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ABSTR%CT
- BREEDING METHODS FOR PRODUCTION OF PUTATOES FROM TRUE SEER
BY
JOSE LUIS RUEDA
Under the supervision of Professcr Stanley J. Pe}oquin )

The traditional producticn of potztces through vegetatiﬁe pfcpaga~
tion by means of tubers jncreases the chance of transfer of diseases
and viruses from generation t& generétion and is wasteful of potential
food. 1In addition, it requires coStiy storage and transport
facilities commenly lacking in developing countries.

" The use of true potato seed (TPS) for potato production has
been proposed as an alternative practice since it minimizes the
possibility of transfer of viruses and other pathogens. T7PS alse
makes the total crop available {for consumption by eliminating thz use
¢f tubers, and ailo&s subsistence farmers to grow potatoes at a
relatively Yow cost, To further develop this technique, research was
needed to identify breeding methods which would generate high yielding
end uniform families, and to determine factors involved in potato
hybrid seed production using natural pollinaters.

Fifty-seven families obféined through di fferent breeding methods
and categorized as hybrids, first and second generation open-pollinated
- (I OP and II OP).and self-pollinated, were evaluated for tuber yield,
vegetative vigor and haulm uniformity of seedling transplants at two
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10catfons. The diplandrous ietraploid'families from 4x X 2# Crosses
were cbtained Sy using 2x hybrids which produced Zn polien by parallel
spindiés (ps) at Anaphase II (FDR with crossing dver) or by -a combi-
nation of a synaptic mutant (;y3) with parallel spindles (FDR without
crossing over). Seedlings from each family were transplanted to the
field in a randoﬁized complete block design wifh two replicaticns.

High1y significant differences for tuber yield among families
were found. Differences in mean tuber yie?ds‘between the twofldcations
{295 vs. 173 cwt/acre) were observed. For both locations, tﬁber yvields
- of the hybrid families were sjgnificantTy higher than those of I OP,

I1 GP and self-pollinated famf?ieé. AT familiesbobtainéd from 4x x 2%
FDR with or without crossing over out yielded all other hybrid families
and were also predominant among the hfghér yielding families at both
locations. MNon-significant differences in tuber‘yiers were found
between I OP and II OP families, Tuber yields of some I OP families
approached those c¢f the hybrids at‘one location. Self-pollinated
families consistentiy had the lowest tuber yields at both locations.
A1l hybrid families regardless ofAtheir genetic background also had
better vigor and haulm uniformity than any of the I 0P, II OP, or
self-pollinated famiiies.

These results indicate that the 4x x 2x FDR with or without
crossing over breeding method is the most efficient in the production
of high yielding and uniform TPS families for production of potatoes
from true seed. Open-pollinated fami]ies{a1so provide subsistence
farmers wfth an alternative scurce of seeds for TPS production when

large amounts of hybrid seeds are not available. Families produced
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from ée]f—poliination were found to lack the yield, vigor and
uniformity pot;ntial observed in hybrid families.

Practical and economical large scale controlled intermatings of
tuber-bearing §91gﬂg§§ by bumblebees are required in order to obtain
-the desired tetrap]oid'hybrids for production of potatoes from true
seed. Moreover,‘knowledge of the means c¢f attractjcn estab1ishing
an effective flcwer-pollinator relationship is required in order to
apply itkin potato hybfid seed productfon.

Cne hundred and eighty potéto clones, representing cultivars
kénd advanced se1ectfons inQo]ved in a yield trial at Rhihelandef,
were utilized as plant matérié?s to study the relative efficiency
of different potato clones for produ&tion of open-éollinated seeds
and to dbtain initial information about the behavior of bumblebees
when intermating potato.

Data on amount of flowering, percent stainable pollen, fruits per
plant and seeds per fruit were ohtained in an attempt to determine.
the relationship between these variables in the production of TPS
using natural pollinators. Bumblebee behavior in a potato field was
observed following a bee during a foraging flight.

An effective foraging activity of bumblebees between different
rows of potato clones was observed. Relatively large amounts of
fruit and seed set were obtained from clones reg;rd1ess of the amount
of flowering or the presence‘or absence of flower odor. Seeds per
fruit averaged 88.1 when the percent stainable pollen was 5% and below.
Eight relatively . male sterile clones were found that produced an

average of 115 fruits for two plants and 152 seeds per fruit. A
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modest linear positive cerrelation (r = 0.479) was found only for fruit
set and percent stainable pollen. The existence of effective means of
insect attraction originating from the potato filower other than those
herein investigated, accounted‘fbr most of the variability observed in
- seed set.

The amounts of seed set gbtained with values of percent pollen
stainability below 5%, iﬁdicate that bumbiebees do sometimes visit
male sterile fioweré. Effective odtcréssﬁng most 1ikely takéébpiace.
-Selecticn of ré]ative]y male sterile clones producing significant
amounts of seed set for uti]f;atiqn'in producticn of potato hybrid
seed using bumblebees, appears as a good approach to reduce cost

of hybrid seed preduction.
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Stanley J./P%j!oqum[
Professor of Geneti
and Horticulture
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CHAPTER I
AGRONOMIC EVALUATION OF TRANSPLANTED
TRUE POTATO SEED FAMILIES-

INTRODUCTION

Commercial ﬁroductidn'Of‘potatoes has been done traditionally
through Qégetative propagation by means of tubers. Such vegetative
‘propagation, however, increases the chancas of transfer of diéeases
and viruses from generation to generation. It is also wasteful of
pbtentia1 food,vsincé approximate]y two tons of tubers are.needed.to
plant one hectare. Moreoever, storage facilities and'éranspurt re-
quirements increase the total cost af.produ;fion t&rning‘this conven-
tiona} practice into a major limiting factor in potato production,
especially in developing countries whera production losses are usually
greater due to poor quality tubers.

The use of true potato ssed (TPS) for potato production offers
 seyeral advantages: (1) It can minimize the possibility of transferb
of diseases and viruses except for potato spindle tuber viroid (PSTV)
and Andean potato leaf-roll virus (APLY) which can be transmitted |
through true seed; (2) Makes the total crop available for consumption;
and (3) Of utmost importance by eliminating the use of tubers, reduces
the total cost of production by 50-70% enabling the subsistence farmers
to successfully grow a potato crop.

The use of TPS has‘been mainly 1imited to potato breeding programs

for growing the first tuber generation. However, TPS is commonly



used By subsistence farmers fn Cuzco, Peru &nd in the People's Republic
of China as a méthod to produce tuber seed potatoes {Franco 1979, per-
sonal communication; -Li 198Z) indicating the practicability of the
technique. Since Novembar 1977; the Internaticnal Potato Ceﬁfer-has '/
concentrated‘research efforts towards the utilization of TPS for
potato productioﬁ. Although production technclogy has been deve]oped,
the need for further research regardfng breeding methods to prbduce
high yielding proéenies suitable for agronomic'production and hybrid
seed production under field conditions has been emphasized (Mendoza
1979, Peloquin 1979, 1982). |

Breedingvprocedures proposed for TPS a]though somewhat different,
211 aim to the production of highly heterozygous and uniform TPS
pregenies. Hermsen (1372) a?sd proposed autonomous apomixis as a 9
Utopian approach to achieve the breeding goals for TPS progenies.
Peloquin {1979) discussaed the possibility of utilizing se]ected.dip1oid
parents producing 2n gametes by first division restitﬁtion in 2x x 2x
or 4x x 2x crosses for obtaining maximum uniformity and heterézygosity
in the 4x'progeny. In the study reported here, the objective is to
identify the breeding method that provides the optimum type of progeny
for’further utitization in pfoduction of potatoes from true seed,
The choice will depend upon the tuber yie]ds obtained with a particular

breeding scheme, and the practicability of the method per se.
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LITERATURE REVIEX
Inbreeding depression in polysbmic pelyploids is similar to tﬁe

theoretical rate at whichfinstorder interactions are lost from tri-
and tetra-allalic loci (Bu;b1ce and Wilsie 1966; Blngham 1980) thus,
max1m121ng the number of tetra-allelic 1oc1 is of atmost 1mportance to
the full express1on of heteromr in po]yscm1c po]yplo1ds In the case
of potato, a tetrasomic po]yp101d, the zmportance of meximizing heterc-
kzygosity has been demonstrated by the increase# vegetative vigor, tuber
yield and uniformity of 4x progenies obtainad from 4x x 2x crosses
(Hanneﬁan and Peleoquin 1969; Mendiburu and Peloquin 1971; Mendiburu,

Peloquin and Mok 1974; De Jong and Tai 1977). Conversely, by the severe
v'inbreeding depression resu]ting»from‘sglfing (Rowe 1957a, 1967b; De
Jong and Rowe 1971). Bcth results suggést that genetic intefactions
from tri- and tetra-allelic Toci are important determinants of yield
and vigor. The larger number of al]efes ber locus possible in the
tetraploid materials increases the number of possible intra- and inter-
locus interactions, as compared to Eiploids, and since non-additive gene
effects are of major importance for tuber yield, tetraploids appear to
have a greater yield potential than diploids (Mendiburu et al. 1974;
Mendoza and Haynes 1976§ Dodds 1965). Chase (1963) proposed an analy~
tical breeding Scheme for potatoes basad on intermating haploids with
the diploid tubérjbearing So]ahﬁm species followed b&bseTection and
chrémosome doubling. The efficienty of this proposed technique was
jnvestigated by Rowe (1967a) using diploid clones which were also
doubled with co]éhicine to produce tetraploid counterparts. .Data ore-
sented on yield performance: indicated no advantage of colchicine |

doubled 4x clones over 2x hybrid clones.



ﬁendiburu, Peloguin an& Mok (1974) proposed a bhreeding scheme
idea11y sujted.to haximize heterozygosity by making use of 2n gametes.
It was indicated that. the amount of heterozygosity in the progeny would
depgnd on the mode of Zn gamete formaticn and consequently on the mode
- of polyploidization. The uniqueness of 2n pollen formed by’para11e]
spindles at Anapﬁase»II, a first diQisjon restitution (FDR) mechanism,
to pass gnto the progeny_a Qreat portion.of hqh-addition effects in‘a
largely intact array provides FDR gametes with a superior breeding
value when using this scheme to produce 4x hybrids from 4x-2x croéses
(Mendibury 1971; Mok‘and Peloquin 1975b).

High]y/heterozygous and<pnif0rm tetrapioid progenies are in this
way generated, providing also a means to incorporate germplasm from
cultivated and wild Zx selections via FDR 2n gametés into more adapted -
Group Tuberosum 4x genotypes and broadenjng the genetic base at the 4x
lTevel. These charécteristics make the breeding scheme a very attractive
approach to obtain progenies with adequate uniformity and vigor which
are reduired for successful utilization of TPS., Selected highly
heterozygous Phureja—haploid‘Tuberosum 2x hybrids producing FDR 2n
~gametes can be used in this breeding scheme to synthesize tetraploid
progenies with desirable degree of heterozygosity and uniformity
(Hanneman and Peloquin 1958; 1969).

Positive results using this 4x x 2x breediqg method have been
obtained by Quinn and Peloquin (1973); Mendiburu and Peloquin (1977a);
Mok and Peloquin (1975b); De Jong and Tai (1977); and De Jong et al.
(1981). They found that the mean tuber yields of unselected tetraploids

from- 4x X 2x FDR crosses were higner than their selected tetraploid



parents or than the check varieties utilized in the experiments. This
clearly shows that the high yields and uniformity of the‘4x hybrids
resulted from the Targe amount of heterozygosity and epistasis trans-
ferred from the 2x parent to the tetrap]oidvprogenyi

These large heterotic effects observed for tuber yield are also
‘observed in the ma}ekgametophyte forme¢-by FDR. Gametophyte heterosis
due to the ability of FDR gametes to retain more epistasis and heterc-
zygosity has heen proposad tc account for this phenomena (Simon and
Peloquin 197€6). Preliminary experiments involving reciprocal crosses
between tetraploid Tuberosum gultivars and Phureja-haploid TuSerosum '
2% hybrids éhowed.reciprocal cross differences for tuber yield in
progenies.of 4x X 2x vs. 2x x 4x croéses; These 'differences were
explained in terms of the FDR mode of 2n pollen formation which
maximized heterozygosity in the 4x X 2x crosses rather than the
superiority of one cytoplasmover the other (Kidane-Mariam and
Peloquin 1974}, *

In terms of marketable yie]d,;4x‘x'2x crosses exhibit lower
yields than the 4x parents, and further they resembled the tuber
appearance of the 2x parent (De Jong and Tai 1977). The overali
tuber type is considered to be less attractive by the highly selective
consumer in developed countries and has been one of the main problems
in the utilization of this breeding scheme for TPS production.
Exploiting the fﬁ]? potentia% of these 4x hybrids from 4x x 2x crosses
therefore requires that heterosis for total yield be directed into a
more marketable form through the developﬁent of improved}?x parents

with better horticultural characteristics (De Jong et al. 1981).



