the Windward Islands fertilizers intended for use on bananas are often used
indiscrimately on yams. In Barbados some farmers use sulphate of ammonia and muriate
of potash applying about 190 Kg/ha of each., In the Leeward Islands fertilizers are
often not used. In Jemaica some farmers use 0,25 Kg to 0.50 Kg of 6:18:27 or 6:6:18
per hill.

Ferguson & Haynes (1970b) noted that different varieties respond dAifferently
to the same fertilizer application. It is therefore important to know the response
potential of a particular variety before firm fertilizer recommendations could be made.
Recommendations will of course have to vary with soil type and looel climatic conditions.

Chapman (1965) ana Ferguson & Haynes (1970b) found that the yield of the
White Lisbon yam increases with increamsing nitrogen application. Chapman (1965)
recommended nitrogen application at 3 monthe after planting but Perguson and Haynes
(1970b) presented evidence which indicates that the plant may be able to utilise added
nitrogen from sbout eight weeks,

Payne (1971) recommended tae use of 630 Kg/ha of the NFK fertilizer, 12:24112,

for negro yam on the red and brown bauxite soils of Jamalca.
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ERUNING

The pruning of side shoots of yame has only been observed on Negro and
Yellow yams in Jamaica. The side shoots at the bage of the main stem and weak stems
are removed. In relation to the labour input involved this operation seems to be of
gueationable value. Farmers cleim benefits from the increased amount of light
reaching the hill and the increased ability of the main vines to climb the stakes.

This is another area for research.

FLANT PROTECTION

Field observatione indicate that nematode damage (locally cslled tuber “burn")
is rampant in many areas of Jamaica., Yellow yam and Yempie appear to be among the more
susceptible varieties, Nematodes in addition to reducing yield may reduce *he iife
and lower the quality of the tubers in storage and greatly reduce the quality of
the setts.

Although there is no published data (at least to the writer's knowledge)
on the magnitude of the nematode problem in yams it is the writer's firm opinion that
this could be one of the most important factors affecting yam production in Jamaica,

There is immediate need for

(1) a survey of all yam growing areas for plant parasitic
nematodes to establish genus and species of nematodes, invo..cd,
varietal susceptibility, variastions according to soil types and
other ¢limatie conditions, etc.

(2) the development on a field scale of a system of producing nematode~
free planting material,

(3)  the control of nematodes in the field.

Fungal leaf diseases pose real problems in Jamaica, Barbados, St. Vincent
and Trinidad., The most serious disease is the black spot on leaves, This disease if
of a complex nature and two of the casual organisems have been identified to be
Ehyllosticta spp. and Collecotpichum spp. Control is achieved in Trinidad with regular
sprays of Miltox and Dithane ML5. Benlate is recommended for use in Barbados., Control
measures are however not widespread among farmers,

Another serious disease of importance in the region and which has at times
assumed edpidemic proportions in Barbados is the internal brown spot of tubers. A
research project is now in progress on this disease, which is believed to be causca by
a virus, at the University of the West Indies, It is discussed in more detail in &

paper elsewhere in these proceedings,

CROPPING SYSTEMS

Intercropping yams with wide range of food crops is the normsl practice in
most Caribbean verritories, Crops such as corn, pigeon (gungo) peas, red peas, irish

potatoes, tanniae, sweet potatoes, calaloo (Amarapthue spp.) are often used.
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In Jamaica yame are often rotated with a fallow period. Yams are usually
grown for 3 = 5 yeers and followed by a fallow period 1 ~ 2 years.

Little ettention has been given by agronomists or agricultural economists
to these traditional cropping systems. Some of them merit some study as they may
help us in understanding the versatility of many of our small farming systeme,

In Barbados where yams are grown on a more extensive basis they are rotated
with sugar-cane. The sugsar-cane is grown for 4 or 5 years and theland is then "thrown-out"
of sugar-cane. It is normally cultivated as for sugar-cane and planted with yams on
ridges 1.68m apart at about May/June. Sugare-cane is then planted in the furrows
in about October/November, The yams are harvested in January/February. The land
preparation for the yams is normally charged to the caene crop and the yam is considered
to be the secondery crop. The merits of this system are that farmers get two crops
for the cost of a single land prepsration and a crop of canes is established well
before the onset of the dry season when it would otherwise be difficult. The major
disadvantage of this system is that yams cannot be harvested mechanically because of
the presence of young canes in the furrows, However, until such times that an economical
package for mechanical harvesting can be offered to the farmers they may be justified

in intercropping with canes.

HARVESTING

Harvesting of yans is practically all accomplished with the use of hand
implements. These implements may be garden forks, machetes, hoes or simply digging
sticks. The tool used will depend on the soil type, territory and method of production.
Hoes are used on the light soils of St. Kitts to harvest yams on ridges. In Jamaica
a digging stick is used on lighter soils and a machete or garden fork on the heavier
soils. In Barbados, Trinidad and the Windward Islands the garden fork is the tool
most often used,

Harvesting of yams is considered to be the most laborious operation i yam
growing in Barbados and Trinidad. Mechanical harvesting has been attempted with some
success in both these countries. Campbell (1967) has developed a side-lifter which has
glven very promising results with White Lisbon and Chinese yam in Trinided and with
White Ligbon yem in Barbados, Jeffers and Harvey (1973) reported good results with
a harveating aid in Barbados.

We are still a long way from mechanised harvesting in D. rotundsta and
D, cavenensis,

Research into mechanical harvesting of yams is an area for continued and

increased research input.
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PRO; OK _OF IRISH POTATO (SO! ¥ J;
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SUMMART

Until recently Irish potato production in Jamaics was limited to areas of high elevation

(range 1200 to 3000 ft. a.s.l.),

In these areas suocess of the crop depends mainly upon the incidence of favouradle
rainfall during the growing period and in the area of most extemnsive production (the Christiana
area) the crop is normally grown March to June each year. Production on a amaller scale based

on 8 growing period November to March is also normal in the Guys Hill and Darliston areas.

Variations in rainfall patterns from year to year have created problems for crop
forecasting and marketing. Experimental plantings using overhead irrigation on Newell Clay Loam
(S0il type No. 67) at an elevation of 250 £t. a.s.l. have produced yields of 10 tons per acre from
each of the Dutch varieties "Spunta" and "Arks" planted in early December and reaped in early

March,
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LiTRODYOTICN

Tropical root crops, including sweet potato, yams, edible arcids and cassava are fairly
extensively cultivaved in the Caribbean for domestic consumption and small quantities are
exported to U,K. and U.3, markets. The demand for tropical tubers for processed human foods
(o.g. instant yam flakes) and for livestock feeds, as well as for starch for industrial
utiligation (e.g. in bauxite, textile and adhesive industries) is likely to inorease rapidly in
the next decade. EHowever, root crop cultivation in the Caribbean is characterised by unestab-
1ished systems of production, with high labour inputs, which result in low and inconsistent
yields and seasonal availability of tubsrs, In addition, uncertsin market requirements and
poor marketing arrangements for fresh tubers often lead to wastage and low profitability to
the farmer, As a result, the nuaber of farmers engaged in root crop oultivation is steadily
deolining (Bankine, 1972), Moreover, the inherently poor storage capaoity of tropioal tubers
limites the economic possibilities of the fresh tuber trade.

In these circumstances, a more stable market based on processed end-products would meem
10 be necessary to ensure mores efficient utilization of root crop tubers, in the expectation that
puch efficient utilization will not only stimulate root orop production, tut also increase the
profitatdlity of root crop enterprises, However, the demands for raw material in prospective
processing industries far exceed current root orop production 1;vels. It is suggested, therefore,
that systems designed to achieve massive inoreases in root orop production through increase both
in the produstivity and aocreage of root crop cultivation are urgently required, if current decline
in the number of prastising root crop farmers is to be reversed and root crop oultivation in the

Region is to survive and expand, The major inputs to such systeme are

(a) avallahility of superior cultivars with increased yield potential

(b) eutablished packages of oultural practices for individual root crops.

In this paper, existing levels of productivity in sweet potate and blological constraints
to increasing them are disocussed, and sweet potato compared with other tropical root crope as

staple sources of carbohydrate in the Caribhean.

BESULLS AND DISCUSSION
A COMPARATIVE ACCOUNT OF SWEET POTATO TUBER PRODUCPIVITY.

Data (Table 1) shows that sweet potato productivity in Japau (20 m.tons/ha) is from four

(x4) to ten (x10) times that of the levelfor Uaribbean farmers at 2 - 5 m.tons/ha, if considera-
tions of relative oropping periods, daily radiation and other climaiic faotors are ignored,
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Productivity on the Texaco Farm in Trinidad (Baynes and Wholey, 1971) under semi-oommercial conditions
was, however, much higher (x2.8 - x4,5) than that for cowmercial farms, Record experimental yields
(8.g. in Uganda), which more precisely reflect the yield potential of the species, are some 2,5 times
higher than commerdial yields in Japan. The highest yielding Caribbean cultivar so far studied (A28/7)
gave an axperimental yield of 35 m.tons/ha and single plants of this cultivar produced ylelds equivalent
to 46 m.tons/ha (Table 1), but plant to plant yield variability precludes consistent achievement of

such yield performance either in experimental or commercial production.

On the basis of caiculations for more efficient light utilization, de Vries gt al (1967)
predicted that the genetic potentisl for tuber yield in the sweet potato species is in the region
of 140 m,tona/ha. However, the terminal components of yield in tuberous crops are the mean weight
and number of tubers per plant at a defined plant spacing, and increased yield could be achieved
only by increasing one or both of these components. Thus data (Table 2) shows that a 5-fold
increase in sweet potato yield (9-46 m.tons/ha) is achieved by approximately 1,7 and 3,0-fold
incresses in mean tuber weight and tuber number, respectively. Realization of the predicted genetic
potential of the species (140 m.tons/ha) at the highest tuber nimber recorded (11) and at a spacing

3

of 50 x 10 plants/ha, necessitates a 1.,4-fold increase in the highest recorded mean tuber weight in

our experimente.

Removal of the constraints $o yleld improvement in sweet potato requires an understanding of

the inter-relationships bet terminal ts of yield, so that they may be manipulated %o

achieve increased yields, These constraints will be considered in terms of the existing gap between
commercial and experimental yields as well as that between record eingle plant yields ard experimental
yields. BStrategies for achievimg the predicted yield potential of the species are exgluded from this

presentation.

CONSTRAINTS T0 YIELD IMPROVEMENT

The three types of tdological comnstraints to sweet potato yield improvement chosen for
discusaion are related to different aspects of yield determination. Thus, agromomic comstrainte
are defined as those which preclude realization of experimental yields in ¢ommercial production.
Physiological conatraints refer to those factors which limit the yield potential of experimental
plotas compared with that of single plants, and genetic constraints are the problems involved in
first defining individual heritable chgracteristica associated with high yield and then combining
these characteristics in a single superior cultivar. Although these constraints are discussed
separately, it is only by the collective solution of the problems resulting from all constraints

to yield improvement that highest yield performance will be obtained.

Agronomic Conatraints

Agronomic constraints generally result from the more precise cultural practices that can
be applied to the small experimental plot compared with larger commercial acreages. However, the
proper selection of available cultivars and adoption of established practices also seem to be major
agronomic consiraints in Caribbean sweet potato cultivation., Evidence for the eristence of yleld

constraints in the following aspects of sweet potato cultivation is presented:
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TABLE I. son of ial experimental and predicted
yvields in sweet potato.

Yield (m,tons/ha) Reference
Commereial

Vest Indies (farmers) 2-5 Rankine (1972)
(U.W.I.) 9-14 Haynes & Wholey (1971)
Japan (country average) 20 Tsuno (1971)

BExperimental
West Indies (c.v. 428/7) 35 love & Wilson  (1974)
Single plant 46 Lowe & Wilson (1974)
In coconut fibre dust 65 Wilson (1964)
Congo 4 DeVries ot al  (1967)
Uganda 50 T.P.1I. (1973)
Predicted Tield 140 de Vries et al  (1967)

TABLE 2. Components of total yield in sweet potato at different
levela of tuber yield.

Cultivar Tield Tield Mean tuber
(m.tons/ha)* (gn/plent) {wt.gm/plent) Taber No, Reference
049 9 180 67 2.7 1
049 14 281 88 3.2 5
043 22 454 142 3.2 2
049 30 600 140 43 N
c9/9 32 670 105 6t .
A28/7 35 722 150 4.8 2
428/7 46 950 119 8.0 .

(single plant)

Predicted 140 (2850) (259) (11) 3a
140 (2140) (295) (1) b

* at a population of 50 x 10° plants/ha, (approx.)

1 calculated from Haynes & Wholey (1971)

2 lowe & Wilson (1974)

3a based on calculated preductions ;rom de Vries et al (1967)
3b caleulated at spacing of 75 x 10° plants/ha. (approx.
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(1) Pianting Naterial
Variety
Vine cuttings

(2) Management of the soil/crop/envirenmer

Soil type and land preparation
Fortilizer application
Water regime
Spacing
(3) Orop Protection

Weed control

Pest control,

Although several high ylelding cultivars with a range of morphologicsl and physiologioal
oharacteristics likely to make them suitable to different niches in the Caribbean ecosystem have
been selected at UWI (St. Augustine), local varieties still to a large sxtent form the basis of
sweet potato cultivation e.g. Black vine in 3t. Vincent and Nylon in Jamaioa. Thus, extensive
trials are necessary to establish the best variety for a particular environment, FPreliminary
work (Haynes 1969; Baynes 1972) suggests that the following cultivars are suitable for specific

soil types in the listed territories:

049 ~ Trinidad
A26/7, T.25 ~ 8t, Vincent
426/7, 06/56/23

Cricket Gill - Grenada
A26/7 ~ Barbadoa,

In St. Vincent, A26/7 gave ylelds which were 585% that of the commercial variety (Black vine).
Data is not available for similar trials in Jamaica., It is significant to note that high
performance cultivars produced in Trinided (e.g. 049) do not always outyleld local varisties in

other regions.

Godfrey-Jam-Aggrey (1974) demonstrated 41% and 54% increases in tuber yleld with inoreasing
length of vine cuttings, in the range 23 to 61 om in two sweet potato varieties with low and high
vine/tuber ratios respectively, (Table 3), thus illustrating the importance of cutting length as a
determinant of tuber yleld. Longer cutting lengths resulted in reduced vine/tuber ratios, Twelve
to fiftesn {n (3038 om) cuttings are normally used for cultivation in the Caridbean. Although in
these experiments (Table 3) the length of vine cutting buried in the soil at planting was kept
constant at 5 om., Lowe and Wilson (1974) showed that from 80% -~ 100% of total yield was normally
produced on the first four sutterransan nodes (Table 4), and that small unmarketsble tubers
produced at lower nodes (5-8) were responsible for considerable plant-to-plant variability in
tubsr yield. Conversely, ocourence of plants with less than four subterranean nodes ir normal
cultivation led to reduction in yield.

It is coneluilsd, therefors, that both the choice of variety and the length of stem cutting
oould be {mportant agronomic constraints to sweet potato yield improvement.

-20-



TABLE 3, Effent of length of vine cutting on yield and vine/tuber

ratio of two sweet potato varieties.

Cutting length (om) Yield (tons/ha Vine ber/ratio
Missis Madam Missis Madem |
23 2,08 7.50 8.16 2,70
31 2,74 T7.63 6,29 2.73
46 2,91% 9.79* 6.58% 2.11%
61 3421%% 10.57** 6,99%* 2,08%% l
After Codfrey-Sam-Aggrey (1974)
# and ¥ indicate mignificantly differemt from 23 cm value.
TABLE 4. Distribution of tuber yield on subterranean nodes
of six sweet potato cultivars.
Fode No., Yield (gm/plant)
049  A28/7 C9/9 162 4AI6/15  03/62 Mean
Node 1 T2 84 120 124 87 22 85
Node 2 218 62 176 97 105 37 116
Node 3 56 118 57 49 76 26 64
Node 4 76 20 68 26 38 28 54
Total (Nodes 1-4) 422 354 421 296 306 113 319
Total Yield 472 443 363 353 343 114 348
% total yield st Nodes 1-4 89 80 100 84 89 100 92

After Lowe and Wilson (1974)
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Soil Type and Lend Preparation

The important soil comstraint to sweet potato tuber yield is the mechanical resistance to tuber
eaxpansion and growth effected by heavy clay scils., Tields are generally higher on lighter loams which
in addition ensure an adequate oxygen supply, ¥mown to be critical for sweet potato tuberisation,
Accordingly, low yields (1.8 m.tons/ha) on the Micoud Gritty clay in St. Lucia indicate the unsuitab-
11ity of this soil type for sweet potato cultivation. Comparable experiments on the Balambouche
Gritty Clay Loam gave yields of up to 11 m.tons/ha i.e. a 520% increase over the Micoud Gritty Clay
(Baynes 1974). Moreover, the highest sweet potato yields recorded in the Caribbean (65 m.tons/ha)
were achieved in a coconut fibre waste artificial medium where reaistance to tuber growth is reduced
to a minimum and marimsl oxygen supply to the root system ensured (Wilson 1964). The physical soil
constraint to sweet potato tuber yleld is therefore quite considerable. However, the adverse effects
of 80il type may be to some extent overcome by adequate soil preparation, including deep ploughing,
bharrowing, rotavating and use of ridges at least 46 om (18 in.) deep, separated by furrows for rapid
drainage in the wet season, Thus, although eimilar experiments have not been conducted with sweet
potato, ploughing, harrowing and rotavating air-dry soil gave a 10% increase in White Lisbon Yam
(Dioscorea alata) yields over that from soils which were only ploughed and harrowed (Perguson & gumbe
1974).

Fertilizer Application

Although precise fertilizer recommendations must be developed for each soil type, it has been
adequately demonstrated that yield responses to NPK are obtained for sweet potato on many Caribbean
80ils.  Generally, levels of Neapplication (36 kg/ha) and high levels of K-application (180 kg/ha)
give beat yields (Haynes 1968). Cross (1964) and Baynes (1974) also obtained significant yield
responses tc P-applications of 45 kg/ba. In these experiments, sweet potato yields were shown to
be increased some 100% by NPK fertilizer application. Nowever, supra-optimal levela of N-application
are known to reduce sweet potato yield at normal harvest dates by postponing the advent of tuber
ulking (Haynes et Bl., 1967). There is also some evidence for differential responses to
N-application by different sweet potato varieties. Thus, Tsunoda {1965) claimed that low leaf area
types were N-responsive but yleld was reduced by nitrogen application in high leaf area types.
Moreover, Haynes (1969) classified St. Augustine cultivars into N-responsive, N-depressing and

N-indifferent types on the basis of yield responses to 80 1b. §/acre.

Mater Belations

like all vegetatively propagated crops, sweet potatc vine cuttings require an adequate
supply of water for establishment and rapid early growth. However, the process of tuber initiation
which occupies the period 2 - 8 weeks after planting (Lowe and Wilson 1974) is adversely affected and
early tuber growth is suppressed by waterlogged conditions, Accordingly, tuber yields are often
reduced in wet season cultivation (Hay-June) by the occurence of waterlogging during early growth,
and irrigation is necessary for crop establishment and further growth, if high ylelds are to be
obtained in dry season cultivation, Irrigated dry season crops are kmown to give higher yields then
wet gseason crops, {Welter 1966) and Lowe (1971) demonstrated a 37% increase in yleld in an irrigated

dry season crop compared with a wet season crop.
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Spacing

Given adequate soil and land preparation, fertilimer application and water relations, a most
important agronomic constraint to the achievement of marimal yields is use of the optimal plant
spacing for the variety cultivated. Such optimal spacing would optimize the use of radiant emergy,
fortilizers and "tuber space" in the soil, Thus, there is a wide range of vegetative habits to be
found among sweet potato cultivars ranging from types with high leaf areas and long, trailing much-
branched stems, to short stemmed low leaf ares types with a "gathering” habit. Clearly, closer
spacings will increase yields in the latter types. On the basis of spacing/fertiuzer trials by
Haynes (1968), the spacing recommended for cv. 049 in Trinidad is 3lom (12%) intervals along rows
69em (27") apart (i.e. a plant density of 50,000 plants per hectsre or 20,000 plants per acre).

This plant density can no doubt be increased with lower leaf area cultivars.

Crop Protection

Need Control

The weed constraints to the achievement of higheast aweet potate yields is adequately
demonstrated in experiments by Seeyave (1969). Applications of paraquat {0.6 kg/ba or 0,5 1lbs/acre)
to keep a sweet potato crop weed-free for the firat three weeks of growth resulted in yields which
were 93% of weed-free controls. Unweeded plots gave yields that were only 20% of those of weed-free
controls, The percentage increase in tuber yield obtained by maintaining weed-free conditions during

the firat three weeks of the sweet potato crop was therefore 365%.

Pest Control

The major pests of sweet potato in the Caribbean are the Pyralid moth Megastes grandalis
(Guen) in Trinidad and Euscepes in the rest of the Caribbean. Effective methods for the control
of both of these pests have been established by Parasram (1968). Thus, for Buscepes control, a
combination of the soil insecticide chlordane and folisge insecticide Lebacid increased yield
some 45% over untreated controls in a St. Vincent trial. The practice adopted for Megastes
control in Trinidad includes dipping stem cuttings in 0,5% dieldrin before planting followed by
alternate two-weekly sprays of either dieldrin and Sevin or lannate and Malathion. Such treatment
has been shown to result in up to 100% increases in tuber yields over untreated controls. In
Beasons with severe Megastes infestation no marketable tubers are obtained from plots in which

Megastes is uncontrolled.

Recently, Braithwaite (1974) d d that todes are also serious pests of sweet

potato in Trinidad. Among six species found in association with sweet potato roots the Reniform
nematode Botylenchus reniformis was the most abundant., Application of DD soil fumigant {a mixture
of dichloropropene and dichloropropane) at a rate of 72 litroa/ha resulted in a 92.6% increase in

yield over untreated controls.
Bvaluation of yield increase due to removal of agronomic constraints

Data (Table 5) shows some experimentally established yield increases due to removal of
agronomic constraints. Increases due to use of appropriate varieties and suitably cultivated
planting meterial, soil type as well as pest and weed control are notably high, Although the

interaction of agronomic practices for the production of optimal yields are clearly not expressed
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by a simple additive equation, there is an interesting tut perhaps fortuitous coincidence of the
approximately 1900% increase in yield between the 1 m.ton/ha gometimes obtained in Caribbean sweet

potato cultivation (Rankine 1972) apnd the 20 m,tons/ha reported for Japanese sweet potato yield.

It is often atated that small under—capitalized Caribbean farmers cannot be persuaded to
invest the additional capital involved in proper crop management. It is interesting to note,
however, that constraints such as cuoice of variety and soil type could probably be removed at
little cost, and indeed both fertilizers and insecticides are regularly, though often improperly,

used.

Data (Eaynes & Thomas, 1967) also show that a considerable proportion of the total cost of

a sweet potato crop:-

Jollection of cuttines 5.7%

Planting 22,8%

Vine turning 9.1%

Harvesting, collection and

preparation of soil 2475
TOTAL _61.%%

ie usurlly supplied a8 the manual labour input by the smatl farmer. It is difficult to believe
that such a high percentage of the total cost of production will not bemefit from capitalisation
in the form of loans to the farmer for the remaining cultural practices necessary to remove

critical agroromic constraints to sweet potato yield improvement.

TABLE 5 : Evaluation of Yield Increases Due to Removal of Agromomic Constraints

1 - for yams
2 ~ estimated
Agronomic Constraint % Yield Increases Refersnce
Variety/Planting Material 585
Variety 585 Baynes {1972) (St. Vincent)
Cutting 54 Godfrey-Sam—Aggney (1974)
(Sierra Leons)
Fo. Subterranean Nodes 200 Lowe and Wilson (1974)
Trinided
SUBTOTAL 839
Management of Soil/Crop/Environment
Soil Type 520 Baynes {1974) (St. Lacia)
Land Preparation 10’ Perguson & Gumbs (1974)
Trinid
Fertilizer Application 100 Cross (1974) (Trinided)
Water Relations 57 Lowe (1971) (Trinidad)
Spacing 50° Haynes (1968) (Trinidad)
SUBTOTAL 717
Crop Protection
Pest Control
Buscepes Control 45 Parasran {1968) (St. Vincent)
Megastes Control 100 Parasram (1968) (Trinidad)
Nematode Control 93 Braithwaite (1974) (Trinided)
¥eed Control 365 Seeyave (1968) (Trinidad)
SUBIOTAL 603
GRANDTOTAL 1,859




Physiological Constraints
Some causes, effects and implications
a) Competition and Yield Variability

Physiological constraints to crop production as here defined are related to the inter-plant
competition which results from the growth and development of plants in a crop commmnity comparsd with
that achieved by the individual plant. Such competition may limit the availaldlity of the following

growth requirements to each plant in the community:

(1) Inorganic raw mgterials for growth and development from
(1) +the serial enviromment (e.g. carbon dioxide), and

(ii) the soil enviromment (e.g. water, essential mineral nutrients,
oxygen).

(2) Radiant energy

(3) Aierial space for foliage development as well as soil space for
root and tuber development,

In turn, limitation of the above-mentioned requirements leads 'to plant competition, which results
in plant-to-plant varistion in tuber yield. This variability expresses the random capacity or
individual plants in the community to compete for growth requirements. The highest yielding
cultivar, therefore, will be the one which could effect the most efficient conversion of limited
growth requirements per unit area into final tuber yield, thus minimizing competition and concomi-
tant variation in tuber yield.

Data (Table 6) show that in experiments with six cultivars, the high yielding cultivars 049
and 428/7 had much lower yield varisbhilities over three crops than the low yielding cultivars

A16/15 and 03/62.

TABLE 6 : Total and marketable yields end yield variabtilities
in six sweet potato cultivars (average of three crops).

Cultiver Total Yield Marketable Tield
(gm/plant) (C.V. %) (@n/plant) [CAZ 3]
049 508 36 444 44
228/7 598 46 417 68
€9/9 493 47 282 97
162 449 58 259 98
A16/1% 422 40 139 134
03/62 271 91 156 159

C.V. % - Coefficient of Variation

After Lows and Wilson (1974)
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) TYield Component Compensation

Since the terminal components of yield in sweet potato are.the mean weight and numbers of
tubers per plant, then physi#ldogical constraints can be expected to influence yield through effects
on these components, But yield components develop sequentially : tuber initiatiom, which determines
tuber mmbor; occurs before tuber growth which determines final tuber size and weight {Wilson and
Lowe, 1973). However, such sequential develorment leads both to the interdependense and integration

of yield components in the determinetion of final yield., Accordingly the sequential, interdependent

and integrated develomment of yield components result in the ph of yield p 17
tion, whereby increasa in the value of one component (e.g. tuber number) leads to a decrease in the

other {e.g. mean tuber weight).

Such yield component compensation has been demonstrated at different degreea of intensity in
the same six sweet potato cultivars (Lowe and Wilson, 1974), as is shown by negative regression
coefficients between mean tuber weights and tuber mumber (Fig. 1). Yield component compensation
was highest in the high ylelding cultivar 0439, where increase in tuber number by one reduced mean
tuber weight by 40 g. (approx.). However, ov A28/7 with the higheat total yield showed the lowest

yield component compensation,

Yield component crmpensation illustrates the develommental plasticity inherent in developing
plant organs which affords alternative developmental pathways for the‘ attainment of final yield, thus
maintaining more stable and less variable plant yields in the crop community. It is not surprising
therefore that although highest tetal yield was recorded in cv. A28/7, marketable yield of cv. 049
was superior, suggesting that sirongest yleld component compensation leads to least variability and

highest marketable yields.

Despite the existence of yield component compensation among plants of the same variety in
the crop community, there is evidence that the ratios of mean tuber weights to tuber numbers of the
8ix cultivara, were cultivar characteristics. Thus, a significant negative regression of mean tuber
weight on tuber number was demonstrated for the mean values of these components for five of the six

cultivars over three crops (Fig. 2).

Data (Pig. 2) alao suggested that cultivars with higher ratios of mean tuber weight or tuber

number e.g. 049, A28/7 were higher yielders, and that yield t tion also operated at

the genetic level as has been found by Bdwards and Cooper (1961) for leaf sisze and leaf number in

lolium,
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e) Relationship betwsen yield componenta and yield

Sweet potato yield potential could only be inorsased by incressing either or both the
;sminnl components of yield, tuber mmber and mean tuber weights, in such a way as %o optimize
the relationship between thess nomponents consistent with highest total yields (Grarius 1956).
However, the strategy for yield increase depends on the relationship between either componenf and
yield, Thus, data (Pigs, 3, 4) show that the six sweet potato cultivars studied could be classi-
fied according to the relationship between either component and yield, expressed by positive

regression coefficients into:

A.  Tuber number/tuber weight types (i.e. A28/7, 03/62) in which btoth
components were significantly correlated with yield,

B, Tuber weight types (i.e. 09/9 162, AI6/15) in which tuber weight
was significantly correlated with yield.

C. 4 randem type (i.e, 049) in which neither component was
significantly correlated with yield,

These resulis are interpreted to mean that there may be genetic lines within the sweet
potato species where yield may be increased by (a) increases in both tuber mumber and
tuber weight or in (b) tuber weight alone.

In addition, there may be o third line (e.g. ov 049) in which yield component compensation

at the genetic level is aso ntmng' as to preclude yield improvement.

The relationship between yield components and yield alsc explains the expression of plant
competition in yield variability referred to earlier. Thus, data (Tabtle 7) shows that the
ixistence of significant positive regressions of total yield on tuber mmber in cva A28/7 and
0%/i2 accounted for 16-26% of the yield variabilities of tnese cultivars. Alternatively, vhere
~ite were significant positive regressions of yield on mean tuber waight in €9/9, 162, A28/7,
03/62 wnd AL6/15, 16-48% of yield variabilities wers sscribable to these regressions.

Horsover, regressions of yield on mean tuber weight and tuber number acoounted for more than
605 of yield variability in cv 428/7, whereas the low yield variability of 049 may be due to the
absence of significant regressions of total yield on either component, in this cultivar,
Therefore, variahility which is an erpresaion of plant competition, can be either intensified or
ameliorated by the relationship of yield components to total yield.

TABLE 7. Percentage of total variability due to regression of
yield on yield components.

% Tot. t;
C9/9 162  A28/7 03/62 . AI6/15 049  Crop Mean

Mean Tuber Weight

Dry season crop 22 44 22 21 n.s n,8 18

Wet season crop 48 33 33 32 31 n.s 30

Cultivar Mean 35 39 28 27 16 n.s 24
Tuber Number

Dry season crop n.s B8 23 32 n.s 2.8 n.s

Wet season crop . ] n.8 29 n.s8 n.8 n.s n.s

Cultivar Mean .8 n.s 26 16 n.s n.s n.s
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Metabolic consequences of physiological constraints

Physiological constraints resulting from limitations in external growth requirements in the
plapt commnity result in metabolic deficits which restrict the growth and develomment of
individual plants in the crop community, These deficits include (i) soluble carbohydrates,
(ii) amino acids, and (iii) plant growth substances. But a clear distinction must be made
between the effects of these deficits on growth, develomment and finsl yield. Thus, soluble
carbohydrates and amino acids are the organic substrates for growth, development and storage and
hence their reduced availability would restrict the yield potential of the individual plant.
However, limited availability of plant growth substances would curtail the capacity for realization
of the tuber yield potential defined by the aveilabdlity of organic substrates. Such restricted
capacity for yield potemtial realization often results in alternative forms of growth e.g.
premature sprouting of "Pencil roots" and young tubers in developing sweet potato crops subjected

to waterlogged soil conditions,

There is evidence t0 show that metabolic limitations resulting from physiological yield
constraints in sweet potato differ in different cultivars, In some cultivars the limitation
is in organic substrates (e.g. soluble carbohydrates resulting from photosynthasis), whilast in
others the limitation is in the hormonal requirements for tuberisation. It is the task of the
breeder to produce a superior cultivar in which both types of limitations are removed by means

of judiciously chosen hybridizations.,

Genetic Constraints

The major genetic constraint to yield improvement in sweet potato is the restricted
possibilities for hybridization among varieties in the s;)eoies effected by croas
incompatibility. The establishment of pure lines by selfing is also restricted by the
phenomenon of self-incompatibility. Establishment of inter- and intra-compatible groups of
cultivars is therefore the first step in the removal of this conatraint, However, the great
variation in vegetative characteristics in the sweet potato species suggests that several
characteristics associated with high yield may be obtained within a single compatible group

of cultivara,

Comparative productivity of some tropical crops.

De Vries, Ferweda and Flach (1967) analysed average world production data for a number of
tropical food crops (Table B) and emphasized the following pointa:

1. Although root crops produced more bulk than grain crops, because of their higher
water content, the average energetic food value of root crops (121 Cal/lOO g
amounted to only 34% that of grain crops (354 Cal/100 g).

24 However, when differences in the percentage edible yield as well as the relative
period of vegetation are_taken into consideration, then the average crop efficiency
of root crops (38.5 x 10 Cal/ha/day) is only slightly lower than that for tropical
grain crops (44.5 x 103 Cal/ha/day).

3. The crop efficiegey of sweet potato - 48 x 10° Cal/ha/day - was second only to
maize at 56 x 10° Cal/ha/day.

Further comparisons of crop efficiency calculated from highest experimental yields {Table 9)
showed that the average crop efficiency of cassava and sweet potato (215 x 103 Cal/ha/day) was

some 437 higher than that for tropical grains at 150 x 103 Cal/ha/day. Also, aweet potato crop



efficiency (180 x 10° Cel/ha/day) was only 10% less than maize (200 x 10° Cal/ha/day) but cassave
efficiency (250 x 10° Cal/ha/day) was some 40% higher than that for sweet potato.

Despite the high crop efficiency of cassava, however, swest potato offers advantages of
(a)a shorter crop, leading to more efficient land utilization, (b) better distribution of
tubers in the soil tmus allowing for mechanical harveating and the concomitant reduction of
production costs, and (c) longer retention of high protein foliage which can be utilized both

for human consumption and animal feeds.

TABLE 8., Average world production of a number of tropical food crops.

- e
(1) (2) (3) (4) (5) (6)
Rice 2.0 352 70 5.0 150 33
Wheat 1.2 344 100 4.1 120 34
Maize 2,1 363 100 7.6 135 56
Cassava 9.1 153 83 11,6 330 35
Sweet potato 6.5 114 88 6.5 135 48
Yem 8,0 104 85 Tel 280 25
Colocasia 5.8 113 85 5.5 120 46

After de Vries et al (1967)

TABLE 9. Maximum yields in selected experiment stations in the tropics

Crop tons_per ha per harvest tons per ha per year Cal./(ha.day) Rate
x 103 brezging

(1) (2) (3) (4)

Rice 16.4 26,0 176 *x
Wheat 3.9 11.7 110 *
Maize 5.5 20,0 200 it
Cassava 77.0 71.1 250 i
Sweet potato 41,0 65,2 180 *
Banana 39.0 39.0 80 -

(From De Vries et al 1967)

CONC ONS

It is concluded that sweet potato yields can be increased in the Caribbean Yy removing
agronomic constraints to yield improvement. Further, current understanding of the physiological
and genetic constraints to yield improvement could lead to the future develomment of superior
sweet potato cultivars with increased yield potential, which would make this crop a highly

competitive source of cheap carbohydrate,
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DISEASES OF ROOT GROPS IN JAMAICA

A, G, Neylor

Chief Plant Frotection Officer
Ministry of Agriculture
Kingston, Jamaica

DISEASES OF YAMS (DIQSCOREA spp.)

Yams are somewhat disease tolerant, and although they are affected by many
diseases, farmers are usually able to obtain a crop with few disease control practices,
As more attention is given to the crop it hes been realised that diseases and pests
particularly anthracnose and nematodes cause severe loss yams crops in Jamasica, Lose
in storage is also high.

Nematodes which are mostly carried on the planting materisls or remain in
the soil from year to year constitute a severe threat to the profitable growing of
the crop in many areas of the island., A separate paper deals with the problem of these
pests on yams.

Some of the disease problems of yams and methods of control are as follows:=

Anthracnoge which is caused by a species of Colletotrichum fungus produces
black necrotic aresson leaves and vines., The tips of affected vines ususlly die beck
and growth may be greatly restricted. The disease is often severe on white yams and to
a less extent on other varieties especlally when they are growing under wet conditions.

Staking the plant end spraying with a copper fungicide (such as Kocide,
Cupravit Blue and Perenox), with Captan 2§ 1b/acre or Benlate 1 1b/acre helps in
controlling the disease. Five or more treatments at two weekly intervals should be
applied, depending on severity of the disease, The white yam (D. alata) is much
more susceptible then the yellow (D. gavenenrsis) or negro (D. rotundats) varieties and

the former should be avoided in wet areas.

Blggk rot is caused by a fungus Rogellinia sp. whick produces a white mycelial
mat and black slightly raised structures of the fungus on the outer portion of the
tubers, If affected tubers are cut, fine black streaks will be seen radisting from the
outer portion to about 1 inch into them. The disease is usually observed at high
elevations and in heavy or poorly drained soils.

Removal of ail infected materisl from the soil, trenching the area, applying
white lime to the soil and rotation with a non root-crop will help to control the
condition. Care must be taken in planting not to use affected tubers. No chemical soil
treatment appears, so far, to control this disease,

Legf spots caused by species of Cercospora fungus are gquite common but are not
generally serious. Yams maturing at higher elevantions sometimes become severely spotted

and the leaves die prematurely., Some varietles ere more susceptible than others and
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these should be avoided in wet aress or at high elevations. This condition is not
much of a problem if it occurs on plante nearing maturity but young plents should be
treated with fungicides as recommended for anthracnose, if the disease is observed

on them,

Viruses ~ Yams, in particular yasmpiee (cush-cush), Djioscoreg irifidg, are
often affected by viruses which produce mottled and distorted leaves. Infection,
however, does not gppear to reduce plant growth severely., As no work has been done
on this problem in Jamaica the amount of loss or the extent of occurrence of the
disease is not known,

The occurrence of diffuse dark brown spots inside yam tubers is suspected
to be associated with virus infection. A condition in which the underground portion
of the yam becomes rounded like a pumpkin and is inedible is also thought to be
caused by a virus,

Planting materials should not be taken from affected plants to establish new

fizlds,.

DISEASES OF SWEET POTATOES

Sweet potatoes in Jamaica appear fairly free of serious disease problems.
The crop is affected by a rust fungus which produces brown pustules covered with yellow
sporca on the underside of leaves, There is also a condition known ae white rust, caused
by a Cystopug species of fungus, which is often observed but does little harm to the
erop.

Symptoms of virus diseases are sometimes seen on sweet potato plants. Affected
leaves are mottled with yellow white and green colours and asre crinkled and deformed.
No work has been done on this condition as it is not commonly observed.

Sweet potato tubers are seriously affected by soft rot which is caused by the
mould fungus Rhizopug stolonifer. Proper curing and storage appear to control this

condition adequately,

The major problem of growing sweet potatoes in Jamaica is the high incidence

of the sweet potato weevil Cylgs formicarius.

