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INTRODUCT I10H

Ve may concludz  that the main objocctive of the project was
actually eaccomplicshed in the throco years vorfli. We were able to gather
an ocutstanding acoraoplasm for reciszstanceo to the aggresszive pathogens
of ‘"papita cucra” Thus we arc confident that multiclonal varieties
(mixtture of clonec with diverze lLiinde of resictance) will be able to
cverstand the evore  attacke of Fhytophthora infestans under shert
humid pericde; nd theoeo of Alternaria_tcnuis under long dry periode.
Unfortunately we  were unlucky in the last field experiment in which
it wees oxpoctocd to domostrate that "papits guera" can be cultivated
viith our resistant materiale. The almo=st total lack of rain, during
months  aftcr tho cstablicshmeont of the experiment, frustrated cur
demostration of 1987.
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Ferhaps the moet <eignificant accomplishment of the whole
three yeare AID # 4,205 project was the discovery of a plant with a
tuber yield of S11 grams, azbout 20 times the common yield. This has
shown a tuber production potential far away from the most optimistic
expectation. Thu=z, it etrenghes the confidence that "papita guera”
will be a new crop to produce food in the arid regions of the world
where human populations are suffering undernurishment and hunger.

A detailed report of these aspects and all the other actions
of the project are presented as followe:

1. GENETICAL RESISTANCE

Since the "papita guera"-crop will be mainly on the hands of
poor farmers living in arid regions, the only practical and economica-
ly posiblle control of pathogenic fungi i=s by means of plant resistan-
ce.

In three consecutive years, a field plot was established in
Texcoco, Méx., Fig. 1, with tubere reppresenting wild "papita guera"
populations growing in Central Mexico. Each plant was individualy
tected for recistance to Fhytophthora infestans and to Qlternaria_

tenuis. In the casec of F. infestans the tests were done by inocula-

tions on detached leaflels in thc laboratory

: 5 L Y B ;
Fig. 1. "Fapita guera" eclection-plots scetablished antaly at Monte-
cillo=s, Texcoco, HMe:nx. For =singlec plant analisis in regard to recsiczs-
tance zinst P. infestang (vertical + horizontal); resistance to A.

tenuics t-xin; and scarch for high yield plante. -
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In order to dotoct vertical vesistance, the leasflotles vuore
incculsated with race 0. Fositive infection indicated the presence of
vertical resiestant gence, and negative infection their acbocconco.

The horizontal rocistonce wag partioly dotocted by cvaduoz-
ting one of idite componcontc, tho reztriction of the amount of sporu-
lation produced in the lcezion of infccted leaflote, Leaflets infected
with race 0O for vertical reeicstance determination were aleo used +or
herizontal resistant evalustion. For thozc cases in which no infecz-
tion took place with race O, 2 novt sct of leaflets were inoculated
with the wide pathogecnic or compleox racc 1,2,3,4,5,6,7.9.10,11,

In the cecc of resictance to A. tenuis, the toiin of this
pathogen was used for 2 biosay in which the petioles of leaflets were
inmersed in a toxin eixtract during 18 hrs. The toxin cauees an increa-—
cse of leaflet transpiration. Thu=s leaflete with low or without locss
of weight indicated high recistsnce, 2nd the loc of most of ite fresh

weigh indicated high sucsceptibility.

The total of plante tested in the three yeare were 7457,

1.1. Results on Vertical Resistance to F. infestans.

We found among the 7457 "papita guera” plants tested, a 77%Z
with wvertical resistance genecs. This high resistant percentage sug-
gests that P._infestans, in spite of its ocasional and short inciden-
ce due to limited humid periode in arid regiocne on the "papita guera”
population in *central Mexico appears to be a pathogen which as an

important natural =selecting prescsure.

The 8. cardiophyllum epecics resulted to have a 85% of the

plants with R genes whereas 8. ehrenbergii had only 541%, (table 1).
An explanation for this large resistant difference between speciecs
can not be given at present. But, perhaps it could be related to the
posible fact that each species appears to have its own inhabiting
niches within their geographical region. Thus S. cardiophyllum habi-
tat could be more humid, favoring a higher selecting preasure by F.

