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RESPONSE OF SLASH PINE

(PINUS CARIBAEA Morelet)!TO VARIOUS NUTRIENTS

IN NORFOLK SOILS IN FLORIDA®

By
Ruthford Henry Westveld

'INTRODUCTION
Slash pine has been used extensively for reforestation in the South,

particularly in Florida. 0f the 51,599,000 seedlings ﬁistributed from
the nurseries of the Florida Forest Service ;ince 1929, 98 percent were

_ slash pine. The peak produoction in these nurseries of 8,310,000 slash
pine ‘seedlings in 1951 would reforest more tham 12,000 acres with trees

- gpaced 8! x 8t., Because of its rapid growth, its utility for numerous
wood products and naval stores, its low susceptibilityvto serious di-

seases and insects, and its relatively high survival in plantationms,

1. There is some evidence that two species'constitute what has

been accepted as a single species known as slash pine (Forest Service

194)3. Small (1933) took this point of view when he described a

northern Florida species- slash pine (Pinus plustris Mill.), and a

éouthern Florida species~ Caribbean pine (Pinus caribaea Morelet),

De Vall (1941), after investigating the problem, concluded that Small's
nomenclature is correct. The study herein reported deals with what

Small calls Pinus palustris and the Forest Service, U. S. Dept. Agre.

calls Pinus caribaea.

2. Submitted in partial fulfillment of the requirements for the
degree Doctor of Philosophy to the School of Graduate Studies of Michigan

State College of Agriculture and Applied Science.

3. Names and dates refer to "Literature Cited".
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slash pine should continue to be & popular species in reforestation.

In general, survival end early growth of the plented trees have been
satisfactory when planting has been done properly. However, mortality
sometimes has been relatively high during thq first year when precipi-
tation in late winter or in spring was deficient, particularly on sites
which are naturally dry. Wakeley (1935).reports that quality of plant-
ing stock affects not only survival of slash pine trees in plantations,
but also their rate of growth during the first several years. Weakeley's
observetions on survival were corroborated by the author in 194l. Using
Wekeley's three slash pine grades of planting stock, the author found at
the end of the first growing seascn, the following percentage of survival:
Best-grade trees, 100; second-grade trees, 72; third-grade'trees, 55;
‘Wakeley aptly points out that poor soil quality is one of the factors that
are responsible for the development of low-gr#de seedlings‘in the nursery,
thus imélying that through soil imbrovement, the quality of forest plant-
ing stock might be improved.

It is a well-known fact that some forest nurseries in the slash
pine belt are situated on soils that are poor in nutrients and s&ﬁlow
in colloids and orgenic matter thatlthey have undesirable-physical quali=-
tiess Even when a soil has good chemical, physical, and biological char-
acteristics, the warm humid cltﬁitévéf'the South‘make;‘;ha.maintenance
of soil fertility difficult. Consequently, an understanding of the
nutrient requirements of slash pine, interpreted in terms of the soil
and its management, is essential if the soil is not to be & conspicuous
limiting factor in the produetion of high-quality planting stock. In
1941, an investigation of the literature'and correspondence with the

operators of state and federal nurseries which were producing slash
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pine revesled that practically no rogearch had been done on the role of
nutrition in the quelity of slash pine seedlings produced in these
.nurseries. A study of this problem was immediately initiated. The results
of this,investig;tion from its inception to early in 1946 form the basis

for this paper.

REVIEW OF LITERATURE
That pfoper nutrition has been recognized a&s an important factor
in the production of high-quality forest plenting stock is evident
frsm the numercus studies of the use of fertilizers and other means of
séil improvement that heve been made in forest nurseries. Nearly every
tree species that is used extensively in reforestation has received scﬁo

attention. Eastern white pine (Pinus strobus L.), one of the first

species to be used in reforestation in the United States, has been studied
bi'several investigators (Kopitke, 1941; Lsrsen and Stump, 1939; McIntyre
and White, 1930; Mitchell, 1934 and 1939; Wilde, 1938). The nutrient re-
qﬁirements of other northern conifers have received considereble :attention
also (Larsen and Stump, 1939; iunt, 1938; McIntyre and White, 1930;
Mitchell, 193L; Wilde, 1938).

On the other hand, the southern conifers have been studied only to
a very ;imited extent, all of the work having been done very recently,
due undoubtedly to the fact that ?eforestation in the South started much
later than in the North.