In this rqgard, improved materials having better tuber typas for
utilization in the 4x x 2x bfeeding method have been reported by
Okwuagwu (1981). These are represented by a group of 2x FDR clones
with a meiotic modiffcation characterized by lack of chiasmata which

will normally 1e§d to complete steri?ity, but when combined with the

parailel spindle mechanism, it offers a'uhiQUe‘oppdrtunity to transfer

'100% of the heterozygosity and epistasis of the 2x parent to the pro-

geny in 4x x 2x crosses. Using a few of these clones, some 4x progenies

from 4x X 2x crosses &ere obtainéd that had good tuber type particu-
larly for eje depth, and were comparable to standard varieties in |
apbearance,(SChroeder 1982). |

Impfovement of the 2x hyBrid parent shoqu take into consideration
the magnitude of generai and specific combining abilities and the
degree dpfparent-offspring corre]atiqn for yie1d. Results about the
importance of GCA and SCA for tuber yield have been reported. Quinm
and Peloquin (1973) using fifteen progenies from a six by six dialiel
among diplandrous tetraploids found that both general and specific
combining ability were highly significant for tuber yield. Mok and

Peloquin (1975b) based on studies with 4x x 2x FDR, 4x x 2x SDR and

k4x—4x crosses generated by using 4FDR, 4SDR (SDR: Second Division

Restitution mechanism for 2n pollen production) 2x parents and nine

tetraploid cultivars reported that when families of all three cate-

~gories were analyzed together, both general and specific combining

ability were significant for tuber yield. These results are in

agreement with the fact that functioning FDR Zn gametes have the



ability to transmit considerable amounts of non-additive genetic
effects. De Jong and Tai (1977) using also 4x x 2x crosses with
-two 2x parents and iz'cuitiﬁars reported that SCA was not {mportant
for tuber'yiefd; " The different result obtained in this work appears
to be due to the utilization of only two 2x parents.

Significant GCA among 4x -and 2X parentsﬁfo%.tqtal and marketab}e'_
'yield have been reported.(De Jong and Tai 1977; McHa]e and Lauef 1881b)
suggesting that when selecting Pérenta? materials for 4x x 2x -Crosses
in TPS producticn, the Best general combiners for total ‘and marketable
yield among 4x cultivars and Zx hybrids materials could be used as
parents. Thié, hbwever;,impliés fhe_réquifément.of-using suitable
testers fo,assess the potential of thé breeding materiais to maximize
genetic gain (McHale and Lauer 1981a;f1981b).

High parent-offspring corre]ations would be also desirable if
an adequate level of predictability for tuber yield of 4x x 2x crosses
is to be obtained from }ield performance of the 2Zx parent. Unfortu-
nately, it appears that this correlation for tuber’jie]d is not strong
(McHale and Lauer 1981b), and only high parent-offspring correlations
- for maturity and tuber appearance have been reported-(Schroeder 1382).

Parent-offspring correlations in 4x progenies from 4x x2x crosses
appear to be afrected by the fact that at'the tetraploid Tevel the ‘
most important fraction of thé genetic variance seems to be non-
additive genetic variance (Mendoza 1979; Vargas and Mendoza 1980;.
Thompson 1980), whereas at the diploid 1eye] results indicate that

additive genetic variance is the most important component {(Landeo and



Haﬁneman 1982a, 1982b). Due to this difference in genetic variance
components affecting tuber yield at the 4x and 2x level, parent-
offspring correldtions could not be expected and reasonable extrapo-
Tations from the 2x pakent'to the 4x progenies do not appear to be
feasible, |

- The idea of maximizing heterozygosiiy to obtain higher yield
responses in 4x X 2x crosses should a1so;take into consideration the
notion of tﬁe oﬁtihai Tevel of heferoéygosity; that is, up tdtwhat
extent will increasing levels of heterozygosity; transfate into
further yield gains. Sanford‘and Hanneman (1982) in a trial invelving
| varying doses cf»dﬁfferent'taxonomiq grdups created l-way hybrids
(Tuberosum x Tuberdsum), 2-way hybrids (Tuberosum x-Phureja-Tuberosum
FDR), and 3-way hybrids (Andigena x Pﬁureja-Tuberosum”FDR); The latter
were expected:ta be more heterozygous, since they combined the high
yiélding capacity of hoth Phureja-Tuberosum hybrids and Andigena-
Tuberosum hybrids. Resh1ts presented indicated ne significant super-
ifority of 3-way hybrids over 2-way hybrids for tuber yield, suggesting
the existence of a heterotic threshold in the_cultivated potato beyond
which point increases in heterozygosity will not result in higher
yield responses. The higher efficiency of FDR 2n gametes in maxi-
mizing heterozygosity and uniformity through 4x x 2x crosses in potato
breeding is, however, once more demonstrated.

Even though'maximum productivity can be attained at the 4x Tevel,

breeding work is more desirable at the 2x level due to the simplicity

that disomic inheritance provides to the genetic studies, and the ease



by which specific dominant genes can be combined for potato improve-
ment, .Importan% considerationr is also given to the fact that many of.
the mogt useful Qi1d and cultivated species which are good sources of
pest and disease resistance are diploids. Iwanaga {1980) based oﬁ
the efficiency of FOR én gametes in transmitting heterozygosity and
dominant genes,,propased the utilization of 4x x 2x crosses in order
to obtainuheterozygous uniform progenies with combined multiple

pest and disease resistance. Selection for muitiple resistance, agro-
nomic traits and production of FDR 2n gametes is done at the 2x

1e§e1 and,fina]?f the selected 2x FDR matehié]s with desirable
‘chéracteristics are transferred to the 4x~3éve} via 4X x 2x crosses.

The 4x x 2x FOR breeding scheme, therefore,>cén be utilized for
’production’cf TPS progenies not only with higher overall tuber
yield performances and uniformity, but also with acceptable levels
of pest and disease resistance.

Synthesis of 4x progenies fron12x;<23 crosses of unrelated parents i
with fDR operating in Both sexes (Bilateral Sexual Po?yp]oidizatiOn).
has been proposed as a mean to maximize heterozygosity and provide
optimum levels of genetic diversity in tetraploid progenies (Mendiburu
and Peloquin 1977h). The mating of unrelated dipleids provides the
opportunity to maximize heterozygosity through normal sexuai repro-
duction by obtaihing tetraploid progenies with a higher frequency of
tri- and tetra-allelic loci.

In this regard, Rowe (1967a) showed that di-allelic duplex

clones derived by doubling diploid hybrids, were lower yielding than
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comparable selected diploids, Mendiburu and Peloquin (1977b)
presented results cbtained from 2x x 2x crosses of diploids producing
2n pollen and 2n eggs; The tetraploid hybrids eob*ained ware generally
more vigorous with significantly higher tuber yields than their diploid
full sibs. The feasibility of using the 2x x 2x breeding scheme
is therefore shown through these results.

ATthough the utilization of the wild 24-chromosome species S.
chacoense offers an opportunity to develop se]écted ma}e‘fertf1e
2x hépToid Tuberosum-§3 chacoense hyhrids with adaptability and
2n gamétes for further use in°2x X 2x crbéses (Leue and Pe]oquin
1680, 1981); the pfacticabﬁiity of this’method'?§ haﬁpered by tha
difffcu1ty’of screening for FOR 2n eggs and‘finding‘fﬁeqﬁencies of
2n eggs high enough to produce the 1afge number of seeds per fruit
required for TPS production, |

Open pollinated prpgenies provide a practical source of seed
for the utilization of TPS in potato production especially if large
amounts of seeds are not available from TPS hybrid seed production
(Thompson 1980; Peloquin 1979; Accatino 1979). The yield response
however will depend on the degree of heterozygosity of the maternal
clone, its adaptability and the amount of outcrossing provided by
the natural pollinators (Pe]oquin 1979). A high level of heterozy-
~gosity in the maternal clone. is pointéd out as the main condition to
obtain an acceptable tevel of yield response from the cpen-poilinated

progenies even in presence of some degree of selfing.
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MATERIALS'AND METHODS

Fifty-seven families obtained through different breeding methods
and categori;ed as nyhrids, first and second generation open-polli-
nated (IQP and II0P respectively), and self-pollinated were evaluated
fbr tuber yield, vigor and haulm uniformity of seedling transpiants at
Hancock and Rhinelander during the summer of 1982, -The TPS famiiies
were further divided intc groups according to the type of cross as
indicated in Table 1. The diplandrous tetraploids from 4x x’éx 5
crosses {unilateral sexual polyploidization) were obtained by using
2x hybrid polien ;arents producing vap611en by parallel spindies (ps)
"at Anaphase II, geneticaily equivaient to first division %estitution /
(FDR) ﬁechanisﬁ (FOR with croﬁsing over), which frahsmits about 80%
of‘heterozygoéity of the 2x parent to'the 4x progeny (Mok and Pelequin
1975a) or, 2x parents producing 2n pollen by a comhination of a synap-
tic mutant (sy3) with parallel spindles {FDR without crossing over)
which pfovides a unique}means of transferring 100% of the‘heterozy-
gosity and epistasis of the 2x parent to the 4x prcgeny (Okwuagwu 1981).
Open-pollinated families were included in this trial, since thay are
produced under field conditions by natural pollinators and could
provide an alterpative for thé small farmer.

A. Field experiment

Seeds from each family, previously treated with 1500 ppm
giberellic acid, were seeded in plastic trays containing Jiffy mix.
Seedlings approximately three weeks old were then transplanted to 5x5

cm peat pots, and three weeks later tranéplanted to the field in a
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Table 1. Groups of TPS families.

I. 4x clones X 2x hybrid
/"l)

1. Butte x 1

2. W760 x 1 .

3. Wz231 x 1

4, 4853 x 1

5. W39 x I

6. Merr x 1 v

7. Merr x C—59(3)
- 8, W853 x C«SQ(Q)

9, Merr x C-39 (3)

10. W639 x C-1&6

11. Merr x C-165

12, [W639 x (Platte x J)] x c-39%2)
13. [¥63% x (W643 x J3)] x C-166
14, [W539 x (Wee3 x J)1 x c-77(3)
15. [W639 x (Platte x J)] x C-166
16. [W639 x (Platte x J)1 x C-59
17. [W635 x (We43 X J)] x €~39

II. 4x clone x 4x c]on

T. WB53 x N231

2. W853 x W744

3. W853 x We39

4. Merr x W231

5. Merr x W853

I1I. [4x x (2x x 4x)] x 4x clone = tetraploid-diploid-tetraploid {(TDT)
x 4x clone

1. [W582 x (W5293.3 x Kemn)] x w231 (5]
2. [W582 x (W5293.3 x Kenn)] x W853

(1& = 2x Phureja 243462— haploid-Tuberosm W-1 (Katahdin) hybrid,
parallel spindle mutant.

(25 = 2x Phureja 225696-hap}ofd-Tuberosum W-42 (Chippewa) hybrid,
parallel spindle mutant.

(3gynaptic parallel spindle mutant obtained emong I x J hybrids.
@&ara11e1 sp1nd1e mutant obtained among I x J hybrids.

G&5293.3 = 2x Phureja 225710-haploid=Tuberosum W-1 (Katahd1n) hybrid.
W series = Wisconsin advanced breeding selections.



Table 1 (continued):,

- (5)
IV. (4% clone x I} I QP
1. (W760 x I) I OP
2. (W639 x I) 1 0P
3. (W726 x I) 1 0P
4. (W231 x I)_1 0P
' (4x clone-x 4x clone) 1 OP
1. (W639 x Merr) I OP
2. (W231 x We39) I oP

VI, [4x x (4x-2x)] I oP

op
ar
ap
oP

[We39:x (W231 x
- [wWe39 x (W643 x
[W629 x (W643 x
. [W639 x (W643 x

£ 03 N —4
" e a
CLhCuiCat
e e S S
{ WU ¥ Y f S | N |
[ |

S
>

VII. (4x clone) I OP

(W744)
(W760)
. (We31)
{W639)
(W853) opP
. (Merr) I QP
. (7-874) 1 QP

op
oP
OF
0P

L]

SO B WY -
L] .
I B e I N ey

VIII. [4x x (4x x 2x)] Ii 0P
1. [W639 x (W643 x J)] II OP

IX. (4x clone) II QP

1. Platte Il QP
2. W744 11 0P
3. W760 II OP
4. W639 II OP
X. [4x x (4x-2x)] selfed

1. [W639 x (Platte x J)] selfed
2. [W582 x {W5293.3 x Kenn)] selfed
3. [wW639 x (We43 x J)] selfed
4, [W639 x (W643 x J)] selfed
5. [W639 x (W643 x J)] selfed

. 6. [W639 x J)] selfed

(W643 x

() = cione I = W5295.7



Table 1 {continued):

XI. [4x clone] selfed

o wh -~
. L] - .

