On the program there are many firsts, in other words, the first time
these various topics have been presented. This morning we have three
professors on the program presenting three ol these new topics.

Our first speaker this morning, Donald White, 1s a graduate ol the
University of Massachusetts in ornamental horticuiture, and who now 1s
taking his graduate work at Iowa State. This will be a report ol live
years work in the development of dwarfing understock lor budding and
gratting both ornamental and fruit plants.

We are most unlortunate in not having Mr. White with us sincc he
was called back to Massachusetts because of the death ot his father We
have John Mahlstede who will read his paper, and I am sure will be
able to answer any questions regarding this work. John Mahlstede!

DR. JOHN MAHLSTEDE (Jowa State University, Ames, lowa):
Mr. Moderator, President Templeton, and Members ot the Plant Propa-
gators Soclety:

This paper is entitled, “Compatibility in Grafting and Budding
Fruit and Ornamental Plants for Adaptation and Dwarfing Purposes.”
This was the topic we have selected for discussion this morning.

COMPATIBILITY IN GRAFTING AND BUDDING FRUIT
AND ORNAMENTAL PLANTS FOR ADAPTATION

AND DWARFING PURPOSES
D. B. WHIiTE and ]. P. MAHLSTEDE

Department of Horvticullure
Towa State University
Ames, Towa

This 1s the lirst progress report on a project inttiated at Iowa State
University in' 1956 entitled “Dwarting of Fruit and Ornamental Plants.”
One of the primary objectives ot this project 1s the development ol tech-
nmques for dwarling and adapting ornamental plants to dillerent soil o
climatic condittons. Many sclect plant materials, normally tall grow-
ing, would be well suited lor use with modern contemporary building
designs 1f height development could be restricted. Since this project
was initiated, several stations have 1eported on similar work which 1s
either underway or in the planning stage. The number of projects re-
affirms the need for an increased inventory of low growmg plant mate-
rials having acceptable ornamental characteristics, for arcas diftering n
soil and climatic conditions.

One of the most common problems encountered n gralting 1s that
ol incompatibility. This inability of two components when gratted
together to produce a healthy plant has been known ftor many centuries.
In the third century B.C, Cato (4) observed that the scion used 1n
orafting should alwavs be ot a better type than the rootstock, and that
certain combinations could not be made successfully. Many other writ-
ers of his day reorded similar experiences with the practice of gralting.
Francis Bacon, (2), in 1639 stated that a diversity ol fruit could be

2fournal Paper No. J-4101 of the Iowa Agricultural and Home Economics Experiment Station, Ames,
Iowa. Project No 1310

50



erown on one tree but that all ol the scions must be compatible with
the stock.  Miller, (10) 1759, described double working pear and
quince when the pear to be dwarled was uncongenial with the quul(e
Thomas Andrew Knight (8), reported some of 111(, symptoms of incom-
patibility and (*mnp{-m_.(l them ullh the ettects caused by girdling.

Work during the past decade with apples. arborvitae, cotoneaster,
lorsythia, hawthorn, junipers, mapies, pyracantha, quince and viburnum
(Sax 14, 15, 16, 17, 18; Chadwick b: Strate and Barker 19; Reisch et al
12) has demonstrated some of the possibilities for the development of
dw: 11| plant materials by the use of selected understocks. However, in

all ol these studies IIl({)]H]);-illhllll}“ appears to be the one factor restrict-
g lht‘ use ol dwarling stocks only to those types which have been test-
cd.

There are many definitions for the term compatibility.  In general,
compatibility may be considered to be the ability of a gralted combina-
tion to survive for the period necessary for its use. Ihh appears to be
qml(‘ satistactory since both mherited antagonisms and acquired agents
are grven consideration. Environmental factors and the te(‘llmques 11'~?.f:d
i gratting also are very mmportant to an understanding of u:-mpdtlblh-
tv 1In unltul plants. Rucnllx workers have lound '[h:.l[ on certan
]}l s, I)ml failure can be attributed to virus infection (Milbrath and
Zeller 9 Overholzer 11.) - Agrios (1) reported virus-like symptoms with
combinations ol peach on Pumm fomentosa and Prunus besseyr. How-
ever, this work revealed that viruses were not involved, and bud failure
was ascribed to mcompatibility.  Much ol the work to date further
cmphasizes the need for caution m mterpreting results of compatbility
studies, considering that many tactors may miluence or result in incom-
patibility.
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Left: Prunus Underwood on P. besseyi, 115 years from bud,
compared to a 127 label.

bor: Right: P. Sacagawea (cherry x plum) on P. besseyi, 172 years
¥ Imm bu(l,, compared to 12”7 label.
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For the past three years many ditferent combinations have been
under trial at Jowa State University. Some of these were not original
but were included solely as a means of reterence. This work was un-
dertaken mainly as a screening program which might lorm the basis for
further expcrimentation. After selecting plant materials tor tesung,
the major problem became that of finding compatible combinations.
As there 1s no rule or method of predicting the perlormance ol a gralt
combination (Bradford and Sitton 3; Roberts 13), the plant materials
were selected by scparating them according to botanical relationships
and chromosome number. The technique ol budding was employed 1n
these first screening tests because it 1s fast and economical of wood. It
precludes the problems of purchasing and maintaining large numbers
of plants while requiring a mmimum of hired labor. Budding is emi-
nently suited for this type ol testing, as demonstrated by its use as the
basic technique lor indexing virus diseases.

One must realize that these tests cover a relatively short period ol
time. Consequently, tinal results can be secured only by observation
over a number of years. Many of the combinations which were unsuc-
cesstul with budding will be repeated using other techniques and dilfer-
ent timing of the procedure.
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TABLE 1

CHROM CHROM DATE
STOCK . NO SCION NO BUDDED REMARKS
ACERACEAE
Acer ginnala 26 Acer Crimson King X=13 7/26/57 No take
Acer ginnala 26 Acer Ciimmson King X=13 Y9y 4/57 No take
Acer ginnala 26 Acer saccharimum 52 7/26/58 No take
Acer ginnala 26 A ginnala PI69112 26 3/29/57 (100t graft) survived summer 1958, winter hilled
Acer negundo 26 Acer Crimson King X=18 7/25/58 Buds failed, plates knmitted then died m 1i4
months
Acer negundo 26 Acer Crimson King X=13 7/25/59 Buds failed, plates knitted then died in 115
months
Acer negundo 26 Acer sacchaimum 52 7/25/58 No take
Acer negundo 20 Acer saccharinum 52 8/ 5/58 No take, plate seems to knit then dies up
Acer negundo 26 Acer saccharum 26 9/25/58  No take
Acer negundo 26 Acer saccharum 26 8/18/59 No take, buds too mmature beflore late Aug -
carly Sept.
Acer saccharmum 52 Acer Crimson King XN=13 7/23/58 Stock overgrew & completely mmbedded buds by
Fall
st Acer saccharinum 52 Acer saccharum 26 8/ 5/53 Stock overgiew & completely mmbedded buds by
Fall
Acer saccharmum 52 Acer saccharum 26 8/18/59 Buds seems to take, stock oveigiew by Fall
Acer saccharinum 52 Acer saccharum 26 9/15/59 Buds seemed to take, failed next spring
ROSACEAE
Amelanchier canadensis 68 Aromia melanocarpa 34 8/ 3/59 No take, stock not thiifty, hard 10 woik
Amelanchier canadensis 68 Malus, Jonadel X=17 8/11/58 Shields knitted, buds failed over winter, stock
hard to wotk
Amelanchier canadensis 68 DMalus, Jonadel X=17 9/14/58 Shields knitted, buds failed over winter, stock
hard to woik
Amelanchier canadensis 68 Malus, Red Delicious X=17 8/ 4/59 Shields took, buds failed over winter
Amelanchier canadensis 68 Pyrus, De Anjou X=I17 8/ 4/58 Shields took, buds failed over winte
Amelanchier canadensis 68 Pyrus, De Anjou X=17 7/28/59 Shields took, buds failed over winter
Aroma melanocaipa 34 Amclanchier canadensis 68 8/ 3/59  Some degrec of aflinity, seem to take, failed over
winter
Aronia melanocarpa 34  Malus, Jonadel AN=17 8/14/58 Plate took, buds ialed over winter
Aronia melanocarpa 34 Malus, Red Delicious 34, b1 8/ 4/59 Buds take (weak union)
Aronia melanocarpa 34 Pyrus, Bartlett X=17 8/16/58 1 bud break = 1” growth by 9/25/58
Aronia melanocaipa 34 Pyrus, Bartlett X=17 8/16/60 Lo, of buds took, to be tenant grafted on apple
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TABLE 1 (Continued)

CHROM CHROM DATE
STOCK NO SCION NO LUDDED REMARKS

Aromia melanocarpa 34 Pyrus, De Anjou X=17 8/16/58 s of buds took, others, shields took

Aronia inelanocarpa 34 Pyrus, De Anjou X=17 7/28/59 ls of buds took, othets, shields took

Cotoncaster acutifolius X—17 Amclanchier canadensis 68 8/ 3/569  Plates took and survive, buds dead, some plates
later died

Cotoneaster acutifolia X—17 Malus, Red Delicious X=17 7/25/58 Plates took and survive, buds dead over winter

Cotoneaster acutifolia NX—17 Malus, Red Delicious X=17 8/ 4/59 Plates took and survive, buds dead over winter

Cotoneaster acutifolia X—17 Pyrus, Bartlett X =17 8/16/58 Plates took, buds go out lst then bud plates

Cotoneaster acutifolia X—17 Pyrus DeAnjou X=17 8/16/58 Plates took, buds dead

Cotoneaster acutifoha X—17 Pyrus DecAnjou X=17 7/28/59 Plates took, buds dead, plates raised by heavy
callus

Crataegus cordata 72 Malus, Red Delicious X=17 8/ 4/59 Plate kmts, buds dead, stock oveigrows plate,
stock haixd o woik

Ciatacgus crus-galli 68 Malus, Red Delicious X=17 8/ 4/59 Plate knits, buds dead, stock overgrows plate,
stock hard to work

Cratacgus oxyacantha 34 Malus, Red Dehlicious N=17 8/ 4/59 Plates seem to kmt, bud and plates dead, stock
OVergrown

Cydoma/DeAnjou Pear X—17 Pyrus, Bartlett 34, 51, 68 9/ 4/59 87 79, take

Malus, seedlings (Wstrn) X—17 Amelanchier canadensis 68 8/ 3/59 Plates seemed to take, buds & plates died

Malus, seedlings (Wstrn) X—17 Pyroma veitchi h/ 1/58 Root grafts, 1009, take, tops winter kill badly

Phil coronarius nanus X =13 Phil. coronarius 20 7/26/57 No take, very hard to work, thin, peelmg bark,
simall stems

Phys opulifolius nanus X =9 Physocaipus opuhfolius " 18 7/80/57 NoO ltlake, very hard to work, tlhin, pceling, bark
small stems

Piunus hesseyl 16 Prunus, Chinook Plum X=8 8/21/57 No take, although seemed to kuit

Prunus bessevyi 16 Prunus, Gracious Plum X—28 8/21/57 No take, although seemed to knit

Prunus bessey! 16 Hiawatha (Cherry X Plum) Unk 8/21/57 No take, although seemed to knit

Prunus besseyr 16 Prunus, Monitor X==8 8/21/57 Take

Prunus besseyl 16 Prunus armeniaca Apricot 16 8,21 /57 No take

Prunus bessey: 16 Prunus persica 10 8/24/59 No take

Piunus besseyl 16 Red Plum la No. 10 Unk 7/30/57 No take

Prunus bessey: 16 Sacagawea (Cherry X Plum) Unk 8/21/57 Take

Piunus bessey: [6 Prunus, Underwood X=8 7/30/57 Take

Prunus subhirtella pendula 16 Prunus (Red Haven Peach) 16 8/24/59 Seemed io knit, but no survival over winten