That the nutrition of forest trees involves more than the determi-
nation of the amounts of the various plant nutrients needed to produce
optimal growth is evident from the variety of studies that have been madeo
Studies of the nitrogen, phosphorous, and potassium requirements of

nursery-grown trees have been the most populare. Other phases of tree
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nutrition that have com in for study are the following: (1) minor
elements, (2) organic versus inorganic fertilizers, (3) the value of
peet and other‘organic materials in maintaining organic matter in the
soil, (4) the relation of mycorrhizeae to nutrition, and (5) effect of
pH of soil on nutrition. |

Many of the studies of nutrient requirements have dealt ﬁifh the
three major elements, nitrogen, phosphorous, and potassium; but in
reéént-years séveral specializéd studies of individual elements have been
made. -Mitchell (1934) made exhaustife studies of the effect of nitrogen

dn eastern white and Scotch pine (Pinus sylvestris L.). Growing these

syocies in sand eultufes, he found that growth was best whgp they were”%
suppliéd 300 p. p. me of nitrogen. Greater amounts of nitrogen caused

‘a reduction in seedling weight. Nitrogen content of the seedlings in-
creased with nitrogen supply up to 266 pe pe me Rooteshoot ratio'

wes affected adversely by increaging the nitrogen supply, and the highest
ratio was produced below t he nitrogen concentration that was optimal for
growth aléne. Since for plenting purposes, a tree with a iarge root-shoot
ratio is generally regarded as superior to one with a small root~shoot
ratio, it might be inferred that nitrogen supply of less than 300 p. p. m.
might produce a tree superior for plentinge. Since fieid tests with trees
receiving different treatments are not reported, there is no evidence

as to ﬁﬁich trees proved best in field plantings. Mitchell's studies show-
ed that for growth the'optimal concentrations of other elements in p. p. m.
weres phosphorous, 350; potassium,v150; caleium, 200, 1In applyiﬁg the re-
sults of his pot-culture tests to the nursery, he found, by periodicm£é§tﬁ
and adjustment of the nutrient eviromment to approximetely the optimal

internal concentrations of the trees, that better white pine planting stock
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could be grown in 2 years than by the usual methods employed in fortili-
zation in aversage nurseries in 3 yearse.
Auten (1945) found that in using soluble inorganic nitrogenous ferti-

lizers on shortleaf end pitch pine (Pinus echinate Mill. and Pinus rigida

Mill.) in nurseries in the Central States damage to seedlings could be
avoided if fertilization was postponed until at least 2 weeks after seedling
emergence. When they were applied at seeding time, seedling density was
reduced. _ '

Bensend (19&5) found the optimal nitrogen supply for growth of

jack pine (Pinus banksiana Lemb.) to be 200 to 250 p. p. m. Weight of

roots increassed with increese in nitrogen supply up to 100 p. p. m., sbove
which there was little change in root weight. Fkoot=shoot ratie décreased
with increase in available nitrogen until 100 p. p. m. was reached, above
which there was little or no changes. These rélationships are not the

same as for eastern white pine. Mitchell (1939) found that root weight
increased with increase in available nitrogen supply up to 300 p. pe am.

and that the maximum root-shoot ratic ocecurred with a nitrogen supply of

50 p. po me If a relatively large root-shoot ratio means superior-quality
planting stock, thése studies indicate that nitrogen should be used sparing=-
ly.

Bengsend found that droughtresistance, although not improved, was not
impaired by increased amounts of available nitrogen up to the optimum for
growth (200 to 250 p. p. me). When the nitrogen supply was raised above
the optimum, drought resistance declined, however. Shirley and Meuli,
(1939) using three levels of nitrogen (0, 2,5, aﬁd 490 p. p. m.) on

2-year-o0ld red pine (Pinus resinoss Ait.), found that nitrogen reduced

drought resistance; but they add that plants that receive no nitrogen
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are not necessarily the most satisfactory planting stock because the tops
are too small to supply the food needed for rapid root penetration, a
condition which is essential to survival on dry sites. Phosphorous without
nitrogen incréased drought resistance.

McComb and Kapel (1940) using an acid, ‘infertile.glacial clay exposed

by erosion, found that black locust (Robinia pseudoacacia L.) and green ash

(Fraxinus pennsylvanica var lencelota (Borkh.) Sarg.) made little res=~

ponse to fertilization with nitrogen (140 pounds per acre), but made marked
response to phosphorous alone (270 pounds per acre of P) at controlled pH
rangiﬁg from Lie3 to 7.7. Black locust that received ph&sphorous was twenty-
. four and green ash three times as heavy as trses grown in untreated soil.
Nemec's studies (1931, 1937) of phosphorous fertilization demon-
strated thet the response of both pine and spruce varied on different soil
types. In his first bullétin on this subject he reports that spruce and
pine make no response to phosphoric acid fertilization on soils econtaining
more -than 250 p. p. m. of PoOg soluble in citric acide In a later bulletin:
he reduces this minimum to 160 p.'p. me. On soils deficient in phosphorous,
additions of phosphorous stimulated growth only when the supply of assimilable
calciﬁm Qompounds was adequaﬁe; Wheﬂ calcium was inadequaté and rgadily
soluble iron compounds’abundant, the effect of phosphorlc acid fertili-
" zation was completely nullified. Especially on acid soils, Thomas meal
was a more satisfactory source of phosphoric acid than superphosphate.
Certain aspects of potash fertilization have been studied by Wilde
and Kopitke (1940). They found that the available potash retained in the
soil varied with the base-exchange capacity of the soil, varying from an
average of 70 ﬁoﬁnds per acre in a soil with‘a base-exchange capacity-of

