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MINUTES OF THE BUSINESS SESSICM - 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, 197 4 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. 

Treasurer's Report 

The Treasurer's report as below was presented and duly acc' 

(i) Balance Bank Statement June 30, 197 3 

(ii) Receipts* July 1, 1973 - June 20, 1974 

Sub-Total 

U.S.$3,493.71 

1,478.27 
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Expenses July 1, 1973 to June 20, 1974 

Barbados meeting - 197 3 

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 

Newsletters 76. 31 

Professional Register 75. 00 

Postage 160. 38 

Stationery 37. 50 

Addressograph work 47. 88 

Advance to Jamaica meeting 101. 00 

Total $ 2,537. .62 

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 fron Trinidad meeting 5 33.27 

1,478.27 

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 

Möns. L. DeGras (Guadeloupe) 

Dr. L.A. Wilson (Trinidad) 

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$10.00 per annum effective as froro year beginning July 6, 1974. 

Notice of this motion had been given at the 11th Annual Meeting in Barbados and the proposal was 

approved unanimously. 
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Soifle Eçpncunic Aspects gf Root-<Srop Production jjj Jamaica 
Lloyd B. Rankine 

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

SUMMARY 

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

In 1962 this sub-sectôr contributed %15.5 million to the GDP. By 1972 this 
had increased to #24.9 million having achieved an annual growth rate of 5·4% while the 
agricultural sector as a whole grew at only 3*2% per annum and the economy as a whole 
achieved a growth of 5*3%· 

Yam production over the period 1965 - 1972 represented between 50$ (1965) 
and 6 ( 1 9 6 8 ) of the production of the major root-crops 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 ae an Earner of Foreign Exchange 

Reports by the Agricultural Marketing Corporation disclose that for the 
period 1964 - 1971 approximately 14.3 million lbs. 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. 
Varieties 

Among the ten (10) most popular varieties of Yams grown in Jamaica - Yellow 
yams have been predominant, averaging annually 33»000 tons over the period 1965 - 1972 
or 35.6% of the total Yam production, with Negro yam 21,000 tons of 23.7%, Renta yam 
1 ,760 tons or 14·9^ and Lucea yam 7,600 tons or 6,2%, 
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. 
Status of Yarns as a Food Item 

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

One thousand grams can supply just under £ the daily requirements of calories 
for an adult male, approximately 30% of the protein requirements, nearly i the fat 
required and more than adequate iron, nearly twice the requirement of Vitamin C and also 
some trace of Vitamin A. 
Linkages with Manufacturing: Examples of linkages cited are -

(1) the manufacture of Instant Yam in Barbados 
consisting of yam flakes 
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(2) carrent investigations into the incorporation 

of Yam Flour into Baking Flour and use of 

root-crops as animal feeds. 

Characteristics of the Root-Crops Industry 

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 hos done much to develop the export of Yams and presently handles 
between 10 and 20 per cent of ell 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 Yampie (D. trlfida) grown 
by small farmers and to a limit of 2 acres per farmer. Subsidies paid out over the 
period 1969-1972 totalled $208,812 for Negro yams (13,050 acres) $10,825 for Yampies 
(676 acres) and &8,834 for White yams (552 acres). 

It appears that approximately 75% of all Negro yams planted received 
subsidy, 37% of the Yampies and 40#> of the White yams planted. 
Trendst Acreage and Yields 

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

White yam after showing marked increases between 1970 and 1971 showed a 
slight decrease between 1971 and 1972. This might be due to depredation by nematodes 
and disease problems. 

Preliminary data for 1973 indicate the likelihood of a decrease in all 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. 

Comparison of yield per acre from one year to another 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 1 9 6 7 . 

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. 
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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. 
Production System 

The bulk of the i8land*e yam planting takes place January to March and 
harvesting is continuous between September and January. However, owing to climatic 
variations some Yams are available at all seasons of the year. 

Lucea yams are grown chiefly in the Orange Hill 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 * 3 
and 7* χ 6*. Small tubers, heads or bits 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 vines around the stakes and 
application of fertilizer. Chemical weed control is rarely practiced. Great care is 
exercised in harvesting 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 little use is made of mechanical 
equipment. Production units are often fragmented. 
Economics 

Data provided by the Agricultural Planning Unit and from a survey conducted 
196ÔM970 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 lb. These 
returns are based on Farm Gate prices ranging between 4 and 6 cents per lb. which are 
closely related to prices paid by the Agricultural Marketing Corporation. 

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

Labour expenses varied between 33$ and 6Cf£ 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 Labpur 

Family labour contributed an average of 45 man days per acre but ranged 
between a low of 28.25 and 74.62 man days. 
Yield Per acre ranged between an average of 3*5 tons in some areas to over 5 tons per 
acre in others. 

It is concluded that there is considerable scope for improvement in the 
majority of the farms surveyed (these were mostly on farms of lees than 5 acres in size). 



Labour Productivity 
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 40 and a high 

of 99 lbs. 

Marketing Aspects 
While retail price to consumers varied between 10-25 cents per lb. 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 showing monthly prices paid to farmers by the AMC between 
1 9 6 7 and 1973 for 6ix different varieties and another showing annuel 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 eix 
years of virtual price stagnation. 

The Table of monthly prices indicates wide fluctuations depending on availability 
of supplies - Lucea yam for example ranging between a low of 5.50 cents in January to a 
high of 10 cents in July and Yellow yams from a low of 3·91 cents in January to a 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, it is 
suggested, to competition from Africa and other Caribbean countries. 

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

(1) to change the form in which the product is now available 
(2) to increase the protein content of yams 
(3) to secure greater co-ordination of export activities between 

Caribbean exporting countries 
Long Te^m Development Planning 

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

(1) to effect the utilization 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. 



AOBDBOMC TBCMIQOBS IB ΤΑΜ (PIOSCOBBA 3ΓΡ. ) 
PBDDÜGTTQG IM THE CABTBBRAIT HBOTOIT 

Theodore ÏÏ. Ferguson 

faculty of Agriculture 
University of the Vest Indies 

3t. Augustine, Trinidad. 

IHTBÛDDCTIOK 

Tama are one of the more important food crops which οan be found growing throughout 
the region. Tarns are particularly valuable in the economies of Jamaioa, Barbados, and St. 
Tincent. Jamaioa 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 3t. Vincent 
is estimated to be less than 500 tons. 

In this paper various aspects to the agronomy will be examined and suggestions for 
improvement made. 

VARIETIES 

Varieties belonging to all the major edible species can be found throughout 
the region. The major edible apeciee are D}oecor9P rotundata. cavenensla. alataf 
J), trlflda and D. esculenta. Each of these five species contain a large number of 
varieties which carry locsl names. Ferguson (1970) noted that the same variety may 
carry the same name in different areas and varieties of the same name may be of 
different speciee. Thie confusion has led to difficulties In the identification and 
classification of varieties. The work of Gooding (1960) has gone a long way in 
helping to sort out this problem. Martin (personal communication, 1972) has recently 
•ad· a world collection of all the major edible species and is in the process of 
classifying them. Degrae jfti· (1973) have collected and described a large number of 
varieties in Guadeloupe· 

Table I liete some of the more important varieties found in cultivation in 
the Commonwealth Caribbean region. The Chinese yam has been recognised as a variety 
with great potential (Ferguson and Heynes, 1970s) but it is still to be cultivated 
widely. 
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TABLE I SOME IMPORTANT VARIETIES OP YAMS 
AND THEIR DISTRIBUTION IN THE 
CARIBBEAN REGION 

Variety Soeclee Area(s) of importance 
White /lebon 
(Farm Lisbon 
Crop Lisbon) 

alata Barbados, Trinidad 
St. Lucia, Leeward Is. 

Coconut Lisbon alata Barbados 
Oriental alata Barbados 
Renta1 p, alata Jamaica, Tobago 
White £· .fllûia Jamaica 
Hard £a alata Jamaica 
Sweet Jßj alata Jamaica 
Water Yam D. alata St. Vincent 
St. Vincent 
(Barbados) 
Statla 

2· alata 
alata 

Jamaica 
Leeward Islands 

Bottle-neck D. alata Leeward Islands 
Negro D. rotundata Jamaica 
Lucea Df ^ft^wdptg Jamaica 
Portugese D. retuatate St. Vincent 
Eboe D. rfftupdp*? Tobago 
Antoine D^ rotundatp Dominica 
Yellow D. cavenensls J f.iaaica 

ο Yellow Guineau 
(Yam-a-tou-temps) 

D. cavenensis Grenada, Trinidad 

Round Leaf Yellow D. cavenensis Jamaica 
Cush Cush 
(Yampie 5) 

D, trlfIda Trinidad, Guyana, 
Jamaica 

Chinese 
(Sweet, Fancy 

China) 
D. esculents Of minor importance 

in Trinidad, Windward 
Islands and Jamaica. 

Pana D. esculents Tobago 

1 
May be different varieties in Jamaica and Tobago* 

2 
May be the same ae Yellow yam in Jamaica· 
3 
Called Yampie in Jamaica. 
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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 its method of production vary with species. 

(i) esculenta 
For D. esculenta (e.g. Chinese yau), small whole tubers are normally used. These 

tubers may vary in size from 25 ~ 100 gm. They are usually the small unmarketable 

tubers of the previous crop, 

(iij D. trifIda 

Foi1 £· tjrifilflg (e.g. Cush-Cush or Yampie), small tubers or pieces of tubers of 
about 50 - 100 gms are used. Ferguson (1973) noted that tubers decompose rapidly after 
cutting and suggested that unless suitable methods could be found to prevent this 
rapid decomposition the use of cut pieces of D. trifida should be avoided. 

(iii) D* alata 
For D. alata most farmers in the region use setts ranging in weight from 100 gms. 

to 300 gms. In Barbados, 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 eome varieties. 

Setts of £· alfltp may be pieces of large tubers or whole tubere of the appropriate 
weight. Pieces of large tuber (celled "bits" in Jamaica) may be taken from any part of 
the tuber. Those from the head or top section (proximal to the vine) are called 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. alata are often preferred by farmers. However, experim-
experimental evidence Indicates that whole tubers of equivalent size of heads, middles 
or tails are inferior to these setts (Gooding and Hoad, 1967; Ferguson, 1973). One 
possible disadvantage in using small whole tubers is the probability of selecting for 
genetically low yielding clones (assuming some genetic variation within a given popluetion) 
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. 
Fergueon (1973) has shown that yields of over 40 tons per ha can be obtained using 
serial tubers as setts in White Lisbon yam. Aerial tubers are however secondary 
carbohydrate sinks and assimilates are only diverted to these when the primary sinks 
(the underground tubers) have achieved their maximum bulking rate· As a result only 
β 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 develop a system which will allow for greater aerial tuber production in some D. platp 
varieties. This is an obvious area for future research activities. 



(IT) J}· rOtllBfllf·" 
The system of obtaining setts for propagat on of J}· tw^jflmt· differs markedly 

from those described for £· alata. £· triflda and 2« esculenta« Varletlea of B. rftfrltflïf 

are normally propagated by aetta which are called yam heads locally. A yam head la the 

secondary underground tuber produced by the yam plant and harvested 3 - 5 months after 

the primary tuber(a) Is harvested. In this system, at 6 - 6 months after planting 

the hill (moat of the rotundafo yams are grown in hills) is carefully dug on one side 

•9 as to avoid destroying many roots. The primary tuber(s) is removed by slitting just 

below the primary nodal complex (cf· Ferguson, 1973)· The hill is then remade and left 

intact for another 3 - 5 months. During this time the plant produces another tuber(a) 

which is harvested ss the yam heed*. Great variation exists 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 Jamaica seem to prefer yam heada in the range of 0*75 * 

2 Kg for Negro and Luces Yam· 

The primary tubers of J). rotflpftptfi may also be left in the soil undisturbed for 

9 - 1 2 months and then harvested. When this is practiced the head section is cut off 

(junked) and used as a sett. The size of these setts are usually in the range of 0·5 - 3 Kg. 

It Is the writer's opinion that under good growing conditions such large setts 

are not necessary. It is his view that the size of yam heads in Jamaica has incressed 

over the years through an unconscious attempt by farmers to combat the plant parasitic 

nematode problem (to be discussed in more detail later in this paper). This is an area 

which requires immediate investigation not only to increase yields but to reduce 

the financial outlay for the large quantity of setts required. 

In some varieties of £· rĝ Uflflfltfl (e.g.Lucea) it is possible to use plecea of 

lsrge tubers other than from the head region as setts. However they do not sprout as 

resdlly as head setts end more failures are likely to occur after planting. They are 

only recommended for general use when there la a shortage of head setts· 

(ν) P, flttyWffflBlfi 

Por £· cavenensis. setts are usually collected by taking the heed section of 

mature tubers (i#e. head setts as a result of junking). As for D. rotundata these are 

large (1-4 Kg) and sometimes consist of $056 or more of the primary tuber. Some varieties 

are also cut (silt) 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 OF PLANTING 

There are two main période in which yams are planted In the Caribbean region -

April to June and November to March. Varieties belonging to alatpf esculenta 

normally planted In ther period April to June and varieties belonging to £· yo^unda^fl 

planted in ther period November to March« Many varieties of £· cavenensis (e.g· Yellow 

yam, Yam-A»tQU-tampa) can be planted all year round. They are however moatly planted iv 

the period April - June. 



The tub ere of all edible yama have a dormant period vhich may vary from 3 weeks 
(Yellow yam) to 3 months (White Lisbon)« As a general rule all yam tubers should 
be planted just before they begin sprouting towards the end of their dormant period· 

Yams are often planted late in the Caribbean. Late planting has been shown to 
result In low yields (Qoodlng A Hoad, 1967; Bnyi, 1970). In later planting, setts 
are often taken from sprouted tubers. Substantial amounts of carbohydrates, minerals 
and other growth faotors would have moved into the growing sprout from the tuber· 
Setts 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 s poor yield. 

In Trinidad and Barbados where the White Lisbon 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 agronomic practices are unlikely to compensate for 
poor setts planted late» 

Early planting of alatq by the breaking if dormancy in tubers with 2 - chloro-
ethanol is possible (Campbell 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) system and the ridge system. 
(1) The hill system 

Hills are used extensively throughout the region. Barbados is 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 soil and trash or trash alone and then mounded up 
with soil. The hills may vary in height from 20 cm to 90 cm. Two to six yam setts are 
planted around the top of the hill depending of variety« 

In Jamaica, 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 it is called Is considered to be one of the more expensive and 
laborious operations· 

On heavy soils the holes are often dug and the soil so removed left to desslcate 
for s few weeks before the hole is refilled. Deasication of the soil seema to offer 
two advantages: 

(a) The structure of the soil is improved by westherlng in the open and 
(b) some plant parasite nematodes are likely to be killed by the drying of the 

of the ao11. 
The eoll between hills is often forked and intercropped· 



Two of the major problème encountered In using hills are the limitations of 
mechanisation and the aggravation of soil erosion on sloping land· Hills are not 
easily made mechanically and as s result their formation will moat certainly continue 
to be manual. The high labour input will greatly restrict the acreage any one farmer 
can handle· The use of hilla on steep hillsides is common throughout the Caribbean. 
Soil 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 increased use of soli conservation measures and/or the 
moving of yams (and other root crops) off the very steep hillsides are topics 
warranting immediate attention· 
(ii) The rld^e system 

Ridging has been in use in Barbados 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 yielda can be obtained with ridges at 0*40 m 
apart (Gooding and Hoad, 1967)» However, only very few Barbadian farmers use narrow 
ridges· 

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

Ridging is an operation that is very eaey to mechanise. It is also substantially 
cheaper than forming hills. Forming ridges on the contour on hillsides is on« way 
of reducing the soil erosion problem. 

Before ridging it is recommended that the land should be ploughed, harrowed 
and rotavated. 

EfrApTm 

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

Mechanical planting of yama has been tried in both Trinidad end Barbados. In 
Trinidad a modified potato planter is used with some success for White Lisbon ysma. 
However, the spacing of that planter is fixed at 68 cm which is perhaps too narrow for 
yams. In Barbados, Chandler (1973) has built a planter specially for yams and has had 
good success planting White Lisbon ysme on ridges 1«6â m apart· 

SPACING 

Spacing between hills range from 1.5m χ 1.5a to 3*0m χ 3.0m. This gives s range 
of 1,110 to 4,440 hills per hectare and plant population will range from 3,330 to 13,320 
plants per hectare when three aetta are planted per hill· 

In Barbados yams are usually planted on ridgea 1.68m apart and ε paced 0-7? 
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to 1«50m apart In the row. Closer ridge apacing of 0.824m and aetts spaced at 
0*75 in the row has been shown to give higher yields (Oooding and Hoad, 1967). Most 
farmers however still persist in using wide ridges because the yam aa grown in 

ι Barbados is a secondary crop grown in a system intended for sugar cane. 

Ferguson (1973) showed that in White Lisbon yam spacing is closely interrelated 
with sett size in its effect on yield. The total amount of setts planted per acre is 
the seed rate and it can be varied by changing either sett size or pacing. As asymptotic 
yield response curve is got when seed rate is increased. Head eetts are more efficient 
and the optimum seed rate for head setts is lower than the optimum seed rate for middles* 

STAKING 

Yams are normally staked in the wetter territories. They are not staked in 
Barbados, Antigua and St. Kitts. In Jamaica and St. Vincent, two wet territories, there 
are some varieties which are grown without stakes. For example the White Yam (F. alata) 
in Jamaica and Water Yam (£. jal&lfl) in St. Vincent are not usually staked. In both 
these countries some highly valued fi. rotundata varieties are always staked (e.g. Negro 
and Lucea in Jamaica and Portugueae in St. Vincent)· 

Staking has been shown to Increase the yield of alata in Trinidad (Chapman, 1965) 
snd.fi. rotundata in Puerto Rico (Caro-Costaa & 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 aystem of staking involves the use of Individual poles. These may 
be bamboo or some readily available wood. In the hill system one pole is normally used 
per hill and where ridges are used on pole may serve 2 - 1+ plants. Poles may vary in 
height from 1m to over 6m· In Jamaica short poles (1-2m) are used for Sweet yam whereaa. 
poles for Negro, Lucea and Yellow yams are often over 3m. 

Staking by the use of individual poles is another expensive and laborious operation. 
In Trinidad, Haynes (1967) deecrlbed 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 bamboo*. Thla aystem has been modified by Payne (1971) and introduced 
to Jamaioa for uae on fi. rotunda ta and fi· cavenensis. Not many farmers have adopted this 
system and some likely reaaons are: 

(1) Lack of ready cash or credit for the high Initial 
oapital required· 

(2) The small acreage grown by the farmer may not justify 
the use of this system· 

(3) It is not suited to the hillsides where most of the 
yam farmers are located« 

^ (4) It doea not etand up to high winds. 
(5) Some farmers (in Jamaica especially) already have expenalve 

hard wood atakes. 
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WEED CONTROL 

Practically all weed controls in yams In the Caribbean region is done by 
hand· Generally at least two hand weedlngs are required during the life of the orop· 
In Barbados yams are planted in fields whloh ere more or less weed-free as a result 
of being in sugar-cane 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 as seven times (Newhouse A Wilson, 1969)· 
In Jamaica crops are usually given 2 or 3 weedlngs. 

The herbicides atrazlne (Gesaprin 00) at 24Kg/ha la recommended for weed 
control in yams (Kaeeaslan & Seeyave, 1968)· It is used regularly by a few farmers 
in Barbados. In other territories It is rarely used. Christie (1973) recommended the 
use of either ametryne (Gesapax - Combi 80 WP) at 4·5 - 6,7 Kg/ha or atrazlne (OeSaprlm 
500 FW) plus ametryne (Geaepex 500 FW) at 1.2 - 1*9 liters/ha each for weed oontrol 
in Yellow yams. 

MULCHING 

Mulching is practiced to any great extent only In Jamaica. Banana leaves 
green traeh may be used. Mulching helps by reducing weed growth and conserving moisture· 
It mey also have some benefit in the modera-tion of soil temperatures snd possibly on 
the reduction of plant parasitic nematode population. This is an area which requires 
some investigation. 

FERTILIZER USE 

The statue of fertilizer use in yams In the Caribbean Is somewhat confualng· 
In Trinidad, although fertilizers are recommended for use In yams, they are 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 Jamaica some farmers use 0·25 Kg to 0·50 Kg of 6:18:27 or 6:6:18 
per hill. 

Ferguson à Heynes (1970b) noted that different varieties respond differently 
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 end local cllmatio conditions· 

Chapman (1965) and Ferguson & Haynes (1970b) found that the yield of the 
White Lisbon yam increases with increasing nitrogen application· Chapman (1965) 
recommended nitrogen application at 3 months after planting but ?erguson and Haynes 
(1970b) presented evidence which indicated that the plant may be able to utilise added 
nitrogen from about eight weeks· 

Payne (1971) recommended the use of 630 Kg/ha of the NFK fertiliser, 12:24:12, 
for negro yam on the red and brown bauxite soils of Jsmaloa· 



PRUNING 

The pruning of side ahoots of yams has only been observed on Negro and 
Yellow yama in Jamaica. The side shoots at the base of the main stem and weak stems 
are removed. In relation to the labour input involved this operation seems to be of 
questionable value. Farmers claim 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. 

PLANT PROTECTION 

Field observations indicate that nematode damage (locally called tuber "burn") 
is rampant in many areas of Jamaica. Yellow yam and Yampie appear to be among the more 
susceptible varieties. Nematodes in addition to reducing yield may reduce +he life 
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, variations according to soil types and 
other climatic 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 organisms have been identified to be 
Phvllosticta spp. and Collecotrichum spp. Control is achieved in Trinidad with regular 
sprays of Miltox and Dithane MU5. Benlate is recommended for use in Barbados. Control 
measures are however not widespread among farmers. 

Another serious disease of inrportance 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 caused by 
a virus, at the University of the West Indies. It is discussed in more detail in a 
paper elsewhere in theee proceedings. 

CROPPING SYSTEMS 

Intercropping yams with wide range of food crops is the normal practice in 
most Caribbean territories. Crops such as corn, pigeon (gungo) peas, red peas, Irish 
potatoes, tannias, sweet potatoes, calaloo (Amarapt^^e spp.) are often used. 
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In Jamaica yama are often rotated with a fallow period. Yams are usually 
grown for 3 - 5 years and followed by a fallow period 1 - 2 years. 

Little attention 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 sugar-cane is grown for 4 or 5 years and theland is then "thrown-oun 
of sugar-cane. It is normally cultivated as for sugar-cane and planted with yams on 
ridges 1.68m apart at about May/June. Sugar-cane is then planted in the furrows 
in about October/November· The yama are harvested in January/February. The land 
preparation for the yams is normally charged to the cane crop and the yam is considered 
to be the secondary crop. The merits of this system are that farmers get two crops 
for the coat of a single land preparation 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 gardex* 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 
given very promising results with White Lisbon and Chinese yam in Trinidad and with 
White Lisbon yam in Barbados» Jeffers and Harvey (1973) reported good results with 
a harvesting aid in Barbados. 

We are still a long way from mechanised harvesting in D. rotundata and 
Hi cavenensis. 

Research into mechanical harvesting of yams is an area for continued and 
increased research input. 
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FBMXICTIOH OF IRISE POTATO (SOLANUM TUBBBOSUM) IH JAMAICA 

D.H. Stone 
Ministry of Agriculture, Jamaica. 

SUMMAST 

Until recently Irish potato production in Jamaioa «as limited to areas of high elevation 
(range 1200 to 3000 ft. a.s.lJ. 

In these areas soocess of the crop depends mainly upon the incidence of favourable 
rainfall during the growing period and in the area of most extensive production (the Christiana 
area) the crop is normally grown March to June each year. Production on a smaller soale based 
on a growing period November to March is also normal in the Guys Hill and Darlist on areas. 

Variations in rainfall patterns from year to year have created problems for crop 
forecasting and marketing. Sxperimental plantings using overhead irrigation on Hevell Clay Loam 
(Soil type No. 67) at an elevation of 250 ft. a.s.l. have produced yields of 10 tons per aore from 
each of the Dutch varieties "Spunta" and "Arka" planted in early December and reaped in early 
March. 
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I tcmniL ΙΈ οαιι»»βιη TTTftΓ 

L.A. Hlson 

The University of the Vest Indios, Department of BLologloal Solanoes. 

St. Augustine, Trinidad, V.l. 

INTSODÏÏCTIOH 

Tropioal root οrope, including sweet potato, yams, edible aroids and cassava are fairly 
extensively oultivaved In the Caribbean for domestic consumption and small quantities are 
exported to U.K. and U*S· markets. The demand for tropical tubers for processed htuian foods 
(e.g. instant yea flakes) and for livestook feeds, as veil as for staroh for Industrial 
utilisation (e«g· in bauxite, textile and adhesive industries) is likely to inoreaee rapidly in 
the next deoade· However, root crop cultivation in the Caribbean Is characterised by unestab-
lished systems of production, with high labour inputs, whioh result in low and inconsistent 
yields and seasonal availability of tubers. In addition, uncertain market required ente and 
poor marketing arrangements for fresh tubers often lead to wastage and low profitability to 
the fanner. As a result, the number of farmers engaged in root crop cultivation is steadily 
declining (Banklne, 1972). Moreover, the inherently poor storage capacity of tropical tubers 
limits the eoonoaio possibilities of the fresh tuber trade. 

In these oiroumstances, a more stable market based on processed end-produots would sea» 
to be necessary to ensure more effioient utilization of root crop tubers, in the expectation that 
such efficient utilization will not only stimulate root orop production, but also increase the 

profitability of root orop enterprises. However, the demands for raw material in prospective 
t 

processing industries far exoeed current root crop production levels. It is suggested, therefore, 
that systems designed to achieve massive increases in root orop production through increase both 
In the productivity and acreage of root crop cultivation are urgently required, if current deoline 
in the number of practising root orop farmers is to be reversed and root crop cultivation in the 
fiegion is to survive and expand. The major inputs to euch systems are 

(a) availability of superior cultivars with increased yield potential 
(b) established paokages of oultural practices for individual root orops. 

In this paper, existing levels of productivity in sweet potato and biological constraints 
to increasing then are disouseed, and sweet potato compared with other tropical root orops as 
Staple souroes of carbohydrate in the Caribbean. 

A COMPABATIVE ACCOUNT OF SVEET POTATO TUBES PRODUCTIVITY. 

Data (Table l) shows that sweet potato productivity in Japan (20 m.tons/ha) la from four 

(x4) to ten (xlO) times that of the level fer Caribbean farmers at 2 - 5 ••tons/ha. if considera-

tions of relative cropping periods, dally radiation and other olimaiie factors are Ignored· 
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Productivity OB the Texaco Fan in Trinidad (Haynes and Wholey, 1971) under EAAI-oomerclal conditions 
vas, however, much higher (x2.8 - x4.5) than that for ooeaeroial fans· lecord ex peridental yields 
(e.g. in Uganda), which more precisely reflect the yield potential of the species, are some 2.5 times 
higher than commercial yields in Japan. The highest yielding Caribbean cultiver so far studied (A28/7) 
gave an experimental yield of 35 a.tons/ha and single plants of this cultiver produced yields equivalent 
to 46 Β.tons/ha (Table l), but plant to plant yield variability precludes consistent achieve»ant of 
such yield perfonanoe either in experimental or commercial production. 

On the basis of calculations for more efficient light utilization, de Vries £t al (1967) 
predicted that the genetic potential for tuber yield in the sweet potato species is in the region 
of 140 m.tons/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 
increases in mean tuber weight and tuber number, respectively. Healization of the predicted genetic 
potential of the species (140 m.tons/ha) at the highest tuber nbmber recorded (ll) and at a spacing 
of 50 χ 105 plants/ha, necessitates a 1.4-fold increase in the highest recorded mean tuber weight in 
our experiments. 

Removal of the constraints to yield improvement in sweet potato requires an understanding of 
the inter-relationships between terminal components of yield, so that they may be manipulated to 
achieve increased yields. These constraints will be considered in tens of the existing gap between 
commercial and experimental yields as well as that between record single plant yields and experimental 
yields. Strategies for achieving the predicted yield potential of the species are excluded from this 
presentation. 

CONSTRAINTS TO YIELD IMPROVEMENT 

The three types of biological constraints to sweet potato yield improvement chosen for 
discussion are related to different aspects of yield determination. Thus, agronomic constraints 
are defined as those whioh preclude realization of experimental yields in coamercial production. 
Physiological constraints refer to those factors which limit the yield potential of experimental 
plots compared with that of single plants, and genetic constraints are the problems involved in 
first defining individual heritable characteristics 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 Constraints 

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 constraints in Caribbean sweet potato cultivation. Evidence for the existence of yield 
constraints in the following aspects of sweet potato cultivation is presented: 
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TABLE I· Comparison of comeroial experimental and predicted 
yields in sweet potato. 

Tield (m.tons/ha) Beference 

Comnertial 
Vest Indies (fanners) 2-5 Haakine (1972) 

(tJ.W.I.) 9-14 Haynes & Wholey (1971) 
Japan (oountry average) 20 TSUAO (1971) 

Expérimental 
West Indies (C.Y. A28/7) 35 Love 4 Vilson (1974) 

Single plant 46 Love Λ Vilson (1974) 
In coconut fibre dust 65 Vilson (1964) 

Congo 41 DeVries et al (1967) 
Uganda 50 T.P.I. (1973) 

Predicted Tield 140 de Tries et al (1967) 

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

Cultiver Tield 
m.tons/ha)* 

Tield 
(gm/plant) 

Mean tuber 
(wt .gm/plant) Tuber Mo. fisference 

049 9 180 67 2.7 1 
049 14 281 88 3.2 1 

049 22 454 142 3.2 2 
049 30 600 140 4.3 2 
C9/9 32 670 105 6.4 2 

A28/7 35 722 150 4.8 2 
A28/7 46 950 119 8.0 2 

(single plant) 

Predicted 140 (2850) (259) (11) 3a 
140 (2140) (195) (u) 3b 

* at a population of 50 χ 10 plants/ha. (approx.) 
1 calculated from Haynes 4 Wholey (1971) 
2 Lowe 4 Wilson (1974) 
3a based on calculated productions from de Vries et al (1967) 
3b calculated at spacing of 75 x 10* plants/ha. (approx.) 
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(1) Planting Material 
Variety 
Vina cutting· 

(2) Management of the soil/orcp/anvironaer 

Soil type and land preparation 
Fertiliser application 
Vater regime 
Spacing 

(?) Crop Protection 

Veed control 

Pest control. 

Planting Material 

Although several high yielding cultivars with a range of morphological and physiologioal 
characteristics likely to make them suitable to different niches in the Caribbean eoosystem have 
been selected at UVI (St. Augustine), local varieties still to a large extent form the basis of 
sveet potato cultivation e.g. Stack vine in St. Vincent and Nylon in Jamaioa. Thus, extensive 
trials are necessary to establish the best variety for a particular environment. Preliminary 
work (Haynes 1969; Baynes 1972) suggests that the following cultivars are suitable for speoific 
soil types in the listed territories: 

049 - Trinidad 
A26/7, T.25 - St. Vincent 
A26/7, 06/56/23 
Crioket Gill - Grenada 
A26/7 - Barbados. 

In St. Vincent, A26/7 gave yields which were 5855̂  that of the comeroial variety (Blaok vine). 
Data is not available for similar trials in Jamaica. It is significant to note that high 
performance cultivars produced in Trinidad (e.g. 049) do not always outyleld looal varieties in 
other regions. 

Godfrey-Sam-Aggrey (1974) demonstrated 41^ and 54$ increases in tuber yield with increasing 
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 yield. Longer cutting lengths resulted in reduced vine/tuber ratios. Twelve 
to fifteen in.(30-38 cm) cuttiugs are normally used for cultivation in the Caribbean. Although in 
these experiments (Table 3) the length of vine cutting buried in the soil at planting was kept 
oonstant at 5 cm.. Love and Vilson (1974) showed that from ΘΟ56 - 100$ of total yield was normally 
produoed on the first four subterranean nodes (Table 4), and that small unmarketable tubers 
produced at lower nodes (5·^) were responsible for considerable plant-to-plant variability in 
tuber yield. Conversely, occurence of plants with less than four subterranean nodes in normal 
cultivation led to reduction in yield. 

It is oo&eluded, therefore, that both the ohoice of variety and the length of stem cutting 
could be important agronomic constraints to sveet potato yield improveaent. 
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TABLE 3. Effect of length of vine catting on yield and vine/tuber 
ratio of tvo sveet potato varieties· 

Catting length (OB) Ileid (tons/ha) Tine (tuber/ratio) Catting length (OB) 

Hisels Made. Kissis Mad«· 

23 2.08 7.50 8.16 2.70 
31 2.74 7.63 6.29 2.73 
46 2.91» 9.79* 6.58* 2.11* 
61 3.21** 10.57** 6.99** 2.08*» 

After Godfrey-Sam-Aggrey (1974) 
* and ** indicate significantly different from 23 cm value. 

