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NURSERY OBRSERVATIONS AND GENTRAL INFORKATION

In May 1937, many 2«0 red pine seedlings were plunted
in the University of Michigan “orest Nursery near Packard St.
Yost of the stock was obtzined from the School's nursery at
Stinchfield which is located sbout 20 miles west of Ann Arbor,
while the remainder wae secured from the Higgins lake Nursery.
Transplanting was done by the 1937 seeding and planting class
under the direction of Professor L. J. Young.

A grest deal of work was done on the plantations that
spring, so the largest and mest vigorous of the 2-0 seedlings
from the Stinchfield Xursery were selected for the plentations.
Host of these smeller and less vigorous seedlings were plant-
ed at the Packerd St. Yursery in the beds designated as A, B,
Cy Dy E, F, G, and H, (see map). The remainder of the Stinch-
field stoek and all that from the “iggins l:ke Nursery were
planted in the beds designated as J, K, and 1.

During the summer, a "peculiar" condition developed in
the beds north of the road. Host of the beds became spotted
with stunted yellow plants, many having leaftips of a purplish-
brown color. In some places, large numbers of the plants died
leaving thin and bare sreans. Despite severazl fertiliszer treut-
mente, the condition has persisted up to the present time.
This spring (1939) at least 257 of the stock was totally
unfit for field plenting due to chlorosis and inadequate root

and top development.
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PIATE 1
( Views looking northward along beds A, B, and C. )
Figures in this plate show the conditions as they exist-
ed in the spring of 1939 upon removal of the best stock for
field plantings. Note in fig. 1, bed A which has a good growth
strip on the side nearest the spruce windbreak., Other figures

show the beds from different points of view,






PLATE II
( Figures 1 and 2 are views looking south and southeast
along the beds. )
Fig. 3 gives a general idea of the appearance of the
stock a8 removed from the beds. Notice particularly the healthy
tops and roots of the three plants on the right as compared

with the tops and roots of the chlorotic plants on the left.






-6

PLATE IIIX
Plate III shows red pine 2-2 stock as removed from the
transplent beds in the spring of 1939. The healthy plants on
the left show excellent root systems. Chlorotie plants on the

right are poorly branched and have few short roots,






PLATE IV
Appearance of the dead plants upon removal from the nursery

beds.






EXPERIMENTAL

GENERAL

Txperimental work deelt primarily with deficiencies of
the principesl mineral nutrients. viz., potassium, nitrogen,
and phosphorous. Jork wes conducted by mesns of chemical and
pot tests, and supplemented by nursery records and general
observations of plants and nursery conditions.

A totsl of fifteen soil samples was tested by means of
the Spurway method for determining the content of aveilable
end reserve mineral elements in the soil. This was supplement-
ed in the cuse of phophorous, by the Bray test which is used
extensively in Illinois.

As & check on the chemical tests, a series of pot experi-
ments vere set up in the greenhouse. "hese contcined soils
und plants from the chlorotic beds to which variocus combinat-
ions of N, P, and X were zdded in an effort to get a growth
stimulus which would indicate the need for fertiliration. Only
& fair eamount of success was obtained from these experiments
due to the deuth of & large number of the plants. Then too,

a grezt deal of difficulty was encountered in getting the
plants to breck their dormancy. Flante teken in during the
months of October, November, December, and January failed
to break dormancy, although subjected to periods of low temp-
erstures, and treztments with ethylene chlorhydrin. Flectric
lights were used, but even this teeatment failed to bring

ebout sstisfactory results.



Healthy plants tsken in during Februsry and the ecrly
part of March broke their dormancy after & four to five week
period during which the lights were kept on for 12 hour periods
every dzy. This however, left a rother short growing period,

8o growth was not felt to be sltogether signific:nt at this
writing.

& number of p! tests were made in the field and l:borat-
ory by means of the sciltex, Yorgsn, snd potentiometer tests.

Meny plants were carefully exemined in an effort to
determine the extent of roet rot and if possible, the presence

of mycorrhizae.
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SOIL TESTS

Fifteen soil tests were made of soils taken from various
places in the nursery beds. Results, as shown in th~ tables
following, indicate a definite deficiency in nitrates and
potassium.