3 me os to 260 pounds in a soil with an eichange capacity of 9 m. o,
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Recommended rates of application of K50 are based on these facts. On soils
with a low base-exchange capacity where high levels of potassium are needed
they suggest the possibility of increasing the soil exchange capacity
through the application of peat or other materials of high base-exchange

capecity and the use of catch drdps, composts, or liquid fertilizers.

Kopitke (1941) found that providing white apruce'(Piceaig;auoa(Mbenoh)‘Vbssx
red pine; and eastern white pine seedlings with adeguate potassium ceused

. certain physiological changes in ths plants which ghould decrease their
susceptibility to frost injury.

Both Mitchell (1939) and Pessin (1937) have demonstrated that calecium
is essential to satisfactory growth of the conifers thej studied. Mitchell
found that 200 p. p. m. was the optimal concentration of calecium for white
pine. Chapman (1941) who grew shortleaf pine seedlings in quartz sand -
cultures containing 0, 2,9, 1245, 24,90, and 3735 p. pe. me of watef-soluble
calcium foﬁnd that concentratiohs of calcium above 249 p. p. m. affected
ssed germination and seedling survival adversely. Since the gap between
249 and 12445 pQ ps m. is large, the exact concentration at which calcium
is harmful cannot be interprefed from this study. In nurseries, the use
of lime has not always been beneficial to conifers. Lunt (1938) pro-
duced better red pine seedlingé without lime then with lime, and Auten
(1945) found that the application of ground limestone reduced the seedling
density. On the other hand, McIntyre and White (1930) were able to produce
better white pine when the scil was limed than when it was not limed. The
inconsistent effects of lime on coniferous seedlings are due to differences
in soil reaction and buffering capacity, and indireectly, to the demping-off

disease. (commonly caused by various species of Pythium, Fusarium, and

Rhizoctonia)(Boyce, 1938). An increase in the pH of the soil often
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increases damage to seedlings by damping-off. In this caese the calcium
does not injure the seedling directly but, by increasing the pH of the
soil, it increases demage from demping-off.

Minor elements have received little attention in tree nutrition studies.
Auten (19&5)»reports no response by shortleaf and pitch pine to cdpper,
manganese, zine, and boron. Smith and Bayliss (1942) found that zine is

essential for healthy vigorous growth of ilonterey pine (Pinus radiata D. Don).

Seedlings of this species grown in watgr_culture showed no zine defiqioncy
symptoms‘fér about 2 months, but at thelend of 6 months, the stems and
needles of zinc-deficient trees were ﬁuoh shorter than those of trees re-
ceiving zinc.

.Numerous_investigatbrs.ﬁave carried on fertilizer experiments in
nurseries with nitrogen, phosphorous, and potassium; but since tﬁe in-_
vestigations generally did not include soil analyses, it is difficult to
interpret from these studies the nutrient requrements of the species
concerned. Typical of this type.of.investigation ars the studies of Lunt
(1938), Auten (1945), Wahlenberg (1930)', McIntyre end White (1930), Andrews
(194i1), end Larsen and Stump (1939). Most of these studies demonstrate
that the soils dealt with contain an available supply of one or more nu-
trients inadequate to produce the most satisfactory planting stock, and
that by supplementing the supply of these nutrients, the trees are bene-
fitted. Generally these studies do not show the actual total nutrient re-
quirements. However, Lunt (1938) made chamical analyses of some of the
trees he grew, and from these»analyses'concluded that the N-Po0g5-K20

requirements of l-Oh red pine in pounds per acre are L1, 1, and 18;

Lie The first digit refers to the number of yoars the tree grew in the
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seed bed, the second digit refers to the number of years the tree grew

in the transplant bed.

of 2-0 red pine, 154, 32, and 59; end of 2-1 red pine 84, 23, and L4l. The
N-P205-K20 ratios for these three classes of stock would be 3=1-1, 11-2-l,
" ‘end 6=-2=3, respectively. ‘