Prunus tomentosa 16 Monitor Plum - X=8 7/31/57 No take

Prunus tomentosa 16 Red Plum, Ia No 10 Unk  7/29/57 Buds took, most giowth = 3 1 2 vyeais, all

plants of this lot of P tomentosa died in 3d yr

continued on next page
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CHROM CHROM DATE
STOCK NO SCION NO BUDDED - REMARKS
Pyrus seedlings X =17 Amelanchier canadensis 68 8/ 3/59 No take, scion not thrifty
Rhodotypos scandens 18 Kerra japonica 18 8/10/59 No take, gall-like callus, 34” thick around wound,
stem breaks easily at point of budding
CAPRIFOLIACEAE
Viburnum dentatum Hh4  Kolkwitzia amabilis 32 8/16/58 No take, scion difficult to woik
Viburnum lantana 18 Wiegela Vaniceki 36 7 /23/58 No take, Wiegela hard to wowk as bud
V opulus nana X=9 Viburnumm dentatum 54  7/29/57 No take
V opulus nana X=9 Viburnum lentago 18 7/29/57 No take o
V opulus nana X =9 Viburnum opulus 18 7/26/57 Plate seems to kmit, dies overwinter sloughed off
the following year
CELASTRACEAE
Celastrus scandens 46 Luonymus alatus X=8 7/36/57 No 1ake
Celastrus scandens 46 Euonymus alatus compacta X=8 7/30/57 No take
Kuonymus turkestanica X =8 FEuonymus alatus X=8 7/26/57 (m greenhouse) scemed to take, then died, stock
' hard to woik (small), suggest giafung
Luonymus tutkestanica X =8 LEunonymus alatus compacta X=8 7/26/57 (in greenhouse) seemed to take, then died, stock
hard to woik (small), suggest grafting
Etonymus turkestanica X =8 Euonymus europaeus 64 7/26/57 (in greenhouse) seemed to take, then died, stock
hard to work (small), suggest grafting
CORNACEAE
Cornus stolonifera X =10, 11 Cornus florida X=10, 11 3/29/57 (whip & tonguc grafts) both were alive but could
: get no callus to form
FAGACEAE
Quercus palustris 24 Fagus sylvatica 24 7/23 /58 Knitted Buds died over winter
Quercus palustris 24 Fagus sylvatica 24 9/15/59 Hatd to work because of long poimnted bud
LEGUMINOSAE
Sophora japonica X =9, 14 Maackia amurensis Unk  3/29/57 (root ghafts) Passed out during summaer of 57
OLEACEAE
Chionanthus virginicus 46 TFraxinus pennsylvanica 46 7/25 /58 Plates took, buds probably (oo immature
Chionanthus VIrginicus 46 Fraxinus pennsylvanica 46 8/18/59 Plates took, buds failed by spring, plates still liv-
n
Forsythia Arnold’s Dwarf X =14 Forsythia suspensa 28 7/ 2/57 Apgparent take, but no survival over winter
Forsythia Arnold’s Dwarf X =14 Forsythia suspensa 28 7/ 2/58 Apparent take, but no survival over winter

continued on next page
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TABLE 1 (continued)

CHROM CHROM DATE
STOCK NO SCION NO BUDDED REMARKS

Forsythia Arnold's Dwarf X =14 Forsythia suspensa 28 9/15/59 (shield & flute buds) few took, laige callus
aound wounds whaie no take

Forsythia viridissima 28 F wvimdissima koreana 28  3/29/57 (toot gafts) no take, plants smivived a shot
while 1n planting bed

F. viridissima Bronxensis X=14 Forsythia suspensa 26 7/ 2/57 No take

F. viridissima Bronxensis X=14 Forsythia suspensa 26 7/ 2/58 No take

Fraxinus pennsylvanica 46 Chionanthus virginicus 461 7/24/58 Plates knitted, buds died

IFraxinus pennsylvanica 46 Chionanthus virginicus 46 - 8/18 /59 Stock overgrew, plates the following yeai

Fraxinus pennsylvanica 46 Syringa villosa 46—48 | 7/24/58

Ligustrum densiflora nana X:=23 Ligustrumm amuiense 46  7/26/57 No take, very hard to work, small stems

Syringa persica alba 44 Chionanthus virginicus 46 8/18/5H9 Plates took, died over winte

Syringa peisica alba 44 Fraxinus pennsylvanica 46 7/25/58 Plates took, died over winter

Syringa persica alba 44 Fraxinus pennsylvanica 46 8/10/59 Take, buds sull dormant, on stocks not cut back

Syringa persica alba 44 Syringa amurensis 46 7/30/57 Take buds sull dormant. on stocks not cut back

Syringa 10thomagensis NX—22 Syringa oblata dilatata 46°

Syringa rothomagensis X—23 - 3/29/57 (root @mafts), survived unul Jate summer of 57

Syringa rothomagensis X—24 #89%M )

Syringa mthon;nagcnsm R—2d ?gﬁ%a oblata dilatata 46}»3/?_9/57 (root grafts), survived untl late summer of 57

Syringa rothomagensis X—24 2’;2;%3 oblata dilatata 46 - 3/29 /57 (root grafts), smvived unul late summer of 57

Syringa villosa 46—48 Chionanthus virginicus 46 8/18/59 Plate knitted and surviving buds dead

Syringa villosa 46—48 Fraxinus pennsylvanica 46 7/25/58 Plates took, 1 bud survived, grew to 314’ in ’59,
acted normal, died duming wmter of 59, stiong

: union, overgiows stock
Syringa villosa 416—48 Fraxinus pennsylvanica 46 7/25/59 Plates kmtted, buds dead
ULMACEAE

Celtis occidentahs 20, 28 Ulmus americana 28, 56 7/25/58 Plates kmit, buds fail by fall, or aie oveigiown
and 1mbedded

Celtis ocudentalis 20, 28 Ulmus americana 28, 56 9/15/59 Plates knit, buds fail by fall, or are oveigrown

and ymbedded



MODERATOR NORDINE: You are to state your name clearly
so Mrs Lly can get 1t, and then state your gqucestion Dr. McDanitel.
DR. JOSEPH C. McDANIEL (University ol Illinois) : My question
doesn’t deserve all that attention 1 want to ask what is the material
that was grafted on hackberry stock?

DR. MAHLSTEDE  Ulbnus americana and a tew buds ol Ulinus
fulva.

DR. McDANIEL: Any compatibility?

DR. MAHLSTEDE: The bud plates scemed to knit with the
American clm, but werc overgrown by the time growth stopped  There
was no take by U fulva.

MR. CASE HOOGENDOORN. (Newport, Rhode Island): Have
vou tried de-eyeing some ol the shrubs belore using them?

DR. MAHLSTEDE. WMost ol these are budded on scedlings or
clumps which have not been dis-budded -

MR. HOOGENDOQORN: Why don’t you start with a ncw cutting
or scedling? 1If you start with a young scedling or rooted cutting you
could pick the eyes out

Ycars ago we gralted lilacs on Syrimga wvulgaris 1 always used to
de-eye the one-year secdlings which resulted in very hittle suckermge |
was mterested in knowing 1f you couldn’t apply that same techmque.

DR. MAHLSTEDE: First, we were trying to sec which ones we
can bud in other words we were trving to test for compatibility  Alter
this some ol these techniques such as the onc you menuoned, Case can
be used.

DR. STUART H. NELSON (Ottawa, Canada): John, do vou
have any explanation [or the trouble we ran into? Wheie we bud we
run into «a lot of incompatbility, the same as you have shown  Where
we stub gralt we don’t run into the mcompatibilitv at all and get excel-
lent stands

DR. MAHLSTEDI: T can only venture a guess, Stu  Many work-
ers 1 the past have found that gralting gave better results than bud-
ding with some combmations This may be the result of the fact that
a single bud has less chance, percentagewise than a scion with more
than one bud and a greater area of cambium exposure. Viruses too,
may play a greater role than we now realize

MR EDWARD DAVIS (Ozark Nursery Co., Tahlequah, Okla.):
Did T understand in giving this paper that Buckholz had better stands
with peach on P. tomentosa than on P besseyi?

DR. MAHLSTEDE: No, not necessartly  They lost less trees on
P. tomentosa alter forcing the bud and during the followmmg growing
season. However, the initial take was much less.

MR DAVIS: We have tried Prunus tomentosa lor about four
years, and get from two to five per cent bud take On P, besseyr, we
have a very good stand as high as 95 per cent on bud take  However,
there 15 a high per cent ol die-back on P. bessey: alter the bud start
They die all summer and {all  The question arises m my muind how
long will the trees, we accept as being compatible and healthy, hive?
What are the chances there?

n7



DR. MAHLSTEDE: Buckholz and Agrios had 45 per cent dis-
cased trees on P. bessey:  One customer sent back some six year old
trees to onc nurscery that were broken at the union. I think our time
1S up.

MODERATOR NORDINE: Last ycar we had considerable dis-
cussion, by a great many speakers m regard to the production of nursery
stock or plants in containers. 1 am sure that a great many members
[elt that after that they knew all the answers. Ferulization of this ma-
terial was, ol course, stiessed, but some way, somehow, someone over-
looked the topic ol over-lertilization.

We are very happy this morning to have Dr Jim Kelley of the Uni-
versity ol Kentucky present this particular topic to you. He has spent
a great deal ol time and ellort on solving some ol the problems con-
cerned with the producuon ol nursery stock in cans At this time we
present to you Dr. Kelley.

EFFECTS OF OVERFERTILIZATION ON CONTAINER-GROWN PLANTS
Jamrs D. KeLLry

Department of Horliculture
University of Kentucky
Lexington, Kentucky

The widespread practice ol growing nursery stock i containers has
brought about a need lor more information i regard to the ftertility
requirements ol woody ornamental plants. Fertilization has always been
important in growing quality nursery stock, however, fertilization as-
sumes even greater importance when a plant is grown in a restricted
volume ol soil such as exists in a contauner. T'here are many unanswer-
ed questions concerning this type ol culture One question that has
been ol great mmportance 1s the fertihizarion practices necessary tor pro-
ducing quality nursery stock in contamers Little 1s known about the
fertility requirements of woody ornamental plants. However, the limit-
ed volume ol soil that 1s available for supplying the necessary nutrients

a plant 1n a container necessitates that for optimum growth, fertilizer

be :l])p]l(:(l to supply the requwecl ])lclﬂl. nutrients.

REASON FOR FERTILIZATION

The purpose ol lertilization ts to provide the plant with a continu-
ous supply and opumum level of plant nutrients for maximum growth
ol any parucular species. Frequent lertilization has aided in providing
a constant supply However, information 1s not available on the opti-
mum levels that should be mamtained for woody ornamental plants.
Growers are naturally anxious to obtain the maximum growth on a
plant whether in a container or in the field. Many times this desire to
eet rapitd growth, particularly on container stock, has led to the appli-
cation ol unusually high amounts of lertilizer. Too much lertilizer,
however, can be as bad or even worse than too hittle. Many times plants
are overfertilized, resulting in a reduction in growth instead of more
orowth.
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FERTILIZATION PROGRANMS

Water soluble fertilizers have been most generally used 1n the ierti-
lization ol container stock and a number ol lertilization programs using
water soluble fertilizers are bemng used successtully. However, there is
considerable variation m lrequency of application, rate of application
and ferulizer analyses. Some growers use a one-shot application ol
dry lertilizer when the soil mix is prepared, and others lertlize as fre-
quently as every 10 days, while still others leed every third 1rrigation,
using a water soluble ferulizer. In some cases a combination ol dry and
liquird fertilizers are used. The rate ol application also varies Less
frequent applications generally mean a higher rate and more lrequent
applications of a very low concentration or amount of fertilizer

The purpose ol our work was to obtain more mmlormation in regard
to the best rate ot ferulization for optimum growth and also at what
fevels growth would be reduced due to overlertilization.

SYMPTOMS OF OVERFERTILIZATION

What are some of the symptoms ol overferulization and what 1s 1ts
overall eftect on the plant? The effects of overlertilization are general-
ly (1) reduction in rate of growth, (2) chlorosis or yellowing ol the
foliage, (3) wilting of loliage, even though the soil may be moist, (4)
up burn and marginal leal burn, (5) leal drop, and (6) death ol the
entire plant. Now, 1 would like to take these, one by one, and explain
a little more 1 detail the usual symptoms ol overterulization.

The most common and {irst symptoms of excess levels of fertihizer
salts 1s a reduction in growth. Generally, this goes unnoticed since the
plant does not exhibit any unusual characteristics other than a slow rate
of growth. If noticed, it often is attributed to some factor other than
overfertilization Many times a grower will notice a reduction 1 growth
and believe that fertilizer is lackig, hence, additional fertilizer 1s ap-
plicd. Of course, additional fertilizer.on a plant that 1s already over-
fertilized will sstmply reduce growth even lurther.

