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FOREWORD
 

In vitro methods are expected to assurPm an increasingly
 
important role in the conservation of plat genetic resources,

particularly for clonally-propagated samplcs, or for species which,
 
for various reasons are difficult Lo conserve as seed. 
 Br-oadly

speaking, 
two groups of crop plants are involved: the root -nd tuber
 
crops, many of which are tropical, such as cassava, yv..uand 
sweet
 
potato; many tropical 
tree frjits and several indus.'ial crops such
 
as rubber and 
cocoa. ThLs booklet, the 
first .n a series dealing

with specific crop plp:its, collates the 
available technical data on
 
i.n vitro 
methodology appropriate to sweet potato and also addresses
 
'the problem of obtaining 
virus-free !ermplasm for distribution and
 
conservation, an area 
in which tissue culture also has a vital role
 
to play.
 

J.T. Williams
 

Director
 

IBPGR
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INTRODUCTION
 

In August 1980, an IBPGR Working Group on the Genetic Resources
 
of Sweet Potato met in Charleston, South Carolina, 
USA, to review 
tha status of sweet potato germplasm and discuss possible steps to 
aid its conservation (IBPGR, 1981). The Working Group concluded
 
that the establishment of an international 
repository would greatly
 
enhance the potential 
 of the crop. Justifications for an
 
international germplasm system were given 
as follows:
 

Sweet potato is an important crop ranking seventh in terms of 
world-wide production.
 

- Based on calorie yields, nutritional value, adaptability,
 
versatility, its 
tropical origin and vegetative reproduction,
 
the sweet potato could, in 
 the future, make a greater
 
contribution to world agriculture than it does at 
present.
 

- The risk of losing significant amounts of germplasm is already 
high and is expected to increase. 

- The establishment of an international repository for sweet
 
potato germplasm is expected to expedite 
research and germplasm
 

exchange.
 

The Working Group recommended the organizatio of a world-widen 

syst.r, of germplasm collections with n limited 
 number of field 
genebanks. In order to make an international gu.e.mplasm system for 
swieet potato feasible, two major problems had to be addressed. The 
firvst was the need for quarantine; only pathogen- free material must 
be tuarsjerted internationally. The second pL'obi.em stems from the 
faAf chat the sweet potato is vegetatively propagated. In order to
 
ma'ntain the genotypic integrity of improved genot)pes, they must be 
puopagated cIonally and maintained in vegetative for-m at the 
repositories. Cinnal pr'opagation1 and storage of sweet potato by
 
tradit onal means is 
 time- ald space consuming and costly. 
Meristem- tip culture and in vitro maintenance of plantlets can 
reduce these inputs. 

This manual is designed to serve as an information source for 
methods of' meristem-tip culture, in vitro propagation and virus 
i-dexing of sweet potatoes. An effort has been made to keep the
 
me'ihods simple so 
they can be adapted to most laboratory situations.
 

http:pL'obi.em
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CULTURE PROCEDURES
 

This section details 
the materials and 
methods involved in the

meristem-tip culture of sweet 
potato and the subsequent in vitrc
 
clonal propagation of plantlets derived from meristem-tips.
 

Materials and Equipment
 

Plant Material
 

Either sprouted storage 
roots or rooted shoots from established
 
plants can be as
used sources 
of buds for meristem-tip culture.
 
Glasshouse or growth chamber 
facilities are necessary for 
 the

maintenance of parent material. Clean, sterile sand 
provides a good

sprouting medium for 
roots and the 
buds produced are relatively free
 
of micro-organisms.
 

Culture Media
 

The basic 
nutrient solution of Murashige and Skoog (1962) 
 is
 
very suitable 
for sweet potato meristem culture (Table 1). M&S
 
salts can be purchased in premeasured packages from many 
tissue
 
culture suppliers. Table 2 
lists additional compounds used in the
 
media at various stages of culture.
 

Media Preparation Area
 

Any suitably equipped laboratory space can serve 
as a media

preparation area. Essential equipment includes a pH 
meter, an
 
autoclave or pressure cooker, 
a hotplate 
(or steam bath), a metering

device to measure out small 
amounts of hot medium 
(a spring-loaded

syringe will suffice) anid a refrigerator in which to 
store prepared

media. Glassware 
 should include an assortment of beakers,

Erlenmeyer flasks, 
graduated cylinders, vulumetric flasks, 
pipettes

and storage bottles. Vials 
(25 mm x 100 mm) with polyethylene caps
 
are very suitable culture 
tubes, although many 
types of container
 
can be used successfully, including discarded medical vials, 
as long
 
as 
they can withstand autoclaving.
 

A source of distilled 
water is cssential 
 and a source of
deionized water 
is very useful. Apparently unidentifiable problems

with 
meristem culture, particularly the unrepeatability of results,
 
may often be traceable to impurities in the water used.
 

Culture Preparation Area
 

Thp maintenance 
of aseptic conditions 
is the most important

factor to consider when setting up a 
culture preparation area.
 
Ideally, the inoculation area should 
be under a laminar air-flow
 
hood. However, a small covered 
inoculation hood or 
even a small
 
isolated 
room in which air movement can be kept to a 
minimum, and
 
which can be kept scrupulously clean, may be adequate.
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Table 1. Composition of Murashige 
and Skoog (1962) basic salt
 

solution (M&S)
 

Major Salts 
 Minor Salts
 

Salt mg/I 
 Salt mg/I
 

N 4NO3 1,650 113803 6.2
 
KNO 3 1,900 MnSO 4.41 20 22.3
 
CaCI2.2H20 440 
 ZnSO 4.4H20 8.6
 
MgSO 4.7H20 570 KI 
 0.85
 
KH2PO4 170 Na2MoO4.21120 0.25
 
Na2EDTA 37.3 CuS04 .H 20 
 0.025
 
FeSO4 '711
20 
 27.8 CoCl2 .6H20 0.025
 

Table 2. Organic additives in sweet potato meristem culture media
 

Component 
 mg/l
 

Sucrose 
 50,000
 
Thiamine 
 2
 
Myo-inosItol 
 100
 
Na2EDTA 1/ 
 37.3
 
cx- napthalene acetic acid (NAA) 
 0, 0.03 
b - benzyl-amino purine (BAP) 0, 0.30
 
Agar 21 
 7,000
 

I/ EDTA in excess of the concentration found in M&S salts 
is added to chelate all
 
frce iron. 
 This prevents Iron precipitation of phosphates with consequent
 

fluctuations in p1i.
 
2/ 
Agar should be of high quality and preferably of a grade prepared specifically
 

for tissue culture work.
 

http:MnSO4.41


- 4 -

Equipment and supplies needed 
for the culture preparation area
 
(Fig. 
 1) include ethanol, commercial bleach (containing sodium
 
hypochlorite), 
 an alcohol 
 lamp, a dissecting microscope, and an 
assortment of dissecting instruments. 
 The latter should 
include
 
surgical scalpels with 
 a supply of removable blades (straight,
 
sharp-tipped), fine-tipped 
 forceps, and fine-tipped dissecting 
needles. Some researchers have also reported that a lens knife or 
micro-scalpel made from a piece of razor 
blade glued to the end of 
a

small wooden handle makes an effective tool for the removal of 
meristems (Mori, 1971; 
Roc&, 1980).
 

Incubation Area
 

Sweet potatoes 
 can be regenerated Successfully under a
 
relatively wide range of environmental coiditions, and consequently
 
a simple incubation 
 area can serve quite well. Ideally, the area 
should be temperature controlled. A constant temperature of 27°C 
will give rapid regeneration without excessive dehydration of the 
culture medium. Iowever, if the temperature does not exceed a
maximum of 3 'C or a minimum of 22"C, complete control is not 
absolutely necessary. Banks of fluorescent lights should provide
illumination in the range 1,500- 1,600 lux. Opt imum lighting 
condit iors have riot been established but. fluorescent lighting of
4 ,000 lux oan a light/dark schedule of 16/8 hours is 
satisfactory for rogen F;? t ion . 

very 
Higher light intensities (above

4,000 lux) induce, more rapid regeneration. Supplementary 
incandescent lighti ng is not essential but does appear to cause more 
rapid expansi on of shoots once growth conuences. 

Up to 700 cultures can be maintained under 21 m of light banks. 

Plant Establishmerit Area 

Convent lona glasshouses can be toused establish regenerated

plantlets. Some facility 
 should be made for partial shading. 