Wilde (1938) used the analysis of firgin soils from highly pro-
ductive sites for various species as & basis for ;nﬁerpreting.their needs
for nitrogen;bphosphorous, potessium, end celciume He found that the |
N-Po0g-Ko0 ratio of several conifers in the Lake States was approximate-
ly the same for all species~- 1-2-=5., The N requirementé ranged from 20 to
L5 pounds; PoO5 requirements, from 4O to 100 pounds; and K20 requirements,
'ffom 100 to 275 pounds per acre. The ratio from hardwoods wes 1-3-5, It
is noteworthy that Wilde's mefhod of determining nutrient requirements
shows the highest need is for potessium, while Lunt's method shows the
highest need is for nitrogen. Mitchell's dat# (1959) when expressed
as a N-P205-K20 ratio gives approximately a Z-A-i ratio, which shows that
the highest requirement is for phosphorous., Since both Mitchell and Wilde
worked with white pine, the differences in nutrient requirements which
they secured must be attributed to the methods used to make the determi-
nation.

Wahlenberg (1930) found that on the soils in the Savenac Nursery,

ponderosa pine (Pinus pondeross Laws.) was benefitted most by a complete
fertiiizer containing a small amount of potassium,'a relatively large
amount of nitrogen, and an intermediate amount of phosphorouse

McIntyre and White (1930), in nursery experiments on Hagerstown silt

loam and DeKelb silt loam, found that only small additions (20 pounds per
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acre) of nitrogen but larger additions of phosphorous (80 pounds of Po0g)
end potassium (50 pounds of Kpo0O) were needed to'produce good-quality
planting stock of white pine, pitch pine, and Norway spruce (Pica abies (L.)
Karst.). In some instances the addition of calcium was necessary to get
the best resﬁits.,

~ On a sendy soil in North Carolina- 90 ﬁo 95 percent total sand- Andrews
(1941) found that loblolly pine (Pinus taeda L.) seedlings produced the
largest root-shoot ratios when 40, 80, end 40 pounds per. acre of N,P205,

and Ko0, respectively, were applied about L weeks after germination.’

Larsen and Stump (1959)'report on the response of ﬁhite pine, Douglas

fir (Pseudotsuga taxifolia (Poiﬁ.) Britton); Norway spruce, red pine, white
spruce, and jack pine to numerous fertilizers, both organic and inorganic.
In general, nitrogen fertilizers stimulated top growth of seedlings end
transplants while fertilizers containing phosphorous increased root de-
velopment. In the nursery, fertilizeré containing nitrogen, phosphorous,
and potassium were more offective than fertilizers conteining only one of
these elements. In greenhouse tests, single slements frequently proved
more effective.

- Sevofal investigators in recent years have studied the response of
forest tree seedlings to verious nutrients either in quartz sand or soil
cultures under greenhouse conditions. Some of these studies were supplé-
mented by work in nurseries. ‘Addoms (1937), in her study of loblolly pine,
found that after selecting plants on the basis of uniformity, great varia-
tions in the growth of individual plants occurred, and concludes that
starting with plants grown from seed of uniform sige wogld be better tech-
hique.' Mitchell (1939) found it néceééary to take seed weight int& account

in order to interpret the results of his nutrition studies cmrrectly;
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Addoms attributed the yellowing of the leaves of the trecs to a de-
ficiency of nitrogen (nutrient solutions conteining 136 and 156 pe pe me

were used). Pessin (1937) grew the most vigoroue end well-developed

longleaf pine (Pinus palustris Mill.) seedl ings when sand cultures were

'éupplied with calcium, nitrogen, potassium, phosphorous, magnosium,
sulphur, and iron. Leaviﬁg either phésphorous or sulphur out of the nu-
trient solution produced the least effeet on the seedlings. Lack of
magnesium, potassium, or iron produced conspicuous.abnormalities very
early in the experiment. .Pessin (1941) grew slash pines in washed sand
which received no nutrient solution for the first 9 months, after which
they were treated for 8 months with nutrient solufions contaiﬁing ten
elements in which the .amounts of'nitrogen, phosphorous, and potassium
were varied. Maximum dry weights were produced in cultures that contained
213 p. pe me of nitrogen, Phosphoroﬁs produced no significent effect on
dry weight, wﬁile potassium in increasing amounts decreased thé dry weight.
Seedling vigor was improved by increasing amounts of nitrogen. The supply
of phosphorqus end potassium did not show any such relationship. The trees
produced the longest roots when the nitrogen supply was smallest. Whether
the response of the trees would have been the same if they had received
nutrient solutions from the start may be open to question.