Merr. selfed
W639 seifed
1853 selfed
W744 selfed
K231 seifed

14




randomized complete block design with two replications.—*Each family
consisted of 14 hi11s and 20 hills per row in Hancock and Rhinelander,
respective]y, Distance between hills was 0;45 m at Hancock and 0.30m
at Rhinelander. Distance Befweén rows was 0.90 m. Three transpiants
were placed in each hill initially and later thinned out to two.

1. Vegetative vigor, haulm uniformity and haulm maturity

Data on vigor and haulm uniformity were obtainead during the

- growing period in the field using the following scales:

Vigor: 1 = good
2 = medium
3 = poor
Haulm uniformity: 1 = non-uniform {(0-30% uniformity) N
2 = semi-uniform (31 to 60% uniformity)
3 = uniform (61 to 90% uniformity)
4 = clonal uniformity (91 to 100% uniformity).

The measurement of haulm maturity was made at Hancock and Rhinalander
at the time of harvest. Families were rated on the scale of 1 to 3,
early

medium .
late.

where:

it #Hon

1
2
3

2. Tuber yields

The tuber yield of each family in each replication was weighed
to the closest 1/4 1b, at harvest. Days to harvest were computed as
the number of days from transplanting to harvest. Tfia1s were har-
vested at 137 days at Hancock and 110 days at Rhinelander.

3. Statistical analysis-

Two-way analysis of variance was performed for each location and

combined cver the two locations. Single degree of freedom comparisons



were used to evaluate the differences in tuber yields betwsen groups

of progenies combined over the two locations.

10
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ESULTS

A. Analvsis of varience

Results from analyses of variance for tuber yield at Hancock

and Rhinelander, and ;cﬁbined over the two locations are presented
in Tables 2; 3 and 4; respective]y; The analysis of variance
‘combined cver 1ocations indicates that in terms of tuber yield,
differences among familties were highly significént. The same was
found for locations, and for the inieraction of families x locations.
Non-significant differences were obtairaed for replications within
locations. |

| The mean tuber yie}d; standard deviation and coefficient of
variability for both Hancock and Rhinelander are listed in Table 5.
Differences in mean tuber yields hetween the two locations were found,
indicating a‘locaticn effect cn yield response which was expected,
since more favorable environmental conditions for potato cultivation
are present at Hancock compared to Rhinelander.

B. TJuber yields of TPS families

Mean tuber yields of the diffarent groups of TPS families for
Hancock and Rhinelander are presented in Tab]e 6. For both locations,
tuber yields of the groups of hybrids {groups I, II and III) were |
significantly higher than the groups of first and second generation
open poliinated (groups IV through IX); and also the groups of

selfed pollirated families (groups X and XI). The results of



Table 2. Analysis of variance for tuber yield of famiites at Hancock

Seurce df .SS ‘ ‘MS F
Total 13 696,534.70 -
Replications 1 206,28 206.28 0.73
Families . 56 680,464 .85 12,151.16 42 .89%%
Error . 56 15,863.57 . 283.28

**Significant at the .0.01 Tevel.

Table 3. Analysis of variance for tuber yield of families at

Rhinelander
Source df §S ‘MS F
Total 13 509,890.98 '
Replications 1 8932.85 502.86 - 4,27
Families 56 497,158.76 8,877.84 47 . 03**
frror 56 11,829.36 211.24

V**Significant at the 0.01 level.

Table 4. Analysis of variance for tuber yield of families combined
over the two locations

Source’ df SS MS F
Total 227 2,055,219.99 .
Families 56 1,047,917.49 18,712.80 75.68%*%
Lacations 1 848,794 .31 848,794.31 3,832.82%*
Fam x Loc 56 129,706.12 2,316.18 9,37**
Rep (Toc) 2 1,109.14 554.57 2.24
Error 112 27,692.93 247.2%

**Significant at the 0.07 level,.



Table 5. Statistics for tuber yield

Rhinelander

of famiiies at Hancock and

19

Tuber yield

T Standard c.vY
Location -mean . L .
(cwt/acre) deviation (%)

Hancock 295.9 16.8 5.7
Rhinelander 173.9 14.5 8.4
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Table 6. Mean tuber yields (cwt/acre) and horticultural traits for 11
~groups of TPS families at Hancock and Rhinelander

Mean v L Haulm HauTm
yield Range Vigor uniformity maturity
I. 4x clone x 2x hybridgr} }
Hancock - 390* 277-47Y . 1.1* 2.5% 1.6*
Rhinelander 256 173-343 1.4 2.1 2.2
iI. 4x cTone x 4x clone ' -
Hancock . 320 258-360 1.0 2.1 2.4
Rhinelander 177 143-213 1.7 2.2 2.9
IIT.  T4x x {2x x 4x)] x 4x c10nefz)
{TDT x 4x clone)
Hancock 282 275-288 1.0 2.5 1.5
Rhinelander = 222 217-228 1.8 2 2
Iv. (&% clone x 1} 1 op{3) o
Hancock 304 273-330 1.5 1.6 1.9
Rhinelander 156 140-184 1.8 2 2.6
V. {4x c]oné X 4x clore) i op :
Hancock 268 230-306 1.5 2 3
Rhinelander 143 138-147 2 2 3
VI. [4x x (4x x 2x)] I OP(4)
Hancock 263 243-287 2 1.8 1.5
Rhinelander 149 131-158 1.8 1.7 2.8
VII. (4x clene) I OP
Hancock 249 206-285 1.9 1.9 2
Rhinelander 134 84-179 2.3 2 2.5
VIIT. [4x x (4x x 2x)711 0Pt
tHancock 231 2 2 3
3

Rhinelander 170 1.5 2

*Yalue is overall mean of families within the group.

ka hybrid 1nc]udes -clone 1 = W5295.7 a parallel spindle mutantclcne
-synaptic-parallel spindle mutant clones.

@y - ws293.3

Gk - ctone 1 = Ws295.7

@) includes: = clons I = W5295.7; -clone J = W5337.3
(be = clone J =145337.3



Table 6 (continusd):

Haulm

. Mean a . Haulm
yield ‘Rang-‘.’Angor ~.uniformity maturity
IX. {4x clone) II OP
Hancock =240 222-265 1.8 2 2.3
Rhinelander 134 111-168 2 1.8 2.5
X. [ax x {4x x 2x)] selfedcs) : ' :
Hancock 208 178-233 1.8 1.6 1.8
Rhinelander 106 92-121 1.3 1.7 2.6
XI. (4x clone) selfed
Hancock 217 181-24] 1.8 2.1 1.8
Rhinelander - 88' 77-96 : 1.9 1.8 2.4

(6}, includes: -cione J = W5337.3; -W5293.3
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comparisons batween groups combiﬁed over the two Tocations are listed
in Table 7.

Tuber yields of TPS families within groups are listed in Appendix
A-1. The tuber yields of the best 20 families at each location are
given in Table 8. Significant‘differences in tuber yie]d among
families within group I cccurred as fabu]ated in Table 8.

The diplandrous tetraploid ?ami]ies obtaiﬁed from matings between
4x clones and 2x Phureja-haploid Tuberosum hybrids that form 2n
pollen by FDR with or without cressing over (group I) had sighificantly
higher tuber yields when compared to both 4x x 4x (group II) and TDT x
4x (group III) as indicated in Taﬁle‘7. These families were also
predcminant amungst’the higher yielding families for both locations
(Table 8). Non-significant differences in tuber yields were found
hetween 4x x 4x families (group II) and TDT x 4x families (group III)
as indicated»in Table 7.

Kith regard to thekcpen-pollinated families, tuber yields of
families from (4x x.I) IOP (Group IV) were significantly higher
yield{ng than all the other Qroups cf first generation cpen pollinated
families and épproached'the yields of hybrids at Hancock. Non-signifi-
cant differences in tuber yields were found betwesen groups of I0P
(groups IV through VII) and IIOP (groups VIII and IX). Tuber
yields from self-pollinated families (groups X and XI) were found to
be the lowest améngst all gréups as indicated in Table 7.

C. Vegetative vigor, haulm ‘uniformity, and maturity

Results from visual observations of vegetative vigor and haulm
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Table 7. Results of tuber yield comparisons between groups of TPS
families combined over the two locations

-4x clone x 2x hybridtl%s. Rest . o sk
-4x clone x 2x hybrid vs. 4x clone x 4x ;1bne : o
-4x clone x 2x hybrid vs. TDT x 4x clone e k*
-4x clone x 4x clone vs. TDT x 4x clone : ‘ N.S.
-(ax clone x IfZ)I 0P vs. [4x x (4x x 2x)] I OP(S) *x
-(4x clone x I) 1 0P vs. (4x clone x 4x clone) 1 OP ok
~[4x x (4x x 2x)] I OP vs. [4x x (4x x 2x)] II OP(4) N.S.
-(4x clone) I OP vs. (4x clone) selfed | o **
[4x x (4x x 2x)] 1 OP vs. [dx x (4x-2x)] se]fedis) %

-[4x x (4x x 2x)] I1 OP vs. [4x x {4x-2x)] seifed *%

**Significant at the 0.01 Tevel,
N.S. = non-significant

(1§x hybrid inciudes: -clone I = W5295.7, a parallel spindle mutant
clone; -synaptic-parallel spindle mutant clones.

(2} = clone 1 = w5295.7.

(skx includes: «clone I = w5295.7; -clone J = W5337.3.
(4}x = clone J = W5337.3. |

Gy includes: -clone J = W5337.3; -W5293.3.
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uniformity for all groups of TPS progenies at both locations are sum-
marized in Table 6. Average values for thesée horticultural traits
indicate that the hybrids (groun I, II and III), fegard]ess of their
genetic background, had better vigor and haulm uniformity than any
of the groups of either open pollinated {grouns IV through IX) or
self pollinated families (groups X and XI). The latter were consist-
ently rated lowest for these norticultural characteristics at both
locatiens. |

The distribution in percent of families for classes of vigor
and haulm. uniformity for the groups of hybrids (groups I, II and III}
combined over the two locations are presénted in Tables 9 and 10,
respectively. Sixty-four percent of the group I families and 50% of
~group II and IIf had good vigor at bofh locations. Similar distribu-
tion for the different classes of vigor weré observed in the fhree
groups of hybrids.

Families of groupsvl and II had similar distribﬁtion for the dif-
ferent classes of haulm uniformity. Seventy-seyen percent of group
I families, 80% of group IT and 100% of group III occurred among the
medium classes of this horticultural characteristic. Fifteen percent
of group I families and 10% of group II were uniform. HNone of group
I1I families were urniform,

The distribution in percent of families for classes of haulm

maturity at Hancock and Rhinelander are listed in Table 11. Nineteen

percent and 10% of the families at Hancock and Rhinelander, respectively,-

had early maturity. A higher frequency (56%) of late maturing families
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Table 9. Distribution of families {%) in classes of vegetative vigor*
among three groups of hybrids combined over the two Tocations.

' Group
I I B IT]
Class = ~~ _percent of families ‘

1 64 50 50
1.5 . 15 - 30 25
2.0 18 - 20 25
2.5 3 - --
3.0 - L e- o -

*Scale: 1 = good; 2 = medium; 3 = poor.

Table 10. Distribution of families (%) in classes of haulm uniformity*
among three groups of hybrids combined over the twc locations.