RI3H TATOES
This crop in Jamaica suffers from a number of serious diseases and great
difficulty is enountered when it is grown in wet areas, under very dump conditions
or when replanted in same field for successive years, Some of the principal diseases

of the crop are as follows:-

Lagte blight
The fungus Phytophthorg infestans causes this condition which can destroy

e field in one week. The disease first appears on the leaves as watersosked areas that

quickly develop into irregular brown shrivelled patches, usually at the edges. In wet



weather or with heavy dew the white fluffy growth of the fungus may be seen on the
lower surface of affected leaves. The fungus not only affects the leaves but also
the stems, so that the whole plant may become dark brown and die. The spores of

the fungus may be washed into the soil by rain, affecting the tubers which become
brown with a purplish discolouration below the skin. These tubers are liable to rot
in storage, and must never be used as seed for planting as the fungus will be carried
in them to the new field,

Disease development can be controlled by regular weekly applications of
fungicides such as Maneb and/or Zineb, Polyram-Combi, Difolatan and Copper (Kocide or
Cupravit Blue) at 2-3 1b/acre. Application of the fungicides with low volume mist
sprayers is usually more effective than with high volume €quipment., Care must be taken

to protect the lower syrface of legves. If the weather is wet, spraying may have to be done
twice a week starting as soon @s the plants germinate,
Egrly blight

This disease is caused by a fungus (Alternaria solani) which produces small
brown spots on affected leaves and stems. These spots enlarge 4o form circulsr lesions
up to % inch in diameter with a series of concentric rings.

Some varieties such as Red Pontiac are very susceptible, The more resistant
varieties such as'Aran Consul, Kennebec and Sebago should be plented in areas subject
to this condition. The same spray treatments recommended for the control of late
blight will also control early blight.

Eus wilt and Stem end R

These diseases are caused by soil-borne species of Fusarium. Affected plants
have discoloured stems at and below ground level, accompanied by yellowing of leaves,
wilting and ultimate death., If mature plants sre dug up, the brown discolouration on
the stem may be seen to extend down to the point of attachment of tubers., Affected
tubers have external brown stem-end lesions and such tubers usually have a pale brown
dipcolouration about % inch below the skin.

Fusarium wilt and Stem end Rot are usually worse on clay soils than on those
that are free draining., If severe, the affected field should not be used for growing
potato for two or three years. Diseased tubers rot easily and so should not be stored
for any length of time, nor should they be used for planting , Chemical soil treatments
have had little effect on controlling these disesases.

Scab

Scab of potato 1e caused by a soilborne organism, Streptomyces scabies. This

organism lives on decaying plant materiale and under dry conditions can attack potato
tubers producing a "callous" or rough growth on the skin. Scab in superficial and affecied

tubers are safe for eating although they look unsightly and may crack snd spoil easily,

Where Sireptomyces scabjes is present the disease is rarely serious in acid
solls but can be severe under neutral or slkaline soil conditions, Affected tubers should

not be used for planting and solls heavily infested with the causal agent should not be



used for potato growing for two or more years., Some varieties ere much more resistant
than cothers and should not be used in areas where the disease is prevalent, If there

is rain or the soil is kept moist during early tuber formation the incidence of scab

will be greatly reduced,

Blasgk Rot
A soil-borne fungus - Regellinjs sp. causes black rot which exhibits its

presence by a white growth over the tubers and black pin-like streaks in the cut tubers
similar to that described as occurring in yems. Tubers from affected fields shpuld never
be used for planting.

A the causal fungus remains in the soil for years a long rotation with non-
susceptible crops such as corn, grass, bananas or leafy vegetables should not be practiced.

Sclerotium or Southerp wilt

Southern wilt is caused by the fungus Sglerotium rolfeil which attacks potato
rlants at ground level causing a sudden wilt, The white fan-like mycelium and seed-like
sclerotia can be seen on the soil sround affected plants, Diseased plants should be
taken out of the field and destroyed. This condition is difficult to control as the
fungus affects a wide range of plants,

Virgs Disegses

Several viruses e.g. potato virus X, potato virus Y, leaf roll virus, mosaic
and other viruses can attack potato plants resulting in mottling, spotting, crinkling

or curling of leaves, retarded growth, an unhealthy appearance and reduced yields.

Affected plants in a young field should be rogued, otherwise the viruses can be
spread from diseased to healthy plants either mechanically or by insects such as
aphids, Spraying with a systemic insecticide such as Rogor or Perfekthion to control
insect vectors may help to reduce spread of the disease. All of the above mentioned
viruses are carried in tubers and so the use of healthy certified virus-free seeds for
planting cannot be overemphasized. Locally produced seeds are often affected by
viruses and should not be used for planting. Most of the potato seeds used for

planting in Jamaica are imported from Canada.

Root Knot Nematodeg

Potato tubers are sometimes affected by eelworms, Meloidogyne sp., which
produce 'water bumps' or galls on affected tubers. Soils known to be heavily infested
with these nemstodes should be treated with a nematicide before planting. Cultivating
the soil a couple of times and leaving it exposed to the sun for several weecks will
reduce its nematode population. Affected seeds should not be used for planting. A

grass crop such as corn should be used in the rotation. Crops susceptible to attack

by root-knot eelworms should be avolded,
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Leaf Sootg

Cassava leaves in Jemaica are often affected by two leaf spot diseases. Large
brown spots, up to half an inch in diameter, caused by the fungus Cercospora henninsii,
are quite common. Smaller angular spots with a light brown centre and derk~brown
margin, due to Cergocpora caribaeg, mey also be found, Neither occurs extensively except
on cassava which is grown under adverse conditions. Improving the growth of affected
plants by good cultural practices andapplication of fertilizer will help to control these
leaf spots. If Bevere, the disease can be controlled by spraying with a dithiocarbamate

fungicide, copper or Benlate,

Rlack Rot

Black rot dieease is caused by ‘the same kind of Rosellinis fungus that produces
this condition on yams snd potatoes. It is difficult to control. Forfunately it is
rarely observed in Jamsica.

Lgef Mottling

A very marked yellow mottling of cassave leaves is sometimes misteken for a
mosaic discase. This may be due to thrips or other insect injury and is found chiefly
on plants lecking in vigour. The exact cause of the condition has not been ascertained.

In dry weather, cassve plants may shed the greater portion of their leaves due
to attacks by red spide mites which cause the remaining leaves to develop a mottled, a
silvery or brown colour. V¥ith the recurrence of rain or with irrigation the plants
recover. If attacks are severe the plants can be given a spray treatment with Kelthane

or Rogor at 1 pint per acre or one of the other miticides.

LDASHEENS AND COCOS (Colocasia and Xanthosoma, 8pp.)

This group of aroids does not suffer severely from diseases in Jamalca.

Occasionally plants can be seen with Rosellirnia black rot damage. Dry ryot csused by
a fungus Yagculomyges sp. sometimes occursand leaf spotting may be seen, but these appear
to do little damage to affected plants. Leaf chlorosis, mottling and what appears to be
deficliency symptoms are sometimes observed but their exact cause and methods for their
control have not been ascertzined.

A condition has recently been encountered in which fine brown streaks occur
throughout the tubers. The cause of this has not been identified.

Neastodes (Helicotvlenchus, Meloidogyne and Pratylenchug spp.) have also been
isolated from the roots of cocos and dasheens., OCrowth of plants was markedly better

in a section of a field treated with DD nematicide than in an untreated section.

-37-



EFFECTS OF NG ON GE OF Y,

B.0. Boen, A.K. Thompson and C. Periins
Ministry of Industiry, Commerce and Tourism
Storage and Infestation Division
20 Hope, Road, Kingston 10
Jamaica, West Indies.

INTRODUCTION

Exposure of certain tubers to high temperature and humidity has long been known to bring
about rapid wound healing by encouraging suberization and wound periderm formation (Appa.l, 19063
Artswager 1927 and Artswager and Starrett 1931). It is now standard commercial practice to cure
potatoes (Artswager, 1927) and sweet potatoes (lutz and Simmons, 1958) before storage. Apart
from report from Gonzalez and Callazo de Rivera on Dioscores alata L, there is little information

on the effects of curing yams prior to storage.

Parmers in Jamasica successfully store D, alata tubers under embdent conditioms for up to
ten months after placing them in direct sunlight for three days to two weeks, Cut surfaces are
usually brushed with lime or crushed broasd bean {Vieia fagg) leaves immediately after harvest,
In West Africa, exposure of yams to direct sunlight is considered to have a detrimental effect
on storage (Coursey and Nwankwo, 1968), In Jamaica few attempts are made at long term storage

of any species other than D, alata.

Yams are probably the major staple food grown in Jemaica and export of D, rotundata Poir
and D, cayenensis Lam, tubers to North American markets has been increasing. Both species,
especially the latter, are characterized by high wastage on arrival at export markets {Burtor,1970)
and even in local markets. In addition both species are available in certain sessons only while

there is a year-long demand.

The investigations reported in this paper were carried out to determine what effects

curing under different conditions had on the storage of D. rotundatg and D, cayenensis,

TERL 'EODS

Tubers of D, rotundata and two varieties of D, cayenensis - Roundleaf and Bottleneck - were
used, All experimental material was harvested and tranaported in the traditional manner. Except
in one experiment (Expt C, Table I) all tubers were selected, washed, air-dried, cut to remove the
"head" - that end to which the vine is attached - numbered and individually weighed. In
experiment C tubers were unselected and cured in a semi-commercial two ton quantity whereas in
other experiments 20 to 30 tubers per treatment were used. Curing temperature ranged from 19°C to
45°C and relative humidity from 52 to 100%, After curing, which lasted from ome day to seven days,
tubers were stored at ambient or 13°c. During storage tubers were weighed at regular intervals
and scored for surface mould on a secale of O to 5, where O = absence of mould and 5 = complete
coverage. Necrosis was assessed at the end of each experiment after cutting each tuber in two

longitudinally. Anatomical studiss were done on fresh and preserved material.



RESULTS

The results obtained from the five experiments considered here were typical of those

obtained from a large mumber of experiments carried out over a three-~year period.

Anatomy

The anatomy of the D. cayenensis tubers is similar to that of D, rotundata described by
Ayensu (1970), Wound healing was normal in most ways and suberization always preceded wound
periderm formation. When a tuber was cut the peripheral layers of cells lost their starch grains
and became suberized under ideal curing conditions. The outer most layers composed largely of cut
or injured cells retained their starch grains. A cambium developed within the starch free zone and

cut off cells to the outaside only and these became suberized and formed the wound periderm.

The rapidity with which wound healing took place depended on humidity and temperature.
When bumidity was low, less than about 70% relative humidity, suberization and wound periderm
formation were delayed, the cut surface dried out and a thick scab formed; there was a wide
suberized starch free zone and a deep seated cambium, If the temperature was low - less than
26°C - suberization was delayed; if high - above 35°C = periderm formation proceeded rapidly,

the starch free zone was narrow end the cambium superficial.

Weight losg

Bottleneck tubers cured at high temperature and humidity, above 3500 and 90% rslative
humidity, lost 30% fresh weight after 105 days storage and this was significantly less than 45%
lost by tubers cured under ambient conditions (Expt A, Table I). Similar results were obtained
in Expt. C and to a lesser extent in Expt. B (Table I). Curing for more than two days at 36 °¢
and 95 to 100% relative humidity did not seem to significantly affect weight loss at ambient.
Roundleaf tubers cured under ambient conditions lost more weight than those cured at high

temperature and humidity, but the differences were not as marked as with the Bottleneck.

Curing D, cayenensis tubers under different conditions did not seem to significantly
affect the pattern of the rate of weight loss during storage at ambient ~ an early high rate,

then a decline until about the sixth or seventh week and a gradual increase.

The effects of curing on weight loss of D. rotundata tubers were similar to those on

Bottleneck tubers. Curing at high temperature even when the relative umidity was low signifi-
cantly reduced weight loss during storage at ambient, Table 2, Expt E. There was some indication,
however, that after about two months' ambient storage the effects of curing weight loss were not
very marked, Curing at high temperature and humidity followed by storage at 13°C resulted in
lowest weight loss. The pattern of rates of weight loss were similar to that of D, cayenensis,

but cured tubers stored at 13°C did not show an increase in rate.

Mould

When tubers of both species were selected and trimmed before curing at 35°C to 42°C and
95 to 100% relative humidity they were free from surface mould growth during storage at ambient
but not at 13°C (Tables I and 2), Superficisl moulds grew on 4T% of the unselected, untrimmed
Bottleneck tubers cured at 3600 to 38°C and 75 to 87% relative humidity and stored at ambient

(Table I, Expt C) and on 100% of those stored at 1300. In the same experiment all ¢ "ers cured at
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ambient had surface mould. Most moulds which grew on tubers cured at high temperature and
bumidity were saprophytic and generally dried up after two or three weeks storage. Those which
grew on tubers cured at ambient, mostly Penicilliug and Aspergillus, were associated with necrosis.
Tubers of D, rotundata and Roundleaf cured st amtient also had superficial mould growth during

curing and storage.

Necrosis
Bottleneck tubers cured at high tempersture and bumidity (Table I) consistently had signifi-
cantly less necrotic tissue than those cured under sabdent conditions, The effects of curing were

not as pronmounced on Boundleaf (Table I, Expt A). Curing at high ¢ res also reduced

necrosis in D, rotundata tubers (Table 2).

Sprouting

There was some indication that curing at high temperature prior to storage at ambient

hastened sprouting. After about three or four weeks siorage, a mmber of small protuberances,

associated with root development, were evident on the tubers and these became larger as storage

progressed. Storage at 13°c suppreased sprouting regardless of curing conditiona.

DISCUSSION

Yams (Dioscorea spp.) Were cured at different temperatures and humidities and stored
under conditions comparahle to those in cellars and sheds where local farmers store their crops,

at 13%.

Suberization and wound periderm formation, normal in most ways, were favoured by high
temperature and humidity - 35°C to 40°C and 95 to 100% relative humidity. Curing under these
conditions for one to seven days gave best results: it significantly reduced weight loss and
rotting, usually prevented growth of moulds and extended storage of Yellow Yams (D, cayenemsis Lem.)
from one week to 8ix weeks. The traditional method of sun drying prior to storage was found to

have beneficial effects,
Consumers showed a preference for cured tubers.

Because of harvesting difficulties, careless handling and the practice of saving a portion
of the tuber for planting, few damage-froe yams enter commerce. The cut surface of a tuber offers
& very suitable medium for growth of micro-organisms and decay follows rapidly if changes in cell
walls beneath do not take place to form a berrier to impede the progress of pathogens, A temporary
yet effective barrier is secured through suberization of peripheral cells, tut wound periderm is
more permanent and offers a more effective protection against entry of pathogens (Weimer and EHarter,

1921; Lauritzen and Harter, 1929 and Priestley and Swingle, 1929).

The reduced weight losses, small amounts of necrosis and reduction of mould growth after
tubers had been exposed to high temperature and humidity for as little as one day, were probably
a consequence of rapid wound healing, Because of delayed wound healing under amtient conditions
pathogens were able to penetrate the tubers with resulting increased rotting and weight loss and

shortened storage.
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The good results obtained when tubers were exposed to direct sunlight prior to storage
suggest that drying out of injured cells, like in sweet potato (Weimer and Harter, 1921), may exert

some reotarding or inhikiting action against organisas,

The increase in rate of weight losa of D. cayenensis tubers after 50 days storage at
ambient appeared to be associated with sprouting. This was supported by the tendency of the rates
of weight o088 of cured and uncured tubers to convergo during storage since curing hastened
sprouting. Weight loas of cured D, rotupndgta was also partly associated with sprouting. For
tubers that sprouted an increase in the rate of weight loss wasassociated with time of sprouting

whereas this increase was absent when tubers did not sprout.

The presence of superficial mould on tubers stored at 13°c suggeated either incomplete

cgrlng or lov temperature injury.

Over 80% of the D, cavenonsis Zrown in Jamaica is of the Bottleneck variety which has a
storage life of generally less than a week and cannot be exported by air, We have found that
properly cured sottleneck tubers can be successfully marketed locally even after six weeks storage
at antient conditions. Tubers stored for periods longer than this are normally unattractive because

of protmusions associated with sprouting and shrivelling due to increased weight loss.

Tubers not s0ld on the fresh market can subsequently be used as seed material since they

remain relatively free from rotting and sprouting is normal

Curing, in addition to reducing wastage on the local market, makes it possible to export

D, cayenonsis by ses.
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TAELE 1. Effects of curing on certain st by t of D. sis tubers.
o Curing o, Storage %freah % tubera | %
Caltiver ¢ RE(%) days ¢ m(%) days | weight loss | with mould necrosis
Rxpt A Roundleaf | 35~40 95-100 2 25=34 64-92 105 18.8C oc 158
Bottleneck " " " " " " 30,38 oc 228
Roundleaf | 25-34  64-92 " " " " 22.4BC 368 21B
Bottleneck " " n " " " 44,54 784 554
Expt B Bottleneck| 36 95=-100 1 21-31  55-77 98 20,6B 0B 1,68C
" " 2 " " " 18,78 0B 2,58
" " 3 n " " 18,78 0B 1.88
" " 4 " " " 18,18 OB 1.2¢
23~31 55-T7 " " " 35.14 804 Seld
+
Expt ¢ Bottleneck | 36-38 75-87 2 19-21 65-83 30 14.7 46,78 249- 1,0C
n " " 13-4 - " 13.2 100,04 3.7% 0,60
19-21 81-83 " 19-21 6583 " 16.4 100,04 4-0.0: 4434
" " " 1314 - " - 100,04 | 20.4% 3,38
Figures followed by the same letter do not differ significantly (P = 0,05).
TABLE 2, Effects of curing on certain storage parameters of D, rotundata tubers,
% Curing og Storage %fresh fungal %
(%) days RE(%) days weight losa | score necrosis
Expt D 36-40 96-100 1 13 95=100 106 18,18 2,2 1B
" " " 21-31  52-68 " 29.74 0.0 28
24-31 56-68 " 13 95-100 " 32,14 2,6 644
. " " 24~31 52-68 " 30.44 0,0 178
Expt E Direct sunlight 7 29-3% 90-94 60 22,5B 0.9B 7B
38-42 95~100 " " " " 20.9B 0.0C 6B
29-33 90-93 " " " " 36,14 1,34 218
24-29 58-71 " * " " 35.54 1.08 2

Figures followed by the same letter do not differ significantly (P = 0,05).
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INTRODUCTION

The nutritional requirements of man may be broadly classified as carbohydrate, protein,
fat, vitamins and minerals, of which carbohydrate forms the greatest single item. Carbohydrate
foods are basically starches and sugars, On a global scale, rice, wheat and other cereal grains
form the tulk of our carbohydrate foods, nevertheless root-crops play an important role. Of the
root-crops, white potato (Solanum tuberogum) records the greatest production (301 million metric

tons per snmum 1970) with cassava (Manihot esculenta) following (88,2 million metric tons); sll

others together account for a mere 25 per cent of the total world production of the major

root-crops (Kay, 1973).

The advantages of cereal grains over root-crops are low moisture content (and therefore
better keeping quality), longer shelf life, .ase of obtainability, better mtritional value,
relatively lower unit cost per edible portion. Traditionally grains are used wherever possible
and this possibility for the Commonwealth Caribbean has been extended to the importation of
cereal grains to a large extent, Total cereal importa for 1972 for the CARIFTA region were
$139.3M (BE.C.) of which 344.5M was intra-regional, while $94.68M was extra-regional (Sammy, 1974).
Within reasonsble limits we may assume that the extra-regional imports were for wheat and wheat-—
flour only, When we consider that at present wheat cannot be grown in the Caribbean, then it
would seem that there is considerable potential for the develomment of a carbohydrate source to

replace wheat. This will be in the areas of tropical cereals and root-crops,

Alexander (1967) indicated that the demand for starchy roots may be indirectly affected

1) limited ways of preparation

2) method of marketing and merchandiging

3) uncertainty about product quality; and

4) high vastage in preparation
It would seem to us that the way to remove these limitations would be by the develomment of
processed products. 4 study of the rescurces spent on root—crops development will show that the
greatest expenditure is on Agromomy, with very litile on processing and utilization. This is
clearly indicated by a study of the proceedings of the Pirst and Second International Root-Crope

symposia and the programme of the Third.



The Pirst Symposium identified the importance of processing and utilization through a
Study Group. At the Second Symposium two papers on processing were presented, while at the Third
six papers were slated for presentation. Indications are that the study of processing and

utilization are gaining momentum but not at a sufficient rate.

We are convinced that tropical root-crops will not be able to make any significant impact
unless their usage is extended. This can only be done through research and develomment in process-
ing and utilization. A greater proportion of the resources erpended on root-crop research must

therefore be chamneled into processing and utilization.

Research on the processing of tropical root-crop was started at the University of the West
Indies, Trinidad, in 1969 through perticipation in the Root-crop Programme of the Faculty of
Agriculture. The Root—crop Programme at this time was financed through a grant from the Rookefeller
Foundation. At present the Programme is financed through the Internationsl Development Eesearch
Centre (IDRC), HBmphssis is placed on the root-crops - sweet potito (Ipomasa ba;atu) and ysme

(Dioscorea spp.), it some preliminary work is being dome with breadfrit (Artocarpus communis).

The object of the research is to study the processing potentials of tropical root-crops
having the greatest possibilities for commercial utilization and thus of greatest economic
benefits to the "Caribbean Begion", Work is being dome in the following areas; preparation of
"composite flours” for bread and baked goods, canning, instant products (pre—cooked drum-dried)

and breakfast foods.

COMPOSITE FLOURS

The object is to study the baking potential of composite flours made from wheat flour by
dilution with varying quantities of root—crop flours, using the baking methods in existence in
Trinidad and Tobago. It is felt that any major changes in the baking industry would have to be
gradual. Because of this we are searching for composite flours that would have baking properties
and produce products similar to those obtained from wheat flour., The products obtained in the
experiments were considered acceptable only when the taste panel recorded a 100 per cent acceptance.
Studies have been conducted using composite flours containing sweet potato, yam and breadfruit

flours.

Two studies were conducted using a composite flour containing sweet potato flour. One
study was of two cultivars (049 and C9) grown in Trinidad and Tobago, for baking potential.
(This work was published "Studies in Composite Flour - 1, The Use of Sweet-potato Flour in Bread
and Pastry Making" by G.M. Sammy, in Trop. Agri. Trin., 47, (2) 1970). The other was a compara—
tive study of seventeen sweet potato cultivars for bread-making potential. This work was presented
a3 part of the Paper "The status of Composite Flour Research at the University of the West Indies™
at the International Conference on the Production and Marketing of Composite Flour, Baking and
Pasta Products" held in Bogota, Columbia, 23-27th October, 1972, From this first study it was
found that of the two cultivars studies 049 had good baking properties for dilution up to 15 per
cent for bread, 20 per cent for cakes and 30 per cent for cookies, while C9 had poor baking
properties. Tables 1 and 2 summarises these baking properties. In the preparation of sweet
potato flour, peeling was found unnecessary, while treatment with one per cent sodium metabi-
sulphite improved the colour of the flour. Addition of one per cent glyceryl monostearate or
monopalmate only slightly improvea une baking properties. Addition of five per cent fish protein

concentrate or cotton seed flour hed little or no effest on the baking properties.
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The latter study showed that bread-making potential varies with different cultivars,

There seened to be a direct relationship between crude proiein comtent and the baking potential.
Tables % and 4 give summarised results. Further to the laboratory studies, one Imndred pound
batches of composite flour made up of 15 per cent sweet-potato flour and 85 per cent wheat flour
were given to two local bakeries for baking trials. 3Iread of the pan-loaf and tutter-bread itypes
were readily produced, and proved to be highly acceptable by a consumer acceptance test, FHowever,
the preparation of "hops" which is a crusty loaf, proved difficult at a 15 per cemt dilution.
Addition of 0.5 per cent "Rmplex" (a Patco Product of sodium and calcium Stearoyl — 2 Lactylats),
strengthened the dough and permitted the production of acceptable “hops”. Straight dilution

without additive for the production of "hops" was below 10 per cent.

The work on composite flour with yam flour and breadfruit flour has not yet been published.
Bxperimental results have shown that yam composite flour preduces a fully acceptable loaf at a
dilution of up to 25 per cent. The quelity and storage life is better, for a loaf made with
25 per cert d+lution as compared with s loaf made with 100 per cent wheat flour (white). Table 5

gives the summarised results.

Bread made from breadfruit composite flour had poor baking qualities as compared with
sweet-potato and yam. The highest dilution for an acceptable loaf was 5 per cent, Table 6

summarises the resuits,

CANNING

Studies have been carried out on the canning of sweet-potato (049) and yam (Lisbvon,
coconut and oriental - D, alata), portuguese (D. rotundata), cush cush (D, trifida) and chinese
(D. esculents) in brine. They were canned as + and } inch cubes (diced) and as clunks, Further,

swaet potato was canned as small whole potatoes unpeeled.

The canned cubes and chunks showed considerable starch leaching and, especially with the
sweet potato, disintegration. The leaching was so heavy that after one month storage the total

liquor in the can became a pasty mess.

Blanching of the cubes before filiing, and the addition of 0.1 to 0.5 per cent calcium
chloride give little improvemeat, The canning of small (2,4-4,0 cm dia.) whole unpeeled
aweet-potato in brine gave a good product with little or no starch leaching. The canning liquor
remained relatively clear after eir months of storage., The skin of the potato posed no problem
a8 it was easily removed before serving. This product had a high acceptability on a random

taste~panel of 150 consumers.

"INSTANT PRODUCTS"

The idea here is to prepare a pre-cooked instant type product similar to that marketed
for Irish potato m tuberosum), A brief description of the process is as follows: the
tubers or roots are cooked, mashed into a paste and drum-dried. The main problems encountered
with yams were high blue-values (200 to 1,200) and difficulty in scraping the product clean off
the drum, The high blue-value was an indication of large number of raptured starch cells. This

was solved somewhat by pasaming the cooked yam pleues first through a meat mincer and then mixing
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to the required comsistency using a "K* beater (Eobart). This reduced the amount of free starch
from brokeu cells to an acceptable level, To assist the scraping of the product from the drum
dryer 0.1 to 0.5 per cent glyceryl monostearate was added. With these modifications an acceptable
product was produced. There was some difficulty with discoloration of the final product. It is
imown that the stem-end of cooked yam hecomes discoloured, varying from light reddish brown to
trown, while the rose—end remains white to off-white, However, this problem was overcome by

Judicious blending of stem and rose snds to give an acceptable off-white product.

Experimental results have shown that pre-cooked yam flakes may be produced with equal
facility from a variety of yams such as lisbon, cocomut, and oriental (2. M); protuguese
(2. rotundata) cush cush (D, trifida) and chinese (D. esculenta).  The flakes produced from the
chinese yam had poor texture on reconstitution, and developed a bitter taste after two weeks of

storage. The flakes prepared from the other varieties were all acceptable.

It is gratifying tc report that from this work a semi-commercial size pilot plant was
set up in Barbados to test market "instant ysm" made from D. glata. The test proved successful

and steps are being taken to set up a commercial-size plant,

Preliminary experiments have indicated that an "instant" sweet-potato, similar to the
yam product is possible., Intemsive research is continuing in order to work out the various

parameters affecting the final product. The results obtained thus far are encouraging.

BEEAKFAST FOOD

Because of the North American influence in the West Indies imported convenience breakfast
foods are well established among the upper and midule class of our society, and are fast filtering
down to the lower level, Most breakfast foods have a carbohydrate base. There is therefore no
reason why convenience hreakfast foods cannot be made from root-crops. The object of this research
is to produce breakfast foods from root-crops or with a root-—crop base te replace those imported.
Brperiments are being carried out on two types of products, the fla:c type, similar to corn flakes

and an instant porridge.

Preliminary work has indicated that both types of products are possible from sweet-—potato.
The study includes fortifying the products with soya beans and other legumes in order to increase

the protain coatont. Table 7 gives a summary of the formulations and process conditions.

Future research on the procesaing potention of root-crops will expand on the breakfast
foods to include puffed products and milled products. High protein pre-weaning mixes for children
using locally produced legumes and root-crops as the carbohydrate base are also being considered.

Other root-crops to be included would be dasheen, eddoes, tannia, (midn).
'ERERC!
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TABLE 6. Bffect on Baking Properties of Composite Flour (Breadfruit and Wheat Flour)
with different Proportions of Breadfruit (Bome Baking).

% Breadfruit Flour | © 5 10 15 20
Loaf Volume:
»l/g bread 3.3 3.3 3.1 3.0 2.5
nl/kg flour 5865 5850 5540 5128 4385
Shape:
Colour:
crust 1light brown light browm light brown light brown light brown
crumb white white off-white off-white off-white
Texture:
crust smooth amooth smooth slightly roughl rough (cracks)
crumb good(even cells)| good(cells even)| very fair fair(cells poor
(cella u.neven) uneven
Taste: good good 8light off- off-flavour off-flavour
flavour
TABLE 7, PFormmlation for Flake type breakfast foods uasing sweet-potato flour as the bas/
Exporiment No: 11 12 13 15 16 18 19
t8 ary w t
Sweet-potato flour 94 82 13 50 50 50 50
Rice flour - - - 44 34 22 12
Vheat flour (white) - - - - - 20 35
Corn (maize) flour - 12 - - 10 - 5
Skim milk powder 4 4 4 4 4 - -
Salt 2 2 2 2 3 3
Soya flour {whole) - - 12 - - - -
Vater (gas) 40 40 40 40 0 40 40
Processing Conditions BRange
% Dough moisture 32-41%
% Moisture after drying 13-16%
Bller spacing for pressing flakss
(co2d) (inches) 0,003
Toasting tempersture °C 210
Toasting time (Sec) 105-120
Moisture content of finished product(%) 2-4
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TABLE 4. Properties of Sweet-Potato Tubers and Flour made from them,

Flour Crude Total | Reduoing]
Tuber Colgur Moisture Bulk- | Protein Sugar| Sugar |PFat {Pibeefish '
Cultivar Shape Sidn Flesh Taber Ylour Density
g/ml bod w* %o g | g e

413/56/11 Bulbous yollow light orange 68 2.7 0.472 4.1 9.5 3.0 P.56 [3.72 1.40.‘
02/62 Cylindrical | reddish white 70 3.1 0,506 | 4.1 749 2.4 D.16 |2.47 | 1.46
08/589 Baltous white white n 3.2 0,618 | 3.8 8,2 1,0 .60 [1.46 | 2,07
c9/9 Cylindrical | white white 65 2.8 0,494 | 3.8 6.1 1,2 .27 | 2,39 | 2.03
02/59 Bulbous reddish white 67 2.5 0.542 | 3.6 7.9 1,2 0.61 [ 2,85 | 1.62
Austin Canner Bulbous yellow orange 69 3.4 0.508 3.6 8.2 1.5 10,81 | 3.41 | 2.19
B13/56/11 Bulbous yellow orange 68 2,3 0,442 { 3.1 12.0 2,0 0.90 [ 4,31 | 2,07
Centennial Cylindrical | deep orange | deep orange T2 2.1 0,498 343 10.4 1.3 0439 | 1,66 | 2,15
049 Bulbous reddish white 70 3.9 0.486 | 3.0 6.3 3.2 0,41 [ 1,82 1,72
28/59 Bulbous reddish white 68 2,2 0,564 | 3.0 6.9 1.4 0446 | 1,04 | 1,29
A7/63/22 Bulbous dark red pale vel. 69 2.3 0,548 | 2,9 79 3.0 0417 { 1.64 [ 2,94
A26/15 Bulbous orange orange 66 3.2 0,466 | 2.6 4.7 2.7 0454 | 2,32 1.70
I62 Cylindrical | reddish white 70 2,3 0,596 | 2.6 6.5 3.0 0,31 | 2,26 1,04
03/62 Bulbous white white 71 2,5 0,518 | 2.4 5.6 2.9 0.52 | 2.35] 1.64
Sunny side Bulbous orange pale orange 69 3.4 0,550 | 2.1 9.1 1.4 0,85 | 2.45[ 1.93
c9 Cylindrical | white white 68 3.2 0.494 | 2.8 7.1 0.7 0.62] 1.62] 1.7
4 28/7 Bulbous reddish white 66 2.6 0,504 | 2.6 4.5 1.0 0,53 2.62| 1.1

* On dry wt basis

TABLE 5, Effect on Bsking Properties of Composite flour with Different
Proportion Yam Flour (Baked under 'Home Condition')

Percentage of Yam Flour in Composite Flour of Yam & Wheat Flour
0o S 10 15 20 25 30

Loaf volume:

nl/g 3.3 3.4 345 3.6 3.5 3.3 3.1

nl/kg flour 5860 5940 6160 6380 6165 5850 5500
Shape: normal normal normal normal normal slightly fallen| fallen
Colour:

crust light brown|lightbrown | light brown| light drown | light brown | light brown light browm

erumb white white white white white white off-white
Texture:

crust smooth smooth smooth smooth smooth slightly rough | rough {few cracks)

crumb good{cells | good(cells | good{cells | good(cells | good(cells | very fair fair(cells unoven)

even) even even even) even (cells uneven)

Taste: good good good good good good good
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TABLE 3.

Comparative Study of Flour Kade From Different Sweet-Potate Cultivars for Bread-making

Loat Properties of Bread from "Composite Flour” with 15 per cemt Sweet-Potato Flour
and 85 per cent Wheat Flour.

Folume Shape of Colour Taxture Taste
Cultivar ul/kg nl/kg Loaf Tust Crumb rust Cruab
Flour Bread
Wheat flour 5630 3.3 Formal |Brown White Smooth | (Even cella) Good
4 13/56/11 6380 3.6 normal |light brown yellowish smooth good(cells even) good
02/62 6270 3.5 normal [light brown off-white smooth good(cells even) good
: 08/58/9 6160 3.5 normgl  [brown white mooth | very m)md(colls good
even,
c9/9 6160 3.5 vormal |brown off-white smooth | good (cells even) good
02/59 5940 3.4 normal |brown off-white mmooth | coarse(uneven cells) good
Austin Canner 5940 3.4 normal (dark brown light yellow amooth | good(cells even) good
B 13/56/11 5885 3.3 normal |golden brown golden yellow smooth | coarse slightly
sweotish
Centennial 5830 33 normal |dark brown golden yellow asmooth coarse(large uneven alight off
cells. flavour
049 5720 3.3 normal |brown off-white anooth good(cells even) good
28/59 5720 3.3 normal |brown off-white smooth fair(amall cells, slight off
dense) flavour
4 7/63/22 5530 3.1 normal |brown red amooth | coarse(few large cells) good
4 16/15 5520 3.1 normal |brown golden yellow smooth | coarse(few large good alight]
cells off flavour
162 5500 Bel normal |brown off-white mmooth fair(small cells
dense good
03/62 5060 3.0 normal |brown groyish rough fair(small cells
dense off-f1avour|
Sunny side 5060 3.0 alightly|brown light yellow slightly | coarse (aocggy) off-flavoun]
fallen rough (poor mouth
feel)
c9 4290 2.4 fallen |brown light grey rough coarse{uneven cells) off-flavour
any
cranks)
A 28/7 3960 2,3 fallen |light brown off-white rough coarse(uneven cells) off~-flavour|
cracks)
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TABLE 1, Effect of Different Proportions of Sweet—potato and Wheat Plour on
Charecteristics of Loavea Baked uander "Controlled Conditions®,

Cultiver
" ngor
iSweet Potato Flour ¥ O 5 10 15 20 2 5 10 15
[Loaf Volume:
al/g bread 4.6 442 4.3 4,3 3.7 2,8 4.0 3.8 2,7
al/kg flour 7429 7214 7286 357 6333 5000 7000 6428 4571
Shape : atatle stable atable stable alight falll fallen stable alight fall|fallen
Colour:
crust pale brn. [pale bra. | brown brown ‘brown brown pale brm. | brown ‘brown
crumb white 1. grey 1. grey light grey | light grey | 2ight grey| light grey| 1. grey light grey
Texture:
orust smooth smooth smooth smooth Tough few | rough many| smooth rough few |rough many
cracks cracks oraclks ceracks
ocrumb cells evenjcells even| cells even| cells even| cells un- | cells un- | cells even] cells un- |cells unevea
(good) (good) (good) (good) even aven (good) even (£air)
(v. tair) | (fair) v, fair)
Taate: good good good good fair poor good fair poor
TABLR 2, Effect of "Composite Flour" with Sweet-Potato on Pastry Quality.
Product %sweet Potate Flour 049" “c9"
Boti (unleavened
Bread) 15 good poor
Sponge Cake 20 good poor
Raisin bread 20 good. poor
Pancakes 20 good poor
Doughmuts 20 gaod poor
Sweet cream biacuita 15 poor poor

Good means acceptable as compared with produdt made from wheat flour
Poor means unscceptable




¥, Pame

Paoulty of Agrioculture
University of the Vest Indies, Jamaica

The traditional method of individual mounds and single poles for yams aggravate soil
erosion, since yams are grown on hill-sides. Use of continuous mounds or ridges along the contours,
would avoid erosion, but soils may be too shallow to provide a proper depth of ridge., Individual

may impr 801l drai » and continuous ridges may increase shading or result in
blowing down of vines and supporting structures. The experiment compared banks (or ridges)
1.5 or 0,9 n apart, with a atandard height of 46 ct., in combination with pole heights of 3 or

1.5 m. {above ridge crest) and elther one or two plants per pole,

Tields were significantly higher with taller poles, but neither bank spacing nor number
of plants per pole affected yields., None of the interactions were significant. Vine exposure,
which might be expscted to influence yield, probably differed tut little between treatments, as

vines jumped from pole to pole, 8o giving a contimuous wall of foliage.
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SIPECTS OF DIVISION LEVELS OF SEED TUBERS
ON YAN (D. alata, D. trifida) QERMINATION AKD YIELD

P, Mathurin & L,M. Degras
INRA-CRAAG, Petit-Bourg
Guadeloupe.

INTRODUCTION

Yam cultivetion rests essentially on tuber cutting for propagation. Only
some small tubers bearing species (Dioscoresg e enta, D. trifide, in the West Indies)
are regularly cultivated from whole tubers. Even with these species cutting may be
practiced at times.

A number of authors have discussed the effects of cutting (see COURSEY, 1967)

We quote here some of them.

As early as 1921, KINMAN showed in the West Indies (Puerto-Ricc) the advantage
of top setts (cuttings from near the stem) over middie and lower setts of D. gcayenensis
(forma rotundats) in yield although middle setts gave more tubere at harvest,

SAWADA (1952) showed with D. batgtgs thet germination was polarized according
to the tuber-mother structure : firast germination point appeared or prevailed on sett
part facing the tuber-mother top. He discovered that tuber initiation waa exogen in
large setts and endogen in small ones. With bulblls he obeserved that cuttings as
small as 0,5 gram could grow,

MIEGE (1957), in Ivory Coast, with D. alats end D. savepsagia, explored the
heterogeneity of tubers. He found a gradient in starch granule distribution, with
raphids when present mostly in the top part. Here also top setts were the best in
earliness of germination as well in yield, over middle or lower setts, the latter
outyielding the middle setts. Level of yield depended also on tuber-mother weight
(lighter better then heavier) and some optimum weight existed from each variety.