Table 1. HNumber of "papita guera" plants found with vertical resis-
tant R. genes.
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Botanical Flants Flante FPlants Resistant
special tecsted with without Fercentage
) R genes R gcnes

S. ehrenbergii _ 1es4 1015 870 s47
S. cardiophyllum 4522 354 677 85%
Not determined % 1041 B?& 145 867%

TOTAL 7457 5785 1e%2 775
T T T T T e s

Due to technical failurc in 198&£, ¢ portion of thc plants of the
field plot were not identified. EFut mocct of them appearcd to be S.
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lLarae  veorcictant differences vicrp alcp found among popul ation
of the same c=pcciez. This may suggezt the ecxistances of niches with
different humidity within cach =pecicc habitat. Nnother poceible o
planation could be linked to the cuiztonce of clones with proasture
tuber formation which could c=cape and wmale lcez efcctive Lhe F.
infestans <c=electing prescuwro, bocoucs they are cuipozed to & chorter

period to the damage of the pathicooss they, thoze clones with late
tuber formaticn.

The mocive cearch for reersl_once dint permit the detailed
and -time concuming genotype dotocrwinztion of selected materials. Ho-
wever, it eppezre that moct of the plents centaining "R" genee have a
complex genotypc for vortical recictance, a8 =zuggested by the failure
of the comple: race 1.2.3.4.5.6.7.8.%.10.11. to infect them, table 2.

Table 2. Number of "papita guera" plants found to have a very coﬁpIEK
vertical recicstant genotype or particular genes.

——— e e e v et — o — —— e i Sy S — T = T —— e e B S . T — — o > iy i S S —— P o o =

Botanical Flants tested Flants not Resistant
Species vwith comple:x infected Fercentage
_——— - SO - | = S
S. ehrenbergii 819 184 22%
S. cardiophyllum 2710 36 1%

Total 3529 220

Dr. John S. Niederhauser made & brealithrough in breeding
potatoes for recistance to P. infestang when he demostrated in the

S50’s the superior value of horizontal resistance to the vertical

resicstance. Since that time, an effective control of P. infestans
has been achieved with horizontal recsistant varieties, and consequen-
tly, the vertical resistance has practicaly been ignored. However

for the "papita” multiclonal varieties, the numcrous clones with ver-
tical resistance and their very complce: genotypes found, appear to be
of great value because all these clonez are very cimilor and their tu-
bers are undistinguishable. Thus the mixture of clones with various
and complex vertical resistant genotypes will exclude most of the F.
infestans races which could arrive to the heterogenous plant popula-

tions. If some plants are infected, the horizontal resistant genes al-
so found, will act to slow down the infection progress.

—— e e e e e S e e e R e L R e S e e e S e R e e T e e o v e e e s e e B e o o 0 o ot e e

As it is Ilinown, the horizontal recsicstance i evaluated when
the pathogen is infecting the host plant. Since 5047 plants out of
those 7417 inoculated were infeccted by either race O or by the race
1.2.3.4.5.6.7.8.2.10.11. they were only thg available plants for sear-—
ching horizontal recictance. However, duc to technical limitations
not all of them werce evaluated, and only the ecxtent of sporulation
wae scored as vory low, low, cbundant and vcry abundant. Thus,the ve-
ry low sporulation of the pathogen correzponded to the highest resis-
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tence, of the plant, and the very asbundant eporul ation to the veory low
resistance, or high susceptibility. Very high resistance was found in

151 plante out of the 2231 plante tested, that is a 7%, table =.

Table 3J. Horizontal resistance evaluation of "papita guera" plants,
in regards to the exten of P. infcetanse cporulation.

- . e e e e S T e S i e — e e e e . o e e

Botanical  ___ - ___Eztcrnt of sporulation _______ " 77
species very low low abundant very abundant
S. ebrenbergii 32 1 116 424
8. cardiophyllum 25 35 o1 35
No. identified 31 35 143 55
Total - 95 161 613 534
1.3 Results_on_ Resistance_to Alterparia_tenuis_toxin

The information obtained in a previous work by Huerta,
(1984), related to the conditions found for high toxin production and
the development of a biosay to detect the toxin, was the basis for
our massive individual plant testing for recistance to @A. tenuis.
After exposing the leaflets to the toxin, the weights reteined were
recorder. The data was arranged in eleven recsistant classes. The
class "I" goes from O to 9% of retained weight, corresponding to the
moet susceptible plants and the clase "XI" is from 100 to 115% retain-—
ed weight, corresponding the most resistant plants which din’t loss
weight, on the contrary, there waes a weight—-gain during the 2 days
test. There were 62 plants in this X1 class out of 7109 plants tested
in the I years work, that is a 0.9%, table 4. ,

Frequency In number of plants

Fig. 2. Papita Guera resictant classes to A. tepuis toxin. Class I,
highest susceptibility, class "IX" highe=t resistance.
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. The frequencics found among the resistant susceptible clas—
ses give rise to a bell shape curve, fig. 2. This may suggest a cuan-

titative factor in the genetical nature of touin recsictence . Perheps
the resistance could be citoplasmic and its gene(s) could be in mito-
chondiral DNA and not in chromosomal DHN., Table 4.