Planting containers used should have a transparent plastic cover 
to retain moisture whilst admitting light. Horticultural
 
propagators 
 can be purchased or substitutes inexpensively

constructed by using a large clear or opaque plastic drinking cup

for a pot and 
 a second clear drinking cup for a cover (Fig. 2). The 
pot should have a hole in the bottom for drainage, and the covering 
cup should have a hole for gas exchange. A medium diameter cork 
borer can be used for cutting holes in the cups. 

A 1:1 sand:soil (volume:volume) mixture is an excellent medium 
for the in viva establishment 
of plantlets. An all-purpose water
 
soluble fertilizer 
with trace elements is 
useful for maintaining a
 
rapid rate of growth.
 



-5-

I ~ * 
soluton. sterile
.
 water.....,
 

B" 

Figure i.Equipment and supplies needed 
 for the culture
preparation area: From to
(A) left right: 10%. bleach
 
solution, sterile ethanol,
water, dissecting, tools,
 
alcohol 
 lamp, Petri dishes, and dissecting microscope
 
with lamp. CB) 
Close-up view of dissecting instruments.
 
From left 
to right: mounted needle, curved and straight,
 
fine-tipped forceps, scalpels, microscalpel.
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Figure 2. 	 Inexpensive container for establishing regenerated 
plantlets in soil. Both pot and cover are made from
 

plastic drinking cups.
 

Methodology
 

Maintaining 	Plant Material
 

Two methods fov mnintairing a supply of plant material for 
meristem culture are as follows: 

1. Plant healthy sweet potato roots in clean, sterile sand in a 
glasshouse (stem cut ttings from growing plants can also be 
used; Fig. 3A). 

2. 	 Place healthy roots on top of a container of water with 
about one- third of the root Immersed. Ordinary glass 
bottling jiars make suitable containers. Three toothpicks 
inserted partially into the root, and radiating from the 
longitudinal centre, will prevent the root from falling into 
the jar (Fig. 3B). 
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Each method has 
its advantages 
and disadvantages. 
 Culture in
sand can provide a steady supply 
of shoots from which meristemo may
be dissected 
for an indefinite period of Lime. 
 However, control 
of
insects and 
 contaminating 
 micro-organisms 
 is difficult. 
 Water
culture will 
supply meristems 
 for a short period of time (2-3
months), but 
the plants are kept 
 in a cleaner, 
more controlled
 
environment.
 

When sprouts 
from the roots 
reach a height of 10-20 cm they 
are
Leady to be harvested 
 for meristem-tip 
culture. 
 The time from
 
planting to harvesting is 
usually 2-4 weeks.
 

Media Preparation
 

Precise 
 media preparation 
 is critical 
 to the success of
meristem-tip 
 culture. 
 The media composition 
 and preparation

techniques described 
here have 
been used in our laboratory 
to
regenerate plantlets 
 from meristems 
 of over 
 40 sweet potato

genotypes originating from 
a wide genetic base.
 

Two media 
are recommended 
for 
use at various 
stages of meristem
regeneration and clonal prcpagation (see below and Tables 
1 - 4).
 

Stock Solutions for 
Use in Media Preparation
 

Media are 
 most easily and 
 rapidly prepared by diluting

concentrated 
stock solutions. 
 Table 3 gives the composition of 
the
stock solutions and the amount of each stock to be used for
preparing media. 
 if premeasured M&S salts are available, only stocksolutions 6-9 are needed. Otherwise, all of the stock solutionsexcept 6 will be needed. The ofuse premeasured M&S salts saves agreat deal of 
time and effort and 
Is well worth the extra cost.
 

All of the stock solutions have a limited storage life and mustbe discarded periodically and freshly prepared. The storage timesand temperatu-es suggested for each stock solution are given inTable 4. 
 To avoid wastage, the quantities 
of each soluLion prepared

should take 
into account the storage 
life and amount 
used per litre
 
of medium.
 

General Media 
Preparation Instructions
 

Instructions 
for preparing 
I litr-e of finished Excision 
and
Induction 
or Regeneration Medium (see Table 3) are as 
follows (see:
 
de Fossard, 1976):
 

1. Pour approximately 900 ml 
of distilled, 
deionized water 
into
 
a 2-litre flask. 
 Do not heat.
 

2. Add the M&S 
salt mixture. 
 If using premeasured salts, 
be
 sure to rinse out 
 the package to 
remove 
 all traces of
 
residual powder. If 
 using stock 
solutions, 
add 20 ml of
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Table 3. Composition and amount 
 of stock solutions used in
 
preparing media for sweet potato meristem culture 11
 

Stock Ingredient Amount Amount of 
Stock Solution in medium (ml)
 
solution 
 (mg) Excision and Induction Regeneration
 

I NH
4 NO 3 82,500 20 20
 

KNO 3 95,000
 

MgSO 4 .71-20 18,500
 

KH PO 8,500
2 4 


2 11,41 H BO 
 620
 

MnSO 4 .4112 0 2,17b
 

ZnSO4 .7112 0 860
 

Na 2 MoO 4 -2H 2 0 25
 

CuSO 4 '51-12 0 2.5
 

CoC12*6H 0 
 2.5
2
 

3 KI 
 83
 

A1 aul
CL12.21120 14,500 3 
 3
 

5 Na 2 EDIA 2,984 
 5 
 5
 

FoSO '711 0 1,114
4 2
 

6 ' / Na EDiA 3,730
2 1 1
 

7 4/ Thiamine 200 1 
 1
 

Myo-inositol 10,000
 

8 BAP 
 100 
 3 
 0
 

NAA 
 10 
 3 
 0
 

I/ Adapted fron Roca (1980).
 
2/ Dissolve In distilled water. Bring the final 
volume to 1,000 ml.
 

5 This stock solution not needed if pr-vneasurod M&S salts 
are used.
 
4/ Dissolve In distilled water. 
 Bring the final volume to 100 ml.
 
5/ Dissolve each constituent in separate containers of distilled water. Heat
 

slightly, mix the 2 solutions 
and bring the final volume to 200 ml.
 
6/ This stock solution not needed if stock solulions I through 
5 are used rather than
 

promoasured M&S salts.
 
7/ Dissolve 
BAP in 10 ml 0.5 N lCI. Heat slightly if necessary. Bring the final 

volu e to 1,000 ml with disilIedeater. 
8/ Dissolve NAA in 3 ml 0.5 N KOIH. Bring the final volume to 1,000 ml with distilled
 

water.
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Solution I (macro-nutrients), 
 I ml of Solution 2
 
(micro-nutrients), 1 ml 
of Solution 3 
(KI), 3 ml of Solution 
4 (CaCt.2H2 0), and 5 ml of Solution 5 (Na 2 EDTA 
 and
 
FeSO 4 7H 2 0).
 

3. 	 Add 50 g of sucrose. 
4. 	 If usin premixed M&S salts, add mlI of Solution 6 

(Na 2 EDTA). 
5. 	 Add 1 ml of Solutiori 7 (myo--inositol, thiamine). 
6. 	 For the Excision arid Induction Medium, add growth regulator 

stock solutions: A ml of Solution 8 (BAP) and 3 ml of 
Solution 9 (WAA) . (No growth regulators are included in 
Regeneration Mediuil. ) 

7. 	 When a] components are dissolved, add I g of ' tissue 
culture grade' agatr.

8. 	 While the solution is still at roorm temperature, adjust the 
pH of the medium to 5.2 using either 0.1 	 N KOH or 0.1 N HCI. 

9. 	 Heat and stir continuously uriti.l the agar is dissolved. The 
solution will become clear. Do not boil. 

10. 	 Dispense 1.0 ml of hot medium into each culture tube. Cap
the tubes and autoclave for 15 minutes at 15 p.s'i. (1.06

2kg/cm -_121'C).
 

Ll. 	 Slant the tubes at an angle of 30'; allow them to cool and 
the agar to solidify. if the tubes are not to be used 
immediately, refrigerate 
them.
 

Table 4. 	 Storage life and temperatures 0± 	 media stock solutions 
detailed in Table 3
 

Stock Storage Lite (months) Storage Temperature (oC) 

1 6 4 
2 1 u -20 
3 6 4 
4 6 4 

5 6 4 
6 

71/ 
6 

2 
4 

-20 
8 / 

4 
9 / 4 

!/ Alternatively, stock solutionq 2 and 	 0
7 can be t.e'-4at 4 C for a shorter
 
period of time, and solutions 8 and 9 can be kept at -201C for a longer 
period of time (Roca, 1980).
 



