DR. MAHLSTEDE: Buckholz and Agrios had 45 per cent dis-
cased trees on P. Dessey:  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 1 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 of time and etlort on solving some ol the problems con-
cerned with the production ol nursery stock in cans At this time we
present to you Dr. Kelley.

EFFECTS OF OVERFERTILIZATION ON CONTAINER-GROWN PLANTS
Jamres 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 immportance 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 Lattle 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 contamner necessitates that for optimum growth, fertilizer

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

REASON FOR FERTILIZATION

The purpose ol lertilization s to provide the plant with a continu-
ous supply and opumum level of plant nutrients for maximum growth
ol any parucular species. Frequent fertilization 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 httle. Many times plants
are overfertilized, resulting in a reduction in growth instead of more
orowth.
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FERTILIZA'TION PROGRANMS

Water soluble fertilizers have been most generally used 1n the ierti-
lization ol container stock and a4 number ol lertilization programs using
water soluble fertilizers are bemng used successtully. However, there is
considerable variation mn lrequency ol 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 1nrrigation,
using a water soluble ferulizer. In some cases a combination ol dry and
liquid 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 fercilization [or optimum growth and also at what
levels gmwth 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
loliage, (3) wilting of loliage, even though the soil may be moist, (4)
tup burn and marginal leal burn, (5) leal drop, and (6) death ol the
entire plant. Now, ] 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. II noticed, it often is attributed to some factor other than
overfertilization Many times a grower will notice a reduction mn growth
and believe that fertilizer is lackig, hence, additional fertilizer is 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 i1s evident when the specific element in excess is
potassium. ‘I'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 MOISt.

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 {erti-
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 immstrument 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 lirst 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 Pyracantha cocamea Lalandi was the most tolerant to high
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tertility levels: Ilex cienata rotundifolia was next m order, Euonymus
alatus compacta tollowed third; and Magnolia soulangeana was fourth.
the least tolerant of high tertility 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 fertilization
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 wreatiments were at
the same rates — .68 pounds, 1 36 pounds, and 2 72 pounds o fa 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 ol 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 v Ist yr nd yr
No fertuilizes 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 27 5 48 4
272 lhs 20-0-20 "0 40 9 207 6 365 46 N 21 6 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 Ihs. 20-0-10 039 48 O 249 8 380 74 2 28 4 42 ]
LSD 59 Ievel NS 78 31.0 G 1 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 i 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 thc 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 potassium. 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 mullion.  As tar as sale levels of fertilization are concerned, 1t
appears that for most plants in containers tertilization 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 pint 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 delinite recommendations 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 characteristics  More severe
overfertilization can cause such symptoms as chlorosis or yellowig 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 preventng 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 mamtaimed 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

¥ ¥ ¥ ¥ % ¥

MODERATOR NORDINE: Il 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 lor 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 sclecs
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 1s now Executive 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 in 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 yveais  So with this
i mind we are very, very happy to introduce the next speaker  He 1s
Dr Spencer Davis of Rutgers University where he 1s Extension Specialist
m plant diseases. In other words, he devotes ftull time to answering
questions 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 here
tor the lirst two papers. 1 think it would have relieved our burden a
lot. Incompatibility answers halt ol our problems and over-fertiliza-
tion 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 i 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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