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W  KE/  
 
 sŽůƵŵĞ ϮϮ͕ EŽ͘ϯ                                 KĐƚŽďĞƌ ϭϵϵϭ 
 

 
 ĚŝƚŽƌƐ͗    ŚƌŝƐ ĂŶĚ >ŽŝƐ >ĂŶŝŶŐ 

ϱϱϯ tĞƐƚ &  ǀĞŶƵĞ 
<ĂůĂŵĂǌŽŽ͕ D/͘ 

 

^ƵŐŐĞƐƚĞĚ ǇĞĂƌůǇ ĐŽŶƚƌŝďƵƚŝŽŶ͗  
ΨϮ͘ϱϬ ŝŶ ƚŚĞ h͘^͘ 
Ψϯ͘ϬϬ ŝŶ  ĂŶĂĚĂ 
Ψϰ͘ϬϬ ŝŶ  ƵƌŽƉĞ͕ EĞǁ �ĞĂůĂŶĚ͕ 
   ĂŶĚ  ƵƐƚƌĂůŝĂ͘ 

 
 

^ĞĞĚ  ŝƐƚƌŝďƵƚŝŽŶ͕ ϭϵϵϭ͕  ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ƉĂŐĞ ϭ 
 

 ůů  ůďŝĨůŽƌĂ Ͷ KƵƚ͕ ZŽǇ WĞŚƌƐŽŶ ϭϵϳϮ͕ͼ ͼ ͼ ͼ ͼ ƉĂŐĞ Ϯ 
 

^ŽŵĞ dŚŽƵŐŚƚƐ ŽŶ WŽůůĞŶ DĂŶĂŐĞŵĞŶƚ͕ 
         ŽŶ ,ŽůůŝŶŐƐǁŽƌƚŚ͕ ͼ ͼ ͼ ͼ ͼ ͼ ͼ  ƉĂŐĞ ϰ 
 

EKd/  ͗ ZĞĚƵĐƚŝŽŶ ŝŶ W  KE/  ƚŽ ϯͬǇĞĂƌͼ ͼ ͼ ƉĂŐĞ ϱ 
 

>ĞƚƚĞƌ ĨƌŽŵ :ƵůŝĞ  ůůĂŶ͕ EĞǁ �ĞĂůĂŶĚ͕ ͼ ͼ ͼ ͼ ͼ ͼ ƉĂŐĞ ϲ 
 

ZĞƉůǇ ƚŽ ĂďŽǀĞ ůĞƚƚĞƌ ďǇ  ŚƌŝƐ >ĂŶŝŶŐ͕ͼ ͼ ͼ ͼ ͼ ͼ ƉĂŐĞ ϴ 
 

/ŶďƌĞĞĚŝŶŐ͕  ŚƌŝƐ >ĂŶŝŶŐ͕ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ƉĂŐĞ ϵ 
 

dǁŝŶƐ ĂŶĚ dƌŝƉůĞƚƐ͕ &ƌĞĚ  ŽŽƉĞƌ͕ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ͼ ƉĂŐĞ ϭϬ 
 

 

 
 

^     /^dZ/ hd/KE &KZ ϭϵϵϭ 
 
>ŽďĂƚĂ ƐĞĞĚ Ͳ ŽƉĞŶ ƉŽůůŝŶĂƚĞĚ Ͳ ĨƌŽŵ :ŽŚŶ  ŽƚĞ ŽĨ  ƌŽŽŬůǇŶ͕  d͘ 
 
W͘ ůƵĚůŽǁŝŝ ƐƉĞĐŝĞƐ ƐĞĞĚ ĨƌŽŵ DƌƐ͘ :ƵůŝĂ  ͘  ůůĂŶ ŽĨ EĞǁ �ĞĂůĂŶĚ 
 
ůĂĐƚŝĨůŽƌĂ 
 
ůĂĐƚŝĨůŽƌĂ ǆ ŵĂĐƌŽƉŚǇůůĂ &ϯ 
 
ZŽǇΖƐ  ĞƐƚ zĞůůŽǁ &Ϯ Ͳ ĨůŽǁĞƌƐ ĂƌĞ ŽĨ ĐƌĞĂŵ ĐŽůŽƌ 
 
ηϭϮϮ ƚĞƚ ŵŝǆ 
 
ƚĂůů ƌĞĚ Ͳ ĨƌŽŵ  ĂĚ &Ϯ  ŵĞƌŝĐĂ &Ϯ ĂŶĚ  ƵƌŵĂ DŝĚŶŝŐŚƚ &Ϯ͘ 
 
ηϭϭϯ ĂŶĚ ϭϭϰ Ͳ ^ĂďůĞ ǆ ^ƵƉĞƌ Η Η &Ϯ ƐĞĞĚůŝŶŐƐ 
 
YƵĂĚ & ǆ DŽŽŶƌŝƐĞ &ϯ 
 
 ŶĚ Ă ĨĞǁ ƚƌĞĞ ƉĞŽŶǇ ƐĞĞĚ ;ƐƵĨĨƌƵƚŝĐŽƐĂͿ 
 
 
    WůĞĂƐĞ ƐĞŶĚ ΨϮ͘ϬϬ ƚŽ ĐŽǀĞƌ ƉĂĐŬĂŐŝŶŐ ĂŶĚ ŵĂŝůŝŶŐ ĐŽƐƚƐ͘ 
 

Ͳ  ŚƌŝƐ 
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"ALL ALBIFLORA — OUT" 

 
This is taken from A. P. Saunders’ "Big Notebook". There are many similar entries. He is, 
of course, referring to the fact that very frequently in using lactiflora (albiflora) (sinensis) 
as a seed parent in crosses, many or all of the seedlings obtained proved to be not hybrids 
at all, but pure lactifloras. 
 
In the same notebook he attributes such happenings to "accidental self pollination." In 
another of his writings he explains this more fully. The following quotation is taken from 
an article "Some New Hybrid Peonies" written for Bulletin No. 27 of June, 1926, and 
reprinted in. Bulletin No. 133, June, 1954. 
 

"Thus, I am pretty well satisfied that I have never had any successes in crossing the 
various forms of shrubby peonies with any of the herbaceous species. It might seem 
an easy matter to be quite sure about the success or failure of a given cross, but it is 
not so easy as it looks. Of course if a cross is made and no seed is obtained it is plain 
enough that the cross has failed. But if the seed pod enlarges and in the autumn yields 
seed, it is by no means certain that the cross has been a success. For one must 
remember that the anthers of the peony often burst before the bloom has opened and 
consequently there is always a danger that a bloom may have fertilized itself, even 
though the petals and all the stamens may have been removed while the flower was 
still in bud." 

 
It must be borne in mind that the passage quoted above was written early in Mr. 
Saunders’ hybridizing career; at a time when he was blooming only his first generation of 
hybrid plants. It would be very interesting to know whether he may later have begun to 
have doubts about these accidental self pollinations having come about in just the way he 
explains them here. I began to be very puzzled about this several years ago. 
 
Over the years my own experience has closely paralleled that of Mr. Saunders. I have 
bloomed out several thousands of pure lactifloras from supposed crosses and, except for 
the lacti x lobata cross, have found only a few hybrids. I guess I must admit though that 
carelessness may have played a bigger part in my poor results, even though Saunders 
often used single lactis as seed parents whereas I never did so. There should have been 
less chance of self pollination with the japs, anemones and bomb type doubles which I 
have used exclusively. 
 
It was only when I started to try to make the lacti x "lutea hybrid" cross that I corrected 
my previous careless practices, trying by every means I knew to make only 
uncontaminated crosses. 
 
I continued to use japs, anemones, etc, as seed parents. I chose buds at least one, and 
often two days away from opening. These were stripped very completely, pollinated and 
bagged immediately. I feel confident that many of the pollens I used could not have been 
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previously contaminated by lactiflora pollen. My "fingertip" technique is such as to rule 
out any possibility of contamination at this stage. 
In spite of all this I still continued to get seedlings which were pure lactifloras. As the 
genuine hybrids are very distinctive in appearance there could be no doubts on this matter. 
Yet there they were! It simply could not happen but still it did! I was completely baffled 
by now, really desperate for an explanation. I even grasped at the thought that 
parthenogenesis was involved. This could not be true either since these plants were not 
uniform in appearance, nor did they resemble the seed parent very much. 
 