PERGUSON, HAYNES and SPRINGER (1969) studied cutting of tubers of D. alstg,
D. esculentg and D. trifida in a study of limiting experimental and random variations
in yam growing, Top sett earlinese was confirmed, but no yield significative differ-
ences existed between level of cutting of setts. In some cases origin of the settis
influenced number of stems and tubers. Overall, their studies confirmed the
high varlance heterogenity in yam propagation material, and thus the inadequacy o
simple statistical comparisons in experiments in this crop.
In Guadeloupe, the Plant Breeding Station (INRA) met up several trials in
1965 which established:
- the clear superiority of head and decline in yield toward
the tail with D. glatg cv. Couleuvre;
- the net superlority of head over other parts with D. alata
cv. Tahiti;
~ & variation of head yleld when comparing setts from asecond

harvest tubor (usual seed sett) with setts from first
harvest tuber (usual market tuber), the last giving higher

yield, with D, cayenesis ev. IGNAME JAUNE
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Recent experiments aim at the following points:

- verifying yield and physiological gredient in tubers of
recently released varieties

- studying optimal propagation conditions for these slones

- exploring tuber heterigeneity as a possible source of

genetic diversification

The first year of experimentation here reported attempted to verify yield
and physiological gredient in some controlled conditions which may Justify drastic
limitation in sampling, one tuber being taken for each treatment.

MATERIAL AND METHODS

The cvs. were PACALA STATION of D, alatp and INRA 25 of D, irifida.

PACALA STATION is a selected clone of a desirable commercial type,
with fair tolerance against diseasse (FOURNET et al., 197k) and good production,
cooking and keeping sbilities,

INRA 25 ie an hybrid clone from a Cush-cush crossing (DEGRAS, ARNOLIN,
POITOUT, 4971) of high productivity and good cooking ability,

Four tubers of each varieties were divided into 4, 8, 16 and 32 setts
respectively., Their origin are indicated in gigures 1 where levels are I to IV from

head (or top) toward growing point when tubers are divided into 4 and setts.

Tubers of PACALA weight about 800 grams each, those of INRA 25, 160 g.
These weighte are normal commercial tuber weights from each variety. All setts-
were placed on 5.,22,73 in & humid freme in individual pots filled with soild mixed
with vegetable mould and regularly watered till germination. They were then planted
in the field at a uniform spacing of 0,50 m between setts. These procedured gave

the experimental combinations which follow:

SETTS NUMBER/TUBER L 8 16 32
sett weight (g) 200 400 50 25
PACALA
field weight/m2 (g) 800 Loo 200 100
sett weight (g) Lo 20 10 5
INRA 2
field weight/m2 (g) 160 80 4o 20

Treatments (45) for PACALA and (4) for INRA are more or less common I'ield
densities,

PACALA was harveated on 1, 7. 73, INRA 25 on 2. 18. 73, which represents
reapectively 228 days and 268 daye from planting.
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RESULTS

Tables I to IV summarise the results. We have lost 8.3K setis of INRA
25 by decay before germination and 3.4% between germination and harvest. On account
of ditribution of these losts, which occur mostly among 2ize 1/16 and sisze $/32
upper setts, we think that peduncle fungus diseases related to Penicillin oralicum
attacks (RICCI, ARNOLIN, 1373) may be the main factor,

Serpipation earlinees
In tgbles I and II, setts of both varieties show

~ maximum earliness towards head setts,

~ maximum earliness with heavier setts,

Seemingly, interactions exist. Their values are difficult to estimate
considering FERGUSON's (1969) data, At least the following points are of interest:

= no simple head-tall gradisnt of germination in PACALA,
where IV level and III level are similar

= no simple gradient of germination in relation with INRA 25 setts
weight : the 4/32 sett size, on a mean, is not inferior to 1/16
sett size as in PACALA case,

There was wide range of earliness among setts from the same level when cut

into 32,
Harveated tyber yield

Table III and IV show
- & clear but slight variation of tuber yield in
relation to level

~ a clearer and greater variation of tuber yield in
relation with the setts weight.

The most striking difference is between 1/4 and 1/8 setts of INRA 25,
On the contrary no difference is observed between 1/46 and 1/32 sett type of either
cv., nor between 1/4 and 1/8 sett types of PACALA,

It is worth noting the rate of propagation permitted with each sett type
of each variety (eett weight in g/m® in parenthesis):

Sett type 1/l 1/8 1/16 1/32
PACALA 12 (200) 23 (100) 30 (50) 17 (25)
INBA 25 50 ( 40) 30 ( 20) 37 (10) 87 ( 5)

The greatestefficieney in cumulated harvested weight is obtained in PACALA
with 8 setts and in INRA 25 with 32 setts (table III and IV), though abeolute yield
per m is higher with 4 setts in both varieties,

Origin levels of setts give amall differences with a superiority of “tall"
over "head", more regular in PACALA than in INRA 25 where maximum yield appears with
level II (upper middle level).



Nupbor of tuber harvested

In PACALA in all cases but one (level III, type 1/32, where two tubers
was harvested) esach sett gave one tuber.

In INRA 25 which normally give several tubers per plant, a clear difference
appears both with level of origin of setts and with sett eize. Only this latter is
eonsidered, the former being in accordance with the harvested tuber weight.

Variation with size of setts results in the following data for harvested

tubers:
Number/sett 1/32 1/16 1/8 /4
Number/mother-tuber 10.3 7.5 1.0 28,2
Tuber mean weight (g)329.6 120,0 88.0 112.8
) AND CONCL
1. Longitudinal heterogeneity of yam tubers in physiology and yield potential

ia confirmed,

Earliness of germination showa the known gradient from head to tail. though
some interaction may be found with size of setts.

Both with PACALA and INBA 25 esrliness of germination differences between
head and tail are smaller when gett size is smaller; mean earliness is lower also
(an exception could be in the case of INKRA 25 from 1/16 to 1/32. Two process may
account for thist~

~ glower initiation of new buds when tissue are less important
-~ an inhibition correlation stops fewer buds when settes are smaller

80 that the leading bud is leas able to realise its potential.

2. A trensverse heterogeneity of yam tubers may account for the wide dispersal
of earliness in germination from a particular level (size 1/32), but this may not be
entirely random. The regular occurrence of the latest germination at all levels in

PACALA 1/32 raises some doubts.

3. Yield results along e headw-tail gradient conflict with published results and
with our previous observations on the effects of level of setts, FERGUSON, HAYNES
and SPRINGER (1969) reported only the better performance of tail sett for number of
stems and number of tubers, this last point being in accordance with KINMAN's (1921)
observation. We think that the field density could be a cause of interaction, but
further observations are needed,

Yo Aa for the sett sige effect, interaction with field density precludes any
conclusion, but the higher propagation rates found in each variety for a limited

size setts remain of interest,



Further experiments will examine the following:
- uniform demsity and uniform spacing
-  2=~3 mother~tubers by treatment
~ a more systematic division into setts
« numbering of setts for testing transverse heterogeneity
- dormancy observatiors after harvest
- a first "vegetative genealogy" for search of "progenies™

diversity.

We hope that breaking the bud inhibitions of a wider area of the mother-tube
will show possible "somatic" mutations as well as phenotypic “variants" representing
different balancés of explored in classical breeding needs more attention in the

pelection of vegetatively reproduced tropical plante,.
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Tour trials were carried out ia 197173 on two msjor yaw-producing soils of Jmmaioa ~
Chudleigh Clay Loam (#73) and St. Ann Clay losm (#78).

Yams were grown on contimucus mounds with trellis supports, Three trials wers 23
faotorials with rates of 0-90 kg/ha N, 0-90 kg/ha P,05 and 0-240 Xg/ba K,0. Main offects were
not siguificant and in only one instance {on Chndleigh Clay lLoam) was an interaction significant
(§E), In the fourth trial, on St, Ann Clay Loam, three commercial fertiliser grades - 5:10:10,
6:18:27 and 12124112 - were compared, esch at 650 kg/ha, vith an unfertilised oontrol treatment.
Flots were split for time and method of appliocation. Neither differences between fertiliser
grades, nor bstween methods and times of application were significant,
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PIBLD TRIALS ABOUT YAK SWTHRACNOSIS
by
J. Pournet, L. Degras, R. Armolin and G. Jucqua.

CRAAG-Potit Bourg Guadoloupe

In the West Indies, on Dioscores alatn, sevoral leaf spots may be observed, caused by

various fungi, the most frequent of which are:

- Ehigoctonis solani , a soil fungus which ceuses during wet periods or in damp conditions
sovere loaf die-off, On the rapidly enlarging lesions two sorts of aclerotia may be found.
aicrosolerotia spread by splashing, and macrosclerotia, probably the conservation stage of the
fungus.

- Sclerotium rolfsii o soil fungus toc, causing large leasions covered by a white, radiating
nycelium (rhizomorphs), which often give v+ io radish seed-like sclerotia.

- Cexcospora ‘bonaces, the «ttacks of which are characterized by black, rectangular-shaped
spots limited by the veins covered beneath with a thin velvoty, grayish layer of sporangiophores

and apores.

=~ Collectotrichum gloeogporicides {probably the f. op. alatae) causing irrvegular-shaped

spots, very often initiating on veins, and leading to leaf die-off.

On some clones of the "Pacala" type a very severe stem blackening and die~off is often
observed, which has long been womewhat puzzling., Very simple trials carried out about two years
ago have shown that this symptom is also caused by Collectottichum glogosporiocides. On the

susceptible clones, the symptom occurs about 3 to 4 months before harvest.

In order to detemmine the importance of losses caused by anthracnosis (which should be
done in our opinion, in every case before studying any disease), and to find out efficient field
treatments, two trials were simultancously carried ovuk:

(1) A fungicide trial
(2) & variety trial, in which 16 different clones were compsred.
As Bénomyl revealed itself to bLe the most cfficicnt o1 .ae fungicides tested, it was

foared that it might be stored in the tubers, and so the Bénomyl content of tubers was anslysed.
METHODS

() Pungictde triel

Propinedb and Mancozeb were combined ia & factorial pattern with Bémemyl, in three blocks,
Bach block contained the following treatments: Control, propineb, Mancozeb, Bénomyl, Bénomyl +
Propineb, Bénomyl + Mancozeb, Bach plot was split iato fwn lones i ants/clone):

- Sainte-Catherine, a "leaf-spot" clone

- Pacala Dominique INRA, a "leaf-spot and stam &3

The trial was set up on April 10, 1973,
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The incoulation (Jume 18 snd September 10) oocurred by hanging short Solanmm torvum stem
segments on which the parasite had been growm ig witzo (our ususl inoculation techmique).

Ireatmento:

Bvery fortnight from July 23 to D« ber 24 (one treatment cmitted on September 3 becauss

of the threat of a mrricane).

Doses : about 750 n’/phnt of the following suapensions:

Propdned 210g/h1 (active material)
Mancosebd 150g/m1 ( * » )
Bénomyl 50g/nl ( " ")
Propined 210 g/hl + Benomyl 50g/n1
Mancoseb 150g/hl + Bénomyl 50g/hl

Digense ratins:

Two ratings of stems and leaves synptoms were carried out on October and November 20,
aocording to the following scales:

Stems: (2 ratings/plot) = healthy stem
= some sumall spots
some large spots

= blackening of some steus

-~ L o
n

= general blackening of the steas.

[=]
¥

Leayes: (10 ratings/plot) healthy leaf
= some small spots
2 = many mall spots or 1-3 large aspots
3 = 4 and more large spots
4 = leaf almost completely necrosed.

Harvest January 16 and Pebruary 2 (1974).

(2) Yaclety trial

Sixteen clones from the Plant Breeding Station collection were compared in a split plot 3
btlocks design : Punéji bis, Barbados, Pacala Dame-jeanns, V., B/2, Oriental, lupias, Gordito,
Pacala communs, Bétd-Bété, Bélep, Télémaque, Saint-Vincent Sainte Rume, Goana, Florido, Pacala
-station, Pacala 72, Each plot was eplit into a treated and an unt d part (Propineb 210g/hl

weekly, plus Bénomyl 50g/hl every fortnight from July to December 3). Uniform innoculation
occurred monthly using the technique described above, Two similar notations were carried out.
“Harvest occurred on January 21 (1974).

Statistion:

Barvest (in kg) was analysed directly ; but the variance of symptom motes was dependent

upon mean value, Th the mathematical t tion

Y = log (x + 1) was used, where x is the note.



Bénomyl residues in the tubers was investigated only oz some Sainte-Catherine tubers from
the fungicide trisl, uging the technique desoribed by NESTRR. TOURTE & CANPO (1971) : Optical
density of the purified ethylacetate extract at 282 ma. measured by an U,V. spectrophotoaster.

Fungiclde trigla:
The results are summarized in Table 1.

Joaf spots: analysis of variance shows that B‘mqyl, alone or mixed withk Propined or
Mancogeb provides a highly significant control of leat spots in both varieties. The effects of
Propineb and Mancozeb are nmot sigunificant., No interaction may be pointed out.

Sten syaptoms: same conclusions, tut a highly significant interaction Bénomyl x Variety
shows that Benomyl was more efficient on Sainte-Catherine.

Yields: the results are not quite satisfactory, probably dus to the small size of plots
(high co~efficient of variation), Nevertheless the effect of Bénowyl on yields, by reducing
anthracnosis, is highly significant; yields are increased respectively by 72% and 88% in
Sainte-Catherine and Pacala, Migures 1 and 2 show the regression of yields in both varieties,
respectively, upon leaf and stem notes. The high values of r (correlation co-efficient between
yields and stem notes) show that stem lesions are probably more damaging to yield than leaf

lesions, particularly in the case of Pacala, a clone of the "stem~blackening™ type.

Yarjet H

Besults are given in Table 2 where the varieties are listed according to decreasing leaf
susceptitility; it should be noticed that there is an obvious correlation between leaf and stem
susceptibility ( r = 0,94) which can be assumed not to be due to the method of motation. On the
contrary, no correlation may be pointed out between potential yields and leaf or stem susceptilility,
which means that high yielders may be musceptitle (for example Goana or Pundji bis) or resistant

(Gordito, Bélep, Pacala-station).

It should be notioed that yields are i d by the ¢ te mostly in varieties of
the "stem-blackening®™ type or at least in varietios, the stem and leaf notes of which are superior

to 2 without treatment.
In susceptible varieties, the mean yield is inoreased by about 100% by the treatment.

Hevertheloss, the rather low scouracy of the trial raises apparent discrepancies: in
some varieties (for exsmple Barbados) the yields are significantly i d by the trestment

although there is no significant action upon leaf and stem symptcms. The reverse is true in some
slightly susceptidle varieties (Florido, Gordito); the latter effect may be to some extent
explained by late attacks,

The "Pacala” group shows a very hizh haterogeneity as to the susceptibility to
wthracnosis,

In some clones (Bété-Bété, Pacala commune, Oriental), Bénomyl seoms to have a somewhat
phytotoxic effeot; this point requires further investigation if ascessary.
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Bénonmyl residues:
An analysis carried cut on some Sainte-Catherine tubers from the fungicide trial has shown
that the B M C residues wers quite negligible (0.03 mg/kg tuber, corresponding to 0.045 mg/kg,
expressed in Bénomyl), and probably did not even reach the threshold of sensitiveness of the

method used. This result agrees with our knowledge of Bénomyl transportation in plants.

DISCUSSION

Yam anthracnosis may be considered a disease to be feared only on certain varieties,
i.e. mostly on those which show the "stem blackening” symptom, and those with a very high
leaf-susceptibility. In the case of cultivation of such varieties (which should not be
recommended, except in certain instances, as stated below), Bénomyl can provide a good control of
the disease, even at a fortnightly treatment rate; yiel 3 may be then raised by over 70% (up to
100%). In moderately susceptible varieties, i.e. in va. eties which never show more than a few
large, or many small leaf-spots, and some stem-spots, t.e disease can be assumed not to be worth
any treatment.

At any rate, the possibility of treatments against Yam anthracnosis presents some
significance in certain instances:

~ Some of the clones studied in the Caribbean for mechanised cultivation because of a
favourable tuber shape may be very susceptible to this disease, and may present stem-blackening;
it would be difficult to grow them on a large extent, the more so as hybridization and therefore
combination of characters is still almost impossible in Dioscorea alata.

- Some clones found in collections, which may be interesting to practical or theoretical
research purposes may be highly susceptible to anthracnosis, and therefore difficult to keep in ~

good condition,
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TABLE 1, Summarized results of the fungicide trial.

Treatments ¥o Benomyl Bénomyl o-efficient
Disease ratings Control Propineb Mancozeb{ Bénomyl| + Propineb | + Mancozeb vs:'.il’ation
alone
Mean rating S.Ce 2.62 1.98 1.82 +68 «92 1.02
of a leaf fg cdef bedef a 8 ab 11,3%
(0~4)
Pac. 4,00 2,57 2,30 1.33 1.27 1.02
g efg defg abed abed ab
Mean rating s.C. 2.42 1.83 2,17 .50 .92 .67
of a stem bed b be a a a 12,2%
(04 -
Pac, 3.83 3.67 3.00 2.42 2,33 2,42
e de cde bed be bed
Mean yield S.C. 9.20 11.50 9.73 15.00 15.80 21.67
per glot b b b a a a
(xg 40,3
Pac. 3447 7.75 3.87 4,10 T.57 7.03
¢ e c be be be

(Variance analysis followed by Duncan multiple range test, P = 0,05)

S.C, = Sainte~Catherine

Pac. = Pacala-Dominique INRA

TABLE 2, Summarized results of the variety trial - Varieties listed according
to decreasing leaf susceptibility.
Origin Tuber shape | Cooking Mesn note of | Mean mote of | Mean yield per plot (kg)
qualities| a leaf (0-4) | a stem (0-4)
Variety NT T NT T NT T
*
Sainte-~Vincent Guadeloupe | short Good 4,00 # 1,28 4,00 # 1.58 6.00 £ 15.90
Sainte-Rose flattened
wide
*
Pacala— Cuadeloupe ;‘;ther short| Good 3.83 £ 1.36 | 4.0 = 2,08 1.49 # 10,17
Dame«-jeanne attened
v, B/2 IRAT short *
7 collection | cylindrical | Good 3.78 # .78 3.8% = 2,00 3,36 = 6433
*
short = =
Barbados Trinidad cylindrical Good 2,40 = 1,23 3.41 = 1,83 7.43 £ 13.87
1 Rath *
. ong or
Punéji bis Oceanta convosl zo0d 2,00 £ .00 | 3.00 £1.00 | 9.59 # 17.23
short VYery
Florido Puerto-Rico| cylindrical | good 1.85 # .45 | 3.16 £ .58 9,00 £  13.23
long *
Goana Oceania eylindrical | Good 1,71 = .88 3,00 # 1,16 13.30 £ 22,00
long Rather
Gordito Puerto-Rico| irregular good 1,16 £ .00 | 1.58 £ .33 2300 =  23.63
rather short| Very
Bélep Oceania conical good 68 £ .25 1,33 = .75 19.30 = 20,27
short Rather
Oriental Trinided oylindrical | good W45 = W21 150 £ .50 194,33 = 15423
rather short
Bété-Bété Ivory Coast| flattened Good 40 = .16 133 = W91 15.63 = 11,63
wide
short
lupias Oceania cylindrical | Good 38 = .18 2,16 = 1,00 10.93 = 12,33
IRAT long Very
Pacala 72 collection | cylindrical | good W25 = L10 1.41 = 1,16 13.20 = 13.86
., long Very
Télemaque Martinique | irregular good .25 = ,08 1.50 £ .33 T.82 = 7,717
cylindrical
long
Pacala Guadeloupe | irregular Good A3 = .05 1.50 = ,58 13.73 = 12,50
commune cylindrical
long Vory
Pacals Guadeloupe | irregular good A3 = 03 75 = .58 15.77 = 18,93
station eylindrical

BT = untreated,
non~eignificant

T = {reated.

benefit obtained from the treatment.
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NEMATODE PESTS ON YAMS IN Ji G
Gillian E. Eickling

Ministry of Agriculture
Kingston, Jamaica.

INPRODUCTION

Yam tupers of cultivated species of the genus Dioscorea are of considerable importance
as & food crop in most tropical countries. In Jamaica yam forms one of the staple foods for
the population, and many species and varieties of Dioscorea are grown not only for the local

market, but also for export purposes.

It has been found that plant parasitic nematodes associated with yams can do much
demage to them, and can cause reductions in yield, unattractive appearance of the tubers, and

reduction in marketability of the produce (Coursey 1967),

Scutellonema bradys has long been associated with a disease of yams described as "dry
rot" (West 1934), and this nematode has since been reportedly found in yam tubers in many
tropical countries, including Brazil (Lordello 1959), The Ivory Coast (Smit 1967), Nigeria
(Bridge 1972), Puerto Rico {Ayala and Acosta 1971), Jamaica (Steiner 1931, Steiner and Buhrer

1934) and others,

The root knot nematode (Meloidome app.) is also a known pest on yams, and causes
galling on the roots and tubers, It hes been recorded from Puerto Rico, (Ayala and Acosta 19‘71),
Nigeria (Bridge 1972), the United States of America (Hawley 1956) and Jamaica (Dizon and Latta
1959).

The nematode of the genus Pratylenchus sp, has been reported as a pest on Dioscores Sppe

in West Africa (Smit 1967), Jamaica (Hickling 1972) and Puerto Rico(Ayala and Acosta 1971).

In addition, recent studiea have shown that stored yam tubers are damsged by plant
parasitic nematodes, which csuse necrosis and degenmeratioa of the tissues, and result in loss

in yields (Thompson, Been and Perkins 1973).

In Jemaica nematodes have long been associsted with damage to yam tubers, causing
"dry rot" and "burning", as it is called locally, of the tissue. In certain areas of the
island Djoscorea trifids is no longer planted as yields are extremely poor. This is almost
certainly related to nematode demage. In 1959 Dixon and Latta reported that nematodes might be
a major cause of storage decay in D. alata and B, cayenensis.

This paper reports on the results of investigations on the genera of plant parasitic

nematodes found on yams in Jamaica, and their damage to tubers related to parasitism of

endoparasitic species during storage of the yams,

ND METHODS

Samples of yam tubers, roots and soil surrounding the roots were collected from farms
in the main yem growing areas in Jamaica. These are the parishes of St, Ann, St. Elizabeth,
Manchester, Trelawny, Clarendon, St. Mary, and Portland, Yam tubers were also collected from

markets, tuying stations, and field stations all over the island, Tubers of the species
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Dioscorea alata, D. trifida and D. cayenensig composed the majority of the yams examined, Fewer

D, rotundata tubers were examined. Soil and roots from all four species of Dioscores were examined.

Tubers were checked for mechanical damage such as bruising, then sectioned, and pieces
of tissue of 10~30 gms in weight from different areas of the tuber were cut and placed in petri
dishes containing 10 cc of water. They were either examined immediately under the microscope
and the nematodes teased out of the tissue with needles, or left for 1-2 hours before being

examined. The following parts of the tuber were examined separately:

1. The skin alone

2, Dead necrotic tigsue

3. The edges of necrotic tissue

4. The interior starchy flesh of the tuber

5. The skin and underlying 2 or 3 layers of cells of starch

6. Areas of necrotic tissue associated with fungus and/or bacteria,

Some unbruised, nematode infested, tubers were left uncut in open boxes at ambient

temperatures for periods varying from 1 week to 3 months and examined at intervals.

Yam roots were washed, broken up finely with water in a homogeniser for one minute, and
the nematodes extracted by seiving and decanting. Nematodes were extracted from yam soil by

the Whitehead's tray method (Whitehead & Hemming, 1965).

RESULTS

No nematodes were found associated with the interior starchy flesh of
yam tubers, within dead and degenerated necrotic tissue, nor within areas of necrosis associated
with fungus or bacteria. They were sometimes found at the edges of such necrotic areas, however,
In infested tubers, endoparasitic nematodes were observed to be associated mainly with the
underlying areas of skin in the outermost epidermal and peridermal parenchymatous tissue
penetrating from 1 to 2 cms in the tuber, They were associated with necrotic lesions, mainly
light brown in colour, in lightly infested material, and dark brown in colour in heavy infested
naterial, Most nematodes were found at the edges of the lesions where there was less dead
necrotic tissue. In apparently 'clean' tubers, i.e. with little or no necrosis present, a few
parasitic nematodes were sometimes found in and immediately under the skin, Necrotic lesions
associated with parasitic nematodes were generally found in distinet patches onm the outer layers
of the tuber, or extending most or all of the way around the tuber. Cracks and pitting of the
skin was ggen in the necrotic areas associated with nematodes when the attack was heavy. The
necrotic lesions associated with nematode attack were sharply defined areas and could be
distinguished usually from mechanical damage such as bruising. It was found, however, that

bruising of tubers often resulted in invasion by pathogens such as fungi, bacteris or nematodes.

Endoparasitic nematodes were’found to build up high populations in tubers kept in storage,
and areas of necrosis agsociated with them increased proportionately until the entire tuber was
dry and rotten. At advanced stages of rot the shape of the tuber was maintained, tut the entire
interior was reduced to a dark brown dry powder while the outer skin remsined firm ut brittle,

cracking and flaking off as the rot advanced.
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Pratylenobus coffess, and Soutellopsms hradys were the two major endoparasitic nematodes
round in Digacorsa tubers. Tubers were found to be infested with either one or the other of

thene tod I on by either de caused the development of necrotic lesions in
the outer layers of the tuber underneath the skin, "Dry rot" or "turning”, i.e. the complete
degeneration of tissues took place with the tuild-up of the nematode population in the tuber
during storage, in tubers infested with either nematods. All stages of develoment of the
parasites could be seen in tubers infested by Pratylenchus and Jcutellonems, and in tubers
exhititing advanced rotting secondary invasion by the nematodes Apbelencims sp. and
Aphelenchoides 8pp., saprophytic nematodes, was seen. At this stage few adults of Pratyvlencius
or Sgutellonems were observed, smecond-stage larvae heing more abundant.

Meloidogyne sp. were obaerved in a few tubers of D. cavenensis collected. (Less than 1%
of the total mumber examined)., They cause galling in the cuter epldermal layers, but 1no necrosis
or discolouration of the tissues, Meloidogyne spp. were not found in the tubers of any other yea

species examined,

Pratylenchus goffese was found to be parasitic on 80% of the tucers examined. This
nematode was found ccourring in all varieties of Dioscoreg examined. Scutellonema tradvg was
found on less than 20% of the tubers examined. §. bradys was found only on D. glata, D. rotundata,
and D. cavenensig. Diosoorea trifida tubers were found to be parasitised only by Pratylepchus
coffeae. S. bradys was never found in tubers of thia species.

Heldcotylenchus multicinctus, Moyylenchulus remiformis and Meloidogyne sp. were found
to be the major peraeitic nematodes in the roots of all apecies of Dioscorea examined.
Melojdogyne sp. caused root knots to ocour on the roots, All stages in the develomment of
Helicotylenclms were seen in the roots (i.e. 2nd, 3rd, 4th stage larvae and adults) but mainly
second stage larvae were founa of Hotylenchulus. Pratylenchus coffeae and Scutellopemg bradve
were also recovered from roots ox yams, tut in lower numbers than found in the tuber. Tabls ~
shows the genera of plant parasitic nematodes recovered from the soil and roots of mm
species examined, In the soil, as in the roots, Helicotylepchus multiocinctus and Jptylenchulus
repiformis were recovered in bigher numbera than other genera.
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TABLE I, Plant parasitic nematodes extracted from yam soil and root.

Soil oot
1. Pratylenchus coffese x z
2. Botylenchulus reniformis x x
3. Helicotvlenchus multicinctus x x
4. Scutellonems bradys x z
5. Meloidogyne sp. x x
6. Ziphinomea sp, b4
7. BHoplolaimus sp. x
8., Criconemoides sp. x
9. ZIrichodorus ap. x
10. Iylenchoryncmsg sp. x
11, ZIylenchus ap, b
12, Ditylenchus ap. x
13. Dipthorophora sp. x
14. Aphelenchus sp. x x
15. Aphelenchoides sp. x x
16, Saprophytes and predaceous nematodes x x

DISCUSSION

The economic importance of nematodes as pests on yams can be related to the damage
caused to the tubers, where injury to the cells by the nematodes feeding, elicit host responses
from the plant which result in the formation of necrotic lesions in the tissue. This damage of
the tubers results in a reduction in yield, a reduction in marketability, and a reduction in

numbers of seed pieces for planting material.

While Meloidogyne spp. can cause serious damage to tubers, (ayala and Acosta 1971),
in this investigation they were found infreguently, and in too low mumbers to cause concern.

The major nematode pests on yam fubers in Jamaica are considered to be Pratylemchus coffese and

Scutellonema bradys. Both genera build up high populations in yam tubers causing necrosis and

"fdry rot", This observation is consistent with earlier reports Steiner, 1937; Thompson,
Been and Perkins 1973 Bridge, 1973 Dixon and Latta, 195% While S, bradys is found more

freﬁuently in other countries (Bridge 1972) P. coffeae is found most frequently at this time

in Jamaica.

Nematodes found in roots and soil of Dioscorea in this investigation do not appecr to

cause serious damage to yams. It is thought that they probably contribute to loss of vigour,
and reduction in growth of the vine. It is possible, however, that they are damaging in that

by wounding the roots they allow secondary pathogens to invede the yam with serious consequences,

The nematode is therefore considered of great importance as a pest of stored yams in
Jamaica. The incidence of infested tubers in storage is high, and it can be seen that

ropulations of Pratylenchus coffeae or Scutellonema bradys, while being t0o small to manifest
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noticeablo external symptoms immediately after harvesting, may increase greatly in storage,
producing extensive damage to tubers. In addition, the damage caused to the tubers by nematodes
can allow secondary invaders such as bacteria, fungl or insects to enter and further destroy
the produce. It is clear, therefore, that preventative measures should be developed and used

to combat nematode pests on yams in Jamaica.
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SOME OBSERVATIQNS ON INTERNAL BROWN .SPOT
D,
IN THE COMMONWEALTH CARIBBEAN

S.H. Mantell, N, Mohamed, S,Q. Hague and R.H. Phelps
U.w I., St. Augustine Trinidad

INTRODUCTION

'Internal brown spot' of yam (IBS) has been known to occur in Barbados in
Dipgcorea alata cv. 'White Lisbon' for the last ten years (Jeffers and Headley, 1967;
Coursey, 1967). The condition is characterised by the presence of small brown nodules
in the flesh of the yam tubers, These nodules are surrounded by normal white or creamy
flesh, with no apparent connection with the outside. Spotted tubers are apparently
indistinguishable from spot-free tubers unless they are cut open and examined, Internsal
brown spot of yam does mot seem to be associated with pathogenic fungi, bacteria or
nematodes (Iton, 1964; Mills, 1965; Edmunds, 1966). Harrison and Roberts (1973) reported
that the tubers of yam (D. alata cv. White Lisbon) from Barbados affected by internsl
brown spot foliage showing mosalce/mottle symptoms. These leaves were found to contain
two types of virus~like particles. The results also indicated that IBS is probably
caused by a virus although the relationship between the virus-like symptoms on the
foliege and IBS hac not yet been established. The investigations reported here were
carried out to determine the possible occurrence of IBS and virus-like symptoms on the
leaves of other species of Dioscoreag in addition to D. glats and their presence in other

islands in the Commonwealrh Caribbean,

RESULTS AND DISCUSSION
A, Observations on Diogscores glata

(1) ribution 4 becurrence of virus-like symptoms of I age and IBS
m bers.

Results of a survey of 8 islands in the Comnonwealth Ceribbean during 1972/73
showed that virus-like symptoms (moseic/mottle types) occurred on cultivars of D. glata
in Trinidad, Grenada, Barbesdts, St. Vincent, St. Lucia, Dominica. Nevis and Jamaica

In a subseguent survey IBS was found to be present in all these islands.

(11) ggu;renge of IBS and wirue-}ike symptoms on different cultivare of D, alats
ip Trinidad, Barbsdos_gnd St, Vincent.

A survey of yam crops was carried out during November end December, 1973, to
determine the incidence of virus-like symptoms on yam foliage, Two sampling methods
were used. The first, employed in large-scale plantings (ca, 1-5 hectares), consisted of
selecting 2-4§ rows at random in each planting and recording the presence or absence
of virus-like symptoms on every 5th plant along the rows. The second method, used in small
plantings (under 1 hectare) consisted of recording presence or absence of symptoms on
every plant occurring along the diagonels of each plot. A follow up survey during
Febrpary, 1974 determined the Incidence of IBS in the seme plantings. Tubers were selected
at random from yam storege piles and carefully sliced., Slices were cut as thin as possible

(2-4 mm.) in order that small lesions were not overlooked.

-68-



IBS incidence was asaeased 28 a percentage of tubers in the sample with IBS lesions,.
Size of the pample varied according to the amount of available material, Wherever possiblse,

samples of 15-25 tubers were taken. The results are presented in TABLE 4.

(111) tion of different cult: of D ta to IBS growi
under similar copditions ip Trinidad and Barbados

During the survey of February 1974, information on the degree of IBS 'infection'
of verious D. glatg cultivars was obtained, At three locations, two in Trinidad (U.W,.I.
Pield Station, Champ Fleurs) and one in Barbados (Friendship Plantation, St. Lucy),
D. slatg cultivars had been growing in adjacent plots in more or less similar conditions.
Samples of 10-20 tubers of each cultivar were selected at random and sliced as described
earlier to determine percent IBS 'infection'. An infection index, the Spotting Index (SI),
was calculated for each batch of tubers to assess the intensity of IBS 'infectlon'.

SI was computed using the method of McKinney (1923) as follows:

SI =4glasges x 400
N ]

where N = Total number of tubers sampled
8

= Maximum spotting category

The clases of "infection' are presented in Table 2 and the results of the survey
are summarieed in Table 3,

(4v)  QOccurrence of IBS under field conditiops:

Most of the previous workers have recorded the occurrence of IBS in the tubers from
yam storage piles, Coursey (1967) reported that during storage of the yam tubers, the
epots enlarge and become more numerous. This observation gives the impression that IBS
could be a storage disease, Therefore, it was planned to find out the possible occurrence
of IBS under field conditions. Yam tubers infected with IBS were planted and 10 weeks
betore the normal time of harvesting samples of tubers were dug out at fortnightly
intervals, eliced and examined, These observations revealed that the IBS becomes evident

in the tubers of D. glatn at least six weeks before the normal time of harvesting.

Observations on Dioscorea trifida

As Dioscorea trifida is not grown as commonly as D. alate in the Comnonwealth
Caribbean it was only possible to examine the former species in Trinidad and Grenada. In
Trinidad, out of a total of 213 plants examined, 190 showed mosaic/mottie and 6L showed
leaf distortion., In Grenade all 75 plents exsmined showed mosaic/mottle symptoms but
no leaf distortion., Fifty tubers from plants showing foliage symptoms were 1liced but
IBS could not be found in any one of them. A more elsborste examination is needed fo

confirm the absence of IBS in D. trifida.

QObseryations on Dioscorea esculenta

As Dlogcoreg egculenta ie also grown on a limited scale in the Commonweal th
Caribbean, foliage and tubers of D. esculents were examined in Trinidad and St. Vincent,
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In Trinidad, out of a total of 100 plante examined, 95 showed mosaic/mottle symptoms

and of these 9 showed leaf distortion. In 8t. Vincent all 80 plants examined showed
mosaic/mottle only. Ten out of the 50 tubers of D. gsculents examined in St. Vincent
showed IBS lesions while none were present in 125 D. egoulepts tubers sampled in Trinidad.

A preliminary survey of yams carried out by Harrison (41972) in Barbados, 8t. Vincent
and Trinidad indicated that mosalc end mottle symptome of a virus-like nature occurred
on D. alatg D. esculenta and D. trifida and that IBS wae present in the tubers of D. glats,
especially in the cultiver 'White Lisbon', The present investigations confirm these
observations and indicate that these disease symptoms are wope extensively distributed in
the Commonwealth Cearibbean than was first reported (Jeffers ana Headley, 1967)., The present
findings record the occurrence of IBS in the tubers of D. esculent . Although IBS was
observed in the field this, however, does not preclude the possibility of changes in IBS
during storage as observed by Coursey (1967). As far ae the authors are aware there are no

reports of IBS occurring in any other part of the world.

The occurrence of both IBS and virus-like symptoms on epecies of Diogcores other
than D. alats suggests that a more complex disease situation may exiet than was indicated
by previous surveys. The various leaf symptoms observed on the three species may be
caused by different viruses or alternatively, by strains of one virus. Harrieon and Roberts
(1973) reported the IBS-affected tubers of D. glats cv. 'White Lisbon', produced foliage
with mosiac symptoms; such leaves contained two types of virus-like pasrticles. Therefore,
further work is needed to establish the relationship, if any, between different types
of virus-like symptoms (Table 1) on D. glatg and other species of Digecores and the IBS,

The results presented in Table 1 indicate that several cultivars of D. alata
are sffected by IBS and virus-like symptoms. Levels of 'infection' varied between cultivare
of D. glata growing in similar location (Table 3). PFor instance, gyg. White Lisbon and
Oriental were free of IBS in Barbados, even though other cultivars at the same location
were affected, In contrast, these two cultivars were affected by the IBS at the Trinidad
locations. The level of IBS in the planting material of these two cultivars in the
two islands is not known but it is possible that the Barbados planting material was free
of IBS. These results indicate the possibility of growing IBS-free tubers under field
conditions,

Harrison and Roberts (1973) suggested thet the bacilliform particle found in
diseased yam plants probebly belongs to the same msjor gmoup of viruses as cacac swollen
shoot and mealy buge deserve attention as poesible vectors. The authors have observed
heavy infestations of mealy bugs in some atorage piles of yam tubers., PFurther investigations
to establish the nature of IBS and other virus-like conditions and their tranamission are

in progress at the University of the West Indies, St. Augustine, Trinidad,.
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TABLE 1. Ingldepce of virye-like oymptoms spnd Internal brown apot

€ € =
1B n dife t D T
Barbados and St, Vigcent

Island/Location Cultivar % tubers Mosaic/Mottled Other virus-liked
with IBS symptoms symptoms
ZIrinidad
U.W.I. Field Station White Lisbon 70 + +80¢
Seal Top® - + +0
Oriental 20 + -
Ashmore Ly + -
Barbados 63 + -
Barbvados
Thicket, St. Philip White Lisbon 85 + +°
Sayes Court, Christ-
church Barbados 29 + +2
Chapel, St. Philip Coconut Lisbon 30 + -
Lancaster, St. James Bottleneck 25 + +°
Graeme Hall, Christ-
church White Liebon 0 + +
St, Vincent
Dauphine White Lisbon 75 + +°
Campden Park White Lisbon 35 + -

»

See Gooding (1960)

a Leaf Distortion
b Stunting of whole plant associated with chlorosis
¢ Vein Clearing
d Presence (+) or absence (-) of symptoms
e IBS not assessed in these plants
TABLE 2, Classes of Interna}l br t (IBS) 'ipf ' €
in 1c i he Spotting Inde: I
Class No. of Lesions/tuber Clasa No. of Lesions/tuber
o 0 5 21-30
1 1-5 6 31-50
2 6-10 7 54=90
3 11-15 8 91-170
4 16-20 9 >i70

=72~



TABLE 3. Internal brown spot (IBS) 'infection® of some D. alatg cultivars

€ T € nd, 8 gt T. 4.
and Berbados

Location Cultivar® % of tubers with IBS S,I.
Trinidad, Site (1)®  Ashmore uy 5.6
Barbados 63 8.3

Smooth Statia o 0.0

White Lisbon 70 8.9

Oriental 20 2,2

Harper Ly 8.3

Seal Top 11 1.2

Trinidad, Site (2)8  Ashmore 10 1.1
Bottleneck 30 3.3

Moonshine 60 8.9

White Lisbon 60 6.7

8t. Vincent Red 90 3647

Harper 100 20,0

Barbados, Coconut Lisbon 70 2141
Friendship, St. Lucy White Lisbon o] 0.0
Oriental 0 0.0

Bottleneck 60 14,0

* See Golding (1960)
a University Field Station, Champ Fleurs
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STORAGE DISEASES OF CUSH-CUSH YAMS IN GUADELOUPE

P. Ricci-J,P, Torregrossa—J, Fournet

INRA-Antilles Guyane
Potit-Bourg, Guadeloupe.