Another symptom ol overfertilization is chlorsis or yellowing of foli-
age. Many times this 1s evident when the specific element in excess is
potassium. ‘T'he leaves will stimply turn yellow due to iron chlorosis.
This can easily be interpreted as an iron deliciency.

Wilting of foliage 1s a sign of severe overtertilization, and the wilt-
ing 1s due to the high osmotic pressure ol the soil solution making it
ditficult tor the roots ol the plants to absorb water, even though the soil
IS OIS,

Numerous experiments have demonstrated the close relationship
between plant growth and the osmotic pressure ol the soil solution.
‘These relationships indicate that 1t 15 the total concentration ol soiuble
salt particles in the soil solution rather than their specilic chemical na-
ture which 1s mainly responsible for the inhibitory etfects of excess solu-
ble salts on the growth ot plants. It is generally accepted that an in-
crcase in the osmotic pressure or soluble salt content of the sotl solu-
tion results 1 a decrease in water uptake by plant roots  Excess soluble
salts can also cause adverse ellects on the plant other than the reduction
m uptake ol water.
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Tip burns can be due to either excessive nitrogen or potasstum and
indicates severe overlertilization.

Plants may be reduced in growth ol quality because ol excess ferti-
lization or an accumulation of soluble salts and without visual evidence
that the problem exists. Once visual symptoms appear on a plant, such
as chlorosis, wilting ol foliage, tip burn, margmal leal burn, etc, the
damage ot reduced growth has already occurred. Hence, a grower can-
not depend on visual symptoms as a means ol diagnosing shight over-
fertilization.

SOURCE OF SOLUBLLE SALTS
AND PREVENTION OF OVERFERTILIZATION

What methods can be used in guarding against overfertilization?
The best method of preventing overlertilization 1s to use a good fertili-
zation program, combined with periodic soil tests for the major elements
and a soil test lor total soluble salts. The soluble salt test 1s a very sim-
ple one that can be easily made with an mstrument known as a solu-
bridge. This mstrument is used to determine the total soluble salts or
fertilizer salts which exists in the soil, by measuring the electrical con-
ductivity ot the soil solution. 1If a soil, is low n fertilizer salts, the
electrical conductivity will also be low, and as the salt level increases,
the conductivity ol the soil will increase. The most common measure
ol electrical conducuvity in 1egard to the soil in mhos per centimeter
X 105, The Model RD-15 solubridge read directly in mhos X 10-".
Generally, 1t has been lound with most soils lor florist crops, readings
between 50 and 150, using a 1 to 2 soil: water extract, are satistactory
[or most crops.

It is important to remember that all inorganic fertilizers are solu-
ble salts. These soluble fertilizer salts are essential for plant growth
but when present 1n the soil in excessive amounts they are harmtul to
plant growth, primarily because of the high osmotic pressure in the soil
solution '

FACTORS AFFECTING FERTILITY REQUIREMENTS

As might be expected, plants diller in their fertility requirements.
The [lertility requirements of ornamental plants appear to depend on
(1) the degree of establishment, (2) the plant species, and (3) age of
the plant.

Our work has shown that the age ol the plant is important in deter-
mining its response to rate of fertilization. Young, unestablished plants
are generally not able to withstand high levels of soluble salts in the
soil. We have found that in general container-stock should be grown
the first two or three months, or until established, at shghtly lower levels
of [ertility than usual, and once the plant is established the lertility
levels should be raised to the recommended levels.

Our studies have been primarily with five plants: Pyracantha coc-
cinea Lalandi, Ilex crenata 1otundifoha, Euonymus alaius compacta.
Magnolia soulangeana, and Abies concolor  Our first linding was that
these five plants did not equally tolerate high levels ol tertility. We
have rated them as most tolerant, on down to the least tolerant. We
found that Pyiracantha cocamea Lalandi was the most tolerant to high
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tertility levels: llex cienata rotundifolia was next m order, Euonymus
alatus compacta tollowed third; and Magnolia soulangeana was fourth.
the least tolerant of high fertility was Abies concolor. Plants that had
been in the can lor at least one year appeared to tolerate higher levels
ot tertilization rhan during their first vear in a container. Fertilization
requirements also appeared to be higher the second year.

FERTILIZER TREATMENTS

In the work 1 am reporting on, we used seven rates ol lertilization
in order to determine at which level the most satisfactory growth oc-
curred, and also at which level growth began to be reduced due to excess
fertilization  The levels of nitrogen and potasstum were varied — Su-
pct phosphate was added to the soil mix at the time ol mixing and no
additional phosphate lertilizers were applied. The treatments used
were: no lertilization, .68 pounds ol 20-0-20, 1.36 pounds of 20-0-20, and
2.72 pounds of 20-0-20 (Table 1.) The other three treatments were at
the same rates — .68 pounds, 1 36 pounds, and 2 72 pounds o ta 20-0-10
instead of the 20-0-20. We were interested in whether the potassium
should be equal to or less than the amount ol nitrogen. The response
ol the plants was determined on the basis ol total mches of new growth
per plant, the average growth per lateral, and the average number ol
laterals that were produced by each plant.

BEST TREATMENTS AND TOXIC LEVELS

Ol the treatments used, we lound that in general the 1.36 pounds
ol either a 20-0-20 or a 20-0-10 gave the best results. When we went as
high as the 272 pounds of either a 20-0-20 or 20-0-10, there was a reduc-
tion not only in total growth but growth per lateral, and also average
number of laterals per plant.  Also, at the higher rate therc was a great-
cr mortality of plants. Ol course, we had some mortality ol plants n
all treatments during the growing season, but at the higher levels ol
nutrition the plant mortality was considerably higher.

To be more specific in regard to Pyracantha coccinea ILalandi, ow
best growth tor this plant occurred when we used .68 pounds ot 20-0-10

Table 1.—Effect of fertilization rates on growth of four species
of woody plants in one gallon containers.

(All measurements in inches)

Pounds of fertily- Pyracantha Evonymus
zer/ 100 gal water, coccinea [lex crenata alatus Magnolia
1 pt /plant every Laland: rotundifolia compacta soulangeana
10 days 1st yr Ist yr 2nd vyr 1st yr 2nd vi Ist yr 2nd yr
No fertilizes 19 2 317 48 6 205 h2 1 133 153
68 lbs 20-0-20 710 68 8 216 3 33 4 88 2 29 1 41 9
| 36 1bs 20-0-20 YA, H8 1 245 7 33 3 75 1 275 48 4
272 lhs 20-0-20 "0 40 9 207 6 365 46 h 216 44 1
68 lbs 20-0-10 69 8 5h 4 197 1 35 7 U5 2 270 43 1
1 3¢ lbs 20-0-10 O Y 533 245 2 38 4 94 9 278 43 4
272 Ibs. 20-0-10 039 48 O 249 8 380 74 2 28 4 42 ]
LSD 59 Ievel NS 78 31.0 61 15 8 b2 130
LSD 19 level N S 10 4 442 0 8 2 21 3 70 17 9
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to each 100 gallons of water, applying 1 pint every 10 days throughout
the growing season. With Magnolia soulangeana we tound that the
.36 pounds ol 20-0-20 gave the best orowth At levels above approxi-
mately 114 pounds ol terulizer per 100 gallons ol water there was a de-
[inite leductlon i growth. Fuonymus alatus responded most satislac-
torily to a low level ol fertilization and also a 2 to 1 nitrogen-potassium
ratio. The 68 pounds of 20-0-10 gave the best growth response on Eu-
onymus alatus compacta At levels higher than this there was a signihi-
cant reduction in total growth and mn average number of laterals per
plant llex cienata rotundifolia likewise responded best to moderate
levels ol lertilization with the .68 pound rate of 20-0-20 giving the best
growth the hirst growing season, and the 272 pound rate ol 20-0-20 the
best growth the second growing season.

SOIL NITROGEN AND POTASSIUM

The lerulization program was combined with an mtensive program
ol determination of soil nitrogen and potassiuim. Results mdicate that
the soil nitrates should not be allowed to go higher than 100 parts per
million on a soil basis, and soil potassium should not go beyond 300
parts per mulion.  As tar as sale levels of fertilization are concerned, 1t
appears that for most plants in containers fertilization rates should be
between one and two pounds ol a 20-0-20 or 20-0-10 per 100 gallons ot
water and applied approximately 1 pimnt per plant every 10 days This
rate 1n general gave the most satistactoy results with nitrate levels being
maintained near 100 parts per million and potassium levels ncar 300
patts per million on a soil basis.

[t also appears based on the solubridge test that soluble salt read-
imgs greater than 75 to 100 may result m a reduction in growth ol many
woody ornamental plants, particularly the more salt sensitive species.
More work 1s nceded before deflinite reccommendations can be made in
regard to soluble salt levels

SUNMARY

[n summarizing, I would hike to say that overfertihzation ol woody
ornamental can result in a reduction ol growth, chlorosis, severe stunt-
g or death. The symptoms ol slight or moderate overtertilization 1is
a reduction i growth with no unusual leal charactenstics  More severe
overfertilization can cause such symptoms as chlorosis or vellowmg of
the loliage, wilting ol the [oliage, burning ol the tips and margins ot
the lcal and even death ol the plant.  Severe overlertilization is prob-
ably not too common. Slight overtertilization is believed to be rather
common The best method ol prevenung overfertilization 1s to use a
sound fertilization program combined with periodic soil testing for
nitrogen and potassium as well as testing lor soluble salts by usig
solu-bridge.  Soil nitrates should be mamtained at not over 100 parts
per million and soil potassium levels should not be greater than 300
parts per nullion on a soil basis. "L'entative results indicate that the
solu-bridge reading ot a 1:2 soil. water extract should be between 50
and 125 for the woody plants studied. In the work being reported, these
levels were most neayly maintained by lertilizing with a dilute fertilizer
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solution contaming 15 to 2 pounds of 20-0-10 or a 20-0-20 water soluble
fertilizer per 100 gallons ol water and applying 1 pint per gallon con-
tainer every 10 days throughout the growing season
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MODERATOR NORDINE: If we were to open the Hoor o ques-
tions it would be easy to devote the rest ol the forenoon to questions.
Dr. Kelley will be here on Friday night for the question box session. |
feel sure that a great many ol you will want to question him at a great
length concerning this very, very interesting topic  With your permis-
ston we'll hold the questions until Friday evening.

The Program Chairman has a great deal ol latitude tor the sclec-
tion ol his speaker and many times he selects something ol a personal
nature. Now I am quite sure that vou all know the questuon that Mar-
tin brings up every single year at the question box, that 1s, the dropping
of the needles on taxus. He has never been able to get an answer to
this problem and 1 suspect that he brought in the next speaker tor that
particular purpose. However, 1 do know, too, that we will all benelit
from this next particular topic.

Nearly 30 years ago Richard White, who 15 now Execuuive Vice
President ol the American Association of Nurserymen, made a state-
ment to the former Plant Propagators Society that nurservimen will at-
tribute the death ol plants 1in propagating cases and in the beds to every:-
thing under the sun but to plant diseases. Many of us have become
acquainted with this important statement in recent veais  So with this
i mind we are very, very happy to introduce the next speaker  He 1s
Dr Spencer Davis ot Rutgers University where he 1s Extension Specialist
m plant diseases. In other words, he devotes full time to answering
gquestions on plant disease problems With that, Dr. Davis!

co DR. SPENCER H. DAVIS (Rutgers Unuversity, New Brunswick,
New Jersey): Thank you, Sir and Gentlemen.

| Apparently Dick White was a good reformer in New Jerscy becausc
he got all our nurserymen tc think that nothing happens to a plant
other than a disease. I wish many ot our nurserymen had been herc
tor the lirst two papers. 1 think i1t would have relieved our burden a
lot. Incompatibility answers halt ol our problems and over-fertiliza-
1on answers the other half.