The relative merit of organic and inorganic fertilizers has been
studied by several of the investigators mentioned previously. In the
studies reported by Larsen and Stump (1939), most of the orgemic ferti-
lizers geemed to be as effective as inorganic fertilizers but there were
two exceptions. Red pine failed to respond to dried ﬁaood alone and 1-0

eastern white pine did not respond $o steamed bone heal alone. Andrews (1941)
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reports that on the sandy soil with which he dealt, the best loblolly

pine stock is produced when both organic material and concentrated in-
orgeanic fertilizer containing a high percentage of phosphorous is used.
Wahlenberg (1930) was able to produce nearly as good ponderosa pine plant-
ing stock by fertilizing with a mixture of superphosphate, bone meal, tankage,
and guano as by fertilizing with an inorganic.fertilizer containing nitrogen,
phosphorous, and potassium. On the other hand, Lunt (1938) found organic
fertilizers superior to inorganiec fertilizers in growing red pine seed-
lings in nurseries on sand, loémy sand, and sandy loam. He, as well as
Ant;n (1945), givp warning of the danger of injury to seedlings when inor-
genic fertilizers are used on relatively sandy soils. Mitchell (1939)
prefers high-analysis inbrganic fertilizers to organic or low-analysia'in4
organic fertilizers and was able to ﬁs& the former without injury iﬁ nursery
beds by making light epplications. Wilde (1937) has found that there is

less danger of injury to seedlings by inorganic fertilizers when they are
applied as liquid humate fertilizers- a mixture of the inorgenic materials
with water.ana forest duff. Apperently tﬁe exceptional response of weak
seedlinge to this type of fertilizer is due in part to vitamin and hormone
substances in the duff. Such fertilizers aere too expensive, however, for
general use.

Peat has been found effective for forest-nursery use not only as a
source of nutrients (particularly nitrogen) but also to increase the base-
exchange capacity of the soil, and to change soil reaction. ‘Wildg and
Hull (1937) were able, by using an inorganic fertilizer plus pest, to
produce red pine seedlings thet were nearly twice es heavy as those ferti-
lized with inorganic fertilizer alone. Auten (1945) found that peat was

the best source of organic matter in studies of shortleaf and piteh pine.

;\
i

I
)
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It increased both the density and height of both species, but results were
not entirely consistent.

Very limited study has been made of the timing of the application of
fertilizers. Proper timing seems to be of greatest importance in the
application of readily soluble forﬁs of nitrogen. .Wheniapplied too Qoon,
seedlings may be injured (Auten, 1945) or little benefit is realized from
the fertilizer.because»it 1;aches from the soil before the seedling can use
it effsctively (Andrews, 194l1). Similar results occur when readily o
soluble forms of potassium are used (Wilde and Kopitke,-19h0). This is
especially true on soils of low base-exéhahge capacity. '

The role of mycorrhizae in tree nutrition has been studied rather ex-
tensively in the past 10 years. No attempt is made here to review the
qxtensive literature on this subjeet, but rather to call attention to the
fact that nitrogen or phosphorous absorftion by tree seedlings may be
inadequate in the absence of mycorrhizae (McComb, 1943; Melin, 1925;
Mitchell, Finn and Rosendahl, 1939).

Comprehensive study of éhe effect of pH of the cultures has not been
ﬁade, but some limitad work on the subject has been done in—gppgyétiﬁn with
other studies previously.feferred to. Chapmants study of shortleaf pihe‘
(1941) revealed that differences in pH between 3.7 and 44«82 had no
noticeable effect on seedling behavior but that at pH of 6.23, seedling
growth rate was slow and mortality high. Auten (1945) reports that short-
leaf and pitch pine made more response in height growth to various forms
of phosphorous fertilizer et pH 4.0 and 6.0 than at pH 8.0 Addoms (1937)
found that the optimal pH for loblolly pine varied with different sources
of nitrogen. When calcium nitrate was used, a pH of 3.8 to 5.0 resulted

in the best development of loblolly pine seedlings; but when ammonium
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sulphate was used, a pH of 6.0 produced the best development. McComb and
Kepel (1940) secured tremendous response in height growth of green ash
and black locust to phosphorous fertilizers on a glacial clay in Towa at

pH levels ranging from L3 to 7.7 but the best response was &t pH of L.3.

In contrast Nemec (1931, 1937) got little response of spruce and pine to

phosphorous fertilization in soils with low pﬁ (3.19 t0 5.0).

The objeét of all nutrition and fertilizer studies on forest trees

. is to determine the role of proper nutrition in the production of high-

quality planting stock. Various features have been used as indices of

'éuality. The most common characteristics that have been used are height,

dry weight, end root-shcot ratio. Trees with the greatest height and
weight and with the largest root-shoot ratio have been regarded as the
best trees for planting. These features have been supplemented in some
cases by observations of records on foliage density and color, side

branches, general vigor, needle length, or drought resistemce. Only

‘recently has the behavior of different grades of planting stock in

field plantings been studied. In general, trees that had been

classified as high-quality planting stock survived better and made

. faster growth than trees that,hhd been classified as lower-quality stock

(Lunt, 1938; Wilde, Wittenkamp, Stone and Galloway, 1940).