Cush-cush yam in Guadeloupe (F.W.I.) is consumed meinly at Christmas and not at all after
April. The reason is found in the poor keeping gualities of the crop. The loss occurs by drying
and by diseases and pests. Among them the most important are omes caused by Penicillium and mealy

ugs. This paper presents some possibilities of control we could propose.

1., Importance of Penicillium rot

Fourteen samples of one lundred tubers each were observed during a month in natural
conditions (temperaturg 23°C, relative humidity 60-100%). We noticed 2 to 37 of rotted tubers
with an average of 10%.

On 786 of the rotted tubers rots were due to Penicillium oxglicum,

On 6%, rots were due to Pusarium oxysporum and F, goleni.

We have isolated in these cases as contaminants, some bacteria and nematodes (genera

Aphelenchoides and Aphelenchus).

This is a confirmation of the importance of Penicillium oxalicum as a rot factor in cush-
cush storage. There is no significant differences in susceptibility towards P, oxalicum among the
main varieties used at the INRA plant breeding station. That is to say: INRA 3, 6, 22, 23, 25,
32, 35, 40, IRAT-22, Indian St, Laurent Yam, Indian Yam, Red cush~cush, It is possible to control
the decay with fungicides, TABLE I shows that benomyl less than 0.3g/l AM could protect cush-cush

tubers quite well during storage.

2, Importance of Mealy Bugs

During storage the population of Planococcus citri is frequently observed., The first larval

stages are difficult to detect, tut the presence of adult females (pink-white rounded body, 2-3 mm
large) is easily observed in the skin hollows; they multiply rapidly when the tubers germinate.
The mealy tugs spread then very quickly from one tuber to the others, Their effect is clearly seen
on seed-tubers, which are killed or weakened, and on consumption tubers, the commercial value of

which is greatly reduced.

Control could be obtained from using an insecticide (like malathion) or keeping the tubers

in a cool dark room (temperature about 18°C). This practice gives good results in reducing

the multiplication of the mealy bugs (F‘ig. 1)
the germination of the tuber (Pig. 2)

the loss in dry metter (Fig. 3)

In conclusion we could propose:

For sged tuber: 24 or 48 h after harvest, wash the tubers in water and dip them 10 minutes in
0.5¢/1 malathion and 0.lg/l benomyl.
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Figure 1 - Effect of storage temperature on the variation of the rate
of tubers contarminated by Planococeus citri mealy bugs.
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For tubers to be used gs food: The day after harvest wash the tuber in water, dip them 10 minutes
in 0.25 g/1 thisbendasole and stors at 18°C (R H : 60-80%).
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TAELE 1, Effect of 10 minutes' dipping in fungicides, at different times after innoculation
by P, oxalicum, on the number of rotted tubers after 2 month (10 tubers by obeervation).

fungicide thiabendazole benomyl
concentration
. (g/1 w.a) 0.1 0.3 1 0.1 0.3 1
P
gg 1 day 1 4 [+} 0 0 [}
Q
§§ 2 days 0 1 0 0 0 o
2
23 3 days 4 3 1 0 o [
g € §4 days 10 9 7 4 5 10
<BP
control 10 10




CONTROL OF IRISH POTATO PEOTS

Joseph R,R. Suah
Miniptry of Agriculture
Kingston, Jamaica

NTRODUCTION

Irish potato is attacked by many pests at all stages of ita growth and
during etorage, In Jamaica the pests include cutworm caterpillars (Apictg (Lycophotia)
infecta, Prodenis ornithomalli and Xylomiges sunia), leaf caterpillars (Irichoplusis ni
and Agrotis ep.), aphids (Aphis maldis and Macrogiphum pisi), leaf beetles (Diabrotica
baltegts and Epilachng ep.), fiddler beetle grubs (Exothglmus yittaiug and Pachnacus
eitri), white grub (Lachnosterns spp.), leaf hopper (Empoascs fabae), sucking bugs
(Nezgrs yiridyla, and Leptoglogeus ep.), and slugs (Veronjcella sppe).

The main spring~planted crop is more prone to damage than the fall crop, and
damage varies from negligible to about 60%, Pest control was neglected for a long time
but continued loesees and the dramatic successes in the control of potato diseasses with
chemicals led to increased demands for methods of pest control, During the past five
years several chemical control triale have been conducted (Antilles 1970, Suah 1972,
Suah 1974). At present most of the pests are controllable, but efforts are continuing
to improve methods of control, and a close watch is kept for changes in the pest
complex and populations and for signs of pesticide resistance, Within the past decade
only one new species (D, balteata) was added to the list of pests but there have been
reports of suspected resistance to the chlorinated hydrocarbon group of pesticides

mainly chlorade and dieldrin,

CROP_ROTATION

Several peste may be carried over .from a previous crop to damage the planted
seed tubers. Chiel among these are cutworms and beetle larvae. Cutworms are always
present feeding on cultivated crops, grasses and weeds and as Edwards (1936) stated
"destruction of crops by thie pest is always more severe in plots surrounded by grase-
lends or in fields brought into cultivation efter they have been left to fallow for
some time," These are the conditions existing in most of the potato growing sreas.
White grube feed mostly on decaying wood in the s0ild provided by yam stakes and
roote of trees and shruba, Fiddler beetle grubs feed on meny tubers but mostly sweet
potato, and the roots of plants like avocado, citrus end pimento. Those peste that
survive the brief starvation period during land preparation, exposure to the sun,
or being eaten by birds or mammals, attack the newly planted crop. Small tubers
may be completely destroyed and damage to larger ones provide infection court for

disease,
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Control is by rotation, with crops such as corn or beans proceeling
potato, avoidence of planting potatoes under or near to known hostse of the
fiddler beetle, and, where high populations occur, the use of soil applied
pesticide such as ¢hlordane, diazinon, dieldrin and heptachlor. These are

incorporated in the soil to the planting depth,

SPROUTING STAGE

Newly emerged potato sprouts are damaged by cutworms, cricketa and slugs.
Where there is only one bud on & tiber and the resulting sprout is chewed off at
ground level the plant is lost., If it is cut above a few lateral buds, these may grow
to produce the plent. If there is more than one bud, the next in order of apical
dominance may sprout and grow, but in both instances later of week plents are produced.

Proper precautions to control insect pests at the time of planting snd the
use of a poison bait for the slugs should provide adequate protection at this stage.
Where no control measure was adopted at plenting, a pesticide soil-drench is
recommended for the cutworms and baits for crickets and slugs. Severe damage reduces
the size of the plants, the number of tubers set and tuber development, The crop can be
easily destroyed at this stage. However the chewing insects are easily controlled
added a stomach poison or contact insecticide to the fungicide. Several insecticides
are recommended for this trestment including Basudin, Dipterex, Malethion and Sevin.
Malathion is most widely used, as apart from its low mammalian toxicity it also controls
sucking insects. Rogor 40 and Perfekthion are recommended for sucking insects.

Good weed control and field sasnitatlon will remove the alternate host and
harborage of several of the pests. The crop is usually moulded at thie stage and
if done to cover the tubers to a depth of about three inches this will protect the tubers

from cutworms which live and feed near the soil surface,

T TUBER STAGE

Matured tubere are prome to attack by all those pests that will damage the
seede at planting time. If no sttempt was made to control beetle larvae earlier, it
will be difficult to control them at this stage as they will be feeding on the lower—
moet tubers. In order to kill them one would have to use a s0il drench which could leave
harmful residues on the tuber. The cutworms are essier to control because they feed
near the surface. If the tubers were not deeply covered by moulding, then the exposed
tubers and those near the soil surface will be ehewed., To control the pests at this
stage it is recommended to cover the tubers with about 2 inches of soil and apply a
pesticide as a spray or a bait. In most instances where a pesticide snray 18 not effective
againet the caterpillars a balt can give excellent control., If the damaged tubers are
not separated and discarded but are stored with the good ones some of the grubs and
caterpillars may be oarried with them and these will continue to feed and damage more
tubers until they pupate. As mentioned before the damaged areas will admit disease

pathog and so age tuber rot,
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STORAGE OF FRESH CASSAVA ROOTS IN MOIST COIR DUST

J. MARRIOTT, B.O. BEEN and CYNTHIA PERKINS
.Minietry of Indu;try, Commerce and Tourism, Storage
and Infestation Division, Jamaica.

INTRODUCTION

Fresh cassava rootes begin to deteriorate within 3 deys after 1ifting if
stored at normal tropicel ambient conditionse; the primary cause of deterioration
being a disorder ceusing vescular streaking (Montaldo, 1973; Booth, 1973 Booth and
Coursey 1974). Vascular streaking usually commence at a site of injury but within
a few days spreads longitudinally through the full length of the root making it
unacceptable for consumption or industrial use (Booth 1973). Cassava roots have
been stored for 8 weeks at troplcel ambient conditions by use ofaclamp to maintain
high humidity and constant temperature (Booth 1973). It has already been indicated
(Booth and Coursey, 1974, Booth, personal communication) that storage is also possible
in boxes packed with saw dust or similar meteriel and this work wes underteken to

develop a packing method suitsble for tramsportation and urban marketing.

METHOD

Cassava roots of 3 varieties, designated 30, 69 and C5 were used. For each
storage experiment roots were randomised and weighed within 8 hours of 1lifting, and
packed into fibreboard cartons designed to hold 15kg of produce either without
additional packing material (control), or in an unsleved mixture of coir dust and
fibre moistened by mixing in an equal weight of water (moist coir). Groups of
3 roots were weighed before and after stprage then cut up to esssess deterioration.
Each root was cut into quarters and vascular streaking assessed on s 0 - 10 scale at
each cut surface., Resulte were expressed both as a percentage of the maximum scor.
obtainable and as the percentege of roots with a2 score of 2 or more out of 30
(percentage inecidence of damage).

In experiment 4, 5 replicates of both packing treatments were stored at
ambient temperature (23 - 26°C) and humidity and replicates essessed after, 3, 11, and
28 days. Replicates contained 4 large and 4 small roots of each variety.

In experiment 2 roots were stored at ambient temperature (20 - 25°C), elther
on a bench top (low humidity) or packed in fibreboard boxes without ventilation holes
and wrapped in paper (high humidity). Replicates from both treatments were packed
into coir after 0,1,2,4 and 8 days, stored at ambient temperature and assessed
28 days after 1lifting. Bach replicate contained 3 roots of 69 and C5.

In experiment 3, 2 repiicates of both packing treatments were stored at ambient
temperature (20 - 25°C), at 13°, and at ambient temperature for 7 days then at 13°¢,
until assessment, Replicates which conteined 4 large and L emall roote were agsessed

14 and 28 days after 1lifting.
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RESULTS

Cassava roots packed in moiat coir were in better condition after 28 days
storage than roots estored at ambient humidity for 3 days (Table 1), Weight loss
in experiment 1 wes 3,9% after 3 days end 12.,8% after 11 days at ambient humidity
against only 1.3% after 28 days in moiet coir. Subseguent observations (Table 2 and 3)
confirmed that very little damage oceurred during 28 days storage in moist coir at
ambient temperature. In all experiments rootlets 2 - 8cm long developed during
storage in moist coir for 28 days.

In experiment 2, mean weight loss before packing in moist coir was 1.58%
per day at low humidity and 66% per day at high humidity. The incidence of vascular
streaking after storage incressed after 4 days delay at low humidity before packing
but not after delays upto 8 days at high humidity. Cassava roots stored at ambient
temperature other than those packed in moist coir developed extensive superficial
mould in 4 -~ 8 days.

The incidence and extent of vascular streaking in roots stored at 13°C was
much higher than at ambient temperature but this difference was reduced when roots
were stored at ambient temperature for 7 days before cooling to 13°C (Taeble 3).
Rootlet formation did not occur in roots stored at 139C or at ambient temperature

for 7 days and then at 13°C for 21 days.

DISCUSSION

Storage in a c¢lamp (Booth, 1973) or packing in moist coir (Table 1) have
both provided effective means of storing fresh cassava. Packing in moist coir reduces
water loss almost to zero but packing which reduced the rate of water loss by only
sbout 60% also caused a large reduction in the incidence of vascular streaking
(Table 2). Rate of water loss appears to be critical to the development of vascular
streaking and manipulation of this parameter should provide a means both of investigating
the aetiology of this disorder and of controlling it.

After packing in moist coir, changes evidently occurred which protected roots
under more adverse conditions st 13°C (Table 3) and Booth (4573) observed that after
storage in a clamp roots could be then held at ambient humidity, Vasculer streaking
is known to be associated with mechanicel damage (Booth, 1973) and we have observed
wound periderm formation at cut surfaces in stored roots (unpublished data), so this
protection against vescular stresking is probably associated with wound healing similar
to that which occurs during curing of other starchy roots and tubers. Cold storage of
cassava has only been successful at 0 ~ 59C and subsequent deterioration at embient
temperature has been very rapid (Ingrem & Humphries, 1972, Montaldo, 1973); development

of a method of curing may meke storage possible over & wide range of temperature.
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Table 4., Vascular stresking in csssava roots

at amblent temperature (Experiment 1),

Packing method Control Moist Coir
Storage period % Maximum % incidence £Maximum

days score Soore

3 14 62b 2

11 35 83b 3

28 51 86b 3
Standard error - 6.3 -

Figures followed by the same letter were not significantly
different,

Table 2. Vascular stresking in cassava roots satored for
different periods before packing in moist coir.,
(Experiment 2)

Vascular stresking % weight loss

% Maximum score

% incidence before packing
Humidity before High Low High Low High Low
Packing:
Storage period before packing
in moist coir (days
[} 11 11 17ab  17ab - -
1 Q o] Oa Oa 1.08 2.2ab
2 [o] 8 Oa  50be 2.0ab 3.8¢
4 0 53 Oa 83¢ 2,30 7.0e
8 5 90 {7ab 100c¢ 5.38 12.3¢
Standsrd error 9.3 0.29
Table 3. Vascular streaking in cassava roots stored
at different temperatures. (Experiment 3).
Packing method Céntrol Moist Coir
Temperature % maximum % incidence % meximum
score score
Ambient 48 76¢ 8
13% 36 83c 22
Ambient (7 deys) 14 L7b 10
then 130C subseg
guently
Standard error - 7.9% -
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J.M. Gurney

Caribbean Food and Nutrition Institute
Mona, Jamaica.

Data from food balance sheets show that, for at least four Commonwealth Caribbean countries,
cereal products as a whole provide between 30 and 40% of both dietary emergy and protein. Imported
wheat products are the most important single cereal source. In Jamaica, 95% of cereals are imported.
In view of unstable and generally rising prices on the world cereal markets, steps to reduce the
dependence on imported wheat in particuler seem wise, ILocally produced corn and rice can partially
raplace wheat, tut starchy roots and tubers are both expensive to the consumer as energy sources
and poor providers of protein, Can plant breeders, agronomists, food processors and nutritionists
improve the nutritional value of foods besed on tubers and roots and reduce their cost? 4in

expanded version of this paper will appear in "Ecology of Food and Mutrition" (1975) Volume 4.
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REVIEW OF RICE PRODUCTION IN JAMAICA

E.R.H. Martin

Agricultural Develomment Corporation

Jamaica.

Rice may have been introduced to Jamaica in the late 17th century. Since then, it has
undergone periods of promotion and neglect, The Department of Agriculture imported seed from
India in 1890 and with the Jamaica Agricultural Society encouraged farmers to grow it.
Production increased during World War I tut receded afterwards. World War II again gave
an impetus. An FAQ expert arrived in 1952-53 and a rice agronomist was appointed in the
Department of Agriculture. The Agricultural Development Corporation began rice production
in 1953 and opened a mill in 1954. Production continued to fluctuate however, New
cultivars and herbicides were tested, and a specialist from CIAT advised on expansion.
Currently, there is expansion in St. Elizabeth and testing of new cultivars, including

"floating rice". Japanese experts have assisted with training and advice,

INSECT PESTS OF SWEET POTATO, IPOMOEA BATATAS, AND
TUSIR NATURAL ENSMIZS IN BARBADOS, WEST INDIES
MM, Alam

Ministry of Agriculture, Science and Technology
Bridgetown, Barbados.

From the surveys carried out to study the insect pests and their natural enemies on
sweet potato in Barbados, it is seen that there are a number of insect pests attacking this
crop. Of these the most important are Spodoptera eridania, Sylepta helcitalis, Brachmia
emigrans, Agrius cingulata; and Acrogercops sp. nr. Yendalli among the Lepidoptera; and
Eucepes batatae amongst Coleoptera. Tetranychus tumidus (red spider mite) was important during
certain times of the year. Various methods of control are recommended, together with suggestions
on the importation of natural enemies in an effort to obtain biological control. The yltimate aim
would be to obtain maximum control from natural enemies, rotation of crops, field sanitation and
similar measures, using the most suitable when and whers necessary. Suitable chemical control
measures are those which from experience interfere least with these non-chemical method§. In
this manner optimum control will be obtained at least cost and with least danger by way of
pollution or toxicity in the crop, since chemical pesticides will only be used Sparingly and only

when absolutely necessary,
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FURIAER WORK ON MEBCHANICAL PLANTING
AND HARVESTING OF ROOT CROPS

I.D. Chandler and J.P.W. Jeffers
Sugar Producera' Asscciation and Ministry of
Agriculture, Science and Technology,
Barbados.

Mechanical harvesting is impracticable unless yams are grown in ridges in pure stand, The
smaller tubers formed in 84 cm, ridges are more amenable to mechanical harvesting than those in
168 ecm, ridges. A planter, comprising moulding discs, hoppers, a tine to open a furrow, feeder
tube and operators seat works well on ridged land. Seed pieces are dropped down the tube and
planted about 10-15 cm. below ridge apex., This depth facilitates mechanical harvesting. Percent
breakage of yam tubers was greater with hand forking than with a UWI harvester or harvesting aid.
The latter loosens and lifts the ridge by undercutting with a heavy share, and may be most useful
a9 a first stage operation before using a digger—elevator which did not handle the large volume of

80il successfully when used directly.

The digger—elevator successfully lifted sweet potatoes.

COEFFICIENTS OF VARIATION IN MAIZE EXPERIMENTS
AND THEIR USE IN PREDICTING THE EFFICIENCY OF

SIMPLE EXPERIMENTAL DESIGNS

4,C. Brewer
Biometrics Unit
University of the West Indies
Trinidad.

Plot and block size and number of replicates are usually left to the experimenters’
judgement. This may result in too small an experiment to detect the effects being investigated.
The distribution of coefficients of variation from 118 maize experiments conducted in the
Commonwealth Caribbean is considerably skew with a median noticeably lower than the mean. The
regression coefficient of mean yield on the standard deviation, calculated from a sub-gsample, was
significantly greater than zero tut significantly less than unity, showing that higher yielding
experiments have higher S.E's but means that high yielding experiments have low ¢. of v.'s.

This study ensbles the number of replicates needed to reduce the S.E. to such a level that an

effect of given magnitude is statistically aignificant, to be estimated,

A survey of c. of v,'s is underway. This could also investigate the effects of varying
plant densities, plot and block sizes on variability. A wide range of crops is to be investigated,
and a standard form for reporting within the region hae been designed. Experimenters with data

from statistically designed trials are asked to co—operate by contacting the author.
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EFFECTS OF FERTILIZER ; SE ALIT PLANT
cm’?z'r i O.ng LY%WE'E mi&%ég'.)ﬁgu'f‘ﬂ 1T

Re.A.I. BRATHWAITE, J.l.. HAWNERTON and E.A. TAI
Department. of Crop Science, The University
of the West Indies, St. Augustine,
Trinidad

INIRODUCTION

The considerable interest in the development of a successful commercial
system of production of soyebeuns (Glvejne max (L.) Merrill) in Trinicad has
made necepssry the conduct of several agronomic investigations under local field
conditions., The only information on soyebean fertilization in Trinidad was reported
by RiADLEY (19$68) from two trials on River Estete Loam soil; only sced yield dats
without stetistical tests of significance were presented. RADLEY reported that
phosphate applicetion increased, but nitrogen, especially in the absence of
phogphate, decreascd soyaebean secd yields ang that potassium was virtually without
cffect, He further reported that therc wsas no consistent effect of fertllizer on the
sced ol content,

This paper reports date concerning seed yields, seed oil and protein
eantents and ylelds and other plant charascteristics of soyabean as influenced by
feetilizer applieation on River Estate Loam at the University Field Steticn, Champs
Flrurs, and Cunupia Sandy Cley at tke Central Experiment Station (E1 Carmen), Centeno,
in Trinidad,

MATERIALS AND METHODS
Soils

CHENERY (1952) described both River Estete Loam and Cunupis Sandy Clsy

as dcficient in all major nutrients.
of analysis were those of LANG, MOSS and COULTER (1963)
Experimental design and cyltural practiceg

Two experiments were laid down on River kEstate Loam and Cunupia Sendy Clay
soils. kach consisted of a 37 NPK confounded fectorial design replicated twice with
each reglicate in three blocks. The levels of fertilizer spplication gave O, 84 and 168
kg/he of N, onﬁand K 0 from Ammonfium sulphate \21-0-0), Triple superphosphate {0-L8-0)
and Muriate of potash {0=0-5C).

Each plot acconnodated four rows 6,4 m., long with 53 em between rows. The
fertilisers were broadcsst and lightly raked in before planting.

Seeds of the soysbean cultivar Jupiter (F62/3977) were inoculated and sown

L December 1968 in both experiments. Plants were thinned to seven cm within rows



to obtain a population of approximately 235,000 plants per hectare. Experimental
sites were irrigated during dry pericds and three hand weedings were carried out
during each trial. Dipterex SP 80 (Dimethyl 1-hydroxy-2-trichloro-ethyl phosphate) at

the rate of 3 g/1 was sprayed weekly against leaf eating pests.

Plants from an area of 4.8 m2 in each plot were hand harvested and eir dried
so thet seed contained not more than 13 per cent moisture. The dried material was
then threshed and winnowed manually, snd the cleaned seed, together with samples taken
to determine seed moisture contents, weighed as yield,

The seed size (100 seed dry weight), seed number per pod, pod number per plant,
plant height (distance from ground level to terminal bud on main stem at maturity) and

seed 0il end protein contents were determined for esch plot in both experiments.

RESULTS
Yield seed attributes

On River Estate Loam phosphorous significantly increased seed yield, seed
o1l content, o0il yield and prctein yield. Neither nitrogen nor potassium affected
any of the attributes, except seed oil content which was decreased by nitrogen.

The three yleld components were unaffected by fertilizer nutrients.

On Cunupia Sandy Clay nitrogen significantly increased seed yield, seced
size and seed o0il and protein yields. The secd 0il content wes the only attribute
affected by both nitrogen and potassium, where the former nutrient decressed it.

The seed protein content was affected by asn intetsction or P and X on both
soils. Greatest protein contents on River Estate Loam and Cunupia Sandy Clay occurred
under treatments P2Ko and P2K1 respectively.

Plant characteristics

The number of days from planting to flowering and planting to maturity were
unaffected by the treatments on both soils. Approximately 50 per cent of the plants
in every individual experimental plot flowered and matured sbout 42 days and 102 days

respectively after planting. Treatments neither affected plant height :.r =

nited

in lcldyivng of plents on either of the soils.

DISCUSSION

In a comprehensive review of the literature on mineral nutrition of the
soyabesn OHLROGGE (1963) concluded that its response to direct fertilization is
inconsistent. Evidence of this trend is shown by the present data for increases in
yield due to different fertilizer nutrient elements were obtained on the two soils.
The seed yields were lower than those RADLEY (41968) due partly to the influence of
planting date.

Phosphorus increased not only the seed yield on River Estate Loam, a finding
in agreement with RADLEY (1968), but also the oil and protein ylelds and the seed oil

content. The results of seed 0il content are in contrast to thoee of RADLEY, Analysis
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of variance data for seed size, the only yield component which gave a possible
indicated responee to fertilizer (P calc. - 3,02:¢ F 9% - 3,40), suggest that
phosphorous probably promoted the development of larger seeds thereby increasing seed
yields, Contrary to RADLEY'S finding and in agreement with WEBER (1966) nitrogen

did not reduce seed yield but did reduce the seed oil content.

The cultivation of soyabean on acidic soils can result in reduced activity
of the root nodule bacteria (BRYAN, 1922) and decressed plant vigour and seed ylelds
(CARTTER and HARTWIG, 1963). This is evident from the lower seed yields recorded on
Cunupla Sendy Clay than on River Estate Loam. The results from Cunupia Sandy Clay
agree with those of several workers guoted by CARTTER and HARTWIG who reported seed
yield increased from nitrogen fertlization on some acidic soils. Nitrogen fertilizer
increased sc¢ed yield through the development of larger seeds, but as on the River Estate
Loam these seeds contained less oil. However both o0il and protein yields were increased
by nitrogen,

On both soils the seed protein content was affected by phosphorous in
combination with potassium, but the greatest values were produced by different treatments
in each case., No logical trend is discernible from the results,

Fertilizer treatments on the soils affected neither the time of flowering
as reported by TEWARI (1965) nor resulted in any lodging of plants as found by MILLER,
PESEK, HANWAY and DUMENIL (1965). These findings are important for they suggests that
good economic yield responses can be obtained, and easy and successful harvesting
conducted, because plants will flower uniformly and display good standing ability

under higher fertility levels of the two soils,
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EFFECTS OF FERTILIZER ON LEAF MINERAL CONTENTS OF
SOYABEAN (GLYCINE MAX (L.) MERRILL)

R.A.I. BRATHWAITE, J.L. HAMMERTON and E.A. TAI
Department of Crop Science, The University
of the West Indies, St. Augustine,
Trinidad.

INTRODUCTION

The effects of N, P and K fertilizers on soyabeen (Glycine max (L.) Merrill)
yield, seed quality and plant characteristics on River Estate Loam at the University
Fizld Scation, Champs Fleurs, and on Cunupia Sandy Clay at the Central Experiment
Station (El Carmen) Centeno, in Trinidad were reported elsewhere in these proceedings
(BRATHWAITZ, HAWMERTON and TAI, 1974). This paper describes the influence of the same
fertilizer applications to the two soils on the leaf mineral contents at different

stages of plant growth and their relation to seed yield.

MATERIALS AND METHODS

The mecthods used in the eXxperiments were described and the seed yields
obtained reported previously (BRATHWAITE et al., 1974).

Leaf samples were collected on five occasions. The leaf at the third node
from the top of the ten plants, randomly selected in each plot, was sampled snd bulked
for each site. The first samplings were taken four weeks after planting and subsequently
at fortnightly intervals until plants were just beglnning to senesce, Each leaf was
washed in a weak detergent solution and then rinsed in four successive lots of distilled
water. The lamina was then dried at 65° for 24 hours and ground in a stainless steel mill.

The ground material was analysed by the Central Analytical Laboratory of the
University of the West Indies, St. Augustine for totsl nitrogen (by the micro~fjeldahl
procedure), phosphorous (colorimetrically by the Molybdenum blue method), potassium (by
flame photometer) and calcium and magnesium (by atomic absorption). Results were expressed

as percentages on & oven-aried plant basis,
RESULTS

v t with time
Figure {1 shows the change in nitrogen, phosphorous, potassium, calcium and

magnesium leaf content with time on the two soils.

E t ert zep_nytrients
Leaf nitrogen content: On River Estate Loam Pg), fertilizer increased the leaf

nitrogen content at flowering, and NSu and K1;éincreased it at senescence., The nitrogen
Q

content at the first three stages of growth samped was increased by N fertilizers on
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Cunupia Sandy Clay. On that soil P168 fertilizer decreased the nitrogen content
at flowering only and K fertilizer was without effect.

The nitrogen content decreased after flowering on River Estate Loam;

N, P and K fertilizers did not alter this general pattern. On Cunupia Sandy Clay,
sfter an increase between flowering and the pod development stage, the nitrogen content
decreased with age, However, N fertilizer altered the general pattern. On both soils
the nitrogen content at senescence was less than half the value at the pre-flowering
atage,

Leaf phosphorous contegt: N and K fertilizers had no effect on the phosphorous
contert on River Estate Loam but affected it on Cunupia Sendy Cley. P fertilizer on
River Estate Loam increased the phosphorous content all stsges, except flowering but
had no effect on Cunupia Sandy Clay. On the two soils the phosphorous content decreased
a8 plante aged. On River Estate Loam the phosphorous content at senescence was half that
at pre-flowering,

8 tent: On River Estate Loam K fertilizer increased the
potassium content at all five growth stages. N fertilizer affected the potassium content
especlally after the development of pods. Pygg increased theepotessium content only
during the pre~flowering stage. At flowering and senescence the values for this level
were lower than those of the Py treatment. At pod development the value was similar

to that of the Py treatment, and at seed development equal to that produced by PBM'

Neither K nor P fertilizer affected the potassium content at any stage of
growth on Cunupla Sandy Clay, N fertilizer increased the potassium content
at varying growth stages with the exception of the pod development stage.

On both soils potassium content increased from pre-flowering to the flowering
stage and then decreased untll senescence.

Relat eed 4a

Leaf mineral content data for samplings at the pre-flowering, flowering and

pod development stages of growth were used for evaluation of nutrient content as it

related to seed yield.
DISCUSSION

In general the leaf nitrogen, phosphorous and potassium contents varied
throughout the stages of plant growth and development and with the levels of N, P and X
fertilizers applied to River Estate Loem and Cunupis Sendy Clay. Phosphorous ~~ntents
in the leaf tissue increased with application of P fertilizer on River Eestate Loam and
showed a positive relationship with seed yleld., The application of P fertilizer probst®
stimulated better vegetative growth and thereby resulted in inereased production and

accumulation of photosynthetic products and increased yields.
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OHLROGGE (4963) considered 5.2 per cent N in soyabean as high, but

the present data show that the leaf nitrogen value was only increased by ls4
fertilizer, and only during senescence. The high nitrogen values recorded were
neither associated with increased seed yield nor with seed protein conten or yield,
and it is concluded that plants exhibited luxury nitrogen consumption, eimilarly
recorded by NORMAN (1943). These data suggest that there was definitely no benefit
from N fertilization on River Estate Loam eilther because the inherent scil nitrogen
content and symbiotic activity of the root nodule bacteria provided adequate nitrogen
for good yields, or because nitrogen within the plants was restricted by some unidenti~
fiable limiting factors

Although K fertilizer increased the potassium contents in the leaf, the values
never attsined critical levels reported by MELSTED, MOTTO and PECK (1969) in the U,S5.4,
In so far as no deficiency symptoms occurred, it may be concluded that potassium levels
were adequate and presumably did not 1imit the production of seed.

On Cunupie Sandy Clay where a positive seed yield response to nitrogen was
reported (BRATHWAITE et al., 197L), N fertilizer also increased the leaf nitrogen
content producing high values as on River Estate Loam. Despite the sbsence of a
significant correlation coefficient for nitrogen content x seed yield, it would seem
that this nutrient had en important effect on pod retention and possibly pod filling,
Both the phosphorous and potassium contents, though unaffected by P and K fertilizers
respectively and not considered limiting factors to the attainment of high yields on
this soil showed a positive relationship with seed yield,

The loss of nitrogen, phosphorus and potagsium from the leasf, indicated by
their decrease as the crops aged, presumsbly reflects their translocation to the seeds,
In contrast the leaf calcium and magnesium contents increased. These patterns demonstrat
on both solle by the two zroups of nutrient elements agree with those reported by HAMMOND,
BLACK end NORMAN (1951).

The present data suggest that nutrient uptake was apparently never restricted
on either of the soils and the translocation patterns did not appear to limit the

capacity of the crops to produce increased yields.
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SOME USES OF THE COMPUTER IN AGRICULTURAL FESEARCE

G, Taylor
Biometrics Unit, University of the West Indies
Trinided.

Uses of the computer include the following:

(1) Analyses of large bodies of data from single experiments: analyses of variance, correlation
and regression coefficients may be required, including non-linear regressions, and one might
wish to examine factor or principal components analyses. Such analyses are at least formi-

dable tasks on calculating machines but take only minutes on a computer.

(2) Difficult problems - including curve fitting may involve sophisticated mathematical
techniques: the computer is here used not because the amount of data is large, ut because

the analysis is complex.

(3) Surveys - these often involve a large quantity of data which may need to be classified in

DUMErous Ways.

(4) Data storage and retrieval - records of experiments on particular crops, or at a particular
station, or of production and marketing can most compactly be stored on magnetic tape and

single pieces of information retrieved in minutes.

Computers can save time and effort and reduce risks of error. A Package of computer
programs is currently being developed in the Blometrics Unit of U,¥.I. at St. Augustine., A
package for drawing the commoner types of graph,using the CALCOMP graph plotter is also being

prepared.

A FURTHER LOOK AT EXPERTMENTAL
DESIGNS UNDER LIMITED RESOURCES

P.B. Lauckner

Biometrics Unit, University of the West Indies
Trinidad.

An experimental design based on a 25 factorial with probe points outside the treatment
range of the factorial system is described and a blocking aystem, which pertially confounds the
third order interaction is given. This three-factor model can be extended to four factors.
Treatments are added at the centre and at probe points outside the factorial system. The highest
order interaction is again partially confounded in the blocking arrangement. An appropriate
analysis of variance has been developed. The basic three-factor model can be repeated to give a

3 type sxperiment; this is essentially two 23 factorial configurations with additional probe

4
points. Blocking systems have been worked out and the anslysis of variance can be carried out
80 a8 to investigate the three factors separately for each 23 configuration., This design may be
useful when there is little prior knowledge of response to the three factors, but size of the

experiment may restrict replication.



EFFECTS OF ORGANIC AND MINERAL AMENDMENTS
IN BORTICULTURAL ROTATIONS ON ACID SOIL
IN THE WET TROPICS

M. Clairon

INRA-Station d'Agronomie,
Guadeloupe.

Trials were carried out to assess the effect of various forms of organic manures on the
yield of vegetable crops in an acid latosol soil which had been exhausted of both mineral and

organic constituents by intense cropping in a wet tropical climate.

A rotation of 'Tomatoes and Eggplant'!, 'French Beans and Sweet Potatoes' was used to
asgess the effects of Goat Manure, Stylozanthes compost, cane sugar scum, distillery bagasse,
calcium carbonate and ground calcareous tufa on the yield and performance of these cropa. All

plots received an application of mineral fertilizer.

Stylozanthes compost gave best results and it could be of interest to define in greater

detail the effects of organic matter and mineral amendments in further rotations.

THE INTRODUCTION OF A BUSH~TYPE
BODIE BEAN VARIETY TO THE CARIBBEAN

Theodore U. Ferguson

Faculty of Agriculture, University of the West Indies
Trinidad.

Bodie bean (_V_;_Lgn_a ungriculata Walp.) is eaten as immature pods in Trinidad and Guyana.
Of 164 bodie accessions, Los Banos Bush Sitaa No. 1 proved outstanding. It was developed at the
University of the Phillipines and released in 1958. It was introduced to Trinidad and Tobago in
1971 and released for popular cultivation in 1973. It can be grown all-year-round, is early-
maturing (about 6 weeks to first harvest), high-yielding and a bush-type, so does not need

supports. Pods are held above the plant. Yields of over 25,000 kg/ha green pods have been

recorded.

Recommendations for its production include close planting (c. 45 x 10 cm) and an applica~
tion of compound fertiliser at or before planting. Adequate water is essential. Harvesting should
start before indentations on the pods become pronounced, and should be done at least twice weekly.
Infrequent harvesting reduces marketable yields. In seed production, regular insecticide applica-—
tion is essential to avoid infestation by storage pests. Removal of plants with virus-like
symptoms and rogulng of off-types is recommended., Pods should be sun—dried, and seeds should be

stored in sealed containers after treating with insecticide, preferably at fairly low temperatures.

TRICKLE IRRIGATION

I.G.P. Dingwall

Ministry of Agriculture
Hope, Jamaica.

The benefits of applying water to plants by this method, and the fundamental principles
that water should be applied at ground level and at low volume and pressure over an extended

period of time, are outlined, The benefits are that goil moisture is kept constant, resulting in
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an even growth of crops, and economy of water usage, as there is no wind drift, surface flooding
or excess loss due to evapotranspiration or leaching to the subsoil, A further advantage is that
plant nutrients may be added in solution.

Various systems are described: most of ther require an efficient filter system to prevent
clogging of the orifices, some require pressure in the lines, some are durable, others are cheap
and disposable.

The principles of the Chopin Twin Wall system, Viaflo from Dupont in the U.S.4., Blass
3ystem in Israel, and one devised in Australia are outlined, and suggested methods by which the

costs of a system may be reduced are given.

4 RVIZJ OF THE USi OF CONVENTIONAL AND
SYSPSHATIC DSSIGNS IN SPACING EXPERIMENTS

J. Sanchez and B.G.F. Springer

Biometrics Unit, University of the West Indies
Trinidad.