Table A. Resistance cvaluation of Fapita Guera plants to Alternaria
tenuis toxin.

Percentage of leaflet Resistant  HNumber_of_plants_in_each_class
wieight retained. class 1985 19B% 1987 3 years

SO = - § W

o-9 1 S i 2 8

10 - 19 11 14 34 88 138

20 - 29 111 140 265 282 788

30 - 39 1v 205 781 456 1442

40 -~ 49 v 167 887 457 1511

50 - 59 Vi 231 740 I58 1329

60 - 69 VII 89 3Ie2 279 760

70 - 79 VIII 54 262 205 521

80 - 89 IX I8 155 163 X546

20 - 99 X 26 86 82 194

100 - 115 X1 13 28 21 162

7109

On the contrary to Phytophthora infestans, our experience and

knowledge on Alternaria tepnuics was very limited when we started this
project. Thus, it was considered important to do some exploratory
research on this very agressive pathogen in order to have a better
understanding on its biology and interactione with papita guera, par-
ticularly those aspects which could benefit our "papita" breeding for
resistance to its severe atttacks. The resultse obtained in different

research actions are presented below.

2.1. Disease_devel opment.

24— R AR —d 4 R E]

The first lesions caused by A. tenuis are ucually observed at
the apical leaflet of the lower leaf in contact with the ground, sug—-
gesting that primary  inoculum is in the soil. They start as a black
necrotic pin point which later turns in a large necrotic area with
concentric rings, in mo=st cases have a yellow halo in the margin of
the 1lesion. The necrosis usualy covers the whole leaflet and conti-
nues to other leaflets. The affected tissues drys completely and beco-
mes britle. The infection continues to upper leaves, and when the lo-
wer three 1leaves have died the rest of the plant turns yellow. At
this stage the buds and flowers drop, and after about eight days the
whole plant die. -

plants become infected earlier than 8. ehrenbergii plants but the lat-

ter died earlier (47 days after infection) than the former (33 days
a.i). It was alco observed that A. tenuig infection occurs mainly

just after. blossom, 63 days after planting S. cardiophyllum and 71
days for S. ehrenbergii.
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2.2. FParasitism.

tthen lower ond upper tides of leafltec werc inoculated with
drops of sSporo-suspeontioncs a higher amount of infection was obtained
on the upper cide, table 5. This showed that cporec are able to in-
fect either <csidc of "papita" lcaflets and suggeztod that infection
talkkee place by direct epidermis penetration, because the higher num-
ber of stemata on the lower side din?t favored a higher infection.
Nlco, by microcscopic obeervatione, it has been found germination tu-
ber of spores pacscing above stomata without entering into the tissue.

Although a =ingle zpore wacs able to infect a leaflet the per-
centage of succes was only S% as compared with 837 obtained with
groups of 15 sporecs. This phenomenon is not due to a low germination
of cpores because 19 cspores placed individualy on water agar had a
Q0% germination, thue come unlnown factore may interfere with the pro-
cess of infection. '

Table 5. Effect of inoculum density of A. tenuis spores on leaflets
infection of "Papita species".

—— e s e e s e e e e -_— [—

Botanical spnres_ upper side - lower side

species per ml infection infection
S. cardiophyllum 72000 5715=33% 4715=26%

6000 6/15=40 6/15=40

1B00O 10/15=467 3/15=20

28000 10/15=67 11/15=73

42000 11/15=73 2/15=60

S. ehrenbergii 2000 5/15=33% 5/15=33

&000 117/15=73 10/15=67

18000 11/715=73 10/15=67

2B000 2/15=60 9/15=60

42000 12/15=80 10/ 15=67

2.3. Sporulation.

After infection takes place, this fungus parasites with its
mycelium the living tissue and after some vegetative growth it starts
an abundant sporulation which £an continue even when the tissue is
dead. , :

The <cpore production of the saprophytic phase was found to be
favored by 1light, although it wae able to produce a good number of
spores under continuous dark table 6. A 100% of relative humidity
(rh) favored the maximum sporulation, at 76% rh was able to.sporulate
about half ite potential, at 3I3% rh can do 2 little esporulation, but
it was not able to sporulate at 5% rh.