This frustrating dilemma continued until this summer when an observation in my garden 
startled me into the realization that I had an explanation which satisfied me. 
I had pulled off all the terminal blooms on a clump of 'Vista' which had opened too far to 
be safely pollinated. When I returned to this plant the lateral blooms too had opened a 
little too far to be sure that insect pollination had not occurred, so I decided to use lobata 
pollen on them. This pollen is so effective that I could be sure that most of the seeds 
would be hybrid anyway. Then I noticed something unusual. About ten of these blooms 
had tiny yellow nodules or specks of what I assumed to be pollen, located at intervals 
within the "crease" formed by the incomplete fusing of the two edges of tissue on which 
the stigmatic surface is developed. If these are really tiny lumps of pollen they are ideally 
placed to effect the self-pollination of that particular carpel on which they are seen. 
 
Beginning hybridizers, and especially those who use a brush to pollinate their blooms, 
may never have noticed the existence of these incompletely sealed edges at the active 
surface of the stigma. I notice it occasionally when applying pollen with the fingertip. 
Sometimes in rubbing the fingertip crosswise over the stigma the two surfaces will be 
seen to separate. I have seen this only on those varieties which have a narrow, attenuated 
stigma with a very narrow active surface. 'Vista' is one of these. I think it is much less 
prevalent in those more "normal" kinds which have a much broader "easy to pollinate" 
stigma. 
 
Because the fossil record of soft plant parts is very poor, botanists have not been able to 
trace the evolutionary steps involved in the development of flowering plants from simpler 
precursors. It seems clear however that each separate part of a flower has evolved by the 
modification of a single leaf. This has been accompanied by a shortening of internode 
spacing almost to nothing. Because the flower parts in the peony are far less elaborately 
specialized than in many other plants, the peony can be considered a flowering plant of a 
"primitive" sort. It is comparatively easy to imagine that the carpel and its attached 
stigma may have evolved from a single leaf of some remote ancestor. Let's do so, briefly. 
Let's say that a single leaf folds inward along its mid rib and that the edges fuse to 
enclose the ovules which somehow develop from cells on the enclosed leaf surface. 
Ripened seeds are released when these fused edges become "unstuck" later. The very tip 
of this leaf extends beyond the part which becomes the seed box. Its two edges normally 
fuse also and the stigmatic tissues develop along the line of these fused edges. Only a 
slight abnormality in development would be required to provide the incompletely fused 
edges I've described, and between which I believe I saw those small inclusions of pollen. 
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It is suggested that this idea is not a fantastic one when one considers the other sex 
reversals and abnormalities which have been seen. In doubling of any degree, stamens 
and even carpels become petals — a more leaf like form. Stebbins and Saunders 
(Genetics", Vol. 23, 1938) describe the occurrence of small outgrowths of stigmatic 
tissues on small atrophied stamens in a hybrid of lacti x Vietchii. Saunders obtained even 
more startling reversals (multicarpy) in many seedlings between lacti and several 
members of the "anomala" group of species. In these, the many stamens are changed to a 
mass of very small non-functioning carpels complete with stigmas. 'White Innocence' is 
a perfect example of these. In corn I often see seeds formed in the tassel (the staminate 
bloom) of the plant. 
 
I believe all the above is sufficient to establish that my conclusion could be correct. It 
should be tested microscopically by someone with the facilities and the opportunity to do 
so. 
 
It's not a terribly important matter. Even if it proves to be correct there's still no way to 
guard against the unwanted seeds. We will still get self-pollinated lactifloras to discard 
but we will understand why it happens. 
 

- Roy 
 
 

^KD  d,Kh',d^ KE WK>> E D E ' D Ed 
 

 ŽŶ ,ŽůůŝŶŐƐǁŽƌƚŚ͕ ϱϴϯϭ E͘  ŽůƌĂŝŶ  ǀĞ͘ 
<ĂŶƐĂƐ  ŝƚǇ͕ DŝƐƐŽƵƌŝ͕ ϲϰϭϱϭ 

 
;ZĞƉƌŝŶƚ ĨƌŽŵ W  KE/  sŽů͘ ϯ EŽ͘ ϯͿ 

 
After two seasons of preparing peony pollen and making hybrid crosses, I am 

increasingly concerned that instead of preserving the pollen's potential I may be reducing 
its effectiveness. 

 
As I look back over my results, it appears that not more than a few good seeds have 

been produced from hybrid pollens of anthers collected from newly opened blossoms. 
Conversely, my apparent successes may be generally associated with pollens taken from 
fully opened flowers, most of which had been cut and held for display. 

 
Several Saunders lobata hybrids and a few lutea hybrids have been available locally. I 

have ordinarily gathered anthers rather than ask for a whole blossom from the gardens of 
others. When taken as the bloom opens there is little possibility of contamination by other 
pollens. When dried, the anthers give a nice quantity of pollen even from low yielding 
kinds. This process seemed good enough and the low seed production could easily be laid 
to the mixed up chromosomes of the hybrids. 
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However, at the 1969 Kansas City Peony Display, I acquired a bloom of 'Cytherea' 
and one of a double lutea hybrid. The lutea was local and I also had its pollen from an 
earlier collection. At seed harvest, 'Cytherea' pollen proved to have been about as 
effective as that of lactiflora varieties. The second take of lutea pollen gave 19 seeds from 
three carpels of eight flower heads while that from the first collection gave none. These 
results provided a dramatic contrast. 

 
In 1970 my local collections of pollen performed about the same as before while 

limited experience with pollen from more slowly developed blossoms was again good. 
 
In THE PEONIES (p. 120) we are advised, “one way to secure 'pure' pollen is to cut 

the bloom just before it is due to open and place it in water in a cool place, preferably in 
the house. Here its opening will be delayed, and as a result the anthers will have more 
time to come to full maturity or ripeness, and no pollen is lost.” 

 
No mention is made whether this conclusion is drawn from specific experimental 

results or is perhaps offered more by way of lore from an experienced breeder. While I 
had supposed this recommendation directed primarily to the task of securing 
uncontaminated pollen, I am now ready to accept a much more inclusive meaning. I 
believe there is enough possibility that slow maturity is a critical need in achieving viable 
hybrid pollen that I will follow the above passage until some specific comparisons can be 
made to test the proposition. 

 
In the search for techniques by which we may better manage hybrid crosses, I think it 

worthwhile to thoughtfully search our experiences for clues, then test the clues. Although 
the above statement of experience comes through in the writing as a simple contrast of 
results, the whole array of experiences was much more complex and not at all clear. 
When this is tested more carefully we may well find that it does have a practical value 
with varieties having a greater degree of hybridity or other factors which reduce viability. 
Yet on kinds that have an abundance of good pollen there may be no practical benefit for 
the extra trouble. 

 
If any of those who read this have comments after comparing the idea with their own 

observations or what has been heard from others, I would appreciate hearing the reactions. 
 
 
 
EKd/  ͗ 
dŚĞ ĐŽƐƚ ŽĨ ƐĞŶĚŝŶŐ ŽƵƚ ŽƵƌ ŶĞǁƐůĞƚƚĞƌ͕ W  KE/ ͕ ŚĂƐ  ŝŶĐƌĞĂƐĞĚ Ăƚ Ă ƐƚĞĂĚǇ ƉĂĐĞ ŽǀĞƌ 
ƚŚĞ ƉĂƐƚ ƚǁĞŶƚǇ ǇĞĂƌƐ͘ KŶůǇ ŽŶĞ ƐƵďƐĐƌŝƉƚŝŽŶ ƌĂƚĞ ŝŶĐƌĞĂƐĞ ŚĂƐ ďĞĞŶ ĞĨĨĞĐƚĞĚ ŽǀĞƌ ƚŚĂƚ 
ƉĞƌŝŽĚ ŽĨ ƚŝŵĞ͘ tŚŝůĞ ŽĨ ůĂƚĞ Ă ŶƵŵďĞƌ ŽĨ ŽƵƌ ƌĞĂĚĞƌƐ ŚĂǀĞ ďĞĞŶ ĐŽŶƚƌŝďƵƚŝŶŐ ŵŽƌĞ ƚŚĂŶ 
ŚĂƐ ďĞĞŶ ĂƐŬĞĚ  ĨŽƌ͕ ŶŽǁ  ŝƐ  ƚŚĞ  ƚŝŵĞ  ƚŽ  ƌϰĞƐŽůǀĞ ŽƵƌ ƉƌŽďůĞŵ͘ dŽ ĂŐĂŝŶ  ƌĂŝƐĞ  ƚŚĞ  ƌĂƚĞ 
ƐĞĞŵƐ ƚŽ ďĞ ŶŽƚ ǁŝƐĞ͕ ĂŶ ĂůƚĞƌŶĂƚŝǀĞ ŝƐ ŶĞĞĚĞĚ͘ dŚĞ  ĞĐĞŵďĞƌ ŝƐƐƵĞ ǁŝůů ďĞ ĚŝƐĐŽŶƚŝŶƵĞĚ͘ 
dŚŝƐ ŵĞĂŶƐ ƐƉƌŝŶŐ͕ ƐƵŵŵĞƌ͕ ĂŶĚ ĨĂůů ŝƐƐƵĞƐ ǁŝůů ĐŽŶƚŝŶƵĞ ďƵƚ EK  ĞĐĞŵďĞƌ ŝƐƐƵĞ ǁŝůů ďĞ 
ƉƌŽĚƵĐĞĚ͘ 