Group

1 Il 117

Class percent of families
i - e : — : —
1.5 - 8 . 10 --
2.0 65 "~ 60 - 80
2.5 12 20 20
3.0 15 10 N
4.0 -- - --

*Scale: 1 = non-uniform (0 to 30% uniformity); 2 = semi-uniform (31 to
60% uniformity); 3 = uniform (61 to 90% uniformity); 4 = clonal
uniformity (91 to 100% uniformity). \

Table 11. Distribution of haulm maturity classes at Hancock and -
Rhinelander. ) '

Hancock Rhinelander
No. of - No. of
Class families % families %
Early 11 19 4 6 10
Medium 32 57 1¢ 34

Late 14 24 32 56
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was observed at Rhinelander as ca%pared tc Hancock {24%). Only
~groups V {4x x 4x) i OP and VIII [4x x (4x x 2x)] II QP were
consistently late maturing at both locatiens. Variation in maturity
classes was present among families within a group as indicated in

Appendix A-1, ' ‘
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DISCUSSION

Results af both locations indicate that the 4x x 2x breeding
method is the most efficient in the production of high yieiding TPS
families. In addition %o higher tuber yié]ds; the 4x progenies from
4x x 2x FDR with or without crossing over also had an outstanding
degree of'yegetative vigor, and higher values for haulm uniformity
when compared to af] other groups of TPS families. The large yields
obtaineq were expected, since the 42 x ZX breeding scheme is suited
to broaden the genetic base and maximize heterczygosity in the 4x
progenies as result of the transmission of 80-100% o? the heterozygosity
and epistasis of the 2x hybrid parent tc the 4x pboéeny via 2n pollen.
Mok and Peloquin (1975h) when comparing tuber yields of 4x x 2x FDR,
4x x 2x SDR and 4x x 4x crosses, reported that the tuber yields of
4x x 2x FDR families were significantly higher than either 4x x\2x
SDR or 4x x 4x matings: The study herein reported although not
involving 4x'x 2x SDR fami]ies, is in complete agreement with‘thOSé
results. |

The 4x x 2x breeding method also appears to have a high level
of practicality for TPS production. First of all, screening for 2n
pollen production can be done easily and subsequently the 2n pollen
producing 2x hybrids can be identified by their cytological mechanism
of 2n pollen formation. Another consideration is the level of seed

set following 4x x 2x crosses which is high at higher frequencies
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of 2n pollen. This could impose a restriction on the 2x hybrid
parent in relation to the frequency of 2n pollen formaticn. |
Fortunately, this does not seem to represent a ccnstraint, since
considerable amounts of seeds per fruit are obtained even with
frequencies of 2n pollen as low at 10% (Schroeder and Peloquin 1982).

Although data on total tuSer yield from 4x x 2% crosses is
encouraging, lower marketable yields compared to cultivars have been
reported by De Jong and Tai (1977); This evaluation was based on
the tuber éppearance of the 4x progeny resembling 2x hybrid parents
which have rough tUpers: Hybrid 2x parents with improved horticultural
traits are desirable fer a broader Ufi]ization‘of this breading method,
but tuber appearén;e should not be regarded as a disadvantage, since
the nutritional benefits that this scheme can provide to developing
countries with generally insufficient diets when producing potatces
.from true seed, by far surpass the arguments of less attractiveness
of the tubérs. Also in this regard; Schroeder (1982) has reported
some 4x x 2x families with very satisfactory tuber type comparable
to sténdard variefiesiin appearaﬁce; Thus, the full acceptability
of this breeding method in developed countries with highly selective
consumers does not seem far from beihg obtained, |

KWhen selecting 2x parents for further utilization in 4x x 2x
cfosses, segregating generations of 2x hybrid populations should be

considered, since these will most likely be a good source for selecting
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materials with more Favorablé gene combinations. However, final
selection shou]ﬁ take into account the correiations betwaen the
performance of 2x parents and that of the 4x progeny.

Selection of the 4x séed parent sthTd>be baéed on good adapta--
bility and on the number of fruits per plant and seed set obtained
i.e. 4x cu]tivaré with higher fruit and seed set are to he selected.
Male sterility is also desirable, since this will 1arge1y increase
the efficiency of the scheme by avoiding self-seed production; Recent
results presented in Chapter II of this thesis, indicate that eight-
relatively male sterile clones producing'én average of 152 open-
pollinated seeds per fruit were found. This suggests the possibility
that effectivevoutérossing might have'taken'place.' Large scale produc-
tion of 4x hybrids from 4x x 2x crossés at Tow cost using these c]oneé
could be achieved through the use of natural pollinators, the
bumblebees.

Significaht generai cbmbining ability among parents for total
and marketable yield has been reportad (McHale and Lauer 1981b, De Jong
and‘Tai 1977), indicating that superior 4x progenies will be obtained
from 4x x 2x crosses between parents with the highest average perform-
ance. Therefore, high general combining ahility of the 4x seed
parent appears to be desirable. This will also allow for further
utilization of these materials in the future, as new selected 2x hybrid
pollen parents afe released. However, specific combining ability with
certain 2x hybrid clones is also important, since this will provide

elite combirations that could be rapidly adopted for TPS production.



Alsc, high yielding 4x hybrids can be selected and easily fixed by
asexual propagation.

The overall vegetative vigor and haulm uniformity of the groups
of ‘open-poliinated TPS families I 0P and il CP were lower than those
observed in the hybrids simi?ér to the results obtained for mean
tuber yields. No control of pollen parent in the production of
open-pollinated szeds exist, therefore I OP and II OP have the same
probability of having been generated by either.Zn pcllen from a 2x
hybrid or a normally reduced gamete of a 4x clone, depending on the
type of materials surrounding the seed parents. If this constitutas
a valid assumption; it could have accounted for fhe ﬁcn-significant
differences ohserved between I 0P anﬁ-II 0P, sinca the latter are
expected to exhihit less heterozygosity due to a higher probability of
an increased degree of selfing. Also, the fact that the tuber yields
of the (4x x 2x) 1 0P families approached those of the hybrids at
Hancock, could be an indication that this OP seeds were produced
mainly with 2n pollen, thus increasing the mean tuber yields above
expectations. - |

In order to assure the highest degree of outcrossing in open-
pollinated seed production, 4x cultivars with Tow male fertility and
high seed set Qou]d be desirable. This would alsc contribute to
increased tuber yields in QP TPS‘fami1ies.

The fact that self-pollinated progenies had the lowest tuber yields
among all groups of TPS families, and also had Towest values for

vegetative vigor and haulm uniformity, indicates that inbreeding



rather than producing vigorous pregenies had deleterious effects
reflected on yield, vigor and uniformity. Busbice and Wilsie (1966)
observed that in pelysomic polyploids, inbreeding is greater in the -

early generatiohs than would be predicted on the basis of the
inbreeding coefficient.in a two allele mbde]. >Mendiburu et al. (1974)
indicated that in potatc, inbrzeding depression was explained as a
consequenée of the loss of inter- and intralocus interacticns.

Results hereiﬁ presented from only one generat%on of selfing do agree
with the theoretical explanations given.

As long as the screening for FDR 2n eggs will continue to involve
difficult and time-consuming cytological work, the cbﬁmercia] produc-
tion of'TPS from 2x x 2x crosses with FDR gametes fn both sexes, will
still Ee far from having a practical app1ication, although, maximum
heterozygosity in the 4x progeny is achieved with this breeding scheme.

Breeding'methods-usually attempt to maximize heterozygosity in
fhe generation used for commercial field production. The 4x x 2x FOR
with or without crossing over.scheme, is the best bredding method to -
meet this goal for production of potatoes from true seed. However,
‘.the full potential of this method will be achieved when multiple pest
and diseasé resistance are combined with 2n gamete production in
superior Zx‘hybrid parents for full transmission into the 4x progeng.
This represents an optimal combination for the subsistence farmer of
the developing countries with very scarce economical resocurces for
potato production and tb whom all effortsito achieve full applicability

of the production of potatoes from true seed should.be directed.
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Appendix A-1. Yield and horticultural traits of TPS families.

(1)

Yield . {2) Haulm 5 Haulm
(cwt/acre)..v]gor uniformity('maturitﬁz)
I. 4x clone x 2x hybrid
1. Butte x 1
‘Hancock 336 2 2 3
Rhinelander ‘ 276 2.5 2 3
2. W760 x I | 3
' Hancock 375 1 2 - 1.5 seg )
Rhinelander 209 1 2 2 seg
3. KW231 x I
Hancock 374 1.5 2 1.5 seg
Rhinelander ) 173 1 - 1.5 2 seg
4. W853 x I ‘
Hancock 359 2 2 1
Rhinelander 218 2 1.5 1
5. W639 x I
Hancock 458 ] 2 1
Rhinelander 229 -] 2 1
6. Merr x 1 : ,
Hancock ' 425 1 2 1.5 seg
Rhinelander 249 1.5 2 2 seg
7. Merr x C-58. ’ o
Hancock 438 1 3 1.5 seg
Rhinelander 230 1 2.5 2 seg
8. W853 x C-59
Hancock 312 1 2.5 1.5 seg
Rhinelander ‘ 232 1.5 3 1.5 seg
9. Merr x C-39
Hancock 444 1 2 3

Rhinelander , 267 1 2 3

G%a]ue is mean of two replications.
(Z%alue is mean of family rate for two replications.

(3§eg = segregation for haulm maturity.




Appendix A-1 (continued):

Yield

. Haulm  Haulm
(cwt/acre) Vigor yniformity maturity
10. W639-x C-1686
Hancock 377 1 2 2 seg
Rhinelander 312 2 2 3
11.. Merr x C-166 ”
“Hancock 375 1 - 3 2 seg
Rhinelander . 221 1.5 2 3
12. [H639x(P1attexJ)]xC—39 .
Hancock - 420 1 2 3
Rhinelander 29] 1 1.5 3
13. [NG39X(N643XJ)]XC—166
Hancock 416 1 -2 2 seg
Rhinelander 343 1 - 2.5 2.5 sec
14, [W639x(WE43%3)IxC-77
Hancock 277 1 3 1
Rhinelander - 282 2 2 1.5 seg
15. [W63Sx(Plattex])IxC-166
Hancock 471 1 3 3
Rhine1and?r 257 2 1.5 3
16. [W639x(PlattexJ)]xC~59 .
Hancock 416 1 2 2  seg
Rhinelander 280 1 2 3
17.  [W639x (H643xd)IxC-39
Hancock 349 1 2 1
Rhinelander 247 1.5 2 1
I1. 4x clone x 4x clone
1. W853 x W231 - .
. Hancock - 307 1 2 1.5 seg
Rhinelander 144 1.5 1.5 2.5
2. W853 x W744 1
Hancock 360 1 2 3
Rhinelander 154 2 2 3
3. W853 x W639 ,
Hancock 352 1 2 3
Rhinelander 212 2 3 3



Appendix A-1 (continued):

Yield . Haulm Haulm
{cwt/acre) Vigor uniformity maturity
4, err x W231
Hancock 322 1 2 3
Rhinelander 185 1.5 2.5 3
5. Merr x W3853 .
Hancock v 258 1 2.5 1.5 seg

Rhinelander 188 1.5 2 3

II1. T4x x (2x % 4x)] x 4x clone = T0T x 4x clone
1. LW582x(W5293.3xKenn) Jxi23] :
Hancock 288 1 2.5 2 seg

Rhinelander 228 2 2 2 seg
2. [W582x(W5293.3xKerin) IxHS53
Hancock 275 1 2 1
Rhinelander 217 1.5 2 2 seg
v, {4x clone x 1) 1 0P
1. (W760 x I) I 0P
Hancock 273 2 2 2 seg
Rhinelander 140 2 2. 3
2. (w639 x I) 1 0P
Hancock : 330 1 2 2 seg
Rhinelander 184 1.5 2 2 seg
3. (w726 x I) 10P
Hancock 321 1 1.5 1.5 seg
Rhinelander 145 2 2 3
4, (W23t x I) I 0P
Hancock 292 2 1 2 seg
Rhinelander 154 1.5 2 2.5 seg
V. (4x clone x 4x clone) 1 QP
Y. (W639 x Merr) I OP ,
Hancock 230 2 2 3
Rhinelander ’ 138 2 2 3
2. (4231 x W639) I 0P
Hancock 306 1 2 3

Rhinelander 147 -2 2 . 3
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Appendix A-1 (coﬁtinued);
. Yield . Haulm Haulm
{cwt/acre). Vigor . uniformity maturity
VI. [4x x (4x x 2x)1 1 0P ; -
1. [W639x{W231xI)j I OP ‘ , ‘
Hancock 243 2.5 1.5 2.5 seg
Rhinelander 159 2 2 3
2, [W639x(W643xJ)] 1 OP '
Hancock 287 2 1.5 1
Rhinelander 121 2.5 2 . 2.5 seg
3. [W639x(W643xJ)] I 0P
Hancock 251 2 2 2.5
Rhinelander : 147 2 1.5 3
4. [W639x(643xJ)] I 0P "
Hancock 27 2 2 1
Rhinelander - 188 T . 1.5 3
VII. (4x clone) I OP
7. (W744) 1 QP ,
Hancock 233 2 1.5 3
Rhineiander 140 3 pd 3
2. (W760) I OP
: Hancock ' 295 1.5 2 2 seg
Rhinelander 133 2.5 2 3
3. (W231) 1 0P
Hancock 235 2 -2 2.5 seg
Rhinelander 84 2.5 2 2 seg
4, (W639) I OP '
Hancock 253 2 2 1.5 seg
Rhinelander 129 1.5 2.5 1
5. (W853) I op
Hancock 269 2 2 1.5 seg
Rhinelander , 105 2.5 1.5 2.5 seg
6., (Merr) I QP _ ‘
Hancock 252 2 2 2 seg
Rhinelander 179 -2 2 3 .