DISEASES IN PROPAGATING BEDS

SPENCER H. Davis
Rutgers University
New Birunswick, New [crsey

[ r1calize that cach nursery has its own particular problems 1l you
talk ten minutes about somebody’s problems 1t 1s not ol too much in-
terest to the person who has a diflerent type ol problem conftronting
him.. We are going to talk therefore. a Ilittle bit about the general dis-
eases lound m propagating beds. We are also going to think about
what happens to many of these cuttings alter they become plants. You
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solution contaming 15 to 2 pounds of 20-0-10 or a 20-0-20 water soluble
fertilizer per 100 gallons ol water and applying 1 pint per gallon con-
tainer every 10 days throughout the growing season
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people who grow these plants know enough about many ol the prob-
lems It 1s alter these plants are sold and get into the hands ol the
customer that either the county agricultural agent or I start to get ques-
tions; this 1s when we have a problem. I am going to try therelore to
hit both of these sides

First ot all, let’s take the non-intectious diseascs. "They are usually
easy Lo correct. You can get 100 per cent results with them, but you
don’t have any mterest in these because you know the answers to them.

Cankering is common on taxus alter it has been lined-out in the
iecld.  We lind 1l we have a tall, spindly plant in dry soil we otten get
eirdling or cankering around the base under very warm conditions.
This is not a lungus disease but rather a result of mnjury to the tissue.
To my way ol thinking, taxus 1s probably one ol the most tender plants
we have and one of the ones most readily injured by too much or too
little of something. This same plant will sultler from wet leet when
you have lots ol moisture. As a result browning ol the loliage 1s olten
a good symptom ol this trouble.

We olten run into another thing when 1t is too cold at the wrong
time of the ycar. This happens with many plants including Ilex spp.
Incidentally, I am not going to give the varietal names of the holly be-
cause T had a sad expertence in Connecticut. One gentleman said when
they gralted on one variety they had failure but had excellent results
with another rootstock. One of the men in the auditorium said they
had the reverse situation in Oklahoma. We have this type ol thing
coming up when we talk about susceptibility to cold or hcat. Apparent-
lv, in ditlerent parts of the country you obtain ditterent results.

Another one of thesc so-called ‘“non-iniectious diseases” has been
described by Dr. Kelley. You can imagine what happens to plants put
in an area where you have opened your fertilizer drill and stood there
and talked tor a while. Later on in the season you have a “disease”
that breaks out down in this area and the plants are completely killed.
You call your plant pathologist and ask what lungus has started and
spreacdd out. Perhaps you buy a tungicide, apply it.and that 1s the end
ol the trouble. It doesn’t spread any more up and down the bed.

Another type of injury to nursery stock can be caused [rom the use
ol certain toxic chemicals. Here you see a wooden fence that was treat;
ed with pentachlorophenol, which is sold under the trade name ol
Wood Lite Tt was put on in June and when we got a hot day when
the wind was blowing some ol these volatile chemicals that are used in
preserving the wood gave olt a toxic residue. You may have a screened
bed or lath house in whiclhh you would like to save those posts or that
lath for as many years as possible. You treat 1t and during a hot day
vou may get some ol this tumigation trom it on the plants.

We sometimes [ind a batch of cuttings that are completely rotten
at the base.  This usually results lrom having poor-aeration i the me-
dium, overwatering or overlertilizing. |

All right, now let’s look at some ol the nlectious diseases. How
are we going to combat them? Well, we have soil sterilhization and a
good sanitation program We can select the propagating stock caretully.
It we do all this we will probably end up with 100 per cent results.
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Some time ago we collected a batch of holly secdlings from a tlat
where the plants were dying. Mr. Batchelor isolated a fusarium from
it. Having seen these in the flats it was my {celing that in some of the
cases 1t was too wet and the fusariuin came in as a secondary organism.

Another organism that can give you trouble is verticillium  Those
ol you from agricultural areas should be cautioned not to pick up top
soil lrom an area which had been planted with tomatoes or peppers or
egg plants. 1 you do you may be bringing in a load ot verticillium
also. This will etfect rooted cuttings, and n tact I don’t care whether
it is maple, peach, crabapples or any one of 87 plants that we can name

for you, they will get the verticillium disease.

In another case we have an example of a diseasc which occurred
when azaleas were brought in {rom the field in the fall and put in
benches too tightly. A lungus got in with these plants that were put so
close together that there was no air through them. The same propaga-
tor planted some benches with a little more space between them, and
thesc benches had no tungus.

This 1s one we run into when the soil is heavily manured and then
is kept on the wet side. This is slime mold. It is not a disease but
rather a type ol lungus that runs all through the place even up a tele-
phone pole. 1{ you stood there long enough, it would run up your leg.

This next one is getting into the true diseases, which by proper sani-
tation or sterilization you can do a lot about. This is crown gall on
rhododendron. This particular Jot was almost 100, per cent inftected
because the bacterium was brought in with the soil. Here is a photo
ol a willow tree infected with crown gall, which 1s typical ol so many
Here again, I think proper selecuon of stock from which the cuttings
are taken will help a lot to clear this trouble up.

All right, let’s look at another complex, which is a combination of
a virus and/or what we might call graft transmissable troubles. Here
again, 1f you select your propagating material correctly and 1l you con-
trol msects, (this applies more to herbaceous plants than to your type of
plants) , you can have 100 per cent results.

Just this year one ol the men picked up a plant of Ligustium lucida,
which had what we believed to be a virus. Just within the last six or
seven months the Plant Disease Reporter carried a very nice description
ot this. Taking any cuttings from plants with this virus even though
there are no visible symptoms in the leaves will result In propagation
of the virus as well as the privet.

There 1s a disorder on holly which to my knowledge ts not a virus.
We call it purple blotch  Perhaps some day it may be proven to be a
virus. To my way of thinking it is just a clonal characteristic. When
we get soil too wet, all cuttings from that clone will come down with
purple blotch In Clarence Woll’s Nursery in southern New Jersey,
where he has 10 or 11 acres of holly, we [ind that all the same selection
will have purple blotch and the row next to it won’t have 1t Here
again, proper selection 1s the way to avoid troubles.

Last night we talked to Bill Flemer about anthracnose. He said
that we are not too much interested in anthracnose on the London
plane tree in the nursery. Somehow nurserymen get the London plane
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and the Sycamore mixed up and we are running mto some arcas i
Jersey where there 1s an awlul lot of anthracnose on street trecs. "I'hese
trees were sold to street tree commussions as the London plane. When
you start looking for white bark and the small balls, you know they did
not buy a London plane tree.

The next disease, phytophthora shows considerable variation with
varieties ol rhododendron. Some varieties are almost completely knock-
ed out with this fungus while others arc untouched. Dick White 1s
probably the one that has done the most work on phytophthora.  'This
was done 25 or 30 years ago Since then, a lot ot new varreties have
come m. Next summer Professor Nichols ob Penn. State University 1s
going through the northern states, trving to run a survey on resistant
varieties. 1 think he will be visiting some ol you nuiserymen on this
trip.

When I said that some of vou weren’t interested in some ol these
methods for controlling these troubles, I meant 1t. However, 1l we have
a high-priced chemircal and 1t is ditficule to use and requires special
equipment, and if instead of 100 per cent results vou can get 25 or 50
per cent results, and maybe 1t will mmjure some varieties such as weed
killers might do, you might have a lot ot interest because they are new
chemicals or vou heard about it or read about it some place.

In New Jersey they were having a lot ol wrouble with phomopsis
on gardenia. 'This 1s a random sclection ol cuttings which had about
30 per cent rooted beautitully and 70 per cent dead because ol the fun-
gus. We tried incoiporating a {ungicide n the sotl. The next shide
shows what one and two per cent Ferbam or Fermate actually imcorpo-
rated in the sand will do the growing results. We controlled the dis-
ease 100 per cent with about two pounds ot Ferbam in 100 pounds of
sand but we had shoit roots. With 100 pounds we had longer roots.
We then dropped down to one-hall and one-quarter per cent  We now
have as our state recommendatien lor gardenia the use ol one pound ol
Ferbam in 400 pounds of sand Occasionally there are problems that
come up that just can be answered without [urther experimentation We
had one in a rose greenhouse where the plants just did not grow. A fun-
gus we call Lepiota was responsible for this condition It 1s a lungus
that permeates the soil and may run for four or hve feet. We did
quite a bit ol work on this, using some ol the newer materials.

We ran into a flower blight problem on holly this past spring which
was very wet. [ realize that you aie not so much interested in the How--
ers on these plants but the thing here 1s that these diseased parts fall
down on the leaves or worse yet, on the soil which will give you a soil
canker on some of these plants. This is the sort of thing we may have
to try to control with chemicals.

T'oo, on rhododrendron, we have a leaf spot which is caused by a
simple type ol tungus, but it attacks eatly m the spring. We have
chemicals to control this, but we must get it i at the right time.

There 15 a potemm] problem [or all azalea growers in this section
ot the country. This disease 1s known as petal bhight. This slide shows
a plant just starting down with the disease in New Jersey. It was on a
plant that was brought up {from the south apparently with the fungus
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on 1t. For those who think they have it, whether you have the south-
ern form or not, we suggest that vou put the petals mm a polyethylene
or glass container and keep them for one week. At the end, of this
time if you have these hittle black structures then you will know that
you have this petal blight disease or azaleas. Here again, the disease
can be controlled with proper sprays.

Very quickly let’s look at soil sterilization. Two chemicals have
come out 1 the last couple ol years that looks very promising. Methyl
bromide, perhaps sold as MC-2, and Vapam are the two to which I refer.
Just within the last two months a paper has come out that states that
you can control crown gall by using these materials at the recommend-
ed rates. 1 know a lot ot nurserymen use these chemicals for weed con-
trol but herc 18 a suggestion lor their use to control organisms 1n your
so1l also.

One ol the worst problems in seedbeds ol cabbage and broccoli 1s
damp ott and wire stem. These can be controlled by mixing terrachlor
with the soil. I must caution you not to use chemicals such as terrachlor
and captan on crops until you have flirst tested them to be sure you will
not get any injury or stunted growth.

Now let me conclude by mentioning some of the new chemicals
that are showing a lot of promise in vegetables and fruits. As some of
you people heard me say, you people are on the sucker list. Every sta-
tton 1 the country has somebody working on apples and peaches and
when we get to ornamentals, a lot of you people have to pick up the
chemical samples and do the research yourself Dyrene, Maneb, Cy-
prex, and Phaltan are some of the newer ones Incidentally, Phaltan
appedars to me to be an excellent thing for you lolks who are dealing
with roses. 1t 1s the only thing I know that controls both black spot
and powdery mildew. To my knowledge, we have no other chemical
that will do this. Dithane A-40 is out for the lirst time this year. It
1s a dry material taking the place ot the old Dithane D-14, the liquid
material. Karathane 1s still an excellent material, out three or four
years, for powdery mildew, and the liquid mercuries are ideal for a lot
ol sanitation work.

Ot course we always have the situatuon where you sell a well grown
tree to some customer who stakes 1t alter planting. Then at the end
ol the season the tree is dead and the post has six inches of growth on
it. In one town, 500 trees were planted like this, and at the end ol the
summer we had 200 live posts and 200 dead trees. They used swamp
maple for stakes. The soil was so soggy wet that it swoshed when you
walked on 1t.
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MODERATOR NORDINE: All right, let’s have some questions.

MR. JIM WELLS (Red Bank, New Jersey): I'd like to ask Dr.
Davis if there 1s any general treatment that he would recommend of new
or old chemicals for treating the soil before planting to reduce infec-
tion in the field?
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DR. DAVIS: One would be Ferbam, which is one ol the nicest
you can get in that there is generally less injury with it than with others.
Try 1t at the rate ol one pound for 400 pounds of propagating sand.
When you get into soil, you are getting into a different matter. 'The
chemist refer to the soil as being well bulfered. When we get a lot of
these chemicals in the soil, it ties them up rather quickly Quite a lew
ol our tlorists, are starting to experiment with Terrachlor and Captan
now lor use on a number of flowering plants. Here again, use 1t care-
fully and try 1t on a tew plants before you hit all of them.

MR. WELLS: We had a discussion either last year or a couple
ol years ago on this question ol sterility. Dr. Waxman made the state-
ment at that time that in the best nursery run m an orthodox manner
if you adopt sterile methods and conditions you will increase your el-
ficiency by 20 per cent. Now that is substantial. My point in asking
this was, Do you think it is worthwhile for any nurseryman growing
any crop to consider using this Terrachlor and Captan as a general
preventative mcasure, and it so, what percentage improvement would
he get?