Ͳ  ŚƌŝƐ 
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DĂƌƐĂů WĂĞŽŶŝĞƐ 
KůĚ ^ŽƵƚŚ ZŽĂĚ 
Z͘ ͘  ƵŶƐĂŶĚĞů 
 ŚƌŝƐƚĐŚƵƌĐŚ͕ EĞǁ �ĞĂůĂŶĚ 

 ĞĂƌ Dƌ͘ >ĂŶŝŶŐ͕ 
 
'ƌĞĞƚŝŶŐƐ ĨƌŽŵ ƚŚĞ E͘�͘ WĂĞŽŶǇ ŐƌŽƵƉ͘ KŶĞ ŽĨ ŽƵƌ ŵĞŵďĞƌƐ͕ ŽƵƌ ƐĞĐƌĞƚĂƌǇ ŝŶ ĨĂĐƚ͕ <ĂƚŚǇ 
,ĞŶĚĞƌƐŽŶ͕ ǁĂƐ Ăƚ ǇŽƵƌ  ŵĞƌŝĐĂŶ WĂĞŽŶǇ ^ŽĐŝĞƚǇ ŵĞĞƚŝŶŐ ĂŶĚ ƐĂŝĚ  ƚŚĂƚ ƐŚĞ ƐƉŽŬĞ  ƚŽ 
ǇŽƵ ĂďŽƵƚ ƐĞĞĚ ƐǁĂƉƉŝŶŐ͕ ĞƚĐ͘ tĞ ŚĂĚ ŽƵƌ ďŝĞŶŶŝĂů ŵĞĞƚŝŶŐ Ăƚ  ƚŚĞ ĞŶĚ ŽĨ  ůĂƐƚ ŵŽŶƚŚ 
ǁŚĞƌĞ  ŝƚ ǁĂƐ ŵŽǀĞĚ  ƚŚĂƚ  ƚŚĞ ƐƉĞĐŝĞƐ ĐŽŶǀĞŶĞƌ ŚĂǀĞ ŚŝƐͬŚĞƌ ĚƵƚŝĞƐ ĞǆƚĞŶĚĞĚ  ƚŽ ĐŽǀĞƌ 
ŚĞƌďĂĐĞŽƵƐ ĂŶĚ  ƚƌĞĞ ƉĂĞŽŶǇ  ƐĞĞĚ  ĐŽůůĞĐƚŝŽŶ͕ ƉĂĐŬĂŐŝŶŐ͕ ĂŶĚ ƉŽƐƚŝŶŐ  ƚŽ  ƚŚĞ  ŵĞƌŝĐĂŶ 
WĞŽŶǇ ^ŽĐŝĞƚǇ͘ WŽƐƚĂŐĞ ĨƌŽŵ ŚĞƌĞ ǁŽƵůĚ ďĞ ŝŶ ďƵůŬ ƚŽ ǇŽƵƌ ƐĞĞĚ ĚŝƐƚƌŝďƵƚŽƌ͕ ƉƌĞƐƵŵĂďůǇ 
ƚŽ ǇŽƵƌƐĞůĨ͕ Ăƚ ƚŚŝƐ ŐŝǀĞŶ ƚŝŵĞ͘ dŚĞ ŽŶůǇ ƉƌŽďůĞŵ ďĞŝŶŐ ƚŚĂƚ ǁĞ ŚĂǀĞ Ă ƐŵĂůůĞƌ ŶƵŵďĞƌ ŽĨ 
ƉĞŽƉůĞ ĂĐƚŝǀĞ ŝŶ ƚŚŝƐ ĨŝĞůĚ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ƚŚĞ h͘^͘ ͘ ďƵƚ ǁĞ ǁŝůů ĞŶĚĞĂǀŽƵƌ ƚŽ ŶĂŵĞ ĂŶĚ 
ƚĂŐ ĂƐ ǁĞůů ĂƐ ǁĞ ĐĂŶ ǁŝƚŚ ŽƵƌ ůŝŵŝƚĞĚ ƌĞƐŽƵƌĐĞƐ͘ tŚŽ ŬŶŽǁƐ ǁŚĂƚ ŝŶƚĞƌĞƐƚŝŶŐ ǀĂƌŝĂŶƚƐ 
ŵĂǇ  ŽĐĐƵƌ͍   Ɛ  ƚŚĞ  ƉĞƌƐŽŶ  ŶŽŵŝŶĂƚĞĚ  ƚŽ  ďĞ  ƐĞĞĚ  ĚŝƐƚƌŝďƵƚŽƌ  Ăƚ  ƚŚŝƐ  ĞŶĚ͕  /  ǁŽŶĚĞƌ 
ǁŚĞƚŚĞƌ ǁĞ ĐĂŶ ǁŽƌŬ ŽƵƚ ƉŽƐƚĂŐĞ ĐŽƐƚƐ  ƚŽ  ƚŚĞ ƐĂƚŝƐĨĂĐƚŝŽŶ ŽĨ ďŽƚŚ ŐƌŽƵƉƐ͘ KƵƌ ŐƌŽƵƉ 
ƐĞĞŵĞĚ ŚĂƉƉǇ ƚŽ ƉĂǇ ƉŽƐƚĂŐĞ ĨƌŽŵ ŚĞƌĞ ƚŽ ǇŽƵ ĂŶĚ ƚŚĞ ƌĞĚŝƐƚƌŝďƵƚŝŽŶ ƉŽƐƚĂŐĞ ĐŽƐƚƐ ƚŽ 
ŽƵƌ E͘�͘ ŵĞŵďĞƌƐ͘  ƚ ƚŚŝƐ ĞŶĚ͕ ŚŽǁĞǀĞƌ͕ ǁĞ ŚĂǀĞ ĂƐŬĞĚ ŽƵƌ ŵĞŵďĞƌƐ ƚŽ ƐĞŶĚ ŝŶ ƚŽ ŵĞ 
ƚŚĞŝƌ ŶĂŵĞƐ  ŝĨ  ƚŚĞǇ ĂƌĞ  ŝŶƚĞƌĞƐƚĞĚ  ŝŶ ŐƌŽǁŝŶŐ͕ ďƌĞĞĚŝŶŐ͕ ĞƚĐ͘ ŽĨ  ƐƉĞĐŝĞƐ͕ ŚĞƌďĂĐĞŽƵƐ  ǆ 
dƌĞĞ WĂĞŽŶǇ͕ ŝŶ ŽƌĚĞƌ ƚŚĂƚ ƚŚĞ ƐĞĞĚ ŐŽĞƐ ŽŶůǇ ƚŽ ƉĞŽƉůĞ ŐĞŶƵŝŶĞůǇ ŝŶƚĞƌĞƐƚĞĚ ŝŶ ďƌĞĞĚŝŶŐ 
ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ŐƌŽǁŝŶŐ͘ ,ŽƉĞĨƵůůǇ͕ ƚŚĂƚ ǁŽƵůĚ ƉƌĞǀĞŶƚ ĚŝƐŝŶƚĞƌĞƐƚĞĚ ƉĞŽƉůĞ ƌĞĐĞŝǀŝŶŐ 
ŚĂƌĚ  ƚŽ ĐŽŵĞ ďǇ  ƐĞĞĚ ĂŶĚ  ůĞĂǀŝŶŐ  ŝƚ ƵŶĐĂƌĞĚ  ĨŽƌ͘  ŶǇ ƐƵŐŐĞƐƚŝŽŶƐ  ĨƌŽŵ ǇŽƵ ĂŶĚ ǇŽƵƌ 
ŵĞƚŚŽĚƐ ŽĨ ĚŝƐƚƌŝďƵƚŝŽŶ ǁŽƵůĚ ďĞ ǁĞůĐŽŵĞĚ͘ 
 