It was obeerved the cxistance of different pathogenic levels
among various A. tenuis isclates, thus, it was considered important

to eee if the pathogenicity was correlated with the amount of toiin
production. T :
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Table &. Effect of light on A. tenujis =porulation.

e e W > Bt S S e . i e . el B e e B e S W S G S . Yot S St S S e P e e T S S e S ek e G Skt G i T e ot St . e e ety S St Sty G e PP S S S St e S o Bt

A. tenuis Number_ of_ cspores_in_eight_agar discs
isol ate continuos light continuous darlnescz
1 50 000 33 000
2 1B 000 12 000
3 £2 000 =8 000
4 40 000 22 000
S 80 000 70 000
& 102 000 78 000
7 7€ 000 g2 000
8 12 Q00 22 000
Q 20 000 18 000
10 34 000 10 000
11 I& 000 22 000

The toxin extracts of thres different A. tenuis isolates

were used to evaluate their effect on leafletes of S. cardiophyllum

and S. ehrenbergii. At the same time, spores of the same A. tenuis
isolates were inoculated on another set of "papita guera"” leaflets.
The loss of weights shown by the leaflete exposed to the toxin appea-
red to correlate with the loss of weight lost by the corresponding

inoculated leaflete, table 7.

compared with the weight losses of leaflets inoculated with A. tenuis
sSpores.

Table 7. Weight losses of leaflets exposed to the A. tenuis toxih as

A. tenuis Papita guera _Percentage _of_weight_lost_
isolates species inoculated exposed

with to

spores (average) toxin (average)
A-1 . 8. cardiopyllum  14.64 24.84
A-1 S. ehrenbergii 21.19 17.7 12.71 18.77
A-7 S. cardiophyllum 15.35 10.23 '
A-7 S. ehrenbergii 26.77 1X.3 5.23 7.7
A-10 S. cardiophyllum 3.11 1.27
A-10 8. ehrenbergii 6.11 4.7 2.07 1.6

-— -— - ——

A. tenuis lesions on juvenile leaves were found in "papi-
ta guera” plants growing wild in Central Mexico in 198&. Since this
parasitic behavior is deviated from normal infections on old leaves,
it wae decided to find out if such juvenile infections were the re-—
sult of a special parasitic race of A. tenuis. Two isolates of A.
tenuis were obtained from lessions of young leaves and inoculated on
young and old leaves of "papita guera". Aleo, six aditional A. tenuis
cultures icolated previously from old leaves were inoculated in the
same maner. Each treatment had four replications and the whole experi-

ment was repeated to confirm the results, table B.
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Isol ate Infectione on:
Young leaves old leaves
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A-3B from young leaf
A~-27 "

N-18 from ocld leaf
A_3 1 1] 1
A_33 " "
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2.6. Spore disemination and its epidemiological

——m e ———— L L Y e e e e N e R L L L T e e — -

In the winter seacson, when 1is dry and there are very few
herbaceous plant species, some A. tenuis spores were trapped every
day. The origen of such spores, appear to be mainly the sporulation
ocurred on "papita qguera" plants infected in our previous field
plots. When the plants dry, the spores fall into the soil, and from
there, they are dispersed continuously by winds to other crop landes.

The spores laying on the ground appear to be an important primary

inoculum esource as suggested by the first lesions observed frequently_

on papita leaflets touching the soil.

The significant increase of spores trapped at the end of
April and begining of May, when no A. tenuis infections has yet taken
places on the papita plants, may have had its origen on the saprophy-
tic activity of A. tenuis. At this time of the year, some rains have

already fallen, o0 plant debries left on the soil get wet and they
become a suitable substrate to be colonized by A. tenuis.