Isolation of Meristem-tips
 

The procedure foer isolation 
of sterile, healthy meristems is 
divided into 2 steps: (I) preparation and disinfection of donor
 
plant material, and (2) excision. 

Dis1ainf ct ion 

Beca1Cuse pla-nt natera I carries many supe rfic ial organisms, a 
surface sterilization procedure must be used to reduce the number of 
micro-organisms orn the sweet potato stems. It reduces the risk of 
t 1't i"to r' -rg cent ami nanInt in to the culture tube along with the 
met- i!at em- ti p. The p['rCedut-e deta i led be Iow and shown in Figs . 4-8 
haa beetn f ound to r(du ce contaminat on to loss than 5% on 
nter'is-tem- tips taken fronw ,lasshousu grown plant material. 

. Select heal ithy, r-apidly growing parent plants from which to 
remove bud; (Vig. I) . 

. Remove the t,-,rminal htd alon with 2-3 cm of the stem (Fig. 
5) . it- careftil not to allow the !.tems to wilt after removal. 

3. 	 Remove a l bu t tho sma lest leaves from the stems (Fig. 6 ) . 
SubseC(Iuet a;t ep:; sOhoul d be conduc ted us ing sterile 
containers and t1t. ensils, 

4. Ve the s +tmsth to tht st e I le working area and place them in 
a 10% so lut ion of CCn1e rc la I bleach (0.525% sodium 
hypochlorit,) for 15 minutes; (Fig. 7) . Add a few drops of 
'Tween 20' to the bleach solution to reduce the surface 
tension of the water and allow butter penetration of the 
ste ilant . Romove the stems from the beach solution and 
ri.nse for 2 minute; in sterile water. Repeat the rinse a 
second time. 

5. Place the stems in a ;terile Petri dish lined with filter 
paper to draw off excess water and keep the stems moist 
(Fig. 8). At this point the stems are ready for excision of 
the meristemn-tip. 

Mer-istem-tip Excision
 

Excision of the meristem-tip ('apical dome') requires a great
 
deal 
of patience and skill; it is recognized that every person will
 
develop their own technique. Some aspects of the excision process 
are critical. 
 Among those are the maintenance of sterile 
conditions, including the prevent ion of virus transmission on the 
excision tools, and the removal of the 	apical dome without excessive
 
damage in order to ensure its survival.
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Figure 4. 
 Explant preparation and disinfection procedures Step
 
1: Identify healthy, rapidly growing plants 
to use as a
 
source of meristems.
 

Figure 5. 
 Explant preparation and disinfection procedures 
- Step
2: remove the apical 
2-3 cm from stems of healthy sweet
 
potato plants.
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Figure 6. Explant preparation and disinfection procedures - Step 

3: remove all but the very smallest leaves.
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Figure 8. Explant prOparation and disinfection procedures - Step
5: place the disinfected stems in a sterile Petri dish
 
lined with filter paper to absorb excess 
water.
 

The excision procedure used the
in uuthors' laboratory is 
as
 
follows:
 

1. Place the dissection instruments in a 250 nil beaker fil led 
with 75% ethanol. Lirne the withbeaker severaI layers of 
sterile towl I l gIOe cloth to protect the tips of the
ins t trumen s. The i aiIijluill 1needed f)rv exc is ofion the 
meristenm tip,; twoan-. -ca I pe l handles with disposable
blades, and one pair - finre tipped forceps. Sterilize the 
tools between each "we by f aming ini ait alcohol lamp. 

2. Place a d iit i c t ss te n ii a steori Ie Pet'i dish under a 
dissect Ing mi c roscope. Us irig the f orc eps, , hold the s tent 
steady whil i:u ilng ofone the two scaI pe l u to remove the 
largest of the young leaves (Figs. and9 10). This can be 
done easily by hend ilo tghi I ea v,:; away from the s t em with 
the back o the scalpel blade. 

3. Renove the orurerlyjg pirord byleaf- - a insert. Lng the tip of 
the sealpe l into the base of each I pLimoIrdium arid flicking 
the tip of the scalpel away frorin the stem axis. 
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4. At this point, the apical dome should be visible, flanked by
two or three of the youngest leaf primordia ('ig. 11) . 
Removal of these" pt'ir'ordia is difficult without damaging the 
f ragi le apica I doie , ;iri( extr ame care must be used. Their 
remova L can be accompl ;.slie by sceaping them off with the

cutting edge a- hack edge of the scalpel blade. It is
imporlLant t ht ;1 I Uaf psli Mlo'd is Uae rer.ov-ed and only the
aptcal dome (c- I air in depth; ig. 12) excised in order to
increase thie probability of obt:irntng plants free of viruses. 

5. The second :;cula I shou1 ld ib' [t~s(vetd for removal of the 
apic al domit, af tI2" t.le di:3s ct i (ri p oce sS has been 
compli ted . rhi; res ;iesaa sharp blade that i.s free frtom 
vi ruses :irid m icr0o ergai :ris that may have Survived the
disinfect. ion proc.s Ifid t lite St en s o that the apical dome 
can be seen in) IIof ii it aid is ilg tlle' s(ecolid scalpel make a
sl ic i i cat a t tie la:;q of t the dot, . the cut should 
pene tratle ;lohatit Ira I tway t.hrrough the t issue berieath the dome
and then by ii a i ig iIft i fig mot Ion the dome should separate
from the, _;lppo-t iriL t. i :,us arid adhlere to the blade.
Somet ine:; , ecorid cut i s nrieeded beneath the opposite side 
of the dori. to coamp I tA"rrovra I . 'rhe exc iod done is then
quickly tarifers-it t.a t-ir, waitiL rg culture tube. Tie dome 
will just ),- v i !;b(, t o tIe naked eye, and care must be
taken t o eniurs, t hat i t is p Iaced on the surface of the
mied ium ( Ixc is i On rind I liduc I ion Med itim; Table 3) rather than 
adher ini t o i e t ip of tr i scalpel. 

It should b4e riottd t hil.t aric. the dissection procedure progresses
to the point of expo ir1; the apical doie, the merister' begins tolose water p iid I y . Once 11ie dome bi- caines dehydrated it is
difficti] t to sernrovo ;ilri] st- Id ear srv I-Ves . Consequent ly , the final 
,teis in the: c:xc iinai p"socns: fmust be CompleteOd rapidly. 

The ininport-arc-. at ma irtaL ri ine s t uri i ty of the dissection 
I1lt I-rt t. s11111-1c lllot he oVer-, ellphas i zed. Keep them in 75% ethanol
 

whel nrot he ily, 
 i:;ed sid a Iway s f 1 anl- t ireni before use. Keep one
icalpfl :;t rict ly for- us, in tihe f inial reMoval of the apical dome.


It- is absolutely s: 
 i t, isl to rise: a c Iear sharp scalpel for this 
strage . di ffIf iCUlt its a is' exp rlenced in removing the apical domewithout excessiv'e damage, it bemay advisable to try the alternative 
inst rurnt is ( I errs krri fe, iiLcro--.scalpel) mentioned earlier (see: 
Cu I tlle.' Pr'epara t i ol Area) 

[lCubat o of Ctu 1 tnires 

Following excision and inoculation, the cultures should be 
1)1 aced on a bench under a controlled lightlng and temperatureregime. incubation conditions are discussed in detail in an earlier 
section (see: Incubation Area).
 



- 16 -

Figure 9. Shoot-tip just prior to excision. The next step in the 
excision process is removal of the young leaves by 
bending each one away from the stem. 
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Figure 10. Shoot-tip just prior to excision. The next step in the 
excision process is removal of the largest leaf 
primordia. 

Figure 11. Shoot-tip following removal of the larges leaf
t 

pimoria Youngest pair of leaf primodia emain. The 
next stop In the excision process Is removal of the 
rmaining leaf pimodia In oder to expose the apical
dome.
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Figure 12. Shoot ­ tip slhowi ng the expo,ed ap i cal dome. The dome is 
now removed and placed on to cultut'e medium. The dotted 
liine through the base of the apical dome indicates the 
proper inc is ion point to obtain a piece of tissue 
approximately 0. 1 mm in length. 