TABLE 4· Distribution of tuber yield on subterranean nodes 
of six sveet potato cultivars. 

node Ho. Tield Wplant) node Ho. 

049 A28/7 09/9 162 116/15 03/62 Mean 

Node 1 72 84 120 124 87 22 85 
Mode 2 218 62 176 97 105 37 116 
»ode 3 56 113 57 49 76 26 64 
Node 4 76 90 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 

f· total yield at Nodes 1-4 89 80 100 84 89 100 92 

After Love and Wilson (1974) 
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Soil True a^ ^frTt^f 

The important soil constraint to sveet potato tuber yield is the mechanical resistance to tuber 
expansion and growth effected by heavy clay soils· Yields are generally higher on lighter loams which 
in addition ensure an adequate oxygen supply, known to be critical for sweet potato tuberisation. 
Accordingly, low yields (ΐ·8 m.tons/ha) on the MLcoud Gritty clay in St. Lucia indicate the uneuitab-
ility of this soil type for sveet potato cultivation. Comparable experiments on the Bal am bouc he 
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 resistance to tuber growth is reduced 
to a i··»*»·»·!"» and maximal oxygen supply to the root system ensured (Vilson 1964). The physical soil 
constraint to sweet potato tuber yield is therefore quite considerable. However, the adverse effects 
of soil type may be to some extent overcome by adequate soil preparation, including deep ploughing, 
harrowing, rotavating and use of ridges at least 46 cm (18 in.) deep, separated by furrows for rapid 
drainage in the vet season. Thus, although similar experiments have not been conducted with sweet 
potato, ploughing, harrowing and rotavating air-dry soil gave a lOfi increase in Vhite Lisbon lam 
(Dioscorea alata) yields over that from soils which were only ploughed and harrowed (Ferguson ̂  Gumbo 
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 
soils. Generally, levels of N-application (36 kg/ha) and high levels of K-application (l80 kg/ha) 
give best yields (Haynes 1966). Cross (1964) and Baynes (1974) also obtained significant yield 
responses tc P-applications of 45 kg/ha. In these experiments, sveet potato yields were shown to 
be increased some 100^ by NPK fertilizer application. However, supra-optimal levels of N-application 
are known to reduce sweet potato yield at normal harvest dates by postponing the advent of tuber 
bulking (Haynes et al. 1967). There is also some evidence for differential responses to 
N-application by different sweet potato varieties. Thus, Tsunoda (1965) claimed that lov leaf area 
types were N-responsive but yield was reduced by nitrogen application in high leaf area types. 
Moreover, Haynes (1969) classified St. Augustine cultivars into N-responsive, N-depressing and 
N-indifferont types on the basis of yield responses to 80 lb. N/acre. 

Vater Belations 

Like all vegetatively propagated crops, sweet potato 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 Vilson 1974) is adversely affected and 
early tuber growth is suppressed by waterlogged conditions. Accordingly, tuber yields are often 
reduced in vet season cultivation (May-June) by the occurence of waterlogging during early growth, 
and irrigation is necessary for crop establishment and further growth, if high yields are to be 
obtained in dry season cultivation. Irrigated dry season crops are known to give higher yields than 
wet season crops. (Valter 1966) and Love (l97l) demonstrated a "31% increase in yield in an irrigated 
dry season crop compared with a wet season crop. 
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Spacing 

Given adequate «oil and land preparation, fertilizer application and water relations, a most 

important agronomie constraint to the achievement of war!aal yields is use of the optimal plant 

spacing for the variety cultivated. Such optimal spacing would optimise the use of radiant energy, 

fertilisers and "tuber space" in the soil. Thus, there is a wide range of vegetative habits to be 

found among sveet potato cultivars ranging from types with high leaf areas and long, trailing much-

branched stems, to short stemmed lov leaf area types with a "gathering" habit. Clearly, closer 

spacings will increase yields in the latter types. On the basis of spacing/fertilizer trials by 

Haynes (1968), the spacing recomnended for cv. 049 in Trinidad is 31cm (12") intervale along rows 

69cm (27") apart (i.e. a plant density of 50,000 plants per hectare or 20,000 plants per acre). 

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

Crop Protection 

Weed Control 

The weed constraints to the achievement of highest sweet potato yields is adequately 

demonstrated in experiments by Seeyave (1969). Applications of paraquat (0.6 kg/ha or 0.5 lbs/acre) 

to keep a sweet potato crop veed-free for the first three weeks of growth resulted in yields which 

were 93$ of weed-free controls. Dnweeded plots gave yields that were only 20$ of those of weed-free 

controls. The percentage increase in tuber yield obtained by maintaining veed-free conditions during 

the first 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 
(Ouen) in Trinidad and Buacepea in the rest of the Caribbean. Effective methods for the control 
of both of these pests have been established by Parasram (1968). Thus, for Euscepes control, a 
combination of the soil insecticide chlordane and foliage insecticide Lebacid increased yield 
some 45$ over untreated controls in a St. Tincent trial. The practice adopted for Megastea 
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 Halathion. Such treatment 
has been shown to result in up to 100$ increases in tuber yields over untreated controls. In 
seasons with severe Megastes infestation no marketable tubers are obtained from plots in which 
Megastes is uncontrolled. 

Becently, Braithwaite (1974) demonstrated that nematodes are also serious pests of sweet 
potato in Trinidad. Among six species found in association with sweet potato roots the fienifonn 
nematode Botylenohus reniformis was the most abundant. Application of DD soil fuaigant (a mixture 
of dichloropropene and dicbloropropane) at a rate of 72 lltres/ha resulted in a 92.6$ increase in 
yield over untreated controls. 

Evaluation 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 material, soil type as veil as pest and veed control are notably high. Although the 

interaction of agronomie practices for the production of optimal yields are clearly not expressed 
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by a simple additive equation« there is an interesting hut perhaps fortuitous coincidence of the 
approximately 1900$ increase in yield between the 1 m.ton/ha sometimes obtained xn Caribbean eweet 
potato cultivation (Ranldne 1972) and the 20 m.tons/ha reported for Japanese sveet potato yield. 

It is often stated 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 coat, and indeed both fertilizers and insecticides are regularly, though often improperly, 
used. 

bata (Heynes ft Thomas, 1967) also show that a considerable proportion of the total cost of 
a sweet potato crops-

Collection of cuttine-s 5.7$ 
Planting 22.8$ 
Vine turning 9.1$ 
Harvesting, collection and 
preparation of soil 24.3$ 

TOTAL 61.936 
is usually supplied as the manual labour input by the small fans er. It is difficult to believe 
that such a high percentage of the total cost of production will not benefit from capitalisation 
in the form of loans to the farmer for the remaining cultural practices necessary to remove 
critical agronomic constraints to sweet potato yield improvement. 

TABLE 5 : Evaluation of Tield Increases Due to Removal of Agronomic Constraints 
1 - for yams 
2 - estimated 

Agronomic Constraint $ Tield Increases 
Variety/Planting Material 

Variety 
Cutting 

Bo. Subterranean Kodes 

565 
585 
54 

(1972) (St. Vincent) 
Godfrey-Sam-Aggney (1974) 
(Sierra Leone) 
Love and Wilson (1974) 
Trinidad 

SUBTOTAL 

Management of Soil/Crop/Bnvi ronment 
Soil Type 
Land Preparation 
Fertilizer Application 
rfater Relations 
Spacing 

520 
101 

100 

37 

Baynes (1974) (St. Lucia) 
Ferguson à Gumbs (1974) 
Trinidad 
Cross (1974) (Trinidad) 
Lowe (1971) (Trinidad) 
Haynes (1968) (Trinidad; 

SUBTOTAL 

Crop Protection 
Pest Control 
ßuscepes Control 
Megastes Control 
Nematode Control 
Weed Control 

45 Parasram (1968) (St. Vincent) 
100 Parasram (1968) (Trinidad) 
93 Braithwaite (1974) (Trinidad) 
365 Seeyave (1968) (Trinidad) 

603 
GBODTOTAI. 1,859 
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Physiological Constraints 

Some causes, effects and implications 

a) Competition and Tield 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 community compared with 
that achieved by the individual plant. Such competition may limit the availability of the following 
growth requirements to each plant in the community: 

(1) Inorganic raw materiala for growth and development from 
(i) the aerial environment (e.g. carbon dioxide), and 
(ii) the soil environment (e.g. water, essential mineral nutrients, 

oxygen). 

(2) Radiant energy 
(3) Aerial 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 variation in tuber yield. This variability expresses the random capacity ox 
individual plants in the community to compete for growth requirements. The highest yielding 
cultiver, 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 oultivars 049 
and A28/7 had much lower yield variabilities over three crops than the low yielding oultivars 
AI6/15 and 03/62. 

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

Cultiver Total Tield Marketable Tield 

(gm/plant) ( C.V.*) (gVplant) (C.T.JS) 

049 508 36 444 44 
A28/7 598 46 417 68 

C9/9 493 47 282 97 
162 449 58 259 98 

AI6/15 422 40 139 134 
03/62 271 91 156 159 

C.V. i» - Coefficient of Variation 
After Lowe and Wilson (1974) 
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Mean tuber wt. (gm F.wt./plant) 

2 0 0 4 0 0 6 0 0 

Tuber No./plant 

FIG. 3. Regressions of tuber yield on tuber no. and meen 
tuber wt. in two sweet potato cultivars. 
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b) Tield Component Compensât ion 

Since the terminal components of yield in sveet potato are· the mean veight and numbers of 
tubers per plant, then physiological constraints can be expected to influence yield through effects 
on these components. But yield components develop sequentially : tuber initiation, which determines 
tuber number, occurs before tuber growth which determines final tuber size and weight (Vilsen and 
Lowe, 1973)· However, such sequential development leads both to the interdependence and integration 
of yield components in the determination of final yield. Accordingly the sequential, interdependent 
and integrated development of yield components result in the phenomenon of yield component compensa-
tion, whereby increase 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 degrees of intensity in 
the same six sveet potato cultivars (Lowe and Vilson, 1974), as is shown by negative regression 
coefficients betveen mean tuber weights and tuber number (Fig. l). Tield oomponent compensation 
was highest in the high yielding cultiver 049, where increase in tuber number by one reduced mean 
tuber weight by 40 g. (approx·)· However, cv A28/7 with the highest total yield showed the lowest 
yield component compensation. 

Tield component compensation illustrates the developmental plasticity inherent in developing 
plant organs vhich 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 total yield was recorded in cv. A28/7, marketable yield of cv. 049 
was superior, suggesting that strongest yield 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 coamunity, there is evidence that the ratios of mean tuber weights to tuber numbers of the 
six cultivars, were cultivar characteristics. Thus, a significant negative regression of mean tuber 
veight on tuber number vas demonstrated for the mean values of these components for five of the six 
oultivars over three crops (Fig. 2). 

Data (Fig· 2) also suggested that cultivars with higher ratios of mean tuber veight or tuber 
number e.g. 049, 128/7 were higher yielders, and that yield component compensation also operated at 
the genetic level as has been found by Edwards and Cooper (l96l) for leaf sise and leaf number in 
Lolium. 
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c) Belationship between yield components and yield 

Sweet potato yield potential could only be increased by increasing either or both the 
terminal components of yield, tuber number and aean tuber weights, in such a way as to optimize 
the relationship between these components consistent with highest total yields (Orafius 1956). 
However, the strategy for yisld increase depends on the relationship between either component and 
yield. Thus, data (figs· 3, 4) show that the six sweet potato oultivars 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 vhioh both 
components were significantly correlated with yield. 

B. Tuber weight types (i.e. C9/9 162, AI6/15) in which tuber weight 
was significantly oorrelated with yield. 

C. A random type (i.e. 049) in which neither component was 
significantly correlated with yield. 

These results are interpreted to mean that there may be gene tic lines within the sweet 
potato species where yield may be increased by (a) increases in both tuber number and 
tuber weight or in (b) tuber weight alone. 
In addition, there may be a third line (e.g. cv 049) in whloh yield component oompeneatlon 
at the genetic level is so strong as to preolude yield improvement. 

The relationship between yield components and yield also explains the expression of plant 
competition in yield variability referred to earlier. Thus, data (Table 7) shows that the 
x.stence of significant positive regressions of total yield on tuber number in ovs A28/7 and 
o-i/u accounted for 16-26$ of the yield variabilities of tneae oultivars. Alternatively, where 

significant positive regressions of yield on mean tuber weight in C9/9, 162, A28/7, 
OV62 aad A16/15, 16-45$ of yield variabilities were asorlbable to these regressions. 
Moreover, regressions of yield on mean tuber weight and tuber number accounted for more tban 
60$ of yield variability in cv A28/7, whereas the low yield variability of 049 may be due to the 
absence of significant regressions of total yield on either component, in this oultivar. 
Therefore, variability which is an expression of plant competition, can be either intensified or 
ameliorated by the relationship of yield oomponents to total yield. 

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

& Total vi«ld variability 
C9/9 162 128/7 03/62 1X6/15 049 Crop Mean 

Mean Tuber Weight 
Dry season crop 22 44 22 21 a. a n.e 18 
Wet season crop 48 33 33 32 31 n.s 30 
Cultiver Mean 35 39 28 27 16 n.s 24 

Tuber Hujnber 
Dry season crop n.s o. a 23 32 n.s n.« a. a 
Wet season crop n.a n.e 29 n.e n.e a.· a. a 
Cultiver Mean n.s n.s 26 16 n.s n.a a. a 
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Metabolic consequences of physiological constraints 

Physiological constraints resulting fro· liaitatione in external growth requirements in the 
plant community result in metabolic deficits which restrict the growth and development of 
individual plants in the crop community. These deficits include (i) soluble carbohydrates, 
(ii) amino acids, and (iii) plant grovth subatances. But a clear distinction must be made 
between the effects of these deficits on growth, develojnent and final yield. Thus, soluble 
carbohydrates and amino acids are the organic substrates for growth, developsent 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 availability of organic substrates· Such restricted 
capacity for yield potential 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 to show that metabolic limitations resulting from physiological yield 
constraints in sweet potato differ in different cultivars. In some cultivera the limitation 
is in organic substrates (e.g. soluble carbohydrates resulting from photosynthesis), whilst 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 species effected by cross 
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 constraint. 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 cultivars. 

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 8) and emphasized the following points: 

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/lOO g). 

2. 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 105 Cal/ha/day) is only slightly lower than that for tropical 
grain crops (44.5 x 103 Cal/ha/day). 

3. The crop efficiency of sweet potato - 48 ζ 10̂  Cal/ha/day - was second only to 
maize at 56 x lCr 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 10"* Cal/ha/day) was 
some 43/0 higher than that for tropical grains at 150 χ 10^ Cal/ha/day. Also, sweet potato crop 
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efficiency (ΧΘΟ ζ ΙΟ5 Cal/ha/day) was only 10$ less than maize (200 ζ 1θ' Cal/ha/day) lut cassava 

efficiency (250 ζ 105 Cal/ha/day) was some 40JÉ higher than that for sweet potato. 

Deepdt· the high crop efficiency of cassava, however, sweet potato offers advantages of 

(a)a shorter crop, leading to aore efficient land utilization, (b) better distribution of 

tubers in the soil this allowing for mechanical harvesting 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 Ô. Average world production of a number of tropical food crops. 

Crop Tons/ha Cal./lOOg M i tie Cal ./ha 
portion χ 106 

Peil od of Cal./̂  
growth χ 105 

a.day) 

(1) (2) (3) (4) (5) (6) 
Bice 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 
Yam 8.0 104 85 7.1 280 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) Bate 
n o 3 of 

breeding 

(1) (2) (3) (4) 
Rice 16.4 26.0 176 * * * 

Wheat 3.9 11.7 110 * 

Maize 5.5 20.0 200 * * 

Cassava 77.0 71.1 250 * * 

Sweet potato 

Banana 
41.0 

39.0 

65.2 

39.0 

180 

80 

* 

(From De Vries et al 1967) 

C O N C L U S I O N S 

It is concluded that sweet potato yields can be increased in the Caribbean by removing 
agronomic constraints to yield improvement. Further, current understanding of the physiological 
and genetic constraints to yield improvement could lead to the future development 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 ££ ROOT CROPS IN JAMAICA 

A. G. Naylor 

Chief Plant Protection Officer 
Ministry of Agriculture 

Kingston, Jamaica 

DISEASES OF YAMS (DIOSCOREA spp.) 

Yarns 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 Jamaica. Loss 
in storage is also high. 

Nematodes which are mostly carried on the planting materials 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:-
Anthracnose which is caused by a species of Colletotrichum fungus produces 

black necrotic areas on leaves and vines. The tips of affected vines usually die beck 
and growth may be greatly restricted. The disease is often severe on white yams and to 
a less extent on other varieties especially 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& lb/acre or Benlate 1 lb/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 than the yellow (£. cavenengip) or negro (D. rotundata) varieties and 
the former should be avoided in wet areas. 

Blflçk rot is caused by a fungus Rosellinla sp. which 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 radiating 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 material 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. 

Leaf BDotB caused by species of Cercospora fungus are quite co»nmon but are not 
generally serious. Yams maturing at higher elevantions sometimes become severely spotted 
and the 1 eaves die prematurely. Some varieties are more susceptible than others and 
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these should be avoided in wet areas or at high elevations· This condition is not 
much of a problem if it occurs on plants nearing maturity but young plants should be 
treated with fungicides as recommended for anthracnose, if the disease is observed 
on them* 

Viruee8 - Yarns, in particular yampiee (cueh-cuah), Dloacorea triflda. are 
often affected by viruses which produce mottled and distorted leaves. Infection, 
however, does not appear to reduce plant growth severely. As no work has been done 
on this problem in Jamaica the amount of lose 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 
fields. 

DISEASES OF SWEET POTATOES 

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

Symptoms of virus diseases are sometimes seen on sweet potato plants. Affected 
leaves are mottled with yellow white and green colours and are crinkled and deformed. 
Ho 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 Rhizoous stolonlfey. 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 O.v̂ gQ formicarius. 

IBI3H POTATOES 
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 damp conditions 
or when replanted in same field for successive years. Some of the principal diseases 
of the crop are as follows:-

Late blight 
The fungus Phvtophthora infestans causes this condition which can destroy 

a field in one week. The disease first appears on the leaves as watersoaked areas that 
quickly develop into irregular brown shrivelled patches, usually at the edgee. In wet 
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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 lb/acre. Application of the fungicides with low volume mist 
sprayers is usually more effective than with high volume equipment. Care must be taken 
to protect the lower surface off leaves. If the weather is wet, spraying may have to be done 
twice a week starting as soon as the plants germinate. 

bUffht 
This disease is caused by a fungus (Alternaria solani) which produces small 

brown spots on affected leaves and stems. These spots enlarge to form circular 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 planted in areas subject 
to thie condition. The same spray treatments recommended for the control of late 
blight will also control early blight. 

Fusarium wilt and Stem end Rot 
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 are 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 
discolouration about i 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 diseases. 

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

organism lives on decaying plant materials and under dry conditions can attack potato 
tubers producing a "callous" or rough growth on the skin. Scab in superficial and affected 
tubers are safe for eating although they look unsightly and may crack and spoil easily. 

Where Streptomycea sc^b^es is present the disease is rarely serious in acid 
soils but can be severe under neutral or alkaline soil conditions. Affected tubers should 
not be used for planting and soils heavily infested with the causal agent should not be 
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ueed for potato growing for two or more years· Some varieties are much more resistant 
than others 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» 

Bjlaç* Rqî 
A soil-borne fungus - Rosellinia 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 yams· Tubers from affected fields shpwld never 
be used for planting. 

As 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 Southern wilt 
Southern wilt is caused by the fungus Sclerotium rolfsii which attacks potato 

plants at ground level causing a sudden wilt. The white fan-like mycelium and seed-like 
sclerotia can be seen on the soil around 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. 

Virus Diseases 
Several viruses e.g. potato virus X, potato virus Y, leaf roll virus, mosaic 

and otht;r 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. 

Rqçt Knqt Nematodes 
Potato tubers are sometimes affected by eelworms, Meloldog.vne SP.. which 

produce 'water bumps' or galls on affected tubers. Soils known to be heavily infested 
with these nematodes should be treated with a nematicide before planting. Cultivating 
the soil a couple of times and leaving it exposed to the sun for several weeks 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 avoided. 



CASSAVA 

Leaf Spots 
Cassava leaves In Jamaica are often affected by two leaf spot diseases. Large 

brown 8pots, up to half an inch in diameter, caused by the fungus Cercospora J&ejyiißaÜ, 
are quite common. Smaller angular spots with a light brown centre and derk-brown 
margin, due to Cercocpora carlbaea. may also be found. Neither occurs extensively except 
on caeeava which is grown under adverse conditions. Improving the growth of effected 
plants by good cultural practices and application of fertilizer will help to control these 
leaf spots· If eevere, the disease can be controlled by spraying with a dithiocarbamate 
fungicide, copper- or Benlate. 

Black Rot 
Black rot disease is caused by the same kind of Roselllnia fungus that produces 

this condition on yams and potatoes. It is difficult to control. Fortunately it is 
rarely observed in Jamaica. 

Leaf Mottling 

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

In dry weather, cassva 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. With 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. 

DASHEENS AND COCOS (Colocasia and Xanthosoma. spp.) 

This group of aroids does not suffer severely from diseases in Jamaica. 
Occasionally plants can be seen with RoeelllrJ a black rot damage. Dry jot caused by 
a fungus Vasculomyçes sp. sometimes occurs and leaf spotting may be seen, but these appear 
to do little damage to affected plants. Leaf chlorosis, mottling and what appears to be 
deficiency symptoms are sometimes observed but their exact cause and methods for their 
control have not been ascertained. 

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

Nematodes (Hellcotvlenchus. Melolflog.vne and Pratvlenchus spp.) have also been 
isolated from the roots of cocos and dasheene. Growth of plants was markedly better 
in a section of a field treated with DD nematicide than in an untreated section. 
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EFFECTS OP CT KING OS STORAGE OP TAMS 
B.O. Been, A.K. Thompson and C. Perkins 

Ministry of Industry, Commerce and Tourism 
Storage and Infestation Division 

20 Hope, Road, Kingston 10 
Jamaica, Vest Indies. 

INTRODUCTION 

Exposure of certain tubers to high temperature and humidity has long heen known to bring 
about rapid wound healing by encouraging suberlzation and wound periderm formation (Appel, 1906; 
Artsvager 1927 and Artswager and Starrett 1931). It is now standard cosmereial 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 Dioscorea alata L. there is little information 
on the effects of curing yams prior to storage. 

Farmers in Jamaica successfully store D.t alata tubers under ambient conditions for up to 
ten months after placing than in direct sunlight for three days to two weeks. Cut surfaces are 
usually brushed with lime or crushed broad bean (Viola faba) leaves immediately after harvest. 
In Vest Africa, exposure of yams to direct sunlight is considered to have a detrimental effect 
on storage (Coursey and Nwankwo, 1968). In Jamaioa few attaapts are made at long tens storage 
of any species other than D. alata. 

Tarns are probably the major staple food grown in Jamaica and export of D. .qoftunnlatfl ffojlr 
and D. cavenensis Lam, tubers to North American markets has been increasing. Both species, 
especially the latter, are characterized by high wastage on arrival at export markets (Burton,1970) 
and even in local markets. In addition both sipecies are available in certain seasons 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. rotundata and D. cayengnsj,̂  

MATERIALS ̂ WP METHODS 

Tubers of D. rotundata and two varieties of D. cavenensis - Ibundleaf and Bottleneck - were 
used. All experimental material was harvested and transported in the traditional manner. Except 
in one experiment (Expt C, Table I) all tubers were selected, washed, air-dried, out 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 one 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 scale of 0 to 5, where 0 » absence of mould and 5 = complete 
coverage. Necrosis was assessed at the end of eaoh experiment after cutting each tuber in two 
longitudinally. Anatomical studies were done on fresh and preserved material. 
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RESULTS 

The results obtained from the five experiments considered here were typical of those 
obtained from a large number of experiments carried out over a three-year period. 

Anatomy 

The anatomy of the D. cavenensis tubers is similar to that of D. rotundata described by 
Ayensu (1970), Wound healing vas normal in most ways and suberization always preceded wound 
periderm foimation. 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 outside only and these became suberized and formed the wound periderm. 

The rapidity with which wound healing took place depended on humidity and temperature. 
When humidity was low, less than about 70$ relative humidity, suberization and wound periderm 
foimation 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 and the cambium superficial. 

Weight loss 

Bottleneck tubers cured at high temperature and humidity, above 35°C and 90$ relative 
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. Β (Table i). Curing for more than two days at 36 °C 
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. cavenensis 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 humidity was low signifi-
cantly reduced weight loss during storage at ambient, Table 2, Expt Ξ. 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. cavenensis. 
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 100̂ 5 relative humidity they were free from surface mould growth during storage at ambient 
lut not at 13°C (Tables I and 2). Superficial moulds grew on 47$ of the unselected, untrimmed 
Bottleneck tubers cured at 36°C to 38°C and 75 to 87$ relative humidity and stored at ambient 
(Table I, Expt C) and on 100$ of those stored at 13°C. In the same experiment all t >rs cured at 
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ambient had surface mould. Most moulds vhioh grev on tubers cured at high temperature and 
humidity vere saprophytic and generally dried up after tvo or three veeks storage. Those vhioh 
grev on tubers cured at ambient, mostly Penioilliua and Aspergillus, vere associated vith necrosis. 
Tubers of D. rotundata and toundleaf cured at ambient also had superficial mould grovth during 
curing and storage. 

Necrosis 

Bottleneck tubers cured at high temperature and humidity (Table i) consistently had signifi-
cantly less necrotic tissue than those cured under sablent conditions. The effects of curing vere 
not as pronounced on Boundleaf (Table I, Expt A). Curing at high temperatures 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 veeks storage, a number of small protuberances, 

associated with root development, vere evident on the tubers and these became larger as storage 
progressed. Storage at 13°C suppressed sprouting regardless of curing conditions. 

DISCUSSION 

Yams (Pioscorea spp.) vere cured at different temperatures and humidities and stored 
under conditions comparable to those in cellars and sheds vhere local farmers store their crops, 
at 13°C. 

Suberization and vound periderm formation, normal in most vays, vere 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 veight loss and 
rotting, usually prevented grovth of moulds and extended storage of Yellov Tarns (P. cavenensis Lqg.) 
from one week to six veeks. The traditional method of sun drying prior to storage vas found to 
have beneficial effects. 

Consumers shoved a preference for cured tubers. 

Because of harvesting difficulties, careless handling and the practice of saving a portion 
of the tuber for planting, fev damage-froe yams enter commerce. The cut surface of a tuber offers 
a very suitable medium for grovth of micro-organisms and decay foïlove rapidly if changes in cell 
vails beneath do not take place to form a barrier to impede the progress of pathogens. A temporal? 
yet effective barrier is secured through suberization of peripheral cells, but vound periderm is 
more permanent and offers a more effective protection against entry of pathogens (Weimer and Harter, 
1921; Lauritzen and Harter, 1929 and Priestley and Svingle, 1929)· 

The reduced veight losses, small amounts of necrosis and reduction of mould grovth after 
tubers had been exposed to high temperature and humidity for as little as one day, vere probably 
a consequence of rapid vound healing. Because of delayed vound healing under ambient conditions 
pathogens vere able to penetrate the tubers vith resulting increased rotting and veight loss and 
shortened storage· 
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The good results obtained «hen tubers vere exposed to direct sunlight prior to storage 

suggest that drying out of injured cells, like in sveet potato (Weiser and Harter, 1921), may exert 

some retarding or inhibiting action against organisas. 

The increase in rate of veight loss of D. cayenensis tubers after 50 days storage at 

ambient appeared to be associated with sprouting. This vas supported by the tendency of the rates 

of veight loss of cured and uncured tubers to convergo during storage since curing hastened 

sprouting. Weight loss of cured n< rPftlBflatn v a s & 1 8 0 Partly associated with sprouting. For 

tubers that sprouted an increase in the rate of veight loss was associated with time of sprouting 

whereas this increase vas absent when tubers did not sprout. 

The presence of superficial mould on tubers stored at 13°C suggested either incomplete 

curing or lov temperature injury. 

Over 80$ of the D. cavenensis grown in Jamaica is of the Bottleneck variety vhich has a 
storage life of generally less than a week and cannot be exported by air. We have found that 
properly cured bottleneck tubers can be successfully marketed locally even after six weeks storage 
at ambient conditions. Tubers stored for periods longer than this are normally unattractive becaus< 
of protrusions aseooiated with sprouting and shrivelling due to increased weight loss. 

Tubers not sold 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 
p. cayenensis by sea. 
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TABLE 1 · Kffeots of curing on certain storage parameters of D· cayenensls tubers. 

Cultiver °c Curiae 
m») daye °C Storage 

SHM days 
Afresh 
weight loss 

# tubers 
with mould * ! necrosis 

Szpt A Boundleaf 35-40 95-100 1 25-34 64-92 105 18.8C OC 15B 

Bottleneok • • • » 30.3B OC 22B 

Boundleaf 25-34 64-92 » 22.4BC 36B 21B 

Bottleneck • 44.5A 78A 55A 

Expt Β Bottleneck 36 95-100 1 21-31 55-77 98 20.6B OB 1.6BC 
» 2 18.7B OB 2.5B 
» - 3 » 18.7B OB 1.8E 

» 4 • » » 18.1B OB 1.2C 

23-31 55-77 35.1A 80Λ 5.1A 

Expt C Bottleneck 3S-38 75-87 2 19-21 65-83 30 14.7 46.7B 2.9- 1.0C 
» • 13-14 - 13.2 100.0A 3.7- 0.6C 

19-21 81-83 » 19-21 65-«3 16.4 100 .OA 40.0- 4.3A 

13-14 - - 100 .OA 20.4- 3.3B 

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. 

°C Curing 
days °C Storage 

days 
Afresh 
weight loss 

fungal 
score 

% 
necrosis 

Erpt Β 36-40 96-100 1 13 95-100 106 18.1B 2.2 7B 
21-31 52-68 » 29.7A 0.0 2B 

24-31 56-68 « 13 95-100 » 32.1A 2.6 64A 
24-31 52-68 30.4A 0.0 17B 

Eipt £ Direct sunlight 7 29-33 90-94 60 22.5B 0.9B 7B 
38-42 95-100 • - 20. 9B O.OC 6B 
29-33 90-93 » - » » 36.1A 1.3A 21A 
24-29 58-71 35.5A 1.0B 27A 

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 bulk of our carbohydrate foods,, nevertheless root-crops play an important role. Of the 
root-crops, white potato (Solanum tuberosum) records the greatest production (301 million metric 
tons per annum 1970) with cassava (Manihot esculenta) following (88.2 million metric tons); all 
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 nutritional 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 imports for 1972 for the CARIFTA region were 
$139.3M (E.G.) of which $44.5M was intra-regional, while $94.8M was extra-regional (Sammy, 1974). 
Within reasonable 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 development 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 

by: 

1) limited ways of preparation 

2) method of marketing and merchandizing 

3) uncertainty about product quality? and 

4) high wastage in preparation 

It would seem to us that the way to remove these limitations would be by the development of 

processed product s. A study of the resources spent on root-crops development will show that the 

greatest expenditure is on Agronomy, with very little on processing and utilization. This is 

clearly indicated by a study of the proceedings of the First and Second International toot-Crops 

symposia and the programme of the Third. 
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The Tiret Symposium identified the importance of processing and utilization through a 
Study Group* At the Second Symposium two papers on processing vere 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 development in process-
ing and utilization. A greater proportion of the resources expended on root-crop research must 
therefore be channeled into processing and utilization. 

Besearch on the processing of tropical root-crop was started at the University of the West 
Indies, Trinidad, in 1969 through participation in the Boot-crop Programme of the Faculty of 
Agriculture. The Root̂ srop Programme at this time was financed through a grant from the ftïokefeller 
Foundation. At present the Programme is financed through the International Development fiesearch 
Centre (IDBC). äeph&sis is placed on the root-crops - sweet potato (inomaea batatas) and yams 
(Dioscorea spp.), but some preliminary work is being done with breadfruit (Artocarrus oassmiâ)· 

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 done in the following areas; preparation of 
"composite flours" for bread and baked goods, canning, instant products (pre-cooked drum-dried) 
and breakfast foods. 

COMPOSITE FLOUBS 

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 vere conducted using a composite flour containing sweet potato flour. One 
study was of two cultivars (04-9 and C9) grovn in Trinidad and Tobago, for baking potential. 
(This work vas 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 
as 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 improveu ιne baking properties. Addition of five per cent fish protein 
concentrate or cotton seed flour had little or no effeot on the baking properties. 
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The latter study shoved that bread-oaklng potential varies with different cultivars. 