SCOfE OF EXPERIMENTAL WORk
lThe study as conceived in 1941 was to be comprehensive in scope.
It was to consist of three phases: (1) greenhouse experiments, (2) nursery
experiments, and (3) field-plantation experiments. The results of the
first two only are included in this report since insufficient research has

been ddne on the third to warrént‘its inclusione. The greénhouse experiments
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were to include a large number of treatments involving not only various
5 combinations of nitrogen, phosphorous, and potassium but different
quentities and modes of application as well. Anticipating thet en im-
provement in the physical condition of the soil_might be necessary to
secure optimal effects from the nutrients, treatments that might throw
some light on this problem were included. The most promising t?eatmenta
then were to be tested in the nursery. The nursery-grown trees were to
be plaﬁted in forest plgntdtions where studieq of mortality and growth ‘
would make poésible a practical interpretafién of the value of the diffefent
nursery traatménts. As a'éupplement to the last phese, plans were made
to study the effects of the application of nutrients to field planted trees
.on so=-called low-quality sites. |

Soon after the work was initiated problems developing from the war
disrupted the systeﬁatic sequence of handling the ﬁork, and thé nursery

and field phases had to be curtailed greatly. Exploratory greenhouse

work was done in 1941-42, and comprehensive greénhousa oxperiments were
carried on in 19&3-&& and'19hh-h5. Nursery experiments were initiated each
year from 19&2 to 1945, inclusive, but owing to various difficﬁlties causad
by the war, only the 1942 and 19b5 experiments received sufficisnt ate
tention to yield enough data to form the basis for stetistical analyses.

The trees from the 1942 and 1945 nursery experiments were used to es-
tablish field plantations for studying the survival end growth of trees
receiving different nursery treatments.

The greénhouso experiments were conducted on the campus of the
University of Floride in a greenhouse made available. through the coopera-
tion of the Soils Department. The nursery experiments were carried out in

the Austin Cary Forest Nursery operated by the School of Forestry of the
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University. The nursery is approximately 10 miles northeast of Gainesville.

GREENHOUSE EXPERIMENTS

Experimental Methods

- Seed Selection and Germination '

| Since othsr workers (Aldriéh—Blake, 1950; Champion, 1933%; Korstian,
1927; McCoﬁﬁ, 1943; Mitchell, 1939) have demonstrated that the character-
istics of the parent tree aﬁd seod weight influence the behavior and growth
of tree_geedlings, an effort was made to econtrol thqse fariables as-much
as possible in order to miniﬁizé their influence. It was ndt alwaye
éfacticable to use seed from a single tree, although this was done in

the 19,3-L); experiment. A representative semple from each lot.of seed
was weighed and the number of seeds in it counted in ofder to determine
the average seed wolght. Seed weight-classés were established, the range
in each weight class being 3.0 mg. When only one weight-class was uged,
its mean weight was the mean weight of the entire lot of seed. When

more than one weight-class of seed was used, the additional weight-classes
weré those nearest the weight~-class having the mean weight of the entire
1otvof seed.

After the seed was segregated into weight-classes, it was spread in

thin layers in moist acid peat moss and refrigerated at 4O°F. for approxi-

mately one month?. Upon the removal from the refrigerator, the seed was

5¢ Such treatment of slash pine seed is always desirable in experimental
work because germination of treated seed begins sooner and is completed in
a much shorter time than in untreated seed (Barton, 1928). When slash pine
seed that has recently matured is used, stratification end refrigeration

are essential because germination is generally very erratic and may extend



D

-17 -

over a period of more than 2 months. The shorter the germination period,

the smeller the average deviation in seedling age will be.

sown promptly in germinating flats that contained the same socil as that used
in the greemhouse pots. Three to l wesks after the start of germinationm,
the séedlings were transferred to the pots, ten seedlings being planted in
each. ' |

Preparation of Soil Pots

The soil, ﬁhich is described elsewhere, was air dried and thoroughly
mixed. Then,it was put through a %—ihch screen to remove roots and other
foreign material, end finally through.a 2 mm. screen. Nineteen kilograms
of soil were placed in each pot. This amount brought the soil to within

approximately 1 inch of the top of the pot. When colloidal phosphat96

6. Colloidal phosphate is a mixture of very fine rock phosphate and
clay which is washed from the phosphate rock after it has been mined. It
is generally regarded es a waste product of the mining of rock phosphate,
but in recent years, colloidal phosphate has been sold under varioqs

trade names ss a fertilizer.