hŶƚŝů  ƌĞĐĞŶƚůǇ  /  ǁĂƐ  ƵŶĂǁĂƌĞ  ƚŚĂƚ  ǇŽƵ  ŚĂĚ  Ă  ƐĞƉĂƌĂƚĞ  WĂĞŽŶŝĂ  ŶĞǁƐůĞƚƚĞƌ  ĂŶĚ  ŚĂǀĞ 
ĞŶĐůŽƐĞĚ Ă ƐƵŵ ŽĨ ŵŽŶĞǇ ǁŚĞƌĞďǇ ƉĞƌŚĂƉƐ / ĐŽƵůĚ ďĞĐŽŵĞ Ă ŵĞŵďĞƌ͘  ŶĐůŽƐĞĚ ŝƐ ƐŽŵĞ 
Η>ƵĚůŽǁŝŝΗ ĂŶĚ DůŽŬŽ ƐĞĞĚ ǁŚŝĐŚ ŝƐ ŽŶůǇ Ă ƐŵĂůů ĂŵŽƵŶƚ ĚƵĞ ƚŽ Ă ƉŽŽƌ ŚĂƌǀĞƐƚ / ŚĂĚ ƚŚŝƐ 
ǇĞĂƌ͘ ,ĂǀŝŶŐ  ũƵƐƚ ŵŽǀĞĚ ŵǇ ĨŝĞůĚ ƚŽ Ă ŶĞǁ ďůŽĐŬ ŽǀĞƌ ƚŚĞ  ůĂƐƚ ϭϴ ŵŽŶƚŚƐ ĂŶĚ ƚƌǇŝŶŐ ƚŽ 
ŐĞƚ ŝƚ ĞƐƚĂďůŝƐŚĞĚ͕ / ŚĂǀĞ ŚĂĚ ůŝƚƚůĞ ƚŝŵĞ ĨŽƌ ĂŶǇƚŚŝŶŐ ďƵƚ ŽƉĞŶ ƉŽůůŝŶĂƚĞĚ ƐĞĞĚ ĐŽůůĞĐƚŝŽŶ͘ 
tĞ ŚĂǀĞ ĂŶ ĂĐƌĞ ŝŶ ƉĂĞŽŶŝĞƐ ĨŽƌ ƌŽŽƚ ƉƌŽĚƵĐƚŝŽŶ ĂŶĚ ŚĂǀĞ ŶŽǁ ŽǀĞƌ ϴϬ ǀĂƌŝĞƚŝĞƐ ĞŝƚŚĞƌ 
ŝŵƉŽƌƚĞĚ  ĨƌŽŵ  <ůĞŚŵƐ  Žƌ  ĚŝǀŝƐŝŽŶƐ  ĨƌŽŵ  ,ĂŵŝůƚŽŶƐ  ŽĨ  >ĂŬĞ  ,ĂǇĞƐ  Žƌ   ƌĂŝŐŵŽƌĞ 
; ůǁŽƌƚŚǇ͛ƐͿ ǁŚŝĐŚ ĂƌĞ ĨƌŽŵ ĞǆͲ<ůĞŚŵ ƐƚŽĐŬ͘ dŚĞ ƉĂĞŽŶǇ ŵŽǀĞŵĞŶƚ ŝƐ ŽŶ Ă ŚŝŐŚ ƉůĂŶĞ Ăƚ 
ƚŚĞ ŵŽŵĞŶƚ ŚĞƌĞ͕ ĞƐƉĞĐŝĂůůǇ ǁŝƚŚ ƚŚĞ ĂĚǀĞŶƚ ŽĨ ƚŚĞ ĐŽƚƚĂŐĞ ĂŶĚ ƉĞƌĞŶŶŝĂů ΗĨĂƐŚŝŽŶΗ ŽĨ 
ŐĂƌĚĞŶŝŶŐ ŽǀĞƌ ƚŚĞƐĞ  ůĂƐƚ ϱ ǇĞĂƌƐ͘  ĞƐƉŝƚĞ ƚŚĞ ƉŽŽƌ ĞĐŽŶŽŵŝĐ ƚŝŵĞƐ ƉĞŽƉůĞ ĂƌĞ ƐƚĂǇŝŶŐ 
ŚŽŵĞ  ĂŶĚ  ĨŝŶĚŝŶŐ  ƚŚĂƚ  ŐĂƌĚĞŶŝŶŐ  ŝƐ  Ă  ǀĞƌǇ  ƌĞǁĂƌĚŝŶŐ ŽĐĐƵƉĂƚŝŽŶ͘  Ɛ  ĨĂƌŵĞƌƐ͕ ĚƵĞ  ƚŽ 
ƌĞƚŝƌĞ  ĨƌŽŵ ƚŚĂƚ ƚŽ ŽƵƌ ƉĂĞŽŶǇ ƉĂƚĐŚ͕ ǁĞ ŶĞĞĚ ƚŽ ŬĞĞƉ ǁŽƌŬŝŶŐ ĂƐ ǁĞ ŚĂǀĞ ŚĂĚ ƐŽŵĞ 
ƚĞƌƌŝďůĞ  ĚƌŽƵŐŚƚƐ  ǁŚŝĐŚ͕  ĐŽŵďŝŶĞĚ  ǁŝƚŚ  ůŽǁ  ĞǆƉŽƌƚƐ  ŶĂƚŝŽŶĂůůǇ  ĂŶĚ  ƚŚĞ  ĚĞƉƌĞƐƐĞĚ 
ĞĐŽŶŽŵŝĐ ƐŝƚƵĂƚŝŽŶ͕ ŚĂǀĞ ƌĞĂůůǇ ƉƵƚ ƵƐ ŽŶ ŽƵƌ ΗŚĞĞůƐΗ͘ dŚĞƌĞĨŽƌĞ͕ ƚŚĂŶŬ ŐŽŽĚŶĞƐƐ ĨŽƌ ƚŚĞ 
ƉĂĞŽŶǇ ǁŚŝĐŚ ƌĞĂůůǇ ŚĂƐ ďĞĞŶ ŽƵƌ ƐĂǀŝŽƵƌ͘ 
 
/ ŚĂǀĞ Ă ƐŵĂůů ƉĂĐŬĞƚ ŽĨ DůŽŬŽ ƐĞĞĚ  ĨƌŽŵ Ă  ĨƌŝĞŶĚΖƐ͕ ŽŶĞ ŽĨ ŐŽŽĚ  ĨŽƌŵ͕ ĂŶĚ ĐĂŶ ƐƉĂƌĞ 
ǇŽƵ  ƚŚŝƐ  ůĞĨƚͲŽǀĞƌ  ƉĂĐŬĞƚ͘  DǇ  ƐƉĞĐŝĞƐ  ƐĞĐƚŝŽŶ  ŝƐ  ƐůŽǁůǇ  ĞǆƚĞŶĚŝŶŐ  Ͳ  DůŽŬŽ͘  ƌŽƐĞĂ͍  Ă 
ŶĂƚƵƌĂů ƐƉĞĐŝĞƐ ĚĞǀŝĂŶƚ Žƌ ŐĂƌĚĞŶ ǆ ŚĂƐ ďĞĞŶ ŵǇ ůĂƚĞƐƚ ĂĐƋƵŝƐŝƚŝŽŶ Ͳ ǁŚĞƚŚĞƌ Ă ƐƉĞĐŝĞƐ ǆ 
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ĨƌŽŵ ƚŚĞ ǁŝůĚ Žƌ ĨƌŽŵ Ă ŐĂƌĚĞŶ ƐŽƵƌĐĞ ŝƐ ĚĞďĂƚĂďůĞ ďƵƚ ƚŚĞ ŽƌŝŐŝŶĂů ŚŝƐƚŽƌǇ ŽĨ ƚŚŝƐ ƉůĂŶƚ 
ŝƐ ƚŚĂƚ ϮϱͲϯϬ ǇĞĂƌƐ ĂŐŽ ŝƚ ǁĂƐ ĨƌŽŵ ZŽǇĂů ,Žƌƚ͘ ^ŽĐ͘ ƐĞĞĚ ĨƌŽŵ h͘<͘ 
 