There seemed to be a direct relationship betveen crude protein content and the baking potential. 

Tables 3 and 4 give summarised results. Farther to the laboratory studies, one hundred pound 

batohes of oomposite flour Bade up of 15 per cent sveet-pot ate flour and 85 per cent wheat fJour 

were given to two local bakeries for baking trials. Bread of the pan-loaf and txxtter-bread types 

were readily produced, and proved to be highly acceptable by a consumer acceptance test. However, 

the preparation of "hops" which is a crusty loaf, proved difficult at a 15 per cent dilution. 

Addition of 0.5 per cent "Qnplex" (a Patco Product of sodium and calcium Stearoyl - 2 Lactylate), 

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 vork on composite flour with yam flour and breadfruit flour has not yet been published. 

Experimental results have shown that yam composite flour produces a fully acceptable loaf at a 

dilution of up to 25 per cent. The quality and storage life is better, for a loaf made with 

25 per ce«t dilution as compared with a 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 results. 

CANNING 

Studies have been carried out on the canning of sweet-potato (049) and yam (Lisbon, 

coconut and oriental - D. alata). Portuguese (D. rotundata). cush cush (_D. trifida) and Chinese 

(D. esculenta) in brine. They were canned as and \ inch cubes (diced) and as chunks. Further, 

sweet 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 filling, and the addition of 0.1 to 0.5 per cent calcium 
chloride give little improvement. The canning of small (2.4-4.0 cm dia.) whole unpeeled 
sweet-potato in brine gave a good product with little or no starch leaching. The canning liquor 
remained relatively clear after six months of storage. The skin of the potato posed no problem 
as 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 (Solanum tuberosum). A brief description of the process is as follows: the 

tubers or roots are cooked, mashed into a paste fend 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 vas an indication of large number of raptured starch cells. This 

vas solved somewhat by passing the cooked yam pieces first through a meat mincer and then mixing 
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to the required consistency using a "P beater (Hobart). This reduced the amount of free starch 
from broken 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 vas added. Vith these modifications an acceptable 
product vas produced. There was same difficulty vith discoloration of the final product. It is 
known that the stem-end of cooked yam becomes discoloured, varying from light reddish brown to 
brown, while the rose-end remains white to off-white. However, this problem was overcome by 
judicious blending of stem and rose ends to give an acceptable off-»bite product· 

Experimental results have shown that pre-cooked yam flakes may be produced vith equal 
facility from a variety of yams such as lisbon, coconut, and oriental (D. alata): protuguese 
(l). rotundata) cush cush (D. trifida) and Chinese (i). esculent a)· The flakes produced from the 
Chinese yam had poor texture on reconstitution, and developed a bitter taste after two veeks of 
storage. The flakes prepared from the other varieties vere all acceptable. 

It is gratifying to report that from this work a semi-commercial size pilot plant was 
set up in Barbados to test market "instant yam" made from D. alata. 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. Intensive research is continuing in order to work out the various 
parameters affecting the final product. The results obtained thus far are encouraging. 

Β BR ATI? A ST FOOT) 

Because of the North American influence in the Vest Indies imported convenience breakfast 
foods are well established among the upper and middle class of our society, and are fast filtering 
down to the lower level. Host breakfast foods have a carbohydrate base. There is therefore no 
reason why convenience breakfast 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 to replace those imported. 
Experiments are being carried out on two types of products, the fl&2:o 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 protein contont. Table 7 gives a summary of the formulations and process conditions. 

Future re&earch on the processing potention of root-crops will expand on the breakfast 
foods to include puffed products and milled products. Ugh protein pre-weaning mixes for children 
using locally produced legumea and root-cropa as the carbohydrate base are also being considered. 
Other root-crops to be included would be dasheen, eddoes, tannia, (aroids). 
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TABLE 6. Bf feet on TMOrlng Properties of Composite Flour (Breadfruit and Wheat Flour) 
with different Proportions of Breadfruit (Home Baking). 

Breadfruit PI our 0 5 10 15 20 

Loaf Voluse: 
ml/g bread 3.3 3.3 3.1 3.0 2.5 
ml/kg floor 5865 5850 5540 5128 4385 
Shape: 
Colour: 
crust light brown light brown light brown light brown light brown 

cxvmb white white off-white off-white off-white 

Texture: 
cruat saooth smooth smooth slightly rough rough (cracks) 

crumb good(ev*n cells) good(celle even) very fair 
(cells uneven) 

fair(cells 
uneven) 

poor 

Taate: good good slight off-
flavour 

off-flavour off-flavour 

TABLE 7. Formulation for Flake type breakfast food? using sweet-potato flour as the baa-

Szneiiment Ho: 11 12 13 15 16 IB 19 

Ingredients « dry weight) 
Sweet-potato flour 94 82 13 50 50 50 50 
Rice flour - - - 44 34 22 12 
Wheat flour (.white) - - - - - 20 35 
Com (maize) flour - 12 - - 10 - 5 
Skim mille powder 4 4 4 4 4 - -

Salt 2 2 2 2 2 3 3 
3oya flour {whole) - - 12 - - - -

Vater (ess) 40 40 40 40 40 40 40 

Processing Conditions ftmp·» 
$ Dough moisture 32-41$ 
$ Moisture after drying 13-16$ 
toller spacing for pressing flakes 

(oold) (inches) 0.003 
Toasting temperature °C 210 
Toasting time (See) 105-120 
Moisture oontent of finished product ($) 2-4 
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TABLE 4. Properties of Sweet-Potato Tuber· and floor aade fro· the·· 

Tuber Colour Moisture 
flour 
Bulk-

Crude 
Protei! 

Total 
Sugar 

BedoeiDj 
Sogar h t r i m Ash 

Cultivar Shape S]d.n Flesh Tuber Flour Density 
g/sl 

* · 
X» X* Χ· Χ · X · 

113/56/11 Bulboua yellow light orange 68 2.7 0.472 4.1 9.5 3.0 Ï.56 3.72 1.40 

02/62 Cylindrical reddish white 70 3.1 0.506 4.1 7.9 2.4 >.16 2.47 1.46 

08/589 Buiboue •bite white 71 3.2 0.618 3.8 8.2 1.0 3.60 1.46 2.07 

C9/9 Cylindrical white white 65 2.8 0.494 3.8 6.1 1.2 3.27 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 

Auatin Canner Bui tous yellow orange 69 3.4 0.508 3.6 8.2 1.5 0.81 3.41 2.19 

B13/56/11 Bulboua 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 72 2.1 0.498 3.3 10.4 1.3 0.39 1.66 2.15 

049 Bulbous reddish white 70 3.9 0.486 3.0 6.3 3.2 0.41 1.82 1.71 

28/59 Bulbous reddish white 68 2.2 0.564 3.0 6.9 1.4 0.46 1.04 1.29 

A7/63/22 Bui tous dark red pale Tel. 69 2.3 0.548 2.9 7.9 3.0 0.17 1.64 1.94 

Al 6/15 Bulbous orange orange 66 3.2 0.466 2.6 4.7 2.7 0.54 2.32 1.70 
I 62 Cylindrical reddish white 70 2.3 0.596 2.6 6.5 3.0 0.31 2.26 1.04 
03/62 Bultoua 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 1.95 
C9 Cylindrical white white 68 3.2 0.494 2.8 7.1 0.7 0.62 1.62 1.74 
A 28/7 Bui tous reddish white 66 2.6 0.504 2.6 4.5 1.0 0.53 2.62 1.1 

* On dry rt basis 

TABLE 5. Effect on Baking Properties of Compoeite flour with Different 
Proportion Tam Flour (Baked under 'Home Condition') 

Percentage of Tam Flour in Compoeite Flour of Tam & Wheat Flour 

0 5 10 15 20 25 30 

Loaf volume: 
ml/g 3.3 3.4 3.5 3.6 3.5 3.3 3.1 
ml/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 brown light brown light brown light brown 
crumb white white white white white white off-white 

Texture: 
cruet smooth smooth smooth smooth smooth slightly rough rough (few cracks) 
crumb good(cells good(cells good(cells good(celle good(celle very fair fair(cells uneven) 

even) even) even) even) even (celle uneven) 

Taste: good good good good good good good 
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ÏABLB 3. Comparative Study of Flour Had· Fro· Différent Sweet-Potato Cultiva» for Breadnaaklag 
loaf Properties of Bread from • Composite Flour" «Ith 15 per cent 3weet-Potato Flour 

and 85 per cent Vtaeat Flour. 

Volume Shape of Colour Textur » Taste 
Coltlvar ml/kg 

Flour 
•l/ke 
Bread 

Loaf Cruet Crumb Crust Crumb 

Wheat flour 5830 3.3 formal Brown White aaooth (Even cells) Good 

A 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(oells even) good 

08/58/9 6160 3.5 normal brown white eaooth very good(celle 
even) 

good 

C9/9 6160 3.5 normal brown off-white smooth good (cells even) good 

02/59 5940 3.4 normal brown off-white smooth coarse(uneven cells) good 

Auatin Canner 5940 3.4 normal dart brown light yellow snooth good(oelle even) good 
Β 13/56/11 5885 3.3 normal golden brown golden yellow smooth coarse slightly 

sweetish 
Cent an ni al 5830 3.3 normal dark brown golden yellow smooth ooarse(large uneven 

cells) 
slight off 
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(small cells, 
dense) 

slight off 
flavour 

A 7/63/22 5530 3.1 normal brown buff smooth coarse(few large cells 1 good 

À 16/15 5520 3.1 normal brown golden yellow smooth coarse(few large 
cells) 

good slight 
off flavour 

I 62 5500 3,1 normal brown off-white smooth fair(small cells 
dense) good 

03/62 5060 3.0 no mal brown greyiah rough fair(small cello 
dense) off-flavour 

Sunny side 5060 3.0 slightly 
fallen 

brown light yellow slightly 
rough 

coarse (soggy) off-flavour 
(poor mouth 
feel) 

C9 4290 2.4 fallen brown light grey rough 
(many 
oraoks) 

coarse(uneven cells) off-flavour 

À 28/7 3960 2.3 fallen light brown off-white rough 
(many 
cracksJ 

ooarse(uneven cells) off-flavour rough 
(many 
cracksJ 
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TABU 1· Bffect of ÄLfferent Proportions of Sweet-potato and Wheat Fleur on 
Characteristics of loaves Baked under "Controlled Conditions". 

Cultivar 

"049 • »C9· 
Sweet Potato Flour $ 0 5 10 15 20 25 5 10 15 
Loaf Volume : 
ml/g bread 4.6 4.2 4.3 4.3 3.7 2.8 4.0 3.8 2.7 
ml/kg flour 7429 7214 7286 7357 6333 5000 7000 6426 4571 
Shape: stable stable stable stable slight fall fallen stable slight fall fallen 
Colour: 
crust pale brn. pale brn. brown brown brown brown pale brn. brown brown 
crumb white 1. grey 1. grey light grey light grey light grey light grey 1. grey light grey 

Texture: 
orust smooth smooth smooth smooth rough few 

cracks 
rough many 
cracks 

smooth rough few 
oracks 

rough many 
cracks 

onab cells even 
(good) 

cells even 
(good) 

cells even 
(good) 

cells even 
(good) 

cells un-
even 
(v. fair) 

cells un-
even 
(fir) 

oells even 
(good) 

cells un-
even 
(v. fair) 

oells uneven 
(fair) 

Tastes good good good good fair poor good fair poor 

TABIS 2. Bffeot of "Composite Flour" with Sweet-Potato on Pastry Çiality. 

c ultivar 
Product JÉSweet Potato Flour "049" "C9" 
Boti (unleavened 

Bread) 15 good poor 
Sponge Cake 20 good poor 
Baisin bread 20 good poor 
Pancakes 20 good poor 
Doughnuts 20 good poor 
Sweet cream biscuits 15 poor poor 

Good means acceptable as compared with product Bade from wheat flour 
Poor means unacceptable 
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* m m 9Γ mil ffTa nLggâff m m . 
01 TMLKWf ΤΑΜ t». CATimiS) THLDS 
Ol » . All flm.Mil (BP BAÜHTB) SOIL 

S»*• Payne 
Paeulty of Agri oui tore 

University of the Veat Indies, 

the traditional method of individual sound* and single poles for yams aggravate soil 

erosion, ainoe yama are grown on hill-sides· Use of oontinuoua sounds or ridges along the oontours, 

would avoid erosion, hut soila may be too shallow to provide a proper depth of ridge· Individual 

sounds say improve soil drainage however, and continuous ridges say increase shading or result in 

bloving down of vines and supporting structures· The experiment compared (or ridges) 

1,5 or 0*9 « apart, with a standard height of 46 ca., in combination with pole heights of 3 or 

1*5 •· (above ridge crest) and either one or tvo plants per pole. 

Yields were significantly higher with taller poles, but neither bank spacing nor number 
of plants per pole affected yields· None of the Interactions were significant· Tine exposure, 
which sight be expected to influence yield, probably differed but little between treatments, as 
vines jumped from pole to pole, so giving a continuous wall of foliage. 
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EFFECTS OF DIYISIQW LEVELS 0? SEED TUBERS 
OH YAM (D. alata, D. trlflda) QERMIKATIOH AND YIELD 

P. Mathorin & L.M. Degree 
INRA-CBAAO, Petit-Bourg 

Guadeloupe. 

INTRODUCTION 

Yam cultivation rests essentially on tuber cutting for propagation. Only 
some small tubere bearing speciee (Dioscorea esculenta. D. trlf In the West Indies) 
are regularly cultivated from vhole 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, KINHAN showed in the West Indies (Puerto-Rico) the advantage 
of top setts (cuttings from near the stem) over middle and lower setts of D. 
(forma rotundata) in yield although middle setts gave more tubere at harvest* 

SAWADA (1952) showed with D. batatas that germination was polarized according 
to the tuber-mother structure : first gerraination point appeared or prevailed on sett 
part facing the tuber-mother top. He discovered that tuber Initiation was exogen in 
large setts and endogen in small ones. With bulbils he observed that cuttings as 
small as 0.5 gram could grow* 

MIEGE (1957), in Ivory Coast, with D. alata and £· aavqnaflflla. 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 
earlinese 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 than heavier) and some optimum weight existed from each variety* 

FERGUSON, HAYNES and SPRINGER (1969) studied cutting of tubers of D. alata. 
D, esçulentfl and D. trlfldq in a study of limiting experimental and random variations 
in yam growing. Top sett earlinees was confirmed, but no yield significative differ-
ences existed between level of cutting of setts. In some cases origin of the setts 
Influenced number of stems and tubere. Overall, their etudlea confirmed the 
high variance heterogenity in yam propagation material, and thus the inadequacy 
eimpie statistical comparisons in experiments in this crop· 

In Guadeloupe, the Plant Breeding Station (INHA) est up aeveral trials in 
1965 which established: 

- the clear superiority of head and decline in yield toward 
the tall with £· alata cv. Couleuvre; 

- the net superiority of head over other parte with £* alat? 
cv. Tahiti; 

- a variation of head yield when comparing eetta from eecond 
harvest tuber (usual seed eett) with setts from first 
harvest tuber (ususl market tuber)· the last giving higher 
yield, with e arenas is av. XOUMI JA UNE 
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Heeent experiments aim at the following points: 

- verifying yield and physiological gradient in tubers of 
recently released varieties 
studying optimal propagation conditions for these slones 
exploring tuber heterlgeneity as a possible source of 
genetic diversification 

The first year of experimentation here reported attempted to verify yield 
and physiological gradient in son» controlled conditions vhlch may justify drastic 
limitation in sampling, one tuber being taken for each treatment· 

MATERIAL AND METHODS 

The cvs. were PACALA STATION of D* alata and INRA 25 of JU trlflda. 
PAÖALA STATION is a selected clone of a desirable commercial type, 

with fair tolerance against disease (FOURNET et al·, 197fc) and good production, 
cooking and keeping abilities. 

INRA 25 is an hybrid clone from a Cush-cush crossing (DEORAS, ARNOLIN, 
POITOUT, 1971) of high productivity and good cooking ability. 

Four tubers of each varieties were divided into 6, 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 h and setts· 

Tubers of PACALA weight about 600 grams each, those of INRA 25, 160 g. 
These weights are normal commercial tuber weights from each variety. All setts -
were placed on 5*22.73 in a humid frame in individual pots filled with solid 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 NUMB EH/TUBER 1 8 16 32 
eett weight (g) 200 100 50 25 PACALA 
field weight/m2 (g) 800 l*oo 200 100 

sett weight (g) 1*0 20 10 5 INRA 25 
field weight/m2 (g) 160 80 1*0 20 

Treatments (15) for PACALA and (U) for INRA are more or less common l'ield 
densities. 

PACALA was harvested on 1· 7· 73, INRA 25 on 2. 18. 73» which represents 
respectively 226 days and 266 days from planting· 
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RESULTS 

Tablée I to IV summarise the results· We have lost 8«5& setts of IBRA 
25 by decay before germination and 3«l£ between germination and harvest· On aecount 
of ditributlon of these loets, which occur mostly among Jize 1/16 and sise t/32 
upper setts, we think that peduncle fungus diseases related to Fenloillin oralicum 
attacks (BICCI, ARNOLIN, 1973) may be the main factor* 

germination earliness 

In tables I and II, setts of both varieties show 
- maximum earliness towards head setts, 
- maximum earliness with heavier setts« 

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

- no simple head-tall gradient 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 1/32 sett size, on a mean, is not inferior to 1/16 
sett else as in PACALA case· 

There was wide range of earliness among setts from the same level when cut 
into 32· 

Harvested tqbçr yield 
Table III and IV show 

- a 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 l/8 setts of INRA 25, 
On the contrary no difference is observed between 1/16 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 (sett weight in g/rn̂  in parenthesis): 

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

The greatest efficiency In cumulated harvested weight is obtained in PACALA 
with 8 setts and in INRA 25 with 32 setts (table III and IV), though absolute yield 
per m is higher with k setts in both varieties. 

Origin levels of setts give small differences with a superiority of tttallM 

over "head", more regular in PACALA than in INRA 25 where maximum yield appears with 
level II (upper middle level)· 
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Illirh** nf tuber harvested 

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

In INBA 25 which normally give several tubers per plant, a clear difference 

appears both with level of origin of setts and with sett size. Only this latter is 

considered, 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 I/16 1/8 1/4 
Number/mother-tuber 10.3 7.5 11.0 28.2 
Tuber mean weight (g)329*6 120.0 88.0 112*8 

DISCUSSION AND CONCLUSIONS 

1. Longitudinal heterogeneity of yam tubers in physiology and yield potential 
is confirmed* 

Earliness of germination shows the known gradient from head to tall, though 
some interaction may be found with size of setts. 

Both with PACALA and INBA 25 earliness of germination differences between 
head and tail are smaller when sett size is smaller; mean earliness is lower also 
(an exception could be in the case of INRA 25 from 1/16 to 1/32̂ 1 Two process may 
account for this:-

- slower initistion of new buds when tissue are less important 
- an inhibition correlation stops fewer buds when setts are smaller 

so that the leading bud is less able to realise its potential. 

2. A transverse 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 a head-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 tall 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* 

4· As for the sett size effect, interaction with field density precludes any 
oonoluslon, but the higher propagation rates fçund In each variety for a limited 
size setts remain of interest. 
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Further experiments will examine the following: 
- uniform density and uniform spacing 
- 2-3 mother-tubers by treatment 
- a more systematic division into setts 
- numbering of setts for testing transverse heterogeneity 
- dormancy observations after harveet 
- 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 aa phenotypic "variants" representing 
different balancés of explored in classical breeding needs more attention In the 
selection of vegetatlvely reproduced tropical plants* 
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H.Ï. Ngnw 
faculty of Ajpioultuz· 

University of the Vest Indiia, Jaaloi. 

Pour trial· war· carried oat la 1971-73 on two aajor yaa-producing soils of Jasaloa -
Ohttdlelgh Clay Loaa (#73) and St. iaa Clay tosa (#78). 

Tans wore grown on continuas aounds with trallie «apporta. Three trial · wore 2' 

factorials with rates of 0-90 kg/ha I, 0-90 kg/ha ï j0? and 0-240 kg/ha X^O. Rain effeota we» 

not significant and in only one inetanoe (on Ctakdleleh Clay Loa·) was an interaotion significant 

(ffi). In the fourth trial, on St. inn Clay Loaa, three oonerolal fertiliser (rades - ÇilOilO, 

6rl8:27 and 12i24il2 - were ο oa pared, each at 650 kg/ha, with an unfertilised control treataant. 

Flots were split for tlae end aethod of applioatian. Seither differenoes between fertiliser 

grades, nor betwem aethods and tlaes of application were significant. 
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glffltP Τ MAIS ABOUT TAJÎ iitTBBACK03IS 

by 

J· Fournet, L. Degras, H. Arnolin and 8. Jacqpia. 

CBAAG-Petit Bourg Guadeloupe 

IHTBODÏÏOTIOH 

In the West Indies, on Dioscorea alata, aerarnl leaf epotn may be observed, caused by 

various fungi, the most frequent of which are: 

- lflĵ m̂ tMfl̂  ηλ1απ·| f & soil fungus which causes during wet periods or in damp coalitions 

severe leaf die-off. On the rapidly enlarging lesions two sorts of cclerotia may be found. 

aierosolerotia spread by splashing, and macrosclerotia, probably the conservation stage of the 

fungus. 

- Sclerotium rolfsii a soil fungus toe, causing largo lesions covered by a white, radiating 

mycelium (rhizoaorphs), which often give r m radish seed-like sclerotia. 

- Cercosporq carbonacea. the '-.tt-acka of y hic h are characterized by black, rectangular-shaped 

spots limited by the veins covered beneath with a thin velvety, grayish layer of sporangiophores 

and spores. 

- Collectotrichum gloeosporloides (probably the f, sp, alatae) causing irregular-shaped 
spots, very often initiating on veins, and leading to leaf die-off. 

On some clones of the "Pacala" type a very aovore 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 Collectottichua frlooosporioides. On the 

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

In order to deteraine the importance of losses caused by anthrncnosia (which should be 

done in our opinion, in every case before studying any disease), and to find out efficient field 

treatments, two trials were simultaneously ca*ciüd out: 

(1) A fungicide trial 
(2) A variety trial, in which 16 different clones were comp&rod. 

As Btfnoayl revealed itself to be the most efficient 01 »no fungicides tested, it was 

feared that it might be stored in the tubers, and so the Bénoayl content of tubers vas analysed. 

METHODS 

U ) yunri^d? ttiifl 

Propineb and Xancozeb were combined in a factorial, pattern with Bonorayl, in three blocks, 

fiach block contained the following treatments: Control, propineb, Mnncozob, Bânomyl, Brfnomyl + 

FropdLneb, B^nomyl + Kancozeb. Ξ ach plot vas split into ·!,ν> χ o:\ct γ usts/clone) : 

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

- Pacala Dominique INRA, a "leaf-spot and st-oai dic-orC" clone. 
The trial vas set up on April 10, 1973. 
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The inoculation (Jbne IS «ad Septeber 10) ooeurred by hanging abort torvum at«· 

segments on which the parasite had been grown vi^ffo (our usual inoculation technique)· 

twirntir 

Svery fortnight fro· July 23 to D«o«aber 24 (on· treatment omitted on September ? boome· 

of the threat of a hurricane). 

Doses t about 750 ca'/plant of the following suspensions: 

Propineb 210g/hl (active material) 

Xanooseb 150g/hl ( · ) 

Btfnoayl 50g/hl ( - ) 

Propdneb 210 g/h1 + Benomyl 50g/hl 

Xanooseb 150g/hl + Bëfaayl 50g/hl 

Disease ratings: 

Two ratings of t t a i and leave· symptoms vexe oarrted out on October and Bovember 20, 

aooording to the foilowing so alee: 

âÎSML* (2 ratings/plot ) 0 • healthy at«m 

1 m some small spots 

2 - some large epote 

3 • blackening of some stems 

4 • general blackening of the stems. 

Leaveg: (10 ratings/plot) 0 » healthy leaf 

1 · SOBS small epote 

2 > many mall spots or 1-3 large spots 

3 « 4 and more large spots 

4 • leaf almost completely necrosed. 

January 16 and February 2 (1974). 

(2) Variety trial 

Sixteen olones from the Plant Breeding Station collection were compared in a split plot 3 

blocks design : PuniJi Us, Barbados, Paoala Dame-Jeanne, b/2. Oriental, Lupias, Gordito, 

Paoala commune, BÎW-B^te, Bdlep, T l̂imaque, Salat-Vincent Salate H>se, Soana, Ploiido, Paoala 

station, Paoala 72. Baoh plot was split into a treated and an untreated part (Propineb 210g/hl 

weekly, plus B&oayl 50g/hl every fortnight from July to December 3). Uniform innoculatlon 

occurred monthly using the technique described above. Tiro similar notations were oarried out. 

"Harvest occurred on January 21 (1974)· 

Statistlosι 

Harvest (in kg) v«i analysed directly ; but the variance of symptom notes «as dependent 

upon mean value. Therefore the mathematical transformation. 

Τ - log (x + l ) was used, «here χ is th· note. 

-67-



Benemyl reelleM la the tab·» vas investigated ealy os M M Sainte-Catherine tuber· txM 

the fungloide trial, tudng the technique described by 10(379- TOVBS * GAKPO (1971) » Optical 

density of the purified ethylaoetate extrsot at 282 m. aeasured by an 0.7. spectrophotometer. 

HBOLBS 

The results are suearised in Table 1. 

Leaf snots: analysis of varianoe shove that Binoayl, alone or sixed vith Propineb or 

Mancozeb provides a highly significant control of leax spots in both varieties. The effecte of 

Propdneb and Kanooseb are not significant. Bo interaction nay be pointed out. 

Stea s vaut one: sane conclusions, but a highly significant interaction Be'nonyl χ Variety 

above that Benomyl vas more efficient on Sainte-Catherine. 

Yields : the results are not quite satisfactory, probably due to the snail sise of plots 

(high co-efficient of variation). levertbeless the effect of B&ioayl on yield·» by reducing 

anthracnosis, 1· highly significant; yields are increased respectively by 72& and 88ft in 

Sainte-Catherine and Pacala. figures 1 and 2 show the regression of yield· in both varieties, 

respectively, upon leaf and stea notes. The high values of r (correlation co-efficient between 

yields and stem notes) show that stes lesions are probably sore dyy^ng to yield than leaf 

lesions, particularly in the case of Pacala, a done of the "stem-blaokening" type. 

Variety trial: 

Results are given in Table 2 where the varieties are listed acoording to decreasing leaf 

susceptibility; it should be noticed that there is an obvious correlation between leaf and stem 

sueceptibility ( r » 0.94) which can be assussd not to be due to the method of notation. On the. 

contrary, no correlation flay be pointed out between potential yields and leaf or aten susceptibility, 

which means that high yielders may be susceptible (for example Goana or Punlji bis) or resistant 

(Oordito, Bllep, Pacala-etatlon). 

It should be notioed that yields are inoreaeed by the treatments mostly in varieties of 

the "fctem-blackening" typ· or at least in varieties, the stea end leaf notes of which are superior 

to 2 without treatment. 

In susoeptlble varieties, the mean yield is increased by about lOOjt by the treatment. 

Nevertheless, the rather low soouraoy of the trial raises apparent discrepancies: in 

•oae varieties (for example Barbados) the yields are significantly increased by the treatment, 

although there is no significant aotion upon leaf and stea symptom*. The reverse 1· true in eoae 

•lightly susceptible varieties (florido, Gordito)j the latter effect may be to some extent 

explained by late attack*. 

The "Pacala" group above a very hi«h heterogeneity as to the sueceptibility to 

mthraonosis. 

In some done· (B4t4-Btft4, Pacala ooamone. Oriental), Benomyl seems to have a somewhat 

phytotoxic effect) this point require· ftirther investigation i f neoessary. 
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Bénoarl residues : 

An analysis carried out on some Sainte-Catherine tubers from the fungicide trial has shown 

that the B M C residues were quite negligible (0.03 mg/kg tuber, corresponding to 0.045 mg/kg, 

expressed in Benomyl), and probably did not even reach the threshold of sensitiveness of the 

method used. This result agrees with our knowledge of Benomyl 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), Benomyl can provide a good control of 

the disease, even at a fortnightly treatment rate; yiel 3 may be then raised by over 70ft (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, end 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. 

REFERENCES 

MESTKES, R., TOUflTE, J. & CAMPO, M. (1971). Dosage des résidus de Benomyl dans les fruiti et 
les légumes. Trav. Soc. Pharm. Montpellier. 31. 49-56. 

-61 -



TABLE 1. Summarized résulta of the fungicide trial. 

Treatments Ko Benomyl Benomyl !o-effi cleat 
of 

variation Disease ratings Control Propineb Mancozeb Benomyl 
alone 

+ Propineb + Manooaeb 
!o-effi cleat 

of 
variation 

Mean rating 
of a leaf 
(0-4) 

s.o. 2.62 fg 1.98 
cdef 

1.82 
bedef 

.68 
a 

.92 
a 

1.02 
ab U · * 

Mean rating 
of a leaf 
(0-4) 

Pac. 4.00 
S 

2.57 
efg 

2.30 
defg 

1.33 
abed 

1.27 
abed 

1.02 
ab 

U · * 

Mean rating 
of a stem 
(0-4) 

S.O. 2.42 
bed 

1.83 
b 

2.17 
be 

.50 
a 

.92 
a 

.67 
a 12,2$ 

Mean rating 
of a stem 
(0-4) 

Pac, 3.83 
e 

3.67 
de 

3.00 
Cd θ 

2.42 
bod 

2.33 
be 

2.42 
bed 

Mean yield 
per plot 
(kg) 

S.O. 9.20 
b 

11.50 
b 

9.73 
b 

15.00 
a 

15.80 
a 

21.67 
a 

40,# 

Mean yield 
per plot 
(kg) 

Pac. 3.47 
c 

7.75 
be 

3.87 
c 

4.10 
bo 

7.57 
be 

7.03 
be 

40,# 

(Variance analysis followed by Duncan multiple range test, Ρ = 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· 

Variety 

Origin Tuber shape Cooking 
qualities 

Mean note of 
a leaf (0-4) 

Mean note of 
a stem (0-4) 

Mean yield per plot (kg) 

Variety 

Origin Tuber shape Cooking 
qualities 

NT Τ NT Τ NT Τ 

Sainte-Vincent 
Saint e-ßo se 

Guadeloupe short 
flattened 
wide 

Good 4*00 φ 1.28 
* 

4.00 Φ 1.58 6.00 φ 15.90 

Pacala-
Dame-Jeanne 

Guadeloupe rather short 
flattened 

Good 5.83 Φ 1.36 4.0 = 2.08 1.49 φ 10.17 

V? B/2 I RAT 
collection 

short 
cylindrical Good 3.78 φ .78 

* 

3.83 = 2.00 3.36 = 6.33 

Barbados Trinidad short 
cylindrical Good 2.40 = 1.23 

» 
3.41 = 1.83 7.43 t 13.87 

Punéji M s Oceania long 
conical 

Rather 
good 2.00 Φ .00 

* 

3.00 Φ 1.00 9.59 £ 17.23 

Plorido Puerto-Rico 
short 
cylindrical 

Very 
good 1.85 £ .45 3.16 φ .58 9.00 φ 13.23 

Go ana Oceania 
long 
cylindrical Good 1.71 = .88 

* 

3·00 Φ 1.16 13.30 φ 22.00 

Gordito Puerto-Rico 
long 
irregular 

Rather 
good 1.16 Φ .00 1.58 φ .33 23.10 « 23.63 

B&ep Oceania 
rather short 
conical 

Very 
good .68 φ .25 1.33 = .75 19.30 = 20.27 

Oriental Trinidad 
short 
cylindrical 

Rather 
good .45 = .21 1.50 φ .50 19.33 = 15.23 

Bst4-B4U Ivory Coast 
rather short 
flattened 
wide 

Good .40 = .16 1.33 = .91 15.63 = 11.63 

Lupdas Oceania 
short 
cylindrical Good .38 = .18 2.16 = 1.00 10.93 = 12.33 

Paoala 72 
I RAT 
collection 

long 
cylindrical 

Very 
good .25 = .10 1.41 » 1.16 13.20 = 13.86 

Telsmaque Martinique 
long 
irregular 
cylindrical 

Very 
good .25 = .08 1.50 φ .33 7.82 = 7.77 

Paoala 
commune 

Guadeloupe 
long 
irregular 
cylindrical 

Good .13 = .05 1.50 = .58 13.73 = 12.50 

Pacala 
Station 

Guadeloupe 
long 
irregular 
cylindrical 

Very 
good .13 = .03 .75 = .58 15.77 = 18.93 

91 - untreated. Τ » treated. The symbols φ and « are ueed to indioate respectively significant and 
non-significant benefit obtained from the treatment. * Stem-blackening and die-off. 
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flffllATUJJK PESTS OH YAMS IN JAMAIOA 
Gillian E. Hickling 

Ministry of Agriculture 
Kingston, Jamaica. 