Nitrification was found to be normzl as tests indicsted
the presence of: armonia, 8 psrts per million; nitrites, a
trace to 4 parts ver million; c:nd nitrates, 8 to 20 parts per
million.

Potassium was present in very small amounts, or less
than 24 1bs. per acre. Reserve tests also showed & low soil
content of this element,

“hospliorous guve low tests by the Spurway method. How-
ever, this element was not felt to be s limiting factor because
the reserve and "ray tests gave medium to high resctions which
is sufficient for conifers,

Magnesium gave satisfactory tests in all cases, Iron
however, seemed satisfactory in the aveilable form but did
not in all cases give s:ctisfactory results in the reserve form.

Other minersls such ¢s sodium, and aluminum which are
toxic if present in excess, gave satisfactory tests. Calcium
tested 600 parts per million or 1200 1lbs. per scre, which is
considered high.
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KXPLANATION OF THE TLRMS USED IN THE SOIL TEST TABLES,

Polt ecwanew
L A/6 -
SPuUre ==
Bray e--
e wemone

S o Wwwowmw

Blank =

Parts per million in the soil extract.

Ibs. per acre in the top €6 inches, by volume.

Spurwey test method.

Bray test method.

Horgan test for pH.

Results were satisfactory.

Indicates no color rezection in the test, This does
not mean that the element tested for was not present,
but that it was present in too small amounts to give

a re.ction by the test used.



TABLE I
Available
Sample 1 Semple 2 Sample 3
Ppm LA/6 Remarks Ppm 1A/6 Remarks Ppm 1A/6 Remarks

Nitrates 8 16 low 8 16 low 8 16 low

Fhos. 2 4 low - - trace 2 4 low
(Spur.) K}

Phos, Med. - Se Ved, - syrece led. - Se
(Bray)

Potassium 0 =24 low 0 <24 low 0 =24 low

Calcium 600 1200 high 600 1200 high 600 1200 high
Yegnesium 4 8 Se 20 40 S. 20 40 Se

Ammonia 8 16 Se 8 16 Se 8 16 Se
Nitritea - - P - - - - - -
Iron 40 80 Se 20 80 Se 40 80 Se

Aluminum Blank - Se¢ 3Blank -~ Se Blank =« Se
Yanganese Blank =« Se Blank - ‘S¢ Blsnk = Se
Sulphates Rlank = S« Blank = S¢ Blank - Se
Chlerides Blank - S« 3Blank - Se 3Blank Se
Sedium Blank « Se¢ Blank =~ S Blank = Se
pH SPe=Te03 Me=702 5Spe=7e03 MewTed MNi=7.4
Reserve

Potassium Blank - low Blank - low Blank - low
Iron 40 20 Se 40 80 Se 40 a0 Se
Manganese Blank = - Blank = - Blank = -

Thos, 4 8 1low 4 8 low 4 8 low

Tests mede Yar, 25, 19839
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TABLE I1I

Available
Sample 4 Sample 5 Sample 6
Ppm LA/6 Remsrks Ppm LA/6 Remsrks Ppm LA/6 Remarks

Nitrates $§ 16 1low 8 16 low 8 16 low

Fhos. - - trace - - trace - - trace
(Spur.)

Phos. Medi - 8 Yed. - s Hed. - S.
(Bray) _

Potsssium 0 =24 low 0 =24 low 0 =24 low

Calcium 600 1200 high 600 1200 high 600 1200 high

Yagnesium 20 40 S. 20 40 Se 20 40 Se
Ammonie 8 16 S. 8 16 Se 8 16 Se
Nitrites - - - - - trace - - -
Iron 40 80 Se 40 80 Se 40 80 Se

Aluminum Blank - 3, Plank = 5S¢ Blank = Se
Monganese 3Blgnk - S Blank - S« Blank - Se
Sulphates Blank = Se Blank - Se Blank = Se
Chlorides BRlenk - 3.  Blank - Se Blank = Se

Sodium Rlank = Se Rlank = Se Blank - Se
pH - - - - - - sp.‘ 7.0 -
Regerve

Potassium PFlank - low Blank - low Blank = low
Iron Trace = - Trace = - Trace =~ -
Vanganese Trace - Traee - = Blank = -

FPhosphorous 10 20 Yed, 10 20 Yed. 10 20 Med.