DR. DAVIS: I would not, and 1 underline not, suggest that all
nurserymen go out and start using this mixture. Any time you are sat-
isfied with the results you are getting don’t try to get another 20 per
cent by putting these chemicals i your medium. You will probably
get more trouble than benefit. The only place we recommend the usc
ol chemicals are the places where you have had previous experience with
disease problems If 1 were trving something and getting 80 per cent
results year aftter year I would not worry about trying to put a chemical
in and getting an extra 20 per cent. Farmers don’t do this; they just
plant another 20 per cent to leed the bugs

MR. ALBERT LOWENFELS (White Plams, New York): You
mentioned purple blotch on holly, Ilex opaca You recommend not
propagating from these plants. What should one do then, spray tor it?

DR. DAVIS. 1 ran some experiments about 10 or Il years ago at
the Wolf Nursery using about 15 chemicals. We tried to isolate the
thing and found that it 1s not a fungus, or a bacteria. We call it a
physiological disturbance and not something tied up with any organism.

MR. TED E. FOULKE (Cleveland, Ohio): Dr. Davis, this past
summer [ spent some time with Dr. Roberts and they have a purple
blotch problem in English holly which apparently is traced to the pre-
sence of boron deficiency. 1In the places where they fed boron at the
rate of 25 parts per miliion they dudn’t hind the blotch. Is there any
relationship between this and our American holly?

DR. DAVIS: There is probably a pretty lair relationship. Dan
Fenton, who works at Woll’'s Nursery ran quite a lot of experimental
work on ditlerent fractions ol potassium and lmme on /lex opaca, with
added boron Again you have the choice of propagating lrom a clone
or strain that does not have purple blotch 1n 1t, or one that has this
tendency. I will take the clone that 1s free {from this trouble.

DR. CHARLES HESS (Lalayette, Indiana)* You mentioned that
purple blotch was somewhat related to soil moisture conditions. In
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other words, would vou say that with wet lect you would have more
blotch? "

DR. DAVIS: In the years when purple blotch is prevalent we iind
it 1s worse on plants that are growing with wet leet. Here again, you
can have two seedlings side by side, one can be blotched up and one
completely tree from the trouble.

PRESIDENT TEMPLETON: 1 want to ask a question about
this purple blotch. Is it possible that iron deficiency is involved:

DR. DAVIS: Iron has been used but it has not given consistently
cood results.

MR. RALPH SHUGERT (Neosho, Missourt): Have you done
any work on phomopsis blight of cedar?

DR. DAVIS: Charley Hess probably has done more work along
that limme with Pat Pirone, than I have. I think he is using the old
copper spray as the best material.

About a week ago I thought Captan, ol the new materials was a
good answer to jumper blight. In reading the tine print however, they
were not referring to phomopsis.

MODERATOR NORDINE We stand recessed until 1:30 this
afternoon.

The session recessed at 12:15 o’clock.
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packing cost, there 1s a Iimmit to the radius beyond which 1t 1s not cco-
nomically feasible to ship these plants. On the other hand, barc root
plants, which can be easily and cheaply bundled, thereby holding weight
lo a minimum, shipping costs are also minimal. Therelore, the radius
that the bare root plants can be shipped is greater than those 1n bands
or pots desprte Mr. Billerbeck’s nifty method ol puttuing them right on
his own trucks. That is a solution that sooner or later many of us who
are attempting to penctrate the liner market may come to rather than
to depend on common carrier.

The other problem 1s associated with the production of these small
plants in their rather restricted soil volume. There are those diflicul-
ties that arise over the maintenance of adequate lertility levels, adequate
moisture levels and control of temperatures m a small, 1solated parcel
ol soil.  Since we have been growing our plants in containers in Ilinois
we have become much more aware ol these problems, recognizing it 1s
easier to grow plants today in one sterile acre rather than a hall sterile
acre. The smaller the parcel of soil, the more rapidiy the moisture
level fluctuates, the more rapidly the fertility level fluctuates the more
variaion you get in temperature.

[ just want to stress that potted ov banded liner propagation is no
substitute for good cultural care. All too frequently in this nurserv in-
dustry we Iind an answer promised panacia, becomes a reason for care-
less growing. The pot and band will not do anything magic for you
but 1l used properly we believe-it will produce a better plant almost
under any conditions.

MODERATOR MAHLSTEDE: Since we will postpone the ques-
tion period until we have heard from all the speakers, 1 would like to
call on Mr George Blyth to discuss the subject before the panel.

Mr. Blyth presented his prepared paper, which was tollowed by a
sequence of colored slides.

THE PROS AND CONS OF BANDED VERSUS BARE ROOT MATERIAL

GeorcE P. BLyTH
McConnell Nursery Company
Port Burwell, Ontario, Canada

We have been growing summer softwood cuttings, in containers for
the past thirty years. We had ditficulty in transplanting these to the
field We have used everything from clay pots, wooden bands, tar pa-
per bands and plastic pots to peat pots. We find the Jilty peat pots to
be very satistactory and arc doing the best job to date. "T'he advantages
ol banded liners applies to varieties that are difticult to transplant, or
summer cuttings that are Lo be carried over the winter for spring plant-
ing or lor shipping.

Our present method 15 to pot all our summer cuttings in [iffy pots.
We hold them during the winter in frames. The potting medium used
1s one-hall sand and onec-hall peat. We fertilize once a week, using 20-
20-20, Rapid Gro, until the end of Augmt The pots are covered In
late November with fine gravel to prevent heaving. The [rames are

{
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covered with tar paper. This is removed i April and the potted cut-
tings are watered once a week.

We can begin planting in May. We use two Smalllord planters
drawn by a Farmall tractor. Four men plant approximately 20,000 per
day at 12 inch settings We have a very small loss Types such as
forsythia, honeysuckle and weigela are salable material by ftall.  This
method produces a plant suitable for mail order and packaging, which

1S a major portion ol our business.
A large number of our shrubs are grown {rom hardwood cuttings

These are lall planted. Some may be dug the following fall. Plants
requiring 4 two vear growing pertod are cut back in the fall. "These
trimmings are used as cuttings, and the stock is lelt for another year to
develop a better branch and root system.

Seedlings, ol course, are bare root planted, and, il the weather 1s
dry, there are losses. Most ol our bare root plantings are shade trees
and evergrecns. They are freshly dug and planted either lall or spring.
Trees are planted by using a plow and spade. We use a Smalltord
planter with evergreens. This machine plants two rows at a ume. Fow
men will plant 10 to 12,000 a day using a 24 inch spacing. Last spring
four men and two planters set i 10,000 Ulinus purmila m a nine houi
day.

(Editor’s note:  Mr. Blyth concluded his discussion with a series
of colored slides illustrating procedures used tor handling bare root and
potted liners.)

&3 +* X ¥ % % %

MODERATOR MAHLSTEDE: Thank you, George Without
interrupting the program we will call on Dick Vanderbilt of the Koster
Nurseries.

Mr. Richard Vanderbilt presented his prepated cdhiscussion on the
ﬂ(lv.fmtages of banded or potted liners versus bare root material.

b

ADVANTAGES OF BANDED OR POTTED LINERS
VERSUS BARE ROOT MATERIAL

Ri1cHARD VANDERBILT
Koster Nu?‘seiy
Bridgelon, New Jersey

The usual and generally true arguments for potting are that there
is less loss, more rapid establishment, more tlexibility in planting times,
and a bhetter plant 1n a given time. But a visit to a good grower who
wouldn’t pot anvthing on a bet, shows that good plants may be grown
without potting. I have in mind our neighbor Hap Hoogendorn, Case’s
brother, whose taxus can match or better anything we can do in pots
tollowing the U. C. mix and lertihizing every third irrigation. In ad-
dition to this, as far as 1 can tell, he has no loss, has very rapid estab-
lishment, and plants most anytime he feels inclined.

73



covered with tar paper. This is removed i April and the potted cut-
tings are watered once a week.

We can begin planting in May. We use two Smalllord planters
drawn by a Farmall tractor. Four men plant approximately 20,000 per
day at 12 inch settings We have a very small loss Types such as
forsythia, honeysuckle and weigela are salable material by ftall.  This
method produces a plant suitable for mail order and packaging, which

1S a major portion ol our business.
A large number of our shrubs are grown {rom hardwood cuttings

These are lall planted. Some may be dug the following fall. Plants
requiring 4 two vear growing pertod are cut back in the fall. "These
trimmings are used as cuttings, and the stock is lelt for another year to
develop a better branch and root system.

Seedlings, ol course, are bare root planted, and, il the weather 1s
dry, there are losses. Most ol our bare root plantings are shade trees
and evergrecns. They are freshly dug and planted either lall or spring.
Trees are planted by using a plow and spade. We use a Smalltord
planter with evergreens. This machine plants two rows at a ume. Fow
men will plant 10 to 12,000 a day using a 24 inch spacing. Last spring
four men and two planters set i 10,000 Ulinus purmila m a nine houi
day.

(Editor’s note:  Mr. Blyth concluded his discussion with a series
of colored slides illustrating procedures used tor handling bare root and
potted liners.)

&3 +* X ¥ % % %

MODERATOR MAHLSTEDE: Thank you, George Without
interrupting the program we will call on Dick Vanderbilt of the Koster
Nurseries.

Mr. Richard Vanderbilt presented his prepated cdhiscussion on the
ﬂ(lv.fmtages of banded or potted liners versus bare root material.

b

ADVANTAGES OF BANDED OR POTTED LINERS
VERSUS BARE ROOT MATERIAL

Ri1cHARD VANDERBILT
Koster Nu?‘seiy
Bridgelon, New Jersey

The usual and generally true arguments for potting are that there
is less loss, more rapid establishment, more tlexibility in planting times,
and a bhetter plant 1n a given time. But a visit to a good grower who
wouldn’t pot anvthing on a bet, shows that good plants may be grown
without potting. I have in mind our neighbor Hap Hoogendorn, Case’s
brother, whose taxus can match or better anything we can do in pots
tollowing the U. C. mix and lertihizing every third irrigation. In ad-
dition to this, as far as 1 can tell, he has no loss, has very rapid estab-
lishment, and plants most anytime he feels inclined.

73



The chief benelit ol potting for us is that we have been able to
chiminate the planting ol any conilerous material mnto beds, thus saving
the tremendous amount ol hand labor involved in keeping the beds
clean. We are able to plant directly in the field, and to sell the hiner
directly {rom the 1ow as a B & B plant

We have adapted a 20 inch row spacing Irom the local lettuce Larm-
¢rs that works exceedingly well The potted liners are spaced 16 inches
mn this row, giving us a population of approximately 20,000 plants per
acre  With this spacing we are able to grow a taxus, tor example, to a
small salable B & B plant alter three vears on the row

Planting is done with a four row mechanical transplanter, made in
Holland, Michigan This is the wheel type transplanter with neoprene
fingers. 1t has worked out better than any expectations we had for it
The plants are set unilormly at any depth required. There is no root
drag and they are lirmed in much better than is possible even with the
best of hand planters.  Cultivation 15 done with a four-row mdepend-
cnt gang cultivaton.

The potting itscll is now done into peat pots which are not as good
as veneer plant bands lor speed in potting, but what 1s lost at potting
time is regained at planung time by not having to remove the band.

The mix we use 15 the U. C. mix C, 50 per cent peat and 50 per
cent sand, with a base fertilizer supplemented with a 3-1-1 ratio liquid
lertilizer 1n a concentration ol 30 ppm nitrogen every thind watering.
Planting 1s done the following spring or early the same autumn We
have tound that by potting we are able to produce a salable plant more
cheaply than by any other means.

* % 7 X3 % %

MODERATOR MAHLSTEDE: Now, since Dick summed 1t all
up in about two minutes 1 think we should pay special attention to him
when it comes to the question and answer period.

Gerald, if you will give us vour thoughts on this subject, we will
conclude our panel discussion

Mr. Verkade presented his talk on the advantages ol potted liners
in production.

ADVANTAGES OF BANDED OR POTTED LINERS
VERSUS BARE ROOT MATERIAL

GERALD VERKADE
Verhade Nurseries
New London, Connectlicul

The three advantages to potting liners are (1) to maintain a higher
survival with certain plants, (2) to produce a salable plant sooner, and
(3) to extend the planting season. The main disadvantages 1s the add-
cd production cost which amounts to lour to seven cents tor each unit.