INTBPDÜCTI0N 

Yam tuoers of cultivated species of the genus Dioscorea are of considerable importance 
as a 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 
damage to them, and can cause reductions in yield, unattractive appearance of the tubers, and 
reduction in marketability of the produce (Coursey 1967). 

Scutellonenta 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 (Meloidogyne spp·) is also a known pest on yams, and causes 
galling on the roots and tubers. It has been recorded from Puerto Rico, (Ayala and Acosta 197l)» 
Nigeria (Bridge 1972), the United States of America (Hawley 1956) and Jamaica (Dixon and Latta 
1959). 

The nematode of the genus Pratvlenchus sp. has been reported as a pest on Dioscorea spp· 
in West Africa (Smit 1967), Jamaica (Hiokling 1972) and Puerto RLco(Ayala and Acosta 197l). 

In addition, recent studies have shown that stored yam tubers are damaged by plant 
parasitic nematodes, which cause necrosis and degeneration of the tissues, and result in loss 
in yields (Thompson, Been and Perkins 1973). 

In Jamaica nematodes have long been associated with damage to yam tubers, oausing 
"dry rot" and "burning", as it is called locally, of the tissue. In certain areas of the 
island Dioscorea trifida is no longer planted as yields are extremely poor. This is almost 
certainly related to nematode damage. In 1959 Dixon and Latta reported that nematodes might be 
a major cause of storage decay in D. alatq and JD. cavenensis. 

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 
endoparaaitic species during storage of the yams· 

MATERIALS AND METHODS 

Samples of yam tubere, roots and soil surrounding the roots were collected from faims 
in the main yam growing areas in Jamaica. These are the parishes of St. Ann, St. Elizabeth, 
Manchester, Trelawny, Clarendon, St. Mary, and Portland. Yam tubere were also collected fron 
markets, buying stations, and field stations all over the island. Tubers of the species 
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doacorea alata. I), trifida and D. cayenensls composed the majority of the yams examined. Fever 
D. rotundata tubers vere examined. Soil and roots from all four species of Diosoorea vere examined· 

Tubers vere checked for mechanical damage such as bruising, then sectioned, and pieces 
of tissue of 10-30 gzns 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 tissue 
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. 

lam 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 yan soil by 
the Whitehead's tray method (Whitehead 4 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 suoh necrotic areas, however. 
In infested tubers, endoparasitic nematodes were observed to be associated mainly with the 
underlying areas of skin in the outermost epideimal 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 
material. Host 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 distinct patches on the outer layers 
of the tuber, or extending most or all of the way around the tuber. Cracks and pitting of the 
skin was seen 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, bacteria or nematodes. 

Endoparasitic nematodes were'found to build up high populations in tubers kept in storage, 
and areas of necrosis associated with them increased proportionately until the entire tuber was 
dry and rotten. At advanced stages of rot the shape of the tuber was maintained, but the entire 
interior was reduced to a dark brown dry powder while the outer skin remained firm but brittle, 
cracking and flaking off as the rot advanced. 
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Pratrl—"»>"ïï ooffeae. «ad flîÏlIltUîMM t h e two major endoparaaitio nematode· 

i'cund in fl^gf** tub · » · Taben vor» found to be infested wltfi either on· or the other of 

these nematodes. Infestation by either nematode caused the development of necrotic lesions in 

the outer layers of the tuber underneath the skin· "Dry rot" or "burning", i · · . the complete 

degeneration of tissue a took place with the build-up of the nematode population in the tuber 

during storage, in tubere infested with either nematode. All stages of development of the 

parasites could be seen in tubers infested by Pratvlenchus and Scutelloncaa. and in tubers 

exhibiting advanced rotting secondary invasion by the nematodes Aohelenchis sp. and 

Apfre^enchoide? spp·, saprophytic nematodes, vas seen. At this stage fev adults of Pratvlencfou 

or Scutellonemfl vere observed, second-stage larvae heing more abundant. 

Heloldogyne sp. vere observed in a fev tubers of cavenensis collected. (Less than 

of the total number examined)· They cause galling in the outer epidermal layer·, but no neoroeie 

or discolouration of the tissues. Ms^ofdoflyne spp. vere not found in the tubere of any other yam 

species examined· 

Pratvlenchus coffeae vas found to be parasitic on 80$ of the tuoers examined· Thie 

nematode vas found occurring in all varieties of Iftosqorea examined· Scutqllonema bradvs was 

found on less than 2 0 o f the tubers ex mined. bradvs vas found only on alata. D. TVfitfflltl 

and cavenens^fl. Diosoorea triflda tubers vere found to be parasitised only by Pratvlenchus 

coffeae. S. bradys was never found in tubers of this species. 

"»Vi^tY1 ΓΥί̂ νΓ multloinotus. ifttyl«™*»^« reniformls and Meloi,dogyqe sp. were found 

to be the major parasitic nematodes in the roots of all species of Dioscorea examined. 

Meloidogvne sp. caused root knots to ocour on the roots. All stages in the developnent of 

Helicotvlenchas vere seen in the roots ( i .e . 2nd, 3rd, 4th stage larvae and adults) but mainly 

second stage larvae vere founa of flotylenchulus. Pratvlenchus coffeae and S^tollope^ft bradvs 

vere also recovered from soots ox yams, but in lover number· than found in the tuber. Tab}» ~ 

shows the genera of plant parasitic nematodes recovered from the soil and roots of Dftosppfea 

species examined. In the soil, as in the root·, Helicotvlenchus aultioinctus and Bptvlenchiilua 

ΤΤΠΑΓ?ΉΪ*Ιη *βΓΘ recovered in higher numbers than other genera. 
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TABLE I. Plant parasitic nematodes extracted from yam soil and root. 

Soil &>ot 

1 . FRFFFRTLFTT>FT>BIA coffeae X X 

2. Hotvlenchulus reniformis X X 

3. Helicotvlenchus multicinctus X X 

4. Scutellonema bradvs X X 

5. Meloidoe-vne AN. X X 

6. Xiphinomea so. X 

7. Hoplolaimus so. X 

β. Criconemoides so. X 

9. Trichodorus SP. X 

10. Tvlenchorvncnus so. X 

1 1 . Tvlenchus so. X 

12. Ditvlenchus so. X 

13. Dipthorophora so. X 

14. Aphelencbus so. 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 he related to the damage 
caused to the tubers, where injury to the cells by the nematodes feeding, elioit 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 Aoosta 1971), 
in this investigation they were found infrequently, and in too low numbers to cause concern. 
The major nematode pests on yam tubers in Jamaica are considered to be Pratylenohus coffeae and 
Scutellonema bradys. Both genera build up high populations in yam tubers causing necrosis and 
"dry rot". This observation is consistent with earlier reports Steiner, 1937; Thompson, 
Been and Perkins 1973; Bridge, 1973; Dixon and Latta, 195SI While S. brqdyg is found more 
frequently in other countries (Bridge 1972) P. coffeae is found moat frequently at this time 
in Jamaica. 

Nematodes found in roots and soil of Dioscorea in this investigation do not appear 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 invade 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 
populations of Pratvlenchus coffeae or Sftn-fcaTiftnem« bradys. while being too small to manifest 
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noticeable external symptôme 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, fungi 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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aOME OBSERVATIONS ON INTERNAL BROWN SPOT 
ΑΚΏ νΤΡΠΒ,Τ,ΤΚΕ SYMPTOMS OP YAM ( DIOSCQREÂ~SPP. ) 

IN THE COMMONWEALTH CARIBBEAN 

S.H. Mantell, N. Mohamed, S.Q. Haque 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 
Dioscorea 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 tubere unless they are cut open and examined. Internal 
brown spot of yam does not aeem to be associated with pathogenic fungi, bacteria or 
nematodes (Iton, 1964; Mills, 1965; Edmunds, 1966). Harrison and Roberts (1973) reported 
that the tubere of yam (£. alata cv. White Lisbon) from Barbados affected by internal 
brown spot foliage showing mosaic/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 
foliage and IBS has 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 Dioscorea in addition to D. alata and their presence in other 
islands in the Commonwealrh Caribbean. 

RESULTS AND DISCUSSION 
A. Observations on Dioscorea alata 

( 1 ) Distribution and bccqryenpe of virus-like symptoms pf .vafli fol jape and IBS 
in vam tubers. 

Results of a survey of 8 islands in the Commonwealth Caribbean during 1972/73 
showed that virus-like symptoms (mosaic/mottle types) occurred on cultivars of D. 
In Trinidad, Grenada, Barbadbs, St. Vincent, St. Lucia, Dominica. Nevis and Jamaica 
In a subsequent survey IBS was found to be present in all these islands. 

(li) Occurrence of IBS and vlyyis-^lke symptoms oil different cultivars of 
Trinidad^ Barbados and St. Vincent. 

A survey of yam crops was carried out during November and 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 
February, 1974 determined the incidence of IBS in the same plantings. Tubers weré selected 
at random from yam storage piles and carefully sliced. Slices were cut as thin as possible 
(2-4 mm.) in order that small lesions were not overlooked. 
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IBS incidence vas assessed as a percentage of tubers in the sample with IBS lesions* 

Sise of the sample varied according to the amount of available material · Wherever possible, 

samples of 15-25 tubere were taken· The results are presented In TABLE 1. 

Reaction of different cultivars of D. Alata to IBS growing 
und·» fifrnflltiona in Trinidad and Barbados 

During the survey of February information on the degree of IBS 'infection' 

of various fllatja cultivars was obtained. At three locations, two in Trinidad (U.W.I. 

Field Station, Champ Fleurs) and one in Barbados (Friendship Plantation, St. Lucy), 

£· siata cultivars had been growing In adjacent plots in more or less similar conditions. 

Samples of 10-20 tubers of each cultivar were eelected 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 tubere to assess the intensity of IBS 'infection'. 

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

SI = 4 classes χ 10Q 
Ν S 

where Ν • Total number of tubers sampled 

S s Maximum spotting category 

The clases of •infection1 are presented in Table 2 and the results of the survey 

are summarised in Table 3· 

(iv) Occurrence of IBS under field conditions: 

Moat 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 

spots 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. Tam tubers infected with IBS were planted and 10 weeks 

before the normal time of harvesting samples of tubers were dug out at fortnightly 

Intervals, sliced and examined. These observations revealed that the IBS becomes evident 

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

Observations on Dioscorea trifida 

As Dioscorea tyiflda is not grown as commonly as D. alata in the Commonwealth 

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/mottle and 64 showed 

leaf distortion. In Grenada all 75 plants examined showed mosaic/mottle symptoms but 

no leaf distortion. Fifty tubers from plants showing foliage symptoms were liced but 

IBS could not be found in any one of them. A more elaborate examination ie needed to 

confirm the absence of IBS in trifida. 

observations on Dioscorea esculenta 

As Dioscorea esculenta is also grown on a limited scale in the Commonwealth 

Caribbean, foliage and tubers of £· esculents were examined in Trinidad and St. Vincent. 
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In Trinidad, out of a total of 100 plante examined, 95 showed moeaic/mottle symptoms 
and of these 9 showed leaf distortion· In St. Vincent all 60 plants examined showed 
mosaic/mottle only· Ten out of the $0 tubers of £· esculenta examined in St· Vlnoent 
showed IBS lesions while none were present in 125 £· gpculenta tubers sampled in Trinidad· 

A preliminary surrey of yams carried out by Harrison (1972) in Barbados, St, Vlnoent 
and Trinidad indicated that mosaic and mottle symptoms of a virus-like nature occurred 
on D. alata^ D. esculenta and D. trifida and that IBS was present in the tubers of J). qlatar 
especially In the cultlrar 'White Lisbon* · The present investigations confirm these 
observations and indicate that these disease symptoms are more extensively distributed in 
the Commonwealth Caribbean than was first reported (Jeffers ana Headley, 1967)· The present 
findings record the occurrence of IBS in the tubers of D. esculent . Although IB8 was 
observed in the field this, however, does not preclude the possibility of changea in IBS 
during storage as observed by Coureey (1967)· AB far as 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 species of Dioscorea other 
than D. alata suggests that a more complex disease situation may exist 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· Harrison and Roberts 
(1973) reported the IBS-affected tubers of p. alata cv. 'White Lisbon', produced foliage 
with moeiac symptoms; such leaves contained two types of virus-like particles· Therefore, 
further work is needed to establish the relationship, if any, between different types 
of virus-like symptoms (Table 1) on alatp and other species of Dioscorea and the IBS. 

The results presented in Table 1 Indicate that several cultivars of alata 
are- affected by IBS and virus-like symptoms. Levels of 'infection* varied between cultivars 
of D. alata growing in similar location (Table 3)· For instance, çyg. 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 that the bacllllform particle found in 
diseased yam plants probably belongs to the same major gnoup of viruses as cacao swollen 
shoot and mealy bugs deserve attention as possible vectors. The authors have observed 
heavy infestations of mealy bugs io some storage piles of yam tubers. Further investigations 
to establish the nature of IBS and other virus-like conditions and their transmission are 
in progress at the University of the West Indies, St. Augustine, Trlnidsd. 
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TABLE 1. Incidence of virus-like symptôme and Internal brown spot 
(IBS) in different cultivars of Dioscorea alata In Trinidad 

Barbados and St. Vincent 

+abc 

J> 

Island/Location Cultiver % tubers Mosaic/Mottled Other virus-liked 
with IBS symptoms symptoms 

Trinidad 
U.W.I. Field Station White Lisbon 70 • 

Seal Tope - + 
Oriental 20 + 
Ashmore 14+ + 
Barbados 63 + 

Barbados 
Thicket, St. Philip White Lisbon 85 + 
Sayes Court, Christ-

church Barbados 21 + 

Chapel, St. Philip Coconut Lisbon 90 + 
Lancaster, St. James Bottleneck 25 + 
Graeme Hall, Christ-

church White Lisbon 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 
c Vein Clearing 
d Presence (+) or absence (-) of symptoms 
e IBS not assessed in these plants 

TABLE 2. Classes of Internal brown spot (IBS) 'infection1 used 
In calculating the Spotting Index (SI) 

Class No. of Lesions/tub er Class No. of Lesions/tuber 

0 0 5 21-30 
1 1-5 6 31-50 
2 6-10 7 51-90 
3 11-15 β 91-170 
k 16-20 9 >170 
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TABLE 3. Internal brown spot (IBS) 'infection' of some D. alflla cultivars 
growing under similar field conditions at 3 locations In Trinidad 

Location Cultiver* % of tubers »Ith IBS S.I. 

Trinidad, Site (1)8 Ashmore kil 5.6 
Barbados 63 8 . 3 
Smooth Statla 0 0.0 
White Lisbon 70 8.9 
Oriental 20 2.2 
Harper Wt 8.3 
Seal Top 11 1.2 

Trinidad, Site (2)a Ashmore 10 1.1 
Bottleneck 30 3.3 
Moonshine 60 8.9 
White Lisbon 60 6.7 
St. Vinoent Red 90 36.7 
Harper 100 20.0 

Barbados, Coconut Lisbon 70 21.1 
Friendship, St. Lucy White Lisbon 0 0.0 

Oriental 0 0.0 
Bottleneck 60 1i».l 

» See Holding (1960) 
a University Field Station, Champ Pleurs 
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STORAGE DISEASES OF CUSH-CUSH YAMS IN GUADELOUPE 
P. Ricci-J.P. Torregrossa-J; Pournet 

INBA-Antilles Guyane 
Petit-Bourg, Guadeloupe* 

Cuslxush yam in Guadeloupe (F.V.I.) is consumed mainly at Christmas and not at all after 
April. The reason is found in the poor keeping qualities of the crop. The loss occurs by drying 
and by diseases and pests. Among them the most important are ones caused by Pénicillium and mealy 
bugs. This paper presents some possibilities of control we could propose. 

1. Importance of Pénicillium rot 

Fourteen samples of one hundred tubers each were observed during a month in natural 
conditions (temperature 23°C, relative humidity 60-100$). We noticed 2 to 37$ of rotted tubers 
with an average of 10$. 
On 78^ of the rotted tubers rots were due to Pénicillium oxalicum. 
On 6$, rots were due to Fusarium oxysporum and solani. 

We have isolated in these cases as contaminants, some bacteria and nematodes (genera 
Aphelenchoides and Aphelenchus). 

This is a confirmation of the importance of Pénicillium 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 Tam, Indian Yam, Bed 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, but 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 bugs spread then very quickly from one tuber to the others. Their effect is clearly seen 
on seed-tubers, which sire 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 (Pig. 1) 
the germination of the tuber (Fig. 2) 
the loss in dry matter (Fig. 3) 

In conclusion we could propose: 

For seed tuber: 24 or 46 h after harvest, wash the tubers in water and dip them 10 minutes in 
0«5g/l malathion and O.lg/l benomyl. 
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For tubers to be used as food: The day after harvest wash the tuber in water, dip thea 10 minutes 
in 0.25 βΛ thiabendasole and atore at 18°C (s Η : 60-8CÇÉ). 
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TABLE 1. Effect of 10 minutes' dipping in fungicides, at different times after innoculation 
by P. oialicum. on the number of rotted tubere after a month (10 tubers by observation). 

fungicide thiabendazole benomyl 

concentration 
, (gA •·») 0.1 0.3 1 0.1 0.3 1 
* , S a 
S i 1 iay 
si 
$ i 2 days 
i·3 ί 1 3 days 

I l ! 4 ä a y e 
•Ö 0 

1 0 0 
0 1 0 
4 3 1 
10 9 7 

0 0 0 
0 0 0 
0 0 0 
4 5 10 

control 10 10 
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C0HT10L OP IRISH POTATO PESTS 

Joseph R.B· Suah 
Minie try of Agriculture 

Kingston, Jamaica 

INTRODUCTION! 

Irish potato is attacked by many pests st all stages of its growth and 

during storage» In Jamaica the pests include cutworm caterpillars (Anicta (Lyconhotia) 

infecta. Prodenla ornlthogalll and Xvlomlges Bunla). leaf caterpillars (Trlchonlusla 

and Agrotis sp·), aphids (AphjLs fflfl 1*319 and ^ftcyos^p^qff plsl). leaf beetles (p^abrotlca 

balteata and Ecllachna Bp.), fiddler beetle grubs (Bxothalmus yittatus and Pa<?hB8ffUB 

citri). white grub (Laehnoaterna spp,), leaf hopper (Enrooaaca fabae). sucking bugs 

(Nesara ylrldula. and Leotoglossua sp.), and slugs (Veronicella spp.). 

The main spring-planted crop Is more prone to damage than the fall crop, and 
damage varies from negligible to about 6θ£· Pest control was neglected for a long time 
but continued losses and the dramatic successes in the control of potato diseases with 
chemicals led to Increased demands for methods of pest control· During the past five 
years several chemical control trials 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 (Dt 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 pests may be carried over .from a previous crop to damage the planted 
seed tubers. Chief among these are cutworms and beetle larvae. Cutworms are always 
present feeding on cultivated crops, grasses and weeds and as Edwarde (1936) stated 
"destruction of crops by this pest is always more severe In plots surrounded by grass-
lands or in fields brought into cultivation after they have been left to fallow for 
some time·** These are the conditions existing in most of the potato growing areas· 
White grubs feed mostly on decaying wood in the solid provided by yam stakes and 
roots of trees and shrubs. Piddler beetle grubs feed on many tubers but mostly sweet 
potato, and the roots of plants like avocado, citrus and pimento. Those pests 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. Smell tubers 
may be completely destroyed and damage to larger ones provide infection court for 
disease* 

-76 -



Control la by rotation, with crops such as corn or beans proceeding 
potato« avoidance of planting potatoes under or near to known hosts of the 
fiddler beetle, and, where high populations occur, the use of soil applied 
pesticide euch as chlordane, dlazinon, 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 a tiber and the resulting sprout is chewed off dt 
ground level the plant is lost· If it Is cut above a few lateral buds, these may grow 
to produoe the pl&ftt. If there is more than one bud, the next in order of apical 
dominance may sprout and grow, but in both instances later of weak plants are produced. 

Proper precautions to control Insect peats at the time of planting and the 
use of a poison bait for the slugs should provide adequate protection at this stage. 
Where no control measure was adopted at planting, 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 treatment including Basudln, Dipterex, Malathion and Sevin. 
Malathion is most widely used, as apart from its low mammalian toxicity it also controls 
sucking insects. Rogor 40 and Perfekthlon are recommended for sucking insects· 

Good weed control and field sanitation will remove the alternate host and 
harborage of several of the pests. The crop Is usually moulded at this 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* 

MATURED TUBER STAGE 

Matured tubere are prone to attack by all those pests that will damage the 
eeede at planting time· If no attempt was made to control beetle larvae earlier, it 
will be difficult to control them at this stage ae they will be feeding on the lower-
most tubere. In order to kill them one would have to use a soil drenrh which could leave 
harmful residues on the tuber. The cutworms are easier to control because they feed 
near the surface. If the tubere were not deeply covered by moulding, then the exposed 
tubere and those near the soil surface will be chewed. To control the pests at this 
etage 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 spray is not effective 
against the caterpillars a bait 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. Ae mentioned before the damaged areas will admit disease 
pathogène and so encourage tuber rot· 
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STORAGE OP FRESH CASSAVA ROOTS IN MOIST COIR DUST 
J MARRIOTT. B.O. BEEN and CYNTHIA PERKINS 

Ministry of Industry, Commerce and Tourism, Storage 
and Infeetation Division, Jamaica. 

INTRODUCTION 

Fresh cassava roots begin to deteriorate within 3 days after lifting if 
etored at normal tropical ambient conditions; the primary cause of deterioration 
being a disorder causing vaecular streaking (Montaldo, 1973; Booth, 1973 Booth and 
Coursey 1974)· Vaecular 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 etored for 6 weeks st tropical ambient conditions by use of a clamp to maintain 
high humidity and conatant temperature (Booth 1973). It has already been indioated 
(Booth and Coureey, 1974» Booth, personal communication) that storage is also possible 
In boxes packed with saw duet or similar material and this work was undertaken to 
develop a packing method euitable for transportation 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 6 hours of lifting, 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 storage then cut up to assess deterioration. 
Each root was cut into quarters and vascular streaking assessed on a 0 - 10 scale at 
each cut surface. Results were expressed both as a percentage of the maximum scor«. 
obtainable and aa the percentage of roots with a score of 2 or more out of 30 
(percentage incidence of damage). 

In experiment 1 , 5 replicates of both packing treatments were stored at 
ambient temperature (23 - 26°C; and humidity and replicates assessed after, 3, 11, and 
26 days. Replicates contained 4 large and 4 small roots of each variety. 

In experiment 2 roots were stored at ambient temperature (20 — 25°C)( either 
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,ij and 8 dayΗ, stored at ambient temperature and assessed 

26 days after lifting. Bach replicate contained 3 roots of 69 and 05. 

In experiment 3, 2 replicates of both packing treatments were stored at ambient 
temperature (20 - 25°C), at 13°e, and at ambient temperature for 7 days then at 13°C, 
until assessment. Replicates „hich contained k large and 1* small roots were assessed 
11* and 26 days after lifting. 
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RESULTS 

Caa8ava roots packed in moist coir were in better condition after 28 days 
storage than roots stored at ambient humidity for 3 days (Table 1). Weight loss 
in experiment 1 was 3*9% after 3 days and 12.8% after 11 days at ambient humidity 
against only 1.355 after 28 days in moist coir. Subsequent observations (Table 2 and 3) 
confirmed that very little damage occurred 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 1.56Ä 
per day at low humidity and 66$ per day at high humidity. The incidence of vascular 
streaking after storage increased after 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 (Table 3). 
Rootlet formation did not oc.cur in roots stored at 13°C or at ambient temperature 
for 7 days and then at 13°C for 21 days. 

DISCUSSION 

Storage in a clamp (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 
about 6C$ 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 et 13°C (Table 3) and Booth (1973) observed that after 
storage in a clamp roots could be then held at ambient humidity. Vascular streaking 
is known to be associated with mechanical damage (Booth, 1973) and we have observed 
wound periderm formation at cut surfaces in stored roots (unpublished data), so this 
protection against vascular streaking 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 - 5°C and subsequent deterioration at ambient 
temperature has been very rapid (Ingram & Humphries, 1972, Montaldo, 1973); development 
of a method of curing may make storage possible over a wide range of temperature. 
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Table 1· Vascular streaking in caesaVa roots 
at ambient temperature (Experiment 1). 

Packing method 
Storage period 

(days) 

3 
11 

28 

Standard error 

% Maximum 
score 

1U 
35 
51 

Control 
% incidence 

62b 
03b 
86b 
6.3 

Moist Coir 
^Maximum 
Score 

2 

3 
3 

Figures followed by the same letter were not aignificantly 
different. 

Table 2. Vascular streaking in cassava roota stored for 
different periods before packing In moist coir. 
(Experiment 2) 

Vascular streaking % weight loss 
% Maximum score % incidence before packing 

Humidity before 
Packing: 

High Low High Low High Low 

Storage period before packing 
in moist coir (days) 

0 11 11 17ab 17ab - -

1 0 0 Oa Oa 1.0a 2.2ab 
2 0 8 Oa 50bc 2.0ab 3.8c 
1» 0 53 Oa 83c 2.3b 7.0e 
8 5 90 17ab 100c 5.3d 12.3f 

Standard error 9.3 0.29 

# in-
cidence 

21« 

25a 
13a 
6.3 

Table 3. Vascular streaking in cassava roots stored 
at different temperatures. (Experiment 3)· 

Packing method 
Temperature 

Ambient 
13°C 

Ambient (7 days) 
then 13°C subseq 
quently 
Standard error 

Control 
% maximum 

score 
48 
36 
11» 

76c 
83c 
l*7b 

7.9* 

Hoist Coir 
% maximum 

score 
8 

22 

10 

% incidence 

21a 
75c 
l»6b 

7.9* 
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BüTETioml· coirairammora Β Μ Ι Μ Μ Β STAPLES 

J.M. Qurney 
Caribbean ?ood and Hutrition Institute 

Nona, Jamaica· 

Data fron food balance sheets show that, for at least four Commonwealth Caribbean countries 
cereal produots ω a whole provide between 30 and 40$ of both dietary energy and protein. Imported 
wheat products are the most important single cereal source. In Jamaica, 93$ 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 particular seem vise. Locally produced com and rice can partially 
replace wheat, but 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 based on tubers and roots and reduce their cost? An 
expanded version of this paper will appear in "Ecology of Food and Nutrition" (1975) Volume 4. 



REVIEW OF RICE PRODUCTION IN JAMAICA 
E.R.H. Martin 

Agricultural Development 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 but receded afterwards. World War II again gave 
an impetus. An FAO 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 P5STS OF SWEET POTATO. IPOMOEA BATATAS. AND 
THEIR NATURAL ENBMIBS IN BARBADOS. ffEST INDIES 

Π.Μ. 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 Spo dopt era eridania. Svlepta helcitalis. Brac*»ti a 
emigrans. A,?rius cinaulata; and Acrocereopa sp. nr. tendalli among the Lepidoptera: and 
Bueepes batatae amongst Coleoptere. 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 ultimate aim 
would be to obtain maximum control from natural enemies, rotation of crops, field sanitation and 
similar measures, using the most suitable when and where necessary. Suitable chemical control 
measures are those which from experience interfere least with these non-chemical methodS". 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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FURTHER WORK ON MECHANICAL PLANTING 
AND HARVESTING OF ROOT CBOPS 
I.D. Chandler and J.P.W. Jeffers 

Sugar Producers' Association and Ministry of 
Agriculture, Science and Technology, 

Barbados. 

Mechanical harvesting is impracticable unless yams are grown in ridges in pure stand. The 
smaller tubere formed in 84 cm. ridges are more amenable to mechanical harvesting than those in 
168 cm. 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 usefül 
as a first stage operation before using a digger-elevator which did not handle the large volume of 
soil successfully when used directly. 

The digger-elevator successfully lifted sweet potatoes. 

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

SIMPLE EXPERIMENTAL DESIGNS 

A.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-sample, was 
significantly greater than zero but significantly less than unity, showing that higier yielding 
experiments have higher S.E's but means that high yielding experiments have low c. of v.'s. 
This study enables the number of replicates needed to reduce the S.E. to such a level that an 
effect of given magnitude is statistically significant, 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 vide range of crops is to be investigated, 
and a standard foxm for reporting within the region has been designed. Experimenters with data 
from statistically designed trials are asked to co-operate by contacting the author. 
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EFFECTS £F FERTILIZER YIELD; SEED QUALITY AND PLANT 
CHARACTERISTICS OF SOYABEAN (GLYCINE . MAX (L.) MERRILL 

R.A.I. BRATHWAITE, J.L. HAüiOuRTON and E.A. TAI 
Department of Crop Science, The University 

of the West Indies, St. Augustine, 
Trinidad 

ÏFTBQWPTCT 

The considerable interest in the development of a successful commercial 
system of production of soyabeans (Glycine max (L.) Merrill) in Trinidad has 
made necessary the conduct of several agronomic investigations under local field 
conditions. The only information on soyabean fertilisation in Trinidad was reported 
by RIDLEY (1968) from two trials on River Este te Loam soil; only soed yield data 
without statistical tests of significance were presented. RADLEY reported that 
phosphate application increased, but nitrogen, especially in the absence of 
phosphate, decreased soyabean seed yields ana that potassium was virtually without 
effect. He further reported that there; was no consistent effect of fertilizer on the 
set d oil content. 

Thie papc.r reports date concerning seed yields, seed oil and protein 
contents and yields and other plant characteristics of soyabean as influenced by 
it utilizer applicntion on Rivtr* Estate Loam at the University Field Station, Champs 
Fleurs, and Cunupia Sandy Clay at the Central Experiment Station (El Carmen), Centeno, 
in Trinidad. 

MATERIALS AND METHODS 
Soils 

CHENERY (1952) described both River Estate Loom and Cunupia Sandy Clay 
as deficient in all major nutrients. 

of analysis were those of LANG, MOSS and COULTER (1963) 
Experimental design and cultural practices 

Two experiments were laid down on River Estate Loam and Cunupia Sandy Clay 
soils, Each consisted of a 3^ NFK confounded factorial design replicated twice with 
each replicate in three blocks. The levels of fertilizer application gave 0, 64 and 168 
kg/ha of N, Pg0 and K 20 from Ammonium sulphate v21-0-0), Triple superphosphate VO-US-O) 
and Muriate of potash (0-0-50). 

Each plot acco.ruiocJatfcd four rows m. long with 53 cm between rows. The 
fertilisers were broadcast and lightly raked In before planting. 

Seeds of the soyabean cultivar Jupiter (F62/3977) were inoculated and sown 
1+ December 1968 in both experiments. Plants were thinned to seven cm within rows 
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to obtain a population of approximately 235,000 plants per hectare. Experimental 
sites were irrigated during dry periods and three hand weedlngs 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 m^ in each plot were hand harvested and air dried 
so that seed contained not more than 13 per cent moisture. The dried material was 
then threshed and winnowed manually, and 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 oil end protein contents were determined for each plot in both experiments. 

RESULTS 

Yield and seed attributes 

On River Estate Loam phosphorous significantly increased seed yield, seed 
oil content, oil yield and protein yield. Neither nitrogen nor potassium affected 
any of the attributes, except seed oil content which was decreased by nitrogen. 
The three yield components were unaffected by fertilizer nutrients. 

On Cunupia Sandy Clay nitrogen significantly increased seed yield, seed 
size and seed oil and protein yields. The seed oil content was the only attribute 
affected by both nitrogen and potassium, where the former nutrient decreased it.. 

The seed protein content was affected by an intef8ction or Ρ and Κ on both 
soils. Greatest protein contents on River Estate Loam and Cunupia Sandy Clay occurred 
under treatments ? 2

kq an(i P2K1 r e s P e c t i v e l y · 

Plant character!s tics 

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 fïOwered and matured about 42 days and 102 days 
respectively after planting. Treatments neither affected plant height v-unit^ 
in lc.V,iug of plants on either of the soils. 