1t was found experimentaly, that maize debries were the best
substrates for A. tenuis eprophytic growth. Since maize crop has a

wide geographycal distribution, its debries appear to be of high sig-
nificance for A. tenuis spore production and consequently for epide-

2.7. Effect_ _of _age_on_lecaflet csusceptibility to _A. tenuis

With the aim to check the fidelity of the biocsay for testing
resistance of papita clones to A. tenuis toxin, it was decide to test
the effect of 1leaflet age on its reaction to A. tenuis toxin. For
such purpose, seven leaflets from leaves of differente ages were expo-—
sed to the toxin. The weight lost by leaflets after 48 h of toxin ex-

posure was recorded as shown in next table 9.
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Teble 9. Feorocontaage of weight locecs shown by leaflets of different
age aftor their tonin cuposurc.

Relative _lpoflet wzight ¥ Fercentage
leaflet before after - of
age touin toxin weigh lose
1 (oldect) 1.5509 1.2920 TBI. 3%

2 . 2078 0.7810 64.6

z 0.7659 0.1111 S53/6

4 0.£722 0.1810 - 26.9

] 0,323345 0.04%919 14.08

6 0.1760 . 0.0251 14.3

7 (youngest) : 0.5766 0.679 11.8
it

Weigh average of two leaflets.

It ies clear from data on above table, that leaflet age has a
large influence on the tissue reaction to the toxin. When the leave
ie in a juvenile stage is highly resiestnat and as it is becoming olde
its reaction change gradualy until turns as a very =susceptible. This
knowledge was useful to establish the criteria for collecting the
leaflets to be tested in the biobasay for resistance to the toxin. In
that way the recsistant values could be within the limits of variation
that may permit to consider them valid for the purpose to detect
those clones with high levels of recsictance. In a preliminary obser-—
vation in the field on the resistant behavior of our selected clones
appeare to support the validity of our selecting method based on the
toxin bioasay.

X. TUBER YIELD

3.1. Search_for_high tuber-yielding_clones.

Most of the "papita guera" plants have very long stolons and
produce vyields of lees than S0Og. Undoubtly theee are features for a
better fitness in their wild life in an adverse arid environment. The
long <=tolon was interpreted as a useful structure to diseminate the
tuber progeny, avoiding in that way a letal competence of crowded
eeedlings, as could happen in short stolon plante. However, for papi-
ta guera plants under cultivation, the long stolon won’t be essential
because man can dicsper=se the plante according to distances determined
by agronomical methods. Thus, it was thought that short stolon plants
must have higher tuber vields, becauce those photoeynthates which are
not used for a long stolon development, can be used for increasing
tuber production. On bacsis of thie hypothesis, it was decided to ob-
tain short stolon plants. For such purpose, three aproaches were
attempted: 1) sexual crosees with S. infundibuliformex to transfer
the "topiary" gene to our papita materials. 2) the somaclonal varia-
tion by protoplacst regeneration¥x and 3) the search of short stolon

X/ Ve express our gratitude to Potato Introduction Station Sturgeon
Bay, Vieconcin, for providing us with =cede of S. infundibuliforme.

*x/ Based on a rather frequent appearance of short stolon plants of
S. tuberosum trough somaclonal variation. Per=onal comunication J.F.

by Shepard, Kancas State Univeresity.
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rlantc  ameng papite guera populations in which wide variation was

evpected to find. In thce first approach, cloenecs of tho double
recesive tepiary gonotype £ 8. infundibuliformz woro obtained, but
vwie  had no succoes in the firct attomptes to make theo croze with papita
clones., In the szcond aproach we din’t succed also in the fircst

attempte te rcecgeonerate plante from papita proptoplaste. On the other
hand, we <csucceded to +ind short stolon plants with high yields by
eingle-plant harvest, in uhich the tuber yield found arcund the =stem,
no farther than 20 cm., wae the criterium to selecct high yiclding
clones. The mocst outztanding plant found was the E&£-17& with & tuber

-

vield of 511 g. fig. 3.

Fig. 2. Left, outstanding <=ingle plant yield from clone B6—136;
right, common low yield of its neighbor plant, in the selection plot
of 1986.

3.2, Comparative characterization of_ _the_ _high__vielding_

Pt — BTN PNy I ALY L . = — e e e e S e e e o e S e S e

Shorthy after the discovery of the outstanding high yielding
clone B&6-136, it was decided to try to find a morphological or physio-
logical attribute which could be linked to its abundant tuber produc-
tion. For such purpose, five plants of B&-1346 clone were grown under
greenhouse conditions, together with same number of plante of three
normal yielding common clones. '

The results of this comparative study show that there was
not a relevant difference in all features observed between B&—-136
and the other clones, except the number of stolon branches, table 10
and fig. 4.