Culture Maintenans e and Plantlet Production 

One week a ft er exci Lnx; , the mer istem tip cultures should be 
inspected underc t. he di.s.Secting microscope arid contaminated and dead 
cultures di Scarted. If coit amina t ion exceeds 5- 10%, the 
disinfect ion arid xc i i on proc edo US, should be rev i Owed . Not rma ly,
25-40% of tle CIt Lr ari he,:;Ill expected to die as a result of 
dissect ion damage arid/or too muial I a size of explant. De:ad cultures 
can be rseogn i zed by tl-ir b Ilack appearance! anid lack of new growth. 

The usul I lene of eve2n t; p'er("ed i g sg , t, nerat ion i s (1)

swelling ot the rnrdsto em 
 t ip , (2) cal 1Ls poductLion, (3) shoot 
deve lopmeint anld, finally (is ) oot dev, l opment , (Fig. 13). This 
sequence can take f com I - is month S Howtver , nut rlit deficiency, 
medium di-hydt-at lors arid accumuio liat:ion of :ecO n davy mire t. aho I it es may

Cause the growth I 
 fmel i t .omm s t o S Iow C own after / -- 6 weeks . 
Consequent ly , i t is, ecessry to t rans;fer te m(-'Ui stems to fresh 
roediumI ati. lt erval ,s of io iut thail 4a weeks. 

The reristern- t Ips a', aleintai ned onl the Excision and Induction 
Medium until the first signs of shoot development appear. They are 
then transferred immediately to Regeneration Medium (Table 3). 



r"['ute 13 .Developn iiia :eqcuence, of r it it- t [p beginnling at 
excis;ion ouid ,oditit' wt';th plmt~l1 t .i i-om left to 

iht: I wee): 1 r:lht '.we_ 11 tn ; ; w:ek , callus 
do;velopmenlt ;5'.ks , I ,euf ptimor'd is ap~pear'; 6 weeks, 
slihoot g'owzth ; 0 wii'k:: , root g iowt h. T[he devel1opment 
t Ins irid i cat.ed hert' is; si ivet-;ige arid wi]ll vatry with 
incubat i sri coard it [oni arid geriotyje 

Growt h reghi Iator- , is; in rnduii;Ion and Regenerit ion Mredilum, must 
appart- ] y is: ;tc:;ent to: induct, shooi ptroductinn but , following the 
inlduc t istil step , th,, prese-;nce of exogenous gr'owth regulator's 

i e>: isl ly 1(A)') :; low:; lwn fulrthert gtrowth. Cu I tutes transfered 
ft-orn H'xc i :: i on otid I adtr t. i on i-led j o toa egenerli t i on liedilum whiis t 
:.:t:i II i t t b c-al lii:; s3tage; willI oft en pt'oduce" shoots; within a few 
(lays., lhoweve , h-,cause it is- imnuoss: ieI, to obs;etve the induction 
Irtace::: wi tliout soci t ic trig t.'., cut rets, t:iis to 
i-ed rimn i::t ; wait lie .1l'ep:mriuc. of 

r fert Regeneratilon 
a vi:;: LI. shoot. Normal r'oot 

dlove lopou it t o) lowl; the lo- 'lve tor.men~t of a;isi-mill~l sh[oot regar'dless of 
w h.t..rt grtowt hi regs]l I at Or":: are' )r-' 'lit or" not , hott R_tllteneat on 
T,'i-I m [:; verty srli! t.,l e((! f r oot l)'oluict loll. 

"lu- :iva'e i mlm-t i-iled to r'gi erI -,at e: p1 ant le2t:; fr'om merlaitsl.q 
vane(:: wide~ly withi genlotype, e2xp laur 51Ice arid cultrets. conlditions 
.Jheri the or'ig i Ixp e~ arit Is] a 0 .1 tni api[calI dome , plants should mot 
se expect be:fore "ks have: elapsed. In s;ome gentypes it may 

ol wee' 

take 3 /4 months bet or'e the f irs':t pl.ant lets r'egenle-ate. 
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In Vitro Propagation of Plantlets
 

It is important to maintain 
the plantlets regenerated from
 
meristem-tips 
in culture w1.-Le virus indexing is being carried 
ost
 
in order to prevent re- infection. This can be accomplished by
taking several single node cuttings from a regenerated plantlet.

The cuttings are 
placed on Regeneration Medium and allowed to 
develop into plantlets under the same environmental conditions as 

for the original cultuures.used Some of the plantlets can then be 
taken out of cuiture, established in soil and used for virus 
indexing. The remaining plantleto1 a-1e mainta ined in culture by
repeat ing the nodal prvopagat ion systom as of ten as necessary.

Following virus indexing, the plantlets 
 rema ining in culture can 
serve as a source of stack plant material for" provision of material 
for shipment to other 1aboratories or, germplasm repositories. 

The same ptocedtIar may be used to multiply valuable clones and
provide stocks for, in vitro stoarge of germp la.m (see: In Vitro
 
Conservation).
 

In Vivo Establishment of Plantlets 

Regenerated plant lets arte ready to be established in the soil
when they twohave or, three leaves and at least one strong root. As 
indicated earl ier, a 1: 1 sand:soil (volume:volume) mixture is the 
best planting med ium. Avoid soil mixtures with high peat content,
 
sinice they often lead to 
 slower gr'owth and a higher death rate
 
(Alconero 9-t a., 197s). The 
 soil mixture should be sterilized (but
see be low) . The folow ing p r oc edurve ut 11 izes the improvised 
p lat tlg c nt a inr rs,L descrvibed earPlIer (see: Plant Estab 1ishment 
Area) and shown in Fig . 2. 

Place a piece of f LiLte paper or paper towel in the bottom of

the pot cup to prevenrt the sand mixture from leaking out. 
 Fill the
 
cup with 
 the sterile soil mixture; and wet thoroughly. Remove the 
plant let from the culture t, ube and transplant into the cap, making
 
sure that the roots extend we] I into the 
 soil. It may be beneficial
 
to rinse away adhering 
agar. As an alternat iVe to usng sterilized 
soil, the roots may be dipped In a fung i idec and then planted into
 
non--sterile soil.
 

After tr'n p lat ing, wateLr the plant let we] I to ensure that the
 
soil mixture 
 makes good contact with the ieroots. careful not to 
allow the soil to cover the growing point. Finall y, place the clear 
covering cur over each plantltct to prevent dehydration. Place the 
plantLiets in a shaded glasshouse or growth chamber. Do not expose
them to direct sunlight until the hardening process, described In 
the next paragraph, has been completed. 
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Figure 14. System for' establishing regenerated plantlets 
in soil.
 
PJantlets are removed from the tubes and placed in a 
covered pot (left). After I week the cover is propped 
up to begin the hardenLng process (centre) . After an 
additional week, the cover is removed completely 
(right). The plants are ready to be placed in a shaded 

glasshouse. 

Approximately I week after transplanting, prop the plastic 
covering cup part way open to reduce the internal humidity and allow 
further acclimatization. Two weeks after transplanting, the covers 
can be removed entire ly and the plantlets exposed to full sunlight 
(Fig. 1/) . Ensure that the soi I always retiains moist. it may also 
be beneficial to apply a dilute solution of water-soluble fertilizer 
at the time the cover is removed. Within a month of removing the 
planitletS from cultureI, they should be large enough to transplant 
into larger pots or into the field. 
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In Vitro Conservation 

Two approaches are available 
 for the storage of In vitro 
cultures: slow growth, appropriate fcv medlurn-term storage in the 
in vitro active ge-tebank (IVAG); and cryopteservat ion in liquid
nitrogen foe lIng term storage in the in vitro base genebank (IVHG; 
see: IBPGR, 198f,). 

Stow Growth 

Shoot cultu es of sweet potato appear to be amenable to 
growth- I iliniting tr',eatlents. According Lo pub] ished reports (IITA,
1981; Jaut ot al., 1986; Ng and Hahn, 96;g[i Wheelarns and Withers,
1984; see : APPENDIX 1 ) and the unpub ii shed work of the authors , a 
cons istent ly nccsstt i treatment in L o Ci ltull' ill thre presence of 
mann 
ito 1 at Upp'OX imately 3. and reduco the growt h tLmperature to 
t6C or 1B C. A higher lt-le of manni tot may Ie effect ive in 
reduc iirg growth at tti normal inCabtit.ion tetlperVattA[e6 , t.huS al lowing
stored niltue:: to be mainta ied alongs: ide those in normal growth.
Cu ture at 8" C in the prt'etncp of the Ltgrowtl arda-t 'Atar * (40
mg/I) and under low I gilt ( reduced from .3 klux to I klux) has also 
been found to thi satisfactory (personil comirthinicat Lon: S. Salazar
 
and V.M. Villalobo ). Other mod Lficat ion:s to the 
 culture medium 
( edac t io1 in th, corcentrat ion of: salts or sucrose; addition of 
absc isie- ac i d ) may be wortth te t in. 