DISCUSSION 

In a comprehensive review of the literature on mineral nutrition of the 
soyabean 0HLR0GGE (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 ( 1 9 6 8 ) 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 ( 1 9 6 8 ) , but also the oil and protein yields and the seed oil 
content. The results of seed oil content are In contrast to those of RADLEY. Analysis 
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of variance data for seed size, the only yield component which gave a possible 
indicated response to fertilizer (P calc. - 3.02: ? % - 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 decreased plant vigour and seed yields 
(CARTTER and HARTWIG, 1963). This is evident from the lower seed yields recorded on 
Cunupia Sandy Clay than on River Estate Loam. The results from Cunupia Sandy Clay 
agree with those of several workers quoted by CARTTER and HARTWIG who reported seed 
yield increased from nitrogen fertlization on some acidic soils. Nitrogen fertilizer 
increased seed yield through 'the development of larger seeds, but as on the River Estate 
Loam these seeds contained less oil. However both oil 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 ( 1 9 6 5 ) · 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 (£.) 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 Ν, Ρ and Κ fertilizers on soyabean (Glycine max (L.) Merrill) 
yield, seed quality and plant characteristics on River Estate Loam at the University 
Field Station, Champs Fleurs, and on Cunupia Sandy Clay at the Central Experiment 
Station (El Carmen) Centeno, in Trinidad were reported elsewhere in these proceedings 
(BRATHWAITE, HAwMERTON and TAI, 197U). This paper describes the influence of the same 
fertilizer applications to the two &oils on the leaf mineral contents at different 
stages of plant growth and their relation to seed yield. 

MATERIALS AND METHODS 

The methods used in the experiments were described and the seed yields 

obtained reported previously (BRATHWAITE et al., 197U). 
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 and bulked 
for each site. The first samplings were taken four weeks after planting and subsequently 
at fortnightly intervals until plants were just beginning to senesce. Each leaf was 
washed in a weak detergent solution and then rineed in four successive lots of distilled 
water. The lamina was then dried at 65° for 2k 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 total nitrogen (by the micro-Kjeldahl 
procedure), phosphorous (colorimetrically by the Molybdenum blue method), potassium (by 
flame photometer) and calcium ana magnesium (by atomic absorption). Results were expressed 
as percentages on a oven-uried plant basis. 

RESULTS 

Variation with time 
Figure 1 shows the change in nitrogen, phosphorous, potassium, calcium and 

magnesium leaf content with time on the two soils. 
Effect of fertilizer nutrients 

Leaf nitrogen content; On Riv-̂ r Estate Loam Ρβ^ fertilizer increased the leaf 
nitrogen content at flowering, and Nft and Κ increased it at senescence. The nitrogen 

108 
content at the first three stages of growth samped was increased by Ν fertilizers on 
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Cunupia Sandy Clay. On that soil fertilizer decreased the nitrogen content 
at flowering only and Κ fertilizer waa without effect. 

The nitrogen content decreased after flowering on River Estate Loam; 
Ν, Ρ and Κ fertilizers did not alter this general pattern. On Cunupia Sandy Clay, 
after an increase between flowering and the pod development stage, the nitrogen content 
decreased with age. However, Ν fertilizer altered the general pattern. On both soils 
the nitrogen content at senescence was less than half the value at the pre-flowering 
stage. 

Leaf phosphorous content: Ν and Κ fertilizers had no effect on the phosphorous 
content on River Estate Loam but affected It on Cunupia Sandy Clay. Ρ fertilizer on 
River Eatate Loam increased the phosphorous content all stages, except flowering but 
had no effect on Cunupia Sandy Clay. On the two soils the phosphorous content decreased 
as plants aged. On River Estate Loam the phosphorous content at seneacence was half that 
at pre-flowering. 

Leaf potassium coryteiyÇ: On River Estate Loam Κ fertilizer increased the 
potassium content at all five growth stages. Ν fertilizer affected the potassium content 
especially after the development of pods. P ^ g increased theepotassium content only 
during the pre-flowering stage. At flowering and senescence the values for this level 
were lower than those of the P Q treatment. At pod development the value was similar 
to that of the Ρq treatment, and at seed development equal to that produced by Pg^· 

Neither Κ nor Ρ fertilizer affected the potassium content at any stage of 
growth on Cunupia Sandy Clay, Ν fertilizer increased the potsssium 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 until senescence. 
Relation to Beed yield 

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 Ν, Ρ and Κ 
fertilizers applied to River Estate Loam and Cunupia Sandy Clay. Phosphorous, rintents 
in the leaf tissue increased with application of Ρ fertilizer on River Estate Loam and 
showed a positive relationship with seed yield. The application of Ρ fertilizer p r o b ^ 
stimulated better vegetative growth and thereby resulted in increaaed production and 
accumulation of photoaynthetic products and increased yields. 
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OHLROQGE ( 1 9 6 3 ) considered 5.2 per cent Ν in soyabean as high, but 

the present data shov that the leaf nitrogen value was only increased by Ig^ 

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, similarly 

recorded by NORMAN (1943)· These data suggest that there was definitely no benefit 

from Ν fertilization on River Estate Loam either because the inherent soil 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 factor. 

Although Κ fertilizer increased the potassium contents in the leaf, the values 

never attained critical levels reported by MELSTED, MOTTO and PECK (1969) in the U.S.A. 

In so far as no deficiency symptoms occurred, it may be concluded that potassium levels 

were adequate and presumably did not limit the production of seed. 

On Cunupia Sandy Clay where a positive seed yield response to nitrogen was 

reported (BRATHWAITE et al., 1974), Ν fertilizer also increased the leaf nitrogen 

content producing high values as on River Estate Loam. Despite the absence of a 

significant correlation coefficient for nitrogen content χ seed yield, it would seem 

that this nutrient had an important effect on pod retention and possibly pod filling. 

Both the phosphorous and potassium contents, though unaffected by Ρ and Κ 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 potassium from the leaf, indicated by 
their decrease as the crops aged, presumably reflects their translocation to the seeds. 
In contrast the leaf calcium and magnesium contents increased. These patterns demonstrat 
on both soils by the two groups 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 IH AGRICULTURAL HBSBABCB 
G. Taylor 

Biometrics Unit, University of the Vest Indies 
Trinidad. 

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, but because 
the analysis is complex. 

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

Compters can save time and effort and reduce risks of error. A Package of computer 
programs is currently being developed in the Biometrics Unit of U.W.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 EXPERIMENTAL 
DESIGNS UNDER LIMITED RESOURCES 

F.B. Lauckner 
Biometrics Unit, University of the West Indies 

Trinidad. 

An experimental design based on a 2^ factorial with probe points outside the treatment 
range of the factorial system is described and a blocking system, which partially 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 
4' type experiment; this is essentially two 2' factorial configurations with additional probe 
points· Blocking systems have been worked out and the analysis of variance can be carried out 
SO as to investigate the three factors separately for each 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. 
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EFFECTS OF ORGANIC .AND MINERAL ΑΒΕΝΡΜΜΤΰ 
IN HO HCl CULTURAL ROTATIOWS 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 
assess 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 crops. 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 (Vigna 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 em) 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 soil 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 évapotranspiration or leaching to the subsoil. A further advantage is that 

plant nutrients may be added in solution. 

Various systems are described: most of them 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 i/all system, Viaflo from Dupont in the U.S.A., Blass 

System in Israel, and one devised in Australia are outlined, and suggested methods by which the 

costs of a system may be reduced are given. 

A RÜVIS./ OF THS USü Or' CONVENTIONAL AND 
SYSTEMATIC DESIGNS 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 in mind the need for guard rows and the 

desirability of keeping block size as small as 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. Neider 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. 
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PATHOLOGICAL PROBLEMS ASSOCIATED ΛITH VEGETABLE 
SHOWING 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 Jamaica 
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 
solanacearom) of tomatoes, downy mildew (Pseudoperonospora cuben3is) of cucurbits and black rot 
(Xanthomonas campestris) of cabbages. Since then we have been testing new varieties of these 
vegetables for 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) observe 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 "analucie, Oxheart, Tropl-Gro and Walter. We found 
that all four varieties were extremely susceptible to late blight, during the rainy season 
(October-J.-uiuury), crop loss was sometimes as high a3 90,· and it was almost impossible to 
effectively control this disease at this time even though a wide range of fungicides were tested. 
More than 95 of the Manalucie crop was lost to bacterial wilt when grown in areas where the 
causal organism was present. 

ïe3ts on cucumber varieties straight Sight, Poinsett and Cherokee Hybrid indicated that 
the former was susceptible to downy mildew throughout the life of the plant. Over 80,« of the 
Jtraight Jight 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 îianzate 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 
ouccession, K-K, Express Cross 60, K-Y Cross, Hybrid 906, Early Jersey 'Wakefield, Jet-Pak, 
N-5 Japan, Danish Ballhead and Copenhagen Market. After heavy rains in December (9 inches in 
36 hours), black rot symptoms became evident. The disease was most severe in the Early 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 vork on obtaining and testing resistant 
varieties in Jamaica. 

MATE HI ALS AND METHODS 

Tomato 
Fourteen new varieties of tomato are presently being compared to the standard Manalucie 

for resistance to late blight. Seeds of 13 varieties vere obtained from the Régional Plant 
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. Vhen the seedlings 
were four weeks old some were placed in an atmosphere conducive to disease buildup (cool, damp, 
shady conditions), the others were transplanted to the field for observations. Records are being 
kept of resistance and yield. Prior to obtaining seeds of these 14 varieties, we had obtained 
seeds of Vest 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. Itecords have been kept of resistance and yield. 

Eight new varieties 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) known 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 Eariy 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 Saturn 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 ΝΙΟ and the two tolerant varieties, Hawaii #7958 and 
7845 (all from the University of Hawaii), complete results are not available at this time, however, 
wilting had just commenced in #7845 and Manalucie when the paper was 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. 3olanacearum 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 Satura is fair. The fruit quality oi all three 
varieties is good. We did not deteimine the yielding ability of Hawaii #7755 and BW.N4 because 
of the limited supply of seedlings. 

Late Blight 

Seeds of //est 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 lost to late blight whereas all of the West Virginia 63 seedlings survived, 
.ie 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 build-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 (Venezuela), 
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 build-up. 

From 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-6 are all high-yielding commercial varieties. However, Poinsett is 
the only variety commercially grown at the present time, which exhibits very good resistance to 
downy mildew. 

Cabbage - Black tot 

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 £arly Jersey have not yet reached maturity. 
Little data is available at this time. However, it is of interest to note that 50,- of the JJarly 
Jersey plants are already exhibiting black rot symptoms. 

CONCLUSION 

1. ïhe tomato varieties Venus and Saturn exhibit good resistance to bacterial wilt when 
teated in the field. The performance of INRA #74, Hawaii 7755 and B./N4 was disappointing. 
The yielding ability of Venus and ISRA #74 is comparable with the standard Manalucie. 
That of Saturn is a bit low. 

2. The variety of tomato West Virginia 63 show3 resistance to late blight. Thirteen other 
varieties were being tested for late blight resistance. 

3· 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. 

4. /ive new varieties of cabbage are being tested for resistance to black rot, no results 
are available at thie time. 

TABL.-2 I. Itesuits of Performance of six varieties of tomato 
grown in 3oil infested with P. solanacearum. 

Variety' Avg. No. 
fruits/plant 

Avg. size of 
fruits (oz.) 

Avg:. yield/ 
plant (lb/oz) 

v/ilt 

Venu3 25 3.5 5.5 0 
15 3.2 2.9 0 

Manalucie 3 1.4 0.3 98 (All wilted plants 
have died). 

INRA #74 30 2.5 3.1 30 (All wilted plfints 
have died). 

Hawaii ill755 0 0 0 100 (All wilted plants 
have died) 

B.ÎÎI4 0 0 0 100 (All wilted plants 
are still alive) 

Key 
1 Hanalucie 

Venus ) 
Saturn ) 
INRA #74 

Hawaii ,1*7755 and BW N4 

grown commercially 
seeds obtained from the University of North Carolina 
seeds obtained from Petit Bourg Research Station in Guadeloupe 
seeds obtained from the University of Hawaii. 
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TABLE II. fesults of Yield of four varieties of t osato 
grown in soil free of P. TFlfflMffTTOTIII· 

Variety1 Avg. Bo. of 
fruits/ plant 

Avg. sie. of 
fruits (oas) 

Avg. yield/plant 
UV»*) 

Venus 15 4.8 4.S 

Jaturn 11 4.2 3.0 

i;;a\ i74 16 5.1 5.0 

ilarialucie 10 9.0 5.10 

1 ίΤο results are available for Hawaii #7755 and F.f 'Î4 because limited soed 
3upply prevented yield studies. 

Γ 'II..: III. !te- tits of yield perforaance of West Virginia 63 - a late blight 
resistant variety of tcmato and Manalucie - a commercially grown 
variety. 

Variety Avç. Ko. of 
fraits/plant 

Ave. size 
fruits (oza) 

Ave. yield/plant 
(lb/os) 

Manalucie 10 9 5.1 
./est Virginia 63 17 6 6.6 

TABLJ IV. Itesults of Resistance of tomato varieties to infestyy 
both ander artificial conditions and in the field. 

Variety Disease rating1 2 ..Survival ? Survival Index 

91913 - Bulgaria 2 67 2 

95564 - Manchuria 3 25 4 
108245 - Germany 2 0 5 
1109-16 - Colombia 1 50 3 
114038 - Honduras 1 56 2 
113790 - Venezuela 1 - 2 50 3 
126408 - Panama 2 60 2 
126907 - Peru 2 33 3 
198674 - Mexico 0 - 1 0 5 
204394 - U.J. (,<. Va.) 2 0 5 
224675 - 0.3. (Mew Tort) 1 - 2 47 3 
263716 - Rierto Rico 1 - 2 50 3 
273446 - Philippines 2 25 4 
Manaluci e 2 - 3 25 4 
Pioraline INR& 1970 

Guadeloupe Too young - -

Infection in the field 
Disease Index 

1 - slight 
2 - moderate 
3 - severe 

2 
Index of survival of seedlings in peat pots 

1 - 76-10CÏ» 
2 - 51-7S* 
3 - 26-50?* 
4 - 1-23*) 
5 - dead due to disease 
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Cucumber - Downy Mildçw 

Seaulta of resistance, fruit aise, colour and eating quality 
of ail new cucumber Tarie ties compared with commercial varieties. 

Variety 

# 173889 (India) 
# 197087 (India) 
f 175120 (India) 
# 23+517 (0.3.) 
# 255936 (Holland) 
# 227208 (Japan) 
Straight-8 (commercially 

grown) 
Ashley (commercially 

grown) 

Poinsett (commercially 
grown) 

Disease 
rating 

3 
2 - 3 

4 
3 
1 

1 - 2 

2 - 3 

2 - 3 

0 - 1 

Size of fruits 
(cm length) Slam. 

8.3 
fxuita η 

9.6 

Colour and eating 
quality 

4.3 Yellow, Utter 
it mature, enough for any assessment 

4.3 Green, good 
fruita not mature enough for any aaaeaament 
15 
29.3 

20 

18.75 

21.25 

5 
4.5 

5 

6.25 

Green, good 
Green, good 

Green, good 

Green, good 

Green, good 

- alight 
- moderate 
- fairly heavy 
- severe 
- dead 
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A STUDY OF 100 TOMATO VARIETIES IN RELATION WITH CLIMATIC 
ADAPTATION AND RESISTANCE TO 7 PREVALENT DISEASES IN 

THE WEST INDIES 

F. Kaan* - H. Laterrot** - 0. Anais - L. Degrtm 
• CRAAG - Petit Bourg - Guadeloupe 

** CRA - Montfavet - France 

INTRODUCTION 

A description of all the varieties available in the commercial catalogues 
would be long and possibly not useful. We limited our study to 100 verieties currently 
grown, and to those which could present in the future an interest in this area. We 
did not describe any commercial Fi hybrid. We know that many of them present a real interest, 
but commercial names are excessively numerous and changing, so any description would rapidly 
become obsolete. 

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

1) Good varieties 
2) Not well adapted but outstanding for some particul&r characters 
3) Not satisfactory, to be replaced 

Reactions to Cladosporlum fulvum (Leaf mold, Fusarium oxvsuorum Ivcoperslçl 
races 1 and 2 (Fusarium wilt), Meloldogyne sp (gall nematodes), Phytophtora j.nfestans 
(late blight), Pseudomonas solanacearum (Bacterial wilt, Stemphvllum solanl (gray leaf spot) 
and Vei'ticllllum dahliae (Verticlllum wilt) are given. A brief description of each 
variety is added. 

These date were collected from author (s) description, commercial catalogues, 
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 establish. However, a synthesis-of the appreciation of the economic 
characters was made for the West Indian conditions usin,? three lists of varieties. 

RESULTS 

LIST 1 - Vf.yleties considered the best. 
They were tried and confirmed as good varieties in Guadeloupe except those marked 

by an asterisk v/hich are : 1/ very similar to confirmed good varieties 
or 2/ bred or confirmed in neighbouring climatic areas. 

-102 -



ANAHU 
ARC 
ATKINSON 
CAMPBELL 17 

CAMPBELL 28 
CAMPBELL 1327 
CHEF (·) 
CHICO 
CHICO GRANDE 
CHICO REX 
CHICO III 
CLAIRVIL (*) 
COLDSET 
CRA 7U 
EASTERN STATES 21» 
EASTERN STATES 58 
ECLAIREUR 
EL MONTE 
FIREBALL 
FLORADEL 
FLORALOU 
FLORIDA MH 1 

QULPSTATS MARKET 
HEINZ 1370 
HEINZ 1409 
HEINZ 1U38 
HEINZ 1548 
HOMESTEAD ELITE 
HOMESTEAD 21« 
HOMESTEAD 61 
HOMESTEAD 500 
HOTSET 
IMMOKALEE 
INDIAN RIVER 
KOLEA C 
LA BONITA (*) 
LA FAYETTE 
LA PINTA (*) 
MANALUCIE 
MANAPAL 
MARION 
MARS 

MONEÏ MAKER 
MONITA 

MONTE OKANDE 
NAPOLI 
NEMATEX 
PELICAN 
PINKDEAL 
POTOMAC 
RED ROCK 
ROMA 
ROMA V?(*) 
RONITA 
ROSSOL 
SAMARZANO 
SAMARZANO VR 
SUMMERTIME 
TROPIC 
TROPIGRO 
TROPIRED 
VENDOR 
VENTORA 
VENUS 
WALTER 

-103 -



LIST 2 - Varieties not ver.v well adapted to West Indian conditions. 
These varieties are outstanding for particular characters and could be 

recommendelwhere these qualities are most needed. 

Varieties Particular qualities 

BUSH VPN Multiple disease resistant, large fruit 
CAMPBELL 19 Excellent in Eastern USA 
HEINZ 1350 Early type for canning 
MARSOL Multiple diseases resistance early 
PIEHALINE Large fruit, late blight resistant 
PIERNITA Large fruit, nematode resistant 
PIERSOL Large fruit, multiple disease resistant 
PIEKVII Large fruit, Fusarium reeistant 
RAP Early, Fusarium resistant 
SATURN Bacterial wilt reslatant, larger than VENUS and CRA 7k 
STAKKLESS Excellent for family gardens 
VP 145 Regular production, Mechanical harvest type 
VPN 8 cf BUSH VPN 
WEST VIRGINIA* 63 Late blight resistant 

LIST 3 - Generally not as satisfactory BB the preceding varietiea. 
These varieties are often cited because extensive acreages are grown in the 

West Indies. We advise the growers to replace these varieties by better adapted ones 
provided these new introductions meet the market needs. 

ACE CASAQUE ROUGE MARMANDE VR PRIMABEL RED JACKET VR 
ACE VR KAKI MERIT FRITCHARD ROYAL ACE VF 
ACE VF MARGLOBE OXHEART PRITCHARD VF RUTGERS 
CALACE MARMANDE PIERALBO RED JACKET SAINT PIERRE 

DISEASE RESISTANCE 

They are included in the detailed variety description. In many cases, we did 
not try the resistance described by the Authors; in such occurrence, we mention "rM 

in other cases we could try resistance in Guadeloupe for leaf mold (Cladosoorlun Fulv^) 
bacterial wilt Pseudomonas solanaceorum) and gray leaf spot (Stemph.vlium §plq{ii ) 
under natural infestation conditions. Resistance to Fusarium race 1 and 2, to gall 
nematodes (Meloldogyne sp) and late blight tPhvthopthoyfl ^fes tans) was appreciated 
under artificial inoculation conditions at Avignon. When varities were found resistant 
by ourselves they are mentioned MR" when heterogeneous "Het". In rare cases the resistance 
described by the authors was not confirmed, the varieties are mentioned "S" for suscepti-
bility. 
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1/Çlqdosporiun fulvum (Leaf mold) 

Resistance when observed is complete. As new psyciologic races occured causing 
hertofore resistant varieties to become diseased in temperate greenhouses, a study was 
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 Guadeloupe and probably conferred by genes cf 2 and/or 
cf 1+ (aa defined in the Netherlands) will become inefficient. "Florida MH1" was found 
resistant to some races in Florida 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 practically complete. 

However some varieties and particularly "Marglobe" manifest an intermediate resistance level 
in our trials. "Pinkdeal" and "West Virginia 63" are described resistance by the authors 
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 race 2 
c uld appear on varieties bearing I gene. This new race is compeletely controlled by 
another gene of resistance in "Florida MH1" and "Walter". We found a very high but not 
complete resistance to race 2 in "CRA 7 V "Saturn", "Venus". 

3/ Moloidogyne sp (Gall or root-knot nematodes) 
Above Circa 30°C soil temperature, the resistance conferred by Mi gene to some 

varieties ceases to be really effective. This increase in susceptibility at highest 
temperature is particularly drastic in Mi/+ heterozygous combinations which are often 
presented as commercial 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. 

U/ Phytophthora infestans (Late blight) 
Thise disease is generally not observed or not important in our warm conditions. 

In cooler elevation areas (Domincan Republic, Jamaica) or in the vicinity of continental 
cold air (Cuba, Habana zone in Winter) its occurrence is frequent; "Pieraline" and 
"West Virginia 63" show an incomplete but effective resistance in our tests. 

5/ Pseudomonas solancearun (Bacterial Wilt) 
Susceptibility to this destructive soil transmitted disease is very high in all 

the varieties mentioned except "CRA 7U"» "Saturn and Venus" which were bred for resistance. 
However, some plants of these varieties could be severely diseases 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 epot) 

It le often very destructive In West Indian conditions, many varieties carry 
the 3m gene conferring a good resistance. Spidemics are relatively are around 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 
necessary to verify the resistance of commercial seed which is not always very carefully 
breà for reaction to gray leaf spot an unlirçportant disease in many countries· 

7/ Verticilliun dahliae (Verticilliun wilt) 

It is an Important disease in Mediterranean and subtropical countries. Its 
occurence in tropical areas is not frequent but possible in cool soils. Resistance 
conferred by Ve gene is fully effective except in rare cases where new races of this 
pathogen appeared. 

The authors of "Florida ÜH1" primitively found that it was bearing Ve gene, but 
afterwards they discovered it had only an intermediate level of resistance in their 
tests. We found this variety susceptible in artificial inoculation tests. 
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T A B L E 1 * D E T A I L E D V A R I E T Y , DESCRIPTION 

Climatic Fruit Size Fruit Shop· Shoulder 
Adaptation Color 

Foliage Growth 
Cover D—Determinate 

Hlndetarmlnate 

ACE 
ACE v n 
ACE V F 
A N A H U 

A T K I N S O N 
BUSH V F N 
CA LACE 
CAMPBELL I7 

CAMPBELL I9 

U.S.A. 
Canada 
U .&A . 
Hawaii 

U.S.A. 
Alabama 
CaUfomla 
California 
New Jersey 

New Jersey 

Dry 
Dry 

Large 
_ . Large 
Jfty Large 
W e m Medium 
humid 
General — 
Warm humid Large 
Dry Large 
Dry Large 
General Medium 

Deep oblate Uniform Large Good D 
Deap oblate Uniform Large Good Ο 
Deep oblate UnHorm Large Good Ο 
Deep oblate Uniform Medium Medium D 

Cool Medium 

Globe Uniform 
Globe Gieen 
Deap oblate Green 
Deap oblate Uniform 
Deap oblate Apple green 

uniform 
Oblate Apple green 

unHorm 

Large Good 
Compact Good 
Large Good 
Medium Good 
large 
Medium Good 

CAMPBELL 28 New Jersey 1 General Medium Oblate rough Uniform Compact Excellent D 
smell 

CAMPBELL 1327 New Jersey 1 General Medium Oblate Apple greet d Large Good D 
large uniform 

d Large 

CASAQUE ROUGE New York 3 Cool L e g e Deap ο biete Uniform Medium Medium I 
CHEF U.S.A. 1 General — Globe UnHorm _ _ D 
CHICO Texas 1 Warm humid Small Pear UnHorm Medium Good D 

small 
CHICO III T e x e · 1 Watm humid Smell Peer UnHorm Small Poor D 
CHICO G R A N D E Texaa 1 Warm humid Small, Peer UnHorm Medium Good D 

larger small 
then 
C h k o 

CHICO REX Texas 1 Warm humid -do- Pear UnHorm Medium Good 0 

6 L A I R V I L France 1 General Globe UnHorm Large Good 1 
COLDSET Ontario 1 General Smell Deep oblate UnHorm Medium Good D 

C R A 74 Guadeloupe 1 Warm humid Medium Deep oblate Green Large Good 1 
EASTERN STATES 24 Eastern USA 1 General Medium Deap oblate UnHorm Medium D 

smell 
Deap oblate 

EASTERN STATES 68 Eastern USA 1 General Medium Deap oblate UnHorm Medium Good D 
ECLA IREUR France 1 General Small Globe UnHorm Large Good 1 
EL MONTE Texas 1 Warm humid Medium Deep oblate Green Medium Good D 
F I R E B A L L Eastern USA 1 General Small Globe Green Medium Good D 
F L O R Ä D E L Florida 1 Warm humid Large Deap oblate Green Large Good I 
F L O R A L O U Florida 1 Warm humid Medium Deep oblate Green Large Good 1 

F L O R I D A MH 1 Florida 1 Warm humid Medium Deap oblate Uniform Compact Good D 
large 

G U L F S T A T E M A R K E T Southern US 1 Warm humid Medium Deep oblate Uniform Compect Good 1 
large 

HEINZ 1360 Ohio 2 Cool Medium Deep oblate Uniform Short Medium D 
HEINZ 1370 Ohio 1 General Medium Globe UnHorm Medium Good D 

small 
HEINZ Μ0Θ Ohio 1 General Medium Deep oblate Uniform Medium Good D 
HENIZ 1439 Ohio 1 General Medium Deep oblate Uniform Medium Good D 
HENIZ 1648 Ohio 1 General Medium Deep oblate Uniform Medium Medium D 
HOMESTEAD 24 S. Carolina 1 Warm humid Largest H Deep oblate Green Medium Good D 

HOMESTEAD 61 
Guadeloupe 

I Medium Deep oblate Medium Good 

HOMESTEAD bOO 

HOMESTEAD ELITE 

HOTSET 
IMMOKALEE 

I N O I A N R I V E B 

KAKI 
KOLEA/C 
L A BON I T A 
L A F A Y E T T E 
L A P I N T A 
M A N A L U C I E 
M A N A P A L 

MARGLOBE 

M A R M A N D E V R 

MARS 

M A R S O L 

MERIT 
M O N E Y M A K E R 
MON I T A 
MONTE G R A N D E 

S. Carolina 

S. Carolina 

Texas 
Florida 

Florida 

France 
Hawaii 
Texas 
Indiana 
Texas 
Florida 
Florida 

U.S.A. 

Canada 

New Jersey 

France 

Maryland 
England 
France 
Texas 

N A P O U U.S.A. 

1 Warm humid Medium Deep oblate Green Medium Good D 
large 

1 Warm humid Medium Deep oblate Green Medium Good D 

1 Hot Small Globe Green Large _ 1 
1 Warm humid Medium Globe Green Medium Good 

large D 

1 Warm humid Medium Globe Green Large Good 1 
large 

3 Dry Large Globe Green Large Good 1 
1 Warm humid Medium Deep globe Uniform Medium Medium D 
1 Worm humid Small Plum UnHorm Compact Good D 
1 General Smell Plum Uniform Compect Excellent D 
1 Warm Medium Globe Uniform _ — D 
1 Warm humid Large Deep globe Green Large Good 1 
1 Warm humid Medium Globe Green Large Good 1 

large 
3 - Medium Globe Green Large Fair 1 

1 Werm humid Medium Deep oblate Green Largs Good 1 
3 Cool Medium Oblate rough Green Medium Fair 1 

small 
3 Cool Medlpm Oblate rough Green Medium Fair 1 

•mall 
1 Generel Small Globe Green Small Reduced D 

compact 
2 Cool Medium Oblate rough Green Medium Fair 1 

small 
3 Generel Small Globe UnHorm Small Poor D 
1 General Small Globe UnHorm Large Good 1 
1 Gerard Small Globe UnHorm Large Good 1 
1 Warm humid Medium Deep oblete Green Medium Good D 

large 
1 General Smalt Pear UnHorm Medium Good D 
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TABLE 1 (contd) 

VARIETIES 

NEMATEX 
OXHEART 
PELICAN 
PIERALBO 
PIERALINE 
PIERNITA 
PIERSOL 
PIERVIL 
PINKOEAL 
POTOMAC 
PRIMABEL 
PRITCHARD 

PRITCHARO VF 

RAF 

RED JACKET 
REO JACKET VR 
RED ROCK 

ROMA 
ROMA VF 
RON ITA 
ROSSOL 

E VF 

SA)NT PIERRE 
SAN MARZANO 
SAN MARZANO VR 
SATURN 

STAKE LESS 

SUMMERTIME 
TROPIC 
TROPIGRO 

TROPIRED 
VENDOR 
VENTURA 
VENUS 

VFI46 (Many lines) 

VFN BUSH 
WALTER 
WEST VIRGINIA 63 

Texas 

Texas 
Louisiana 
France 
France 
France 
France 
France 
Texas 
Maryland 
France 
U.S.A. 

U.S.A. 

Maryland 
California 

France 
California 
New Jersey 
Prance 
Italy 

Ν. Carolina 

Dataware 

Texas 
Florida 
Florida 

N. Carolina 

California 

California 
Florida 
W. Virginia 

List Climatic 
Adaptation 

Fruit Size Fruit Shape Shoulder 
Color 

Plant Foliage 
Cover 

Growth 
D" Determinate 
M redeterminate 

1 Warm humid Medium Deep oblate Green Compact Excellent D 

3 Large Heart Green Large Good 1 
1 Warm humid Large Deep oblate Green Large Good 1 
3 Dry Large Globe Green Large Good 1 
2 Large Globe Green Large Good 1 
2 Dry Large Globe Green Large Good 1 
2 Ory Large Globe Green Large Good 1 
2 Ory Large Globe Green Large Good 1 
1 Warm humid Medium Globe Uniform Medium Good D 
1 Warm humid Small Long Uniform Small Reduced D 
3 Cool Small Globe Uniform Small Reduced D 
3 Medium Globe Green Large Good D 

3 Medium Globe Green Large Good D 
large 

Large 

2 Cool Medium Oblate rough Green Medium Fair D 

3 Cool Large Deep oblate Uniform Medium Medium 1 
3 Cool Large Deep oblate Uniform Medium Medium 1 
1 Warm humid Medium Deep globe Uniform Small I η ter med late D 

smell 
1 General Small Pear Uniform Large Good D 1 General Small Peer Uniform Large Good D 
1 General Small Pear Uniform Large Good D 
1 General Small Pear Uniform Large Good D 
3 Dry Large Deep oblate Uniform Large Good D 
3 Lan» ftlobe Green Large GOod 
3 Dry Large Stobe Green lai Good 
1 General Small Long Green Medium Good 
1 General Small Long Green Medium Good 
2 Warm humid Medium Deep obi ai» Green Large Good 

2 General Medium Deep oblate Uniform Dwarf Excellent D 
large 

1 Warm humid Small Oblate Green Compact Good D 
1 Warm humid V. large Globe Green Large Good 
1 Warm humid Medium Deep oblate Green Medium Good D 

large 
1 Warm humid Medium Deep oblate Green Medium Good D 
1 General Medium Deep oblate Uniform Large Good 1 
1 General Small Pear Uniform Compact Fair D 
1 Warm humid Medium Deep oblate Green Large Good 

large 
Large 

2 Dry M«lium Globe Green or Medium Rolled D 
small uniform to 

small 
2 Dry Medium Deep oblate Uniform Short Medium D 

large 
2 Dry Large Deep oblats Green Compact Good D 
1 Warm humid Large Deep oblate Green Compact Good D 
2 Humid Medium Deep oblate Uniform Large Good 1 

large 
Large 
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TABLE 2 - V A R I E T A L REACTION TO DISEASES R=Reel«tance observed by authors 
r=Reslstance reported by others 

VARIETIES Cladosporium Fusarium Fusarium Msloldogyne Phytftophthora Pseudomonas Stemphytium Vert lc l l l lum Remarks 
race 1 race 2 

L.M. F.W.1 F.W.? Mem. L.B. 8.W. G.L.S. V.W. 