Tests made Mar. 25, 1939



Fitrates
Fhios.

(Spur.)
Thos.

2otasadun
Celcium
Hagnesium
Ammonie
Kitrites
Iron
Aluminum
langanese
Sulphetes
Chlorides
Sodium

-

p”

Totassium
Iron

Yenganese

Thosphorous -10

~14~

Sample 7

Ppm 1A/€ Remarke Ppm 1A/6 Remarks

20 40
-2 -4
Yed, -
0 =24
600 1200
20 40
8 16
-4 «8
40 80
Blunk =
-4 =8
Blank =
Blank =
-<0 =40
Plank =
Plank -

-40

low

low

low

Ved.

Tests made

TARLE III

Available

Sample 8

-8 «l6 low
-2 =4 low
high - Se
0 =24 low
600 1200 high
<0 40 Se
8 16 de
-4 -8 Se
40 80 Se
Rlank ~ Se
-4 =8 S.
Bleank - Se
Blank - Se
Reserve
«20 =40 low
Plenk - -
Trace = -

-2 «-20 Med.,

Sample 9

Ppm 1A/6 Remarks

-8 «16 low
«2 «4 low
Mede - S.
0 =24 low
€00 1200 high
<0 40 Se
8 16 °©.
-4 <8 S,
40 80 Se
Blank - S«
-4 «8 S,
Blank - S,
Blenk - S,
«-20 =40 low
Tlgnk = -
Trace = -
£3+ Z 4 low



Nitrates
Thos.,
(Spur.)
Thos.
(Bray)
Totassium
Calcium
YMsgnesium
Ammonia
Nitrites
Iron
Aluminum
lsnganese
Sulphates
Chlorides

Sodium

pE

Totassium
Iron
Manganese

FThoegphorous

Sample 10

-8 «16

-2 =4
high -
0 =24
600 1200
20 40
8 16
Blank -
40 80
Blank -
-4 -8
Blank =
Blank =

Blank =

«20 =40
Blank =
Blank -

-4 8

low
low
Se
low
high
Se

Se

Se
Se

Blank

low

low

TARLEIV
Available
Sample 11

Ppm LA/6 Remarks Ppm LA/6 Remarks Ppm 1A/6
-8 <16 1low 20 40
-2 -4 Jlow -l =4
high - S, high -
0 =24 low 0 =24
600 1200 high 600 1200
20 40 Se =0 40
8 16 S. 8 16
Rlgnk « = Blenk =
40 80 S, 40 80
Rlank - S. Blank -
-4 -8 Se -4 -8
Plank - - Blemk =
Rlank = « Dlank -
BRlank - - Blank =

Reserve
=20 «40 leow -20 =40
Blank = - Blank -
Blgnk « = Trace =
«10 ~40 Yoo 10 20

Yed,

Tests made April 1, 1039

Sample 12

Remarks
low
low

Se
low

high

low

Ved.



Kitrates
Plos.
(Spur. )
Thoe.
(Bray)
Totassium
Caelcium
Tsgnesium
Ammonia
Kitrites
Iron
Aluminum
Yenganese
“ulphates
Chlorides
“odiwm

pY

Totessium
Iron

Yanganese

Thosphorous

Semple 13
Ppm 1A/6 Remarks Ppm 1A/6 Remarke

-8 =16

w2 4
high =
0 =24
600 1200
20
8 16
-4

40

=8
40 8¢
Blank -
Blank =
Elank =
Blank -
Blank =

Spure 7.7

0 =24
40 80
RBlgnk -

10 20

»]l6=

TABLE V
Available
Sample 14

low -8 =l6 low
low -2 «4 low
S«  high - S.
Se 0 =24 Se
high 600 1200 high
Se 20 40 Se
Se 8 16 ©GCa.
Se -4 <8 S..
Se 4c 80 So‘
e Plank - e
Se Plank - S.A
Se Tlank =« S
Se Plank - B.
Se Plamk =~ S.
Spure 7.7
Reserve

low 0 -24 1low
Se 40 80 S.