&ĂƐŚŝŽŶƐ ĐŚĂŶŐĞ͕ ďƵƚ ƚŚĞƌĞ ƐĞĞŵƐ ƚŽ ďĞ Ă ŵŽǀĞŵĞŶƚ ƚŽǁĂƌĚ ǇĞůůŽǁƐ ŝŶ ƐŽŵĞ ƐĞĐƚŽƌƐ Ͳ 
ƉŽƉƵůĂƌŝƚǇ ŽĨ  ƚŚĞ  ƐŝĂƚŝĐ  ůŝůǇ ƉĞƌŚĂƉƐ͍  ƌĞ  ƚŚĞƌĞ ĂŶǇ  ƐĞĞĚ  ƐŽƵƌĐĞƐ ǁŚŝĐŚ  ĂƌĞ  ůŝŬĞůǇ  ƚŽ 
ƚŚƌŽǁ ǇĞůůŽǁ ĚŽƵďůĞƐ͍ / ŚĂǀĞ ΖWƌĂŝƌŝĞ DŽŽŶΖ ĂŶĚ Ă ĨĞǁ ŽƚŚĞƌ ĐƌĞĂŵǇ ǁŚŝƚĞ ƐŝŶŐůĞƐ͕ ďƵƚ 
ǁŚĂƚ ĂďŽƵƚ ĚŽƵďůĞƐ͘  / ƵŶĚĞƌƐƚĂŶĚ ƚŚĂƚ ƚŚĞƌĞ ŚĂƐ ďĞĞŶ ƐŽŵĞ ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ ďƵƚ ŚŽǁ 
ƐƵĐĐĞƐƐĨƵů ǁĞƌĞ ƚŚĞ h͘^͘ ͘ ůŝŶĞƐ͍ 
 
tĞůů͕  / ŵƵƐƚ  ĂǁĂǇ ŶŽǁ  ĂŶĚ  ŚŽƉĞ  ƚŚĞ  ĨƌŽƐƚ  ŚĂƐŶΖƚ  ďĞĞŶ  ƚŽŽ ŚĂƌĚ  ĂŶĚ  ĨƌŽǌĞŶ  ƚŚĞ  ŚŽƚ 
ǁĂƚĞƌ͘ KƵƌ  ĨƌŽƐƚƐ  ŚĂǀĞ  ďĞĞŶ ŵŽƌĞ  ƐĞǀĞƌĞ  ƚŚŝƐ ǁŝŶƚĞƌ  ĂĨƚĞƌ  Ă  ϮϬ  ǇĞĂƌ ŵŝůĚ  ƉĞƌŝŽĚ  ŽĨ 
ǁŝŶƚĞƌƐ͘ ,ŽǁĞǀĞƌ ĨƌŽƐƚƐ ĂƌĞ ĞǆĐĞůůĞŶƚ ĨŽƌ ƚŚĞ WĂĞŽŶŝĂ͍͊ >ŽŽŬŝŶŐ ĨŽƌǁĂƌĚ ƚŽ ŚĞĂƌŝŶŐ ĨƌŽŵ 
ǇŽƵ͘ 
 

zŽƵƌƐ ƐŝŶĐĞƌĞůǇ͕ 
 
 
:ƵůŝĞ  ůůĂŶ 
E͘�͘ 'ƌŽƵƉ WƌĞƐŝĚĞŶƚ ĂŶĚ ^ĞĞĚ WĞƌƐŽŶ 
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 ,Z/^ > E/E' 
 ĚŝƚŽƌ͕   W  KE/  
 
ϱϱϯ  tĞƐƚ   &    ǀĞŶƵĞ 
<ĂůĂŵĂǌŽŽ͕ DŝĐŚŝŐĂŶ   ϰϵϬϬϳ 
 
^ĞƉƚĞŵďĞƌ ϭϮ͕   ϭϵϵϭ 
 
:ƵůŝĞ  ůůĂŶ 
EĞǁ �ĞĂůĂŶĚ 'ƌŽƵƉ WƌĞƐŝĚĞŶƚ 
KůĚ ^ŽƵƚŚ ZŽĂĚ 
Z͘ ͘  ƵƌŶƐĂŶĚĞů 
EĞǁ �ĞĂůĂŶĚ 
 
 ĞĂƌ :ƵůŝĞ  ůůĂŶ͗ 
 

dŚĞ  ƐĞĞĚƐ  ǇŽƵ  ƐĞŶƚ  ĂƌƌŝǀĞĚ  ƚǁŽ ĚĂǇƐ  ĂŐŽ  Ͳ  ^ĞƉƚĞŵďĞƌ  ϭϬ  Ͳ  ĂŶĚ  / ŶŽƚŝĐĞĚ  ǇŽƵƌ  ůĞƚƚĞƌ 
ĚĂƚŝŶŐ :ƵůǇ Ϯϳ ĐĂŵĞ ŽŶĞ ĚĂǇ ĞĂƌůŝĞƌ͘ ^ƵƌĨĂĐĞ ŵĂŝů ƚĂŬŝŶŐ ŵŽƌĞ ƚŚĂŶ ϭ ϭͬϮ ŵŽŶƚŚƐ ŝƐ ƚŽŽ 
ƐůŽǁ  ĨŽƌ  ƐĞŶĚŝŶŐ  ƉĞŽŶǇ  ƐĞĞĚ͊  ŝƌ ŵĂŝů  ŝƐ  ĞǆƉĞŶƐŝǀĞ͕  ΨϮϯ͘ϬϬ  ĨŽƌ  ƚŚĞ  ƉĂĐŬĂŐĞ͕  ďƵƚ  ƚŚĞ 
ƐĞĞĚƐ ĂƌĞ ĂůŝǀĞ ĂŶĚ ŶĞĞĚ ƚŽ ďĞ ŚĂŶĚůĞĚ ĂĐĐŽƌĚŝŶŐůǇ͘ >Ğƚ ŵĞ ŬŶŽǁ ŝĨ ǇŽƵ ƚŚŝŶŬ Ăŝƌ ŵĂŝů ŝƐ 
ƚŽŽ ĐŽƐƚůǇ ĂŶĚ ŝĨ ƐŽ͕ ƚŚĞ ŶĞǆƚ ƐŚŝƉŵĞŶƚ ǁŝůů ďĞ ƐƵƌĨĂĐĞ ŵĂŝů͘ 
 

/ƚ  ǁŽƵůĚ  ďĞ  ŽĨ  ŝŶƚĞƌĞƐƚ  ƚŽ  ƵƐ  ŝŶ  ƚŚĞ  h͘^͘ ͘  ƚŽ  ŬŶŽǁ  ŚŽǁ  ǁĞůů  ƚŚĞ  ƚĞƚƌĂƉůŽŝĚ  ƐĞĞĚƐ 
ĐŽŵƉĂƌĞ ǁŝƚŚ ƚŚĞ  ůĂĐƚŝĨůŽƌĂ Ͳ ŽƵƌ ŽůĚ ƐƚĂŶĚďǇ͘ hƐƵĂůůǇ ƚŚĞ ƚĞƚƌĂƉůŽŝĚ ƐĞĞĚůŝŶŐƐ ƉƌŽĚƵĐĞ 
ĨůŽǁĞƌƐ ƚŚĂƚ ĂƌĞ ƐŝŶŐůĞ ďƵƚ ĂďŽƵƚ ϯй ǁŝůů ďĞ ƐĞŵŝͲĚŽƵďůĞ Žƌ ĚŽƵďůĞ͘ EŽƚ ŵŽƌĞ ƚŚĂŶ ŽŶĞ 
ŝŶ Ă ƚŚŽƵƐĂŶĚ ŽĨ ƚŚĞŵ ƉƌŽĚƵĐĞƐ ǇĞůůŽǁ ĨůŽǁĞƌƐ͘ zŽƵ ƉƌŽďĂďůǇ ĂůƌĞĂĚǇ ŬŶŽǁ ƚŚĂƚ ŵǇ ƚǁŽ 
ǇĞůůŽǁ  ŝŶƚƌŽĚƵĐƚŝŽŶƐ  ĂƌĞ  ĨĞƌƚŝůĞ͕  ŐŝǀŝŶŐ  ŚŝŐŚůǇ  ƚƌĞĂƐƵƌĞĚ  ƐĞĞĚ͕  ďƵƚ  ƚŚĞǇ  ĂƌĞ  ŶŽƚ  ĨŽƌ 
ĚŝƐƚƌŝďƵƚŝŽŶ ĂƐ ǇĞƚ͘ 
 