ACE VR 
ACE V F 
AN AW υ 

BUSH VFfc 
CALACE 
CAMPBELLi. i ? 
CAMPBELL I« 

CAMPBELL 23 
CAMPBELL I327 
CASAQUE ROUGB 

CHICO GRANDE 
CHICO REX 
C L A I R V I L 

COLDSET 

CRA 74 
EASTERN STATES X 
EASTERN STATES ι 
ECLAIREUR 
EL MONTE 

GULF STAT? -νϊΛΡΚ? 
HEIN2 I35G 
HEINZ I370 
HEINZ I409 
HENIZ 1439 
HEINZ 1546 
HOMESTEAD 24 

Η OM EST Ε A D 61 

HOMESTEAD 500 

HOMESTEAD EL iTÊ 

INDIAN RIVER KAKI 
iKOLEA C 

λ BON ITA 
V FAYETTE 

t-A Ε 
M.-A F 

L- \ PINTA 
WiANALUCIE MANAPAL 
MARGLOBE 
M A R I O N 

MONEYMAKER 
MON ITA 
MONTE GRANDE 

Used for canning (juice) 

lääiä fulî nci 
Very susceptible to leaf 
mold 
Mechanical harvest type 
Rutgers type disease 
resistant 
Multiple disease resistance 
Ace type added resistance 
Crack resistent 
Not so productive In 
Guadeloupe 
Crack resistant 
Crack resistent 
Potato leaf 
Jointless mechanical 
h arv astable 
Irregular fruits more 

Roma 
Chlco type, Machine 
harvastable 
Chlco type larger 
Chlco type larger 
Eclalreur type more 
disease resistant 
Set» well under extreme 
temperature 
Productive in Guadeloupe 
Firm 
Firm 
Crack resistant 
Homestead type added 
resistance 
Early 
Very popular variety in 
W.l. 
Smaller then Fforodel 
Jointless, machine Hervest 
fresh market 
Mature f ru i t pink 

Firm, creck resistant 
Firm, crack resistant 
Firm, crack résinant 
Firm, crack resistant 
Fresh market for ground 

Freeh market for ground 
culture 
Possibly more productive 
than regular Homestead 
Fresh market for ground 
culture 
Old variety 
Shorter then Homestead 
more disease resistent 
Smaller than Floradel 
Saint Pierre type 
Disease resistant 
Machine harvestabla 
Machine harveateble, 
crack resistant 
Mature fruits pink 
Late 
Late, productive 
Late 
Resist to aerly blight In 
S. Carolina 
Extra early, 90od shipper 
Marmande type, more 
disease resistent 
Mechanical harvest type 
Marmande type disease 
resistant 
Very f i rm, jointless 
mechanical harvest poor 
yield 
Old variety 
Moneymaker type 
Simitar to El Monte. 
Larger than Roma 
Roma type 
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T A B L E 2 <contd) 

VARIET IES 

NEMATEX 
O X H E A R T 
PELICAN 

AL̂ >Jt 
*l Ε RNI TA 

Ε RSO L 

PRIMABEL 
PRITCHARD 
PRITCHARD V 

RED JACKET 
RED J A C K E T VR 
RED ROCK 

ROMA 

ROMA VF 

RON I TA 

ROSSO L 

R O Y A L ACE VF 

RUTGERS 
SAINT PIERRE 
SAN M A R Z A N O 

SAN M A R Z A N O VR 

SATURN 

V F N B U S H 

WALTER 

WEST V I R G I N I A 63 

Soft , productive 
Old variety 
Crack and disease 

S. ΡΙΘΓΤΘ type added 
résistaru 

resistance 
S. Pierre type added 

S. Merre tvpe added 
resistance 

resistance 
Vary crack resistant 
Mechanical harvest 

Earl y P 

Old variety 
Disease resistant, 
Prftchard type 
Marmande type, dise a 
resistant 
Potato leaf 
Red Jacket type 
Jolntless, crack resist-
ant. Mechanical h a r w 
Blossom end, root 
susceptible 
Roma type, added 

resistance 
Roma type, added 
resistance 
Roma type, disease 

Ace type disease 
resistant 
Late old varieties 
Late old varieties 
Not for fresh mark' 

San Marzano type, 
added resistance 
Less product ive, larger 
than Venus 
Potato leaf type 
Sets well et high 
temperature 
Excellent qual i ty 
Comparable to Home-
stead, more disease 

More product ive and 
disease resistant than 

π Guade-

Esrly machine harvest 

Poor set under adverse 
condit ions butdlsease 
resistant 
Mechanical harvest tyne 
for peeled tomatoes, 
regular producer 
Very susceptible to 
leaf mold resistant 

Mul t ip le 

Mult ip le disease resist-
ance comparable to 
Homestead 
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posai ASSQFFTATGN WTTFL ΤΠΜ»ΤΠ>ΤΗΡΑΤΤΗΐΪ 

OP ACKEB fBllahla ΒBPIda L.) 

TH J A M A I C A 

R.E, Pierre 

Faculty of Agriculture, O.W.I», Jamaica 

INTRODUCTION 

The ackee, (Bllghia saplda), besides being the national fruit of Jaraaioa, 
is a major component of one of Jamaica's favourite dishes« Because of seasonality 
of production and a high demand both locally and by Jamaicans abroad, the food 
processing industry has developed methodB for canning the ackee. 

The edible portion of the ackee fruit Is botanically known as the aril - a 
cream-coloured mass of succulent tissue that is attacked 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 aril to deterioration the harvesting procedure has been 
modified. Fruits for processing are harvested by vigorously shaking the branches 
of laden trees to dislodge the fruits. The fallen fruits are then collected and 
delivered to the processing plant some to hours after harvest· By this method, 
fruits in various stages of maturity are harvested and, in addition the pods 
generally are badly bruised· 

In the processing plant, unopened fruits are ple-ced on racks to allow the 
maturation process to continue and from these, fruits are collected for processing 
when they open· 

Vith this procedure, it is estimated that losses of about 40-60$ occur. 
Thes- losses are due either to the failure of the pods to open owing to immaturity 
or excessive dehydration, and to rota caused by pathogenic micro-organisms· 

The primary objeçtives of this study were to identify the micro-organisms 
associated 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· 

MATEEIALS AND METHODS 

Most of the ackee fruits used in this study were obtained from the processing 
plant, Frozen Foods (Jamaica) Ltd. However, the fruits used In pathogenicity tests 
were carefully harvested individually from trees on the University Campus. 

Fruits obtained from the processing plant on different occasions were 
examined individually and classified into the following groups on the basis οt symptoms- -
healthy, soft white rots, soft brown rote and other lésions· 
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Several specimens were selected from each or these groups and repeated 
isolations were made both from the pods and decaying arils. Isolations were made 
both from pods and decaying arils. Iaolatlons 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 also w re made on 
nutrient agar. Pathogenicity tests were carried out with all the Isolated 
micro-organisms on Individual pode and arils that were either wounded with a 
sterile needle or undamaged. Inoculated pods were enclosed in polyethylene 
bags for US hours after which they were left on the laboratory beooh Γ or a further 
period of 1-U days before being assessed. 
Bate of maceration of arils by fungi! Mature, unopened aclceea were carefully 
harvested from a single tree, surface dlslnfested with sodium hypochlorite 
or 70ft ethanol and the arils plus seeds removed under asceptic conditions. 
Arils were dipped eltner in sterile distilled water or a standardised spore 
suspension obtained from a particular fungus and then placed in sterile 
wide-mouthed flaaks. Each treatment contained three arils and there were two 
replicates. Data on the extent of maceration were obtained at 2k, 1*8, 72 si« 
96 hr. after inoculation. After removing the seeds, the arils were weighed, 
washed to remove macerated tissue, blot-dried and again weighed. 

Fungicide treatments! The fungicides used were benomyl (methyl 1-butyl carbamoyl)-
2-benzlmldazole carbamate, thiabendazole (2-(i+-thlazolyl) benzimidazole), dlcloran 
(2,6 dichloro nltrol 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» 

BESULTS 

Frequency of occurrence of various symptoms: Prom one sample of 365 fruits randomly 
selected from a batch of fruits obtained from the processing plant, 51$ showed 
brown, soft rot synjptorae attributable to Botryodiplodia theobromae. showed other 
brown lesions and 1*1$ apparently were healthy. 

Isolations from dlaeased pods and arils ι Repeated Isolations from the soft, decaying 
arils revealed the presence of two unidentified bacteria. One isolate produced 
whitish colonies whereas the other produced yellow colonies on potato dextrose agar* 

A number of fungi were isolated from decaying arils and pods from 
miscellaneous brown lesions on the pods* £· nigricans was repeatedly isolated from 
pods which showed symptoms of white soft rot, and fi* theobromae similarly was 
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obtained from pods which showed symptoms of brown soft rot· Other fungi, 
which were associated with miscellaneous brown lesions included Oloeosporlum sp·, 
Pestallotla sp., Phomopsls sp. and Fusarium spp. B. theobromae and Rj, nigricans 
also were isolated from decaying arils· 
Pathogenicity tests and s.vmptom 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 varied appreciably. The Fusarium species. Phomopsls. Gloeosoorium. 
and Pestallotla all caused ^irm dark brown lesions which developed slowly on the 
pods. The lesions produced by these fungi were indistinguishable except in the 
case of Pestallotla which produced lesions that were noticeably sunken. In 
contrast, B. theobromae produced a rapidly spreading brown lesion which was fairly 
soft and H. nigricans produced a soft white rot which spread with extreme rapidity· 

When unwounded pods were inoculated with spore suspension of the different 
fungi, only B. theobromg? caused 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 maceration by fungi: All seven isolated fungi were shown to macerate the 
ackee arils converting them into soft, mushy masses of tissue. R^ nigricans was the 
most prolific. Within 24 hr. after inoculation it had macerated 1S# of the aril 
tissue compared to by the other fungi, and by 48 hr. maceration had increased 
to 32% compared to 5 by the other fungi. B. t^çtphr^^e was nearly a8 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), GloeosDorlumr Phomopsisf Pestallotla and Fusarium (red), respectively. 
The controls remained virtually unaltered daring the test. 
Effect of fungicides and other treatments 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, dlclorsn, 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 is evident in Table 3 in which 3CÄ of the pods opened after 
7 days when kept in sealed polyethylene bags as compared to 60, 80 and 95$ when 
they were kept in open trays with or without periodic spraying with water, or in 
perforated polyethylene bags, respectively. 

In one trial in which carefully harvested undamaged pods were kept in the 
laboratory for 10 days, rots developed on only 1$ of the pods and all pods were 
either fully or partially opened within this period. The pods, however, were 
fairly well dehydrated and it is likely 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 U or 7 days when kept on open trays in the laboratory 
(Av. of two reps·) 

TRi ATMENT % POD ROT AND OPEN PODS 

U days 7 days 

A Β A Β 

1. Hot water (56°C/10 min.) 0 18 18 52 
2. Benomyl (500 ppra/3 min.) 2 32 56 U6 
3. Thiabenazole (500 ppm/3 min.) 8 U6 56 Ik 

1*. Dicloran (1000 ppm/1 min.) 0 2b 50 58 
5. 2 plus 1+ (3 min.) k 26 50 56 
6. 3 plus (3 mln. ) 2 26 V> 68 
7. Sodium hypochlorite (0,265fc 

10 min.) k 52 36 70 
8. Tap water (5 min.) 16 28 56 32 
9. Control (no treatment) 8 12 6k 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 traye or enclosed 
In polyethelene bags in the laboratory (Ay. of two reps.) 

TREATMENTS % FOB BOT ANS OFEN PODS TREATMENTS 

OPEN THAY SEALED BAOS 

U days 7 days days 7 daye 

A Β A Β A Β A Β 

(i) Dlcloran 8 96 β 98 8 30 78 U2 
Benomyl 8 92 10 98 8 18 92 30 
Sodium hypochlorite 1» 98 U 100 2 1* 80 8 
Control 20 92 22 98 20 Ά 64 60 

(ll)Sodlum hypochlorite 35 55 75 100 30 30 85 30 
Benoioyl + Dleloran 15 25 70 100 10 10 75 10 
Control 25 ω 65 100 0 0 50 0 

(i) and (il) represent lots of fruits received on tvo different days. Rate 
and duration of treatments as shown in Table I« 

TA13LE 3. Influence of benomyl and various subsequent treatments on percentage 
of open ackee pods (B), 

TREAMENTS (1) f POD EOT AND OPEN PODS TREAMENTS (1) 

U days 7 days 

TREAMENTS (1) 

A Β A Β Β 

Open tray 10 60 20 80 
Open tray + water epray (ii) 10 70 10 80 
Enclosed in perforated plastic bags 15- 80 15 95 
Enclosed in sealed plastic bags 10 20 50 30 

(i) All treatments previously dipped in benomyl at rate and duration as 
In Table I; (ii) water was sprayed twice daily* 
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DISCUSSION 

It is clear that fungi are the main micro-organisms responsible for the 
deterioration of ackees. Isolated bacteria were non-pathogeuic whereas all fungi 
isolated were able to infect wounded ackee pods and macerate the arils* 
£· theobromae was the fungus of most importance owing to the frequency of its 
occurrence, Its ability to infect unwounded pods and the rapidity with which 
infection progressed. Another fungus of major importance was £· nigricans again 
beoause of Its rapid Infection rate and its ability to sporulate quickly and 
profusely· This fungus apparently Is unable to infect undamaged pods but because 
of the method of harvesting, numerous wounds generally are produced on the fruits 
and these provide ready avenues of ingress for the pathogenic micro-organisms· 

The inconsistency in the performance of the fungicide treatments 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 hypochlorite or benomyl) applied 
Immediately after harvest, should result in effective control· In addition, it 
seems that measures to reduce the rate of dehydration of the pods, possibly by 
periodic misting, also would be beneficial but since high humidity would favour the 
development of micro-organisms s carefully balanoed system would have to be worked out· 

The suppression of pod opening by complete enclosure in polyethylene bags 
is noteworthy· This may be due to a build-yp of carbon dioxide or some other 
volatile chemical in the immediate environment of the pods and suggests that complete 
enclosure ehould be avoided. 

Acknowledgement·. The writer wishes to thank Technical Assistant Hies 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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PROLONGATIOK OP THE STORAGE LIFE OP BREADFRUITS 

A.K. Thompson*, B.O. Been, C.D. Perkins 
Ministry of Industry, Commerce and Tourism, 

Kingston, Jamaica 

INTRODPC ΤION 

Breadfruit (Atrocarpus communis, also A. altills) Is widely grown in the 
tropics as a 6ource 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 marketing locally and makes exportation even by air unprofitable. 

Reported methods of preservation of the fruit are by fermentation 
(Barrau 1957) and drying (.Peters and Wills 1956* and Barrau 1956} but information 
on the storage of the freah whole fruit Is non-existent. The fruit has a high 
respiratory rate reaching a climacteric peak of above 3ml C02 per kg/h at 20°C 
5 days after harvest (Biale and Barcus 1970). The problem therefore is to prolong 
the pc-st-harveBt pre-climacterlc stage and delay the onset of the· cliacteric stage 
and its associated accumulation of soluble solids and softening, yet maintain the 
fruit in its fresh, firm and green state. 

Thio paper describes experiments which were carried out in order to 
determine the length of the storage life of the fruit and the effects of treatments 
which have been shown to extend the pre~climacteric of other climacteric fruits. 

MATERIALS AND METHODS 

Fruits 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 compared 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 most common varieties, Yellowheart and Whiteheart fruits, 
were used. 
Experiment 1. 

Ten mature and ten younger fruits were etored under one of the following 
conditions 

1) 27.7°C and 85 - 94* EH. 
2) 12.0°C and 6l - 75% HH. 
3) 7*0oc and 6l - 7 % RH. 
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The weight-loss of 5 fruits from eaoh stage was also determined· 
Experiment 2. 

One of 6 groups each consisting of 10 Yellowheart fruits was allocated to 
one of the following treatments and then stored at 12.0OC and 91 - 98% RH:-

1) Unwrapped· 
2) Wrapped individually in newspaper. 

3) Stored individually In 75x46 cm χ 150 gauge polyethylene 
bags which were then tied. 

4) Stored individually In poly-jtnylene 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 another 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°C and 92 - 98% BH. 
Experiment 4· 

Twenty Yellowheart fruits were harvested by the method mentioned earlier 
and then packed in cartons. Another 20 were allowed to fall to the ground and 
then packed in hessian bags for transportation. 

While in storage the general condition of the fruits was 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 Magnese Tsylor penetrometer and a pocket refractometer respect-
ively. In certain oases 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 varianoe method. 
Results. 

The results showed that temperature, imperforated polyethylene bags and 
a combination of both were most significant in prolonging the storage life of the 
breadfruit. 
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Temperature 
Storage at 24 - 28°C resulted In the complete softening of fruite within 

2 - 4 days while at 12.50C they softened in 8.3 days. At 7°C 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. 

Fruits 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 12.5°C 
soluble solids were rapidly accumulated on return to ambient but at 7°C very little 
soluble solids accumulated even on transfer to ambient conditions. 
Packing 

Breadfruit wrapped in newspaper as compared to unwrapped fruits showed 
no significant differences in weightloss or the number of days 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 
life at both high and low temperature. At 24.5°C the extension was fron 2·8 to 
14.1 days and at 12.5°C from 8.3 to a maximum of 21.5 days (Tables 3 ά 4)· During 
storage these fruits 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 split 
exposing the mesocarp. After splitting that area got very soft and started to 
disintegrate. 
Maturity 

The number 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). 

Fruite which were caught did not prove to have a longer storage life than 
those which were allowed to fall to thf* 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 (Barneil 19U1). Unlike all other fruits breadfruits are 
utilized as a starchy food and are therefore only marketable during the short 
period between maturity and the onset of the starch to sugar conversion 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 solids content of both (.mature 
15 - and young 9 - 12.5*) and that an intermediate stage was capable of 
storage for 12 - 13 days at 20 - 22°C. This data also confirmed the fact that the 
2 stages above had approximately the same shelf-life. 

Reduced temperatures slowed respiration and the ripening processes as in 
other fruits and like many other tropical fruite (Biale and Young 1962) breadfruits 
stored below 12«5°C showed physiological and anatomical abnormalities 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 Og and 
CO2. During storage the proportion of each gas changes because of respiration 
and diffusion resulting in a CO2 rich environment which slows aown respiration and 
leads to a longer storage life. Thompson et al, 1973, noted that plantains 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 also be due to inhibition 
of gas exchange and of water loss. 

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 gnades have a longer storage 
life than either. If, therefore, this stage of development can be identified it is 
possible that the storage life of breadfruit can be further extended. 
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TABLE 1. Effecte of temperature and stage of maturity on the number 
of days for breadfruit to soften after harvest· 

Temperature Mature Young Mean C.V.* 

28 3.3 3.1* 3.W3 
12 5.2 5.6 5.I*B 

7 8.4 9.2 8.8A 
Mean 5.6A 6.1A 5.9 

Figures followed by the same letter were not significantly different 
(Ρ»0·05) and are read separately for each mean· 

TABLE 2. Effects of storage conditions and stage of maturity on 
the mean of dry matter content of breadfruits. 

Days In 
storage 

Temperature 
OC 

Mature Young Mean C.V.* 

0 32.6A 31. 7A - 3.7 
1* 28 31*.1 32.1 33.1B 
8 12 33.0 31.5 32. 3B 

10 7 36.0 32.0 3U.0A 
Mean 31*.1*A 31.9B 2.2 

Figures followed by the aame letter were not significantly different 
(Ρ·0·05) and are read separately for each mean· 

TABLE 3« Effects of packing treatment on the length of storage 
life and other parameters. 

Treatment Soluble Firmness (kg·/cm2) Dry Days to 
solids % skin flesh matter softening 

% (mean) 

Unwrspped 18.8A 61AB 5.6AB 31»UA lO.iiBC 
Ν ewspaper 17. UA 62AB I*. 3AB 27 . 5A 8.5C 

» 
Polyethy-

lene 17.1A 78A 8.6A 28.2A 17.7A 
Perforated 
polyethy-

lene 16.1A 61*AB 2.8C 28.5A 9.1C 
Coir duet 19.QA 77A U.2BC 27. 3A 11. 8B 
•Water 7.OB 1*8B 8.9A S3.1S 16. 7A 
C.V.* 12.0 8.6 30.6 2.9 18.8 
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•Polyethylene and water treatments were analysed after 19 days storage. 
Other treatments after 15 days. 
Pigures followed by the same letter were not significantly different 
(P«0.05) and are read vertically· 

TABLE Effects of packing treatment and temperature on the no. of 
days to softening. 

Storage temperature Packing treatment Mean no. of 
days to aoftening 

21*.5°C Unwrapped 2.8 
Polyethylene 11*. 1 

Mean 8.5* 
13.00c Unwrapped 8.3 

Polyethylene 21.5 
Mean 1U.9 

•Effect of temperature significant at P-0.001 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 bagB 

3 21*.5 3.9 0.2 2.0 
13.0 1.1 0.1 0.6 
Mean 2.5 0.2 

7 21*.5 12.6 1.9 7.3 
13.0 3.9 0.3 2.1 
Mean 8.2 1.1 

12 21*. 5 - 3.2 -

13.0 7.9 0.8 1*.3 
Mean - 2.0 

16 21+· 5 - U.7 -

13.0 - 1.3 -

- 3.0 -

TABLE 6. Effects of harvesting and transportation methods on 
weight-loss and softening. 

Treatment % weight-loss % of Boft fruits 
(day 13) (day 9) 

caught 10.9 86 
dropped 10.6 93 
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SOME NUTRITIONAL ASPECTS OP BUNCHY TOP 
DISEASE OP PAPAYA (CARICA PAPAYA) 

B#R, Cooper, S.Q. Haque and K* Rambharose University of the West Indies, St* Augustine - Trinidad 

INTRODUCTION 

Bunchy top disease of papaya is widespread in the Caribbean and is an 
lnçortant limiting factor in the commercial production of papaya in many islands. 
It has been recorded in Trinidad and Tobago, Grenada, St. Vincent, Antigua, 
Montserrat, and St. Kitte (Phelps and Haque, 1968) and Cuba (Acuna and De Zayas, 
1946) 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 a mycoplasmal agent. Storey and Halliwell ( 1 9 6 9 ) reported 
the presence of allipsoldal mycoplasma-like bodies 700 - 600 mu long in phloem 
parenchyma tissue of infected plants in Dominican Republic. Mycoplasmal-like bodies 
have also been observed in infected tissue from Trinidad (Kenten and Haque, 1973)· 
In common with many mycoplasmal type diseuses transmission has been found to occur 
via leaf hoppers. Sein .and Adsuar identified Empoasca papayae as the vector in 
Puerto Rico (Sein and Adsuar, 1947)· More recently Empoasca stevensll has been 
Identified as a vector In Trinidad (Haque and Parasram, 1973)· Direct mechanical 
transmission appears successful and the disease is probably not seed borne· 

The earliest symptom of infection is the appearance of 'oil spots* on the 
stem and petioles. These spots, of variable shape and size, appear to be caused by 
water soaked tissue, and have so far always been found where bunchy top infection is 
present solo papaya and in many local Trinidad types. They are no proof of bunchy 
top infection however, since such areas can arise from other causes. Leaf symptoms 
then appear, the younger Immature leaves of the crown becoming membranous in placee 
at their margins 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 petioles, the bunchy topped' appearance characteristic of infected 
plants· These older 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 tree may send out new lateral shoots from lower down 
the trank. These too often become ini'ected. The rate of movement of the disease 
dowr the stem Is apparently quite slow (Bird a&d Adsuar, 1952). Quite frequently, 
üuncLytop infected plants become infected with virus diseases, such as mosaic, 
making identification more complicated· 

Apart from the visual effects described above, physiological effects have 
also been described. Storey et al (1966) reported higher concentrations of several 
micronutrlents in the tissues of infected plants, and the association of above ~ normal 
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•alcium levels in infected tissue reduced expresslon-of the disease· Plants 
growing in high coraline soils were apparently less likely to suffer from the 
disease than those in solid low In coral material· 

Storey and Halliwell also reported that soil drenches and root dipping 
of transplante with either acromycin or aureomycin produced complete remission of 
symptoms, and suggested this as a possible control 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-Dhaliwal, 1 9 6 6 ) to develop types with improved 
resistance· 

The present study was conducted in an effort to discover something of the 
p6yiological effects associated with bunchy top diseaee. The similarity of some of 
its symptoms to nutrient imbalances and the present lack of general 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 a lead longer than 
15 cms. and 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 Laboratory, 
St. Augustine. Only data for the Ν and Ca analyses will be reported in this psper. 

RESULTS AND DISCUSSION 
Leaf ftnd petiole Characteristic? 

It can be seen from Figure 1 that leaf lengt h steadily increased in healthy 
plants up to node 5, thereafter leaf length remained more or lees 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 elongetion apparently continued longer than leaf expansion as oan 
be seen from Fig. 2. where petiole lengths are plotted against 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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petiolee also increased in length but showed a more erratic relationship to node 

number. Maximum effect of the disease appeared to occur at higher node number than 

with leaves· 

Nutrient Data. 
Ν contents of leaves and petioles are shown in Tables 1 and 2. Ν content 

in both healthy and diseased leaves decreased with age. A similar trend was evident 
in petioles, where Ν ο one ent rati one were less than half those found in the leaves. 
Mean Ν concentrations for healthy and diseased leaves were 5*23% and 4«ÔÔ* respectively. 
The mean difference of 0,342* was not significantly different from zero at the % 
level. In petioles, Ν concentrations were higher in the diseased tissue by a mean 
differences of 1,09* which was significantly greater than zero at the % level. 

The Ca data obtained can be seen in Tables 3 and 4. Ca content increased 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 Ν levels from healthy tissue reported here show similar trends with age 
to those reported by Awada and Long ( 1 9 6 9 ) , but their Ν concentrations were generally 
lower in both petioles and leaves. Storey et all(l969) reported finding higher 
concentrations of Ν in diseased leaves of Solo papaya growing on coraline soil 
and the oppoeite relationship on non-coraline solid but did not indicate whether 
such differences were statistically significant. Increased Ν in the petiolee and 
decreased levels in the leaves would be consistent with a disea® induced blockage 
of Ν 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 ( 1 9 6 8 ) indicate higher Ca in diseased 
tissue even though the generally higher Ca levels occurring in plants grown on 
eoraline 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, Zn 
and Fe found In their healthy tissue were similar to those reported by Gonzalez et al 
(1972) for Carica candamarcensis L. 

CONCLUSIONS 
The results 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 and 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 es a preliminary 
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» 
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TABLE 1. Nitrogen Content Of Leaves And Petioles 
As Function Of Node Number {% O.D.M> 

NODE No. 
LEAVES PETIOLES 

NODE No. HEALTHY DISEASED HEALTHY DISEASED 

1 7.08 6.91+ 3.64 4.89 
2 6.1+0 6.1+7 3.33 3.91 
3 5.87 6.01+ 3.29 3.34 
4 5.68 6.08 2.41 3.72 
5 5.68 5.25 2.21 3.92 
6 5.37 4.52 2.06 3.01 
7 5.17 1+.50 1.91 2.83 
β 4.97 5.13 1.72 2.68 
9 5.12 4.67 1.65 2.76 

10 4.85 4.08 1.51 2.51 
11 4.73 3.95 1.50 2.55 
12 4.44- 4.07 1.49 2.40 
13 4.40 3.98 1.36 2.43 
11+ 4.30 4.03 1.27 2.20 
15 Î+.08 3.75 t..31 2.30 

(•Means of 5 plants) 

TABLE 2. Comparison Of Diseased/Healthy Pairs 

NITROGEN % 0. D.M. 

PAIR No. 1 HEALTHY· 
LEAVES 

2 
DISEASED* DI^pàiENÇjE 1 

HEALTHY· 

PETIOLES 
2 

DISEASED* DIFFERENCE 
( 1 - 2) 

1 4.950 4.917 + .033 1.799 1.807 -0.008 
2 5.324 4.534 + .790 2.135 3.131 -0.996 
3 5.435 5.507 • .928 • 2.159 3.506 -1.347 
4 5.216 5.821 - .605 2.007 2.952 -0.995 
5 5.204 4.641 - .563 1.797 3.952 -2.155 

liean 5.226 4.884 
••Sot significant at % level 

+0.342+ 1.979 3.070 
+Signlflcant at the 5 

-1.091 + 
(i level 

(* Ueane of all nodes) 
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Table 3. Caloluffl Content of Leavee and Petioles as 
Function of Node Number {% ODM) 

NODE No· 
LEAVES PETIOLES 

NODE No· HEALTHY* DISEASED* HEALTHY· DISEASED· 

1 0.65 0.83 0.53 0.72 
2 1.13 1.01 0.79 0.95 
3 0.99 1.15 0.60 1.12 
1* 1.21 1.28 1.11+ 1.21 
5 1.35 1.1*7 1.11+ 1.36 
6 1.66 1.77 1.23 1.65 
7 1.71 1.85 1.39 1.61 
8 1.86 1.73 1.32 1.65 
9 1.90 1.91* 1.50 1.76 
10 1.93 2.17 1 .U9 1.86 
11 1.93 2.18 1 .1*8 1.67 
12 2.00 1.91 1.82 1.79 
13 2.02 1.97 1.57 1.83 
11* 2.00 1 .05 1.67 1.61 
15 1.88 2.29 1.67 1.80 

(· Means of 5 plants) 

Comparison o f DlseaBed/Healthy Pairs 

CALCIUM % 0 • D.M. 
LEAVES PETIOLES 

1 2 3 1 2 3 
PAIR No. HEALTHY· DISEASED· DIFFERENCE HEALTHY· DISEASED· DIFFERENCE 

(1 - 2) (1 - 2) 

1 1.175 2.073 -0.898 1.317 1.885 -0.557 
2 1.1*89 1.395 +0.091* 1.158 1 .166 -0.008 
3 1.576 1.629 -0.053 1 .611 1.870 -0.259 
1+ 2.31+9 1.751 +0.598 1.285 1.1+33 -0.11*9 
5 1.1*07 1.1*61+ -0.057 1.321* 1.391 -0.067 

Mean 1.599 1.662 -0.063++ 1.31+1 1.51+9 -0.208+ 

+ Not significant ε it % level + Not ι significant at % 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. 

In a field experiment, the effect of Oxamyl (methyl Ν', N» - dimethyl - Ν -
ßmethyl - carbamoyl) oxjQ - 1 - thiooxaraimidate) for the control of four plant 
parasitic nematodes in tomato (Lycoperslcorn esculentqm 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 transplanting. Soil and root samples were taken 
for each experimental plot at one and two-months after transplanting. Hellcot.ylenchus 
dlhvs^era and Rotvlenchulus renlformls were considerably 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 Meloldogyne 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 Pratvlenchus zeae but only 5000 ppm level controlled Meloldogyne 
lnçqgplfa. On the other hand, Helicotvlenchus dihystera and Rotylenchulus renlforfl4g 
were reduced at the 1250, 2500 and 5000 ppm levels. 

STUDIES ON THE INTERCROPPING OF 
CORN AND SWEET POTATO 

Theodore ÏÏ. 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. Bow distance was 
constant at 90 cm. and both crops were planted on ridges. 

In a wet season trial, 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 corn plant number. Corn 
alone had the highest gross value. In a dry season trial planted 15th November, yields were 
relatively low. Intercropping did not reduce com yields but did reduce sweet potato yields. 
Gross value was again greatest for com alone. 

It is suggested that the sweet potato cv (049) is not suitable for intercropping 
and other cvs should be tested for this purpose. 
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Comparative Effecte of Soluble and Controlled Release (Sulphur-
ggflted Urea) Nitrogen on Phosphorous. Potassium. Calcium and 
Magnesium uptake by Corn (Zea mays) 

R.C. Dalai 
University of the West Indies, St. Augustine, Trinidad 

INTRODUCTION 

In a previous investigation on the efficiency of the soluble Ν sources 
(ammonium sulphate (AS), area ammonium phosphate (UAP) and urea) and controlled 
release Ν sources, sulphur-coated urea (SCU-18, SCU-102 and SCU-183) of differing 
Ν release rates applied at 50, 100, and 200 kg/ha of Ν to an acidic soil, it was 
shown that Ν uptake, grain yield and apparent Ν recovery by corn were increased in 
the order: SCU-1Ô3 - SCU-102 - SCU-18 • Urea - UAP • AS. This order of Ν efficiency 
was found to be generally opposite to the nitrification rates, that is, the Ν 
fertilizers with slower nitrification rates were more efficient sources of Ν except 
that the performance of urea was better than other soluble Ν sources primarily 
because it has a smaller effect on soul pH and exchangeable Al (Dalai, 1974)· 

In this paper, the effects of soluble and controlled release Ν sources on 
phosphorous, potassium, calcium and magnesium uptake by corn (Zç$ mays) are reported· 

MATERIALS AND.r METHODS 

Fertilizers: Sulphur -coated urea fertilizers were supplied by Dr. O.L. Terman of 

T.V.A., Alabama. SCU-18, SCU-102 and SCU-183 contained 25.0, 30.3 and 30.4 per cent 

Ν respectively and all three had 30 per cent sulphur-coating with 5, 3 and 3 per cent 

wax, respectively. SCU-18 and SCU-183 did not contain microbicide; SCU-102 had 0.9% 

microbiclde 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 Ν and were soluble sources of N. The nitrification rates, 

evaluated by incubation studies (Dalai, 1974) were in the order: AS • Urea - UAP -· SCU-18 

SCU-102 » SCU-183. 