Since each <=tolon branch is a structure with a tuber forma-
tion potential, the high =stolon branching of clone B&-13& appears to
be one of the traits recponcable for the very high tuber yield. This
conclusion was strenghted after finding that B86-136 clone is not a
tetraploid, ac was thought due to its e:xceptional yield, but it is a
diploid with 24 chromozomes.
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Fig. 4. Diagmatic representation of stolon branching sysfems. Left,
clone B86-1346 (high yield) with 244 stolon branches; right, clone 7.10
(common low yield) with 163 etolon branches.

Table 10. Features chown by clone B6-136 (high yielding) and clones
7-10, 7-4 and B85-055 (low yielding).

Feature Clone 86-136 Clone 7.10 Clone 7.4 Clone 85-055
S. cardioph. €. cardioph. §S. cardioph. §S. ehrenbergii

Emergence

setart S days 5 days 5 days S days

Emergence -

period . X " .9 " _ 2 " 6 "

Rl ooming

start 25 " 23 " 2 " 2 "

Bl ooming

period 74 " 71 " 51 u 78 "

Senescence

etart 124 124 114 124

Stem (main)

lenght 73 cm 78 79 67

Stem (main)

internodes 20 ® 22 27 22

BRranchecs¥ 7-%-4 - 5-5-4 2-5-4 5-3-3%
Tot (14) (14) (11 (11)

Branches

internodes 13-X-4 13-3%-7 7-2-4 12-%-5

Leaves g2 80 S0 79

StolonkXx

brarnches 20-150-74 12-87-64 12-88-55 &—-67-44
Tot. (244) Tot. (1&3) Tot. (155) Jot. (117)

¥ Lower, midle and upper branches.

¥ Main, secondary and tertiary =stolon branches.
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zing «11t and dozd of plants
in theo ¢ ingidopce wag CG.2% in S.
cardiophiyvl L . chrenbeoroii. Afortunatelly
this pathocge ok abcont 3 2& wnd 1627 cuporimantal plots
estabbliched = P fferaont plocos oo thir zomo Texcoeco zonco.

m., this was chesrved as a cause
incidonce was alzo lcw and forti-—

of a wict
tuoces.

.30 Fotato  wiruve M ez dotected in plante from central
Mexico choiiing wory ma ] looveoe ond o cover stunt. By clectron mi-—
croscopy twe bLioaz of i it iy 2 cbsorved, & rod flexous sha-

pe and a polyhcdoric rod floxuse particle was separated
by inocculation on . nium, becauszs 1t was infcctions and
not the polyhedric virus. By hest range and serology it was identi-
fied a=s viruse X of potato. It csuscd very mild mosaic on either &.
cardiecphyllum or § chrenbergii  plante. So it was not the cause of

the severe diceaso obecerved in the field.

5.4 "Eapite _oreja__de__raton__virusg" (mouse ear virus) this
polyhedric virues, co-infecting papita plante with potatop virus X, as
mentioned above, was cseparated by sap inoculation on Gomphrena

globpsa which was infected by this virus and not by FVX. When

inoculated on papita plante produced the s=severe csymptome of "ear
mouse” leaflets, fig. 5. v

Fig. 5 Left, leave from virus infected plant showing the "oreja de
raton" (ear mouse) symptom=; right, leaflets of healthy plant.

Thie wvirus aleo infected plant epecies belonging to Amaran-
thaceae, Chenopcdi aceae, Screphul areaczae and  Sclanaceae. In the
latter family, all 14 epeccies inoculated were infected. The biologi-
cal characterictics of this viruese were compared with those of nine
polyhedric viruszecs pathogenic to commen potato, no close relationship
was found. So it appears to be a new virus, but further characteriza-
tion in necded for a finel conclusion.
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4. TISSUE_CULTURE WORK.

The aim to start using tiesue culture technigues on
"papita guera" project waz motivated by the following interests: i)
to kecep a set of elite clones of the germoplaszm bank in vitro, in
order to avoid the risk of a total virus or viroid infections of a.
given clone as could happen with clones multiplied in the greenhouse;
ii) to bhave always available the elite clones for an inmediate and
rapid multiplication when needed for experimental of recearch purpo-
ees, particularly when tubers are not sprouted; iii) to produce micro-
tubere for distribution of germoplasm to other countries and iv) to
advance in the basic mzthods for the use of biotechnolecgical approa-
ches in the breeding for the "papita guera" domestication. The achie-
vements obtained in the three year period are as follows.