/Ĩ ƚŚĞ ĂŵŽƵŶƚ ŽĨ ƐĞĞĚ ƐĞŶƚ ŝƐ ŵŽƌĞ ƚŚĂŶ ŵĞĞƚƐ ĚĞŵĂŶĚ͕ ǁŚǇ ŶŽƚ ƉůĂŶƚ ƚŚĞ ƐƵƌƉůƵƐ Ͳ ůĂƚĞƌ 
ƐĞůů ŽŶĞ ĂŶĚ ƚǁŽ ǇĞĂƌ ŽůĚ ƐĞĞĚůŝŶŐƐ ƚŽ ƚŚĞ ŐĞŶĞƌĂů ƉƵďůŝĐ͘ dŚŝƐ ǁŝůů ĞǆƉĂŶĚ ŝŶƚĞƌĞƐƚ ŝŶ ŽƵƌ 
ĨĂǀŽƌŝƚĞ ĨůŽǁĞƌ͘  Ƶƚ Ăƚ ůĞĂƐƚ͕ ŬĞĞƉ ŵĞ ŝŶĨŽƌŵĞĚ ĂƐ ƚŽ ǇŽƵƌ ŶĞĞĚƐ͘ 
 

WĂŐĞƐ ϯ ĂŶĚ ϰ ŽĨ ƚŚĞ :ƵŶĞ ϭϵϴϵ ŝƐƐƵĞ ŽĨ W  KE/  ůŝƐƚ ƉĞŽŶǇ ĞŶƚŚƵƐŝĂƐƚƐ ŝŶ EĞǁ �ĞĂůĂŶĚ 
ĂŶĚ  ƵƐƚƌĂůŝĂ͘ dŚŝƐ ŵĂǇ ďĞ ŽĨ ƐŽŵĞ ŚĞůƉ ŝŶ ĞǆƉĂŶĚŝŶŐ ǇŽƵƌ ŵĞŵďĞƌƐŚŝƉ ƉŽƚĞŶƚŝĂů͘  ůƐŽ͕ 
ĞŝƚŚĞƌ  ŝŶ ǇŽƵƌ ĐŽƵŶƚƌǇ Žƌ  ŝŶ  ƵƐƚƌĂůŝĂ͕ Ă ŶĞǁƐůĞƚƚĞƌ ǁĂƐ  ƚŽ ďĞ ĚĞǀĞůŽƉĞĚ͘    / ǁŽƵůĚ ďĞ 
ŝŶƚĞƌĞƐƚĞĚ ŝŶ ŝƚƐ ƉƌŽŐƌĞƐƐ͊ 
 

tĞ ǁŝůů ĐŽŽƉĞƌĂƚĞ ǁŝƚŚ ǇŽƵ ĂŶĚ ĂƌĞ ǁŝůůŝŶŐ ƚŽ ďĞ ŽĨ ŚĞůƉ ŝŶ ĂŶǇ ǁĂǇ ƉŽƐƐŝďůĞ͘ 
 

^ŝŶĐĞƌĞůǇ͕ 
 
 ŚƌŝƐ 

 
Ɖ͘Ɛ͘     dŚĂŶŬƐ ĨŽƌ ƚŚĞ ƐĞĞĚƐ͕ ĞƐƉĞĐŝĂůůǇ ĨŽƌ ƚŚĞ W͘ ŵůŽŬŽ͘ 
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/E Z   /E' 
 

 ŚƌŝƐ >ĂŶŝŶŐ 
 

WĞŽŶŝĞƐ ĂƌĞ ĨĞƌƚŝůŝǌĞĚ ďǇ ƚŚĞŝƌ ŽǁŶ ƉŽůůĞŶƐ͕ ƉƌŽƚĞĐƚĞĚ ĨƌŽŵ ŽƚŚĞƌ ;ĐŽŶƚĂŵŝŶĂƚŝŶŐͿ ƉŽůůĞŶ͕ 
ĂŶĚ ĨŝŶĂůůǇ ƌĂŝƐŝŶŐ ƐĞĞĚůŝŶŐƐ ĨƌŽŵ ƚŚĞ ƌĞƐƵůƚŝŶŐ ƐĞĞĚƐ͘ 
 

 ŽŵƉĂƌĞ ƐĞĞĚůŝŶŐƐ ǁŝƚŚ ŵŽƚŚĞƌ ƉůĂŶƚ ĂŶĚ ƌĞĐŽƌĚ Ăůů ĚŝĨĨĞƌŝŶŐ ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ͕ ĞƐƉĞĐŝĂůůǇ 
ƚŚĞ  ĨůŽǁĞƌƐ ĂŶĚ ƉůĂŶƚ ƐƚƌƵĐƚƵƌĞ͘  ƚ ƚŚŝƐ ƉŽŝŶƚ  ŝŶ ƚŚĞ ƉƌŽŐƌĂŵ͕ Ă ŐŽĂů ŵƵƐƚ ďĞ ƐĞƚ ƐŝŶĐĞ 
ƚŚĞ ƉƌŽĐĞƐƐ ŽĨ ƐĞůĞĐƚŝŽŶ ƐŚŽƵůĚ ďĞ  ŝŶŝƚŝĂƚĞĚ͘ ZŽŐƵĞŝŶŐ ďĞŐŝŶƐ ďĞĐĂƵƐĞ ŽĨ ĂďƵŶĚĂŶĐĞ ŽĨ 
ƐĞĞĚůŝŶŐƐ  ƉƌŽĚƵĐĞĚ͕  ďƵƚ  Ă  ƌĞĂƐŽŶĂďůĞ  ƉŽƉƵůĂƚŝŽŶ  ŝƐ  ŶĞĐĞƐƐĂƌǇ  ƚŽ  ŝŶĐůƵĚĞ  ĂƐ  ŵĂŶǇ 
ǀĂƌŝĂďůĞƐ ĂƐ ƉŽƐƐŝďůĞ͘ WŽƉƵůĂƚŝŽŶ ;ŶƵŵďĞƌ ŽĨ ƐĞĞĚůŝŶŐƐ ƚŽ ďĞ ƐĂǀĞĚͿ ǁŝůů ďĞ ĚŝĐƚĂƚĞĚ ďǇ 
ĂǀĂŝůĂďůĞ ůĂŶĚ ĂŶĚ ĂŵŽƵŶƚ ŽĨ ƚŝŵĞ ƚŽ ďĞ ŝŶǀĞƐƚĞĚ͘ dŚŝƐ͕ ƚŚĞŶ͕ ǁŝůů ďĞ ƚŚĞ &ϭ ŐĞŶĞƌĂƚŝŽŶ͘ 
 