Soil: The soil, Pluventic Eutropept, had the following physico-chemical properties: 

pH, 5.1; clay content, 16%; organic C, 0.9G%; total N, 0.13%, CEC, 6.8 meq/lOOg. 

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 χ 45 cm) in six rows, 

5»5 m long, Ν fertilizers at the rate of 0, 50, 100 and 200 kg/ha of Ν and basal doses 

of Ρ (50 kg/ha) as triple super-phosphate and Κ (100 kg/ha) as muriate of potash were 

placed, In a band furrow, 5 cm deep end 5 cm away from the seed on one side of the 

rows on 11 Sept. 1972. Ν treatments were replicated 4 times in a randomized complete 

block design. The crop was harvested on 14 Dec. 1972. The corn ears of the four 

inside rows were harvested for the grain yield and then 10 plants per plot were 

randomly selected, harvested and grouped. The plant and grain samples from each plot 

were dried at 80°C for 24 hours, weighed and analyzed for Ρ, K, Ca and Mg. Apparent 

Ρ and Κ recoveries were calculated by the differences in Ρ and Κ uptake from the Ν 

treated plots as compared to that from the plots where no Ν was sdded. 

-134-



The f i e l d was ve i l provided with draine to prevent waterlogging. In addition, 

each plot was isolated from others by drains 30 em wide and 10 em deep· The Insect 

pests and weeds were controlled by insecticide spray and hand weeding· 

RESULTS AND DISCUSSION 
In general, F, K, Ca and Mg uptake was Increased by increasing the Ν 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 Ν from the Ν fertilizers 
(SCU-102 and SCU-t83) resulted in not only greater Ν uptake (Dalai, 1974) but also 
greater absorption of other nutrients (Ρ, K, Ca and Mg). However, AS and UAP applied 
at 200 kg/ha of Ν depressed the uptake of Ρ, K, Ca and Mg, and Ca and Mg respectively* 
This was probably due partly to higher NH^+-N/N03~-N ratios in the soil in the early 
stages if corn growth and 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 compared to slow release fertilizer (Dalai, 1974)· The better 
performance of urea as compared to AS and UAP was primarily due to its insignificant 
effect on solid pH and exchangeable Al (Dalai, 1974). 

Maximum Ρ and Κ were recovered in SCU-102 and SCU-183 treatments. The 
maximum recoveries of Ρ and Κ were 18.6 and 24.0 per cent, respectively, in SCU-183 
treatment when it was 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: 

Κ uptake (kg/ha) - 26.9 • 438.6A-exch. Κ (me/l00g) 

r = 0.7566 P^O.001 
Ca uptake (kg/ha) - 8.2 + 36.7Aexch. Ca(me/100g) 

r - 0.8387 Ρ 0.001 
Mg uptake (kg/ha) * 8.7 + 66.1 Aexch. Mg(me/l00g) 

r = 0.6626 ΡΛ0.01 

Thus high NH4*-N/N03+-N ratios woul'd affect not only the absorption of K, Ca 
and Mg but also their release from exchangeable positions on the 60il colloids to 
soil solution. 

It appears that the controlled release of Ν from SCU-102 and SCU-183 considerably 
increases the uptake of Ρ, K, Ca and Mg by corn as compared to the soluble Ν sources· 
The factors responsible for this effect on the acidic eoll are email p8 «kaagv«, le·· 
exchangeable AI, low ΝΗ^*-Ν/Νθ3 -Ν ratios and slower release of Ν over linger periods. 
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INFLUENCE OP THE PAST OF THIS LEAP AND LEAF HAM OP 
PUKTAIHS 6» » I rftrraiENT CQNTEHF ^ ^ 

Q. Samuele à A. Beale 
Agrlc. Expt· Station, University of Puerto Rico 

INTRODUCTION 

Fertilizer ranke ae one of the largeat direct coat a farmer has in growing 
high yielding crops. The correct recommendations of fertilizer for a given crop 
in a given soil can mean increased yields with no excessive fertilizer costs. The 
problem is one of determining a practical method of evaluating the fertilizer needs 
of the crop in the soils 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, 
especially because of its value for nitrogen recommendations and its sensitivity to 
variables which effect the growth of the crop. Foliar diagnosis is being used as a 
practical guide to fertilizer usage for sugarcane (Samuels, 1969) and pineapples 
(Sanford, 1 9 6 2 ) . 

Little information is available as to use of foliar analysis as s guide for 
fertilizing plantains (Musa paradlsiaca) 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 ite 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 Ν and K2O at 4 levels: 101, 202, 403, and 605 Kg/ha 
(90, 180, 360, and 540 lbs/A) and P2O5 at 2 levels: 0 and 112 kg/he (100 lbs/A). 
When one element was varied, the other two fertilizer elements were held at constant 
level of Ν at 202 Kg/ha, P2O5 at 112 Kg/ha and K20 at 404 Kg/ha. All treatments 
received 202 Kg/ha of MgO (180 lbs/A), and total fertilizer was applied in 
3 applications: 1, 3, and 10 months after planting on Uune 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 samples 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 Is the entire plantain leaf taken at «aapling used for 
chemical analyses. To save space and time in drying the leaf materials, and in 
grinding, only a portion of the plantain leaf Is used. If the plalntain leaf were 
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rather uniform In i t s nutrient composition along i t s long axis, there would be no 

particular concern about a l i t t l e variation as to what part of the leaf was used* 

However, this le not so, for there la quite a large variation in nutrient composition 

for various sections of the leaf as shown in Table 1. 

Both In leaf blade and midrib, the M and Ca content increased from base to 

tip of the leaf· Leaf K, however, decreased from base to leaf tip for both blade 

and midrib. Leaf F changed little from base to tip with a trend to Increase for 

mldrlb-P only· There was no definite trend for change in leaf-Mg from base to tip· 

The variations found in leaf blade H P K and Mg for plantains were similar to those 

obtained by Tvyford and Coulter (1964) for bananas in the Windward Islands; however, 

they found that leaf-blade Ca decreased from base to tip· The variation in leaf 

H P K composition in leaf lamina and midrib for plaintains was also similar to those 

for sugarcane (Samuels 1967). 

The data indicates that plantain leaf does not have a uniform nutrient 

composition along its long axis. Therefore, to insure accuracy in foliar-diagnosis 

work It is necessary that the leaf sample be taken from the saraeportion of the leaf 

each time. The use of visual estimates of 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 leaf in half is a rapid means 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 taken from the leaf 

each time for analyses. 

Aside from variations In nutrient composition along the long axle of the 

leaf, there is a difference in nutrient, composition between - leaf blade or lamina 

and the midrib· The differences are showingin table 2 under averages. The leaf 

blade has a higher Ν and Ρ and lower Κ content than the midrib. The Ca and Mg content 

is rather similar in both leaf blade and midrib· The higher Ν and Ρ in the leaf blade 

or lamina as compared to the midrib has also been found in the sugarcane leaf 

(Samuels t967). 

Leaf Rank 

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 Ν 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 leaf Κ differed between blade and midrib with a 

decrease in Κ from second to fifth leaf in the blade and an increase in the midrib. 

There was no appreciable change in leaf Ρ for blade or midrib for leaves 

nos. 2 to 5· The same 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 

Ν increased from first to fourth leaf then a progressive fall with increasing age 

or leaf number. Leaf-blade Ρ and Mg was rather constant for all leaf number, and 

leaf-blade Κ had only a little fall with increasing leaf number. Leaf blade-Ca 
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increased rapidly from first to fifth leaf. These findings were quite similar to 
those found for the plantain leaf. 

The leaf number containing the highest amount of the nutrient element being 
studied does not necessarily serve as the best criteria for foliar-dlagnoais 
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 treatments with low and high level of Ν Ρ Κ 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 Ν 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 leaf No. 4 showing a slight 
difference in leaf P. Leaf No. 4 gave the greatest difference in leaf Κ with 
differential potash application to the soil. 

Hewitt (1955) in his work with bananas in Jamaica suggested leaf No. 3 for the 
most general indication of the nutrition of the tree. However, his decision was based 
moreso on the fact that the third leaf had the highest Ν level and next to highest 
Ρ and Κ levels as compared to leaves Nos. 1, 5, and 7. Table 2 indicates that for the 
leaf blade of plantains, using a criteria of highest level of the nutrient, the second 
leaf is best for Ν and Ca while eny leaf from second to fifth was suitable for Ρ and Ug. 
Yet, if we use the criteria of the leaf number showing greates sensitivity to differences 
in fertilizer levels (table 3), we obtain an entirely different picture with the second 
leaf best for Ν and the fifth for K. 

CONCLUSIONS 

For foliar diagnosis with plantains 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 Ν Ρ Κ as compared to the leaf 
midrib. The use of a constant section near the center of the leaf is indicated 
to avoid variation in sampling along the long axis of the leaf. The preliminary 
findings of this study with plantains does not differ greatly with those obtained 
for bananas in choice of leaf-analysis tissue. 
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Table 1. - The Distribution of Nutrient Elements In the Plalntain Leaf· 

Element 
Determined 

Distribution of element in leaf % dry-weight bad· Element 
Determined 

0- " 
Base 

-12", 12-18" , 18-24", 24-30" , 30-36" 36-42" 42-48" 
Tip 

Leaf blade 
Ν 4.27 4.47 4.67 4.82 5.07 4.96 4.82 4.81 
Ρ .32 .28 .27 .26 .25 .27 .26 .27 
Κ 7.06 6.71 6.36 6.09 5.93 5.79 5.70 5.49 
Ca .64 .72 .81 .77 .89 .09 .84 .66 

Mg .28 .33 .28 .29 

Midrib 

.24 .27 .28 .33 

Ν 1.33 1.35 1.39 1.53 1.66 1.75 1.95 2.03 
Ρ .12 .12 .12 .11 .13 .15 .15 .1 
Κ 12.96 13.09 12.23 12.33 11.79 11.68 11.66 -

Ca .55 .68 . 7 72 .80 .81 .86 
Mg .18 .11* .13 .14 .15 .15 .16 -

Table 2. - The Influence of Leaf Rank or Number on the Distribution of Nutrient. 
Element in the Plalntain Leaf · 

Leaf Leaf nutrient content on a 1 ! dry-weight basis 

Ν Ρ Κ' Ca Mg 

BJ^e 
2 4.33 0.27 5.72 0.39 0.31 
3 4.57 .28 5.31 .58 .31 
4 4.66 .27 5.00 .75 .31 
5 4.76 .27 4.88 .84 .30 

Average 4.58 .27 5.18 .64 .31 

Midrib 
2 1.25 0.12 9.34 0.35 0.29 
3 1.31 .12 9.90 .49 .31 
4 1.32 .13 9.93 .58 .32 
5 1.42 .12 10.40 .84 .34 

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 Sank * 

Fertilizer Nutrient content, % dry-weight, for leaves blade No. 

Element Lbe/acre 2 3 4 5 

Nitrogen (N) 
N 404 4.37 4.63 4.75 4.83 

101 3.91 4.33 4.58 4.68 
Difference .46 .30 .17 .16 

Phosphorous (P) 
P205 11.2 0.29 0.27 0.27 0.26 

0 .29 .27 .26 .26 
Difference 0 0 .01 0 

Potassium (K) 
κ 2ο 404 6.68 6.20 5.96 5.92 

101 6.62 6.03 5.51 5.52 
Difference .06 .17 .45 .37 

• Mean of leaf samplings at 6 and 9 months. 
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MI KB RAI ITOTHITIOH OF TWO PLANTAIN (MUSA. AAB GROUP ) CULTIVA BS 
OF THE F BENCH AND HORN TTPB 

D. Walmsley 
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 marked contrast to the large 
volume of work on other types of banana produced for the export market. 

Host 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 plantain 
production there have often been concerned with the effect of agronomic practices on characteristics 
which are important in processing (SANCHEZ NIEVA et al, 197l) but others on plant density 
(VINCENTE-GHANDLER and FIGALU, 1962; CARO-COSTAS, 1968), and mineral nutrient requirements 
(CARO-COSTAS et al, 1964; HERNANDEZ MEDINA and LUGO LOPEZ, 1969; SAMUELS at 1975) 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 fev 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 normally designed do not give all the infoimation needed 
for a crop like banana vhere 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 vas to determine the total uptake of the 
major nutrient 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 requirements 
on a field basis. 

EXPERIMENTAL 

Cultivars: Two cultivars of the plantain sub-group of the ftisa, AAB Group (see SIMMONDS, 1966) 
vere 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.). 

Jä£Äs The plants for the experiment were grown on the University Field Station, Trinidad, 
where the soil is of the River Estate series described by CHENERT (1952) and BROWN and BALLY (1970). 
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Although the surface soil is loam there Is a el It y clay subsoil of poor drainage. The clay content 
of the surface soil is lov and so therefore is the cation exchange oapacity. The soil ia acid with 
pH 5-6, calcium and magnesium are usually in adequate supply and although potassium tende to be lov, 
cations are released from weathering silt in the soil. Organic matter is veiy low and crop responses 
to phosphorus have been recorded. 

Bainfall at the site between planting in Oct/Nov 1971 and harvesting in Nov 1972 vas 1350 amf 
the months of February, March, April and August having lees than 10 mo. 

Field techniques; Two stands of -ibojt. fifth of a. hectare of each cuitivar vere established on 
adjacent areas. Planting was on cambered beds at 1.8 ο χ 1.8 m i.e. a density of 3000 plants per ha. 

Planting material was selected from known '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 (lO g per 1. of 25 per cent), for borer and nematode 
control. 

Planting holes (60 cm χ 60 cm χ 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 15cm below the surface. 

Weeds in the early stages were controlled as necessary by hand cutting or paragnat sprays. 
Fertilizers applied were 200kg Ν per ha per year as ammonium sulphate, 120 kg Ρ as triple super 
phosphate and 750 kg Κ as muriate of potash, given in four applications. 

Sampling techniques: Samples were taken of the planting material from each cuitivar. Subsequently, 
10 plants of each cuitivar were dug up at the following stages of growth:-

1) 'Young' plants with two broad leaves - about two 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 about half way to harvest (1.5 months old) 
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 corm. 

b) Shooting plants: leaf lamina and midrib, petioles, pseudostem, corn, internal 
fruit stalk and the inflorescence. 

c) Shot and harvest plants, leaf lamina and midrib, petioles, pseudostem, corm 
internal fruit stalk, external fruit stalk, fruits and inflorescence. Where 
the remnants of the inflorescence were very aaall this material was included with 
with the external stalk. 

Each part was weighed fresh and a representative sample taken (cf TWTPOBD and WALMSLET, 
1968). The samples were weighed fresh, then dried in the oven at 80°C 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 Ν, Ρ and K. 
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RESULTS AMD DISCT3SI0H 

Dry —iter production 

For both cultivars there vas only snail production of dry matter until about fev months 
from planting at vhich age the plants had six unfurled leaves· By the next sampling date in the 
late vegetative phase the Freash plants had increased considerably and this rate of increase 
continued to the shooting stage. After shooting further dry matter vas 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, after 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 increases ensured that they contained about 35 per cent more dry matter at harvest 
than the French. 

Distribution of dry matter within the plant 

At harvest for both types, the fruits had more dry matter than any other part, with 
pseudostem and leaves making up the bulk of the rest of the material. Much of the difference in 
the total plant dry weights for the cultivars was due to the amounts assimilated 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 accumulated 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 stages 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 this phase. Potassium was concentrated In the young 
leaf tissue but in the earlier stages, the conducting organs, midribs, petioles and pseudostem 
vere also rich in potassium. In the later stages of vegetative growth potassiur concentrations 
In these latter tissues decreased considerably 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 
also 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'skias' 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. 

Nitrogen 

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 corn having 
the next highest amounts. 

In the fruiting phase, whilst the leaves continued to be a major depository, a high 
proportion of the nitrogen in the plant was to be found in the fruits at 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 uptake 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 six-leaf and late vegetative 
9tage than 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 Horn plants had accumulated 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 development 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 amongst the organs was similar for both cultivars. 
As for nitrogen, in the vegetative phase, most of the plant's phosphorus was contained in tha 
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 conns had twice as much phosphorus as the inflorescence. At harvest the 
fruits had much more phosphorus than any other part of the plant. 

Total phosphorus uptake into the plant followed the nitrogen pattern during the vegetative 
phase 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 vas only a small uptake between shooting and 
harvest for both cultivars. This vas insufficient to supply the amount needed for fruit 
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development. The deficit was made up by redistribution from other parts of the plant, mainly the 
leaves and pseudostem; the conn also supplied a substantial amount in the Horn plants only. 

Potassium 

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 eprm in third place. This pattern »as the same at 
shooting. 

At harvest the fruits had by far the greatest amount of potassium. In the Horn plants, 
pseudostem and leaves still contained substantial amounts "hit 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 from the leaves and pseudostem; com 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 th« French cultivar. In this sense the French is more 
efficient than the Horn. 

NPK requirements 

a) First year 

If 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 then the 
field would produce about 40 tonnes of fruit for the French plants but only about 30 tonnes for 
the Horn type. In the experiment the mean weight of fruits per plant was 13.5 kg for French and 
12.1 kg for Horn bit from a larger sample from the same area taking the mean of 100 bunches mean 
weight of fruits produced was 13.7 and 10,0 kg respectively. 

-145 -



Thufl basing the fertiliser requirement on the higher producing French cuitivar assuming 
that during the first year enough should be supplied for 3000 plante up to harvest, 3000 ratoon 
plants which at the end of the first year say be taken to be at the 'large' or late vegetative 
stage and 300 suckers (which vould eventually fora the second ratoon) at the 2 leaf stage, it 
can be calculated that 286.5 kg of N, 79.6 kg of Ρ and 724.6 kg of Κ vould be needed. In this 
calculation the nutrients in the planting material are ignored. If supplies from the soil are 
also assumed to be negligible which of course would not always be the case then net uptake can 
be computed in tenns 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 
fixation 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) fiatoon years 

In the second year the situation is somewhat different as residues from the previous crop 

contribute 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 

soil surface. Nutrients fro® the rotting plant can then be used by the roots of the developing 

ratoon plants. Nutrients fron the other parts of the harvested plants i.e. the standing pseudostem 

with the internal fruit stalk, can pass directly into the developing ratoon (WALKSLEY and TWYFOKD, 

1963) or become available after rooting. 

Thus the ratoon crop receives a substantial quantity of nutrients from plant crop residues, 

only those in the bunch being removed from the field. Also by the end of the first year the root 

system is well developed and more efficient is absorbing nutrients 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 
amount of nutrients removed in the bunches. For the French cuitivar the nutrients exported are 
66 kg N, 24 kg Ρ and 323 kg K. A suitable HPK fertilizer ratio to replace these nutrients would 
be 1:0.4:3.9. This has about twice as much potashas that required for establishment of the field 
so either a different compound fertilizer would be needed or the same one could be used and 
supplementary muriate of potash given. To supply Ν and Ρ about 700 kg per ha of the 10:10:25 
would be no&usd or say 230 g per stool. In addition about 250 kg per ha of muriate of potash 
would be needed. 

Thus 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) Thç fruite of the French type contain a higher percentage of mineral nutrient·, especially 
potassium, than the Horn plantains. 

2) À higher percentage of the total nutrients taken into the plants is used in fruit 
production in the French type than the Horn· 

3) From total plant analysis, fertilizer rates for a soil of lov nutrient status should be 
high in the first year »hen the field is being established. Bates in subsequent years 
can be reduced considerably since plant residues contribute 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 tonnes of 10:10:25 fertilizer (l kg per stool) in 
the first year. 

b) In the second and subsequent years this could be reduced to about 700 kg per ha 
(23Ο g per stool) but supplementary potash would be needed (250 kg KCl per ha) since 
proportionally more potassium than either nitrogen or phosphorus is removed in the 
bunches exported from the field. 
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PRIMARY SCREENING OF NSW UN RE SI ST S RSD PRSEMERGE 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 RomanowskL 
(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 angles 
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 
was established at the Fortuna Sub-station, Juana Diaz, Puerto fiico 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 Sandy Loam (Sand 41.2?s>, 
Loam 30.0̂ · and Clay 28.8$). Soil pH was 7.12, with 2.51$ 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 tests C-17 sorghum, Hawaii-68 
sweet corn, Sinaloa rice, Texas Grano 502 onion, Vinter Bloomsdale spinach, Georgia collard, 
Market Prize cabbage, Waltham 29 broccoli, Purpletop White Globe turnip, Milichihi Chinese 
cabbage, Cherry Belle radish, Romano bush 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 wateimelon, Gemini 7 Hybrid cucum-
ber, Perlita cantaloupe, Curly Leaved Batavian endive, Great Lakes 659 bead lettuce, Black 
Seeded Simpson Leaf lettuce and Mammoth Grey Stripe sunflower. 

All herbicides were tested for preemerge activity at manufacturers' recommended rate. 
Materials are expressed as active ingredient per acre, and the rates were: Tolban (CGA-10832) 
at 0.45 kg. (1.0 lb.), Furloe-124 (Chloropropham plus PPG-124) at 1.81 kg. (4.0 lbs.), 
Destun (MBR-8251) at 1.36 kg. (3.0 lbs.), Dioxane (NIA-25213) at 0.91 kg. (2.0 lbs.), HCS-3438 
75WP at 0.45 kg. (l.O Ib.), RH-2512 at 0.34 kg. (0.75 lb.), Hfi-2915 at 0.11 kg. (0.25 lb.), 
HP-I5OI8 at 1.81 kg. (4.0 lbs.), BP-20810 at 0.23 kg. (0.50-lb.), S-6851 at 1.36 kg. (3.0 Iba.), 
U-27267 at 0.45 kg. (l.O lb.) and UNI-N-252 at 0.45 kg. (l.O lb.). 
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Materials vere applied using a Chess-Farm Sprayer with PTO pump powered and transported 
by a Ford 3000 tractor. Four NW-5 nozzles adjusted to spray a band 1.8 m* (6 ft.) vere used, 
with each nozzle delivering 1395 cc/min at 10 psi. Fressure vas 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 
angles to crop rows. Each plot was 17.2 ζ 1.8 metres (57 x 6 ft.). The sprayer vas washed out 
thoroughly between applications using a vater-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 humidity 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 but 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 herbicides were evaluated using the following 
subjective rating system; 

Crop Tolerance Rating Weed Control Rating 
1 = No injury S = Susceptible 
2 = Slight injury I = Intermediate 
3 = Moderate injury Τ = 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. 

RESULTS 

Results obtained were encouraging for the performance of some of the candidate 
materials tested with most vegetables. The trial clearly indicated that many of the herbicides 
were phytotoxic under the test conditions. Table I summarises 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 response. Data presented 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 
English or Spanish description of species recorded, common names and illustrations, the reader 

is referred to Adams, âi al (1968) and Cardenas, fil (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 ie recommended for the 
selected candidate herbicides to be tested in secondary formal replicated trials, utilizing the 
presently recommended registered herbicides as control or check for that specific crop. 
Reference is made to Table 3. 
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TABLE I. Effect of Chemical oa Crop Gemination and Early Growth 

\£hemical 
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Sorghum 1· 3 2 5 4 4 4 5 4 3 2 2 Sweet Corn 1 1 1 3 4 4 2 3 4 3 1 2 RLce 1 2 5 5 4 3 2 1 2 4 3 3 Onion 1 2 3 5 1 5 5 3 5 5 1 1 Spinach 1 1 5 5 4 5 5 5 5 2 1 ? Collard 1 1 5 5 4 5 5 5 5 5 2 5 Cabbage 1 3 5 5 4 5 5 5 5 5 2 3 Broccoli 1 2 5 5 4 3 5 3 5 5 2 5 Turnip 1 2 5 5 4 3 5 3 4 5 1 5 Chinese Cabbage 1 2 5 5 4 3 5 4 4 5 1 5 Radish 1 1 5 3 3 5 3 4 1 1 5 Bush Bean 2 2 5 3 1 4 4 5 3 1 1 2 Soya 1 1 5 1 4 3 1 1 1 1 2 Pigeon Pea 1 1 1 5 3 5 3 1 2 1 1 1 Okra 1 2 5 3 2 4 5 5 5 1 2 Papaya 1 5 2 5 5 5 5 5 5 1 5 Carrot 1 3 5 5 5 1 2 1 2 1 Egg Plant 1 4 5 5 2 5 5 4 5 3 4 Tomato 2 4 5 5 1 5 5 4 5 5 2 Sweet Pepper 1 2 1 2 1 3 4 4 5 1 Pumpkin 1 1 4 3 2 3 2 4 3 3 Watermelon 2 4 4 3 3 4 3 5 5 2 3 Cucumber 1 4 5 3 3 4 5 5 4 3 Cantaloupe 1 3 5 2 2 5 5 5 5 2 3 Endive 1 2 5 5 4 5 5 5 5 3 Head Lettuce 2 2 5 5 5 5 5 5 5 4 3 Leaf Lettuce 2 2 5 5 5 5 5 4 5 3 Sun Plover 1 1 4 4 1 1 3 2 1 2 

* Crop Rating: 1 s No injury 
2 = Slight injury 
3 = Moderate injury 
4 = Severs injury 
5 = Dead. 

TABLE 2. Control of Prevalent Weed Species Encountered. 

Chemical 
1 φ ο t- CM 

N . £ 8 β g 1 H σι & i CO £ Ί 
N. s •p α 7 1 

Weed Species"·*. ο Çn 1 1 a ê s g é a § 

Digitariasnguin 
Pigitaria sanguinalia Τ* I T s s s s s s s I I 
Bchinochloa colonum Τ τ T s s s s I s s T T 
SIeusine indica I I s s s s s s I s T I 
Trianthema portulacaatrua I τ I s s s s T I s I s 
Amaranthus dubius τ τ s I s s s s s s T I 
Cleoae atdnoaa τ s s s s s I s s s T s 
Ipomoea tiliacea I I s s T I s s I s s I 
Phvllanthua nirur̂ . τ s I s s I s s s s T s 
Sida ghombtfolia I s T s I I I s I I s s 
ΐνιοτ·>ιη·τΗ ο decuabana s s I s s I T I s s I s 
Areeaone maxlgana s s s I Ί I s s s I r I 
Portulaca oleraoea I T s I s s s s s s s s 
Datura straaon|ffl I s s s s T I s I s s I 

I I s s I s s I s s T s 

* »feed tolerance: Τ - Tolerant to the herbicides 
I - Intenaediate 
S - Sueoeptible 
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TABLJ; 3. Suggested ftecommendations for Selected Crops. 

C:ÏCP KiRBICIDS 

Th -,.i./ac i H 
g 

* £ 
£VJ a> 

f η 

0> a 
ο •rt 

% 
ο 
u 
s. 

* 

CC 

ο 

LA ο 
ο 

Β 

Jweet Corn Propachior 6.0 1.0 1.0 4.0 1.0 
Onion Chlorthal-dimethyl 10.5 1.0 1.0 2.0 1.0 

C abbaice Chlorthal-dimethyl 10.5 1.0 
Bu3h lieaa Chiorthal-dimethyl 10.5 1.0 3.0 2.0 
Pi ceo;: Pga "hlornroben* 4.0 1.0 1.0 3.0 4.0 1.0 1.0 4.0 

Gkra Trifluralin 1.0 1.0 1.0 3.0 

btegplant Chlorthal-dimethyl 10.5 1.0 1.0 

Tomato Di phenamid 6.0 1.0 2.0 

Jweet Pepper Diphenamid 5.0 1.0 1.0 2.0 1.0 1.0 

Pumpkin Chloramben 4.0 1.0 1.0 3.0 4.0 

Cucumber Iiaptcliuü 6.0 1.0 3.0 

Cantaloupe Mo.pt al am 6.0 1.0 
Leaf Lettuce Prcnanide* 4.0 1.0 

Mote: Kater: ;> Is s.'.rked } are not registered for commercial use on crops indicated. 
Froducs 'iust bo destroyed, and cannot be used for human or animal consumption: 
this includes, seed, foliage, fruit3, root3 or other parts. Keep materials 
out of reach of children. Do not store with feed or food stuffs. Consider materials lethal 
to .all wild life, do not contaminate streams, lakes or potable water sources. Those 
suggested experimental recommendations are for use of authorized and qualified research 
stations only. This is not a commercial recommendation. 

All materials arc expressed a3 lb. ai/ac., to convert kg multiply by 0.4536. 

MATERIAL SOURCES 

CGÙ-10832 (Toiban): CIBA-Geigy Corp., Suite 307 , 500 jiast Korhead Street, Charlotte, ITC 28202, 
U.3.,.. Attn: Dr. T.R. Dill 

Purloe-124: PPG Industries Inc., One Gateway Center, Pittsburgh, PA 15222, US^: Attn: Dr. '.iarrcn il. Zick 

HCo-3438: Velsicol Chemical Corporation, 341 iJast Ohio St. Chicago, IL 60611 USA. Attn: . r. Bert i&dins. 

ÏÏ3R-8251: (Oestun): Three II. Company, 3K Center, Saint Paul, ICI 55101 USA. Attn: Dr. Bldon 3. ftadcliffe 

HIA-25213 (Dioxane): ? MC Corp., Apartado 2847» San Jose, Costa Rica. Attn: 1.3. Nakayama 

HH-2512 and ΙΏ-2915: itohm & Hass Co., Box 2019, San Juan, P.a. 00919, USA. Attn: Mr. ilduardo G. Kimenez 
RP-15018 and RP-20810: Rhodia Inc., Chipaan Division, 120 Jersey Ave., New Brunswick, KJ 08903 USA. 

Attn: !'r. J.R. Bone 

3-6851: Gulf Oil Chemicals Co., Industrial & Speciality Chemicals Div., Research "i Development Dept., 
9009 West 67th Karri am, KS 66202 USA. Attn: Dr. R.À. iichwartzbeck 

U-27267: Upjohn International Inc., Research & Development Dept., 320 Portage 3t. Kalamazoo, :.'I 49001 
USA. Attn: Dr. George Swank. 

UNI-N-252: Uniroyal Chemical Div., of Uniroyal Inc., Research à Development Dept., Bethany, 
Ct 06525 USA. Attn: Or. Allyn R. Bell. 
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PRELIMINARY STUDIES ON POD SETTINC AND 
POD DEVELOPMENT IN PIGEON PEA 

(CAJANUS CAJANj 

John L, Hämmerton 
Faculty of Agriculture 

University of the West Indies 
Mona, Jamaica. 

Flower-tagging of four cvs of pigeon pea showed pod sets of 2 to 63There 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, but 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 development rate of 
pods sind 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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AH EVALUATION OF A HEW SYSTEM OF 
PIGEON PEA PRODUCTION IN TRINIDAD & TOBAGO 

J. Cropper and N, Ar zu 
Department of Agricultural Economics 
University of the West Indies 

Trinidad. 

SUMMA RT 

Trinidad and Tobago currently imports much of its grain legumes. Pigeon peas are the most 
commonly grown grain legume. Considerable work has gone into the development of dwarf deterainate 
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 January, 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., a gross income of $680/ac could be 
achieved, but hand-harvesting costs could be high. Work is in progress on a mechanical harvester. 
This system of production should ensure increased supplies of fresh peas for processors, lead to 
intensified 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. 

MINERAL NUTRITION REQUIREMENTS OF PIGEON PEA (CAJANUS CAJAN) 
IN RIVER ESTATE LOAM. ST. AUGUSTINE. TRINIDAD 

R.C. Dalai 
University of the West Indies, St. Augustine, Trinidad. 

INTRODUCTION 

Assessments of mineral nutrition requirements of pigeon pea (Ca.janus ca.ian) 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 physic ô îhemical 
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, Μη, 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, I960). Ni, Cr and Bi were investigated for their possible roles 
in affecting yield and Ν uptake. The rate and source of macro- and micro- elements added to the 

-154 -



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 analysed 
for H (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 
Sich. Ca Îme/100ff soil) 2.50 
Exclu Mg (me/100g soll) 0.79 
Bich. Κ (me/100g soll) 0.09 
Exch. Na (me/100g soil) 0.05 
Org. c w 0.94 
Total K W 0.104 
Available (Troug) Ρ tppm) 10 

TABLE 2. Rate and source of macro- and micro- elements added.. 