Conventional experimental designs, such as randomised blocks or latin squares, may limit
the range of spacings that can be studied, bearing ir mind the reed for guard rows and the
desirability of keeping block size as small a8 possible. The experimenter will also face the
question of whether to keep plot size constant and vary plant number, or vary plot size with
plant number constant, The systematic designs of J.A., Nelder allow both plant density and
arrangement to vary over the "plot". Step-wise progression in plant spacing eliminates the
need for guard rows and these designs enable thorough coverage of the spacing response surface,
as well as efficient land (and labour) use. When the range of spacings is small, and when

interactions with either factors must be investigated, conventional designs are preferable,



PATHOLOGICAL PROBLEMS ASSOCIATED JITH VEGETABLE
GROWING AT ORANGE RIVER AGRICULTURAL STATION

Caroll Henry and Edna Suggs

Ministry of Agriculture
Kingston, Jamaica.

INTRODUCTION

A Vegetable Research Programme was started at Orange River Agricultural Station in Jamaice
on 1972 to determine the major pathological problems associated with vegetable growing under the
particular climatic and ecological conditions and to find effective control measures. After
eighteen months of research work on many different types of vegetables, we have found that some
of the major diseases are late blight (Phytophthora infestans) and bacterial wilt (Pseudomonas
solanacearum) of tomatoes, downy mildew (Pseudogeronosggra gubensis) of cucurbits and black rot
{Xanthomonas camggstris) of cabbages. Since then we have been testing new varieties of these
vegetables lor disease resistance and searching for other control methods. This paper attempts
to report and assess the results of variety trials carried out on 23 tomato, 9 cucumber and

5 cabbage varieties.

The objects of the exercise were to:

1) test all available varieties of important vegetables

2) oboserve what diseases occurred and at what time

3) assess their severity and relationship to climatic conditions (where possible),

and

4) find effective control measures.,
The first four tomato varieties tested were lianalucie, Oxheart, Tropi-Gro and Walter. We found
that all four virieties were extremely susceptible to late blight, during the rainy season
(Octover-January), crop loss was sometimes as high as 90, and it was almost impossible to
effectively control this disease at this time even though a wide range of fungicides were tested.
tlore than 95 of the lanalucie crop was lost to bacterial wilt when grown in areas where the

caus2l organism was present,

Tests on cucumber varieties Straight Bight, Foinsett and Cherokee Hybrid indicated that
the former was susceptible to downy mildew throughout the life of the plant. Over 80 of the
straight Sight crop was lost in the rainy season when plants were left lying on the ground and
sprayed with different fungicides. However, good control was obtained by trellising the plants
and spraying with Hanzate D-Benlate or Daconil-Benlate. On the other hand, Cherokee Hybrid and

Poinsett have exhibited resistance to the disease.

In late October of 1973 the following cabbage varieties were treated:- Japanese
Juccession, K-K, Express Cross 60, X-Y Cross, Hybrid 906, Early Jersey Wakefield, Jet-Pak,
¥-5 Japan, Danish Ballhead and Copenhagen Hariet. After heavy rains in December (9 inches in
36 hours), black rot symptoms became evident., The disease was most severe in the Barly Jersey
variety, where 90,. of the crop was lost. In all other cabbage varieties there were varying

degrees of susceptibility, but all heads reaped were free of the disease.
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The economic importance of these vegetable crops, the high losses resulting from the
diseases mentioned and the limited success of the combination of good cultural practices and
pesticide treatment, all point to a need for more intensive work on obtaining and testing resistant

varieties in Jamaica.

MATERTALS AND METHODS

Zomato

Fourteen new varieties of tomato are presently being compared to the standard Manalucie
for resistance to late blight. Seeds of 13 varieties were obtained from the Regional Flant
Introduction Station at Ames, Iowa, and the other variety from Guadeloupe. For late blight
resistance tests, seeds of all the varieties were germinated in peat pots. When the seedlings
were four weeks old some were placed in an atmosphere conducive to disease build-up (cool, damp,
shady conditions), the others were transplanted to the field for observations. Records are being
kept of reaistance and yield. Prior to obtaining seeds of these 14 varieties, we had obtained
geeds of West Virginia 63, a late blight resistant variety, from the United States. The seeds
of this variety and Manalucie were grown in peat pots and transplanted to the field when the

seedlings were one month old. Records have been kept of resistance and yield.

Eight new varietiea of tomato are being tested at present for resistance to bacterial
wilt, together with the standard Manalucie. Two varieties were obtained from the University of
North Carolina, five from the University of Hawaii and one from the Petit-Bourg Research Station
in Guadeloupe, For bacterial wilt tests, one-month old seedlings of the new varieties and
Manalucie were transplanted to the field in two areas:

a) lknown from previous experiments to be infested with Pseudomonas solanacearum,

b) free of this disease organism.

Records are being kept of performance under wilt and wilt-free conditions,

Cucumber

Six new cucumber varieties are now being tested along with three commercial varieties,
The new varieties were obtained from the Plant Introduction Station at Ames. Records are being

kept of resistance and yield.

Cabbage

Five varieties of cabbage, together with the standard Earky Jersey Wakefield, are being

field-tested in an area known from a previous experiment to be infested with Xanthomonas campestris,

Seeds of the new varieties were obtained from the University of Wisconsin's X, campestris and

Fusarium Yellows resistant breeding lines. Records are being kept of resistance and yield.

RESULTS AND DISCUSSION
Tomato-Bacterial Wilt

The results in Table I indicate that Venus and Ssturn perform well under bacterial wilt

conditions, Although favourable reports have been obtained from tests in Guadeloupe with INRA #74,
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it does not react favourably under bacterial wilt conditions at Orange River. All plants of the
variety Hawaii 7755 reported tolerant in Hawaii were killed by the bacterial disease, BWN4 reported
resistant in Hawaii displays some tolerance, all plants wilt but remain alive. Although there is
some fruit-set, it is apparent that the maturation and size of the fruits will be affected by the
state of the plants, All Manalucie plants except three, were killed by the disease. The yield
obtained for this variety came from the three plants which apparently "escaped" infection and from
those few where the disease symptoms were not evident until sometime after fruit-set. For the
other bacterial wilt resistant variety BW N1O and the two tolerant varieties, Hawaii #7958 and

7845 (all from the University of Hawaii), complete results are not aveilable at this time, however,

wilting had just commenced in #7845 and Manalucie when the paper waa written.

It should be mentioned that the area where these tomato varieties are grown was treated
with Nemagon prior to planting, to prevent any adverse effects of nematodes on the bacterial wilt
resistance performance of the varieties, In correspondence with Dr. Gilbert of the University
of Hawaii, it was stated that the bacterial wilt resistance of the Hawaiian varieties is less
effective under hot tropical conditions. This could possibly explain the disappointing performance
of the Hawaiian varieties tested so far., No attempt has yet been made to sort out the strains of

P. solanacearum that exist in Jamaica.

In terms of ability to do well as new varieties under Orange River conditions, when the
yields of varieties Saturn, Venus and INRA #74 are compared with Manalucie (TABLE II), INRA #74
is almost as good, Venus is quite good and Saturn is fair, The fruit quality ot all three
varieties is good, e did not determine the yielding ability of Haweii #7755 and BW,N4 because

of the limited supply of seedlings.

Late Blight

Seeds of dest Virginia 63 were obtained from the United States as this variety has
resistance to late blight. Seedlings of West Virginia 63 and Manalucie were transplanted after
about four weeks. Seedlings of both varieties had slight late blight symptoms before trans~
planting. After transplanting, there were thirteen days of cloudy, rainy weather. All of the
Manalucie plants were Iost to late blight whereas all of the West Virginia 63 seedlings survived.
We had to replant the Manalucie stand. The quantity and quality of the fruits of the West

Virginia 63 compare favourably with the Manalucie variety (TABLE III).

One-month old seedlings from seeds of other Late Blight resistant varieties obtained from
the Plant Introduction Station all exhibited Late Blight symptoms before either transplanting to
the fieid or transferring to artificial conditions (to induce disease tuild-up). Severe infection
did occur on some of the plants kept under artificial conditions; however, it was difficult to
assess resistance even though an attempt was made (TABLE IV). For those transplanted to the field,
several days of cloudy, rainy weather resulted in an increase of the disease., Evaluation of
varietal differences is also difficult in the field, since the onset of dry, hot weather conditions
has stopped the spread of the disease, It seems, however, that those varieties which were less
severely infected in the artificial environment have also been less severely infected in the
field:- 263716 (Puerto Rico), 114038 (Honduras), 110946 (Colombia), 118790 (Venesuela),

224675 (New York) (TABLE IV), We areevaluating all of the varieties as to fruit quality and
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quantity. In the rainy season we plan to repeat the blight resistant test when weather conditions

will be more uniform and conducive to disease btuild-up.

Prom the results in TABLE V of the new cucumber varieties, only #255936 from Holland

appears promising when compared with the most resistant variety commercially grown - Poinsett,

No data can be given on yields for these varieties in this paper as harvesting was not completed.

Poinsett, Ashley and Straight-8 are all high~yielding commercial varieties. However, Poinsett is

the only varieiy commercially grown at the present time, which exhibits very good resistance to

downy mildew,

Cabbage - Black Rot

The five new varieties of cabbage are No, 291-296, 284-287, 268-274, 275-281, 250-256.

These varieties now in the field with the standard Barly Jersey have not yet reached maturity.

Little data is available at this time., However, it is of interest to note that 30, of the Zarly

Jersey plants are already exhibiting black rot symptoms.

1.

4.

CONCLUSION

‘The tomato varieties Venus and 3aturn exhibit good resistance to bacterial wilt when
tested in the field., The performance of IWRA #74, Hawaii 7755 and BiN4 was disappointing.
The yielding ability of Venus and INRA #74 is comparable with the standard Manalucie.
That of 3aturn is a bit low.
The variety of tomato WJest Virginia 63 shows resistance to late blight. Thirteen other
varieties were being tested for late blight resistance.
Of the nine varieties of cucumbers tested for downy mildew resistance, the commercially
grown Poinsett exhibits good resistance, a new variety from Holland is promising.
ive new varieties of cabbage are being tested for resistance to black rot, no results
are available at this time.
TABLZ I. DResults of Performance of six varieties of tomato
grown in soil infested with P. solanacearum,
N | Avg. No. Avg, size of Avg. yield/ oAl
Ve 3z ;
ariety fruits/plant fruits (oz.) plant (lb/oz)
Venus 25 3.5 5.5 o
Saturn 15 3.2 2,9 o]
Hanalucie 3 1.4 0.3 98 (;‘xll wilted plants
have died).
IHRA #74 20 2,5 3.1 30 (411 wilted plants
have died),
Hawaii #7755 Q o] o] 100 {411 wilted plants
have died)
Bl 0 0 .0 100 {41l wilted plants
are still alive)
Key
1 Hanalucie « grown commercially
Venus _ seeds obtained from the University of dorth Carolina
Saturn
INRA #74 ~ seeds obtained from Petit Bourg Research 3tation in Guadeloupe
Hawaii #7755 and BJ ¥4 - seeds obtained from the University of Hawaii,
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TABLE II. Results of Yield of four varieties of tomato
grown in soil free of P. .

Variety‘ ivg, Ho. of Avg. size of A'f. yield/plant
fruits/plant fruits (ozs) 1y/os)

Venus 15 4.8 4,8

Jaturn 1 4.2 3.0

IR F74 16 5.1 5.0

iianalucie 10 9.0 5410

1 Yo results are available for dawail #7755 and BY 4 because limited sced

supply prevented yield studies.

20700 TII.  Ner ilts of yield performance of Jest Virginia 63 - a late blight
resistant variety of tcmato and Manalucie - a commercially grown
variety,

. . Ave, Yo, of Avg, size of Avg. yield/plant
‘ariety fraits/plant fraits (ozs) ?lb/o:)
Uanalucie 10 9 %1
Jest Virginia 63 17 6 6.6

TLELS IV, Results of Resistanse of tomato varieties to P, infestans
both under artifiecial conditions and in the field,

Variety Disease rating' ;‘é&u'vivalz Survival Index’
91913 - Bulgaria 2 67 2
95584 = lanchuria 3 25 4
108245 - Germany 2 0 5
110946 - Colombia 1 50 3
114038 - Honduras 1 56 2
118790 ~ Venezuela 1-2 50 3
126408 ~ Panama 2 60 2
126907 = Peru 2 33 3
198674 - lexico 0=~1 0 5
204994 - V.3, (4. Va.) 2 0 5
224675 - U.3. {New York) 1.2 47 3
263716 - Puerts Rico 1.2 50 3
273446 - Philippines 2 25 4
Hanalueie 2=-3 25 4
Pieraline INRA 1970

Guadeloupe Toc young - -

Infection in th

Disease Index
1
2
3

e field

- slight
- moderate
~ severe

Index of survivel of seedlings in peat pots

1
2

- 76=1007
- 51-75%

3 - 26=50
4 - 1255
5 - dead due to disease
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Cucumbor ~ Downy Mildew

TABLE V. BResults of resistance, fruit size, colour and eating quality
of six new cucumber varieties compared with commercial varieties.
Variety Diuue1 Size of fruits Colour and eating
rating (cz length) Diam. quality

# 173889 (India) 3 8.3 4.3 Yellow, bitter
# 197087 (India) 2-3 fruits not mature enough for any assessment
# 175120 (India) 4 9.6 | 4.;1 Green, good
# 234517 (U,s.) 3 fruits not mature enough for any assessment
# 255936 (Bolland) 1 15 5 Green, good
# 227208 (Japan) 1-2 29,3 4.5 Green, good
Straight-8 (commercially

growm 2-3 20 5 Green, good
Ashley (commercially

grown, 2-3 18.75 5 Green, good
Poinsett (comercially

grown) 0-1 21.25 6.25 Green, good

Key
1 - alight
2 - moderate
3 =~ fairly heavy
4 - severe
5 ~dead
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A _STUDY OF 100 TOMATQ VARIRTIES IN RELATION WITH CLIMATIC
ADAPTATION ARD RESISTANCE TQ 7 PREVALENT DISEFASES IN
THE WEST INDIES

F. Kaan® - H. Laterrot“ =~ G, Anals -~ L. Degrus

® CRAAG = Petit Bourg - Guadeloupe
#% CRA -~ lMontfavet ~ France

INTRODUCTION

A deseription of all the varieties availeble in the commercial catalogues
would be long and possibly not useful, We limited our study to 100 verietles currently
grown, and to those which could present in the future an interest in this area. We
dicé not describe any commercial F4 hybrid. We know that meny of them present a real interest,
but commercial names are exceseively numerous and changing, so any description would rapidly
become obsolete. !

The varieties are listed in threc¢ classes of adaptation to Caribbean conditions:

1) Good varieties
2) Not well adapted but outstanding for some particulsr characters
3) Not satisfectory, to be replaced

Reactions to Gladospopjum fulvum (Leaf mold, Fusarium oxysvorum lycopersicl
races 1 and 2 (Puserium wilt), Meloidogyne sp (gall nematodes), Phytophtora jinfeetans

(late blight), Pseydomonas solanacesrum (Bacteriel wilt, Stemphylium solani (gray leaf spot)

and Yerticillium dahlise (Verticillum wilt) are given. A brief description of each
variety is added,
These date were collected from author (s) description, commercial catslogues,
and from the results of our trials in Guadeloupe and at Avignon (Southern France).
And estimation of the value of the different varieties for the producers is
difficult to esteblish, However, a synthesis.of the appreciation of the economic

characters was made for the West Indian conditions using three lists of varieties.

RESULTS
LIST {1 ~ Yurjeties considered the best.
They were tried and confirmed as good varieties in Guadeloupe except those marked
by an asterisk which are : 1/ very similar to confirmed good varieties

or 2/ bred or confirmed in neighbouring climatic arees.
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ANAHU
arc \*)
ATKINSON
CAMPBELL 17
CAMPBELL 28
CAMPBELL 1327
cusr (*)
CHICO

CHICO GRANDE
crIco Rex (*)
cuico 111 (*)
cratrviL (*)
COLDSET

CRA U
EASTERN STATES 24
EASTERN STATES 58
ECLAIREUR

5L uonte (*)
FIREBALL
FLORADEL
FLORALOU
FLORIDA MH 1

GULPSTATE MARKET
HEINZ 1370
HEINZ 1409
HEINZ 1438
HEINZ 1548
HOMESTEAD ELITE
HOMESTEAD 24
HOMESTEAD 61
HOMESTEAD 500
HOTSET
IMMOKALEE
INDIAN RIVER
KOLEA C

Ls BoNITA (*)
LA PAYETTE

LA PINTA (%)
MANALUCTE
MANAPAL
MARION

urrs (%)
MONEYMAKER
uonzra (%)

MONTE GRANDE (*)
NAPOLI
NEMATEX
PELICAN
PINKDEAL
POTOMAC
RED ROCK
ROMA

roMa vr(*)
RONITA
ROSSOL
SAMARZANO
SAMARZANO VR
SUMMERTIME
TROPIG
TROPIGRO
TROPIRED
VENDOR
VENTURA (*)
VENUS
WALTER



= ] € 1o We i .
These vurieties are outstanding for particuler characters and could be

recommendel where these qualities are most needed.

Varieties Particular qualities
BUSH VFN Multiple disease resistant, large fruit
CAMFBELL 19 Excellent in Eastern USA
HEINZ 1350 Early type for canning
MARSOL Multiple diseases resistance early
PIERALINE Large fruit, late blight resistant
PIERNITA Large fruit, nematode resistant
PIERSOL Large fruit, multiple disesse resistant
PIERVII Large fruit, Fusarium resistant
RAF Early, Fusarium reeistant
SATURN Bacterlal wilt resistant, lerger than VENUS and CRA 74
STAKEKLESS Excellent for family gardens
VF 145 Regular production, Mechanical harvest type
VFN 8 cf BUSH VFN
WEST VIRGINIA' 63 Late blight resistant

T ~ Geperally n € pre varieties.

These varieties are often cited because extensive acreages are grown in the
West Indies. We advise the growers to replace these varkties by better adepted cnes

provided these new introductions meet the market needs.

ACE CASAQUE ROUGE MARMANDE VR FRIMABEL RED JACEKET VR
ACE VR KAKI MERIT PRITCHARD ROYAL ACE VF
AGE VF  WARGLOBE OXHEART PRITCHARD V# RUTGERS

CALACE  MARMANLE PIERALBO RED JACKET SAINT PIERRE

DISEASE RESISTANCE

They are included in the detmiled variety description. In many cases, we did
not try the resistance described by the Authors; in such occurrence, we mention "r"
in other cases we could try resistance in Guadeloupe for leaf mold (Cladosporiun Fulvum)
bacterisl wilt Pseydomopss golaneceorup) end gray leaf spot (Stemphylium selapni)
under netural infestation conditions. Reasistance to Fusarium race 1 and 2, to gall
nematodes (%elgidogyne sp) and late blight (Phyihqoihops jnfestang) was appreciated
under artificial inoculation conditions et Avignon. When varities were found resistant
by ourseives they are mentioned "R" when heterogeneous "Het"., In rare cases the resistance
described by the authors was not confirmed, the varieties are mentioned "S" for suscepti-

bility.



1/Cladosporiyn fulvum (Leaf mold)

Resistance when observed is complete. As new psyciologle races occured causing
hertofore resistant varieties to become disegsed in temperate greenhouses, a study wes
begun in Guadeloupe to determine the race situation. Our first results indicate that
the race 0,1,3,1~3 (as defined by HUBBELING in the Netherlands) could be present. The
same race situation was found by BLISS and ARNY in West Africa (Nigeria). If new races
occur, the resistances noted in Guasdeloupe and probably conferred by genes cf 2 and/or
ef L (aa defined in the Netherlands) will become inefficient. "Florida MH1" was found

resistant to some races in Floride but is susceptible to the race (s) of Guadeloupe.

2/ Fusarium oxysporum (Fusarium wilt)

When indicated, resistance to race 1 (due to gene I) should be practicelly complete,
However some varleties and particularly "Marglobe" manifest an intermediate resistance level
in our trials. "Pinkdeal™ and “West Virginia 63" are described resistance by the suthors
and found susceptible in our tests, which were possibly very severe and could not determine
relatively low resistance levels., In intensive Tomato production areas, Fusarium rece 2
¢ uld appear on verieties bearing I gene. This new race is compeletely controlled by
another gene of resistance in "Florida MH1" and "Walter". We found & very high but not

complete resistance to race 2 in "CRA 74" "Saturn", "Venus",.
’

3/ Wcloldogyne sp (Gall or root-~knot nematodes)

A ve Circa 30°C soil temperature, the resistance conferred by Mi gene to some
varieties ceases to be reslly effective, This increase in susceptibility at highest
temperature is particularly drestic in Mi/+ heterozygous combinstions which are often
presented as comnercial hybrids “resistant to nematodes". Rare cases of appearance
of Meloidogyne races able to attack varieties homozygous for Mi in artificial contamination

tests and at normal terperature were described.

4/ Phytophthora infestans (Late blight)

Thise disease is generally not observed or not important in our warm conditions,
In cooler elevation areas (Domincan Republic, Jemaica) or in the vicinity of continental
cold air (Cuba, Habana zone in Winter) its occurrence is frequent; "Pieraline" and
"Weast Virginia 63" show an incomplete but effective resistance in our tests.

5/ Pseudomonas solancearun (Bacterial wilt)

Susceptibility to this destructive soll transmitted disease is very high in all
the vrrieties mentioned except "CRA 74", "Saturn and Venus" which were bred for resistance.
However, some plants of these varieties could be severely disesses in difficult conditions.
Moreover the resistance in only effective in mature plant, so seedling should be grown in

Pseudomonas free soil before planting.
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6/ Stemphyliun solani (gray leaf spot)

It 18 often very destructive in West Indian conditions, many varieties carry
the Sm gene conferring a good resistance., Epidemice are relatively are spound many
plant breeding stations, and artificial inoculation is very difficult, so many
varieties generally not cited as resistant carry a resistance which was manifest in
our trials in Guadeloupe. Conversely, where gray leaf spot is dangerous, it is sometimes
necesgsary to verify the resistance of commercial seed which is not always very carefully

brec¢ for reaction to gray leaf spot an unimportant disease in many countries.

7/ Verticilliun dahliae (Verticilliun wilt)

It is en important disease in Mediterranean and subtropical countries, Its
occurence in tropical sreas is not frequent but possible in cool soiles. Resistance
conferred by Ve gene is fully effective except in rare cases where new races of this
pathogen appeared.

The authors of "Florida MH4" primitively found that it was bearing Ve gene, but
afterwards they discovered it had only an intermediate level of resistance in their

testz. We found this variety susceptible in artificial inoculation tests,.
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TABLE 1 - DETAILED VARIETY, DESCRIPTION

VARIETIES Origin List Climatic Frult Size FruitShape Shoutder Piant Follage rowth
Adaptati Color Cover D=Determinate
1=Indetarminate
:gs vR U.S.A. g %ry Large Dsop oblats ldnlf":rm Large Good g
Canade Deap obiate Uniform La Good
ACE VF U.S.A. 3 4 Large Deep obiste Uniform Llr? Good =}
ANAHU Hawall ! " h" Medium Deep oblate Uniform Medium Medium D
um
ARC US.A. 1 Geaneral -~ Globe Uniform - - o
ATKINSON Alsbama 1 Warm humid Large Globe \ Large Good ]
BUSH VFN Calitornla 2 Lorge Deep oblats Grean Compact Good o
CALACE Californta 3 Dry Deep oblata Uniform Large ood
CAMPBELL 17 Now Jersey 1 General Medlum Deep oblate An'plc green Medlum Good o
uniform large
CAMPBELL 19 New Jorsey 2 Cool! Madium Oblate Ap's:‘l: gresn Medium Good D
rm large
CAMPBELL 28 New Jorsey 1 General Modl'um Oblate rough Uniform Compact Excellent D
CAMPBELL 1327 New Jersey 1 General IM.dlum Oblate App";l green Large Good D
arge untform
CASAQUE ROUGE New York 3 Cool Large Deep oblete Uniform Medlum  Medium |
CHEF U.S.A. 1 Generst - Globe Uniform - - D
CHICO Texas 1 Warm humid Small Pear Uniform Medium Good D
small
CHICO 1N Toxes 1 Werm humid Small Pear Uniform Small Poor D
CHICO GRANDE Toxas 1 Warm humid Small, Pear Uniform Medlum  Good D
1arger small
than
Chico
CHICO REX Toxes 1 Warm humid -do- Pear Unform M.d‘h‘m Good o
small
CLAIRVIL France 1 Genersl Globe Unlform Good 1
COLDSET Ontarlo 1 General Small Deep oblate Uniform M‘:IIum Good D
smi
CRA 74 Guadeloupe 1 Werm humid Medium Deesp Green Good 1
EASTERN STATES 24 Eastern USA 1 General Medium Deep oblate Uniform Medlum - =}
EASTERN STATES 88 Esstorn USA 1 Gmrul Mlum Desp oblate Uniform Medium Good [+
ECLAIREURA France 1 eneral Globe UnHorm Large Good 1
EL MONTE ] 1 Wnrm humid Madlum oblate Green Msadium Good D
FIREBALL Eastarn USA 1 neral Glol Green Medium Good [+]
FLORADEL Florlda 1 w.rm humid L.mo Desp oblats Green Large Good ]
FLORALOU Florida 1 Warm humbd lModlum Deep cblate Green Large Good 1
arpe
FLORIDA MH 1 Florida 1 Warm humid Medlum Deep oblate Uniform Compact Good o
arge
GULF STATE MARKET Southern US 1 Warm humid Modlum Deep oblate Unitorm Compact Good ]
HEINZ 1350 Ohlo 2 Cool Modlum Deep gbists Uniform Short Medium 2]
HEINZ 1370 Ohlo 1 Generat Mo:llum Globe UnHorm Medium Good [+
i
HEINZ 1409 Ohlo 1 Gengrat Medium Deep oblate Unlform Medium Good [}
HENIZ 1439 Ohlo 1 Genoral Medium Deep oblste Uniform Medium Good D
HENIZ i548 Ohilo 1 Generat Medium Deep oblata Uniform Madium  Medium =]
HOMESTEAD 24 8, Carolina 1 Warm humid ILtront H Deep ablate Green Medlum Good o
n
Guasdeloupa
HOMESTEAD 61 8. Carolina 1 Warm humid IModlum Deep oblate Green Medium Good [»]
arge
HOMESTEAD 500 8. Caroilna 1 Warm humid |M¢dlum Deop oblate Graen Medium Good o
arge
HOMESTEAD ELITE 8. Carolina 1 Warm humid Medium Deep oblate Green Medium Good [+]
lai
HOTSET Texas 1 Hot Small Globe Green Large - I
IMMOKALEE Florida 1 Warm humid 'Mndlum Globe Green Madium  Good o
arge
INDIANRIVER Florids 1 Warmm humid 'Mldlurn Globe Green Large Good ¢
arge
KAKI France 3 Dry Large Globe reen Large Good ]
LEA/ Hawali 1 Warm humid Medium Deep globe Uniform Modlum  Medium 2]
LA BONITA Texos 1 Warm humid Small Plum Unlform Compact Good D
LAFAYETTE Indiana 1 General Small Plum Uniform Compact Excellent D
INT. axas 1 Warm Medium Globe Uniform - - 2]
MANALUCIE Florida 1 Warrn humid Large ol reen Large Good ]
MANAPAL Florida 1 Warm humid IMﬁtlum Giobe Green Large Good t
MARGLOBE U.S.A. 3 - Modlum Globe Green Large Fair ]
large
MARION S. Carollna 1 . w-rm humid Medium Deep oblate Green Large Good !
MARMANDE France 3 Cool Mngllum Obiate rough Green Medium  Fair 1
ami
MARMANDE VR Canada 3 Cool M.ddllum Oblate rough Green Madium  Fair b
sy
MARS Now Jersey 1 General Smalt Globe Green Small Reduced o
compact
MARSOL France 2 Cool Moddl|um Oblate rough Green Medlum Fair 1
n
MERIT Maryland 3 General Smatl Globa Uniform Smail Poor D
MONEYMAKER Englardd 1 General Small Globe Uniform Large Good 1
MONITA France 1 Genersl Small Giobe Uniform Large Good |
MONTE GRANDE Taxas 1 Warm bumid |Modlum Deep oblate Green Medium Good D
arge
NAPOLI U.S.A. 1 General Smalt Pear Uniform Meium Good D
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TABLE 1 (contd)

VARIETIES Origin List  Climatic Frult Size Frult Shape Shoulder Plant Foliage Growth
Adaptation Color Cover D=Detarminate
I=Indeterminate
NEMATEX Texas 1 Warm humlid Modllum Deep oblate Green Compact Excellent D
small
OXHEART Texas 3 Large Heart Gresn Large Good 1
PELICAN Loulsiana 1 Warm humid Large Deep oblete Green Large Good I
PIERALBO France 3 Dry Large Globe Green Large Good 1
PIERALINE France 2 Large Globe Green Large Good 1
PIERNITA France 2 Dry Large Globe Green Large Good ]
PIERSOL France 2 Ory Large Globe Green Large Good I
PIERVIL France 2 Dry Large Globe Green Large Good 1
PINKDEAL Texas 1 Warm humid Medlum Globe Uniform Medlum Good D
POTOMAC Maryland 1 Warm humid Small tong Unlform Small Reduced 2]
PRIMABEL France 3 Cool Smalt Globe Uniform Smell Reduced D
PRITCHARD Us.A, 3 Medlum Gl Green Large Good =}
large
PRITCHARD VF U.S.A. 3 Medlum  Globe Green Large Good D
large
RAF France 2 Cool Medium Oblata rough Green Medium Falr D
small
RED JACKET New York 3 Cool Large Deep oblata Uniform Medium  Medium 1
RED JACKET VR Canada 3 Cool Large Deep oblate Uniform Medlum Medlum )
RED ROCK Maryland 1 Warm humid Medlum Deep globe Uniform Smal Intermediate D
small
ROMA Maryland 1 General Small Pear Uniform Large Good D
ROMA VF California 1 General Small Peer Uniform Large Good D
RONITA 1 General Smali Pear Unlform Large Good 2]
ROSSOL France 1 General Small Pear Uniform Large Good D
EB¥ékﬁ§E VF Callfornia 3 Dry Large Deep oblate Uniform Large Good D
New Jersey 3 Largs Alobe Green Large Good I
SAINT PIERRE France 3 Dry Slobe Green Good t
SAN MARZANO vealy 1 General Small Long Green Medium Good 1
SAN MARZANO VA 1 General Small Long Green Medium Good ]
SATURN N. Carolina 2 Warm humid Medlum Deep oblate Green Large Good 1
lerge
STAKELESS Delaware 2 General Medium Deep oblate Unlform Dwarf Excellent D
large
SUMMERTIME Texas 1 Warm humid Small Oblate Green Compact Good D
TROPIC Floride 1 Warm humid V. large Globe Green Lorge Good I
TROPIGRO Flotida 1 Warm humid Medium Deep oblate Green Medlum Good D
arge
TROPIRED Florida 1 Warm humid Medium Deep oblate Green Medium Good D
VENDOR Ontario 1 General Medium Deep oblate Uniform Large ood i
VENTURA 1 General Small Pear Uniform Compact Falr D
VENUS N. Carolina 1 Warm humid Medium Deep oblate Green Large Good 1
large
VFI456 (Many lines) California 2 ory Meadium  Globe Green or Medium Rotled D
small uniform w0
small
VFN 8 Californla 2 Dry Medium Deep oblate Uniform Short Medium D
large
VFN BUSH California 2 Dry Lerge Deep oblate Green Compact Good D
WALTER Florida 1 Warm humid Lerge Deep oblate Green Compact Good D
WEST VIRGINIA 63 W. Virglnia 2 Humid Medium Deep oblate Uniform Large Good 1
arge
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R=Reslstanca obsarved by authors

TABLE 2 - VARIETAL REACTION TO DISEASES
r=Resistance reparted by others

VARIETIES Cledosporlum  Fusarium Fusar]um Maloldogype Phythophthora Pseudomones Stemphytium  Vertlellllum Remaurks
race 2
LM F.wW.1 F.W.? Nem. L.B. B.W, G.LS. VW,
ACE
Used for cnnnlng {luice)
ACE VH TR
‘R TR 58 §/88 8ddad retisianes
ANAHU rR rR TR arv suscepﬂbls 10 leaf
mold
ARC v r T Mechanical harvest typa
ATKINSON r T rR Autgers type disease
resistant
BUSH VFN r r r Multipie disesse resistance
CALACE, ¥ ¥ Aca type added resjstance
CAMPBELI. {7 v ¥ Crack reslstant
CAMPBELL I8 . * Not so productive In
Guadeloups
CAMPBELL. 23 v R Crack resistant
CAMPBELL 1327 rR TR Crack resistent
CASAQUE ROUGE Potato teaf
CHEF r r r Jointless mechanlical
harvestable
CHICO 7 r trregular fruits more
diseasa resistance than
Roma
cHico Il T rR Chlco typa, Machine
harvestable
CHICO GRANDE r r Chlco type larger
CHICO REX r r Chico typs larger
CLAIRVIL rR Eclalreur type more
dlseese resistant
COLDSET rR Sets well under extreme
tempaeraturo
CRA_ 74 [ ra £ R rR Produstiva in Guadeloupe
EASTERN STATES v R Firm
EASTERN STAT: v TR Firm
ECLAIREUR Crack reslstant
EL MONTE £ r Homestead type added
reslmnce
FIREBALL arly
FLORADEL TR R rR Vsry popular variety in
W1,
FLORALOU o83 rR Smalter then Floradet
FLORIDA 4k ¢ R ¥R rR s Jointless, machine harvest
frash market
GULF STATE MAFRKET Mature fruit plnk
KE!INZ 138G 3 TR
HEINZ 1370 7R TR Firm, crack resistant
HEINZ 1409 ’ TR Firm, crack resistant
HENIZ 1439 ' B r Flrm, crack resistant
HEINZ 1548 4 Het Elrm, crack resistant
HOMESTEAD 24 B Fresh market for ground
cultur
HOMESTEAD 61 E Fresh market for ground
culture
HOMESTEA D 500 v Possibly more productive
than regular Homestead
HOMESTEAD ELITE r Fresh markat for ground
cutture
HOTSEY R 0ld variety
IMMOKALEE ¥ S Shorter than Homestaad
more dlsassa reslstant
lNDIAN RIVER rE T rR Smaller than Floradsl
Saint Plerre typo
x\ v rR v Diseasa resistant
L\_A EONITA ¥ r Machlne harvestable
iL.A FAYETTE r r Machlne harvesteble,
crack resistant
Li& PINTA r r Mature fruits pink
MANALUCIE rR rR rR Late
MIANAPAL rR rR rR Lata, productive
MARGLOBE Late
LAARION rR rR Resist to serty blight in
$. Carolina
MARMANDE Extra early, good 5hlpper
MARMANDE VR TR Marmande type, m
diseate resistant
MARS v T r Mechanlcal hervest type
MARSOL TR rf TR Marmande type diseass
resistant
MERIT v r Very flrm, jointlass
mechanlcal harvest poor
ylatd
MONEY MAKER Old varlety
MONITA rf neymaker type

MONTE GRANDE
NAPOLI
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TABLE 2 {contd)

VARIETIES Clagosporium  Fusarium  Fusarlum rticillium Remarks
LM, race 1 race 2 em L.B. BW. G.LS VW,
F.w.1 Ew.2
NEMATEX . r R Soft, productive
OXHEART Old variety
PELICAN r r Crack and disease
resistant
PIERALBO R S. Piorre type added
resistan<
PIERALINE rR rR S, Pierre type added
resistanca
PIERNITA rR S. Pierra type added
resistance
PIERSOL 'R rR *R S. PYerre type added
resistance
PIERVIL rR S. Pierre type added
reslstance
PINKDEAL s Vary crack resistant
POTOMAC r rR v Mechanical harvest
type paor colar
PRIMABEL Early
PRITCHARD 01d varlety
PRITCHARD VF r r Diseasa resistant,
pa
RAF r Marmanda type, disease
resistant
RED JACKET Potato leaf
RED JACKET VR r Red Jacket type
RED ROCK [ TR r Jointless, crack rasist-
ant, Mechanice) harvest
ROMA rR 8lossom end, ro0t
susceptible
ROMA VF rR R Roma type, added
resistance
RONITA rR rR Roma type, added
resistance
ROSSOL rR rR rR Roma type, disease
reslstant
ROYAL ACE VF r v Ace type disease
resistant
RUTGERS r Late old varleties
SAINT PIERRE Lats old varaties
SAN MARZANO Not for fresh markst,
paste typ
SAN MARZANO VR San Marzano typs,
addad resistance
SATURN rR R rR R Less productive, larger
STAKELESS r Poteto leaf type
SUMMERTIME R Sets weil ot high
temperature
TROPIC r TR r Excellent quallty
TROPIGRO r TR r Comparabls to Home-
stead, more disease
resistant
TROPIRED r 'R r More productive and
disease resistant than
Homestead in Guade-
louoa
VENDOR r
VENTURA v Early machine harvest
Type
VENUS rR R rR R Poor set under adverse
conditions butdlsease
resistant
VF 145 14 r Mechanlcal harvest tyne
for peeled tomatoes,
ragular producer
VEN 8 rR rR Het rR Very susceptible to
leaf mold resistant
to 3 diseases
VFN BUSH r v 13 Multiple disease
resistance
WALTER rR rR r Multlple disaase resist-
ance comparable to
Homestead
WEST VIRGINIA 63 s TR TR Disoase resistant.
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PUNGI_ASSOCIATED WITH DETERTORATTON
OF ACKEE (Blighia gapida L.)
IN JAMAICA

R.E, Pierre
Faculty of Agriculture, U.W.I., Jamaica

INTRODUCTION

The ackee, (Blighia gapida), besides being the national fruit of Jamaioca,
is & major component of one of Jamaica's favourite dishes, Because of seasonality
of production end a high demand both locally and by Jamaicans abroad, the food
processing industry has developed methods for canning the ackee.

The edible portion of the ackee fruit is botanically known as the aril - a
eream—-coloured mass of succulent tissue that is attached to the seed,

For marketing as a fresh vegetable, the ackee pods are allowed to open on
the tree and the opened pods are harvested individually, For the processing
industry, however, because of the large quantity required at any one time and the
extreme susceptibility of the saril to deterioration the harvesting procedure has been
modified., Fruits for procesaing are harvested by vigorously shaking the branches
of laden trees to dislodge the frults, The fallen fruits are then cullected and
delivered to the processing plant some 24 to 48 hours after harvest, By this method,
fruits in various stagea of maturity are harvested and, in addition the pods
generally are badly bruised.

In the processing plant, unopened fruits are plscaed on racks to allow the
maturation process to continue and from these, fruits are collected for processing
when they opens

With this procedure, it is estimated that losses of about 4O-60F occur.
Thee. losses are due either to the fatlure of the pods to open owing to immaturity
or excessive dehydration, and to rots caused by pathogenic micro-organisms.