Storage in : low growth t' tip to 2 yeats appear:; Lo be feasible 
g . N g and latin, 19 85 ) bat. cI t UrOS shou Id be c hc ked for 

contam i nat Lorn (i i 2e rco: i s a t f requerit iLi t e2t vval ,' d isc ard ing ou 
t rariS fe-'r-illg as necessary. Experi-trice with ather species indicates
 
that a brief pet'od at 
 the norwal cultue tertperature is advisable
 
to re- stablish growth 
 after transfer. 

Cryopreservat ton 

Latta (1971) reported sur'vival of suspension cultured cells of a
species of I iomoea aftei' exposure to 4 0 - 'C which indicates some low
 
temperature tolerance 
 under appropriate protective conditions.
 
Hloweer, the method described would not be suitable for long-term 
storage. At tetnpts by the airthors and otherUs to c ryop reser-ve 
meristens o' shoot- tips of sweet potato have failed but studies are 
continuing.
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Potential Problems 
- Troubleshooting
 

Three common problems encountered in the culture procedures are
contaminetion of cultures, high mortality of excised meristem-tips, 
and lack of regeneration.
 

Contamination
 

if a large 
 number of cultures are contaminated following
4?xcision, the first step is to determine the source of 
contami nat ion can often be detectedit by looking for patterns of 
contaminat ion among the cultures. When contamination appears in a 
ser Le of tubes inoculated consecutively, it is probably due to
f;a i 1u e to ster iize the dissecting instruments properly between 
exp anLs . If the cont aminat ion appears only in tubes containing

certain genotypec or meristem- tips of plant 
 material from similar
locatlions, the oource is likely to be the pl-int material itself. 

if the scare of contamination is de termined to be the
dissect Iig inst ruAments , the problem can usually be resolved by
making sur, that they are properly flamed between dissections. It
is also adv i cab 1,e to make sure that all working surfaces are 
completely steri.le. 

If the source of contamination can be traced back theto plant
material itself, several steps can be totaken reduce the problem.
Firstly, ensure that an effect lye isinsect control programme

followed for plant material kept a
in glasshouse. Also, plant the
 
parent material in steri l ized 
 sand. If excessive contaminatior 
persists, incr, ase timethe the stemls are soaked in sodiun 
hypochlorit. to 25 minutes and follow this with a 5 second dip in 

ethanol. This treatment75% will give more complete disinfecton
 
but will also increase the death rate 
 of the excised meristem-tipz. 

Death of Excised Meristem--tips 

A 25-40% death rate theof newly excised meristems can be
considered normal. However, 
 if the death rate reaches higher
proportions, much effort and plant material is 
wasted.
 

Meristem death is most commonly caused by excessive damage to

the apical dome dn-ring the excision process, which should be done
 
very carefully. 
 if the dome is damaged excessively by contact with

the dissecting izictruments, chances of survival are reduced. A
second reason for damage is 
 dehydration. Once 
 the meristem is
 
exposed, 
 it must be removed quickly and placed on to the culture 
medium. 

The sucrose concentrations in the culture medium can have a
critical effect 
on merister, l-J.; survival. Concentrations 
below 45
 
g/l will lead to 
a higher percentage of dead meristems.
 

http:steri.le
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Floating meristem-tips on liquid media until 
they have been
 
observed to swell may be beneficial. Surface tension will support
 
the explant (R.L. Jarret, unpublished observation).
 

Lack of Reeneration
 

The ability of sweet potatoes to regenerate under the culture
 
conditions specified here varies 
widely between genotypes. Some of
 
the common problems experienced in the authors' laboratory, and 
the
 
steps taken to overcome them, are a"; follows:
 

Symptom: No swelling or production of callus by the
 
meristem-tips.
 

Possible solutions: If the lack of growth is exhibited by 
all
 
of the genotypes in culture the problem probably lies with the 
medium. If the medium formulation has been successful in the past, 
prepare new stock solutions, especially of the growth regulators. 
Stock solutions in which there are precipitates should be 
discarded. if a lack of growth is exhibited by only one or a few 
genotypes increase the concentration of NAA in the medium to 0.05 
mg/l . A number of other media formulations have been published 
(Table 5), that may be used for material that fails to respond to 
the medium rc comuended here. 

Symoptom: Cal lus rowth but 
no shoot production.
 

Possible solutions: Make sure the meristem-tips were taken from
 
healthy plant:;. Those taken from 
even the most easily regenerated
 
genotypes miy not produce shoots 
 if the parent plants are not
 

healthy.
 

Vary the ,:oncentration of BAP. The optimum concentration of 
BAP
 
has been found to be genotype dependent, mote so than any other 
single medium component, and was found to vary from 0. 10--0.50 mg/l.
 
Although the 0.30 mg/i concentration of BAP in the Excision and 
Induction Medium (Table 3) is appropriate for most genotypes, some 
may have to be exposed to a higher or lower concentration (possibly
 
as low as 
0.05 or as high as 1.00 mg/l). Again, alternative medium
 

formulations may be tried (Table 5).
 

If no regeneration occurs after 
 following the previously
 
described steps, 
 as a last resort use a slightly larger
 
meristem-tip. A larger explant, e.g. the apical 
dome along with the
 
youngest two or thr'ee leaf prLmordia, will be less demanding in its
 
culture conditions; successful regeneration will probably occur
 
without special treatment. However, it must be realized that by
 
removing a larger portion of 
 the shoot-tip, the probability of 
regenerated plants' being virus-infected will be increased. This 
will be revealed by indexing for known viruses (see: VIRUS INDEXING
 

PROCEDURES).
 

http:10--0.50
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Table 5. Alternative 
 media formulations 
 for sweet potato
 
meristem-tip culture 1/, 2.1
 

Factor 3/ 
 Love and 
 ElIlott Alconer-o ot 
 FrIson and Salazar Kuo et
 
Rhodes 4/ (1969) .i. (1975) Ng (1901) (1985) al. (1985)
 

M&S Salts 
 ,- * . + * 

Sucrose 50,000 30,000 
 50,000 30,000 30,000 50,000
Myo-lnoslfol 
 100 IGO 5/ 100 200

/ 200 100
Nicotinic acid 
 0.5 5
 I 0.5


i'yriiaxl~l. C0.5 
0.5 

2/ I 0.5 0.5Glycln. 

2 2/ 
 4 2 2Thla- n..1 CI 
 2 2 2/ 2 0.2 0.1 


Adenino SuIphif. 
0.1
 

So
 
Na EDrA (addlilonal)
2 37.3
 
Gibtbrelllc acid (GA,) 
 lo 6//
NAA (F.c. a-d In .) Z 0.05 I 6 / 

(oorhur a lion) 0
 
Innaleacetlc 
 alid (IAA) 

1/ 0.2 0, 0.1, 0.5BAP ([.c. and Ind.) 
 0.3 
 B/ 0.5
 
(Hlonr'. t i on) 0
 

K-rIi n 0.1
11  0, 0.1, 0.5 Ip 5.2 2/ 5. 5 5.7 5.7 5.7 

t/ r-iInaiIg publlcatlon-v for further detalls. 
2/ All formulations may be prepared with or 
w'tnout agar (7 g/I).
 
3/ All factors are exprossed In mg/I.
 
4/ Formulations ued In this manual.

5/ Thilamlin.ll may , usod In to.ad of myo"lnosltol, nicotinic acid, pyridoxlne.tiCI 
 and
 

g yc In.,.
 
L/ M)d a continuing dlff,,orert comnblnations of growth regulators wore compared.

7/ So,u: Coltur,, Mlnteanc, and Plantlet 
 Production for explanation of use of 'Excision and 

Induction' and 'iogeneration' media. 
B3/ Variable.
 

9/ No plivalue quoted.
 