Appendix A-1 (continued):
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Yield . Haulm Haulm
. (cwt/acre) .V1gor‘. uniformity maturity
7. (7-874) 1 0P o
‘Hancock 206 1.5 2 1.5 seg
Rhinelander 170 2 2 3
VIII. [4x x (4x x 2x)] II ¢P
1. [W639x(Wed3xd)] II 0P
Hancock 237 2 2 3
Rhinelander 170 1.5 2 3
IX. (4x clone) II QP
1. (Platte) II QP
. Hancock 236 2 2 1.5 seg
Rhinelander 169 1.5 2 1
2. (wW742) 11 oP -
Hancock 222 2 2 3
Rhinelander 131 2 1.5 3
3. (W760) II OP
Hancock 265 1 2 2.5 seg
Rhiqelander 111 2.5 2 3
4. (W639) II OP
Hancock 237 2 2 2 seg
Rhinelander 126 2 2 3
X. [4x x (4x x 2x)] selfed
1. [W639x{W643xJ)}] selfed
Hancock 233 2.5 1.5 3
Rhinelander 110 1.5 1.5 3
2. [W582x(W5293.3xKenn)] selfed
Hancock 201 2 1 1
Rhinelander 104 2 1 1
3. [W639x(W643xJ)] selfed
Hancock 184 2.5 1.5 1.5 seg
‘Rhinelander 92 1.5 - 2 3
4. [W639x(W643xJ)] selfed
Hancock 223 1 2.5 2 seg
Rhinelander 101 2.5 2 3



Appendix A-1 (continued):

Yield

P Haulm Haulm
(cwt/acre). V19T uniformity maturity
5. [W639x(W643xd)] selfed ’
Hancock 178 2 1.5 1
Rhinelander 1C8 2 1.5 2.5 seg
6. [¥639x(We43xJ)] selfed
Hancock 228 1 1.5 2 seg
Rhinelander - 121 1.5 2 3
XI. (4x clone) selfed
1. (Merr) selfed
Hancock 217 1 1.5 2 seg
Rhinelander 86 2 1.5 2.5 seg
2. (We39) selfed )
Hancock 231 2 2.5 2 seg
Rhinelander 77 1.5 2 3
3. (W853) selfed
Hancock 247 2 2 1
Rhinelander 89 1 2 1.5
4, (W744) selfed ,
Hancock 215 2 1.5 1
Rhinelander 94 2.5 2.5 2 seg
5. (W231) selfed
Hancock 181 2 1.5 3
2.5 1 3

Rhinelander~

96




CHAPTER I1.
FACTORS INVOLVED IN OPEN-POLLINATED

TRUE POTATO SEED PRODUCTION

INTRODUCTION

McGregor {1973) pointed out that probably ]esg than one percent
of the world's food supply depends upon insect pollination. According
to his esfﬁmates, one-third of the total diet in developed countries
is deri&ed either directly or ‘indirectly from insect pollinated plants.
Therefore, as the diet of themdeveloping countries improves in.qua1ity,
an increase in dependence on pollihafing insects may be expected.

The extent of use of hybrid seed depends mainly on controlled
pellinations tc produce the seed. In crops such as carrot and onions,
successful hybrid seed production is currently achieved through the
utilization of honey bees as pollinators (Free 1970)., However,
failures have been reported using pollinating insects. Usually, they
result from the lack of knowTedge of the behavior of the pollinator
in regard fo the bio]ogita] characteristics of the parental materials
(Erickson 1982).‘ Thus, understanding the complexities of pollinator
fbfaging behavigr and the pollinating requirements of the seed parents
is of utmost importance in the deve]ophent of entomophilous hybrid
seed production programs. ' |

MacArthur (1972) reported that insects when gathering food,
enceunter a wide spectrum of resources, from which they select to

forage the species where the expectaticen of yield for the bee is
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greatest. He also emphasized that in certain situations insects are
forced to expand their feeding habits and diets when resources are
limited.due to either seasonal variations in flowering or competition
from other foragers. Alford (1975) indicates that bumbiebees select
plants where the_yie]d;xpectationof poiien or nectar are highly
desirable, but with no consistent specialization on'either nectar or
pollen ovér a long period of time. In one foraging flight, predominant
pollen gatherers will ,also collect nectar. In potato, bumb1eEees act
as pollen gatherers and are Eecognized as poliinators of this crop
(Free 1970). Buchmann (1977, 1982) described an effective mode of
pollination used by bees while foraging on flowers haVing anthers with
terminal dehiscence as in Solanum species. ' This féﬁm of pollination
has been termed "buzz pollination," sfnce it characterizes the

audible buzz component of bee behaviof during the flower visitation.
Bees which are ahle to buzz (i.e. bumblebees), first land cn the corolla
or directly on the anther cone, then grasp the stamens tightly, with
their wings held stationary over the thorax and abdomen. By rapidly
contracting and relaxing their flight muscles they transmit vibrations
which cause the entire flower to vibrate, resulting in rapid expulsion
of most pollen grains from the anthers pores.onto the abdomen of the
bee. The existence of an electrostatic field around the bee at the
time of the visit has been proposed to explain the efficiency of this
type of pollen collection (Buchmann and Hurley 1978). Buzz pollination

is extensively utilized by bumhlebees when visiting potato flowers.
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Sanford ard Hanneman (1981) tested the possibility of using
domestic honey bees for intermating potato species. The behavier
of the bees was observed béfore and after applying honey to some of
the flowers to encaurage visitation. The presence of this "attractant"
induced the bees to'vi;it flowers but on1y for a short period. Honey
bees did not collect pollen and were not observed using buzz pollination.
Since no fruits developed with this attempt, it was conciuded that
domestic honey bees are not suitable for intermating Sclanum species.
Supporting these results, Buchmann (1982) has reported that honey bees
are physiolegically incapable of using buzz poliination; therefore
will not 1ikely act as pollinators in potatoes.

The flower-visitor relationship is established by means of attrac-
tants which start a reaction chain in thé hee that creates an urge,
such as feeding. Primary attractants are ccnsidered pollen and nectar,
secondary attraétants are odor.and visual attraction (Faegri and van
der Pijl 1979).

| Pollen, as a floral reward, is apparently more selective than
nectar in attracting bees (Buchmann 1982). According to Lepage and
Boch (1968), some 1ipids act as phagostimulants for pollen recogrition
in some bees. Honey bees are able to discriminate among feeding

sources, and frequently show a high level of constancy in time for a

given source (Grant 1950). Erickson and Peterson (1978), when studying

the production of seeds by several male sterile and male fertile carrot
1ines, observed marked Hifferences within genotypes of the carrots in

seed setting ability. These differences were associated with non-random
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foraging activity of honey bees dueAto their preference and constancy
to cer?ain carrct lines. Parents selected for entomophilous hybrid
seed production should therefore offer similar méans cf attraction

to the pollinator in order to avoid reducticns in seed set and to
increase outcrossing. Secondary attracténts such as odor and visual
attraction may play'different roles in increasing visitation, however,
‘odor when present seems to be more important (Faegri and van der

Pij1 1979).

Presently, in potato large scale intermatings must be done by
hand or by the uncontrolled activity of bumblebees. The full.
applicability of the technology of production of pqtatéés from true
seed (TPS) fn developiné countries requires, besides the development
of appropriéte breeding methods, practical and eccncmical large scale
controlled intermatings of tuber-bearing Solanums by bumbliebees in
order to obtain the desired tetraploid hybrids. Peloquin (1982)
proposed breeding methcds for TPS ﬁ}oduétion suited to obiain highly
heterozygous and uniform 4x progenies from 2x x 4x and 4x x 2Xx crosses
by using 2x parents capable of producing Z2n gametes via first division
restitution (FDR) mechanism. The ZX X 4x breeding method is designed
to generate hybrid TPS progenies using bumblebees as pollinators. The
male fertility and self incompatibility system of the 2x parent would
offer enough pollen to attract the bees and prevent self-seed production.
Moreover, the ability of the 2x parent to produce high frequency of
2n eggs would result iﬁ higher seed set. Effective outcrossing will

be assured by the high degree of male fefti1ity of the 4x pollen
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parent. All seed produced eﬁ the 2X parent by this breeding method
will be therefo;e tetraploid and of hybrid origin.

To complement the potential of this method,~sthdies on the
foraging behavior of bumblebees in a potato field, and the means .of
attraction establishing an effective flower-pollinator relationship
are requiredpin o}der to apply this knowledge in potato hybrid seed
production. | |

Data on amount of flowering, percent stainable pollen, fruits
per plant and seeds per fruit were cbtained in zn attempt to determine
the relationship between these variables in the production bf TPS
under field conditions. o

This research was undertaken to obtain initial information about
the behayior of bumblebees when intermating potatoes, and to sstablish

the relative efficiency of different potato clones for production of

open-pollinated seeds.



MRTERIALS AND METHODS
The experiments were initifally conducted at both Hancock and
Rhinelander Experiment Stations; during the summar of 1982, Due -to
the poor bumblebee actiiity during the flowering season at Hancock,
only the data obtéined at Rhinelander will be considered,

A.  Experimental matérials.

One-hundred and eighty potato‘cloneg; repfesenting cultivars
and advanced selections particularly from the Wisconsin Potato
Breeding project invoived in a yield trial in a randomized complete
block design with two replications provided the pjanf materials for
this experiment. These clones are 1isted in Appendfx B-3.

Four clones were present more than once in each replicatfon.
These were treated as separate materials in the yield trial and in.
this experiment, since the origin of the tubers for planting were
from different sources. The total number of entries included 1in
this experiment were therefore 190. Each replication consisted of
20 plants 0.30 m apart. The distance between each 20 hill unit was
1.20 m and the distance between rows was 0.90 m.

B. Field observations

1. Bumblebee behavior in a potato field

Prccedures adopted tb observe the behavior of bumblebees weré
to locate a bee during a foraging flight and follow it along the
field until the flight was completed. All data was obtained using a

portable cassette recorder in order to avoid distractionkfrom watching
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the bee by having to write notes. Fifteen foraging flights were
recorded, The foraging pattern between plants was observed in order

to determine f]ower cofor preference if any, and average working time
per flower based on 50 flowers. Time of day and general sky conditions
were also recorded.

2. Manual transfer of pollen

Fresh pollen from clones producing a large amount of fruit was
applied to anthers of male steri]é plants, but.having flowers with
normal appearance,'in order té observe if this procedures would
encourage bee visitation to the male sterile clonss. Pollen was
either placed on the surface of the anthers or into é gelatin capsule
attached to the anthars to avoid windtdispe%sai.

3. ‘Odor

Flower odor was determined in the field by smelling five to ten
flowers of each clone in both replications. The following scale
was used: 0 = no'odor detected; ¥‘= odor detected.

Flowers from five'Sb]ath hybrid species growing under greenhouse
conditions were also utilized to detect the origin of odor within the
potato flower. Procedures and results obtained are presented in
Appendix B-1.

4, Flowering

Visual obseryations to estimate the amount of flcwering in eéch
clonerwere made in a three week period when more than half of the

clones were flowering. The following scé]e was used:

-
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no flowaring
poor flowering
medium {lowering
good flowering.

oo

WN ~=O

C. Pollen stainability

During the flowering period; three open flowers were picked at
random from each clone in each replication and put into a coin
envelope. Foliowing transportétion to the laboratory, ﬁo]?en was
ohtained from each of the three flowers using a vibrator, to put
the pollen onto a clean glass s]ide; It was stained with an aceto-
carmine-glycerol solution and scored for pollen stainabiiity,
Percent stainable pollen was calculated based on observation of at
least 400 pollen grainsf Only‘p1ump; even]y stained polien grains
were scored as stainable pollen. Data.wa; Eot cbtained from clones
that did not flower, or had very iittle poilen.

D. Fruit set ’

Data on fruit set were obtained from the first and end hill of
each 20 hill plot. To prevent fruit loss, all naturally pollinated
inflorescences were wrapped with cheesecloth after the starting of
fruit enlargement. Fruits of each replication wefe harvested at
approximately four weeks following natural pollination. The number
of fruits on two plants in each clone and each replication were
éounted, therefore the fruit number figure represents the numbef of -
fruit on two plants.

E. Seed set

Six fruits of each clone from each replication were selected at

random to obtain data on seed set. Seeds were extracted and counted
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on an individual fruit basis. Seeds were not extracted from dried

_fruits. In clones where all fruits had dried up, no data was

obtained. These probably represented fruits;with a very low number
of seed.

F. Statistical analysis

Simple corre1atfons were determined between percent pollen
stainability and seed set, between pollen stainabil?ty and fruit sef,k
and between fruit set andzseed set; A multiple correlation was also
calculated for these three variables: Lin2ar regressions fcr'these
variables were also obtained and a Tinear regression line was fitted
for each case. Pollen samples were grouped by classes of percent
pollen stainability, i.e. 0-].9; 2-3.9,etc; and plotted against their
respective mean values of fruit set and seed set. A1l data was
analyzed using programs of the Minitab computer located at the Dairy

Science Computer Center, University of Wisconsin.
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RESULTS AND DISCUSSION

A. Bumblebse behavicr in potate fields

1. Time of day

A peak of bumblebee activity in the field was usually observed
from 10:30 AM till1 noon undervsunny and clear skies. A consistent
decline in activity was observed associated with high temperatures.