The primary objectives of this study were to identify the micro-organisms
assoclated with deterioration of the ackee fruits and to extend the shelf-life of
the fruits by suppressing the development of micro-organisms and reducing the rate
of dehydration of the pods,

MATERIALS AND METHODS

Moet of the ackee fruits used in this study were obtained from the processing
plant, Frozen Poods (Jamaica) Ltd. However, the fruits used in pathogenicity tests
were carefully harvested individually from treee on the University Campus,

¥ruits obtained from the processing plant on different occasions were
examined individuaelly and classified into the following groups on the basis of symptoms-— =

healthy, soft white rots, soft brown rots and other lesions,
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Several specimens were selected from each ot these groupe and repeated
isolations were made both from the pods and decaying arils. Isolations were mede
both from pods and decaying arile. Isolations were made on potato dextrose
agar (PDA) mainly, with or without lactic acid, in an effort to selectively
isolate fungi and bacteria, Some isolations for bacteria alec were made on
nutrient agar. Pathogenicity tests were carried out with all the isolated
micro-organisms on individual pods and arils that were either wounded with a
sterile needle or undamaged. Inoculasted pods were enclosed in polyethylene

bags for 48 hours after which they were left on the labpratory bench for a further
period of 1.4} days before being assessed.

anmum: Mature, unopened ackees were carefully
harvested from a single tree, surface disinfested with sodium hypochlorite

or 70% ethanol and the arils plus seeds removed under asceptic conditions.

Arils were dipped eiltmer in sterile distilled water or a standardised spore
suspeneion obtained from a particular fungus and then placed in sterile
wide-mouthed flasks. Each treatment contained three arils and there were two
replicates. Data on the extent of maceration were obtained at 24, 48, 72 aum

96 hr. after inoculation. After removing the seede, the arils were weighed,

washed to remove macerated tissue, blot-dried and again weighed.

Fungicide trestments: The fungicides used were benomyl (methyl {=butyl carbamoyl)-
2-benzimidezole carbamate, thiabendazole (2-(4=thiazolyl) benzimidazole), dicloran
(2,6 dichloro nitrol aniline) and sodium hypochlorite. Pods (10 or 25 per treatment)
were dipped in each fungicide suspension or hot water for a particular period.

Observations were made on the incidence of pod rot and opening of pods at various

times,

RESULTS
Frequency of occurrence of varioua symptoms: From one sample of 365 fruits randomly
Belected from a bateh of fruits obtained from the processing plant, 51% showed

brown, soft rot symptoms attributable to Botryodiplodia theobromge, 4% showed other
brown lesions and 41% epparently were heelthy.

dsolatlons from digeaged pods and grils: Repeated 1solations from the soft, decaying

arils revealed the presence of two unidentified bacteria. One isclate produced

whitish colonies whereas the other produced yellow colonies on potato dextrose agar,

A number of fungi were igolated from decaying arils and pods from
miscellaneous brown lesiovns on the pods, B. plgricang was repeatedly isolated from

pods which showed sympbome of white soft rot, and B, theobropge similarly was
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obtained from pods which showed symptoms of brown soft rot, Other fungl,

which were assoclated with miscellaneous brown lesions included Gloeosporium sp.,
Pestallotia sp., FPhomopsis sp. and Fusarium spp. B. theobromae and R, njgricang

also were ipolated from decaying arils,

Pathogenicity tests and symptom development: Pathogenicity tests on healthy

wounded arils indicated that neither bacterial isolate was pathogenic. However,

all the fungi isolated were able to infect both wounded pods and arils but the

rate of infection vuried appreciably. The Fussrium species, Phomopsis, Gloeosporium,

and Pestallotisg all caused firm dark brown lesions which developed slowly on the

pods. The lesions produced by these fungi were indistinguishable except in the

case of Pestallotis which produced lesions that were noticeably sunken., In

contrast, B. theobromse produced a rapidly spreading brown lesion which was fairly

soft and R. nigrjcsns produced a soft white rot which spread with extreme rapidity.
When unwounded pods were inoculated with spore suspension of the different

fungi, only B. theobromge csused infection., Within five days all of 10 inoculated

pods were infected and had an average of 55% of the pod surface rotten. All arils

were partially macerated, Some 59% of the lesions originated from the attached end

of the pod, 29% from the stylar end and 12% from other areas of the pods.,

Aril macerstion by fungi: All seven isolated fungi were shown to macerate the

ackee arils converting them into soft, mushy masses of tissue, R, pigricans was the

most prolific. Within 24 hr. after inoculation it had macerated 19% of the aril

tissue compared to O-4% by the other fungi, and by 48 hr. maceration had increased

to 92% compared to 5 < 15% by the other fungi, B. hegbromge was nearly as prolific

except for a slower start and between 48 and 72 hr. after inoculation maceration

by this fungus had accelerated from 15 to 82%, The other fungi were somewhat slower

and after 96 hr. 81, 79, 72, 61 and 52% of the tissues were macerated by Fusarium

(salmon), Gloeosporium, Ph sis, Pestgllotia and Fusarjuym (red), respectively.

The controls remained virtually unaltered during the test,

Effect of fungicides and othep trestments on pod rot and pod opening: The results

of these treatments are summarised in Tables 1, 2 and 3, In Table 1, all treatments
except thiabendazole and cold water were better in suppressing pod rots within four
days but by seven days only the hot water treatment was markedly different., Although
effective in suppressing pod rot the hot water treatment caused a brown scorch of

the pods.

In Table 2, dicloran, benomyl and sodium hypochlorite significantly reduced
pod rot at both 4 and 7 days in one lot of pods but in a second lot, neither sodium
hypochlorite nor a benomyl plus dicloran mixture was effective, In addition, the
ability of the fungicides to suppress pod rot was greatly reduced when treated pods
were kept in sealed polyethylene bags. Pods that were enclosed in polyethylene bags
were quite fresh after 7 days whereas those kept on open trays were fairly dehydrated

and shrivelled, But enclosure in polyethylene bad greatly suppressed pod opening,
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This feature again 18 evident in Table 3 in which 30% of the pods opened after
7 days when kept in sealed polyethylene bags as compared to 80, 80 and 95% when
they were kept in open trays with or without periodic spraying with water, or in
perforated polyethylene bagse, respectively,

In one trial in which carefully harvested undamaged pods were kept in the
laboratory for 10 days, rots developed on only % of the pods end all pods were
either fully or partially opened within this perlod., The pods, however, were

fairly well dehydrated and it is 1likely that this prevented them from opening fully,

TABLE 1. Influence of various fungicides on percentage pod rot (A) and percentage
of open ackee pods (B) after 4 or 7 days when kept on open trays in the laboratory

(Av. of two reps.)

TR*ATMENT % POD ROT AND OPEN PODS
4 days 7 days
A B ‘ A B
1. Hot water (56°C/10 min,} 0 18 18 52
2. Benomyl (500 ppm/3 min,) 2 32 56 46
3, Thiabenazole (500 ppm/3 min,) 8 u6 56 Th
4, Dicloran (1000 ppm/1 min.) 0 2L 50 58
5, 2 plus b (3 min.) L 26 50 56
6, 3 plus 4 (3 min.) 2 28 40 68
7. Sodium hypochlorite {0,26%
10 min,) 4 52 36 70
8. Tap water (5 min.) 16 28 56 32
9, Control (no treatment) 8 12 [N 12
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TABLE 2. Influence of various fungicides on percentage pod rot (A) and percentage

of open ackee pods (b) after 4 or 7 days when kept either on open trays or enclosed

in polyethelene bags in the laboratory (Av. of two reps.)

TREATMENTS % POD ROT AND OPEN PODS
OPEN TRAY SEALED BAGS
L days 7 days 4 days 7 days
A B A B A B A B
(1) Dicloran 8 96 8 98 8 30 78 u2
Benomyl 8 92 10 98 8 18 92 30
Sodium hypochlorite 4 98 4 100 2 L 80 8
Control 20 92 22 98 20 Ly 64 60
(14)Sodium hypochlorite 35 55 15 100 3 30 85 30
Benomyl + Dicloran 15 25 70 100 10 10 75 10
Control 25 L5 65 100 0 o0 50 0

(1) and (1i) represent 1ots of fruits received on two different deys. Rate

and duration of treatments as shown in Table I,

TABLE 3. Influence of benomyl and various subsequent treatments on percentage

of open ackee pods (B).

TREATMENTS (i) % POD ROT AND OPEN PODS
4 days 7 days

A B A B B
Open tray 10 60 20 80
Open tray + water spray {(1ii) 10 70 10 80
Enclosed in perforated plastic bags 15 80 15 95
Enclosed in sealed plastic bags 10 20 50 30
(1) All treatments previoualy dipped in benomyl at rate and duration as

in Table I; (4ii) water was sprayed twice daily,
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RISCUSSION

It is clear that fungi are the main miero-organiems responsible for the
deterioration of ackees, Isolated bacteria were non-pathogeulc whereas all fungl
isolated were able to infect wounded uckee pods and macerate the arils,

B, theobromge was the fungue of most importance owing to the frequency of its
occurrence, 1ts ability to infect unwounded pods and the rapidity with which
infection progressed., Another fungus of major importance was R. nigricans again
because of 1ts rapid infection rate and ite ability to sporulate quickly and
profusely. This fungus aspparently is unable to infect undamaged pods but because
of the method of harvesting, numerous wounds generslly are produced on the fruits
and these provide ready asvenues of ingress for the pathogenie micro-organisms,

The inconsistency in the performance of the fungicide treatmente may be
largely attributable to variability in the stages of infection at time of treatment,
It appears, therefore, that for effective control of pod rots a harvesting method
which would greatly reduce pod damage would have to be developed. This, either alone
or in association with a fungicide dip (sodium hypoehlorite or benomyl) applied
immediately after harvest, should result in effective control. In addition, 1t
seema that measures to reduce the rate or dehydration of the pods, possibly by
periodic misting, also would be beneficial but since high humidity would favour the
development of micro-organiams a cerefully balanced system would have to be worked out,

The suppression of pod opening by complete enclgsure in polyethylene bags
is noteworthy. This may be due to a build-up of carbon dloxide or some other
volatile chemical in the immediate environment of the pods and suggests that complete

enclosure should be avoided,

Ackpnowledgements. The writer wishes to thank Technical Assistant Miss L. Murray and other
members of staff for assistance with this project. This study was undertaken at the

request Of Jamaica Frozen Foods Ltd. who supplied most of the ackee used in the

experiments,
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PROLONGATIOR OF THE STORAGE LIFE OF BREADFRUITS

AKX, Thompson*, B.O. Been, C.D. Perkins
Ministry of Industry, Commerce and Tourism,

Kingston, Jamaica

INTRODUCTION

Breadfruit (Atrocarpus communis, also A. altilis) ia widely grown in the
tropics as a source of carbohydrate. It has an extremely short storage life and
is considered unpalatable as soon as it begins to get soft and sweet. This creates
problems in marketiag locally and makes exportation even by air unprofitable,

Reported methods of preservation of the fruit are by fermentation
(Barrau 1957) and drying (Peters and Wille 1956, and Barrau 1956} but informstion
on the storage of the fresh whole fruit 1s non-existent. The fruit has a high
respiratory rate reaching a climacteric peak of sbove 3ml CO2 per kg/h at 200C
5 days after harvest (Biale and Barcus 1970). The problem therefore is to prolong
the post-harvest pre-climacteric stage and delay the onset of the cliacteric stage
snd its associated accumulation of soluble so0lids sna softening, yet maintain the
fruit in its fresh, firm and green state,

This paper describes experiments which were csrried out in order to
determine the length of the storage life of the frult and the effects of treatments

which have been shown to extend the pre-climacteric of other elimacteric fruita,

MATERIALS AND METHODS

Fruite used in these experiments were, except in one case, harvested by a
climber who used a forked stick to break their stalks causing them to fall. They
were not allowed to fall to the ground but were caught and placed in cartons which
had 9 cubicles formed by cardboard separators. The fruits were next packed around

with newspaper to prevent bruising during transportation.

Except where stated all the fruits used were mature. A mature breadfruit
(cooked by roasting) as compered with a younger one (cooked by boiling) is darker
green in skin colour, with a light browning and a lack of lustre. It is generally
larger in size, The two moet common varieties, Yellowheart and Whiteheart fruits,
were used.
xxperimenf 1.

Ten mature and ten younger fruits were stored under one of the following
conditions:~

1) 27.7°C and 85 - 94% RH,

2) 12,09 and 61 - 75% RH.

3) 70°% and 61 ~ 75% RH.

-120-



The weight~loes of 5 fruits from each stage was also determined.
Experiment 2.

One ¢f 6 groups each consisting of 10 Yellowheart fruits was allocated to
one of the following treatments and then stored at 12,00C and 91 - 98% RH:~

1) Unwrapped.

2) Wrapped individually in newspaper.

3) S8tored individually in 75x46 om x 150 gauge polyethylene

bags which were then tied.

4) Stored individually in poly.:inylene bags perforated

with 16x6mm diameter holes.

5) Stored in moist coir dust.

6) Stored in a 200 L capacity plastic bin of tap

water. The fruits were only partially submerged
as they floated.
Experiment 3.

Twenty Yellowheart fruits were left unwrapped and snother 20 were placed
individually in polyethylene bags. Ten from each treatment were stored at 24.5°C and
56 = 80% RH, and the others at 12,5° and 92 ~ 98% RHY.

Experiment 4.

Twenty Yellowheart fruits were harvested by the method mentioned earlier

and then packed in cartons. Another 20 were sllowed to fall to the ground and

then packed in hessian bags for transportation.

While in storage the general condition of the fruite wae observed daily
and their firmness assessed by feeling. Frequent recordings of their fresh weight
were also made, At the earliest perception of softening the fruits were regarded as
being unmarketable and were therefore removed from storage, On removal they were
weighed, ph level measured, their firmness and soluble solids content determined
by the use of a Magness Taylor penetrometer and a pocket refractometer respect-
ively. In certain cases the CO2 content of the polyethylene bags was measured with
a Daeger Multigas Detector. The experimental designs were factorial or randomized
blocks and the data obtained were calculated mainly by the statistical analysis
of variance method.
Results.

The results showed that temperature, unperforated polyethylehe bags and
a comblnation of both were most significant in prolonging the storage life of the
breadfruit.
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Temperature

Storage at 24 - 280C resulted in the complete softening of frults within
2 = 4 days while at 12.59C they softened in 8.3 days, At 70C softening was greatly
delayed and when, either because of prolonged storage or transfer to ambient,
ripening eventually began it was irregular and abnormal. The skin colour changed
from green to dull brown after 2 or 3 days' storage, softening occurred in patches
and the pulp was discoloured.

Pruits stored at low temperatures lost less weight than storage at ambient.

At 28,5°C no soluble solids were found during the first 2 ~ 3 days but
after 3 - 4 days when softening started levels up to 15% accumulated. At 12,50C
soluble solids were rapidly accumulated on return to ambient but at 70C very little
soluble so0lids accumulated even on transfer to ambient conditions.
Packing

Breadfruit wrapped 1n newspaper as compared to unwrapped fruits showed
no significant differences in weightloss or the number of deys to softening. Moist
coir dust and polyethylene bags whether perforated or whole resulted in very
little weight-loss. Whole polyethylene bags significantly extended the storage
1life at both high and low temperature. 4t 24.59C the extension was from 2.8 to
li4.1 days and at 12.50C from 8,3 to a maximum of 21.5 days (Tables 3 & 4). During
storage these frulte retained their fresh green appearance and when they eventually
ripened they did so normally. Storage in water prolonged the storage life
significantly (Table 3) but after approximately a week in storage the fruits had
absorbed so much water (0.9% weight gain per day) that they started to aplit
exposing the mesocarp. After splitting that area got very soft and started to
disintegrate,
Maturity

The nunber of days to softening of the two maturities used did not vary
significantly even at different temperatures (Table 1). However, the dry matter
contents were significantly different (Table 2),

Fruits which were caught d1d not prove to have a longer storage life than
those which were allowed to fall to the ground,
Microbial Infections

Fungal and bacterial infection were very rare and when seen were limited

to very ripe fruits where the tissue structure had broken down,.

DISCUSSION
Softening of the breadfruit appears to be associated with the accumulation

of soluble solids, a process which normally accompanies the ripening of climacteric
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fruits eg. bananas (Barnell 1941). Unlike alli other fruits breadfruits are
utilized as a starchy food and are therefore only marketable during the short
period beiween maturity and the onset of the starch to sugar converaion and
softening.

Although the data showed that there are no significant differences in the
number of days to softening between the two maturities, other unpublished data
showed that there is a difference in the soluble solide content of both (mature
15 = 2% and young 9 - 12,5%) and that an intermediate stage was capable of
storage for 12 - 13 days at 20 -~ 22°C, This data slso confirmed the fact that the
2 stages sbove had aspproximately the same shelf-life.

Reduced temperatures slowed respiration and the ripening processes as in
other fruits and like many other tropical fruits (Bimle snd Young 1962) breadfruits
stored below 12.5°C showed physlological and snatomical ebnormalities which are

associated with chilling injuries,

Polyethylene bags caused a delay in the onset of softening and a reduction
in weight-loss which are understandable. These bags are semi-permeable to 0z and
CO02. During storage the proportion of each gas changes because of respiration
and diffusion resulting in a CO; rich environment which slows cown respiration and
leads to a longer storage life. Thompson et al, 1973, noted that plentains ripened
much slower at high humidities than low humidities. The humidities in polyethylene

bags containing breadfruits quickly rose to 100%,.

The prolongation obtained by storage in water may slso be due to inhibition
of gas exchange and of ‘water loas.

Harvesting by the traditional method of allowing fruits to drop to the
ground had no detectable effect on the length of storage life. This seems surprising
as the height of fall was in excess of 6m but is encouraging as other methods would
prove to be practically difficult as trees are commonly 15 to 20m tall.

It was surprising that no significant differences was observed in the storage
life of young and mature breadfruits (Table 1). Unpublished observation indicate
that fruits intermediate in development between these 2 grades have a longer storage
1ife than either. If, therefore, this stage of development can be identified it is

possible that the stofage 1ife of breadfruit can be further extended.
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TABLE 1, Effects of temperature and stage of maturity on the number

of days for breadfruit to soften after harvest.

Temperature Mature Young Mean CoV.%
28 363 3.l 3.4
12 542 566 5.4B
7 8.4 9.2 8,84
Mean 546A 6e18 549

Figures followed by the same letter were not significantly different

(P=0.,05) and are read separately for each mean.

TABLE 2., Effrects of storage conditions and stage of maturity on

the mean of dry matter content of breadfruits.

E:z:aég Tempgéature Mature Young Mean C.V %
0 32.6A 31,74 - 347
L 28 3hel 32.1 33.1B
12 33.0 315 32.38
10 7 3640 32,0 34,04
Mean 3helA 31498 2,2

Figures followed by the same letter were not significantly different

(P=0,05) and are read separately for each mesan.

TABLE 3, Efrfects of packing treatment on the length of storage

life and other parameters,

Treatment Soluble Firmness (kg./cm@) Dry Days to
8olids ¥ skin flesh matter softening
% (mean)
Unwrapped 18,8A 61AB 5¢6AB 31,44 10.4BC
Newspaper 17.4A 62AB 4.3AB 27.5A 8,5C
*
Polyethy-
lene 1714 78A 8464 28,24 17.74
Perforated
polyethy-
lene 16,14 6LAB 2,8C 28,54 9.1C
Coir dust 19,04 T7A L42BC 27.34 11,88
MWater 7.08 L8B 8.9A 23.18 16,7A
CoVe% 12,0 846 3048 2,9 1848
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®Polyethylene and water treatments were analysed after 19 days storage.

Other treatments
Figures followed
(P=0.05) and are

TABLE L. Effects

after 15 days.
by the same letter were not significantly different

read vertically.

of packing treatment and temperature on the no. of

days to softening.
Storage tempersture Packing treatment Mean no. of
days to softening

2y,5°C Unwrapped 2.8
Polyethylene 14,1

Mean 8,5*
13,00¢ Unwrapped 843
Polyethylene 21,5
Mean 4.9

#Effect of temperature significant at P=0.00%1 level

Effect of polyethylene significant at P=0.05 level,

TABLE 5, Effects

of packing and temperature on the mean %

weight-loss during storage.

Days from Storage Unwrapped Polyethylene Mean
harvest temp, OC bags
3 245 3.9 0.2 2.0
13.0 1.1 Oul 0.6
Mean 2,5 0,2
7 2445 12,6 1.9 Te3
13.0 349 0.3 2,1
Mean 8.2 11
12 2445 - 362 -
13.0 749 0.8 L4e3
Mean - 2.0
16 2445 - L.7 -
13.0 - 13 -
- 3.0 -

TABLE 6. Effects

of harvesting and transportation methods on

welight-loss and softening,

Treatment % weight~loss % of soft fruits
(day 13) (day 9)
caught 10,9 86
dropped 10.6 93
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SOME NUTRITIONAL ASPECTS OF BUNCHY TOP
DISEASE OF PAPAYA (CARJCA DAPAYA)

B,R, Cooper, 8.Q. Haque and K, Rambharoae
University of the West Indiea, St, Augustine - Trinidad

INTRODUCTION

Bunchy top dibease of papaya is widespread in the Caribbean and is an
important limiting factor in the commercial production of papays in many islands.
It hes been recorded in Trintdad and Tobago, Grenada, St. Vincent, Antigua,
Montserrat, and St. Kitts (Phelps and Haque, 1968) and Cuba (Acuna and De Zayas,
$946) and in Jamaica and Haiti (Martorell and Adsuar, 1952).

Originally described as a virus disease (Bird and Adsuar, 1952) it is now
thought to be caused by & mycoplasmal agent. Storey and Halliwell (1969) reported
the presence of allipsoidal mycoplasma-like bodies 700 - 800 mu long in phloem
parenchyma tissue of infected plante in Dominican Republic. Mycoplesmal~like bodies
have also been observed in infected tissue from Trinidad (Kenten and Haque, 1973).
In common with meny mydoplasmal type disesses transmission has been found to oceur
via leal hoppers. Sein and Adsuar identified Empoaec¢s papavae as the vector in
Puerto Rico (Sein and Adsusr, 1947). More recently Empoascs stevensil has been
identified as a vector in Trinidad (Haque and Parasram, 1973)., Direct mechanieal
transmission appears successful and the disease 18 probably not seed borne,

The earliest symptom of infection is the appearance of 'oil spots' on the
atem and petiocles. These spots, of varisble shape and size, appear to be caused by
water soaked tissue, and have 8o far always been found where bunchy top infection is
present solo papaya and in meny local Trinidad types. They are no proof of bunchy
top infection however, since such areas can arise from other causes. Leaf symptoms
then asppear, the younger immature leaves of the crown becoming membranous in places
at their mergina and chlorotic in patches throughout the lamina. Recently matured
leaves are also affected, not expanding normally and becoming curled and brittle and
giving, together with the shortening of the internodes close to the apex and the
drooping of the petiolgs, the bunchy topped' appeerance characteristic of infected
plants. These clder leaves also loose chlorophyll in irregular patches giving rise
to blotehy yellow green patches, between dark green areas, Eventually the main growing
point dies completely and the treec may send out new lateral shoots from lower down
the trunk, These too often becoms 3niected. The rate of movement of the dlsease
dowr the stem is apparently quite slow (Bird agd Adsuar, 1952), Quite frequently,
bunely top infected plamts become infected with virus diseases, such as mosaic,

making identification more complicated,

Apart from the visual effects described above, physioclogical effects have
also been described. Storey et al (1968) reported higher concentrations of several

micronutrients in the tissues of infected plants, and the associstion of above - normal
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ealcium levels in infected tissue reduced expression.of the disease, Plants
growing in high coraline solls were apparently less likely to suffer from the
disease than those in soild low in coral material.

Storey and Halliwell also reported that soill drenches and rcot dipping
of transplants with either acromycin or sureomycin produced complete remission of
aymptoms, and suggested this as a possible coantrol measure., In general control
measures have been directed at the insect vector and have been costly and only
partially successful in many areas. Some selection and breading work has been
done, notably in Puerto Rico (Singh-Dhaliwael, 1966) to develop types with improved
resistance,

The present study was conducted in an effort to discover something of the
psylological effects associated with bunchy top disease. The similarity of some of
ita symptoms to nutrient imbslances and the present lack of genersl information on
the physiological effects of mycoplasma caused plant disease (Hull (1971) suggested

that this might be worth while,

MATERIALS AND METHODS

Five paired samples of one apparently healthy and one visibly diseased
tree were selected from a 2,5 month old planting of Solo-sunrise papaya at the
Univeristy of the West Indies Field Station. Paired trees were this growing under
very similar environmental conditions and were of similar size. Trees were
removed from the field for sampling of leaf, petiole and stem,tissue. Leaf and
petiole sampling was commenced at the youngest node bearing s lesd longer than
15 cms. end continued downwards for a 15 nodes.

The following data were obtained at sampling:

Length of leaf measure from the tip of the central longest
lobe to insertion of the petiole,

Length of petiole,

Appearance of leaf and petiole,
Fresh and dry weights of leaf and petiole tissue were obtained subsequently.
After grinding of dried samples, they were analysed for N, P, K, Ca and Mg
according to the routine procedures of the U.W,I. Central Analytical Leaboratory,

St. Auguetine. Only data for the N and Ca analyses will be reported in this paper,

BESULTS AND DISCUSSION

Leaf € e Characterjstic

It can be seen from Figure 1 that leaf length steadily increased in healthy
plants up to node 5, thereafter leaf length remained more or less constant. The
diseased leaves showed a reduced increase and considerably more irregularity in their
length. Maximum stunting effect on expansion was evident for recently matured leaves,

Petiole elongstion apparently continued longer then leaf expansion as can
be seen from Fig. 2. where petiole lengths are plotted agsinst node number., Healthy
petioles increased in legth up to node 11 and after that decreased again, possibly

also due to juvenile character still present in the trees at that stage, Diseased
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petioles elso increased in length but showed a more erratic relationship to node
number, Maximum effect of the disease amppeared to occur at higher node number than

with leaves,

Nutrient Dagta.

N contents of leaves and petioles are shown in Tables 1 and 2. N content
in both healthy and diseased leaves decreassed with age. A similar trend was evident
in petiolee, where N oconcentrations were less than half those found in the leaves,
Mean N concentrations for healthy and diseased leaves were 5,23% and 4,88% respectively.
The mean difference of 0,342% was not significantly different from zero at the 5%
level., In petioles, N concentrations were higher in the diseased tissue by a mean
differences of 1.09% which was significantly greater than zero at the 5% level,

The Ca data obtained can be seen in Tables 3 and 4, Ca content inereased with
age of both healthy and diseased leaves and petioles, Mean Ca levels were higher in
diseased leaves and petioles but differences were not significant at the 5% level from
healthy tissues.

The N levels from healthy tissue reported here show similar trends with age
to those reported by Awada and Long (1969), but their N concentrations were generally
lower in both petioles and leaves. Storey et all(1969) reported finding higher
concentrations of N in diseased leaves of Solo papaya growing on coraline soil
and the opposite relationship on non~coraline soild but did not indicate whether
such differences were statistically significant. Increased N in the petioles and
decreased levels in the leaves would be consistent with a diseas induced blockage
of N transport into the leaf., Failure of the removal of starch from diseased leaves
could also suggest interference with normal transport processes, but other explanations

are also possible,

The Ca data reported on here suggest, but do not prove higher Ca level in
diseased tissue. The data of Storey et al (4968) indicate higher Ca in diseased
tlssue even though the generally higher Ca levels occurring in plants grown on
coraline soils were linked with an apparent supression of symptoms in these plants.
Storey et al suggest that the higher Ca levels may exert some protective action
againat the high Cu levels they observed in diseased tissue. Evidently more work
is needed to unravel the interactions of Ca with the disease., The levels of Cu, 2n
and Fe found in their healthy tissue were similar to those reported by Gonzalez et al
(1972) for Cariga candamarcensis L.

CONCLUSIONS
The resulte reported on here, and those of other workers point to a severe
physiological disruption resulting from infection by the bunchy top mycoplasma,
The disturbance of normal patterm of leaf and petiole expansion end of leaf fresh
and dry weights has been observed. There are also concomitant disturbances in leaf
and petiole nutrient levels, The present work can be considered only a8 a preliminsry
investigation but does suggest several aspects of the problem that might bear further

_investigation. Th e possible role of Ca in mitigating the expression of the disease
would appear to be the most interesting,

-129-



TABLE {. Nitrogen Content Of Leaves And Petioles
As Function Of Node Number (% O.D.MJ®

LEAVES PETIOLES

NODE No, HEALTHY DISEASED HEALTHY DISEASED
1 7.08 6494 3.64 L4.89
2 6440 6447 3433 3491
3 5.87 6404 3429 3434
L 5468 6408 2.1 3.72
5 5468 5425 2,24 3.92
6 5437 Le52 2,06 3.01
7 5,17 L.50 191 2.83
8 L.97 513 1.72 2,68
9 5.12 L.67 1465 2,76
10 L4e85 4.08 1.5 2.5
11 L.73 3495 1.50 2455
12 Lol L.o7 1.49 2.40
13 Lels0 3498 1436 2,43
Wy 4.30 4.03 1.27 2,20
15 4,08 3.75 131 2,30

(#®Means of 5 piants)
TABLE 2, Comparison Of Diseased/Healthy Pairs

NITROGEN % 0.D.M.

LEAVES PETIOLES
PAIR No. 94 2 1 2 Ea
HEALTHY» DISEASED* DI?FEREI; E HEALTHY®* DISEASED® DII("? EggE
= -
1 4.950 4,917 + 033 1.799 1.807 ~0,008
2 50324 4.534 + o750 2,135 30431 =04996
3 54435 54507 + +928 - 24159 34506 ~1.347
b 5.216 5.821 - .605 2,007 2,952 ~0.995
5 5.204 44641 ~ .563 1,797 34952 -24155
Mean 5.226 4.884 +0a342+ 1.979 3.070 ~1.091+
+Not significant at 5% level +Significant at the 5% level

(® Means of all nodes)
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Table 3, Calcium Content of Leaves and Petioles as
PFunction of Node Number (% ODM)

PETIOLES
NODE No. LTHY® DISEASED® HEALTHY* DISEASED®
1 0.65 0,83 0.53 0,72
2 1.43 1.01 0.79 0.95
3 0.99 1.15 0.60 1.42
L 1.29 1.28 1.14 1.24
3 1.35 Te47 1.1k 1.36
6 1.66 1.77 1.23 1.65
7 1.71 1.85 1.39 1.64
8 1.86 1.73 1.32 1465
9 1.90 1.94 1.50 1.76
10 1493 2.17 1.49 1.86
1" 1.93 2.48 1.48 1.67
12 2,00 191 1.82 1.79
13 2,02 1.97 1.57 1.83
14 2.00 1.05 1.67 1.61
15 1.88 2.29 1.67 1.80

(* Means of 5 plents)

Zeble 4, Comparison op Diseased/Healthy Pairs
CALCIUM % 0.D.M,
LEAVES PETIOLES
1 2 3 1 2 3
PAIR No, HEALTHY®* DISEASED#* D%FFEREI;CE HEALTHY®* DISEASED#* D%F‘FEREI;CE
1 -2 1 -2
1 1175 2,073 ~0.898 1.317 1.885 =0.557
2 1.489 14395 +0.094 1.158 1.166 ~0,008
3 1,576 14629 -0,053 1.6114 1.870 =04259
4 24349 1,751 +0.598 1.285 1.433 ~0.149
5 1.407 1.464 -0.057 1.324 1.391 ~0.067
Mean 1.599 1,662 -0,063+% 14351 14549 -0,208%
+ Not significant at 5% level + Not slgnificant at 5% level

(® Means of all nodes)
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A__PRELIMINARY REPORT ON OXAMYL
FOR_NEMATODE CONTROL __IN TOMATO

N,D, Singh
Department of Crop Science
The University of the West Indies
Trinidad, W,I.

ABSTRACT

In a field experiment, the effect of Oxamyl (methyl N', Ns ~ dimethyl -~ N -
[(methyl ~ carbamoyl) oxy] ~ 1 = thiooxamimidate) for the control of four plant

parasitic nematodes in tomato (Lycopersicorn egculentym Mill, "Floradel") was studied.
Oxamyl at concentrations of 0, 1250, 2500, 5000 ppm active ingredients was first

applied as a bare-root dip to four-week old seedlings and subsequently as a foliar
spray at 10, 25 and 35 days after trensplanting. Soil and root samples were taken
for each experimental plot at one and two-months after transplanting. Helicotylenchus
dibysterg and Rotylenchulys reniformis were considersbly reduced with 5000 ppm Oxamyl
at one- and two-month soil sampling, whereas the 2500 and 5000 ppm rates were found

to be effective in controlling Melojdogyne incognita only at the one-month sampling.
Root sampling at one and two-month showed 2500 and 5000 ppm Oxamyl were more effective
in controlling Pratylenchus zeae but only 5000 ppm level controlled Meloidogyne

Angogpitg. On the other hand, Helicotylenchus dihystera and Rotylenchulus reniformie
were reduced at the 1250, 2500 and 5000 ppm levels,

STUDIES ON THE INTERCROPPING OF
CORN AND SWEET POTATO

Theodore U, Ferguson

Faculty of Agriculture
University of the West Indies
Trinidad.

Corn and sweet potato are often grown together in the Caribbean. Two experiments compared
corn and sweet potato alone or in three combinations differing in spacing. BRow distance was

constant at 90 cm. and both crops wers planted on ridges.

In a wet season triel, planted 25 May, intercropping with sweet potato reduced corn
yields, This was due to both fewer and smaller cobs. Sweet potato yields were poor, and were
reduced by the presence of corn. Tuber size decreased with increase in coran plant mmber, Corn
alone had the highest gross value. In & dry season trisl planted 15th November, yields were
relatively low., Intercropping did not reduce corn yields tut did reduce esweet potato yields.
Gross value wae again greatest for corn alone.

It is suggesated that the sweet potato cv (049) is not suitable for intercropping

and other cvs should be tested for this purpose,
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I, Effec L C R -
ed U Nitroge,

Magnesium uptake by Corn (Zea mays)

R.C. Dalal
University of the West Indies, St, Augustine, Trinidad

INTRODUCTION

In a previous investigation on the efficiency of the soluble N sources
(emmonium sulphate (AS), area ammonium phosphate (UAP) and urea) and controlled
release N sources, sulphur-coated urea (SCU-18, SCU-102 and SCU=183) of differing
N relesse rates applied at 50, 100, and 200 kg/ha of N to an acidic soil, it was
shown that N uptake, grein yield and apparent N recovery by corn were increased in
the order: SCU-183 -~ SCU-102 - SCU-18 = Urea - UAP = AS, This order of N efficlency
was found to be generally oppoeite to the nitrification rates, that is, the N
fertilizers with slower nitrification rates were more efficient sources of N except
that the performence of urea was better than other soluble N sources primarily
because it has a smaller effect on soul pH and exchangeable Al (Dalal, 1974),

In this paper, the effects of soluble and controlled release N sources on

phosphorous, potassium, calelum and magnesium uptake by corn (Zes mays) are reported.

MATERIALS AND/METHODS

Fertiljzers: Sulphur -coated urea fertilizers were supplied by Dr. G.L, Terman of
T.VehA., Alabama, 8CU~18, SCU-102 and SCU-183 contained 25.0, 30.3 and 30.4 per cent
N respectively and all three had 30 per cent sulphur-coating with 5, 3 snd 3 per cent
wax, respectively, SCU~18 and SCU-183 did not contain microbicide; SCU=102 had 0.5%
microbicide as coal tar. Conditioner (1,9%) was added to -the sulphur coatings of
SCU~102 and SCU-183. The dissolution rates of SCU-18, SCU 102 and SCU=~183 were
8.9, 1.1 and 0.9 per cent, respectively, in first 24 hours. AS, UAP and urea contained
20.5, 33.8 and 45.5 per cent N and were soluble sources of N, The nitrification rates,
evaluated by incubation studies (Dalal, 1974) were in the order: AS = Urea = UAP — SCU-18 =
8CU-102 = SCU=-183,

il: The soil, Fluventic Eutropept, had the following physico-chemical properties:
pH, 5.1; clay content, 16%; organic C, 0.90%; total N, 0.13%, CEC, 6,8 meg/100g,
Field experiment: The field experiment was conducted on River Estate loam at the
University Field Station, St, Augustine, Trinidad. Corn (cv. X=-306) was planted on
11 Sept, 1972 at a plant density of 49,380 plants/ha (45 cm x 45 em) in six rows,
545 m long. N fertilizers at the rate of 0, 50, 100 and 200 kg/ha of N and basal doses
of P (50 kg/ha) as triple super=phosphate and K (100 kg/ha) as muriate of potash were
placed, in a band furrow, 5 cm deep snd 5 em away from the seed on one side of the
rows on 11 Sept. 1972, N treatments were repliceted 4 times in & randomized complete
block design. The crop was harvested on 14 Dec. 1972. The corn ears of the four
inside rowes were harvested for the grain yield and then 10 plapts per plot were
randomly selected, harvested and grouped, The plant and grain samples from each plot
were dried at 800C for 24 hours, weighed and analyzed for P, K, Ca and Mg. Apparent
P and X recoveries were calculated by the differences in P and K uptake from the N

treated plots as compared to that from the plots where no N was added.
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The field was well provided with drains to prevent waterlogging. In addition,
each plot was isolated from others by arains 30 cm wide and 10 em deep. The insect

pests and weeds were controlled by insecticide sprey and hand weeding.

RESULTS AND DISCUSSION

In general, P, K, Ca and Mg uptake was increased by increasing the N rate;
maximum increases in the uptake of nutrients by corn were obtained by SCU-102 and
SCU~183 treatments. That is, the slower release rates of N from the N fertilizers
(SCU~102 and SCU=%83) resulted in not only greater N uptake {Dalal, 1974) but also
greater absorption of other nutrients (P, K, Ca and Mg). However, AS end UAP applied
at 200 kg/ha of N depressed the uptake of P, K, Ca and Mg, and Ca and Mg respectively,
This was probably due partly to higher NHu+-N/NO3'-N ratios in the soil in the early
stages if corn growth snd hence adversely affecting the uptake of other nutrients
(Hansen, 1972; Cox and Reisenauer, 1973) and partly to greater increases in acidity
and exchangeable Al as compsred to slow release fertilizer (Dalal, 1974). The better
performance of urea as compared to AS and UAP was primarily due to its imeignificant
effect on s0ild pH and exchangeable Al (Dalal, 1974).

Maximun P ani K were recovered in SCU-102 snd SCU~183 treatments, The
maximum recoveries of P and K were 18,6 and 24.0 per cent, reepectively, in SCU-183
treatment when it waes applied at 200 kg/ha of N,

The decrease in exchangeable K, Ca and Mg due to cropping were found to be
closely associated with K, Ca and Mg uptake respectively. The regression equations were:

K uptake (kg/ha) = 26.9 + 438.6) exch. K (me/100g)
r = 0,7566 PZ£ 0,004

Ca uptake {kg/ha) = 8,2 + 36.7 Aexch. Ca(me/100g)
r = 0.8387 P 0.001

Mg upteke (kg/ha) = 8,7 + 66.1 Aexch. Mg(me/100g)
r = 0.6626 PL0.,01

Thus high NHu‘-N/NO3’-N ratios would affect not only the absorption of K, Ca
and Mg but also their releasse from exchangeable positions on the soil colloids to
soil solution.