or peat moss was used as the sole or part treatment, this material was
mixed thoroughlyvin the.upper 4 inches of soil, which, to secure proper
mixing, wes removed from the jar. Nitrogen, phosphorous, potassium, and
other chemical nutrients were applied in solution later, except phosphorous
and caleium, which in the 19LL-L5 experiment, were mixed in the upper L4
inches of soil. Water was added to the so0il in the jars a day in edvance
of planting the trees. To each pot, 2700 ml. of distilled water were added

to give the soil a moisture content of slightly over 1l percent.
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Transplanting and Subsequent Care of Trees

In order to secure uniform distribution of the trees in each pot,
the availsble area per tree was calculated, and by frial and error a de~
sign for the arrangement of the ten trees was developed which placed six
trees in an outer circumference, three in an:interior circumference, and
one in the center of the pote This design was outlined on a piece of
.cardboard with a cross section identical to thet of the inside of a pot,
and holes approximately i-inch in diameter were punched iﬂ the cardboard at
the ten designétéd poiﬁts. This cérdhogrd was placed on‘the surface of
the soii, and a lead pencil pushed into the soil at each hole to a depth
of sbout % inches. When a tree, because of lateral root development,
"reguired an'bpeninngider thet 2-inch, the size of the opening was in-
creased by a rotating motion of the pencil in the original hole.

At the time of trénsplanting to the pots, the hajority of the
seedlings had a 2- to 3-inch tap root, and some had developed ome to four
lateral roots from 1/8- to 1/4-inch long. The seedlings were washed out
of the soil by a stream of water in drder to minimize the danger of
breaking the very delicate tap root. Every effort was made to plant sach
_séedling in the pot at the same,depth that it occupied in the gefminating
flat, and to bring all roots into intimate contact with the soil by ample
compression of. the soil in closing the hole.

The pots were watered with distilled water often enough to kasp the
soil moisture above 10 percent. The time interval between the applica-
tion of watsr varied with the age of the trees and with temperature and
atmospheric humidity. During the first month 50 ml. of water were
applied once a weeke Toward the end of the expsriments, as much as 800 ml.

of water had to be added to some pots every day or every second daye.
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As retes of growth showsd merked difference efter the first 6 weeks, it
was evident that water loss, chiefly through transpiration, varied more

or less in proportion to growth. To maintain the moisture content of

the soil of all pots reasonably uniform, the pots were welghed about every

2 weeks and their moisture contents adjusted.7 Average daily water loss

7. Since the weight of the pots included the weight of fhe(trees, which
varied, it was not possible to maintain absolutely,unifo:m moisture contents
in all pots. - The faster;growing treges were'the heaviest and thus were
contributing more to the total weight of the pot than slow=-growing trees.

In conse quence the faster~-growing trees were'growing under conditions

of lower soil moisture than the slow-growing treess.

between weighings was compﬁted to serie as a basis for the amount of water
to be applied until another weighing was made. In other words, each pot
received approximately the emount of water it was losing through evapora-
tion and transpiration.

Design of Experiment

As stated previously, each pot contained ten trees. Each soil treat--
ment was replicated four times. Within each of the fouf blocks, the pots‘ﬁare
randomized. In order to neutralize the effects of any minor differences in
the microclimate of the grgenhouse, the pots were rofated from one bloeck to
another so that each pot occupled an equal period of time in each block.

Furthermore, pots which were located on the exteriér side of the bench during

one period were moved to the interior side of the bench during the next period
and vice versa. With this design, all data could be subjected to analyses of
veariance. Thus, a simple method of interpreting the extent of significant

differences was provided (Baten, 1938; Snedecor, 1940).
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Weather Records

During most of the 1943-Ll; greenhouse experiment, a record of
temperature was kept on a thermographe This was doﬁe also during the
19414=145 greemhouse experiment. During the 1at£er expsriment, three sets
ofvblack end white Livingston atmometers were installed to measure rate of
evaporation (Livingstbﬁ, 1935). ~

When it.was apparent that merked differences in the growth and be-
‘havior of the seedling; in the 19&374h and 194L=L5 experiments existed
and thet climatic factors other.than temperature might be contributing
factors, length of day was computed from daily maps of the Weathér Bureau.

The only control of greenhouss temperature that was put into effect
was to close all windows late in the afternoon when outdoor-night tempera-
tures were expected to fall below 60°Ff and to turn on steam heat when
outdoor-night £emperatures were expected to fall below 35°F. With these
controls, the greemhouse temperature rarely fell below 60°F. during the
1943l experiments, and rarely below 550F. during the 194);~45 experiments.