Under conditions of cloudy skies and rain bumtlebees eijther had

~Tittle activity or were absent. The same low level of activity was

observed early in the morning and after sunset.

2. Average visit time per flower

Observations on mean visit time:per flower of bumblebees in potato
clones from 15 foraging flights expressed in'seconds/flower are pre-
sented in Table 1. Data from each fifght was obtained by dividing
the total time spent while visiting 50'potato flowers. The overall
mean time was calculated as 4.7 seconds per flower.

3. Visual attraction

Visual attraction by means of flower color was not»observed in
any of the foraging flights. A1l suitable flowers regardless of their
color were equally visited suggesting that this was not an important
factor in the attraction process.

4., General flicht pattern

Figure 1 summarizes the results of visual observations on 15
foraging flights of bumblebees when visitihga potato field. Upon

arrival to a row (see IN), bumblebees will first make several

" circular cbservatory flights around one or two inflorescences. If
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Table 7. Mean visit time per flower of bumblebees in potato clones.

Number of flights Mean time per flower*

... . (sec/flower). .
1 4.4 -
2 . 4.9
.3 5.1
4 4.3
5 5.3
6 4.7
7 4.6
8 4.5
9 4.8
10 4.7
11 4.5
12 4.8
13 4.7
14 4.5
15 L4807
Overall mean = 4.7 sec/flower

*pata hased on 50 flowers.
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FIGURE 1
GENERAL FORAGIKG PATTERN CF
BUMBLEBEES IN A POTATC FIELD

-Parallel lines represent rows of
potato clones.

-Numbered arrows indicate the
direction of the flight.
-Circular flights are indicated
by curve arrows.
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found attractive, the bee will séart tha fora§ing flight plant by plant
working every suitable flower in each infiorescence, In all cases,
‘higher inflorescences were worked first. While working in cne row,
the-bee may change to a different row {positionN6) but always

moving in one direction.

If this new row is found more attractive, the bee will temporarily
switch to this working position (position N°8b). Once this area is
visited, the bee will return to the previocus row, to the same-position
from which it dEpafted (position N°5) and continue working here in
the same directicn. The same returning pattern was observed if the
bee did not find the row rewarding enough to be worked {position 7 and
8a). Beforz leaving each row severa1 circular flights are made
(position N°13) around the last plant. The bee may also fly to the
adjacent row or two to three rows away (position N°14) from where,
after making several observatory circular flights it returns to finish
k working the last plant (position N°12)}, and finally the bee moves to
a different row, or leaves the field,

8a, Inflorescence working pattern in potato

The bumblebee approaches the inflorescence by circuiar flights in.
order to determine if it is rewarding enough to start a foraging flight.
In order to haryest the pollen, a bee wi]i first land on the anther
cone, its body weight making the flower hang ddwnwards. By vibrating
the anthers, the pollen is discharged from the terminal pores, and falls
on the abdomen of the kee. Later while moving to another flower,

the pollen obtained is brushed from the abdomen to the corbiculum. This



process was also observed while the bee works a flower that offered
enough pollen to extend the visitation.

B. Manual transfer of pollen

" A1l attempts to encourage bee visitation by manually transferring
pol]enffom.ama1eferti]ec]one to a male sterile clone resultad in
complete failure. Rather than being encouraged, bees indicated ro
. interest in working the flowers with pollen from a male fertile clone.
C. _ 0dor |

Field data on flower odor for potato clones §s presented in
Tabie 2. 0Odor was detected in 29% of the clones. Results fram green-
house experiment pfesented in Appendix B-1 indicate that the odor
of potato f]owerswhenpresent; originétes from the anthers. Relatively
Targe amounts of fruit and seed set wére obtained from clones with
different values forkpercent pollen stainability, fegard]ess of the
presence of flower odor (Table 3). Odor was also detected in some
clones with very low percent po]]e& stainability.

D. quwering

Results of amount of flowering for all clones are presented in
Table 4. Oniy two percent of the clones did not flower, and 12% had
poor f]owering.v Overall flowering was therefore good at Rhinelander.
This would most 1ikely increase the probability of obtaining a large
number of open pollinated fruits in the field. However, despite
the good flowering observed in some clones, their corresponding values

for fruit set were low, as indicated in Table 5.



Table 2.

The presence of odor in fiowers from potato clenes at
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Rh1ne1ander
. Odor Number*
class .of clones
Ocdor detected 54
No odeor detected 133
TOTAL . 187

*Three c]ones did not flower.

Percent pollen sta1nabi11ty, seeds per fruit, fru1£ set and

Table 3.
f]ower odur char acter1za+1on of 20 potato c1ones
Percent pollen Seeds per Number of fruits .
Clone stainability . fruit ... . from twc plants Odor*
W744 34.1 236 309 +
W780 29.1 225 269 0
W793 10.7 105 100 0
W815 9.2 159 108~ +
w824 6.5 153 108 +
W847 4.6 112 81 9
w861 13.0 266 122 0
W862 33.5 255 436 0
W870 2.5 117- 35 0
w877 30.4 283 89 +
w879 29.6 348 189 g
w882 16.4 277 158 9
W883 45.1 275 99 0
W76-11 6.5 134 161 0
W76-13 17.4 278 139 0
W76-15 2.9 234 83 +
W76-16 - 1.8 117 129 0
W76-29 22.9 224 101 0
W76-32 22.6 300 99 +
. W76-56 8.3 192 .. 146 0

*Scale:

+

odor detected;FO =

no odor detected.



Table 4.
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Amount of flowering in potato clanes at Rhinelander.
Fiowering " of clones. %
67 -
19
12
No flowering 2
Table 5. Percent pollen stainability, fruit set and flowering of 12
: selected potato clones. ‘
Number of
Cione fruits from Flowering*
" stainability two plants
W907 22.9 39 3
Butte 2.6 10 3
W76-44 23.8 41 3
Chipbelle 7.9 27 3
W76-33 8.0 26 3
R. Pontiac 17.2 4 3
W76-4 18.5 44 3
Lemhi 7.7 23 3
W83l 18.1 29 3
W742 14.7 24 3
W623 2.5 14 3
W809 4.4 17 3

*Scale: O = no flowering; 1 = poor; 2 = medium; 3 = good.
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Gerieral data for percent pollen stainability, fruit set and seed
set are presented in Appendix B-3. Distribution bf percent pollen
stainability for potatq clenes is presented in Table 6. Forty—eiéht
percent of the clones had Between 10-40% pollen stainability and 52%
had less than 10% stainable pollen.

Fruit set varied from 0-477 fruits.per clone {(two p1antsAin one
replication) with an overall mean of 65 fruits. Seed set varied from
0-400 seeds per fruit with an overall mean of 140 seeds. Parthenc-
carpic fruits were obtained from 2% of tﬁe clones, but ncne of these
clanes had many‘frﬁit. |

The mean seed set énd fruft set Sy classes of percent stainable
pollen are indicated in Tahle 7. Seeds per fruit avefaged 111.2 when
the percent of stainable pollen was 10% and below, indicating that
practical levels of seed set for open pollinated seed production were
obtained. Even below 5% stainable pollen, the average seeds per
fruit was 88.1. Mean fruit set per clone was low at this level of
percent stainable pollen. However, relatively male sterile clones
with high values for mean seed set aﬁd fruit set were detected (Table
8). This suggests the possibhility that the efficacy of insect pol-
linators increased the levels of cross-pollination and facilitated
seed set in these clones.

Linear correlation coefficient values fbr seed set and percent
stainable pollen; fruit'set and seed set; fruit set and percent

stainable po]!en; and rmultiple correlation coefficient for these



Table 6. Distribution of percent pcilen stainability for potato
clones at Rhinelander.

Percent Number of - Percent
polien stainability .clones¥* . of clones
<106% 95 52
10-20% 48 27
20-40% 36 20
>40% 2 1
TOTAL . 181

Range = 0.1-45.1%.

*Data was not obtained from clones that did not flower or had very
Tittle pollen.

Table 7. Mean seed set and fruit set by classes of percent pollen

stainability.
‘Classes of Number Mean Mean
percent pollen of seeds per number
stainability clones* fruit of fruits
- 0-1.9 ' 27 100 16
2-3.9 20 101 37
4-5.9 g 91 9
6-7.9 <] 143 55
8-9.9 : 14 121 50
10-11.8 6 148 33
12-13.9 9 ' 110 42
14-15.9 6 : 110 77
-16-17.9 13 125 68
18-19.9 12 171 56
20-21.9 4 174 60
22-26.9 14 196 77
27-31.9 12 130 116
32-41.9 5 190 186
42-45.9. 2 ... 170 : 88

*Data was not obtained from clones where fruits had dried up.
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Table 8., Seed set, fruit set and odor of eight selected clones with
Tow percent pollen stainability.

' Percent pollen Mean seeds Number of fruits

Clone stainability  .per.fruit from two plants 0907
W76-15 2.9 234 93 +
W76-56 9.3 192 146 0
W815 9.2 159 108 +
W824 6.5 . 153 108 +
W76-11 6.5 134 161 0
W76-16 1.9 117 129 0
w870 2.5 117 . 95 0
W847 4.6 - 12 S .81 0

Table 9. Correlations between seed set, fruit set and percent polien

stainability.

Percent pollen Seed Fruit

. stainability o set . set
Seed set (y) C0.311%**
Percent poilen o
stainability (x]) , 0.47g**
Fruit set (x2) _ o 0.28%*
Multiple correjat1on Ryx]xz _f 0.343

**Significant at the 0.01 level.

»
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variables are presented in Table 3. A modest linear positive
correlation {r = 0.479) was found only for fruit set and percent
stainab]e pollen. Reéults from regression analysis are presented
in Appendix B-2. | -
The following grabhs illustrate the.relatibnships between:
seed set and percent stainable pollen (Figure 2); fruit set and
percent Qtainab1e poilen (Figure 3); and seed set and fruit set
(Figure 4). Significant relationships were found in all cases.
Considerable variation in mean seed set at all values of percent
polien stainability and fruit set were found. The differences in
magnitude of the standard error bars'111ustrated in Fiéuresv5 and
6, respectively, indicate the extent of this‘variafion.. The mean seed
set from 18.0-45.9% pollen stainabi]ify was significantly higher than
the mean seed set from 0-9.9% (t-Test significant at the 0.01 level).
The increase in seed set observed from 18.0-45.9% pollen stainability
may be due to an increaée in self-seed production, whereas the seed
set observed from 0-9.9% could be an indication of effectiveoutcrossing..
The coefficients of determination (rz) presented in Appendix B-2,
indicate that percent pollen stainability accounted for 9.6% of
the variation in seed set. Fruit set accounts for only 7.8%. Percent
stainable pollen and fruit set jointly accounted for 11.8%. Other

factors different from those involved in this study seem to account

for most of the variability ohserved in seed set.
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FIGURE 2
RELATIONSHIP BETWEEN SEED SET

AND POLLEN STAINABILITY
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FIGURE 3
RELATICNSHIP BETWEEN FRUIT SET AND

PERCENT POLLEN STAINABILITY
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FIGURE 4
RELATIONSHIP BETWEEN SEED SET
AND FRUIT SET
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-

FIGURE 5 .
VARIATION IN SEED SET IN RELATION
70 PERCENT POLLEN STAINABILITY

Means were determined after grouping
seed set by class of percent polien
stainability (i.e. 0-1.9%, 10-11.9%
.. . 47-45.9% pollen stainability).
*The value of the mean is based on
the number of clones indicated in
the numerator and the number of
clones that either did not set fruit
or dried up before harvesting the
seed are indicated in the denominator.
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FIGURE 6
VARIATION IN SEED SET IN RELATION
TO FRUIT SET

*The value of the mean is based on
the number of clones indicated in
the numerator and the number of
clones that either did not set
fruit or dried up before harvesting
the seed are indicated in the
denominator.
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GENERAL DISCUSSION

Increases iﬁ percent stainable pollen or fruit set were not found
-to account fully for the variability observed in seed set, as indicated
by-the Tow correlation coefficient values obtainaed (Table 9).

Schroeder and Peloquin (1983) e;p]ained that on the female side,
several factors could contribute to the variation in seed set. These
inciude differences in nutritive support within the inflorescences
and differences in viability of the ovules in ‘the ovary. Environmental
factors such as temperature and‘relative humidity acting at the time of
pollination were also emphasized. In the study herein reported, another
factor contributing to the differences in seed sét écu]d be the existence
of effective means of insect attraction originating'from the potato
flower, optimizing the pd]]inator-f1ower relationship and allowing for
higher seed set to occur in certain clones.