It appears that the controlled release of N from SCU=~102 and SCU=~183 considerably
increases the uptake of P, K, Ca and Mg by corn as compared to the soluble N sources.
The factors responsible for this effect on the acidic s0il are small pi ekanges, less

exchengeable Al, low ﬂHh’-N/NO3—-N ratios and elower release of N over longer periods,
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INFLUENCE OF THE PART OF THE LEAF AND LEAF %A!I [v).4
IENT CON

@, Samuels & A, Beale
Agric, Expt, Station, University of Puerto Rico

INTRODUCTION

Fertilizer ranks as one of the largest direct cost a farmer has in growlng
high yielding crops. The correct recommendations of fertilizer for a given crop
in a given soll can mean increased ylelds with no excessive fertilizer costs. The
problem is one of determining a practical method of evaluating the fertilizer needs
of the crop in the scils where it is growing.

Soil and plant analyses are used to evaluate the fertilizer requirements of
the soil and its crop. Foliar analyses has become a valuable guide in this work,
eapecially because of i1ts value for nitrogen recommendations and its sensitivity to
variables which effect the growth of the crop. Foliar disgnosis 1s being used a8 a
practical guide to fertilizer usage for sugarcane (Samuels, 1969) and pineapples
(Sanford, 1962).

Little information is available as to use of foliar analysis as a gulde for
fertilizing plantains (Musg pargdisigca) an important food crop in Puerto Rico.
Research work has been initiated at the Agronomy and Soils Department, Agricultural
Experiment Station to determine the fertilizer requirements of plantains and how
best to evaluate these needs. This paper deals with the findings in the leaf tissue

and its possible role in foliar diagnosis for plantains,

MATERIALS AND METHODS

A fertilizer experiment with plantains on a Corozal clay, a Ultisol, pH 5,2,
in the humid mountain regions of Puerto Rico was utilized as a source for material
in this work, and consisted of N and Kp0 at 4 levels: 101, 202, 403, and 605 Kg/ha
(90, 180, 360, and 540 1bs/A) and P205 at 2 levels: O and 112 kg/he (100 1bs/A).
When one element was varied, the other two fertilizer elements were held at constant
level of N at 202 Kg/ha, P205 at 112 Kg/ha and K30 at 404 Kg/ha, All treatments
received 202 Kg/ha of MgO (180 1bs/A), and total fertilizer was applied in
3 applications: 1, 3, and 10 months after planting on TJune 6, 1973,

The experiment was replicated 6 times in rectangular-lattice design., The
Plot consisted of 9 trees total planted 1,82 m x 1,82 m in 3 rows with a 2,13 m space
between plots, Leaf sasmples were taken at 4, 6, and 9 months after planting. Leaf
No. 1 was designated as the first fully-opened leaf counting from the top.

RESULTS AND DISCUSSION
Part of Leaf

In very few cases 1s the entire plantain leal taken at sanpling used for
chemicel analysea. To save space and time in drying the leaf materials, and in

grinding, only & portion of the plantain leaf 1s used, If the plaintain leaf were
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rather uniform in its nutrient composition slong its long axis, there would be mo
particular concern about a little variation as to what part of the leaf was used,
However, thies ie8 not so, for there is quite a large variation in nutrient composition
for verious sections of the leaf aes shown in Table 1.

Both in leaf blade and midridb, the X and Ca content increesed from base to
tip of the leaf. Leaf K, however, decreased from base to leaf tip for both blede
and midrib. Leaf P changed little from base to tip with a trend to increase for
midrib~P only, There wae nc definite trend for change in leaf-Mg from base to tip.
The varistions found in leaf blede N P K and Mg for plantains were similar to those
obtained by fTwyford and Coulter (1964) for banenas in the Windward Islands; however,
they found that leaf-blade Ca decressed from base to tip. The variation in leaf
N P K compesition in leaf lamina and midrib for plainteins was also similar to those
for sugarcane (Samuele 1967).

The data indicates that plantain leaf does not have a uniform nutrient
composition along its long axis. Therefore, to insure aceursasey in foliar-diagnosis
work it 1s necessary that the leaf sample be taken from the sameportion of the leaf
each time. The use of visual estimateslof the leaf center is not sufficiently
accurate to ensure consistent and uniform sampling if a portion of the leaf is to
be used. A simple measurement of folding the lesf in half is a rapid meens of
finding the center of the long axis of the leaf., A ruler or mark on the cutting
table or board will ensure that the same length of section is teken from the leafl
each time for anslyses.

Aside from veriations in nutrient composition along the long axis of the
leaf, there is a difference in nutrient, composition between - leaf blade or lamina
and the midrib. The differences are ghowirgin table 2 under averages. The leaf
blade has & higher N and P and lower K content than the midrib. The Ca and Mg content
is rather similar in both leaf blade and midrib, The higher N and P in the leaf blade
or lamina as compared to the midrib has also been found in the sugarcane leaf
(Samuels 1967).

Leaf Rapk

The influence of the leaf rank or number on the nutrient content of the
Plaintain leaf is shown in table 2, The leaf blade and midrib N and Ca increased
from second to fifth leaf with the increase being more than double for Ca, but only
about 12% for N, The variation in lesf K differed between blade and midrib with a
decrease in K from second to fifth leaf in the blade and an increase in the midrib,

There was no appreciable change in leaf P for blade or midrib for leaves
nos. 2 to 5+ The ssme was true for leaf-blade Mg with a slight trend to increase in
midrib Mg from second to fifth leaf.

Murray (1960) working in sand culture, found that the banana leaf-blade
¥ increased from first to fourth leaf then a progressive fall with increasing age
or leaf number. Leaf-blade P and Mg was rather constant for sll leaf number, and

leaf~blade X had only & little fall with increasing leaf number, Leaf blade~Ca
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increased rapidly from first to fifth leef. These findings were quite similar to
those found for the plantain 1leaf.

The leaf number containing the highest amount of the nutrient element being
studied does not necessarily serve as the best criteria for folisr-diagnosis
recommendations. The leaf rank or number most sensitive to changes in available
nutrient level to the plantain will give a better picture of the fertilizer needs of
the plant. Using the fertilizer treatmenta with low and high level of N PK as a
guide, table 3 shows the differences in uptake of the nutrient in the leaf blade
by leaf number,

For N, the largest differences between N fertilizer application was detected
in leaf No, 2, and differences decreased thereafter to leaf No. 5, Differences in
phosphate application was hardly detected, with only lesf No. L showing a slight
difference in leaf P, Leaf No. 4 gave the grestest difference in leaf K with
differential potash applicstion to the soil,

Hewitt (41955) in his work with bananas in Jamaica suggested leaf No. 3 for the
moet general indication of the nutrition of the tree. However, his decision was based
moreso on the fact that the third leaf had the highest N level and next to highest
P and K levels as compared to leaves Nos. 1, 5, and 7. Table 2 indicates that for the
leaf blede of plentains, using & criteria of highest level of the nutrient, the second
leaf is best for N and Ca while apy leaf from second to fifth wss suitable for P and Mg.
Yet, if we use the criteria of the leaf number showing greastes sensitivity to differences
in fertilizer levels (table 3), we obtain an entirely different pilcture with the second

leaf best for N and the fifth for K,

CONCLUSIONS
For foliar diagnosis with plantaine this study suggests that the third
or fourth leaf gives the most generel indicetion for N P K. The leaf blade or
lamina is suggested as the most general indicator for N P K as compared to the leaf
midrib. The use of a constent section near the center of the leaf is indicated
to avoid variation in sampling along the long sxis of the leaf. The preliminary
findings of this study with plantains does not differ greatly with those obtained
for bananae in choice of leaf-analysis tissue,
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Table 4. = The Distribution of Nutrient Elements in the Plaintain Leaf*

Element Distribution of element in leaf % dry-welght basis
Determined

0w " —42", 12-18", 48-24", 230", 30-36" 36-U42" L2-48"

Base Tip

Leaf plade

N L.27 Lel7  L.67 L.82 5.07 L.96 L.82  L.8%
P 32 +28 27 .26 «25 .27 .26 27

K 7.06 6.71  6.36 6,09 5493 579 5¢70  54l9
Ca «6l .72 «81 o 77 «89 +89 .8y «66
Mg .28 «33 «28 29 24 «27 .28 «33

Midpib

N 1.33  1.35  1.39 1.53 1.66 1,75 1.95 2,03
P .12 .12 .12 11 .13 o5 15 o

K 12,96 13,09 12,23 12.33 11.79 11.68 11.66 -
Ca +55 .68 . 7 72 .80 +84 «86 S -
Mg «38 ol .13 N .15 «15 .16 -

Table 2. -~ The Influence of Leaf Rank or Number on the Distribution of Nutrient.
Element in the Plaintain Leaf #*

Leaf Leaf nutrient content on a % dry-weight basis
Number
N P K Ca Mg
Blagde
2 L33 0427 5.72 0639 0.3%
3 Le57 028 5631 «58 31
n L,66 27 5.00 75 «31
5 Le76 .27 4.88 o84 «30
Average Le58 .27 548 #6L o34
Midrib

2 1.25 Ge12 9434 0.35 0,29
3 1.34 .12 9.90 49 31
In 1.32 13 9.93 «58 32
5 1.42 .12 10,40 8L o3U
1.33 .12 9.89 75 32

* Average of 3 samplings at 5, 6, and 8 months of age.
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Table 3. ~ The Difference in Nutrient Uptake by Plaintain Leaves by Leaf Rank *

Fertilizer Nutrient content, % dry-weight, for leaves blade No.
Element Lbe/acre 2 3 4 5
Nitrogen (N)
N Loy L.37 4.63 L4.75 4.83
101 3491 4.33 4e58 La68
Difference L6 #30 .17 16
Phosphorous (P)
P205 112 0.29 0.27 Q.27 0.26
0 +29 27 26 26
Difference o] 0 <01 ]
Potassium (K)
k50 Lob 6.68 6.20 5496 5.92
104 6462 6.03 5451 5452
Difference +06 .17 U5 37

#* Mean of leaf samplings at 6 and 9 montha.
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MINERAL NUTHITION OF TWO PIANTAIN (MUSA, AAB GROUP) CULTIVARS
OF THE PRENCE AND HORN TYPE
D. Walmslsy

Department of Soil Science
University of the West Indies, Trinidad.

INTRODUCTION

Although plantains provide an important source of starches in the Caribbean, in most parts
of the region they are not grown intensively on a plantation scale. Also, most of the crop is
consumed locally and any export trade is for the most part between the various territories of the
Caribbean. Maybe because of this, in the past there has been little systematic research on the
cultivation practices required for efficient production. This is in warked contrast to the large

volume of work on other {ypes of banana produced for the export market.

Most of the published work in the Caribbean area has been conducted in Puerto Rico where a
sizeable industry in processed plantain products has been developed. Investigations into plantaiu
production there have often been concernmed with the effect of agronomic practices on characteristics
which are important in processing (SANCHEZ NIEVA et al, 1971) ut others on plant density
(VINCENTE-CEANDIER and FIGALLA, 1962; CARO-COSTAS, 1968), and mineral mutrient requirements
(CARO-COSTAS gt al, 1964; HERNANDEZ MEDINA and LUGO LOPEZ, 1969; SAMUELS st al, 1973) have been
carried out. These latter have shown the need for both magnesium and micronutrients (especially

iron and zinc) for maximum yield on some of the soils in Puerto Rico.

In other parts of the West Indies few field fertilizer trials have been carried out, and it
is usually assumed when giving fertilizer recommendations that the requirements for plantain would

be the same as other banana cultivars,

In any case, fertilizer trials as nommally designed do not give all the information needed
for a crop like banana where requirements for the plant crop are different from those for ratoon
crops (TWYFORD and WALSLEY, 1973). Taking into account these circumstances it should be possible to
obtain the mineral needs of a plantain crop, at least to a good approximation, from total plant
analysis. Therefore, the object of the present study was to determine the total uptake of the
major outrient elements into two cultivars of plantain commonly grown in Trinidad at various
stages throughout their life cycle in order to get an estimate of the total nutrient requirementa
on a field basis.

EXPERIMENTAL

Culiivars: Two cultivars of the plantain subegroup of the Musa, AAB Group (see SIMMONDS, 1966)
were used, one of the French type (called locally Green French plantain, Banane creole, Platano
congo etc.) and one of the Horn type (Horse, Banane corne, Platano comun etc.).

Site: The plants for the experiment were grown on the University Field Station, Trinidad,
where the soil is of the River Estate series described by CHENERY (1952) and BROWN and BALLY (1970).
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Although the surface soil is loamthere is a silty clay subeoil of poor drainage. The clay content
of the surface soil is low and so therefore is the cation exchange capacity. The soil is acid with
pH 5-6, calcium and magnesium are usually in adequate supply and although potassium tenis to be low,
cations are released from weathering silt in the soil. Organic matter is very low and crop responses

to phosphorus have been recorded.

Rainfall at the site between planting in Oct/Nov 1971 and harvesting in Nov 1972 was 1350 mm,

the months of February, March, April and August having less than 10 mm.

Field technigues: Two stands of nabout one Tifth of a hectare of each cultivar were established on

adjacent areas, Planting was on cambered beds at 1.8 m x 1,8 m i.e. a density of 3000 plants per ha.

Planting material was selected from kmown 'pure' stands of the two cultivars, !'Sword' suckers
of as uniform a size as possible were first pared to remove any rotted or discoloured superficial
corm material (due to damage by borers, Cosmopolites sordidus or nematodes) and then dipped in a
solution of Nemagon {6 g per 1.) and Aldrin (10 g per 1. of 25 per cent), for borer and nematode

control.

Planting holes (60 cm x 60 cm x 60 cm) were treated with 50g of 2 per cent Aldrin dust

per hole. Soil was replaced in the holes and the suckers planted about l5cm below the surface.

Weeds in the early stages were controlled as necessary by hand cutting or peragnat sprays.
Pertilizers applied were 200kg N per ha per year as ammonium sulphate, 120 kg P as triple super

phosphate and 750 kg K as muriate of potash, given in four applications,

Sampling techniques: Samples were taken of the planting material from each cultivar. Subsequently,

10 plants of each cultivar were dug up at the following stages nf growth:-

1) '"Young' plants with two broad leaves — about t{wo months from planting

2) *Small' plants with six broad leaves - about four months from planting

3) 'Large' plants with 15-20 broad leaves - about six months from planting

4) 'Shooting' plants - at the first appearance of the flower

5) 'Shot' plants - with immature fruits sbout half way to harvest (1.5 months 0ld)

6) ‘'Harvest' - plants at the time of reaping the bunch. At each stage the plants
were dissected into their organs; roots were neglected. These organs were,

a) In the vegetative phase; unemerged leaf {i.e. developing leaf tissue inside
the pseudostem), leaf lamina, leaf midrib, petioles, pseudostem, meristem and
corm. In the early stages meristematic tissue was included with the comm,

b) Shooting plants: leaf lamina and midrib, petioles, pseudostem, corn, irtermal
fruit stalk and the infloreacence.

¢) Shot and harvest plants, leaf lamina and midrid, petioles, pseudostem, corm
internal fruit stalk, external fruit stalk, fruits and inflorescence, Where
the remnants of the inflorescence were very amall this material was included with
with the external stalk,

Bach part was weighed fresh and a representative sample taken (cf TWYPORD and WALMSLEY,
1968). The samples were weighed fresh, them dried in the oven at 80°% re-weighed and the

percentage oven dry matter and the total dry weight of the whole part calculated.

After grinding, each sample was analysed separately for N, P and K,

-142-



ND SSION

tor ()

For both cultivars there was only mmall production of dry matter until about few months
from planting at which age the plants had six unfurled leaves., By the next sampling date in the
late vegetative phase the French plants had increased cornsiderably and this rate of increase
continued to the shooting stage. After shooting further dry matter was produced right up to
harvest.,

The Horn type plants began their period of rapid growth later than the French at about
five and a half months when they had about 12 broad leaves; only a small amount of dry matter
being produced between the six and 12 leaf stages, However, afier that stage, growth increased
at a more rapid rate than for the French plants and by shooting they had produced more dry matter
than the French, Although this rate of increase diminished somewhat up to the shot stage,
subsequent inoreases ensured that they contained about 35 per cent more dry matter at harvest

than the French.
t tion o matter within the plant

At harvest for both types, the fruits had more dry matter than any other part, with
pseudoatem and leaves making up the tulk of the rest of the material, Much of the difference in
the total plant dry weights for the cultivars was due to the amounts egssimilated in the leaves
and pseudostem although generally all vegetative parts of the French contained less dry matter

than the counterparts of the Horn type.

It is interesting to note that although the Horse plants accunulated more total dry
matter the amount in the fruite was almost the same for both cultivars, The mean fresh weights
of fruits produced from these plants were 12,1 kg for Horn and 13.5 kg for French i.e. the

fruits produced by the French were heavier only because they have a higher percentage of water.

Concentration of mineral nutrients

In the vegetative atages of growth nitrogen and phosphorus were most concentrated in
the actively differentiating tissues, the unemerged leaf and meristem, Nitrogen concentrations
were also high in the leaf lamina during thia phase. Potassium was concentrated in the young
leaf tissue but in the earlier stages, the conducting organs, midribs, petioles and pseudostem
were also rich in potassium., 1In the later stages of vegetative growth potassiur concentrations
in these latter tissues decreased conmsiderably probably due to a dilution effect as the tissues
had by then increased greatly in bulk, This effect was particularly noticeable in the French

type.

In the fruiting phase nitrogen and phosphorus were still concentrated in leaf lamina, and
algo in the inflorescence, and fruit stalk, The tissues where potassium was most concentrated
in this phase were inflorescence and fruit stalk, Thus here again the nutrients tended to be
concentrated in the new tissues which were rapidly developing during this time except that the

fruits themselves had only low concentrations, This may be due to the fact that it is material
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in the'skins' which is actively concerned with producing new tissue and not the pulp. Since

these were not analysed separately this effect could not be demonstrated in these studies.

Hitrogen
Both cultivars showed a similar pattern of distribution amongst the organs. In the
vegetative phase nitrogen taken up appeared mainly in the leaf lamina; pseudostem and corm having

the next highest amounts,

In the fruiting phasc, whilat the leaves continued to be a major depository, a high

proportion of the nitrogen in the plant was to be found in the fruits st harvest.

The total plant uptake increased slowly up to the six leaf stage but the French plants
took in more nitrogen than the Horn during this period. For the French plants there was then a
very rapid increase in uptake up to the sampling time at the late vegetative or 'large' stage and
the nitrogen content increased eight-fold over this period. There was a dimunition in uptske rate
from then up to the shooting stage and from shooting to harvest no further nitrogen was taken
into the plant; at the shot stage there was an apparent decrease from the shooting stage. Since
any dead leaves were retained as far as possible in the experiment it may be assumed that this
was due to losses from flowers, bracts and other parts of the inflorescence which fell off but

were not collected for analysis,

The Horn type showed a much less rapid uptake between the siz-leaf and late vegetative
stage thon the French but between the latter stage and shooting uptake had increased to such an
extent that the content of nitrogen was somewhat higher in the Horn plants. In this sense nitrogen
uptake followed the dry matter production pattern. At harvest the Born plants had accumilated more
nitrogen than at the shooting stage, but again these plants showed an apparent loss at the shot
stage compared with shooting, probably for the reasons stated above, the greater loss being due

to much more of the inflorescence being shed in this type of plantain.

In the French plants no further net nitrogen was taken into the plant after shooting and

nitrogen used in the development of the fruiting parts came mainly from the leaves,

In the Horn type some net nitrogen uptake was recorded after shooting but this was
insufficient for the develomment of the fruiting parts. Small losses to make up this deficiency

were recorded from other parts of the plant mainly leaves and corm.

Phosphorus

The distribution pattern of phosphorus smongst the organs wes simjlar for both cultivars.
4s for nitrogen, in the vegetative phase, most of the plant's phosphorus wes contained in th3
leaves, pseudostem and corm. By shooting leaves still contained the most phosphorus followed by
pseudostem. At this stage the French inflorescence contained more phosphorus than the corm but
in the Horn plants, the corms had twice as much phosphorus as the inflorescence, At harvest the

fruits hed much more phosphorus than any other part of the plant.

Total phosphorus upteke into the plant followed the nitrogen pattern during the vegetative
rhase with a more rapid uptake by the French plants in the earlier stages and with an accelerated
increase in the Horn plants in the late vegetative phase so that by shooting the Horn plants
contained more phosphorus than the French, There was only a small uptake between shooting and

harvest for both cultivars, This was insufficient to supply the amount needed for fruit
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develomuent, The deficit was made up by redistribution from other parts of the plant, mainly the

leaves and pseudostem; the corm &lso supplied a substantial amount in the Horn plants only.

Potassiun

In the very early vegetative phase the corms contained more potassium than other organs
but this pattern changed as growth continued so that in the late vegetative stages pseudostem was
the biggest repository, leaves the next, with corm in third place. This pattern was the same at

shooting.

At harvest the fruits had by far the greatest amount of potassium. In the Horn plants,
pscudostem and leaves still contained substantial amounts but in the French these organs had been

considerably depleted,

The pattern of total uptake for the two cultivars differed markedly, Up to the six leaf
stage the Horn plants appeared to have taken in no potassium at all from the soil., On the other
hand the French cultivar showed a steady intake with a very rapid increase from the six leaf
stage up to shooting. The Horn plants increased their potassium content relatively more slowly
from the six leaf stage but then there was a very rapid uptake between the 'large' stage

(12 broad leaves) up to shooting,

As was observed for nitrogen uptake from shooting to shot there was an apparent decrease
in total potassium which was assumed to be due to loss of flower bracts. Further uptake was
recorded from shot to harvest resulting in a net uptake from shooting for both cultivars, the

Horn type having the greater total uptake,

For both cultivars the net uptake from the soil after shooting was not sufficient to
supply the potassium needed for fruit formation. In the French plants losses were recorded
from vegetative parts of the plant mainly the pseudostem and leaves. In contrast, in the
Horn plants little redistribution took place frow the leaves and pseudostem; corm supplied the

largest amounts of potassium for this purpose.
Nutrients in Fruits

The fruits of the French plants contained 60 per cent of the total potassium in the

plant, compared to 35 per cent for the Horn,

Comparable figures for nitrogen are 39 and 22 per cent and for phosphorus 47 and 36
per cent. Thus although the Horn plants take in more total nutrients, the proportion used in
fruit production is much lower than for the French cultivar. In this sense the French is more

officient than the Horn,

NPK requirements

a) First year

1f we consider the development of a newly planted field of plantains at a density of
3000 plants per ha and assume that all plants have been harvested within the first year them the
field would produce sbout 40 tonnes of fruit for the French planta but only about 30 tonnes for
the HBorn type. In the experiment the mean weight of fruits per plant was 13.5 kg for French and
12,1 kg for Horn but from a larger sample from the same area taking the mean of 100 tunches mean

weight of fruits produced was 13,7 and 10,0 kg respectively.
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Thus basing the fertilizer requirement on the higher producing French cultivar assuming
that during the first year enough should be supplied for 3000 planta up to harveat, 3000 ratoon
plants which at the end of the first year may be taken to be at the 'large’ or late vegetative
atage and 300 suckers (which would eventually form the second ratoon) at the 2 leaf stage, it
can be calculated that 286,5 kg of N, 79.6 kg of P and 724.6 kg of K would be needed, In this
calculation the nutrients in the planting material are ignored. If supplies from the moil are
also assumed to be negligible which of course would not always be the case then net uptake can
be computed in terms of fertilizer. This would give a fertilizer ratio of 1:0.3:2.5.

The quantity of NPK fertilizer required on this basis assuming no losses, would be approximately
3000 kg of 10:3:25 or 1 kg of this grade fertilizer per stool, There would be losses due to

fization and leaching. To allow for phosphate fixation the fertilizer grade could be changed to
10:10:25, To compensate for nitrogen and potassium losses the dose per stool could be increased

somewhat,

b) Ratoon years

In the second year the situation is somewhat different as residues from the previous crop
contritute to the nutrition of the ratoon. After the bunch is cut the plant has completed its

life and its nutrients are released,

The pseudostem is usually cut at about 1.5 meters from the soil surface and 'crown'
(upper pseudostem, leaves petioles and part of the external fruit stalk) begins to rot on the
as0il surface., Nutrients from the rotting plant can then be used by the roots of the developing
ratoon plants, Nutrients from the other parts of the harvested plants i,e. the standing pseudostem
with the internal fruit stalk, can pass directly into the developing ratoon (WALMSLEY and TWYFORD,

1963) or become available after rooting.

Thus the ratoon crop receives a substantia® quantity of mutrients from plant crop residues,
only those in the tunch being removed from the field. Also by the end of the first year the root
system is well developed and more efficient is abdsorbing mutrients and we can therefore assume

that losses by leaching and fixation would be smaller.

Fertilizer to be applied in the second and subsequent years can therefore be based on the
asmount of nutrients removed in the tunches, For the French cultivar the nutrients exported are
66 kg N, 24 kg P and 323 kg K, 4 suitable NPK fertilizer ratio to replace these nmutrients would
be 1:044:3,9. This has about twice as much potashas that required for establishment of the field
80 either a different compound fertilizer would be needed or the same one could be used and
supplementary muriate of potash given. To supply N and P about 700 kg per ha of the 10:10:25
would be neueuad or say 230 g per stool. In addition about 250 kg per ba of muriate of potash

would be needed.

Tme it can be seen that although heavy dressings of fertilizer are needed for the
establishment of the field in the ratoon years the requirements are markedly reduced and over
a period of three or more years no more total fertilizer would be required than is normally
recommended. Therefore a higher expenditure on fertilizers is not involved only a re-arrangement

with time.

It is possible that with more fertilizer than that suggested here, higher yields than
40 tonnes per ha would be obtained.
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CONCLUSIONS

1) The fruits of the French type contain a higher percentage of mineral nutrients, especially

potassium, than the Horn plantains.

2) A higher percentage of the total mutrients taken into the plants is used in fruit

production in the French {ype than the Horn.

) 3) From total plant analysis, fertiliger rates for a soil of low mutrient status should be
high in the first year when the field is being established. Rates in subsequent years
can be reduced considerably since plant residues contribtute substantially to the nutrition

of ratoon crops,

a) For the French cultivar, calculations show that a hectare with 3000 plants would
require of the order of three tommes of 10:10:25 fertilizer (1 kg per stool) in

the first year.

b) In the second and subsequent years this could be reduced to about 700 kg per ha
(230 g per stool) tut supplementary potash would be needed (250 kg XCl per ha) since
proportionally more potassium than either nitrogen or phosphorus is removed in the

bunches exported from the field.
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PHRIMARY SCREENING OF NEW UNREGISTHRED PREEMERGE VEGETABLE HERBICIDES II

George 0. Jackson and Carmelo Sierra
Agricultural Experiment Station
University of Puerto Rico
Rio Piedras, P.R., 00928.

INTRODUCTION

New herbicides and improved registered materials are becoming available with increasing
frequency for the tropical weed researcher, In order to evaluate the weed control activity, the
necessity arises for a simultaneous screening of a number of candidates on a wide spectrum of
vegetable crops in the shortest time possible. The method described by Furtick and Romanowsidi
{1967) has been used successfully by Jackson and Sierra (1973), It consists of planting on the
flat, one row each of the crop to be tested, and then applying the herbicides at right anglea
over the crop., Herbicides are applied at the recommended concentration, and may or may not be
replicated with the inclusion of as many check plots as considered necessary. Such an experiment
wag ostablished at the Fortuna Sub-station, Juana Diaz, Puerto Rico on March 19, 1974, evaluating
twelve candidate chemicals at three levels on twenty-eight crop species. Only the level recommended

by the manufacturer is reported in this paper.

MATERIALS AND METHODS

The planting was made on a well prepared field of Paso Seco Sendy Loam (Sand 41.2%,
Loam 30.0% and Clay 28,8%4). Soil pH was 7.12, with 2,57% organic matter and a base exchange

capacity of 25.3 meq. per 100 grams.

Seeding was done with a Stanhay Mk II precision seed spacing drill, using the correct
size belt for each crop planted and depth depending on the species. Seeding was extra heavy to

assure a good stand of crop, with an inter-row spacing of 0.45m. (1,5 ft.).

One row each of the following crops was included in the test: C-~17 sorghum, Hawaii-68
sweet corn, Sinaloa rice, Texas Grano 502 onion, Winter Bloomsdale spinach, Georgia collard,
Market Prize cabbage, Waltham 29 broccoli, Purpletop White Globe turnip, Milichihi Chinese
cabbage, Cherry Belle radish, Fomano ush bean, Kanrich soybean, Kaki pigeon pea, Dwarf Long
Green Pod okra, Line 8-65 papaya, Scarlet Nantes carrot, Florida Market eggplant, Walter tomato,
Yolo Wonder Y Sweet pepper, Boriquen pumpkin, Charleston Gray watermelon, Gemini 7 Bybrid cucum=
ber, Perlita cantaloupe, Curly Leaved Batavian endive, Great Lakes 659 head lettuce, Black

Seeded Simpson Leaf lettuce and Mammoth Grey Stripe sunflower,

411 herbicides were tested for preemerge activity dt manufacturers' recommended rate.
Materials are expressed as active ingredient per acre, and the rates were: Tolban (CGA-10832)
at 0.45 kg. {1.0 1b.), Purloe-124 (Chloropropham plus PPG-124) at 1.81 kg. (4.0 1bs.),

Destun (MBR-8251) at 1.36 kg. (3.0 lbs,), Dioxame (NIA-25213) at 0.91 kg. (2.0 1lbs.), ECS-3438
T5WP at 0.45 kg. (1.0 1b.), RE-2512 at 0.34 kg. (0.75 1b.), gR~2915 at 0.11 kg. (0.25 1b.),
RP-15018 at 1,81 kg. (4.0 1bs,), EP-20810 at 0.23 kg. (0.50- 1b.), S—6851 at 1.36 kg, (3.0 1bta.),

U-27267 at 0.45 kg. (1.0 1b,) and URI-N-252 at 0.45 kg. (1.0 1b.).
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Materials were applied using a Chem~Fars Sprayer with PTO pump powered and itransperted
by a Ford 3000 tractor. Four NW-5 nozzles adjusted to spray a band 1.8 m. {6 ft.) were used,
with each nozzle delivering 1395 ce/min at 10 pei. Pressure was maintained using a tachometer
setting of 1500 rpm and a forward speed of 2.4 km/hr (1.5 mi/hr). Plots were sprayed at right
engles to crop rows, Bach plot was 17,2 x 1.8 metres (5726 ft.). The sprayer was washed out

thoroughly between applications using a water-emmonia-detergent solution.

The day was clear with wind east south east at 4.9 km/hr. (3.0 mi/h.). Air temperature

30.6°C. (87°F.). Relative mmidity 45%, soil temperature at 5.1 cm (2 in.) 32.2°C. {90°F.).

All irrigation was applied overhead, First irrigation was sufficient to saturate field
to puddling and then turned off. All irrigations were applied as required tut to the point of
run-off only. Total rainfall for the four weeks duration of the experiment was 0,23 mm.

(0.91 in.), highest temperature 31.7°C. (89°F.) and lowest being 12.8%C. (55°F.).

The crop and weed responses to the candidate herticides were evaluated using the following

subjective rating system:

Crop Tolerance Rating Weed Control Rating
1 = No injury 5 = Susceptible
2 = Slight injury 1 = Intermediate
3 = Moderate injury T = Tolerant
4 = Severe injury
5 = Dead

The procedure for subjective rating was to study all the control plots before making
the ratings; subsequently, the plots were rated without knowledge of treatments applied.
This unbiased method often resulted in ratings greater than "S" because of variable weed stand
and crop growth. When more data were thought necessary, stand counts were made to measure

degree of weed control activity.

HRESULTS

Results obtained were encouraging for the performance of some of the candidate
materials tested with most vegetablea. The trial clearly indicated that many of the herbicides
were phytotorxic under the test conditions, Table I sumarises the crop test results. Weed

control rating was largely to compare the herbicide treatments when considering crop tolerance

and to compare with the control when interpreting weed . Data pr d in Table 2
indicates weed response to the candidate herbicides. Due to the variation in common plant
names throughout the Caribbean, Latin names are used for the weed species encountered. For

Inglish or Spanish description of species recorded, common names and illustrations, the reader

is referred to Adams, et al (1968) and Cardenas, et al (1972).
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RECOMMENDATIONS

Jackson, et al (1972) have tested registered preemerge herbicides for use on

thirteen

vegetable crops grown in Puerto Rico, Further experimental activity is recommended for the

selected candidate herlicides to be tested in secondary fomal replicated trisls, utilizing the

presently recommended registered herbicides as control or check for that specific crop.

Reference is made to Table 3.
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T#BLE 3. 3uggested Recommendations for Selected Crops.

CRCP L5 RBICIDE . x % & 5
I - U O T U - T B
o Al iy |ty
Jweet Corn Propachlor 6.0 1.0 1.0 4.0 {1.0
Onion Chlorthal-dimethyl 10,5 1.0 1.0 2,0 1.0
Cabbage Chlorthel-dimethyl 10.5 1.0
Bush Bean Chlorthal-dimethyl 10.5 1.0 2.0 2.0
Pipeon Poa Chloramben* 4.0 1.0 1.0 3.0 4.0 1.0 1.0 4.0
{kra Trifluralin 1.0 1,0 1.0 3.0
Eggplant Chlorthal-dimethyl 10,5 1.0 1.0
Towato i phenamid 6.0 1.0 2.2
Juset Pepper D phenamnid 5.0 1.0 1,0 2.0 1.0 1.0
Tumpkin Chloreamben 4.0 1.0 1.0 3.9 4.0
Sucusber Haptslam 6,0 1.0 3.0
Cantalouge Japtalam 8.0 1.0
Leaf Lettuce Pronanide* 4.0 1.0 ]

ked {“) are not registered for commercial use on crops imdicated.

st be destroyed, and cannot be used for human or animal consumption:

2ludes, seed, foliage, fruits, roots or other parts. Keep terials

out of regch of children. Do not store with feed or food stuffs., Consider muterials lethal
to =1l wild life, do not contaminate streams, lakes or potable water sources. Thase
suggested experimental recommendations are for use of authorized and qualified reaearch
stations only. This is not a commercial recommendation.

211 materials are cxpressed as 1b, aifac., to convert kg multiply by 0.4536.

MATERIAL SOURCES

Cn:-10832 (Tolben): CIBa-Geigy Corp., 3uite 307, 500 Zast Xorhead Street, Charlotte, NC 28202,
ess  Attn: Dr., T.R. Dill

furloe~l24: PPG Industries Inc., One Gateway Center, Pittsburgh, PA 15222, USa: attn: Jr. Jarren il, Zick

HC3~3438: Velsicol Chemical Corporation, 341 iHast Ohio 3t. Chicago, IL 60611 USA. Attn: .r. Bert Bddins.
HBR-8251: (Destun): Three i, Company, 3¥ Center, Saint Paul, KN 55101 USi. Attn: Dr. Eldon 3, Radcliffe
NIA=-25213 (Dioxane): TMC Corp., Apartado 2847, San Jose, Costa Rica. Attn: 7.3, Nakayama

RH-2512 snd RH=2915: Rohm & Hass Co., Box 2019, San Juan, P.R. 00919, USAi, Attn: ir. 2duardo G. Kimenez

RP-15018 and RP-20810: FRhodia Inc., Chipman Division, 120 Jersey Ave., New Brunswick, IJ 08903 USA,.
Attn: Ir. J.R. Bone

3-6851: Gulf 0il Chemicals Co,, Industrial & Speciality Chemicals Div,, Research % Development Dept.,
9009 West 67th Marriam, KS 66202 USA., Attn: Dr, R.i. 3chwartzbeck

U-27267: Upjohn International Inc., Research & Development Dept., 320 Portage 3t. Kalamazoo, iT 49001
USA. Attn: Dr, Ceorge Swank. .

UNI-N-252: Uniroyal Chemical Div., of Uniroyal Inc., Research & Development Dept., Bethany,
Ct 06525 USA. Attn! Dr, Allyn R, Bell.
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PRELIMINARY STUDIES ON POD SETTING AND
POD DEVELOPMENT IN PIGEON PEA
CAJANUS CAJAN

John L, Hammerton
Faculty of Agriculture
University of the West Indies
Monae, Jamaica.

Flower-tagging of four cvs of pigeon pea showed pod sets of 2 to 63%. There were no
consistent trends in pod set with time. The act of tagging, using 14 cm length of 4-ply
nylon knitting yawn, did not affect per cent pod set, tut enclosing flowering branches in
nylon tulle bags for selfing did reduce pod set. Pod samples taken at different times
varied considerably in mean weights per pod, in weight of seed per pod, number of seeds
per pod and mean weight per seed. Rates of pod and seed development were also found to
vary: the time to reach the mature green pod stage varied by 12 days. More detailed work
is needed to understand the causes of variation in pod set and in the develomment rate of
pods and seeds, Such information could enable some control of this variation to be exercised

and could guide the breeder on plant types needed for consistent high yields,
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AN _EVALUATION OF A NEW SYSTEM OF
PIGEON PEA PRODUCTION IN TRINIDAD & TOBAGO

J. Cropper and N, Arzu
Department of Agricultural Economics

University of the West Indies
Trinidad.

SIMMARY

Trinidad and Tobago currently imports much of its grain legumes. Pigeon peas are the moast
commonly grown grain legume. Considerable work has gone into the development of dwarf deteminate
cultivars of pigeon peas in the Regional Research Centre of the University of the West Indies.

A new system of production has evolved based on high density plantings of these cultivars in
December of Janusry, so that they come to bearing within 110 days, and give high yields of green
pods from a single harvesting. With a yield of 4000 lb/ac., & gross income of $680/ac could be
achieved, tut hand-harvesting costs could be high. Work is in progreas on a mechanical harvester.
This system of production should ensure increased supplies of fresh peas for processors, lead to
intengified land use (since the crop occupies the land far less time than traditional pigeon

pea crops), and could lead to savings in imports and export earnings.

MINGRAL NUTRITION REQUIREMENTS OF PIGEON PEA (CAJANUS CAJAN)

IN RIVER ESTATE LOAM, ST, AUGUSTINE, TRINIDAD
R.C., Dalal

University of the West Indies, St. Augustine, Trinidad.

INTRODUCTIOR

Assessments of mineral mutrition requirements of pigeon pea (Cajanus cajan) have assumed
greater significance by placing special emphasis on this crop in the (rain Legume Programme in the
Caribbean. To identify the nutrient needs of pigeon pea, a preliminary experiment was conducted
wherein the effects of small amounts of several macro- and micro- elements on dry matter production

and nitrogen uptske by pigeon pea were investigated.