Macro- and 
micro- element 

Hate 
(ρπη) 

Source 

H 10 (HH4)2SO4 

Ρ 10 Na^K^.VHjO 
Κ 10 

Ca 10 CaCl^lOHjO 
Mg 10 MgS04.7H20 
Fe 1 FeS04.7B20 
Mn 1 MnSO, .4H.0 4 2 

Ou 0.1 CUS04.5H20 
Zn 0.1 ZnSO..7H.0 4 2 

Β 0.1 MA2B407.10H20 

ni 0.1 NICI2.6H2O 

Co 0.1 COC12.6H20 

Cr 0.1 NAJCRJO^HJO 

Bi 0.1 BiClj 
Ko O.Ol Ha2Mo04.2H20 

-155 -



RESULTS AND DISCÏÏSSIOH 

Dry matter yield was significantly increased by the application of Ρ, Mn, Cu, 2n, Ni and Mo; 
maximum increase in yield was obtained by the addition of P. But when all the macro- and micro-
elements were >.dded 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, Μη, Cu, 2n, Ni 
and Mo; again, M^HII increase in Ν uptake was obtained by the addition of P. Application of Fe 
significantly increased Ν uptake but did not increase dry matter yield significantly, possible 
because additional Fe was required by the rfayaobiuq in the root nodules to fix atmospheric Ν and 
that for plant growth probably sufficient Pe was present in the soil. When all the macro and micro-
emelents were added together, Ν 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 Ν 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 BL, had little effect on suppressing the beneficial effects 
of other nutrient elements in Ν fixation by rhyzobium 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). 

AHMED, S. and EVANS, H.J. (i960). Cobalt: A micronutrient element for the growth of syobean 
plants under symbiotic conditions. Soil Sei., 90, 205-210. 

HEWITT, E.J. (1958). Some aspects of mineral nutrition in legumes. Ifutrition of the Legumes 
(ed. S.S. Hallsworth), pp. 15-42. Butterworths, London. 

LINDER, R.C. (1944). Rapid analytical methods for some of the more common inorganic constituents 
of the plant tissue. Plant Physiol., 19, 75-89. 

ORLOVA, I.F. (1965). Effect of trace element fertilizers on leached chernozem and dark grey forest 
soil in a pot experiment. Sb. nauchnoissled. Rab. orlov. gos. sel.-khoz. 
opyt. Sta., 199-203 (Soils and Fertilizers, 29, 3411, 1966). 

TIFFIN, L.O. (1972), Translocation of micronutrients in plants. .Micronutrients in Agriculture 
(eds. J.J. Mortvedt, P.M. Giordano and W.L. Lindsay), pp. 199-299, Soil 
Sei. Soc. of America, Inc., Madison. 
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MINERAL NUTRITION REQUIREMENTS OF PIGEON PEA 
(CAJANUS CAJAN) IN RIVER ESTATE LOAM, ST' AUGUSTINE, 

TRINIDAD. 

R.C. Dalai 

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. 

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, M g, Fe, Μη, 
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 Ν 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 Ν 
(Under, 1944). 

The experiment was conducted in the greenhouse at 27 5°C. 

MATERIALS AND METHODS 

Table 1. Physico-chemical properties of the River Estate 
loam soil used for the experiment. 

pH (1:2.5 soil : water) 
Clay content (%) 

5.2 
15 
7.50 
2.50 
0.79 
0.09 
0.05 
0.94 
0.104 
10 

CEC (me/100g soil) 
Exch. Ca (me/100g soil) 
Exch. Mg (me/100g soil) 
Exch. Κ (me/100g soil) 
Exch. Na (me/100g soil) 
Org. C (%) 
Total Ν (%) 
Available (Troug) Ρ (ppm) 



Table 2. Kale and source of macro- and 
micro- e lements added . 

Macro- and Rate Source 
micro- e lement .(pjäail 

Ν 10 (NH4)9S04 
Ρ 10 NaH 2P0 4 .7H 20 
Κ 10 k 2 s o 4 

Ca 10 CaCl2.10H20 
Mg 10 MgS04.7H20 
Fe 1 FeS04.7H20 
Mn 1 MnS04 .4H20 
Cu 0J CuS04.5H20 
Zn 0J ZnS04 .7H20 
Β 01 Na2B407J0H20 
Ni 01 NiCl2.6H20 
Co 01 Cod 2 .6H 2 0 
Cr 01 Na2Cr207.2H20 
Bi 0.1 BiCl3 

Mo 0.01 Na2Mo04 .2H20 

RESULTS AND DISCUSSION 

Dry matter yield was significantly increased by the application of Ρ, 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, Μη, Cu, Zn, Ni and Mo; 
again, maximum increase in Ν uptake was obtained by the addition of P. Application of Fe significantly 
increased Ν uptake but did not increase dry matter yield siginificantly, possibly because additional Fe 
was required by the rhyzobium in the root nodules to fix atmospheric Ν and that for plant growth 
probably sufficient Fe was present in the soil. When all the macro- and micro-elements were added together, 
Ν 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 Ν 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 Ν fixation by rhyzobium 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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n o t Q B g m n c m 01 THI i i r m a m i f l OT P I « O I PU fcijiiros CAJAII 

m w a ( » » τ ί ί ) τ ι τ w w w 

o.a. Shakoor and U . I . teetbvalt» 

Bepartaa&t «Γ Crop Selenee 
University of the ¥eet ladles 

Trinidad. 

g n w w r n a 

Intercropping i s widely practiBed by peasant f a n t n In Trinidad sad Tobago sad HIHD8B30» 

(1965) reported that pigeon pas and oon vere the c — o u n t components. Despite the prevalence 

of the practice i t baa baaa tha subject of l i t t l e research (HBTOBHSOI, 1965; BATIKS, 1971), and 

FSRGOSOH (1972) reported that the fu l l benefit of the practice ia not derived by fanera . Some 

observations made in an «1 périment conducted to provide information oa the reactions of pigeon 

pea and oon under different syst «es of interoropping are presented In this paper. 

MATBMALS AHB METHODS 

The study was conducted on a Streatham Loan located at the Texaco Pood Crops Ifeaonatra-

t i on Pan, St. Joseph, Trinidad. The soi l , pE 4.0, i s lov ia plant nutrient a and exhibits 

imperfect drainage. There vere six treatments (Table l ) replicated four times in a randaaised 

block design. U.V.I. 01 27/41 pigeon pea and wgfc-lysine white translucent corn vere sown 

thickly by hand at a depth of about 5 cm. in hil ls on U and 12 January» 1973 and vere tbinned 

to one plant per hole within three weeks, lach plot vas 11.25 m. long and 6 a.* vide. Plant 

populations are shown in Table 1. 

No fert i l iser vas applied to pigeon pea· Corn vas fertil ised with 623 kg/ha of a 

22:11:11 compound commercial fert i l iser ; two-thirds of thLa amount applied at planting and 

the remainder at the onset of flowering. Veeds vere controlled by prceetryne (2*24 kg/ha) 

at planting, three hand veedinge and two sprays of paraquat (0.54 kg/ha) during the growth of 

the crops. Pigeon pea pod borer vaa controlled by spraying Gaxdona 25 SC (l«68 kg/ha) and corn 

army worm with Dipterex SP80 (l .68 kg/ha). 

The durations free planting to flowering, podding and harvest in pigeon pea, and from 

planting to silking, tasselling and harvest in corn vere recorded. Plant height measurements 

vere made at three-veek intervals from the f i f th to the fourteenth week after planting. 

The crope vere harvested at the mature green stage. The harvested areas varied with 
2 2 

treatments and ranged from 59*5 m to 60.4 m . Corn vas sunniried to about 14 per oent moisture 

oontent and the green pea pod weights vere converted to dry veight by the ratio 3.35:1 suggested 

by BSSDBBSOH (1965)· The dry weight per plant, seed yield components and seed protein contents 

vere determined and total dry matter yields and total seed protein yields vere computed. 

The seed yield of corn in every replicate of the mixed stand treatments vas oonverted to 

seed yield in kUograaaes per hectare and the seed yield of pigeon pea, which could occupy the 

remelning portion of the area based on the seed yield per beotare of pore stand corn vas 
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calculated, using the following fonralas-

yp « il - Is- ) γ (SPHINGBB, personal communication, 1973) vhere 
ze is seed yield (kg/ha) of corn in mixed stand 
yp is seed yield (kg/ha) of pigeon pea in nixed stand 
X is seed yield (kg/ha) of corn in pure stand 
Τ is seed yield (kg/ha) of pigeon pea in pore stand. 

BBSOLTS 

Seed yield and components of yield 

The effects of different systems of intercropping on the actually observed seed yields 
of pigeon pea and corn both in pure and mixed stands as compared to the oomputed combined seed 
yields (using the above formula; are shorn in Table 2. The real advantage of mixing the two 
crops vas shown by the seed yield of all mixed treatments exoept Treatment 4 (one row of pigeon 
pea for every tvo rove of corn), vhere the actual seed yield vas less than the computed seed 
yield. 

Data on the yiela components of the crops are presented in Table 3. There vas no 
significant difference betveen the treatment effects on pigeon pea seed number per pod or pod 
number per plant. Pure oorn produced significantly less seeds per ear and less ears per plant 
than the other treatments. 

Seed attributes 

Seither the seed protein content of pigeon pea nor that of com vas affected by the 
different systems of intercropping (Table 4). The highest protein yield (Table 4) vas produced 
by Treatment 1 (pure pigeon pea) and the lowest by Treatment 2 (pure com). 

Plant characteristics 

Treatments affected neither the dates of flowering end podding in pigeon pea nor the 
dates of silking and tassel ling in com. Pigeon pea flowered and podded in 80 and 88 days 
respectively after planting, and harvesting was done 118, 131 and 148 days after planting. 
Com plants tassailed 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 oorn 11 weeks after planting· The various treatments had no effect on the 
height of corn. However, differences is ; 6öcn pea plant heights 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 treatments (Table 6). 
on the other hand, Treatment 1 produced lower dry matter yields than the other treatments. 

DISCCT3SI0B 

The seed yield data are, in general, consistent with the findings of BVASS (i960), 
DOBALD (1963) and SILLET and OSIHJ (1972) vho reported t'jat higher seed yields vere obtained 
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from mirturea than fro· pore Jtends of the eomponent crops. The fact that oorn appeared to benefit 

more than pigeon pea fvo· the aeaooiation confined the general atatements of OLSOS and TIHABJHOBDI 

(1972) for grass-legome mixturee. In agrees act vlth HUSSBL (1961 ) fer a legune/non-legune association, 

corn planta in aired etands probably bad acre available nitrogen since pigeon pea nodules could have 

fixed sufficient nitrogen for use by both crops. The competition stress for soil nitrogen and light 

f läch apparently ocourred in pore corn stands night hare reduced ear and seed numbers as previously 

reported by DO SAID (196?), but was not statistically significant enough to affect the dry matter per 

plant and aeed protein content of corn. However the dry matter and protein yields might have been 

affooted. 

Initially, the pigeon pea plants in mixed stands were apparently poor competitors since 

oorn exhibited a greater visible top growth and appeared to have well established root systems. 

It later stages the corn plants had a height advantage over the pigeon pea plants. This height 

advantage may have caused shading of pigeon pea plants possibly resulting in reduced vegetative 

growth. 

The present findings are different from those of ETANS (i960) and BDSSBL (l96l) in that, 

vhile for pigeon pea the dry matter yield in mixed stands was higher than that of the pure stand, 

the converse was true for oorn. It would sees that the yields were generally influenced by the 

plant population density and particularly by the relative proximity of the component plants in 

mixed populations. 

THOMPSON (1957) and BJSSEL (l96l) reported a higher protein yield from mixtures than from 

either component orop grown alone. The preeent findings differ in that protein yields 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 environmental 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 cauee 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 returns. 
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TABLE 1. The intended plant population (plants per hectare) 
for pigeon pea and corn in pure and mixed stands. 

Treatments Plant populations 
Pigwjn Pea Com 

1. Pure pigeon pea 44,444 -

2. Pure corn - 53,333 
3. Alternate row planting 22,222 26,667 
4. One row 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 0beeryöd 
seed yield 

Seed yield 
computed with 

formula 

1. Pure pigeon pea 6,960 6,960 
2. Pure com 5,939 5,939 
3. Alternate row planting Pigeon 

Com 
pea 4,056 

3,659 
2,627 
3,659 

4. One row of pigeon pea for 
every two rows of corn 

Pigeon 
Cora 

pea 1,281 
4,653 

1,670 
4,653 

5. Alternate planting within 
the row 

Pigeon 
Com 

pea 3,234 
4,427 

1,775 
4,427 

6. One plant of pigeon pea for 
two plants of corn within 
the row 

every 
Pigeon 
Com 

pea 1,819 
4,865 

1,253 
4,865 
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TABLS "ί. Sffect of different système of intercropping on some yield 
components of pigeon pea and oorn. 

Treatment s Pigeon pea Com 
Seed number 
per pod 

Pod number 
per plant 

Seed number 
per ear 

Ear nuaber 
per plant 

1. PILTO pigeon pea 5.3*a 51.5a - -

2. Pure corn - - 368.8 b* 1.0 b 

3. Alternate row planting 5.5 a 52.3a 455.5 a 1.5 a 
4« One row of pigeon pea for 

every two rows of corn 5.4 a 52.3» 448.8 a 1.3 a 
5. Alternate planting within the row 5.4 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 ί 0.09 1.20 17.41 0.04 

* Values in the same vertical column with a common letter do not differ significantly at 
the 59° probability level based on Duncan's Multiple Bange Test, in this and subsequent 
tables. 

TABLS 4. Effect of different systems of intercropping on the seed 
protein content and protein yield of pigeon pea and corn. 

Treatments . Seed (percen irotein age on content a moisture-free basis 
?Ota)3,ield 

Pigeon pea Com 

1. Pure pigeon pea 24.1 - 1673 a 
2. Pure corn - 12.6 746 b 
3. Alternate row planting 23.2 13.0 1326 ab 
4. One row of pigeon pea for every 

two rows of com 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 plante of corn within the row 23.5 12.7 1047 ao 
S.E t 0.41 0.51 183.6 

TABLS 5· Effect of different syst an s of intercropping on pigeon pea 
and corn heights (cm.) at eleven veeks after planting. 

Treatments Plant heights at 11 weeks after planting 
Pigeon pea Com 

1. Pure pigeon pea 94.4 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 90.9 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.I.- 0.92 2.41 
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TABLS 6. iffect of different systems of intercropping OB the plant 
dry weight of pigeon pea and oorn apd dry matter yields· 

Treatments Plant dry »eight (g.) 
Pigeon pea Corn 

Dry utter yield 
(Wh.) 

1. Pure pigeon pea 355.2 - 14899 b 
d. Pure corn - 416.6 22219 a 
5. 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 

5. Alternate planting within the row 262.8 452.3 17901 a 
6. One plant of pigeon pea for every 

two planta of corn within the row 267.4 445.2 17154 a 
s.si 43.06 47.76 1277.0 
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YIILD POTMTIAL AID DISEASE HBSI3TAHCB OP 
Pflf (Phaseolna vulgaris) ΤΑΒΧΕΓΙΕ3 

" SiMlGk 

B.E. Pierre 
Faculty of Agriculture 

University of the Vest Indies 
Jamaica· 

UTBDDUCTIOI 

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 
remained more or less static at just over 2,000 tons per annum since 1967 (6), so that reasonably 
large quantities have been imported every year· In 1972, for example, some 1,615 tons were 
imported at a value of $479,000 (2). Several factors contribute to this situation. Dry beans 
are produced almoet exclusively by small faners on small plots (0.1-1.0 ac.) in the hilly 
areas of Jamaica under conditions in which farmers have absolutely no control of water. Since 
the crop is highly sensitive to excesses and deficiencies in soil moisture during the growing 
period and in addition the beans rapidly deteriorate under prolonged high humidity during the 
period of maturation, it is not surprising that faxmers consider dry beans a "high risk" crop. 

Pierre (3,4,5) has reported that in addition to the limitations associated with moisture, 
the high incidence of diseaees also is a major limiting factor to bean production in Jamaica. 
Kany 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 distribution of disease-free seeds, with the result that farmers save their own 
seeds and so perpetuate these diseases. 

The main objectives of the University's research programme on dry bean were as follows: 

1· Improvement of various agronomic practices including spacing, weed control, fertilizer 
response 

2. Identification of the major diseases and development of measures for their control 
3· evaluation of varieties for yield potential and disease resistance. 

As the title of thie paper indicates, we are primarily concerned here with yield potential 
and disease reeietanoe. 

MBTtTOng iWT> PBSTTT.TS 

Evaluation of varieties for yield potential 

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. Badkote, Charlevoix, Dark Bed Kidney, Idjfct fled Kidney and Dlacol Minia, Pinto UI 114 
and two local selections, Miss Kelly and Bound ted. Badkote (1037 kg/ha) was the best yielder 
and the local standard Hiss Kelly yielded 663 kg/ha. 
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In a second preliminary trial, 41 varieties vere planted during the month of December 1969, 
again in single rov replicated plots· In this trial, the following varieties yielded over 
2,500 kg/ha - Pinto #114, Great Borthern #31, Miss Kelly, Pinto 66/9251/1» Great Borthern 1140 
and Bed Mexican #37· Ten varietiea, including Portland Bed, Staall White aad a number of black 
seeded types, yielded between 2,000 and 2,500 kg/ha· Bineteen varieties yielded in the range 
1,000 - 2,000 kg/ha and six varieties produced under 1,000 kg/ha· ill the kidney typee together 
with the local selections Cockstone and found Bed vere in the last tvo groups. 

Two further trials vere carried out in December, 1970 and February, 1974, respectively. 
A randomised block design with three replications vas used in each case with four rove 610 χ 43 cm. 
The results are given in TABLES 1 and 2. 

B55ULTS 

In TABLE 1 the best nine varieties were not signlfioantly different from each other and 
produced yields in the range 1764 (Sutter Pink) to 2351 kg/ha in the local variety Nies Kelly. 
Within this range also were included the local varieties Portland Bed and Brand Bed, plus Bedkote, 
Diacol Mini a and a number of the Red Mexican types. The number of daye to harveet ranged from 
73 to 86. tound Bed produced the lowest number 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 Kelly, Diaool Uma and ICA Suva vere not 
significantly different from each other but there was a significant difference betveen the yield 
of these varieties in comparison to the other varieties tested. A 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 cumber of pods per plant ranged from 5,1 (ibdkote) 
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 Varietiea 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, Bhlzoctonia root rot, Sclerotium wilt and root knot. 
In addition fihynchosia mosaic and bean amut ίΕη+γΤ™^ sp.) attack beans to some extent. By far 
the most important dieeases are golden mosaic, met, anthraonose and bacterial blighta. 

Golden Mosaic : 

Golden mosaic is a virus-like disease Aich is transmitted by a vhitefly llffjfi tafraîl̂  
which breeds profusely on poinsettia (Euphorbia Tfll^fTTlli^ - W*· sain hosts are bean, iĵ e bean 
(Phaseolus lunatus) and an extremely common veed fHnit?ViW l*thvroidee). Over 100 varieties have 
been tested in Jamaica for resistance to this disease vithout sucoess. Games (l) has evaluated 
over 4,000 varieties of beans in Costa SLca and failed to find resistance. In Jenaioa, some 
variability in the response of varieties to this disease has been observea but this is attributed 
to a varietal preference by the whiteflies rather than varietal tolerance of the pathogen· Thia 
disease is prevalent in the lovland areas but the incidence Is lov during the cooler months from 
Bovember through March (3). 
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But : 

This ia a oool season disease which unlike golden moaaio i s prevalent during the oooler 

•oaths. Several varietiea have been evaluated for resistance to rust and the results of one of 

the most recent tr ia ls are shown in TIB LB 3· Although nany resistant varietiea have been foand, 

eoet of them are black or brown-seeded types. Among the red-seeded types, the local variety 

Miss Kelly i s outstanding. Other resistant red types include Kexioo 235 - a late, low growing 

eemi-trailing variety - and Portugal, a poor yielder. Some of the never introductions (ICA Quail, 

ICA Suva, Dlaool H » a , Diaool Callma, Pompadour, BSP-2) appear to be "alow rasters"· 

Anthraonose: 

This is another cool season disease vhioh also is seed borne. Trials in Jamaica indicate 

the presence of several races of this pathogen to vhioh all the local varieties are highly suscept-

ible. Some of the introduced varieties are resistant to eome races of this fungus but because of 

the wide distribution of the different racee control through the use of resistant varieties would 

be of no significance. 

Bacterial Blighte: 

Two types of common bacterial blight occur in Jamaica. The diseases are seed-borne and 

can be extremely destructive under conditions of high rainfall. Varietal evaluation for reeistance 

to these diseases is being carried out in Puerto fiico. If sources of reeistanoe are found these 

will be utilized in our breeding programme. 

DISCUSSION 

Time of planting was the main contributory 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 season, 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 

ruet to which the kidney types and several other varietiee are highly susceptible. The high 

incidence of yet another disease, golden mosaic, also contributed to yield reduction in the 

Auguet planting. 

The level of yield obtained in the major trials are quite similar in the standard 

varietiee Hies Kelly, Portland Bed and Charlevoix, the exception being the variety Bedkote 

vhioh produced a much lover yield in the second planting. This again is attributable to the high 

incidence of rust on this variety and Dark Bed Kidney. 

Several varietiee are resistant to rust but these are mostly black and brown-seeded types 

and since the consumers in Jamaica prefer the red-eeeded types, the main value of these would be 

as sources of resistance in a breeding programme. A few red-eeeded types also are rust resistant 

and among these, Miss Kelly is outstanding both in teims of resistance and yield potential. 

Portugal, another ruet resistant variety, is a poor ylelder and Mexico 235 has the disadvantage of 

having a low, semi-trailing growth habit. The three varietiee, ICA Quail, ICA Duva and Dlaool 

Bima produced yielde quite similar to Miss Kelly. These varietiee are "slow rustere" and have 

the advantage of being bush types - a feature vhioh would facilitate mechanical harvesting if 

this is implemented. These varieties will be released shortly. 
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One other Interesting variety 1« BSP-2 - a white seeded pea bean of the type OMd in the 

pork and beans industry. This variety also is a "alow raster" and it appears to have a higher 

yield potential than the other pea beans which have been evaluated. TM· variety also «111 be 

released shortly. 
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TABLE 1. Seed yield and other characteristics of dry bean varieties 
grown at Lawrence Field, St. Catterine, Jamaica in Dec. 1970. 

Varieties Seed Yield (a) 
(kg/ha 88j6 DM) 

Growth Hahit Seed 
Characteristics 
Colour lOO D.Wt.(pi) 

Podding Characteristic. 
Ho/ph Seeds/poda 

No. of 
Day. to 
Harvest 

Miss Kelly (L) 2351 a Semi-trailing 24.8 9.0 3.9 80 

Portland ited (L) 2210 ab 3emi-t railing Dk. Bed 20.5 10.6 3.7 73 

Macol Minia 85/364 2181 abc Bush Wh. Str. •8.6 8.0 2.8 86 

fledkote 2084 abed Bush Dk. Bad 43.7 7.0 2.3 78 

Bed Mexican #36 1974 abed Semi-trai line Bad 28.5 10.5 3.4 86 

Bed Mexican #34 1959 abed Semi-trailing Bed 26.4 9.6 3.6 86 

Bed Mexican #37 1837 abed Semi-trailing Bed 26.6 7.9 3.6 75 
found Bed (L.) 1812 abed Bush Bad 24.6 5.5 2.9 73 
Sutter Pink 1784 abed S«ai-trailing Pink 27.9 10.5 3.6 73 
Big Bend 1734 bed Semi-trailing Bed 23.8 9.3 3.6 86 

Dark Bed Kidney 1725 bed Bush Dk. Bed 33.4 7.5 2.4 73 
Bed Mexican #35 1705 bed Semi-trailing Bed 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 Bush Bad 22.2 11.7 3.9 75 
Great Northern #59 1612 cd Seai-trailing White 26.9 7.8 3.2 79 
Charlevoix 1502 d Bush Bad 38.4 5.8 3.2 73 

Coef. of Variation 16.2̂ 6 
(a) Treatments followed by the same letter are not significantly different 

by Duncan's Multiple Ifenge Test at or less. 
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Seed yield -»nd other characteristics of dry bean varieties grovr. 
at Lawrence Field, St. Catherine, Jamaica in February, 1974. 

Varieties Jec-'d Y i e l d (a) 
(kg/ha 80.. 12·; ) 

Growth Habit Seed 
Charact 
Colour 

;aristic 
100 '.ft(em) 

ôddi r-g 
.ractoristics 

N'o/plnt "o/undev/ol sd/pod 

.'iO, Of 
Day3 to 
Harvest 

Dis. "ncideroe 

tost C. Mos. 

ICA G u a l i 3068 a Mah Dk Red Wh Str 51. .5 7.7 0. .56 3. .5 7? Trace 

Miss Kelly (L) 2901 « 3emi-trailing Lt Red Red Str • 23.7 9.6 0.56 4. .2 71 None 

Diacol Nima 2705 ab Bush- Dk tod Vh Str 47, .3 8.1 0.36 2, .9 73 Trace 0.7 

ICA Duva 2556 abc Bush Dk Red 44. .4 8.6 0, .33 2, .4 73 Trftce -

Portland ted (L) 2150 -bed Semi-trail ing Dk Red 17. .5 9.9 0. .63 4, .1 6b «od. 0.3 

Pompadour 2144 -bed Bush Bed rfh Str 31. .9 5.7 1 . .06 3. .1 71 Light 

Mexico 235 2032 —cdo 3emi-trailiag fed 28. ,1 8.2 1 , .40 3. .2 83 Mot» -

Diacol Calima 1757 def Bush Dk tod nfh 3vr 39. .4 8.0 0, .50 3. .1 71 i r , c e -

Charlevoix 1018 defg Bush Dk tod 35. .8 6.5 1 , .83 2, .5 b3 -

27-fl 1545 -——efghBush Lt Red 35.1 5.7 1 , .26 3. .8 66 Mod. 

Î1BP-2 1465 efghBush ( t a l l ) White 10. .2 12.7 0, .66 5. .3 78 Trace 

Santa Anna 1432 fghSemi-trailing tod 28.3 12.8 3. .35 2. ,2 66 Litfht 

Dark fled Kidney 1176 ——fghBueh Dk Red 35. .6 5.8 1. .53 2, .4 63 Jovere 0.3 

todkote 1117 ghBush Dk tod 33. .9 5.1 1 . .56 3. .1 63 Severe -

Portugal 9'3C tod 30.4 6.1 2. .03 3. .4 78 None 

Coef. 
(a ) 

of Variation 16. 
Treatments followed by the same l e t t e r are not signif icantly di f ferent frozr < 
by Duncan's Multiple Sange Test at 5 o r less. 

TABLE 3. Response of selected bean varieties to rust. 

Code Variety Seed Colour tost Reaction (a) 
Jamaica Puerto Rico 

71 PRS70/l5i»2/lBK Black 2 0 
72 PK370/15R42/52BK Black 2 0 
73 PR370/l5m2/55BK Black 2 3 
74 PRS70/15W2/57BK Black 2 4 
75 PRS70/l5-%2/87BK Black 2 0 
76 PR370/l5itt2/l48BiC tod 2 0 
77 PRS70/l5ftt2/l67/4BK Buff ? 0 
78 PRS70/l5i&2/l80BK Brown 2 0 
79 PRS70/15W2/189/1BK Brown 2 3 
80 PRS70/15M2/193/1BK Brown 2 0 
81 PR370/15K194/2BK Brown 2 υ 
82 PRS70/15R277BK Red 5 3 
83 PRS70/15R287/1BK Buff 3 0 
84 PRS70/15H292BK Buff 2 0 
85 PRS70/15R210BK Brown 5 3 
86 PBS70/15R66/1BK Black 3 3 
87 PR h7l/lH 63 Black 2 0 
88 PR H7l/lR 69 Black 3 0 
89 PR H71/1R101 Black 2 2 
90 PR H7l/lR103 Black 2 0 
91 P3 H71/1HL13 Black 2 0 
02 PR H71/1R136 Black 2 0 
6 Charlevoix Dk tod 5 

13 Redkote Dk tod 5 
14 Portugal tod 2 
58 ICA Duva Dk tod Wh Str 5 
59 ICA Guali Dk tod rfh Str 5 
60 Diacol Calima Dk Red tfh Str 5 
61 Diacol Nima Dk tod Wh Str 5 
63 Mexico 235 Red 2 
93 27-R Lt tod 5 
94 NEP-2 White 2 
95 Pompadour Red, Vh Str 5 

ydss Kelly ( l ) Lt tod, dk red str ? 
Portland tod (L) Dk tod 5 
Long tod (L) tod 5 

(a) Janaica reaction grades based Davison's 1-5 scale ( ) in which 1 = immune; no necrosis or 
other evidence of infection; 2= hypersensitive necrosis; 3 = pustules under 300/V.ia. ; 
4 = pistules 301-499/ 5 5 = pustules over 500/*. In the Puerto reaction grades 
0 = no infection. 



BVALUATIOS OP CRISP-^*" T.Mrnqg CULTIVA A3 

George C. Jackson and Caraelo Sierra 
Agricultural Experiment Station 
University of Puerto Rico 
Rio Piedras, P.R. 00928. 

1ST ADDUCTION 

Lettuce importa 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 production. Of prime importance were yield, head weight and uniformity. These are 
the most Important characters with or without mechanization. 

All cultivars were direct seeded in the field at the Fortuna sutetation on November 28, 

December 20, January 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. Proaamide (Kerb 50 w) at 1.8 kg (4 lbs) acti- J ingredient per 0.4 ha ( 1 ac.) was 
applied as ̂ reemerge herbicide. The plots vere irrigated six times and received 2.5 cm 
(l in.) of water at each irrigation. 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 Bovember 2b through April 12 was: Max temp 31.7°C 
(89°*), 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 mm (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). 

TABLE 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 (Srwinia carotovora). Other problems, but minor factors, were leaf 
spot (Cercospora longLssima). and tip bum, a physiological disorder. Cuitivar Sapire 
appeared more susceptible to root knot nematode than others. Split toads are also 
considered important in yield production but this is physiological and may be related to 
high daytime temperatures. 

Cultivars Great Lakes B-200-95 (κ), Great Lakes 659 (»), Great Lakes 118 (N), Great 
Lakes Mesa 659 (n), Great Lakes Picοverde (κ) and Oswego (D) are considered worthy of 
further evaluation. 

NOTE: The use-of cuitivar names and names of companies in this paper is for convenience 
and does not imply endorsement of these cultivars or the companies by th· Agricultural 
fixpérimant Station of the University of Puerto Rico, 
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TABLE 1. Braluation. of Criap-Head Lettuce Cultivars, Fortuna Substation, P.&. 

Cuitivar and seed source ^ TieId 2 
casee/ha 

Metric 
tone/ha 

Head vt. 
M 

* 
marketable 
haada 

* 
diseased 
head a 

* 
split 
haada 

f 
bloating aad 
no heads 

Great Lakes R-200-95 (x) 534.7 a3 8.8 0.51 36 35 22 7 

Great Lakes 659 (n) 442.4 ab 6.5 0.54 28 46 21 3 
Great Lakes 118 (n) 422.9 abc 6.0 0.54 28 41 24 -

Great Lakes Heaa 659 (n) 418.9 abed. 5-8 0.54 27 43 21 9 

Hess 659 (a) 388.7 abode 5.5 0.51 28 35 33 4 

Great Lakes Picoverde (Κ) 357.9 atcda 5.6 0.63 36 29 27 E 

Greet Lakes 659 U ) 328.5 abode 4.5 0.58 39 45 9 6 

Oswego (D) 313.2 abode 4.2 0.58 35 29 24 12 

Great Lakes 66 (D) 303.5 tcde 4.7 0.61 28 36 30 6 

Great Lakes 659 (D) 291.9 tcde 4.0 0.50 26 36 20 18 

Empire (ST) 280.2 bodef 4.3 0.56 22 42 19 17 
Picoverde (Κ) 237.1 bedefg 3.3 0.63 15 38 40 7 
Great Lakes U S (A) 183.2 efg 2.4 0.53 17 54 23 6 

Great Lakes Bellaverde (Ε) 156.7 fg 2.2 0.56 16 45 27 12 

Qapire (A) 142.8 fg 2.1 0.63 16 51 26 7 
Vanguard (l>) 16.1 0.2 0.07 3 21 12 63 

1 Seed source: A = As grow, D = Deaeert, X = Keystone and Ν = Niagara 
2 One case HAH 24 heads 
3 Means followed by the same letter are not significant at the level 
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