- Blank - -
Ved., 10 20 Med.

Tests made '8y 6, 1939

Sample 15

Ppm LA/6 Remurks

-8 =16
-2 -4
high =
0 =24
600 1200
20 40
8 16
-4 8
40 80
Blamk =
Blunk =
BElank -
Tlapk =
Plank =
Spure 7.7
0 =24
40 80
Blank =
10 20

low

low

high
Se
Se
S.'

low

Se

Med.



POT TESTS

During the experiment, plants were removed from the
nursery on Oct., 22, Oot. 29, OJct., 30, Nov. 14, Nov., 28, Nov,
30y Des, 3, Jan, 34 Feb, 10, and Mar, 25, In all, a total of
104 pots were taken into the greenhouse, of which only 30
came through with living plants that broke dormancy early
enough to be of any value in this experiment, A great many
of the plants died, due perhaps to the fact that the plants
were already in such a weakened condition that they could
not withstand transplanting. This was particularly true of the
Plants removed from the beds during Oct., Nov., and Dec,, as
in the early part of the experiment, extremely chlorotie plants
were taken in with the idea of restoring them te proper color
by means of the proper nutrient treatment. It is also probable
that the sudden change in temperature and increase in evap-
oration rate may have had a great deal to do with the death
of many of the plants.

Getting the plants to break their dormancy proved to be
another problem, as plants taken in as late as January con-
tinued to remain in their dormant state, Twenty-four hour
treatments with ethylene chlorhydrin were tried on half the
plants, but these gave no results whatsosver,

Lighting equipment was set up so that lights could be
kept on the plants for 12 hour periods every day. Finally,
after four to five weeks, the plants taken into the green-
house during Feb., and dar. began to break their period of
dormancy.

Nutrient treatments consisted mainly of the additions

of various combinations of ammonium sulphate, amonium phose—
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phate, potassium nitrate, poetassium sulphate, and a full fer-
tilizer containing N-4%, P-12%, and Kpo-4%.

The following gives some indication of the growing time,
nutrients added, and growth up to the present time:

Pot Treatment Growing time New leaf growth
Ho. days inches
Ag 0 45 13
40 0 52 1%
48 0 62 2
49 0 55 23
72 0 31 %
74 0 34 13

20 0 33 1
70 0 34 3
Ag KNP-2,3 grams 40 1%
Aq ENP-12, " 55 1%
71 KiPe 1, " 49 i
73 KNP~ 1, * 31 1

22 KiP- 1, " 30 i
17 KHew 1, ® 46 2
Aq NPy 1,9 ° 27 i

2 Newe o7 * 62
Ag_ Kew= .34 * 70 2%
13 NP-- 1,9 * 58 1%

24 NPew .34 ° 52 13
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Tleven pots, each contalning three healthy 2-0 seed-
lings from the Packard Street Hursery, were set up using two
different kinds of soils. Four pots, with a total of 12
plants were set up in soil from the Stinchfield Nursery. The
remaining seven were potted with soil from ved F at the
Packard Street Nursery. Three of the latter pots recelved
treatments as follows:

Pot 1 e=we-= 7.grams of full fertilizer.
Tot 2 =ew-== ,7 grams of ammonium sulphate.
Pot 3 =e==-== 1. gram of potassium nitrate,

The results from the 11 pots of 2-0 seedling stock
were the same as those of the 19 containing 2-2 stock. Growth
and color of the new leaves showed no corrslation with the

kind of soill or soil treatments,

One peculiarity observed on the old leaf growth was
that i{n nearly every plant, the old leaf tips were dying back.
This was a condition noticed on a number of the plants whieh
had died before breaking dormancy. Though more pronounced in
the potted plants, this condition was much like that observed

in the nursery.