MATBRIALS AND METHODS

The surface soil {0-20 em) was collected from University Field Station, St. Augustine,
Trinidad. It was air-dried and ground to pass through 5 mm sieve. The physico-chemical
characteristics of the soil are given in TABIE 1,

One kg soil was added to each pot. The treatments, in triplicate, were: N, P, X, Ca,
Mg, Fe, M, Cu, Zn, B, Ni, Co, Cr, Bi, Mo, all added together and none (control)., All except
¥i, Co, Cr and Bi are essentisl nutrients for plant growth., Co has been shown to be essential
to soybeans (Ahmed and Evana, 1960)., Ni, Cr and Bi were investigated for their possible roles

in affecting yield and N uptake. The rate and source of macro- and micro- elements added to the
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80il are shown in TABLE 1. The rutrient solutions, containing required rate (TABLE 1) per pot per
10 ml, were sprayed uniformly over the surface after the soil was moistened to 50 per cent WHC

(water holding capacity) with deionised water. After 24 hours, the pots were planted with pigeon
pea {ov. G127/44) and were tidnned to two plants per pot a week afier germination. The pois were

frequently watered with deionised water to maintain the soil moisture at 50 per cent WHC.

After 35 days, the plants were harvested, dried for 72 hours at SOOC, weighed and analysed
for N (Linder, 1944).

The experiment was conducted in the greenhouse at 2’7ﬁ°0.

TABLE 1. Physico-chemical properties of the River Estate Loam Soil
used for the experiment.

pH (1:2,5 soil:water) 5.2
Clay content (%) 15
CEC (me/100g soil) 7450
Exch, Ca (me/100g soil) 2,50
Exch, Mg (me/100g so0il) 0.79
Exch. K (me/100g soil) 0.09
Exch, Na {(me/100g so0il) 0,05
Org. C (%) 0.94
Total N (%) 0.104
Available (Troug) P (pmm) 10

TABLE 2. Rate and source of macro- and micro- elements added..

Macro- and Rate Source
micro- element jm)
N 10 (g, ),50,
P 10 N;HZPO 4.7]120
X 10 K250 4
Ca 10 CaCl2 .10320
Mg 10 Mgs0 4.7520
Fe 1 FeSO 4.71!20
Mn 1 MnSO 4.4320
Cu 0.1 Cuso 4}.5H2()
Zn 0.1 Zn30 4.7520
B 0.1 NazB4O7.IOHZO
Ni 0.l N1012.6820
Co 0.1 00012.6320
Cr 0.1 N520r207.2H20
Bi 0.1 JB:‘I.Cl3
Yo 0,01 Na,MMa0, .2H,0
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FRESULTS AND DISCUSSION

Dry matter yield was significantly increased by the application of P, Mn, Cu, Zn, Ni and Mo;
maximum increase in yield wes obtained by the addition of P. But when all the macro- and micro~
elements were ndded together, no response was obtainsd, possibly because of the toxicity by Cr.

Application of Cr depressed the dry matter yield of pigeon pea.

Nitrogen uptake was significsntly increased by the application of P, Fe, ¥n, Cu, n, M
and Mo; again, marimum increase in N uptake was cbtained by the addition of P, Application of Fe
significantly increased N uptake but did not increase dry matter yield significantly, possible
because additional Fe was required by the rhyzobium in the root nodules to fix atmospheric N and
that for plant growth probably sufficient Fe was present in the soil. When all the macro and micro-
emelents were added together, N uptske was significantly increased slthough there was no effect on
dry matter yield of pigeon pes, as stated eariier. It indicated that Cr and possibly Bi alone may
have little or even toxic effect on plant growth and N uptake. Even in combination with other
nutrient elements, Cr and Bi countered the beneficial effect of the addition of other elements on
plant growth hut these elements, Cr and RBi, had little effect on suppressing the beneficial effects

of other mutrient elements in N fixation by rhyzobium wher these elements are added together.

Therefore, it is suggested that the effects of aifferent rates of P, Mn, Cu, Zn, Ni and Mo
on the yield of pigeon pea should be evaluated in the field on River Estate loam. The role of P,
Mn, Cu, Zn, and Mo in the mineral nutrition of legumes is well known (E.J. Howitt, 1958) but Ni has
not been shown to be essential for plant growth (Tiffin, 1972) slthough increases in pea yields on
leached chernozem by the application of Ni at the rate of 2 mg/kg go0il have been reported (oriova,

1965).
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MINERAL NUTRITION REQUIREMENTS OF PIGEON PEA
(CAJANUS CAJAN) IN RIVER ESTATE LOAM, ST* AUGUSTINE,
TRINIDAD.

R.C. Dalal

INTRODUCTION

Assessments of mineral nutrition requirements of pigeon pea (Cajanus cajan) have assumed greater
significance by placing special emphasis on this crop in the Grain Legume Programme in the Caribbean. To
identify the nutrient needs of pigeon pea, a preliminary experiment was conducted wherein the effects of
small amounts of several macro- and micro- elements on dry matter production and nitrogen uptake by pigeon
pea were investigated.

MATERIALS AND METHODS

The surface soil (0-20 cm) was collected from University Field Station, St. Augustine, Trinidad.
It was air-dried and ground to pass through 5 mm sieve. The physico-chemical characteristics of the soil
are given in Table 1.

One kg soil was added to each pot. The treatments, in triplicate, were: N, P,K, Ca, Mg, Fe, Mn,
Cu, Zn, B, Ni, Co, Cr, Bi, Mo, all added together and none (control). All except Ni, Co, Cr and Bi are
essential nutrients for plant growth. Co has been shown to be essential to soybeans (Ahmed and Evans, 1960).
Ni, Cr and Bi were investigated for their possible roles in affecting yield and N uptake. The rate and source
of macro- and micro- elements added to the soil are shown in Table 1. The nutrient solutions, containing
required rate (Table 1) per pot per 10 ml, were sprayed uniformly over the surface after the soil was moistened
to 50 per cent WHC (water holding capacity) with deionised water. After 24 hours, the pots were planted
with pigeon pea (cv. G127/4A) and were thinned to two plants per pot a week after germination. The pots
were frequently watered with deionised water to maintain the soil moisture at 50 per cent WHC.

After 35 days, the plants were harvested, dried for 72 hours at 80° C, weighed and analyzed for N
(Linder, 1944).

The experiment was conducted in the greenhouse at 27° 5°C.

Table 1. Physico-chemical properties of the River Estate
loam soil used for the experiment.

pH (1:2.5 soil : water) 5.2
Clay content (%) 15
CEC (me/100g soil) 7.50
Exch. Ca (me/100g soil) 2.50
Exch. Mg (me/100g soil) 0.79
Exch. K (me/100g soil) 0.09
Exch. Na (me/100g soil) 0.05
Org. C (%) 0.94
Total N (%) 0.104
Available (Troug) P (ppm) 10




Table 2. Kate and source of macro- and
micro- elements added.

Macro- and Rate Source
__icro- element (ppny),
N 10 (NH),50,4
P 10 NaH,P04.7H,0
K 10 K,S0,4
Ca 10 CaCl,.10H,0
Mg 10 MgS0,.7H,0
Fe 1 FeS04.7H,0
Mn i MnSO,4.4H,0
Cu 13} CuS0,.5H,50
Zn 0l ZnS0,4.TH,0
B 0l NayB40-.10H,0
Ni 0l NiCly.6H,0
Co 0l CoCl,.6H,0
Cr 0l NayCry0,.2H,0
Bi 0.1 iCly
Mo 0.0l Na,Mo04.2H,0
RESULTS AND DISCUSSION

Dry matter yield was significantly increased by the application of P, Mn, Cu, Zn, Ni and Mo;
maximum increase in yield was obtained by the addition of P. But when all the macro- and micro-
elements were added together, no response was obtained, possibly because of the toxicity by Cr.
Application of Cr depressed the dry matter yield of pigeon pea.

Nitrogen uptake was significantly increased by the application of P, Fe, Mn, Cu, Zn, Ni and Mo;
again, maximum increase in N uptake was obtained by the addition of P. Application of Fe significantly
increased N uptake but did not increase dry matter yield siginificantly, possibly because additional Fe
was required by the rthyzobium in the root nodules to fix atmospheric N and that for plant growth
probably sufficient Fe was present in the soil. When all the macro- and micro-elements were added together,
N uptake was significantly increased although there was no effect on dry matter yield of pigeon pea, as
stated earlier. It indicated that Cr and possibly Bi alone may have little or even toxic effect on plant
growth and N uptake. Even in combination with other nutrient elements, Cr and Bi countered the beneficial
effect of the addition of other elements on plant growth but these elements, Cr and Bi, had little effect on

suppressing the beneficial effects of other nutrient elements in N fixation by thyzobium when these elements
are added together.

Therefore, it is suggested that the effects of different rates of P, Mn, Cu, Zn, Ni and Mo on the yield of
pigeon pea should be evaluated in the field on River Estate loam. The role of P, Mn, Cu, Zn, and Mo in the
mineral nutrition of legumes is well known (E.J. Hewitt, 1958) but Ni has not been shown to be essential for
plant growth (Tiffin, 1972) although increases in pea yields on leached chernozem by the application of Ni at
the rate of 2 mg/kg soil have been reported (Orlova, 1965).
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G.M. Shekour and R.A.I. Brathwaite

Department of Crop Science
University of the Vest Indies
Prinidad.

Intercropping is wvidely practised by peasant farmers in Trinided and Tobage and EENDERSON
(1965) reported that pigeon pea and corn were the st rt Despite the prevalence
of the practice it has been the subject of little research (HENDERSON, 1965; BAYNES, 1971), and

FBRGUSON (1972) reported that the full bemefit of the practice is not derived by farmers. Some
observations made in an experiment conducted to provide information on the reactions of pigeon

pea and corn under different syst of int ng are r ted in this paper.

MATERIALS AND METHORS

The study was ducted on a Streatham Loam looated at the Texaco Food Crops Demcnstra-
tion Famm, St. Joseph, Trinidad. The soil, pH 4.0, is lovw in plant mutrients and exhidits
imperfect drainage. There were six treatments (Table 1) replicated four times in a randomised
block deaign. U.N.I. GI 27/4A pigeon pea and mgh-lysine white translucent corn were sown
thickly by hand at a depth of about 5 cm. in hillas on 11 and 12 Jamuary, 1973 and were thinned
to one plant per hole within three weeks. Each plot was 11,25 m. long and 6 m, wide. Flant

populations are shown in Table 1,

No fertiliger was applied to pigeon pea, Corn was fertilised with 628 kg/ha of a
22:11:11 compound commercial fertilizer; two-thirds of this amount applied at planting and
the remainder at the onset of flowering. Weeds were controlled by prometryne (2.24 kg/ha)
at planting, three hand weedings and two sprays of paraquat (0.54 kg/ha) during the growth of
the crops. Pigeon pea pod borer was controlled by spraying Gardona 25 EC (1.68 kg/ha) and corn
army worm with Dipterex SP80 (1.68 kg/ha).

The durations from planting to flowering, podding and harvest in pigeon pea, end from
planting to silking, tasselling and harvest in corn wers recorded. Flant height measursments
wore made at three-week intervals from the fifth to the fourteenth veek after planting.

The crope were harvested at the mature green stage., The harvested areas varied with
treatments and ranged from 59,5 -2 to 60.4 12. Corn was sun-dried to about 14 per cent moisture
content and the green pea pod weights were converted to dry weight by the ratio 3.35:1 suggested
by HREDRESON (1965). The dry weight per plant, seed yield components and seed protedn contents
were determined and total dry matter yields and total seed protein ylelds were computed.

The seed yield of corn in every replicate of the mixed stand trestments was oonverted to
8oed yield in kilogrammes per hectare and the seed yleld of pigeen pea, which could occupy the
reaaining portion of the ares based on the seed yield per heotars of pure stand cora was
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calculated, using the folloving formula:-

yp=(1-% )7 (SPHINGER, personal communication, 1973) where
xe 18 peed yield (kg/ha) of corn in mixed stand
7P is seed yleld (xg/ha) of pigeon pea in mixed stand
X is seed yield (kg/ha) of corn in pure stand
Y 18 seed yield (kg/ha) of pigeon pea in pure stand.

EESULTS
Seed yield and com ts of viel

The effects of different systems of intercropping on the actually obaerved seed yields
of pigeon pea and corn both in pure and mixsd stands ss compared to the computed combined seed
yields (uaing the above formula) are shown in Table 2. The real advantage of mixing the two
crops was shown by the seed yield of all mixed treatments except Treatment 4 (one row of pigeon
pes for every two rows of corn), where the actual seed yleld was less than the computed seed
yield.

Data on the yiela components of the crops are presented in Table 3, There was no
significant difference between the treatment effects on pigeon pea seed number per pod or pod
number per plant. Pure corn produced significantly less meeds per ear and less ears per plant

than the other treatments.

Seed attritutes

FNeither the seed protein content of pigeon pea nor that of corn was affected by the
different systems of intercropping {Table 4). The higheat protein yield (Table 4) was produced

by Treatment 1 (pure pigeon pea) and the lowest by Treatment 2 (pure cornm).

Plant chargeteriatics

Treatments affected neither the dates of flowering and podding in pigeon pea nor the
dates of silking and tasselling in corn. Pigeon pea flowered and podded in 80 and 88 days
respectively after planting, and harvesting was done 118, 131 and 148 days after planting.

Corn plants tasselled and silked in 53 and 63 days respectively after planting and were harvested

at 118 days.

Table 5 presents the observed effects of different systems of intercropping on the height
of pigeon pea and corn 11 weeks after plantirg, The various treatments had no effect on the
height of corn, However, differences iz ; socu pea plant heighta were observed at 11 and 14 weeks

after planting. Treatment 1 (pure pigeon pea) produced the tallest plants at both sampling dates,

The total dry matter per plant of the two crops was unaffected by the trestments (Table 6).

on the other hand, Treatment 1 produced lower dry matter yields than the other treatments.

DISC OF

The seed yield data are, in general, consistent with the findings of EVANS {1960},
DOMALD {1963) and WILLET and OSIEV {(1972) who reported +uat higher seed yields were obtalued
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froz mixtures than from pure stands of the component crops., The fact that corn appeared to benefit
more than pigeon pea from the association confirmed the general statements of OLSOX and TIHA RUHONDI
{1972) for grass-legume mixtures. In agreemet with HUSSEL (1961) for a legume/non-legume association,
corn plants in mized stands probably had more availahble nitrogen since pigeon pea nodules could have
fixed sufficient nitrogen for use by both crops. The competition streas for soil nitrogen and light
wiich apparently ocourred in pure corn stands might have reduced ear and seed mumbers as previously
reported by DONALD (1963), but was not statistically aignificant emough to affeci the dry matter per
plant and seed protein conton‘t of corn, However the dry matter and protein yields might have been
affected.

Initially, the pigeon pea plants in mixed stands were apparently poor competitors since
corn exhitited a gréater visible top growth and appeared to have well established root systeas.
At later stages the corn plants hat a height advantage over the pigeon pea plants, This height
advantage may have caused shading of pigeon pes plants possibly resulting in reduced vegetative

grovth,

The present findings are different from thome of EVANS (1960) and HUSSEL (1961) in that,
while for pigeon pea the dry matter yield in mixed stands was higher than that of the pure stand,
the converse was true for corn. It would seem that the ylelds were generally influenced by the
plant population density and particularly by the relative proximity of the component plants in
mired populations.

THOMPSON (1957) and HUSSEL (1961) reported a higher protein yield from mirtures than from
either component crop grown alone, The present findings differ in that protein ylelds from

mixtures of corn and pigeon pea were no better than those from either of the pure stands.

It would appear that plants in mixtures are able to utilise envirommental resources more
efficiently than those in pure stand, Moreover, it is evident from Table 2 that alternate row
planting of pigeon pea and corn produced the highest total yield. In this system of intercropping
the proximity of pigeon pea plants to each other and to the neighbouring corn plants is greatest.
This is presumably the cause of the outstanding performance obtained. Studies with higher plant
population densities and more systematised pigeon pea and corn ration should be conducted to
investigate further the validity of this inference under similar local conditions and to provide

essential data on net economic returnms.
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TASLE 1. The intended plant population (plants per hectars)
for pigeon pea and corn in pure and mized stands,

Treatments HKGO:I;:: pomlAtilé:Hm
1. Pure pigeon pea 44,444 -
2, Pure corn - 53,333
3., Alternate row planting 22,222 26,667
4. One rovw of pigeon pea for every two

rows of corn 14,815 35,555
5. Alternate planting within the row 22,222 22,222
6. One plant of pigeon pea for every two plants

of corn within the row 14,815 29,629

TABLE 2. Effect of different systems of intercropping on the
seed yields (kg/ha) of pigeon pea and corn.

Treatments Actual observed Seed yield
seed yield computed with

formule
1. Pure pigeon pea 6,960 6,960
2, Pure corn 5,939 5,939
3. Alternate row planting Pigeon pea 4,056 2,627
Corn 3,659 3,659
4. One row of pigeon pea for Pigeon pea 1,281 1,670
every two rows of corn Corn 4,653 4,653
5. Alternate planting within Pigeon paa 3,234 1,775
the row Corn 4,427 4,427

6, One plant of pigeon pea for every

two plants of corn within Pigeon pea 1,819 1,253
the row Corn 4,865 4,865
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TABLE 3.

Zffect of different systems of intercropring on some yield

components of pigeon pea and corn.

Pigeon pea Corn
Seed number Pod number Seed number | Ear number
per pod per plant per ear per plant
1, Pure pigeon pea 5.3%a 51.5a - -
2, Purs corn - - 368,8 b* 1.0 b
3. Alternate row planting 5.5 a 52.3a 455.5 a 1.5 &
4. One row of pigeon pea for
every two rows of ccrn 5.4 a 52.3a 448,8 a 1.3 a
5 Alternate planting within the row Se4 a 51.8a 474.0 a 2,0 a
6, One plant of pigeon pea for every
two plants of corn within the row 5.3 a 51.3a 470,3 a 1.7 a
s.E 2 0.09 1.20 17.41 0.04

* Values in the same vertical column with a common letter do not differ significantly at
the 5% probability level based on Duncan's Multiple Renge Test, in this and subsequent

tables.
TABLE 4. Effect of different systems of intercropping on the seed
protein content and protein yield of pigeon pea and corn.
Treatments Seed protein content P t7{n yield
(percentage on a moisture-free basis fgg ha)
Pigeon pea Corn

1. Pure pigeon pea 24,1 - 1673 a
2. Pure corn - 12,6 746 b
3. Alternste row planting 23.2 13,0 1326 ab
4. One row of pigeon pea for every

two rows of corn 22,7 13,0 1025 ab
5. Alternate planting within

the row 23.4 12,8 1326 ab
6. One plant of pigeon pea for every

two plants of corn within the row 23.5 12.7 1047 ao

s.E 0.41 0.51 183.6

TABLE 5, Effect of different systems of intercropping on pigeon pea
and corn heights (cm.gsnt eleven weeks after planting.
Treatments Plant heights at 11 weeks after planting
Pigeon pea Corn

1. Pure pigeon pea 9.4 a -
2, Pure corn - 265.3 a
3. Alternate row planting 92.2 b 263.4 a
4. One row of pigeon pea for every

two rows of corn 90.4 b 267,8 a
5. Alternate planting within the row 0.9 b 269,1 a
6. One plant of pigeon pea for every

two plants of corn within the row 90.4 b 268.9 a

s.B.% 0.92 2.4
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TABLE 6, Bffect of different systems of intercropping on the plant
dry weight of pigeon pea and corn apd dry matter yields.

Plant dry veight (g.)

Dry matter yield
Treatments (xg/ha)
Pigeon pea Corn

1. Pure pigeon pes 33542 - 14899 b
2. Pure corn - 416.6 22219 a
3. Alternate row planting 313.1 450,2 18964 a
4. One row of pigeon pea for every

two rows of corn 293.3 429,2 17698 a
S5e Alternate planting within the row 262.8 452.3 17901 a
6., One plant of pigeon pea for every

two plants of corn within the row 267.4 445,2 17154 a

S.E% 43.06 47.76 1271.0
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INTHODUCTION

Dry bean (Phaseolus vulgaris) is one of the most widely utilized grain legumes in Jamaica
and it is estimated that some 4,000 to 5,000 tons are utilized annually. Local production has
remeined more or less static at just over 2,000 tons per anmum since 1967 (6), 80 that reasonably
large quantities have bean imported every year. In 1972, for example, some 1,615 tons were
imported at a value of $479,000 (2). Several factors contriute to this situation. Dry beans
are produced almost exclusively by small farmers on mmall plots (0.1-1.0 ac.) in the hilly
arsas of Jamaica under conditions in which farmers have absolutely no control of water. Since
the crop is highly sensitive to excesses and deficiencies in s0il moisture during the growing
poriod and in addition the beans rapidly deteriorate under prolonged high humidity during the

period of maturation, it is not surprising that fammers consider dry beans a "high risk" crop,.

Plerre (3,4,5) has reported that in addition to the limitations associated with moisture,
the high incidence of diseases also is a major limiting factor to bean production in Jemeica.
Many of the diseases to which the crop is susceptible are seed borne e.g. anthracnose, bacterial
blights, bean common mosaic. Unfortunately, no facilities are currently available for the pro-
duction and distritution of disease-free Beeds, with the result that farmers save their own

sseds and so perpetuate these diseases,
The mein objectives of the University's research programme on dry bean were as follows:

1, Improvement of various agronomic practices including spacing, weed control, fertilizer

responas

2, Identification of the major diseames and develomment of measures for their control

3 Bvalustion of varieties for yleld potential and disease resistance.

As the title of this paper indicates, we are primarily concerned here with yield potential

and disease resistance.

METHODS AND RESULTS

tion of v ties for yie: 138

In a preliminary trial, 35 varieties were planted during the month of August, 1969 in
single row replicated plots. In this trial, 10 varieties yielded in the range 500-1,100 kg/ha
and 25 varieties produced less than 500 kg/ha. The better performers included many of the kidney
types, e.g. Bedkote, Charlevoix, Dark Hed Kidney, Light Red Eidney and Diacol Minia, Pinto UI 114
and two local selections, Miss Kelly and Round Red. Bedkote (1037 kg/ha) was the best yielder

and the local standard Miss Kelly ylelded 663 kg/ka.
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In a second preliminary trial, 41 varieties were planted during the month of December 1969,
again in single rovw replicated plots, In this trial, the folloving varieties yielded over
2,500 kg/ba - Pinto #114, Great Northern #31, Miss Kelly, Pinto 66/9251/1, Great Northern 1140
and Bed Mexican #37. Ten varieties, including Portland Red, Small White snd a number of blasck
seeded types, yielded between 2,000 and 2,500 kg/ha. Nineteen varietiss yielded in the range
1,000 - 2,000 kg/ha and six varieties produced under 1,000 kg/ha, All the kidney types together

with the lucal selections Cockstone and lbund Red were in the last two groups.

Two further trials were carried out in December, 1970 and February, 1974, respectively,
A randomiged block design with three replications was used in each case with four rows 610 x 48 cm.

The results are given in TABLES 1 and 2.

EESULTS

In TABLE 1 the best nine varieties were not significantly different from each other and
produced ylelds in the range 1784 (Sutter Pink) to 2351 kg/ha in the local variety Miss Kelly.
Within this range also were included the local varieties Fortland Red and Bound Red, plus Redkote,
Diacol Minia and a number of the Red Mexican types, The mumber of days to harvest ranged from
73 to 86, Hound Red produced the lowest mumber of pods per plant (5.5) compared to Long Bed (11.7).
The number of seeds per pod also varied in the different varieties and ranged from 2,3 to 3,9.

In TABLE 2, the varieties ICA Guali, Miss EKelly, Diacol Mima and ICA Duva were not
significantly different from each other but there was a significant difference between the yield
of these varieties in comparison to the other varieties tested. 4 total of seven varieties
yielded over 2,000 kg/ha. The period to maturation ranged from 63 days in most of the kidney
types to 83 days in the case of Mexico 235, The number of pods per plant ranged from 5.1 (BRedkote)
to 12,8 (Santa Anna) and the number of undeveloped pods per plant ranged from 0,33 (ICA Duva)

to 3.33 (Santa Anna).

Evaluation of Varieties for disease resistance

The bean diseases which occur in Jamaica have previously been reported (3,4,5). These
include anthracnose, bacterial blights, bean common mosaic, bean yellow mosaic, golden mosaic,
rust, powdery mildew, angular leafspot, Hhizoctonia root rot, Sclerotium wilt and root knot.
In addition Rhynchosia mosaic and bean smut (Entyloms sp.) attack beans to some extent. By far

the most important diseases are golden mosaic, rust, anthraonose and bacterial blights,

Golden Mosaic:

Golden mosaic is a virus-like disease which is transmitted by a whitefly (Bemisis tabeoi)
which breeds profusely on poinsettia (Buphorbia pulcherrima). The main hosts are bean, lima bean
(Phaseclus lunatus) and an extremely common weed (Fhaseolus lathyrojdes). Over 100 varieties have
been tested in Jamaica for resistance to this disease without success. Gemes (1) has evaluated
over 4,000 varieties of beans in Costa Rica and failed o find resistance. In Jamaica, some
variability in the response of varieties to this disease has been observea but this is attrimted
to a varietal preference by the vhiteflies rather than varietal tolerance of the pathogen. This
disease is prevalent in the lowland areas tut the incidence is low during the coolsr montha from

November through March (3).
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This is a 000l season disease which unlilke golden mosaio is prevalent during the cooler
months, Several varieties have been evaluated for reaistance to rust and the results of one of
the most recent trials are shown in TABLE 3., Although many resistant varieties have been found,
nost of them are bdlack or hrown-seeded types. imong the red-seeded types, the local variety
Miss Eslly is outstanding. Other resistant red types include Mexico 235 - a late, low growing
semi-trailing variety - and Portugsl, a poor yielder, Some of the newer introductions (ICA Guali,
ICA Duva, Diacol Nima, Dlacol Calima, Pompadour, NEP~2) appear to be "slov rusters”.

Anthracnose:

This is another cool season disease which also is seed bormes, Trials in Jamaica indicate
the presence of several races of this pathogen to which all the local varieties are highly suecept-
ible. 3Some of the introduced varieties are resistant to some races of this fungus tut because of
the wide distritution of the different races control through the use of resistant varieties would

be of no significance,
Bacterial Blights:

Two types of common bacterial blight occur in Jamaica, The diseases are seed-borne and
can bs extremely destructive under conditions of high rainfall, Varietal evaluation for resistance
to these diseases is being carried out in Puerto Rico. If mources of resistance are found these

will be utilized in our breeding programme,

DLSCUSSION

Time of planting was the main contrimtory factor to the difference in the level of yield
obtained in the two preliminary trials, In general, beans grow best under relatively cool weather
conditions and it is clear from these trials that all varieties performed better when planted

during the cool Beason, except where there was a superimposition of additional limiting factors.

One such additional factor in the cool season planting was the high incidence of bean
rust to which the kidney types and several other varieties are highly susceptibla, The high
incidence of yet another disease, golden mosaic, also contributed to yield reduction in the

August planting.

The level of yield obtained in the major trials are guite similar in the standard
varieties Miss Kelly, Portland Bed and Charlevoix, the exception being the variety Redkote
which produced a much lower yield in the mecond planting. This again is attributable to the high

inocidence of rust on this variety and Dark Red Kidnmey.

Several varieties are resistant to rust but these are mostly black and brown-seeded types
and since the consumers in Jamaica prefer the red-seeded types, the main value of these would be

as sources of resistance in a breeding pr A few red ded types also are ruat resistant

and among these, Miss Kelly is outstanding btoth in terms of resistance and yield potential.
Portugal, another rust resistant variety, is a poor ylelder and Mexico 235 has the disadvantage of
having a low, semi-trailing growth hatit., The three varieties, ICA Guali, ICA Duva and Diacol
Nima produced yields quite similar to Miss Kelly, These varieties are "alow rusters" and have
the advantage of being tush typea - a feature which would facilitate mechanical harvesting if

this i{s implemented, These varieties will be released shortly.
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One other interesting variety is NRP-2 - a white—seeded pea bean of the typs used in the
pork and beans industry. This variety also is a “slov ruster” and it sppears to bave a higher
yield potential than the other pea beans which have besen evaluated, This variety also will be

released shortly.
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TABLE 1. Seed yleld and other characteristics of dry bean varieties
grown at Lawrence Field, St, Catherine, Jamaica in Dec. 1970,

Varietios Seed Yield (a) | Growth Hahit Seed Podding Characteristics [No. of

{xg/ha 88% DM) Characteristics No/ph  Seeds/pods Days to

Colour 100 D.Wt.{gm) Harvest
Miss Kelly (L) 2351 a Semi-trailing 24.8 9.0 3.9 &
Portland Red (L) 2210 ab Semi-trailing | Dk. Bed 20,5 10.6 37 73
Diacol Minia 85/364 2181 abe Bush Wh, Str. 48,6 8,0 2,8 86
Redkote 2084 abed Bush Dk, Red 43,7 7.0 2.3 K
Bed Mexican #36 1974 abed Semi-trailing | Red 28,5 10.5 3.4 86
Bed Mexican #34 1959 abed Semi~trailing | Bed 26.4 9.6 3.6 86
Red Mexican #37 1837 abed Semi-trailing | Bed 26,6 7.9 3.6 %
Bound Bed (L.) 1812 abecd Bush Bed 24.6 55 2.9 73
Sutter Pink 1784 abed Semi-trailing | Pink 27.9 10.5 3.6 3
Big Bend 1734 bed Semi-trailing { Red 23,8 9.3 3.6 86
Dark Red Kidney 1725  ved Bush Dk. Red 33.4 Te5 2.4 3
Bed Mexican #35 1705  bed Semi-trailing | Red 29,6 7.8 3.1 86
Pinto #114 1652 bed Semi-trailing | Brown Str. 31.5 6.1 3.9 75
Long Red (L) 1628  bed Buah Red 22,2 11.7 3.9 5
Great Northern #59 1612 cd Semi-trailing | White 26.9 7.8 3.2 79
Charlevoix 1502 d Bush Bed 38,4 5.8 342 73

Coef. of Variation 16.2%
(a) Treatments followed by the same letter are not significantly different
by Duncan's Multiple Bange Test at 5% or less,
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Seed yield

at Lawrence

other characteristics of dry bean varieties grown

eld, St. Catherine, Jamaica in February, 1974.

ardeti Jeed Yield (a) Growsh Habit  Sved “oddirg o, of Dis. jncidems
Varieties (ke/na 88 k) Characteristics . .racteristics Days to
Colour 100 Wt{gm)  No/plnt Yofundev/pl Seed/pod  HaTvest Bust G, Mos,
ICA Guali 3066 a Bush Dk Red Wh Str  S1.5 7.7 0.56 3.5 73 Trace -
Miss Xelly (L) 2901 a Semi-trailing Lt Red Red Str 23,7 9.6 0,56 4,2 71 None -
Diacol Nima 2705  =b Bush Dk Red Wh Str  47.3 8.1 0.36 2.9 73 Trace 0,7
ICA Duva 2536 abe Bush Dk Red 44.4 8.6 0.33 2.4 73 Trace =
Portland fed (L) 2150 -bed Semi-trailing Dk Red 17,5 9.9 0.63 4,1 66 Mod. 0.3
Pompadour 2144 -bcd Bush Red Wh Str 31.9 5.7 1.06 3.1 T Light -
Verico 235 2032 -——cde Semi-trailing Red 28,1 8.2 1,40 3.2 83 lome -
Diacel Calima 1757 —-def Bush Dk Red #h 3ir 39.4 8.0 .50 3.1 7L -
Charlevoix 1618 -~~defg Bush Dk Red 35.8 6.5 1.83 2.5 6% -
27-R 1545  -——efghBush Lt Red 35.1 5.7 1.26 3.8 66 Mod. -
HEP-2 1465 ——-efghBush (tall) White 10.2 12.7 0.66 5.3 78  Trace =
Santa Anna 1432 ——--fghSemi-trailing Red 28,3 12,8 3.35 2,2 66 Light =
Dark Red Kidney 1176  ~—fghBush Dk Red 35.6 5.8 1.53 2.4 63 devere 0.3
Redkote 1117 ———-—ghBush Dk Red 33.9 5.1 1.56 3. 63 Severe -
Portugal 95 ntemi-trailing Bed 30.4 6.1 2,03 3.4 78  None -
Coef. of Variation  16.6%
(a) Treatments followed by the same letter are not significantly different from each sther
by Duncan's Multiple Range Test at 5 or less,
TABLE 3. Response of selected bean varieties to rust.
Code Variety Seed Colour Rust Reaction (a)
Jamaica Puerto Rico
71 PRS70/15R42/1BK Black 2 0
72 PRS70/15M2/52BK Rlack 2 o
73 PR370/15 R42/55BK Black 2 3
74 PRS70/15 R42/5TEK Black 2 4
75 PRST0/15 R2/8TEK Black 2 Q
76 PRS70/15 #42/148BK Red 2 o]
77 PRS70/15M42/167/4BK Buff 2 0
78 PRS70/15 R42/180BK Brown 2 0
79 PRS70/15R42/189/1BK Brown 2 3
80 PRSTO/15R42/193/1BK Brown z 0
81 PRS70/15R94/2BK Brown 2 [
82 PRS70/15R7TEK Red 5 3
83 PRS70/15R287/1BK Buff 3 4
84 PRST0/15R292BK st 2 0
85 PRS70/15R210BK Brown 5 3
86 PREST0/15R66/1BK Black 3 3
87 PR N71/1R 63 Black 2 0
88 PR HT1/1R 69 Black 3 0
89 PR H71/1RI0L Black 2 2
0 PR H71/1R103 Black 2 o
9 PR HT1/1R113 Black 2 0
a2 PR H71/1R136 Black 2 o
6 Charlevoix Dk Red 5
13 Redkote Dk Red 5
14 Portugal Red 2
58 ICA Duva Dk Red Wh Str 5
39 ICA Guali Dk Red Wh Str 5
60 Diacol Calima Dk Red Wh Str 5
61 Diacol Nima Dk Red Wh Str 5
63 Hexico 235 Red 2
93 27-R Lt Red 5
94 NEP=2 White 2
% Pompadour Red, Wh Str 5
Miss Kelly (L) Lt 3ed, dk red str 2
Portland Red (L) Dk Red 5
Long Red (L} Red 5
(a) Jamaica reaction grades based Davison's 1-5 scale ( ) in which 1 = immune; no necrosis or

other evidence of infection;
4

0

2= hyperaen:

sitive necrosis;

pustules 301-499)‘; 5 = pustules over 500/, In the Puerto reaction grades

= no infection.

3 = pustules under 300/ cia.;



BVALUATION OF CRIGP-HEAD LETTUCE CULTIVARS

George C. Jackson and Carmelo Sierra

Agricultural Experiment Station
University of Puerto Rico
Rio Piedras, P.R. 00928,

INTRODUCTION

Lettuce imports for Puerto Rico in 1972-73 amounted to 9023 metric tons valued at
2,5 million US dollars,

Sixteen crisp~head lettuce cultivars were tested in this 1973-74 trial, All were evaluated
for winter preduction. Of prime importance were yield, head weight and uniformity. These are

the most important characters with or without mechanization,

411 cultivars were direct seeded in the field at the Fortuna subetation on November 28,
December 20, Jamuary 10 and January 31. Five replications each in two rows 0.9 m (3 ft.)
apart and 4.6 m (15 ft.) long with plants spaced at 0.3 m (12 in,) in the row, No fertilizer
was used. Propamide (Kerb 50 w) at 1.8 kg (4 1bs) acti- » ingredient per 0.4 ha { 1 ac.) vas
applied as .reemerge herbicide, The plots were irrigated six times and received 2,5 cm
(1 in.) of woter at each irrigstion., The harvest dates were February 15, March 13, March 21
and April 10, making cycles of 78, 83, 70 and 69 days per crop for each planting respectively,

Weather data for the period from November 2& through April 12 was: Max temp 31.7%
(89°F), mean min temp 15.6°C (60°F) and a mean temp of 22.8°C (73.6°F). Total precipita-
tion was 65,4 am (2,97 in.) with the greatest in 24 hours 14,5 mm (0,57 in.}. The elevation

of the substation is 21 m (67.9 ft).

TAELE 1 summarises the combined data of the four plantings of this trial, Individual

comments are listed,

Disease is considered the greatest limiting factor effecting yield, principally,
bacterial soft rot (Erwinia carotovorg). Other problems, but minor factors, were leaf
spot (Cemosmra lox_mgssima), and tip urn, a physiological disorder. Cultivar Empire
appeared more susceptible to root knot nematode than others. Split heads are also
considered important in yield production tut this ie physiological and may be related to
high daytime temperatures,

Cultivars Grest lakes B-200-95 (K}, Great Lakes 659 (N), Great Lakes 118 (N), Great
Lakes Mesa 659 (F), Great Lakes Picoverde (K) and Oswego (D) are considered worthy of

further evaluation,

NOTE: The use.of cultivar names and names of companies in this paper is for convenience
and does not imply endorsement of these cultivars or the companles by the Agricultural
Bxperiment Station of the University of Puerto Rico,
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TARLE 1,

Evaluation of Criap-Hsad Lettuce Cultivars, Fortuna Substation, P.R.

Cultiver and seed source z‘;g: haz ::::7;& (ﬁ)ﬂ. markatabla diseamed{ =split blouiing and
heade heads heada no heads

Great Lakes B-200-55 (K) 534,7 2> 8.8 |o.s1 36 35 22 7
Great Lakes 659 (N) 442.4 ab 6.5 0.54 28 48 21 3
Great Lakes 118 (X) 422,9 ate 6,0 0.54 28 41 24 7
Great Lakes Mesa 659 (X) 418.9 sked | 5.8 0.54 27 43 21 9

Meps 659 (4) 388,7 abede | 5.5 0.51 28 35 33 4
Great Lekes Picoverde {(K) %57.9 ebede | 5.6 0.63 36 29 27 &
Great Lakes 659 (4) 328.5 abcde | 4.5 0,58 39 45 9 3
Cswego (D) %13.2 abcde | 4.2 0458 35 29 24 12
Great lLakes 66 (D) 708.5 bede 4.7 0.61 28 36 30 &
Great Lakes 659 (D) 291.9 bede | 4.0 0.50 26 36 20 18
Empire {K) 280.2 bedef | 4.3 0.56 22 42 19 17
Picoverde (K) 237.1 bedefg | 3.3 0.63 15 38 40 7
Great lLakes 118 (4) 183.2 ofg 2.4 0.58 7 54 23 &
Great Lakes Bellaverde (K) 156.7 fg 2.2 0.56 16 45 27 12
Bmpire (4) 142.8 fg 2.1 0.63 16 51 26 7
Vanguard (D) 16.1 0.2 0.07 3 21 12 63

1 Seed source: A = Asgrow, D = Dessert, K = Keystone and N = Niagara

2 Ons case has 24 heads

3 Means followed by the mame letter are not

significent at the 1% lavel
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