We use two types of pots in our operation  For our gralting under-
stock we use a 214" plastic rose pot, which has to be removed belore
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planting. For our cuttings we use a 214" or 3”7 squarc peat pot

Cotoneaster horvizontahs, and C. praecox arc potted because ol low
survival. 1 have found that leaving these summer cuttings i the root-
ng medium unul spring and transplantung them bare root has often
showed a 25 per cent to 50 per cent loss. DBy potting them alter they
have rooted and placing them in a frost free [rame, usually 95 per cent
survive the winter ‘and planting operation m the spring  Magnolias,
viburnums, Pink dogwoods, and Japanese maples are also potted These
items alter potting are placed in a controlled warm trame for the win-
ter. I have tried overwintering them in the rooting medium and al-
though most ol them are alive in the spring. bareroot transplanting gave
us high losses. Therefore to produce a salable plant quicker and to ex-
tend our planting season we pot these 1tems

For the past four years we have been growing plants in one and
two gallon containers Because of a limited container area we have
found that by potting some varicties they can be sold alter one growing
scason  Bare root stock did not always make up to size. We therelore
pot Forsytlna, Wewgela, and Euonymus. The potted Fuonymus cuttings
will be about 75 per cent salable in one year In order to get I'orsythua
and Weigela to make up m one vear we use one year old light hard-
wood cuttings and can them bare root, or use potted summer cutiings
I believe the potted summer cuttings make the nicest {inished shrubs.

Cotoneaster horizontalis, C praecox and Magnolias are also potted
We not only pot these 1n order to have a higher survival rate, but we
have also found that potting enables us to sell close to 50 per cent atter
the first growing season

Rliododendron cuttings are rooted in the fall and potted mn 3 mch
peat pots in January. One big reason we pot these 1s that we sell 30
per cent or more in May of that same ycar Tt 1s much casier to pick
out the best if vou don’t have to cut them out of the flat. Another
reason is that we find the root and top growth is far superior the fol-
lowing fall. We grow all our hvbrid rhododendrons 1n containers one
year. We grow a few thousand azaleas each year. I have lound that
potting the summer cuttings and planting them into contaieis the {ol-
lowing spring, we are able to grow them at a proflit 1 two seasons

There is only one variety ol Taxus that 1 will pot, 1e. I brevifolia
nana. These are potted because of the low survival rate the first win-
ter 1 beds They are potted in June [rom the rooting medium and
are kept i a lrost tree frame the [irst winter  This varietv is the only
one which stem splits the first winter with us 1 honestly can not see
any good reason to pot other Yew varicties. The benehits are so little
that T do not believe it covers the cost 1 do not recall any serious
problems in transplanting cutuings, or 2, 3, or 4 year old bare root
liners as long as they have a good healthy root system and 1t 1s not too

late in the season
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MODERATOR MAHLSTEDE: "Thank you, Gerald.

The [loor s now open for questions. I didn’t know Marun had
loaded the panel with men that used banded or potted liners rather
than bare root material 1 think vou men in the audience have a lew
things you mught add 1 regard to bare root transplanung Is Bull
Flemer in the room® Bill, last year I remember that you mentioned
somethmg about the rooting out ol plants in peat pots. Have you any-
thing to add to this discussion?

MR WILLIAM FLEMER (Princeton, New Jersey): Yes, the
reason we like to use peat pots, John, 1s that you don’t get that snarl ol
roots within the pot itsell. The old roots come out, start growing and
new roots come out Irom the inside of the ball. These also keep grow-
ing so in turn you go to the tield with a plant that has a large hibrous
root system just going out to the edge ol the pot If the same plant s
crown 1n a clay pot, the roots spiral around on the nside of the pot
and you get conditions in the lield very similar to that of the holly plant
that Spence Davis told us about this morming. As a result we have
eone over cntirely to peat pots except for one or two exceptions.

I would like to hear whether Jack Hill is using the peat pots and
what he thinks of 1t at Dundee

MR HILL- Bill's question to me, as T understand 1t, 1s what do
we think ol peat pots in Dundee? We have just begun to experiment
with peat pots. 1 will contess to all ol you, as close as we live to George
Ball that T looked at it for a long time before I could see where there
was any real value lor production of conifer liners. It was always my
impression that the peat pot broke down rather quickly. We find lrom
experience that plants in peat pots can at least be held as long as they
can 1 clay products with complete alleviation ol the problem which
Bill describes relative to the circling ol the roots. ~Mr. Wells" under-
standing 1s that all roots are oriented by gravity except when they are
mechanically constramned in a structure. When a plant is taken out of
this clay pot with the roots well carcled, placed without disturbing it 1n
the soil, the damage does not come from the root which continues to
circle, but rather comes from the cone structure that arises when the
already circled root increases in diameter resulting in a girdling, chok-
ing ettect. |

Summing it up quickly, I think we do like the peat pot. T think
Bill Flemer reallv gave me an idea several years ago when he described
his method ofsetting the pots up dry, that is, after the rooted cuttings
were placed in the pots and the pots were set for multiple handling,
they were not squeezed together. There was a deliberate attempt made
to set them carefully so that there was an open space between units. 'The
purpose ol the space in there was to allow air to reach all sides. Also,
it prevents invasion, that is, the roots in one pot cannot mvade the pot
ol the plant adjacent We are all for peat pots now.

MR. JOHN VERMEULEN (Neshanic Station, New Jersey): We
have almost completely gone over to peat pots in.all our potting and
liner producuon. We put our peat pots in a container [or shipping.
We have two sizes, that 1s a small container for 12, and a large container

for 36, It 1s a l)ig s:nfing.
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1 also have a question lor someone on the panel. We had a Ing
foss ol azaleas potted in peat pots last winter. 'We had 1t once belore
and T thought we had overcome 1t. We potted the cuttings in February
and about the middle of March we started to lose these plants. We lost
approximmately 15 to 20 per cent ol our cuttings. We have tried to trace
it down and as lar as we have gone, it appears that there was too high
a soluble salt content in our soil. Also, we think that it may be mn the
pot itself. This yvear we have pots imported [rom Sweden to check on
this  Can anvone tell us, how to elinmnate this and be sure it wouldn’t
happen again? .,

MR. GERALD VERKADE: 1 don’t know 1l I can tell you the
exact reason lor these losses. 1 had a very unfortunate experience with
the thick peat pot. 1 try to use the thinnest type peat pot I can 1
found that especially with our rhododendron cuttings last summer, that
once in a while a plant would drop otl. The only reason we could see
for the loss was that they were too wet. What we do now 1s to use a
very thin pot on our azaleas. When we plant them out m the spring
we uy to stack them so there isn’t a tendency to hold water, especially
lor three or four davs consecutively.

MR. JIM WELLS: 1 would like to make a couplc ol comments
and ask Gerald a question. First of all, we killed a lot of plants like
lirethorn with Jitly pots. They don’t over-winter at all m the frames.
I think it was my own fault [ wouldn’t really blame 1t on the Jilly
pots. I think they just got too dry. I wasn't used to using them 1
found that under my method ol growing that putting the plants into
flats was greatly superior.  The same 15 true ol Prunus Hally johivette,
and so I abandoned the Jitty pots.

In regard to this pot, we ran a pH test by crumbling up the peat n
a pot and running it on a onc to two dilutiton. We came up with a
reading ol tour, under which we consider it to be quite lethal. Now
that is not a very good experiment because the soil 1s 1immediately put
in there and 1L 1s diluted belore the plant starts to grow. Nevertheless,
that pot, In my opimion, was just a plant killer. Perhaps it unlortu-
nately was under the spigot when they turned on the tertilizer, but 1t
wasn’t very good.

The question, Gerald, I would like to ask you 1s, Do you take the
pot oll your rhododendron when vou put them in the can? -

MR VERKADE: No, we do not

MR. WELLS: And what medium do you use?

MR VERKADE: T have done it two ways with the rhododendron.
I have used straight peat as a medium 1n the peat pot The tollowing
year we used peat and perlite. The medium I root my cuttings imn is
the medium 1t 1s potted 1.

Now 1n our can we use our regular container nux I don’t want
to go into all the details of the container mix since some other time
might be more proper. However, it is the same mix we use for rhodo-
dendrons. I take the rhododendron in the spring and crack the pot.
This 1s not the standard peat pot that we use, but rather a thinner one.
It 1s much thinner and has a hole in the bottom. If you squeeze 1t, it
can be broken easily. The roots will grow out of it, but we are sull
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breaking the pot up  We drop them m the larger contammer and put a
can mix around then.

MR. WELLS: I have always been an advocate ol potting. 1
brought m some rhododendron liners this past spring ftrom Portland,
Oregon, and they arrived m the most perlect condition, beautitully
packed and beautilully grown, by Railway Express. The plants had
tight balls ol roots which had been lifted from a bed of peat. You could
throw thein about. In tact, 1 did, without damage. 1 have always
argued that the potung of a plant in an aruhicial medium and then put-
ting it out into the lield created an oasis in which the plant was likely
to remain. That hasn’t proved out in practice. 1 have planted these
plants from Oregon in my nursery and they are the best plants I have
m the nurscry T am switching over cntirely to a4 peat medium lor
orowing liners. These will not be m pots.

MR. A. J. RADDER (Bloomhtield, Connecticut): 1 worked lor a
nursery and we used up to one million peat pots for the potting ot to-
bacco plants for resetting in the lield. Last year they tound out that a
certaun number of them in the peat pots were completely stunted while
other ones grew very well.  After they sent them to our own laboratory
we lound out that those mn the peat pots that came [rom Denmark were
completely stunted The reason was attributed to the type of terulizer
they used and the heavier wall.

(Editor’s note.  This situation has since been corrected.)

MR. MARTIN VAN HOF. [ think it would help also to take oft
the top ol your peat pot or tear it belore planting.

MODERATOR MAHLSTEDE: "That brings up the question ol
wicking. The placement ol the peat pot in relation to the soil surlace
15> 4 very important consideration.

MR. HOOGENDOORN: Two ycars ago 1t was a hard winter,
The previous spring we had planted out some hollies in peat pots for
the lirst time. T tound i the spring they had all heaved out and dried
up. Then last year, Bill Flemer had the same trouble in the held. The
1cason they heaved up is because the pot had wicked, dried and the root
didn’t go through the walls of the pot T'here was nothing to hold
them in the ground. This past spring we tore off the upper halt of
the pot and then planted. We sull kept the ball intact but got away
[rom the wicking.

MODERATOR MAHLSTEDE: Any further comments on wick-
ing?  Dick Vanderbilt.

MR. VANDERBILT: It is not the wicking but rather a comment
on the use ol pure peat lor rhododendrons. Case said that he had no
trouble with rooting out once the lip ol the pot was removed. That
would be true as long as the pecat 1s saturated You can get over this
problem if you treat them with a wetting agent Iike Aqua Gro.

The rhododendron i1s i a peat ball, pure peat. IE you plant that
out 1t won’t always root out until the peat ball i1s 100 per cent soping
wet. It you try the Aqua Gro, regardless of whether the peat is ring-
ing wet or not it will root out in a sandy soil.

MR. FRED NISBET (Asheville, North Carolina): 1 would like
to address a question, please to Mr. Verkade. Do your thim pots hold up
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over the enure season? We start pulling our azaleas, rhododendrons,
pierts, and such, from the open mist beds 1n August, and ol course wc
have a problem that no one else has here, that 1s we don’t have ade
quate help. Theretore, the process strings out until normally October.
We put them in frames. The question then 1s, “Would these peat pots
hold up until we could start putting them into beds in the nursery
late May or june?

Now the pots we have been using have a [airly thick wall. They
hold up satistactortly as long as May and June il we handle them very
carefully. However, with any amount ol handling at all they go to
pieces. Will the thin pots hold up as well?

MR. VERKADE: They will not hold up as well.  In fact, I don’t
think you could use the thin ones On my rhododendrons we pot the
cutungs well m November, and can them in the spring. So, actually,
we only hold them probably three months in the peat pot, at the most
I ncever have kept anything all summer.

MR. NISBET: We keep them anywhere from August to October
until May or June in trenches.

MR. VERKADE: From October to May I behieve they would hold
up that long. During the summer I don’t think so  During the win-
ter months when there 1sn’t so much root action I think they would hold
up.

MR. NISBET: 1 support Dick Vanderbilt's comment on the usc
ol Aqua Gro. [t you are using peat pots or anything else hard to wet,
it would pay you to get onto this stutf because you can do a wonderlul
job with it. I think 1t saved at least 3,000 azaleas lor me this vear
which wouldn’t have had a chance without 1t.