Transportation of Cultures
 

Plantlets regenerated f vom 
 meristem-tips 
 can easily betransported locally 
and internationally (Roca, 1980: Roca et al. .1979) . It is emphasized that only those indexed and shown to be
free of a] ] known pathogens should be distributed. The followingsteps and precautions should be taken in order to make delivery as 
trouble free 
as possible.
 

]. Make sure 
 that the cultures to 
 be shipped are 
 free fr'ombacterial, fungal Or viral infections. Virus indezing should becompleted and 
the method used and 
results obtained stated 
on the
 
package.
 

http:Thilamlin.ll
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2. 	 If the cultures are to be shipped internationally, have the
 
plantlets inspected by the appropriate quarantine officials.
 

3. Prepare the cultures for distribution. Choose plantlets with a
 
well-developed root 
 system and a large shoot. These will
 
survive rough hand] ing better than will less well- developed 
cultures. Make sure of the cap of the culture vesse] is 
securely fastened with 'Parafilm' or tape. 

4. If the cultures a'e to be hond carried only minimal packing is 
necessa'y and they can be delivered in the tubes in which they 
were grown. Wrap the tubes separately in paper towels or cheese 
cloth to prevent breakage and use any suitable container for 
transport. Keep the tubes upright, if possible. Hand delivery 
Is the method of choice. 

5. 	 If the plantlets arle to be transported by mail or by air, 
special packing precautions must be followed. Several weeks in 
advance, transfer the plantlets to a medium solidified with 1% 
agar in the smallest culture tubes feasible. Al low the 
plantlets to establish a st ong root system in the agar. The 
medium is less likely to break up in transit if culture tubes 
with a restrict ion ner the top of the med ium are used. 
Immediately before distributing, slide a sterile, 
tightly-fitting cotton plug into each tube until it just 
contacts the shoots. This will prevent the shoot from breaking 
away from the roots. Pack the tubes tightly into a sturdy 
container. Polystyrene or other suitable insulated containers 
should be used to buffer against temperature extremes. Label 
the package as live material to prevent adverse handling and 
consign by the fastest method possible, preferably by air. 

6. 	 Include with each shipment a complete list of the plant 
material, a phytosanitary certificate, applicable,if and a set 
of Instructions explaining the procedure for further in vitro 
propagation or in vivo establishment of plantlets at the 
receiving station. 

If 	 the necesary precautions are taken, sweet potato plants 
derived from meristem-tips can successfully be distributed 
world-wide. As long as the plantlets are not subjected to 
temperature extremes (below 10C or above 40'C) and/or extended 
periods of darkness in transit , establishment at the receiving 
station will be quick and successful.
 

The system described above is obviously not the only one that 
can be used, nor will it work in every situation. It is designed 
primarily for the transport of regenerated meristem-tips or in vitro
 
propagated plantlets. However, if the same basic 
precautions are 
followed and small trial shipments used to identify workable 
systems, cultures can be distributed at almost any stage of growth.
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VIRUS INDEXING PROCEDURES
 

Introduction
 

Virus indexing 
of sweet potato is accomplished 
by grafting

shoots from plants to be tested on to indicator plants (Frison and
Ng, 1981). Iomoa 
 nil 'Scarlet O'Hara' and/or 
I. setosa, two 
wild

relatives 
of sweet potato. 
are most commonly used. If virus 
is
present, spotting, vein clearing, chlorotic mottle, epinasty, orstunt iri will occur, onl the indicator plant. A complementary

graft iug techniqu, us iug suscept ible pre- infected sweet potato
seedlinig clones has proved useful in detectinr sweet potato viruses 
in Nligeriu ( RoLSsel and, Thottappilly, 1985).
 

Virus inidexing procedures for 
 sweet potatoes are changing
rapidly as niew tests, includin mol ecular techniques such as nucleic
acid hybridization, are developed. Consequently, the indexing
procedure out. lined here may be outdated within a few years.
However, it is currently in wide use and ir, the best practical
method available for detection of most known viruses in sweetpotatoes. Researchers who use this manual should be aware of the 
cent mnui L need to review current literature in search of improved
techniques. Further information ol current procedures may also beobtained from Dr. J.W. Moyer, Associate Professor, Department of
Plant Pathology, North Ca ro lina State University, Raleigh, NC2761)- 7(,16 , USA; Dr. J. Foster, USDA- APHTS-PPQ, 'IS Plant Introduction 
Station, Glenn Dale, MD 20769, USA or from virologists at AVRDC,P.O. Box 42, Shanhua, Taiwan 741, China; CIP, Apartado 5969, Lima, 
Peru or IITA, [p.0. Box 5320, Ibadan, Nigeria. 

Meristem- tip culture cannot 
 guarantee freedom 
 from virus
infection and the inability to detect virus symptoms in indicator 
plants does not mean that the indexed sweet potato plants
completely free from all 

are 
viruses. The procedure has been used to 

detect several major viruses (Alconero et al. , 1975; Frison and Ng,
1981), but it may not be effective 
for detecting others. Also, 
it
 
does rnot have a 
very high degree of sensitivity.
 

Materials and Equipnent
 

The vit'us indexing system described here 
is relatively simple,
with only a minimal amount 
of equipment and materials needed. 
 Plant
 
material and grafting tools 
are the basic requirements.
 

Plant Material
 

The sweet potato plants to be 
indexed for 
virus should appear

healthy 
and be fairly large. Five nodes, each 
with a fully expanded

leaf, are 
used from each plant tested.
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The indicator plants, I. nil 'Scarlet O'Hara' and I. setosa can 
be grown from seed. Seed 
of I. setosa must be maintained by the
 
user, but can 
 be obtained initially from Dr. A. Jones (USDA
 
Vegetable Breeding Laboratory, Charleston, South Carolina), 
Dr. J.W.
 
Moyer (address above) 
 or from many other sweet potato breeders.
 
Seed of I. nil 
'Scarlet O'Hara' , an ornamental, can be obtained from 
many seed companies.
 

Both sweet potato and indicator plants can be maintained in a
 
glasshouse. Insect control equipment is needed because it is
 
important to prevent the 
 spread of from
viruses infected to
 
non-infected plants. A spraying programme :-hould be developed and 
strictly followed.
 

Crafting Tools
 

Essential tools for grafting the sweet potato stems on to the 
indicator plants 
 include a scalpel with disposable blades, an
 
alcohol lamp for sterilization purposes, and 'Parafilm' to seal the
 
graft. Cheesecloth is useful for protecting and shading the newly 
grafted stems.
 

Methodology
 

Preparation of Plant Material
 

Seed of tie indicator plants should be planted 3-4 weeks before
 
the grafting is to he dcne. 
 Seeds must first be scarified by 
soaking in concentrated sulphuric acid for 20-25 minutes, and then 
rinsed three times with tap water. Plant seeds in a 1:1 sand:soil
 
(volume: volume) mixture in individual pots. The indicator plants
 
are ready for graft 
 int; when they have two fully expanded leaves. 
Allowing the indicator plants to become too old may reduce the 
visibility of virus symptoms. If a large number of sweet potato 
plants are to be indexed over an extended period of time, it is 
reconunended that se(2d of iTldicator plants be sown at. least at weekly
 
intervals to ensu'e a constant supply at the proper stage 
 of growth. 

Sweet potato plints that ure to be indexed caon be produced by in 
vitro nodal propagation of the original meristem cultured plantlet 
as explained above (see: In Vitro Propagation of Plantlets). As 
advised in that sectior, additional plantlets should also be 
maintained in culture to be used as stock plants after the indexing 
procedure is complete. Each sweet potato plant that is used 
for the
 
indexing procedures should be established in soil and allowed to 
develop until it has a minimum of five nodes with fully expanded 
leaves.
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Figure 15, Sweet 
 pota.o node 
with attached leaf, ready to be
 
grafted on .o an indicator plant 
for virus indexing.
 

Grafting Procedure
 

Begin the ?;afting procedure by cutting five, 3-4 week 
old
 
indicator plants back 
to two true leaves. 
 Then, remov.o a branch
 
trom the sweet potato plant to be indexed. Cut the branch into five
 
sections. each 
 containing a node with a fully expanded leaf 
attached. Fig. 15 shows a sweet potato node section that is ready
for graftingy . Wedge graft each node section onl to a separate
indicator plant as shown in "ig. 16. Wrap thef graft with 'Parafilm' 
to prevent desiccation (Fig. 17). 
 Protect the scion from 
direct
 
sunlight by laying a piece of cheesecloth over the graft and the 
adjoining leaves for 2-3 days.
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16v 

Figure If sweet. potato node beirrg wedge Frafted on Lo the stem of 
an I :e tosa indicator plant , just below the first leaf. 