/Ĩ ƉŽƐƐŝďůĞ͕  ƚŚĞ ƐĂŵĞ ƉƌŽĐĞƐƐ ƐŚŽƵůĚ ďĞ ƵƐĞĚ ǁŝƚŚ ĂŶŽƚŚĞƌ ƉůĂŶƚ ƐŽ  ƚŚĂƚ  ĨƵƌƚŚĞƌ ĚŽǁŶ 
ƚŚĞ ůŝŶĞ ƚŚĞ ƚǁŽ ŝŶďƌĞĚ ůŝŶĞƐ ĐĂŶ ďĞ ĐƌŽƐƐĞĚ͕ ƚŚĞƌĞďǇ ŐŝǀŝŶŐ ŚǇďƌŝĚ ǀŝŐŽƌ͕ ďƵƚ ƚŚĂƚ ƐŚŽƵůĚ 
ƚĂŬĞ ƉůĂĐĞ ŽŶůǇ ĂƐ Ă ůĂƐƚ ƌĞƐŽƌƚ Žƌ ĂƐ Ă ƐŝĚĞ ůŝŶĞ ƚŽ ĐŚĞĐŬ ƚŚĞ ƉƌŽŐƌĞƐƐ͘  ĨƚĞƌ ƚŚƌĞĞ Žƌ ĨŽƵƌ 
ŐĞŶĞƌĂƚŝŽŶƐ ŽĨ ŝŶͲďƌĞĞĚŝŶŐ ;&ϯ Žƌ &ϰͿ ĨĞƌƚŝůŝƚǇ ŝƐ ƐŽ ŐƌĞĂƚůǇ ƌĞĚƵĐĞĚ ƚŚĂƚ ŽŶůǇ Ă ĨĞǁ ƐĞĞĚƐ 
ǁŝůů ďĞ ƉƌŽĚƵĐĞĚ ĂŶĚ ŝŶ ƐƵĐĐĞĞĚŝŶŐ ŐĞŶĞƌĂƚŝŽŶƐ ƚŚĞ ƉƌŽďůĞŵ ŝƐ ĂƵŐŵĞŶƚĞĚ ĞŶĚŝŶŐ ŝŶ ĂŶ 
ĂůŵŽƐƚ  ĐŽŵƉůĞƚĞůǇ  ƐƚĞƌŝůĞ  ĐƌŽƉ ŽĨ  ƐĞĞĚůŝŶŐƐ͘  ƚ  ƚŚŝƐ ƉŽŝŶƚ  ĐƌŽƐƐͲƉŽůůŝŶĂƚŝŽŶ  ĐŽŵĞƐ  ŝŶƚŽ 
ƉůĂǇ͕ ďǇ ƵƐŝŶŐ ƉŽůůĞŶ ĨƌŽŵ ƚŚĞ ŽƚŚĞƌ ůŝŶĞ ƚŚĂƚ ŚŽƉĞĨƵůůǇ ŚĂƐ ďĞĞŶ ƉƌŽĚƵĐĞĚ͘ dŚŝƐ ĐƌŽƐƐŝŶŐ 
ĐĂƵƐĞƐ  ƚŚĞ  ƌĞŐĂŝŶŝŶŐ ŽĨ  ĨĞƌƚŝůŝƚǇ ĂůŽŶŐ ǁŝƚŚ ŚǇďƌŝĚ ǀŝŐŽƌ͘ dŚŝƐ  ƐƚĂŐĞ ĐĂŶ ďĞ ĚĞůĂǇĞĚ ďǇ 
ďĂĐŬĐƌŽƐƐŝŶŐ  ƚŚĞ  ĂůŵŽƐƚ  ƐƚĞƌŝůĞ  &ϱ  Žƌ  &ϲ  ƚŽ  ƚŚĞ  ŵŽƚŚĞƌ  ƉůĂŶƚ͘  DĂǇďĞ  ƚŚĞ  ƉƌŽĐĞƐƐ  ŝƐ 
ŐĞƚƚŝŶŐ ĐŽŶĨƵƐŝŶŐ͖ ůĞƚΖƐ ƵƐĞ ĂŶ ĞǆĂŵƉůĞ͗ dǁŽ ƉůĂŶƚƐ ƚŚĂƚ ĐŽƵůĚ ďĞ ƵƐĞĚ ǁŽƵůĚ ďĞ ΖDŝŶŶŝĞ 
^ŚĂǇůŽƌΖ Ͳ ƚŚĞ ŽƚŚĞƌ͕ Ζ ŝŐ  ĞŶΖ͘ 

ΖDŝŶŶŝĞ ^ŚĂǇůŽƌΖ ƐĞůĨĞĚ с  &ϭ 
^ƵďƐĞƋƵĞŶƚ ƐĞĞĚůŝŶŐƐ с   &Ϯ 
EĞǆƚ ŐĞŶĞƌĂƚŝŽŶ с     &ϯ͕  ĞƚĐ͘  &ϰ͕  &ϱ͕  ĂŶĚ  ƐŽ  ŽŶ  ĂŶĚ  ĨŝŶĂůůǇ  ďĂĐŬĐƌŽƐƐ  ƚŚĞ 
ĂůŵŽƐƚ ƐƚĞƌŝůĞ ƐĞĞĚůŝŶŐƐ ƚŽ ΖDŝŶŶŝĞ ^ŚĂǇůŽƌΖ ĂŶĚ ĐŽŶƚŝŶƵĞ ƚŚĞ ƉƌŽĐĞƐƐ͘ 

 

tŚĞŶ ƉĂƚŝĞŶĐĞ ŝƐ ĞǆŚĂƵƐƚĞĚ͕ ŽƵƚĐƌŽƐƐ ǁŝƚŚ ƚŚĞ ƐĞĞĚůŝŶŐƐ ;ƚŚĞ &ϱ Žƌ &ƐŽŵĞƚŚŝŶŐͿ ŽĨ Ζ ŝŐ  ĞŶΖ͘ 
ΖDŝŶŶŝĞ  ^ŚĂǇůŽƌΖ  ŝƐ  Ă  ǁŚŝƚĞ  ƐĞŵŝͲĚŽƵďůĞ  ůĂĐƚŝĨůŽƌĂ  ĂŶĚ  Ζ ŝŐ   ĞŶΖ  ŝƐ  Ă  ĨƵůů  ĚŽƵďůĞ  ƌĞĚ 
ůĂĐƚŝĨůŽƌĂ͘ 
 

dŚĞ ůĂƚĞ &ĂƚŚĞƌ &ŝĂůĂ ƌĞƉŽƌƚĞĚ ƚŚĂƚ ƵŶĞǆƉĞĐƚĞĚ ŚĂƉƉĞŶŝŶŐƐ ƌĞƐƵůƚ ǁŚĞƌĞ ŝŶͲďƌĞĞĚŝŶŐ 
ŚĂƐ ƉƌŽŐƌĞƐƐĞĚ ƚŽ ƚŚĞ ŶĞĂƌ ůŝŵŝƚ͘ ,Ğ ŚĂĚ ďĞĞŶ ǁŽƌŬŝŶŐ ǁŝƚŚ ůŝůĂĐƐ ĂƐ ĨĂƌ ĂƐ ƚŚĞ ƐĞǀĞŶƚŚ 
ĂŶĚ ĞŝŐŚƚŚ ;&ϳ ĂŶĚ &ϴͿ ŐĞŶĞƌĂƚŝŽŶƐ ǁŚŝĐŚ ƉƌŽĚƵĐĞĚ ĚǁĂƌĨƐ͕ ĨůŽǁĞƌƐ ǁŝƚŚ ĂůŵŽƐƚ ǁŽŽĚǇ 
ƚĞǆƚƵƌĞ ĂŶĚ ŵŝƐƐŚĂƉĞĚ ďƵƐŚĞƐ͘ 
 