Although general observations made by other authors indicate that
bﬁmb]ebees do not regularly visit male sterile flowers, eight male
sterile or almost male sterile clones were found that produced an
average of 115 fruits for two plants and 152 seeds per fruit (Table
8). This indicates that male sterility was not always an adverse fac-
tor in the natural pollination process. Bumb1ebees did visit a few
male sterile clones. It is important to boint out alsd that no
parthenocarpic fruits were found in these clones. Moreover, the
probability of selfing is very low considering their values for percent

stainable pollen.

This is an indicatibn that effective natural cross-pollination
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has taken place, therefore a high percent of the open pollinated seed
if not all will be expected to be of hybrid origin,

The selection of these clones based on théir values for seed set
and-low percent of pollen stainability for further utilization in
TPS production appears highiy feasible. |

One of the breeding methods for TPS production using natural
pollinators proposed by Peloguin (1982) could thus be used. This
would involve the utilization of selected 4x male sterile cu]fivars
in large scale synthesis of 4x progeny by 4x x 2x crosses. Bumbiebees
will effectively pollinate the seed parent avoiding the need of using
hand pollinations. Llow cost hybrid seed for utilization in production
of potatoes from true seed will be therefore available. Selection of
the 2x hybrid parent should consider those normally giving high seeds
per fruit in 4x x 2x crosses.

An important factor for the economical production of hybrid seed
is the knowledge of theOOptimum planting design to encourage effective
large scale intermatings. Etickson, cited by Sanford and Hanneman
(1981) reported that the tendency of bees to work up and down rows
would prevent or reduce mating between rows of different plants. The
observations made on bumblebee behavior in the present study indicate
that although the teridancy of the foraging flights were always in the
samé direction within the rew, an effective between row foraging
pattern was a1so‘observed if the adjacent rows were attractive enough
to be worked, Future- planting designs for hybrid seed production, if

to be successful, should consider not only the most efficient planting
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- ratios of pollen and seed parents, but also the foraging behavior of
the bumb]ebees:‘

The use of open pollinated (OP) seed produced without controi of
the pollen parent, appears as a practical alternative in the production
of potatoes from true seed if large amounts of hybrid seed cannot be
economically proéuced. The expected yield, howeﬁer, depends on the
degree of'heterozygosity of the seed parent (Peloquin 1979), the rate
of outcrossing by which the seeds were produced, and the degree of
bumblebee activity present during the flowering season. Tuber yields
from open pollinated families are lower than those of hybrid 4x
progenies as results presented in Chapter I of this thesis indicate.
Glendinning (1976) reported that open-pollinated seed production may
result in up to 80% of seifing in Andigena clones. This level of
selfing would result in impcrtant tuber yield reductions.

The use of selected male sterile clones in OP sead production
would increase tuber yields from open pollinated progenies. This type
of production of true potato seed would have the additional advantagé
that the subsistence farmer could produce his own true seed in a very
practical manner, without the complications that under his particular
circumstances would imply th use of planting.designs for hybrid seed
production.

The fact that relatively large amounts of fruit and seed set
were obtained regardless of the presence or absence of flower odor
(Table 3) would indicate that flower scent was not a factor in

attracting bumblebees. However it is known that bees can detect odors
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that man cannot with regard to éertain crganic compounds especially
those that convey a message about nutritive value (Faegri and van der
Pijl 1979). One way to eva1uéte the relative value of odor as an
attractant would be to determine the organic compounds present in the
structures of the f]owér at three stages: before anthesis; during -
anthesis, and after anthesis. This freatment would be applied to
both: f]oﬁers_with and without odor detected. initia] materials to
utilize in this experiment could be the male sterile clones presented
in Table 8 along with other selected male fertile clones. This
experiment also may be complemented with flower biology studies for
both male sterile and fertile clones in order to seek Structural
characteristics that could account for the aftractfon of bumblebees
by particular male sterile clones.

Bees when visually attracted, will fly in a more or less straight
1ine to the blossoms (Faegri and van der Pijl 1979). In the potato
field, bumblebees showed lack of preference for flower color.. Also,
irreqular circular flights were consistently made by bumblebees when
approaching the inf]orescenceﬁ. Moreoever, these flowers were not
always worked, suggesting that vfsu&] attraction was not an impbrtant
factor in the foraging actiyity.

Consideration should be given to the‘possibility of domesticating
bumblebees to uti]ize them for TPS production. Some initial results
have been reported in attempts to do this (Holm 1960; Medler 1960).
However, the degree of success achieved is often disappointing (Alford

1975), and may not justify the time and effort involved.
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Important conclusions can be derived from this research. First,
the potential benefit of bumblebees as pcilinators in potato, can be
'substanfia11y increaséd through further research zimed to understand
the complexities of the foraging behavior of this pollinator and-the
means of attraction inJo]ved in establishing an optimal flower-pollina-
tor relationship.

Secohd, the fact that with values of percent stainable poilen
below 5% a considerable amount of seed set was'obtained, indicates
that bumblebees do sometimes visit male sterile flowers. Effective
outcrossing most likely occurs.

Third, it is possible that relatively male ster%Te clcnes producing
significant amounts of seed; par fruit can be selected and effectively
utilized in commercial production of potato hybrid seed using bumble-
bees as pollinators. This will greatly reduce the cost of hybrid

seed production and increase its practicality.
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Appendix B-1. Detaection of origin of flower odor in five Solanum
hybrid species.

Entries from five Solanum hybrid species, growing under green-
. house conditions and dfsp1aying scent were utilized to detect the
cerigin of odor within the flower structures.

Five fiowers from each entry were picked at random and the \
following sets (ireatments) were made: {1) Comp1efe;flowers;
(2),F]0wers with anthers emasculated; (3) Anthers only.

Each treatment was placed in separated gléss vials, tight?y
closed to allow for scent expression and detection. The odor test
was carried out with 25 individuals. Each individual was given one
vial at a time to evaluate the presence of cdor, allowing for inter-
vals between treatments in order to avoid cenfounding effects in odar
detection. The following scale was uséd: 0 = no odor detected;

+ = odor detected. Results are presented in Table 10. Odor was
detected in all cases in vials containing complete flowers. Emascu-
lated flowers displayed no odor. The presence of odor was consistently
fourd in vials containiﬁg only anthers.

Table 10, Qdor test on five Solanum hybrid species.

Complete flower Anthers . .Flower .emasculated

* * . 0*

buk 1-
buk 1-
mit 3-1
mit. 2-10
ven  2-1
vrn 1
chc 3-7 + S

Rating; 0 = no odor detected; + = cdor detected. ,
" *Data based on results obtained with 25 individuals.

4+ o+
o+ F
cooano




Appendix B-2. Results from analysis of regression.

I. Regression of seed set on percent poilen stzinabiiity.

Source . DF S5 NS F

Regression T 162,697 162,697 T7.7%%
Residual 160 1,523,005 9,519
Total - 161 1,685,703

r? = 0.09

II. Regression of seed set on fruit set.

Source D : SS° M3 F
Regression ] 132,565 132,565 i3.6**
Residual 160 1,553,137 9,707
Total 161 1,685,703 ‘ '

2 = 0.078

III. Regression of fruit set on percent pollen stainability.

"~ Source DF 8§ ) MS " F

Regression -1 374,769 314,769 &7 .6%%
Residual 160 1,057,047 6,607
Total 161 1,371,816

v = 0.227 '

**Significant at the 0.01 level.



Appendix B-3. Percent pollen stainabi]ity, fruit set, seed set,
racteriZation of potato clones

flowering and oder cha
in Rhinelander. ‘

: *No data available.
*xNo data was obtained from clones that did not flower or had very

Vittle pollen.
**+*| etter following the cultivars indicate that the tuber came from

different source.

Mean seeds Number of
per six fruits from
Clone fruits two plants Flowering ~ Qdor
“ability L :
Allagash B 0
- 0 1
Atlantic M 4 3
51 28 3
Belchip 207 12 3
) 45 3 3
Belrus -- -- 9
- - 0
Butte 3.3 - 9 3
2.6 135 10 3
Chipbelle 7.9 11 27 3
6.4 37 2 3
Crystal 18.8 26 14 3.
16.8 43 47 3
La Chipper 1.6 - 0 2 +
’ 0.5 - 0 2 +
La Soda 4.5 0 9 2 0
3.9 -- 2 3 0
Lemhi 7.7 274 23 3 0
. 7.1 177 n 3 0
Monona 9.9 51 34 2 +
Axxk 13.1 - 6 2
Monona 12.1 59 60 3
B 14.5 62 42 3



Appendix 8-3 {continued:
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A II

Percent Mean seeas Number of
nollen per six  fruits from
Clone Rep  stain- fruits twe plants  Flowering Odor
‘ - ability ‘ o
Norchip I 11.7 18 1 0
I 9.6 - 0 3 0
Nooksak I 32.5 98 186 3 0
’ 11 26.9 153 181 3 0]
Norgon- ~ I .9 -- ' - G +
II 1.5 50 2 1 +
Norland A 1 - - - ¢ O
II - - - 0 0
Norland B I - - -= 0 0
' II - - - 0 0
Norland [Red I 23.4 63 19 2 0
Norland] A II 16.2 - 0 2 0
Norland [Red I 14.3 ag 2 1 0
Norland] B 11 11.3 35 3 ] 0
Oceania 1 17.7 42 n 1 0
II 14.3 117 7 1 0
Oneida I 5.8 - 0 3

- II 4.2 107 5 3 +

Ontario I 5.1 128 4 2 0
: II 4.2 - 0 3 0
Red Pontiac: I 24.6 -- 1 3 0
‘ ‘ 11 17.2 42 ‘ 4 3 0
Rhinered 1 8.2 218 23 3 +
‘ B § | 8.2 162 66 3 +
Rideau 1 7.8 - 0 1 0
11 16.2 - 0 1 0
Russette I 7.4 112 _ 32 2 +
II. 8.5 228 49 3 +
Russet Burbank I 4.2 - 0 3 0
5.0 0 8 3 0
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Appendix 8-3.(continued):

“Percent  Mean seads Number of

~ pollen per six fruits from
Clone Rep stain- fruits . two plants .Flowering Odor
Russet Burbank I 13.1 ’ 4] 15 3 0
B I1 17.0 - ‘ 0 3 0
Russet Burbank I —-k% T e - 3 0
c B § -- - -- 3 0
Russet Burbank I 0.1 - 6 3 0
D II 0.1 45 6 2 0
Russet Burbank I 0.1 - 7 3 0
E II 0.1 0 9 3 0
Superior A I 7.8 -- 0 2 +
il 6.0 - -0 1 +
Superior B I 15.3 _— ] 2 0
IT 12.8 83 : 4 2 0
Superior I 6.1 103 34 3 +
Late IT . 5.2 77 16 3 +
Simcoe I - - o -- 0 0
I -~ -- -- 1 0
F 1154 I 21.2 206 202 3 0
il 25.5 80 156 3 ]
ND-146-4R I 44.8 59 85 2 0
' I1 44.1 177 33 3 0
ND-388-1 I 4.5 -— 0 2 +
I1 4.5 -~ 9 3 +
ND-534-4 I 3.2 -— 0 1 0
II 4.2 - 0 1 0
W576-Sp I- 0.1 © 57 21 2 0
II —— - hald e =
623 I 2.2 Iy 14 3 +
I1 2.5 36 ‘ 14 3 +
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Bppendix B-3 {continued):

Percent Mean seeds Number of

. pollen per six fruits from
Clone Rep stain- fruits two plants Flowering Odor
ability B ' ‘ ‘

w629 : I M@ 104 | 78 3 +
5y 14.6 2 43 3 +

W703 1 10.4 153 55 2 0
.11 11.8 150 85 2 0

W10 I 14.8 147 .36 2 0
11 17.5 91 29 2 0

W716 I 38.7 206 108 3 0
- 11 28.7 178 51 3 0
W718 1 17.6 - 203 36 1 0
11 14.7 - 52 1 0

W723 I 19.56 124 65 2 +
11 21.7 965 35 2 +

W726 I 11.4 73 63 3 +
I 7.7 100 A 3 +

W729R I 2.9 217 57 3 +
11 10.4 342 49 3 +

W738 I 3.3 301 64 3 0
i1 3.2 120 69 3 0

w742 1 14.7 74 24 3 0
11 15.3 56 12 3 0

W744 I 32.4 214 186 3 +
IT 34.1 296 309 3 +

W72 i 0.1 40 3 3 +
I 0.4 - | 20 3 +

W756 1 .9 - ‘ 0 1 0
11 1.0 162 6 ] 0

W760 I 174 128 343 3 +
I 16.9 +

177 170 3



Appendix B-3 (continued):