The best callus medium found euperimentaly for papita clo-
nes belonging to either 8. cardiopbhyllum or §. chrenbergii species
was the Murashige-Skoog (1962) with 2.5 mg/1 of 2.4-D and 1 mg/1 of
naphtalen acetic acid.

The becst #plants found for the above medium were pieces
of stems or leaflet.

The best propagative medium found was the Murashige—Skoog
with 1 mg/l of benciladenine 1 mg/l of indolacetic acid and 3%
sucrose. The best explants for propagation resulted to be the apical
meristems and axiliary buds. ’

The plant regeneration from calli was achieved by transfe-
ring callus tissue to the propagative medium.

The rooting of shoots was succeded with Murashige-—-Skoog
medium containing half the amount of salts, without growth regul ators
and with 27 of sacharose.

‘ It was obtained a 90%Z of rooted plants in soil by rooting
the shoots outside the glass bottle. The basal part of tho choot
stem was dipped in Raizone and kept in agrolite under high humidity.
After roots developed, each plantlet was transfer to soil and the
very bhumid environment was gradualy changed into a normal environ-
ment.

The best medium found to obtain friable callus was the
callus medium, described before, with 4.5 additional sacharose.

- After some experiments, it was poscible to obtain large
number of protoplaste from "“"papita" callus by using the enzimatic
solution described by Shepard (1981) for the common potato.

A good result was obtained for mantaining papita shoots
in wvitro by using the slow growing medium developed for common pota-
to by Espinosa et al (1984).

S. PROSPECTION _OF PAPITA_GUERA_PATHOGENS, OTHER THAN Alternaria

By searching papita diceacsed plants during three years, the
following pathogens were found and identified.
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It waz unfortunate te have a decrcace inctead of an increacse
of vyield by romoval of tuber cprout. But at the samo time wo were
afortunate to beocame acquaninted with this pechnomenom, becauce the
tuber sprout of papita guoira fall down eacily, o now, special hand-
ling of tubcr—cecocde will be taken to avoid a serious yield losc cau-
sed by the of loss sprout lost at planting timo.

Table 11. Effect of tuber sprout on crop yicld:

Treatment Tuberc Emcr%cd Total Yield per
plantcd plants - Yicld _ plant
Tubers with v
cprout . 141 130 2,852 g 75 g
Tubers without 141 :
cprout eq 967 g 42 g
- 6.2. Effeoct of the size of tuber—sced on_crop_yield

In order  to find out the less amount of papita tubers that
should be alloted as seed for the next year crog, a small trial was
done to compare the vyield obtained by small tuber-seeds (O.S—lo.g)
with that of a common size tuber (4-12g). The results showed that by
ueing small tubers there was less plant emergence and also the tuber
ield was less than 5S0%Z of that obtained with common tubers, table

2.

We can conclude from these resulfs that common size tubers
should be used as tuber seed in order to get better yields.

Table 12. Effect of the size of tuber-seed on crop vyield.

Size of Tuber Emerged - Total Yield per
tuber seed planted plants yield- ~plant
Small tuber 144 109 2134 21 g
(0.5-1.0)

Common tuber 144 130 5220 40 g
(4-12 q)

7. BERMOPLASM BANK.

Most entriec to the "papita guera” germoplasm bank are
the clones selected in the selection plots established in Monteci-
11los, Tex., from 1985 to 1987. Today there are a total of 539 selec-
ted clones. This number of clones will be reduced in the near future
because a further characterization and a more strict criteria fixed
for their selection. The number of clones left will be those needed
for the multiclonal varieties and also for the breeding needed to
achieve a high degrec of domestication based on monoclonal varieties.
With a fewer clones in the bank, a more efficicnt attention can be
given to them for thecir better maintanance. Also, it will be easier
to have a cet of most of the selected clones in ticsue culture, in

order to certify the virus and vircid free condition for their save /1

distribution.



tal plot in Texcoco, causing brillinat yellow cpote cimilar to the
=0 cxll "calico" symptom of common pctato,. The incidence was 1o,
and apparently determined by accidental tranemisions caused by migra-—
ting a2phid=s from nearby alfalfa cropc.