dǁŽ ŽĨ ŵǇ ŝŶďƌĞĞĚŝŶŐ ůŝŶĞƐ͗ dŚĞ ƉƌĞƐĞŶƚ &ϰΖƐ ŽĨ W͘ ŵůŽŬŽƐĞǁŝƚƐĐŚŝŝ ďǇ ƚĞŶƵŝĨŽůŝĂ ƐĞĞĚůŝŶŐƐ 
ŚĂǀĞ ƚŚĞ ƉŚĞŶŽƚǇƉĞ ;ĂƉƉĞĂƌĂŶĐĞͿ ŽĨ Ă ƉĂůĞ ŵůŽŬŽƐĞǁŝƚƐĐŚŝŝ ƚŚĂƚ ŝƐ ƚĞƚƌĂƉůŽŝĚ͘ >ŝŶĞĂŐĞ ŝƐ͗ 
W͘ ŵůŽŬŽ͘  ǆ W͘  ƚĞŶƵŝ͘  с  &ϭ͘  &ƌŽŵ  ƚŚŝƐ  ŐƌŽƵƉ ŽĨ  ƐĞĞĚůŝŶŐƐ  ĂŶ ŽĐĐĂƐŝŽŶĂů  ƐĞĞĚ ƉƌŽĚƵĐĞĚ 
ƉůĂŶƚƐ ŽŶĞ ŽĨ ǁŚŝĐŚ ǁĂƐ ŶĂŵĞĚ ďǇ WƌŽĨĞƐƐŽƌ ^ĂƵŶĚĞƌƐ͘ ,Ğ ĐĂůůĞĚ ŝƚ ĂŶ &Ϯ ΖWůĂǇŵĂƚĞΖ͘  /ƚ 
ŐĂǀĞ Ă ƐĞĞĚůŝŶŐ ;ĂŶ &ϯͿ ǁŚŝĐŚ ŚĞ  ŝŶƚƌŽĚƵĐĞĚ͕ ĐĂůůŝŶŐ  ŝƚ  ΖEŽƐĞŐĂǇΖ͘ dŚŝƐ ƚŚĞŶ ďĞŝŶŐ ƋƵŝƚĞ 
ĨĞƌƚŝůĞ ŐĂǀĞ Ă ďĂƚĐŚ ŽĨ ƐĞĞĚůŝŶŐƐ ;&ϰ ǁŚŝĐŚ ŝŶ ŵǇ ŐĂƌĚĞŶ ĂƌĞ ŶŝĐĞ Ϯϰ ŝŶĐŚ ƉůĂŶƚƐ ǁŝƚŚ ƉĂůĞ 
ǇĞůůŽǁ  ĨůŽǁĞƌƐ  ǁŝƚŚ  ĂďƵŶĚĂŶƚ  ƉŽůůĞŶ  ǁŚŝĐŚ  ŝƐ  ďĞŝŶŐ  ƵƐĞĚ  ŽŶ  Ă  ŚŽƐƚ  ŽĨ  ĂĚǀĂŶĐĞĚ 
ŐĞŶĞƌĂƚŝŽŶ ĐůŽŶĞƐ͘ dŚĞ &ϱ ĐŽůůĞĐƚŝŽŶ ŽĨ ƐĞĞĚůŝŶŐƐ ŚĂƐ ŶŽƚ ǇĞƚ ďůŽŽŵĞĚ͘ 
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dŚĞ ƐĞĐŽŶĚ ƐĞƌŝĞƐ ƚŽ ďĞ ŵĞŶƚŝŽŶĞĚ  ŝƐ  ŝŶ ƚŚĞ ĚĂƌŬ ƌĞĚ  ůŝŶĞ͘ ^ƚĂƌƚŝŶŐ ǁŝƚŚ  Ζ^ĂďůĞΖ͕ Ă ϭϵϰϯ 
ŝŶƚƌŽĚƵĐƚŝŽŶ  ŽĨ  >ǇŵĂŶ   ͘  'ůĂƐƐĐŽĐŬ͕  ŚĂǀŝŶŐ  ƉĂƌĞŶƚĂŐĞ  ŽĨ  ůĂĐƚŝͲĨůŽƌĂ  ǆ  ΖKƚƚŽ  &ƌŽĞďĞůΖ͕ 
ƉŽůůĞŶ ĨƌŽŵ ^ƵƉĞƌ Η Η ǁĂƐ ĂƉƉůŝĞĚ ƌĞƐƵůƚŝŶŐ ŝŶ ƚǁŽ ƉůĂŶƚƐ ǁŚŝĐŚ ǁĞƌĞ ƚŽ ďĞ ƚŚĞ ƉĂƌĞŶƚƐ 
ŽĨ ĂŶ  ŝŶďƌĞĞĚŝŶŐ  ůŝŶĞ ŽĨ  ƚĞƚƌĂƉůŽŝĚƐ͘ dŚĞƐĞ  ƚǁŽ ƉůĂŶƚƐ ĂƌĞ ŶƵŵďĞƌĞĚ ϭϭϯ ĂŶĚ ϭϭϰ͕  ƚŚĞ 
ĨůŽǁĞƌƐ ĂƌĞ ĚĂƌŬ ƌĞĚ ĂŶĚ ƉůĂŶƚƐ ĂƌĞ ƋƵŝƚĞ ƚĂůů Ͷ ĂďŽƵƚ ϰϬ ŝŶĐŚĞƐ͘  ;EŽƚĞ͗ Ζ^ĂďůĞΖ ŚĂƐ ůĂǆ 
ƐƚĞŵƐ ǁŚŝĐŚ ŵƵƐƚ ďĞ ƐƚĂŬĞĚ Žƌ ĞůƐĞ  ƚŚĞǇ  ĨĂůů ŽǀĞƌ͘ ϭϭϯ ĂŶĚ ϭϭϰ ŚĂǀĞ ŐŽŽĚ ƐƚĞŵƐ ĂŶĚ 
ƐƚĂŶĚ ĞƌĞĐƚ ƵŶƚŝů ĨĂůů͘Ϳ 
 
dŚĞ ƐĞĞĚůŝŶŐƐ ĨƌŽŵ ƚŚĞƐĞ ƚǁŽ ĐůŽŶĞƐ ĂƌĞ ƐŽ ƐŝŵŝůĂƌ ƚŽ ƚŚĞŝƌ ƉĂƌĞŶƚƐ ƚŚĂƚ ƐŽŵĞ ŽĨ ƚŚĞŵ 
ǁŝůů ďĞ ƵƐĞĚ ĂƐ ƉŽůůĞŶ ƉĂƌĞŶƚƐ ŝŶ ƚƌǇŝŶŐ ƚŽ ŐĞƚ Ă ůŝŶĞ ƚŚĂƚ ŝƐ ůĞƐƐ ƚĂůů͘ WŽůůĞŶ ĨƌŽŵ &ϰ ŵůŽŬŽ 
ǆ ƚĞŶƵŝ ǁŝůů ďĞ ƵƐĞĚ ƐŝŶĐĞ ƚŚŝƐ ŐƌŽƵƉ ŝƐ ƐŚŽƌƚ Ͷ ůĞƐƐ ƚŚĂŶ Ϯϰ  ŝŶĐŚĞƐ ƚĂůů͘ dŚĞ ŐŽĂů ŝŶ ƚŚŝƐ 
ĐĂƐĞ ŝƐ Ă ĚǁĂƌĨ ĐůŽŶĞ ǁŝƚŚ ĨůŽǁĞƌƐ ƚŚĂƚ ĂƌĞ ĂůŵŽƐƚ ďůĂĐŬ͕ ũƵƐƚ ůŝŬĞ ƚŚĞ Ζ^ĂďůĞΖ ĨůŽǁĞƌ ĐŽůŽƌ͘ 
 
&Žƌ  ĂĚĚŝƚŝŽŶĂů  ŝŶĨŽƌŵĂƚŝŽŶ͕  ƌĞĂĚ  ƚŚĞ  ĂƌƚŝĐůĞ  ĨƌŽŵ  ƚŚĞ  ůĂƚĞ  ^ĂŵƵĞů  tŝƐƐŝŶŐ  ĨŽƵŶĚ  ŽŶ 
ƉĂŐĞƐ ϭϮϱ ĂŶĚ ϭϮϲ ŝŶ ƚŚĞ  ŵĞƌŝĐĂŶ WĞŽŶǇ ^ŽĐŝĞƚǇΖƐ Η ĞƐƚ ŽĨ ϳϱ zĞĂƌƐΗ͘ 

Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ   Ͳ 
TWINS AND TRIPLETS 

 

(Reprinted from Paeonia, V.3 #2, 6/72) 
 

by Fred Cooper of Ottawa, Canada 
November, 1971. 

 

In the past I have only come across two or three twin seedlings that I can recall, and these 
were only regarded as curiosities. However, it is known that among such seedlings a 
small but reasonable percentage will be of changed ploidy. Thus from a tetraploid plant it 
is possible to obtain diploids, tetraploids, hexaploids, and octoploids and in addition 
aneuploids and homozygous plants. 
 

This spring I carefully examined my 1970 crop of seedlings before planting out. In about 
1800 seedlings I found 25 sets of twins and 3 sets of triplets -- about 3% overall. 
However, in some cases the frequency was surprisingly high: e.g. 'Roselette’s Child' x 
'Rose Crystal', 18%; 'Serenade', open pollinated, 14%; and lacti x corsica F2 selfed, 8%. 
On the other hand, many yielded no twins at all: e.g. 'Moonrise', 'Good Cheer', lacti x 
lobata, and tenuifolia x daurica. Pure lactiflora gave about 1%. 
 

Even at the hypocotyl state either one or both twins in over half the pairs were "different" 
from "normal" single seedlings. Generally they were characterized by the slenderness of 
the hypocotyl, although in one case the hypocotyl was grossly swollen and short in length 
compared with the "normals". Top growth has pretty well confirmed these observations. I 
feel fairly certain that I have at least two plants that could be hexa- or octoploid, and one 
diploid (from a tetra). About 8 others, because of their form, bear close watch. None of 
the "weak" strains from the few pure lactifloras I had survive. It is possible they were 
monoploids, and hence had little survival value. 
 

Obviously this method cannot compete with the colchicine technique for increasing 
ploidy, as we have no control over which plants or strains we would like to utilize. On the 
other hand it could be quite useful in obtaining haploids, aneuploid and homozygous 
plants that cannot readily be obtained by other methods. 