By grafting five nodes from each sweet potato plant on to five 
separate indicator plants, the chances of detecting symptoms of
 
virus infect ion are Increased. Symptoms on the indicator plants are 
sometime-- sporildic and of teln short- lived. Some control grafts 
should he moide to provide, compar ions: g'aft zome St ems from one 
indic ato r pl ant o1 t., aino t he r i ndicator plant, and also graf t a 
sweet pot ato p lat, known to be vi us I i fe-cted or , to some indicator 
plant-;. 

Be su re to avo id c ro:,1- c urIt ami nat i on of plants du in g the 
grafting proces, by dipping the ,,calpel used for cutting plant 
material in I!5% ethanol and f laming- between eve- y graft. 



N 

1 7. coimur ted ratItCorp of !sweet potato node on to an 
indicator pl ant 

IndexinM_ Procedure
 

The Severity of 
the virus symptoms 
and the length of 
time before
they appear on the indicator plants are dependent uponamount of the type andvirus present in the scion. As indicated earlier,most thec1onn symptoms of virus infection are spotting, vein clearing(chli otosis) .chloratic mottle, epinasty and stunting. The symptomsare, most sovere on the leaveo of tlle indicator plant nearestgraft . 2ympt oels to themay appear on I . iln wI thin a week. Symptoms onaetosf! I.(l[';g. 18) lisually appear within 2-4 weeks. 
to It is importantmonitor- the indi ator arits 
may 

at frequent intel'vals because they
only show symptoms 
 for only a short period ot time. 

Indexlu.g by u:; jg I. ;ets:osa and T.. nil a; indi cator plantshot.ih udvantut~ts hasand d isadvantage. for v i rus dlt ection.technique Theis non--specific and detects nearly all of the viruses thatinfect sweet 
potatoes. 
 However, 
it is 
slow, requiring 
up to several
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A 

Figure 18. Symptom progression in Ipomoea setosa infected with 
sweet potato feathery mottle virus: (A) Healthy leaf; 
(13) Initial symptom consisting of veinal chlorosis; (C) 
Subsequeiit leuves ciruLuLicwith veiin-banding restricteu 
to major, veins; (D) chlorotic vein banding adjacent to 
midrib; epinasty. New leaves are frequently symptomless 
(from Moyer and Kennedy, 1'78). 

months to complete, and lacks sensitivity. The lack of sensitivity
 
is 
the reason why five grafts are recommended for every sweet potato
 
plant indexed. It is necessary to repeat the 
indexing of negatively
 
indexed sweet potato plants 
two more times before declaring them
 
free from known viruses (Frison and Ng, 1981). 

Once a sweet potato plunt is determined to be free from known 
viruses, it is 
a simple procedure to propagate it clonally through
 
in vitro culture (see: In 
Vitro Propagation of Plantlets).
 

Plantlets so andproduced distributed to germplasm repositories 
or to research laboratories should be accompanied by a 
 label
 
declaring them to be free from known viruses. The method used for 
virus indexing should also be included. 

Further details of practical procedures arid precautions to be 
used in the distribution of cultures are given in an earlier section 
(see: Transportation of Cultures).
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APPENDIX
 

A summary of entries on 
sweet potato and other Ipomoea species
from the IBPGR In Vitro Conservation Databases (Wheelans and 
Withers, 1984) is given below. Each entry includes four fields of 
data: NAME and ADDR, containing the name and address of the 
contact; DATE, indicating the year of the survey to which
 
information was submitted (1980/81, 1983 or 1985; there are some
 
entries covering more than one year) , and APPL, listing the 
interests of the contact and intended applications of the in vitro 
work. Full details 
of database entries, covering propagation,
 
characterization, disease indexing, gernplasm storage and exchange, 
and problems experienced, 
cari be ,equested via IBPGR Headquarters.
 

NAME ANDERSON, J.O. 
ADDR Department of Plant Science, University of Arizona, Tuscan, 

Arizona 85721, USA. 

DATE 1980/81 

APPL Fundamental research, rapid clonal propagation, germplasm 

storage. 

NAME ANON 

ADDR Chia- Yi Agricultural Experimenta]. Station, 2 Min-Chun Road, 
Chia-Yi, 600 Taiwan, Republic of China. 

DATE 1983 
APPL Rapid cional propagation, virus or other pathogen 

elimination, germplazm storage, germplasm exchange. 

NAME BATISTA TEIXEIRA, J. 
ADDR CENARGEN-EMBRAPA, AVW5N, Parque Rural, PO Box 10.2372, 

Brasilia, Brazil. 

DATE 1983 

APP. F:.,idamental research, virus or other pathogen elimination, 
germplasm st,,rage. 

NAME BONNEL, E. 
ADDR CIRAD -IRAT, 97487 Saint-Denis Cedex, Reunion Island, 

(France). 

DATE 1i85 
APPL Rapid clonal propagation, virus or other pathogen 

elimination, germplasm storage, germplasm exchange. 

NAME CLARK, C.A. 

ADDR Department of Plant Pathology & Crop Physiology, LSU, Baton 
Rouge, LA 70803-1720, USA. 

DATE 1985 
APPIL Rapid elonal propagation, virus or other pathogen 
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NAME DELGADO, G.E. 
ADDR Universidad Nacional Pedro Ruiz Gallo, Apartado 48, 

Lambayeque, Peru. 
DATE 1985 
APPL Rapid clonal propagation, germplasm storage, germplasm 

exchange. 

NAME DIRECTOR
 
ADDR Zambia, Department of Agriculture, Research Branch, 
Mount
 

Makulu Research Station, box 
7, Chilanga, Zambia.
 
DATE 1980/81
 
AFPL 
 Rapid clonal propagation, 
 virus 
 or other pathogen
 

elimination, germplasm storage.
 
DATE 1983
 
APPL Rapid 
 clonal pr'opagation, virus 
 or other pathogen
 

olimination, germplasm storage.
 

NAME DODDS, J.
 
ADDR ClP, Apartado Postal 
5969, Lima, Peru.
 
DATE 1985
 
APPL Rapid clon 
l propagation, virus or 
 other pathogen


elimination, germplasm storage, 
ger-mplasm exchange, genetic
 
manipulation.
 

NAME FERREIRA, D.I.
 
ADDR Horticultural 
Research Institute, 
Department of Agriculture


and Fisheries, Private Bag 293, 
Pretoria, Republic 
of South
 
Africa.
 

DATE 1980/81
 
APPL Virus 
or other pathogen elimination.
 

NAME FRISON, E.A.
 
ADDR international 
 Institute of 
Tropical Agriculture, 
Oyo Road,
 

Ibadan, 
Nigeria (present address: IBPGR 
Headquarters, 
FAO,
 
via delle Terme di Caracalla, 00100 Rome, Italy).


DATE 1930/81
 

APPL Rapid clonal propagation, virus or 
 other pathogen
 
elimination, germplasm storage, germplasm exchange.
 

NAME GAMA, MARIA I.C.S.
 
ADDR CENARGEN/EMBRAI'A, 
 SAIN-PARQUE 
 RURAL, C.P. 
 102372, 70770
 

Brasilia DF, Brazil.
 

DATE 1985 
APPL Virus or- other pathogen elimination. 

NAME GU, SHU- RONG 
ADDR Institute of Botany, Academia Sinica, Beijing, China.
 
DATE 1980/81
 
APPL 
 Rapid clonal propagation, 
 virus 
 or other pathogen
 

elimination, germplasm storage.
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NAME HENSHAW, G.G. 
ADDR Department 
of Plant Biology, University of Bic-mingham, PO Box
 

363, Birmingham B15 
2TT, UK. (Present 
address: Departmpnt of
 
Biology, University of 
Bath, Claverton Down, Bath, Avon, UK).
 

DATE 1980/81
 
APPL Rapid clo nul propagation, germplasm storage. 