PLATE V

This plate shows the appearance of the plaents at the end
of a growing period of about 60 days. Close inspection of the
front, which was more clearly in focus, reveals the lighter
appearing new growth which was observed for color and leaf
length,

Pot Growing time Leaf length
days inches,

N ccecoccccecccaca 6l mmmamcccccccaeae 2
NP eeeeececcecececf) emce-eecemce-===l
K =eeccscccccccccs 69 mcmmeemcameeees 2
0 emececcaccacccen 6]l ecmcccmmcecmcas 2

m oeocceoccesnsaaas 54 - oo ceomeccocaee 1*
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POTENTIOWMETER TESTS FOR PH
Ahumber of pH tests were made by means of the Youden
llydrogen Ion Concentration Apparatus, The fellowing are the

results obtained:

Sample First test Second test Third test
1 7,06 7,20 7,28
2 7,70 765
3 7478 Te65
4 777 777
[ 717 761
& 7.70 7,70
i 7,99 7,90
8 7461 7461
Q 7,84 7,70

1Q 7,82 770
11 7,87 7,87
12 1,67 7,61
13 7251 7445
14 7,982 7,70
1% 7451 7,32
16 7.47 7438

17 7,08 7,37
18 7,78 7,65
12 7,78 7,78

20 7.87 7,82
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The approximate range as can be seen from the preceding
data, 18 between 7, and 8, o correlation between good and
poor growth on the basis of hydrogen lon concentration was

foundc

ROOT EXAMINATINS

Root rot was definitely present in eertain spots, and
especially those areas in which many of the plants had died.
Upon removal of the bark from the roots, a brown discoloration
was distinetly visible in the root ends. llowever, in many eof
the chlorotic plants no discoloration of the roots was at all
visible.

After a little practice, one could guite easily spot
trees with root rot and those lacking it, Trees that were
mildly chlorotie and had ne brown tips usually had no root
discoloration. On the other hand, plants that had an extreme-
ly yellow color and brown tips, were almost certain to have
root discolorations,

One of the peculiarities of bed B was that sscotch pine
at one end, and spruce at the other were growing in a healthy
state despite the presence of root rot and chloresis in the
red pine transplants ad}agent to them, In beds J, K, and L,
Just aceross the road, no signs of chlorosis or root rot were

present,

KYCORRHIZAK
Root examinations seemed to indicate the presence of

myeorrhizae on the plants in beds J, K, and L. However, some



-2

question arose as to their pressnee in spots of the chlorotie
beds. Invariadbly, the healthy plants had an abundance of
short roots which were swollen and had a great deal of non-
suberized surface, The chlorotiec plantz, on the other hand,
hud fewer short roots, nearly all of which lasked the char-
acteristie swollen appearance of mycorrhizal roots, Yhether
the condition of the chlorotie plants was astually due to the
lack of mycorrhizae, or a sescondary condition resulting from
the general poor health of the plant was not definitely known.
In the following plates are microphotegraphs of a number
of representative short roots of both chlorotic and healthy

plants,
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PLATE VI

Roots from hezlthy plants, showing the elongated and swolle

en tips which are believed to have mycorrhiszae,






PLATE VII

Short roots from chlorotic plants, showing the lack of
swollen and elongated tips. The appearance is much like that
described as psuedomycorrhizae by Raynor.(6) " In pine they

are usually simple and unbranched, more slender and of a darker

color than true mycorrhizse,"
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PLATE VIII

Fige 1 === Hatch, A. B. " The Physical Basis of Mycotrophy".
Black Rock Forest Bull., #6 pp. 134

Fige 2 === Arthur, Pierson Kelley " Mycorrhizae of Mt. Alto
Nursery Stock". Jour. of “For. v 29, 1930 pp 37

Fige 3 === Mitchell, Finn and Rosendahl - Black Rock Forest

Papers, pp 66

—t
. L
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DISCUSSIAN

SOIL TESTS FOR MIN:RAL DEFICIENCY

Soil tests revealed a definite deficiency in essential
mineral nutrients as less than 16 and 24 pounds per ucre were
found for nitrates and potassium respsctively.

In a recent investigation on the fertilization of Pinus
resinosa, Lunt (3) finds, "Chemical analysis of nursery trees
from Peoples Forest Nursery indicates that the requirements
of red pine 1-0, 2-0, and 2-1 stock are respectively, for
nitrates 41, 154, and 84 1lbs, per acre, for P205 14, 32, and
23 1bs., and for K50 18, 59, and 41 1lbs. Taking into consider-
ation the deneity of the stind and the dry weight per unit
of the stznd and the dry weight per unit area, as well as the
percentage composition, the total requirements for the first
three years of growth were the highest for seotch pine and
lowest for norway spruce,”

Although the nitrate and potassium tests were low, the
condition in the nursery could not be explained entirely on
the basis of mineral deficiency.