MR. PETER VERMEULEN: We made a test with two year old
taxus cuttings, which were either transplanted to a bed or put mto
three-inch peat trays This past year we had an excessive amount ol
moisture and we had a lot of loss because of wet feet  For the peat pots
in the trames we had comparable or better growth and absolutely no
loss due to wet feet. We found there was a decided advantage to the
use of peat pots.

MR STROOMBEEK (Perry, Ohio). This question 1s addressed
to Mr. Vanderbilt, in relation to the use ol Aqua Gro in transplantng.
[ tried the material out and 1t seemed to work very well. However, 1
iound out too late in the season that you have to keep repeating the ap-
plication, otherwise you get serious wilung or stunting. Have you
noticed that, too?

MR. VANDERBILT: I never tried 1t on deciduous stock or on
thododendrons. We give them one treatment after potting and another
one before they go out. The root action begins in the soil within seven
days, and we Icel that once root action has begun in the soil, our prob-
lem 15 over as far as using Aqua Gro. 'We have not repeated it and lel
we haven't needed to.

MR. HERMAN SANDKUHLE (Oakland, Calilornia): What is
vour experience with round pots versus squdare units?

MR. VERKADE: 1T like the square mainly because they fit so
nicely and there is less chance for the medium to run in between them
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MR. SANDKUHLE: What about watering?

MR. VERKADE: Your watering problem 1s munimized. They
occcupy the same amount of room but they look neater in the flat.

MR SANDKUHLE: You have had no problem [rom the lack of
air on the sides or rotting out of the bottom of the pot?

MR. VERKADE: T haven’t scen too much ditterence.

MR. SANDKUHLE" John, I'd like to make one comment. We
have a fine medium for use in the peat pots on the West Coast. We
happen to be a user of the UC Mix. Using Redwood sawdust and sand
we tind in the small peat pots we create quite an algae problem. Il not
taken care of, it puts quite a crust on the top ol the peat pot and,
therelore, slows up the percolation ol the water. If you are anticipat-
ing changing, you want to watch the algae problem.

MR. JACK HILL: What do vou do about this algae problem?

MR. SANDKUHLE: At the present tune, Jack, we use a copper
spray and we have eliminated some ol 1t. We had not noticed 1t at
[irst and did not take care of 1t. As a result we had to go in and ac-
tually remove the crust. It puts a membrane on top ot the medium,
somewhere in the neighborhood ol twenty-thousandths ol an inch, and
it prevents the water lrom going 1n.

MODERATOR MAHLSTEDE: I think you will all agree that
the panel has done an excellent job, so let’s give them a hand. (Ap-
plause)
[t is a pleasure tor me to introduce Donald ]. Moore, Retorestation
Ottlicer, from Hamilton, Bermuda. He has traveled a long way and
probably mvested quite a bit of money to be here with us this alternoon.
Atter talking to Don before the meeung, I am certain that he has an
interesting message to bring us on the topic, “The More Unusual Aspects
of Plant Propagation Methods and Experiences in Mist Propagation m
Bermuda.” Don Moore!

Mr. Donald |. Moore presented his address.

THE MORE UNUSUAL ASPECTS OF PLANT PROPAGATION METHODS
AND EXPERIENCES IN MIST PROPAGATION IN BERMUDA

DoNaLp |. MOORE
Bevmuda Botanical Gardens
Paget East, Bermuda

Belore proceeding into the main subject matter ol this paper. it is,
[ feel, essential to agquaint you all with a few statistics relevant to Ber-
muda’s geographical location, climatical data and topography. Whilst
these lactors may not ellect propagation to any great extent in a broad
sensce, they most certainly do dictate problems to us locally. They do

this in no uncertain matter.
- Qur chimate may be described as sub-tropical. Geographically,

however, we are located in the Temperate zone. IExact location, re-
levant to the nearest point ol land, is 568 miles from Cape Hatteras.
The nearest west indian island is Abaca, some 700 miles to the south

west. Contrary, to general belief, we are not part of the West Indies,
but are indeed, very much an isolated land mass.
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We owe our congenial climate entirely to our close proximity to
the Gull Stream. Frost is unknown. The lowest recorded tempera-
turc is 41.3 degrees F. The average rainfall may vary somewhat, but
to quote olficial figures, in 1959, we recorded 80.74 inches. June, July
and August, are normally the driest months. However, this last August
was cxceptionally wet, and we recorded 11.55 inches of rainfall in that
month.

The Islands cover a total area ol some twenty-threc square miles.
This is ol course an cxtremely small area. An.illusion ol greater area
is created however, by the undulating topography of the country. It is
hilly with broad valleys throughout. The highest point above sea level
is 250 feet. There are no natural [resh water supplies, but brackish
marshes occupy many valleys.

This topography gives some variation in soil types, although hght,
sandy soils predominate. An exception is a relatively rich red clay loam
found in one section.

All soils are basically formed from Aeolian limestone and are there-
fore completely alkaline, with a pH of 8 and up. Generally speaking,
they are very shallow, depths ranging on an average of from 1 -3 feet.
Six inches only down to bare rock, being the rule in many instances.
This shallow depth of soil creates an immediate problem when planting
out, particularly with woody ornamentals. The following common pro-
cedure for planting generally has to be adopted. A wooden stake 1s
placed at the site chosen for a specific plant. A hole is then blasted out
with dynamite or drilled, and made ready lor planting. Planting may
then be carried out. |

Summarizing this data, I will now assess the climatical factors, de-
terrent to optimum plant growth.

Periods of strong. wind and accompanying salt spray, decide princi-
pally our choice ol plant material. Salt spray damage to foliage can bc
as cqually damaging to evergreen foltage as can [tosL.

Minor, but occasional and prolonged periods of drought, may also
have their ellect to a lesser degree.

Pathogenic organisms in the soil, unless controlled, may have a fLield
day, with our very high average humidity.

Summarizing soil types, deterrent to optimum plant growth, I would
make these observations.

The light texture of our soil, makes water retention virtually -
possible. ‘

Drying out is relatively quick alter periods of even, prolonged or
heavy rainfall. Planting times are in fact, dictated by weather condi-
tions prevailing and variations occur in every season.

The high pH has a three-lfold effect. It prevents the culuvation ol
all acid loving ornamentals, and hinders the progress of those falling in
the imtermediate range. It locks up many major and trace elements, n
a lorm not available to the plant. Iron deliciency 1s so commonplace,
its appearance 1s accepted as normal, by many laymen. This high pH
has an elfet on rooting potential of certain species, but more on this

later.
At onc time, flora ol these islands was dominated by one endemic
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tree, namely, Juniperus bermudiana, the Bermuda cedar. Today, 99
per cent of these trees are dead, felled, cleared away and replaced.

The arboreal disaster was brought about the entry of a scale mscct
on contterous material from the U.S.A., in the mid 1950’.

The pest ;m question is the OVStE‘l shell scale, Lepidosaphes news-
teadi. Because of our isolation, the native cedar had remained unmo-
lested for years, and therefore had no genetical resistance to the ravages
of this insect. By 1939 the eftects of the infestation were becoming
clearly visible. During the intervening war years, very little could be
done, and by 1945, it became obvious that the greater percentage ot the
trees were doomed. Suitable chemical control was not available at that
time, and all eltorts were centered on biological control, this only met
with limited success. Other pests contributed to the cnemy camp, name-
ly Acutaspis perseae, “Black cedar scale,” and Panimerus junipert, * Ju-
niper aphid.”

The Department ol Agriculture, initiated a programme ol clearance
and replanting in 1945. This prograinme was known as the Realforesta-
tion programme, but re-beautification would I think be a term nearer
to the description ol the actual task.

Prior to this period, nursery production ot woody plants, had been
very limited, and facilities lor large scale propagation were non-existent.
Also, due to the former dominance of the juniper, the range ol desir-
able ornamentals was also severely restricted. With the cooperation of
the governments ol Trinidad and Jamaica, nursery production was
commenced on our behalf, in these countries. Material was sent m by
sea” and air, shipped bare root, and grown on in Bermuda for a short
while, prior to planting out. By 1950, we were completely dependent
ol these nurseries, and were producing all material required, ourselves.
In 1959, a total of 33,000 trees and shrubs were distributed from the
nursery. As lacilities have increased so has our production, and in Sep-
tember ol this year, 1,850 plants went out in just that one month.

There are three commercial concerns in the island. The largest is
in the florist cut flower trade and also produces a quantity of woody
stock. As we distribute’a certain amount of free material, and sell the
remainder at very low cost, it might be said that our competition to this
gentleman 1s somewhat unique and you may teel, unfair?

T'he other two concerns are a landscaping company, who will short-
ly be branching out into the production of house plants, and a rose
nursery. ‘The Rose Nursery has found a profitable line ot business in
the sale of budwood to firms in Europe, principally in Germany.

The greater part of our propagation is carried out under slat house
conditions, but glasshouses are used to some extent. We are enlarging
this latter concern next year.,

We also mtend to make greater usc of the advantages offered by
polyethylene and similar plOdU.(“le Wind will be a governing lactor
however, when considering the erection ol all plastic houses.

Slat houses are used on an extensive scale. We constructed out of
native jumper, what we consider to be the only house of commercial
proportions in Bermuda, some three years ago. This house is 250’ in
length, with 137 wide plant beds on either side of the 12/ wide through-
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road. The greatest value ol the slat house lays of course m the protec-
tion from high light intensity it provides and also in welcome protec-
tion from the winter wmnds.

Frames are of course used extensively lor propagation of both seed
and cuttings.

Due to the very light nature of our soils it is almost impossible to lift
most plant from open beds, with soil attached to the roots. This makes
bare root transplanting a hazardous business, particularly with water
being a valuable commodity. For this reason, the greater pI‘OpOI‘thn
of our stock 1s grown in cans.

Peat pots are used, for the production ol some bedding stock. Clay
and plastic pots are used where small quantities of choice exotics are
mvolved.

Many of the methods of plant propagation is relation to cuttings,
originated locally, and are typical of those practiced in warmer climates.
In some instances, the old way is still the best. However, in most fields,
modern methods are to be preferred, and this 1s the policy 1 adopted,
once having become acclimatized to local conditions. Many plants may
be easily grown from relatively thick hardwood internodal cuttings,
taken at any time of the vear. Subjects propagated in this way, include
hibiscus, nerium oleander, aealypha, polyscias and tamarix. When
these cuttings are inserted in the open ground, where they are intended
to grow and remain permanently, no method of propagation could be
more sitmple or effective.

The common method adopted when propagating such material in
containers has been to plant each cutting directly into its container. Ex-
perience has shown, however, that a high percentage of losses are record-
ed this way. Prior to rooting, the cutting 1s critically vulnerable to the
adversity of drought or saturation. We are continually hampered by
the lack of skilled help, and the art ol correct watering cannot be trust-
ed to novices. An almost 100 per cent take of cuttings is ensured, by
simply placing your cuttings in a prepared cutting bed, and initiating
callus and root formation, prior to potting. This 1s the only method
WE use now.

Semi hard wood cuttings of broad-leaved evergreens and llowering
shrubs are planted in glasshouse beds and frames i a manner [amiliar
to you all. Bougainvillea roots readily from internodal cuttings of 5 to
7 inches long, but care must be taken when potting oll, and the speedi-
er this transterence takes place the better.

A method ot propagation which we use and which T have develop-
ed upon quite considerably, 1s that of aerial layering, with the use of
polyethylene wraps. The polyethylene we use 1s sold in special widths
and is banded and impregnated with Hormodin No. 3. As in some
cases, we have also applied Hormodin directly to the cut surlace, and
have never used clear polyethylene, I cannot say whether the presence
ot this root accelerator has actually aided or not. Layering 1s carried
out between April and September and the time lor rooting varies from
species to species, and to a lesser extent from season to season.

The following are species we have had success with: — Ficus in
seven species, Cassia flovibunda, Olea europea, Platanus acerifolia, Pay-
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kinsonia aculeata and recently an uncommon Pachiva species, which
rooted 100 per cent in twenty days. With regards to the Platanus, 1t 1s
interesting to note, that this Temperate subject thrives under our con-
ditions and grows into a well shaped large tree upon maturity. Because
of the recent dearth of literature on the complexities ol the genus, Plata-
nus, I will keep an open mind, as to whether or not our collection is
correctly named.