5.5. Alfalfa Mosaic Virus. Thie virus was found in ecxpcocrimon-—
c

5.6 Papita__viroid, - with cxception of potato spindle tuber
viroid (FPETVY) all the known \vroide infect plant species from warm
weather regions. Since potato (8. tuberozum) is severely infected by
this viroid only in warm summers, it suggested that potato might nct
be a natural bost of PSTV but a circunctantial host reculted by man
agricultural activities. These considerations motivated the hypotho-
eis that Mexico could be the geographical origen of PSTVY, becauce
"papita guera" which has a rather hot habitat could be its natural
host. In order to test thie hypothesis a join project was established
with MC. Juan Pablo Martinez from" Instituto Hacional de Investigacio-=
nes Agricolas” and Dr.T.0. Diener from USDA EBeltsville.

We had positive results in 1leaflet samples taken from
“papita" plants without any symptom,which were growing in Central
Mexico, and also from sprouts of tubers harvested from the same area.
A total of five positive results were obtained from about 1000 sam—
ples, that is a 1:200 frequency, these isolates were able to infect
Gomphrena gqlobosa and to cause flower variegation in Nicotiana

glutinposa, features correcsponding to FSTV. However by nucleic hybridi-
zation using cDNA probes of PSTV and Tomato Planta Macho viroid
(TPMVO) it was found a higher degree of hybridization with the latter
probe in cpite of having more pathogenic PSTV features. Thus this
"papita” viroid appears to be an intcrmediate form between PSTV and
TFMV. Further work ies needed for a more precise identification of
this viroid. Also with further search of viroids in "papita" popula-

tions still the pocitibility fo find a typical PSTV.

The virus causing "ear mouse leaflet"” and the papita para-
gitic-viroid appear to be the most important pathogens found in this
prospection. The virus has a high destructive potential for the futu-
re papita crop, because the severe damage it.causes in infected
plants and 1its potential acumulation by the papita vegetative propa-
gation. The viroid appears to be, at present, no important for papita
crop because no symptoms bhave been observed on the infected papita
plants. But it could be of high importance for other crop plant. This
information indicate the need of rigorous handling of papita
materiale to avoid the discmination of these two parasites within
Mexico and to other countries. '

6. AGRONOMICAL WORKS

&.1. Effect of tuber sprout on _crop_yield.

1t was found an increase of yield in common potato when the
tuber cprout was removed from the tuber ceecds before planting. On
this basis it was decided to do an exploratory trail on such agricul -
ture practice with papita tubers. The results shown in table 11 indi-
cate that "papita" plants originated from tuber seeds without sprout
din®t increase the tuber yield ac expected, but on the contrary, the
yvield was about three times less than that obtainded with tuber-seed
with ceprout. Twenty nine percent pof the yield loss was due to a lower
plant emergence, and 44% was apparently duz to a physiological distur-
bance caused by the removal of the sprout, as suggested by the lower
yield per plant. - :
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The clones in the bank have the following attribu-

tec:181 brlong to S§. chrenbeorgiiy 211 to 8. cardiophyllums 397 have

recistance teoe F. infestansy 315 carry vertical R, genesi 115 show

horizontal resicetancey 397 have resistance to N, tenuics toxin at the

£0-100% level  of retained wcighty and S5 with high tuber yield at the.

10 to 511 g range. A fcw tlones with no resistance to pathogens and
with very low yield also are kopt for rescarch purposes.

COMNCLUDING REMNRES.

The information obtained in the three years work is in
concordance with the hypothesis used as & basis for developing the
project. The wide variation cipected among papita guera popul ations
according to theoretical concsiderations, resulted to be a fact.Thus
our plant selection based on what nature has donz nicely in thousands
or millions years, wacs a simple and rewarding approach for a primoge-
nial and fast breeding to obtain multiclonal varicties.

The diescovery of clone B&-138, with a tuber yield more
than 20times of that produced by the common papita plants, is beyond
the most optimistic yield eupectations.

The Germoplasm Banl: conformed in the project is now a
rich source of genes for recsistance to both agresive papita pathogens
and genes for high tuber yield. It offcrs now the oportunity to start
a further breeding towards a higher level of "papita” domestication
in a monoclonal form.

The abundant and diverse papita gene sources for
resitance to its main pathogens; the genetic high yield potential
existing in papita populations, as shown by B&6-136 clone; the high
food quality of tubers (4% protein) and its excelent drouht resistan-

ce, constitute a solid evidence to generate a general conviction that:

papita guera is a plant which will help to aliviate underfeeding and
hunger of people living in arid regions of the world.
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