In the first place, no correliation between good growth
and fertility oould be determined on the bBusis of the soil
tests as these were nearly the same regardless of the growth
conditions from which the soil samples were taken.

Then too, scotch pine wa: growing very satisfaetorly in
bed B although surrounded om all sides by the chlorotic red
pine traisplants, On the basis of Lunt's findings, the scotch

pine should have shown chlorosis too, if the problem had been
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one of mineral deficleney, since the requirements of scotch
pine are higher than those of red pine for the first three
years.

Red pine of the same age in beds J, K, and L, just
across the road from the chlorotic beds,gave no evidenoce
vhatsoever of chlorosis or root rot. And, though soil tests
of these beds were made, they falled to show a higher fer-
tility than soils from the chlorotie beds.

POT TiECTS

Pot tests fuiled to show any indicxtion of deficliencles
in nitrates, potassium, or phosphorous, Healthy plants trans-
planted into the supposedly poor soil of bed 7 ( poor growth
area ) failed to show any grewth differentiation regardless
of treatment or the lack of it,

FTertilizer tresztments in the nursery during the surmer
of 1938, likewise falled to show uppresiable results. { See
the map for areas treated with ammonium sulphate and the 10-
8-6- fertilizer). It is possible that in both the pot and
nursery trc:itments insufficlent amounts were used. As & check
on this, varying amounts should have been added up to a point
of excess, so that this unknown fuctor could have been elimin-
asted,

In his nursery experiments with red pine, Lunt (3) finds
that the following fertilizer ratio proved best:

N ewes 10 parts
P205 - 4 parts

KZO -- 5 parts
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Organic fertilizers such as fish meal, znd tankage were

found to be superior to inorganic fertilizers.

AYDROGEN ION

The pH tests varied from 7, to 8., but no correlation
could be found between good and poor growth on this basls. Tne
thing was certuin however, and that was that the soll was def-
initely too alkaline for the best red pine growth. ( ‘o data
could be found as to the best pil condition for red pine, but
it 1s believed to be about 5.5

“hat effect the high pi had on nutrient absorption, is not

TNOWNe

ROOT ROT

During the summer of 1937, favorable molsture conditions
for the development of root rot occurred due 'to heavy precipitat-
and poor drainage. But, no satisfastory explanation on this
basis ¢an be offered for the presence of rot in the chlorotic
beds and the lack of it in beds J, K, and L, as soil, drainage,
and slope were nearly identisal., There is the possibility that
the Higgins Lake stock was of a superior quality and better
adapted to the Packard Street Nursery conditions. However, the
ctinchfield stock which was planted with that from the Higgins
Lake stock in beds J, K, and L, showed no differentiation in
growth,

Scotch pine and norway spruce were not affected by root
rot or chlorosis zalthough growing in the same beds as the
"gick® plants., "n the basis of the root rot theory, these
specles were either not susceptible to the root rot or they

were in a more healthy condition and therefore better able to

resist fungus attack.
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KYCORRHIZAL

Though nothing but generzl observations were made con-
cerning mycorrhizae, the findings and explanations concerning
it were so novel that the writer felt they were worthwhile
discussing in this repert.

According to the Stahl and latch (2) theory, mycorrhizae
vary inversely to the amounts of certain availuble mineral
nutrients in the soil, yiz., potassium, nitrogen, phosphorous,
and ealcium. The relationship of the fungus and plant is sym-
biotie, and depends upon the concentration of the nutrients
within each. Sinee tne fungus has the greater absorbing cap-
acity, it is more capable of obtalning nutrients from the in-
fertile soils, thereby increasing its concentrztion of these
elements over that of the plant, As a result, the fungus
supplies the nutrient elements to the plant, 'and the plant &=
supplies the neceaéary carbohydrates to the fungus.