After severing [rom the parcnt plant and potting up, the layers are
usually placed under glass for ten days, then into a slat house, lollowed
by gradual exposure to the sun and hardening olf. Pirovided the ball
of roots is lightly broken up prior to potting and good sense is shown
in watering, these layers grow rapidly into good sized planting specimens,
and never show any check m progress.

We have had partial success when air layering Magnolia grandifioa,
Cassia b?flom and Hibiscus schizopetalus variegata, but more study 1in
method 1s required with these plants. Aucmpts to root, Grevillea ro-
busta, Jacaranda mimosaefolia, Juniperus silicicola, virgimimia and ber-
mudiana, Metrosideros tomentosa, Sabinea cavinalis and Agathis aus-
tralis have ended 1n complete failure.

Some ten vears ago, we found it necessary to place a complete ban
on the importation ol citrus nursery stock. This step was taken because
of the great risk of mmporting the virus tristezta into Bermuda. This
virus generally does not reveal its presence until the tree comes into
bearing, yet remains masked on’ the young stock until that time. There
1s no eftective control and mlected stock must be destroyed.  After plac-
ing the ban, came the problem, where are we to obtamn young trees Irom
in the future? Nobody locally showed any desire to take it up as a com-
mercial proposition, so the department added turther to its enforced
commercial activities. Stock trials revealed the local rough lemon as
bemg the most compatible for budding upon. Convenuonal T bud-
ding, with a “shield” bud was tried at lirst, but percentage of takes was
low. Budding with a naked bud, however gave high takes, so this
method 1s the one used now. Budding 1s carried out [rom April through
to September. Under normal weather conditions, the dry months ol
June and July show the poorest results. Stocks are usually rcady for
budding upon one vear from planting cut and trees ready [or sale one
year to eighteen months after budding.

Atter heading back, sucker growth from the stock is usually prolific,
and our much stretched man power 1s lully extended in keeping them
clear. Pests such as Diaprepes esurions, the “Donkey beetle,” have to
be kept under control constantly. Bermuda’s climate makes it ideal
for many visiting pests, in ever-increasing life cycles.

A rootstock at present under trial with us is the Cleopatra man-
darm. It is alleged to olfer some resistance to tristezia infection, and
1s adaptable ftor early varieties of orange, such as Parson Brown. The
tendency for fruit to reduce in size on this stock is one we cannot estab-
lish until the trees come into bearing, unfortunately.

Two teresting pomts 1 would like to brietly mention before 1
overlook them are: 'T'he greatest proportion of our garden labor comes
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from the Azores. These men, whilst extremely hard working, are very
set and determined in their ways.

They base their budding ability completely upon the phase ot the
moon, which determines whether or not they should bud. Despite my
successful attempt at one time in budding when the moon’s phase 1s
taboo, they cannot be moved [rom their beliefs. Cosequently, although
we bud {rom April to September, the actual budding time 1s reduced
by halt.

The other point of interest, with local flavor is that our budders
use the dead leaves of Pandanus utilis for budding ties. They would
rather work with this material than any other, such as raffia or plastic
tics. As their results are satisfactory, there is no gain in us attempting
to change things. The leaves arc cut into narrow strips and placed 1n
water to soak for one night after gathering. They are then considered
ready for use.

Up until two years ago it was our gencral practice to lilt the trees
for sale from October through to the end ol December. Many people
suffered losses when planting in partially exposed sites however. These
losses were brought about by persistent salt spray deposit, during pro-
longed windy periods in January and February. Conséquently we now
lift, when favorable weather occurs in February, through to early April.

The trees are lifted: bare root and pruned as necessary. Fresh top
erowth 1s cut back to more mature wood. Whether or not, we would
eain any advantage by reducing them harder, as practiced in Florida,
we do not know. Practical experiment in this line will be carrted out
during the coming season.

Last year we sold some 1,700 trees at a cost of $1.40 each. This year
some 2,500 are ordered, of which about 1,000 will be ready at an 1n-
creased cost of a further $1.40 each.

Turning away [rom economic crops now, and going back mto or-
namentals, many of the older roses thrive here. Amongst these we are
proud to include the rare Rosa chinesis semperflorens, which is the par-
ent of a great many ol our modern tea roses. This rose was rediscover-
ed here some ten years ago, and I have a slide of it to show you later.

Modern hybrid roses are grown, but cannot be considered as a per-
manent feature as thev should be. These roses, which are imported, are
always budded on rootstocks where a period ol natural dormancy is es-
sential to provide the very necessarv resting period required for per-
petuation. Unfortunately our climatical condition is not suitable to
the inducement of this resting period. Hence the roses, although pro-
[fuse in flower, do not live for-long. The solution of the problem lays
in finding a stock with a natural self-induced period of dormancy. We
have found one rosc, namely Rosa odorota major, which 1s a strong
srowing species, having a natural dormancy of some three weeks in July
to August.

Up to the present, we have not approached a planned budding pro-
cramme so we cannot really give any qualified answers. However, a

limited amount of budding has been carried out. “"T'akes” were good
but later growth poor, suggesting a possible mcompatibility.

8D



It would appear that my allotted time is running out faster than I
anticipated, and I still have not mentioned my main subject matter,
namely that of mist propagation.

Mist propagation is very new to Bermuda and our work 1s very
much experimental at present. Our unit is ol the mtermittent mist
type, controlled by an electronic leaf. It was designed and manulfac-
tured mn England to the specitications laid down by The National Insti-
tute of Agricultural Engineering.

Whilst we do not experience severe temperatures, 1t was felt advis-
able to afford some protection to the unit. Exposure to wind or breeze,
however light, would cause serious spray drift and aftect coverage. Ac-
cordingly, as you will see [rom slides later, the unit which is in four ¢/
x 6/ sections, is placed in frames, fitted with conventional Dutch hghts.
The site chosen is completely exposed to tull sunlight.

The unit was first brought into practical use in September, 1959.
A major electrical breakdown "occurred in December, however, which
necessitated removal of the control box, for a complete replacement.
For this reason, proper experiment could not commence until July of
this year. Since that date, a great deal of plant material has been tried
out, with very encouraging success. We have run into some ‘“bugs”
however, which may be ol interest to you.

Rooting of conifers, particularly junipers has been a virtual failure,
despite very profuse callusing which has resulted in many cases, root
initiation has flailed to occur. East Malling have assisted us consider-
ably i diagnosing these failures. Two interesting factors emerge. Our
completely alkaline sands and water supply will alone inhibit rooting,
simply by causing profuse callus. The 1deal soil temperature for root
initiation appears to be from 70 to 75°F. for most subjects. On occa-
sions our soared to 80°F. and over, despite the fullest of ventilation,
and non-use of electrical heating. 'This excessive temperature can also
inhibit rooting by causing excessive callus.

Leaching of nutrients has also provided us with problems. Its ef-
fect on the rooting of Agathis ausiralis, has been very pronounced.
Wider use of nutrient [ohiar sprays will obviously overcome this prob-
lem.

With the exception of “damping-oft,” which has been a minor con-
cern, the absence of pest and disease problems has betn gratifying . pro-
nounced.

Despite assurances that our high light 1ntensity would not affect
material, I persisted in keeping heavy shading on the lights. We re-
moved this shading 1n October last, anticipating the normal drop in
light intensity in the Fall. Since then however, the light intensitv has
been as high as at any other time ol the year without having any ill af-
fects on plant material at all. Hence, a complete reversal of my opinion
on this matter.

We obviously ;have an enormous amount more of experimental
work to accomplish 1n this fascinating field of plant propagation.

(Editor’s note: 'There followed a short showing ol slide material,
relevant to the discussion.)
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MODERATOR MAHLSTEDE: We certainly appreciate your
eiving us a very excellent talk, Don, of your conditions and methods of
propagation m Hamilton, Bermuda.

The next paper 1s entitled, “Evergreen Grafts Under Plastic Cov-
crs,” and will be presented by Hans Hess. He has driven over very
trcacherous roads to be with us for the alternoon, and I hope tor the
rest ol the session. Mr. Hans Hess, Hess Nursery, Wayne, New Jersey.

Mr. Hess presented his prepared })aper.

EVERGREEN GRAFTS UNDER PLASTIC

C. W. M. Hgsss, |r.

¢ Hess Nursery
Wayne, New [ersey

For many years there has been little if any change in gralting pro-
cedures. The well known pony sash or half sash have constituted the
standard enclosure for the Wardian Case. These sash are quite heavy,
have an abundance of sharp splinters, and to air the gralted plants they
must either be hung or removed to the greenhouse path. This proce-
dure requires about a minute per sash for removal and replacement.
This short period of time n itself doesn’t mean much until you multi-
ply 1t by the one hundred and thirty sash 1n a four bench propagating
house, one hundred feet long. Approximately filteen hours a week are
required for the average seven weeks the gralts are in the Wardian Case.
You will find that your pocket is lighter by more than one hundred and
[1{ty dollars on this basis.

Realizing this overhead expense, some growers have experimented
with mist lines to eliminate the need for using sash. During the sum-
mer this has proved very successful in grafting Japanese maples, dog-
woods and other dectduous material. Evergreen gralts for the most part
do not like this type ol treatment. Mist for winter grafting has not
been very successful.

In the past five or six years we have seen great advances in the use
ol plastic, such as for lining greenhouses to conserve heat, building eco-
nomical greenhouses and even as a substitute for glass. The need for
a number ol additional sash for a new propagating house and the pro-
hibitive price, prompted us a few vears ago to try plastic as a substitute.
Light, one by two inch frames, four feet wide were constructed. Four
mil plastic was then stapled to this frame. These sash, for labor and
material cost less than one dollar and fifty cents, or about twelve cents
a square foot compared to seventy five cents. a square foot for the con-
ventional pony sash. These sash proved superior to the pony sash, since
they were much lighter and easier to handle. The gralts had far more
light, since these sash have a narrow frame. There was less moisture
loss than with” conventional glass sash.

As more and more uses for plastic were found and advertised and
Irom hearing Harvey Gray explain his vapor prool case we decided we
might save some more time and money with these plastic sash. We cut
our airing ol the grafts from a daily operation to once a week and have
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MODERATOR MAHLSTEDE: We certainly appreciate your
eiving us a very excellent talk, Don, of your conditions and methods of
propagation m Hamilton, Bermuda.

The next paper 1s entitled, “Evergreen Grafts Under Plastic Cov-
crs,” and will be presented by Hans Hess. He has driven over very
trcacherous roads to be with us for the alternoon, and I hope tor the
rest ol the session. Mr. Hans Hess, Hess Nursery, Wayne, New Jersey.

Mr. Hess presented his prepared })aper.

EVERGREEN GRAFTS UNDER PLASTIC

C. W. M. Hgsss, |r.

¢ Hess Nursery
Wayne, New [ersey

For many years there has been little if any change in gralting pro-
cedures. The well known pony sash or half sash have constituted the
standard enclosure for the Wardian Case. These sash are quite heavy,
have an abundance of sharp splinters, and to air the gralted plants they
must either be hung or removed to the greenhouse path. This proce-
dure requires about a minute per sash for removal and replacement.
This short period of time n itself doesn’t mean much until you multi-
ply 1t by the one hundred and thirty sash 1n a four bench propagating
house, one hundred feet long. Approximately filteen hours a week are
required for the average seven weeks the gralts are in the Wardian Case.
You will find that your pocket is lighter by more than one hundred and
[1{ty dollars on this basis.

Realizing this overhead expense, some growers have experimented
with mist lines to eliminate the need for using sash. During the sum-
mer this has proved very successful in grafting Japanese maples, dog-
woods and other dectduous material. Evergreen gralts for the most part
do not like this type ol treatment. Mist for winter grafting has not
been very successful.

In the past five or six years we have seen great advances in the use
ol plastic, such as for lining greenhouses to conserve heat, building eco-
nomical greenhouses and even as a substitute for glass. The need for
a number ol additional sash for a new propagating house and the pro-
hibitive price, prompted us a few vears ago to try plastic as a substitute.
Light, one by two inch frames, four feet wide were constructed. Four
mil plastic was then stapled to this frame. These sash, for labor and
material cost less than one dollar and fifty cents, or about twelve cents
a square foot compared to seventy five cents. a square foot for the con-
ventional pony sash. These sash proved superior to the pony sash, since
they were much lighter and easier to handle. The gralts had far more
light, since these sash have a narrow frame. There was less moisture
loss than with” con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>