NAME JACKSON, G.V.H. 
ADDR Dodo Creek Research Station, Ministry of Home Affairs & 

National Development, PO Box G.13, Honiara, Solomon Islands. 
DATE 1983 

APPL Gernip lasm exchange. 
ADDU Plant Protection Project, U.N.D.P. , Private Mail Bag, Suva, 

Fiji (prese:nt address: 17 Hyde Road, Richmond, Surrey, UK). 
DATE 1985 
APPL Virus or other- pathogen elimination, ge-mplasm exchange. 

NAME JARRET, R.[. 
ADDR Apartado 78, CATIE, Turrialba, Costa Rica (present address: 

USDA-ARS, Regional Plant Introduction Station, 
Experiment,
 
Georgia, USA). 

DATE 1983 
APPL Fundamental research. 

NAME KAMAU, H.N.
 
ADDR Plant Quarantine Station, 
 Kenya Agricultural Research 

InStitute, Headquarters Muguga, PO Box 57811, Nairobi, Kenya. 
DATE 1983 
APPL Rapid clonal propagation. 

DATE 1985 
APPL Rapid clonal propagation, germplasm exchange. 

NAME KARTHA, K.K. 
ADDR Prairie Regional Laboratory, (Plant Biotechnology Institute), 

National fitseat-ch Council, Saskatoon, Sask. , Canada S7N OW9. 
DATE 1980/81
 
APPL Rapid clonial propagation, virus or other pathogen 

elimination, germplasm storage. 

NAME KAVI KISHOR, r. 
ADDR Dpartment of Botany, Kakatiya University, Warangal-506 009, 

A.P.,
 

India.
 

DATE 1985
 
APPL Fundamental research, 
 rapid clonal propagation, virus or
 

other pathogen elimination, secondary product syn~hesis.
 

!-AME LAM, T-H.
 
ADDR Department of Botany, University of Hong Kong, 
Hong Kong.
 
DATE 1980/81
 

APPL Secondary product synthesis.
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NAME LI, LANG
 
ADDR The Director, Chla Yi Agricultural Experiment Station, 


Min-Cheng Road, Chia- Yi 
600, Taiwan, China.
 
DATE 1985
 
APPL ViF-uS or other pathogen elimination, germplasm storage and 

germp 1a';ri exchange. 

NAME It I P.JTON, 

ADDR Dodo Creek Research Station, P.O. Box G.13, 
 loniara, Solomon 

is3 ands. 

DATE 1985 
APPL Virus or other pathogen elimination, germplasm storage and 

ge[rri-pl iastll exchange. 

NAME L iTZ, R. E.
 
ADDR Uriver:ity 
 of Firida, Agricultural and Research Centre, 

18905 :W 28th ':treet, Homestead, Florida 33031, USA. 
DATE 1.980/81
 
APPL Rapid c lenal1 pVopagation, nermplasm, 
 storage, germplasm 

exc hangeo' 

NAME LOPEZ GUT IEREZ, F.
 
ADDR Cuitro dt, Investiga.I ones Biologicas de Baja California Sur,
 

P.O. Box 128, 23000 La Paz, Baja California Sur, Mexico. 
DATE 1985
 

APPL Selection 
 fur salt tolerance. 

NAME MARIItN, F.W. 
ADDR Federal Experimental Station, 
USDA, Mayaguez, Puerto .iico,
 

USA (now retived),
 

DATE 1980/01
 
APPL Rapid C lena 1 propagation, virus or other 
 pathogen
 

el imination, gcrnmplasm storage, germplasm exchange. 

tJAMEK' MROGINSKI , L. 
ADDR 
 inst itute de l3otani co del Nor-deste, Casilla de Correo 209,
 

3400 Corrientes, Argentina.
 

DATE 1983
 
APPL 
 Virus or oth4r pathogen elimination, germplasm storage. 

NAME MUI.LER, L.[.-. 
ADDR CATIE, 7170 Turrialba, Costa Rica. 

DATE 1985 

APPL Fundam ntal research. 

NAME NE'L, DOROTHEA D.
 
ADDR Horticultural 
Research Institute, 
Department of Agriculture


arid Fisheries, 
Private Bag 293, Pretoria, Republic South
of 


Africa.
 

DATE 1980/81
 

APPL Virus 
or other pathogen elimination.
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NAME NG, S.Y.
 
ADDR International Institute of 
Tropical Agriculture, Oyo Road,
 

PMB 5320, Ibadan, Nigeria. 

DATE 1983 
APPL Rapid cIonal propagation, v iruc or other pathogen
 

elimination, germiplasm 
storage, ge'mplasm exchange.
 

NAME PALMEH, C.E.
 
ADUR Department 
 of Plant Science, University of Manitoba,
 

Winnipug, Manitoba, Canada R3T 2NZ.
 
DATE 1983
 

APPI. Fundanenta 1 esearch.
 

NAME QUAK, 1-' 
ADDR RUCjsVa'ch In:titute for Plant Protection, PMB 9060, 6700 WG 

Wageningon, The Netherlands. 

DATE '985 
APPL Vir-us or other pathogen elimination, germplasm storage and 

go riimp1 eIiexchange. 

NAME |HEY, 11.
 
AD[UR Instituto de Botanica 
del Nordeste, Casilla de 
Correo 209,
 

3400 Corrientes , Argentina. 

DATE 1983
 
APPL Virus or other pathogen elimination, germplasm storage.
 

NAME SALAZAR, 5.5. 
ADDR Unidad de Recu rsos Fitogeneticos (Genetic Resources Unit), 

Apartado 15, CATIE, 7170 Tur-ialba, Costa Rica.
 
DATE 1983 
APPL Rapid c Onan I pr'opagat ion, virus or other pathogen
 

eli mination, germplasm !torage, gern-plasm exchange. 

NAME SALGADO- GARCiILIA, V.
 
ADDR Centro de Investigaciones Hiologicas 
de Baja California Sur,
 

P.O. Box 128, .. 3000 L.a Paz, Baja California Sur, Mexico. 
DATE 1985 

APPL Selection for srit tolerance.
 

NAME SASAKI, T.
 
ADDR National 
 Foood Research Institute, Tsukuba 
 Science City,
 

Ibaraki 305, Japan. 

DATE 1983 

APP!. !FundnmuntaI research. 

NAME SKIRVIN, R.M.
 
ADDR University 
 of Illinois at Urbana-Champaign, Agricultural
 

Experiment Station, Mumford Mall, Urbana, Illinois 61801, 
USA.
 
DATE 1985
 
,APDr
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NAME SONDAHL, M.R.
 
ADDR Departmento 
de Genetics, Instituto Agronomico, Caixa Postal 

28, 13100 Campinas, SP, Brazil. (Present address: DNA 
Plant
 
Technology Corporation, 2611 
 Branch Pike, Cinnaminson, NJ
 
08077, USA).
 

DATE 1980/81
 
APPL Rapid clonal propagation, virus or other pathogen elimination.
 

NAME THI THANH TUYEN, N.
 
ADDR 
 Department of Horticulture, VISCA, Leyte 
 7127-A, The
 

Philippines.
 

DATE 1985 
APPL Rapid clonal propagation, virus or other pathogen 

elimination, germplasmn exchange. 

NAME TSAY, H-S.
 
ADDR Taiwan Agricultural 
Research Institute, 189 Chung-cheng Road,
 

Wan-feng, Wu-feng, Taichung, China.
 

DATE 1985
 
APPL Virus or other pathogen elimination, germplasm storage and
 

haploid production.
 

NAME VAN RENSBIJUG, J.G.J.
 
ADDR Horticultural Research Institute, Private X293,Bag Pretoria
 

001, Republic of South Africa.
 

DATE 1983
 
APPL Virus or 
other pathogen elimination.
 

DATE 1985
 

APPL Virus 
or other pathogen elimination.
 

NAME WANG, P.J.
 
ADDR Institute of 
Botany, Academia Sinica, Nankang, Taiwan, China.
 
DATE 1980/81
 

APPL Germplasm storage.
 

NAME WANG, HAN,
 
ADDR Agricultural College 
of Beijing, China.
 
DATE 1980/81
 
APPL Rapid clonal propagation, virus 
 or other pathogen
 

elimination, germplasm storage.
 

NAME ZETTLER, F.W.
 
ADDR Plant Pathology Department, University 
 of Florida,
 

Gainesville, Florida 
32611, USA.
 
DATE 1980/81
 
APPL Rapid clonal propagation, virus 
or other pathogen elimination.
 