Hany writers report the absence of mycorrhizae from for-
est nurseries that have soils deficlent in one or more of the
essential plant nutrient elements, The result is a spotted
and chlorotic growth condition, and unless the beds become in-
feoted, the plants die or remain chlorotiec and checked for
years.

Baxter (1), in a report on this nursery in 1526, brought
out the faet that mycorrhizae were absent from the roots.

At that time, the one year seedlings of mugho, norway, sceotch,
austrian, and white pine and douglas fir exhibited a stunted
and rather ragged appearange. iany of the plants were brown

and dying while others nearby had a good color and were in a



w3l=

healthy state.

In his studies n 2 prorie nursery at Iowa itate College,
.cComb (4) states, "In the middle of the first growing sea=-
son, many of the pine seedlings turned brown to reddish-purple
in color, while certain spots in the beds retalned their nat-
ural color,." Ixaminations of the dise.sed seedling roots show-
ed that little or no mycorrhizae were present.

Raynor (6) reports the following condition that was
found 5n the Wareham Heath, Dorset, as described in a forestry

report, “"Germination of Jaritime pine and P, radiats L's Don

was good, of Corsican pine bad (th:t of Scots pine subsequent-
ly on the very poor and exposed partas selected for experiment-
al purposes was invariably very bad). During the first and
second years after sowing, many seedlings died outright, the
survivors lingering on in a condition of more or less complete
amest, two or three inches high or less; there wsxa no growth,
the older needles turned brown, the younger becoming yellow-
ish or reddish-giean in the late summer., During the fourth
and fifth years from sowing, a small percentage of the seed-
lings emerged from check and became green and bushy, and a
still smaller percentage reagted similarly during the sixth
year. In 1929 there were many blanks and puzzling inconsist-
encies of behavior; e,g., a small patch of seedlings suddenly
beginning to grow vigorously while those a few feet away
remained practically moribund.”

In each of the cases mentioned, (many others could be
cited) the cause was the lack of proper mycorrhizal infect-
ion. 7ften this lack of infection can be explained sn the
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grounds that trees had never been grown in the region before.
In other cases, a possible explanation is on the bi.sis of

toxicity.

SOIL TOXICITY

Raynor {6) believes that proper soil conditions are
essential for good mycorrhizal growth, and that infertility
(a8 regards myeorrhizae) brings about a replacement of the
my corrhizae by pseudomycorrhizae which uci as mild parasites,

Melin (5) reported that a pH of 4.5 produced the best
growth of mycorrhizae on trees that ware;typical of a raw
humus type of soil, Below 3,0 and above 6.0 mycorrhizal ac-
tivity was found to be greatly retarded. However, many writ-
ers report that mycorrhizae are found on forest trees regard-
less of the condition of acidity.

In summary to the cuestion, Yatch (2) says, "-- except
as saturation, excessive dryness or unfavorable acidities
affect the abilities of mycorrhizal fungl to survive, the
distribution of ectotropiec mycorriiizae in nature is determined

by the availsbilities of nutrient elements,”
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SUMMARY AND CONCLUSI WS

Though 8soil tests friled to show any correlation be-
tween good growth and soil fertility, they did reveal a
general deficiency of both potassium and nitrates.

Yo growth stimulus could be determined in either the
pot or nursery treatments with fertilizers, However, there is
the possibility that inadequzte amounts were added.

Due to the high calcium carbonate content of the soil,
the pH was betwesen 7. and 8, which was considered high for
red pine,

Root rot was felt to be a distinetly secondary factor
despite its prevalence in the chlorotiec beds,

Though little but actual observations were made con-
cerning it, the writer felt the findings as related to my-
corrhizae justified further investigations,
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QUESTIONS AS REGARDS [IYCORIUIIZAE

What was the condition of the Stinchfield 2-0 stock
as regards mycorrhizal infection? Are the soil conditions
such at Ctinchfield, that mycorrhizal infection is not need-
ed ?

Did the 2-0 stock from the lliggins Lake Nursery have
adequate mycorrhizal infection ? And if it 4id, was the
Stinchfield stock planted with it in beds L, X, and J, in-
fected from it ?

%hat are the soll conditions in the Packard Street

Nursery as regards Pseudomycorrhizae formation ?
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