Percent Mean seeds Number of

pollen per six fruits from
Clone : Rep stain- fruits -twe plants Flowering QOdor
- ability

W774-R 1 36.7 176 121 3 4]
II 31.5 172 71 3 0
W779 I 25.2 - 190 116 3 0
11 23.89 204 153 3 0
W780 I 30.1 214 447 3 . 0
IT 29.1 - 225 269 3 0
K785 I 22.4 275 57 3 0
11 18.1 333 ’ 12 3 0
W793 1 10.7 105 100 3 o
8¢ 9.6 125 30 3 0
W795 1 2.5 105 ' - 32 3 0
Il 3.2 122 : 71 3 o]
w797 I 22.5 324 - 12 2 0
_ I 21.1 - o] 2 0
We06-R 1 9.7 121 : 105 3 +
I 17-.1 201 171 3 +
W807-R I 23.8 164 20 2 0
: 11 15.4 122 16 2 0
w809 I 4.4 84 17 3 +
I1 2.4 - 4 3 +
sl I 9.5 93 52 2 0
II 7.4 29 , 8 2 0
W813 I .5 - 3 3 +
I1 -3 73 8 3 +

w815 ' I 7.7 156 54 3 +
11 9.2 159 108 3 +
Ws22 I .8 -— 3 2 0
T .7 - 0 2 0
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Appendix B-3 {continued):

Percent  Mean seceds  Number of

. pallen per six fruits from
Clone Rep stain- fruits - two plants Flowering Odor
_ability - - ‘ ' ‘ :
K823 I 32.0 2 _ 4 2 0
I1 30.7 20 33 2 0
w324 I 11.6 1€3 : 80 3 +
I1 6.5 153 108 3 +
W826 I 1.2 -- 0 2 0
: IT .9 -- 1 2 0
wa23 I 8.1 57 24 3 +
I - 11.7 - 49 100 3 +
w831 I -18.1 93 29 3 +
II 13.3 52 29 3 +
832 I 3.0 87 56 2 0
11 32.6 156 44 2 0
We33 I 17.5 261 4 1 0
‘ IT - 18.5 400 18 1 0
w837 I 27.¢ 62 3 2 0
II 29.0 - 6 2 0
w838 I 6.9 - 0 2 0
I1 8.3 148 21 2 0
w839 I 37.7 117 232 3 +
17 40.0 n3 - 149 3 +
w842 I 21.7 162 69 2 +
IT 26.0 222 ‘ 31 2 +
w343 I - - - 3 +
II - - - 3 +
Wa44 I 2.0 27 16 2 +
‘ IT 3.0 48 27 2 +
W845 I 5.0 89 141 3 0
I1 7.0 113 30 3 -0
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Appendix B-3 {continued):

Percent Mean seeds Number of

polien per six fruits from
‘Clone Rep stain- fruits - ~two plants Flowering Odor
ability T

Ws4e I 7 - 08 3 +
‘ I .8 29 5 3 +
W847 I 4,6 112 - 81 3 0
I 2.4 124 20 3 0
W848 ” I .6 -- S0 3 9
11 .. .- 0 3 - 0
349 1 5.5 166 28 2 0
I 7.0 53 58 3 0
Wes3 I 28.3 220 88 3 +
II 30.9 137 198 3 +
Ws54 I 3.0 - 1 3 0
II 4.2 41 2 3 0
W855 I 0.1 64 1 1 0
I1 0.1 - 1 ] 0

W856 I 19.4 76 89 3

11 14.4 R 50 3
W858 1 d 142 43 3 0
I .3 -« 7 2 0
w860 1 20.0 227 75 3 0
II 24.6 141 50 3 0
W861 ’ I 13.0 266 : 122 3 0
II 5.6 120 4 62 3 0
W862 I 33,5 255 436 3 0
11 29.6 171 193 3 0
W863 I 2.3 147 | 55 3 i
11 4.1 83 44 3 +
W866 I 1.2 36 < 55 3 0
11 1.7 - 15 3 0



Appendix B-3 {continued):

-

Percent Mean seeds Number of
pollen per six fruits from
Clgone Rep stain- fruits two plants Flowering Odor
ability R '
Ws867 I 0.1 55 4 3 0
11 0.1 - 1 3 0
869 I .9 104 11 3 _—
11 .7 - 1 3 +
Wa70 I 1.4 91 57 3 0
11 2.5 117 95 3 0
W871 I 7.1 93 85 3 +
il 9.2 50 53 3 +
1876 I 1.4 38 33 3 0
11 3.9 27 . 8 3 0
w877 I 30.4 283 89 3 +
11 29,2 42 82 3 i
Wa78 1 19.3 152 35 2 0
11 18.9 134 23 2 0
879 1 29.6 348 189 3 0
II. 22.8 308 188 3 0
4880 I - - - 2 0
11 - -— - 2 0
w882 I 16.4 277 158 3 0
I 14.1 41 95 3 0
1883 I 45.1 275 99 2 0
' II 41.4 -- 134 3 0
w885 I 20.3 282 76 3 0
I1 15.4 138 17 3 0
w887 I° 18.1 186 17 3 0
II 19.3 - 166 3 0
W8g2 I 33.0 222 277 3 +
I 31.3 188 273 3 +



Appendix B-3 (continued):

Percent Mean seeds Number of
: pollen per Six fruits from
Clone Rep stain- fruits - - two plants Flowering Odor
A . - aBility 1S . EWO L .
1834 I 2.3 171 3 1 0
: 11 11.1 - ] 1 0
K896 1 .7 53 14 3 0
11 1.2 45 9 3 0
K899 I 1.9 -— 0 2 ]
II 1.6 - 0 r 0
900 I 26.5 118 20 1 0
1§ 25.7 92 54 1 0
W90} 1 20.5 232 12 2 +
11 25.0 182 32 2 +
w902 I 15.8 146 40 2 0
II 18.9 93 19 2 0
W903 I .3 - 0 2 0
11 .2 . 0 2 0
w904 1 2.7 57 10 2 0
11 3.8 48 13 2 0
w905 I 4.7 90 14 3 +
11 6.1 41 14 3 +
W906 I 3.1 68 39 3 0
‘ II 2.9 42 36 3 0
w907 I 22.9 121 39 3
I 22.7 114 38 3 0
W908 I 21.8 134 148 3 0
11 33.4 30 78 3 0
Wa09 I 1.7 81 203 3 0
11 3.5 94 158 3 0
K910 I 1.9 — 0 3 0
11 1.5 -— 0 3 0




Appendix B-3 (continued):

92

Percent Mean seeds - Number of

pollen per six fruits from
Clone Rep stain- Truits - two plants Flowering Cdor

ability o ‘ T
Wal1 I 2.0 54 2 3 0
II 1.5 93 5 3 0
Wal2z I 1.9 - -0 3 0
11 1.7 - 0 3 0
W13 I 13.3 107 7 i L
II 13.8 a0 6 1 0
WS4 I 19.2 - 0 1 0
II 24 .1 - 1 1 0
Wals I 1.5 - 0 2 0
II 1.9 - 0 1 0
WHS-17 1 .8 187 16 3 0
11 .3 _— 0 3 0
W74-85R I 11.7 131 37 2 0
II - - - - -
W76-1 I 18.9 114 89 3 0
’ II 15.0 191 20 3 0
W76-2 I 14.4 135 81 3 0.
' II 11.8 . 139 62 3 0
W76-3 1 18.6 83 64 1 +
1T 21.0 77 60 1 +
W76-4 1 18.5 42 - 44 3 0
II 18.6 66 21 3 0
W76-5 I 28.6 107 236 3 0
‘ II 33.6 98 204 3 0
W76-6 I 13.6 106 51 3 0
; II 12.6 87 7 1 0
W76-7 1 10.7 - 8 1 0
~ 11 11.8 213 n 1 0



‘Percent - Mean seeds  Number of

. polien’ per six fruits from
Clone Rep stain- -fruits. - .....two plants Flowering Odor
e its. .-two. pla ‘

W76-8 I 23.5 163 169 ; 3 0
11 22.4 163 105 3 0

176-9 1 26.8 . 83 124 3 +
11 28.1 181 80 3 +

W76-10 1 0.1 194 9 3
11 0.1 - 3 1 0

W76-11 i 6.5 134 161 3 0
11 7.0 92 : 151 3 0

W76-12 I 3.0 222 N 2 0
I 1.6 162 . 28 2 0

K76-13 I 19.3 229 1 g2 3 o
11 17.4 278 139 3 0

W76-14 I 5.7 245 51 3 0
11 6.8 191 82 3 0

W76-15 1 2.9 234 93 2 +
I1 2.4 80 6 3 +

W76-16 1 1.9 117 129 3 0
I 2.0 -- . 44 3 0

W76-17 I 24,6 137 75 3 0
11 22.0 - 22 3 0

W76-18 I .7 60 4 3 0
I1 .7 139 7 3 0

W76-19 I 4 32 12 3 0
I1 1.0 -- 1 2 0

H76-20 I - 1.7 -- 1 2 0
I 1.7 - 2 2 0

W76-21 I 4 - 1 3 0
.6 48 13 3 0



Appendix B-3 (continued):

Percent Mean seeds  Number of

' pollen per six fruits from '

Clone Rep stain- fruits ~two plants Flowering Odor

“ability 0 0 - ' o .
W76-22 1 < C e : - 3 0
I1. - - ' -- 3 0
W76-23 I 1.7 93 21 3 +
’ II 2.7 58 18 3 +
W756-24 1 .6 - 0 2 . ¢
II 5.2 - K 2 0
W76-25 I 2.3 63 13 3 +
11 3.6 33 2 3 +
W76-26 I 2.4 - 0 1 0
I1 2.5 -- 0 1 0
W76-27 I 21.9 18 .67 3 0
‘ I1 21.6 120 ‘ 30 3 4]
W76-28 I 28.2 186 51 2 0
IIV 31.8 147 56 1 0
W76-29 I 22.9 224 101 3 0
I1 19.5 98 114 3 0
H76-30 I 20.8 72 116 3 0
II 15.2 47 98 3 0
W76-31 I 19.6 171 98 3 0
II 18.9 222 8 3 0
W76-32 1 22.6 300 99 3 +
. 11 25.0 219 80 3 +
W76-33 I 8.0 122 26 3 0
: II 10.0 101 18 3 0
{76-34 I .6 13 62 3 0
II .7 245 1 3 0
W76-35 I 1.6 135 : 16 3 +
II 2.7 84 ‘ 46 3 +
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Appendix B-3 (continued):

Percent Mean seeds Number of

pollen per six fruits from
Clone Rep stain-. fruits . . two plants Flowering Cdor
. abniiey . two plants .

W76-36 1 1.4 169 : 4 3 0
11 1.2 146 8 3 0
W76-37 | I 15.3 107 : ] 2 0
S ¢ 14.9 -— 0 2 0
W76-38 I 8.1 59 1 3 +
11 3.9 60 11 3 +
W76-39 1 13.1 147 88 3 0
' 11 13.9 115 62 3 0
W76-40 1 29.2 209 67 3 0
11 26.0 46 61 3 0
W76-41 I 3.4 123 33 2 0
11 2.4 105 12 0
W76-42 1. 1.4 256 9 3 0
| 11 0.9 - 1 3 0
W76-43 1 -— - - 1 0
11 - -- -- 1 0
W76-44 I 24.4 198 32 3 0
‘ 11 23.8 182 41 3 0
W76-45 I 18.8 196 70 3 +
11 19.6 284 56 3 +
W76-46 I 10.7 226 33 2 0
11 12.3 214 6 2 0

W76-47 I 7.1 168 27 0
11 9.8 178 14 0
W76-48 I 7.0 291 32 2 0
. 11 1.9 268 7 2 0
W76-49 I 17.1 332 | 5 1 0
> 11 19.9 235 5 1 0
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Appendix B-3 (continued):

Percent Mean seeds Numbef of

pollen - per six fruits from

Clone Rep stain- . fruits. .  two plants Flowering Odor

ability = S opneltt ;
W76-50 I 24.4 261 6 2 0
II 25.5 213 . 45 2 0
W76-51 I 1.4 -— 0 3 0
11 2.4 123 2 3 0
W76-52 1 1.2 197 © 9 2 4]
: ' 11 .9 132 27 2 0
W76-53 I 0.1 79 68 2 0
I - 0.1 108 24 2 0
W76-54 1 16.9 191 194 3 +
11 14.4 a9 256 -3 +
" W76-55 I .9 110 9 1 0
II .5 118 20 1 0
W76-56 I 9.3 192 145 3 0
11 9.5 113 35 3 0
W76-57 1 0.1 - 0 1 0
: II 0.1 - 0 ] 0
- W76-58 , 1 0.8 - 0 3 0
11 1.2 .. 99 : 7 -3 0
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