Observations and Measurements of Trees

After the sesdlings were plaﬁted in the soil pots, £he number of

eotyledons and the height from the soil surface to the base of the coty-~
‘ledons were recorded. This height measurement and all subsequent ones were
measured to $ 1.0 mm. Height growth was measured at regular intervals-
either 5 or 6 weeks- to coincide with the application of nutrients in those
treatments that received split applications of nutrients, and just prior

to harvesting the trees. Growth was measured from the base of the coty-
ledons to a point near the tip where the overlapping of the primary needles
obscured the identity of the stem. These two points were chosen as termini

for various reasons. Of greatest significance in choosing the base of the
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cotyledons as the lower terminus for growth measurements is the fact
that growth prior to transplanting, which varied from %3 to 79 mm.
in the 1943-l); experiment, and from 34 to 95 mm. in the 19L44-L5 experi-
ment, is not included, thus elimineting variable growth which was inherent
iﬁ the seed, and nﬁt a resuit of soll treatment. Furthermore, the base of
the cotyledons is distinet and stationery, thé latter chafacteristic being
in contrast t§ the soil sﬁrface which varies because 6f slight'soil wash-
ing. Any point chosen at or near the tip of a growing pine tree is not so
well defined as the base of the cotyledons. The point et which the primary
needles overiap and thereby obscure the identity of the s%em'is quite cleer-
cut aﬁd should represent resonably well the terminus of stem elongation.v
Observation of number of side branches was made chiefly during the
periocd of most active side~branch develcpment. These observaetions were
not made at reguler intervals, but rather in accordeance witﬁ the amount of
change teking placee. During the period of greatest.activity, record was
made of the first appearance of secondary needles and of the development
of a term;nal bud in those few instancps where this occurred. The progress
of the death of cotyledons was slso recorded. When an abnormal color de-
veloped in a piant, note was made of fhis fact.

Just prior to harvesting the trees, a representative pot of trees

- from each treatment was photographed.

Harvesting of the trees was accomplished by running a stream: of
water from a garden hose into the soil, thus siowly washing the soil away
from the roots. During the washing operation, the pot was placed on its
side on a stand of convenient height, the top of which was made of

1/}4-inch-mesh hardware cloth, supported by several strips of wood.
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Quick disposition of the soil was eccomplished in this manner. Extreme
cere in the operation was necessary to minimize root breakage and loss
of small segments of the roots. Consideresble water had to be run over the
roots after they were extricated from the soil in order to wash off the

~ more tightly adhering soil particless This was especially true with those
soils to which colloidel phosphate or peat moss had been added. Separe-

" tion of the individual trees was difficult because the roots of the ten trees
in each jarware badly entangied.
| Representative trees (éverage height and branch deﬁalopment) were’
chosen from each treatment.for photographing.

After the harvest, the diameter of the stem of each tree weas measuf-
ed with a micrometer to % 0.0l mm. at 1/, inch above the ground line which
was assumed to be above any swelling of the stem. Each tree was then cut
into two parts, shoot and root, end each portion placed in a properly
labelled paper bag. The open packages were.plaCed in a drying oven where
they were left at a temperature of 65°C for epproximately 72 hours. Each
semple was then weighed to'§ 0.0l gr. |

A record wasbkept of the amount of water.added to each pot, and of

the weight of each pot at each weighing.

Physical and Chnhical Characteristics of the-Soil
The soil selected for the greenhouse studies is & Norfolk sand. It
was taken from a ridge on the Austin Cary Forest which appears to have
supported a longleaf pine type originally. Close cutting of the pine
allowed the oaks to increase their representation, and now, turkey oak

(Quercus laevis Walt.) and bluejeck oak (Quercus cinerea Michx.) dominate

the stend. Prior to 1937 the area burned more or less regularly each

year, but since then fire has been kept out.
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Tﬂé soil was taken from the upper 6 to 8 inches, which includes all
the Aj horizon and 3 to 5 inches of the Ap horizon. Henderson (1939) de~
seribes the A] horizon as gray to yellowish gray sand and the A» horizon
as yellow sand. The soil was thoroughly mixed and allowed to air dry,
after which it was screened through 1/L-inch hardware cloth to remove
roots and other_cdarse planf parts. The air-dry, mixed soil was g?ay,
yélloWbtan in color.

Since colloidal phosphate, when mixed in varying quentities in the
_upper l inches of the eoil, produced such significant effects on the growth
and other characteristies of slash.pine seedlings (see'pp. 81-100 and
118-130) an effort was made to determine the physicél ané'chemical effect
of this material on the soil. . When various analyses of the soil were made,
similar anelytical procedures were applied to soil to which had been add-
ed quantities of colloidal phosphate equal to the amounts used in the
greqnhouse experiments. It was soon apparent thet measurable effects were
not produced on the soil by colloidal pposphate when sudh small amounts
as 0.5 and 1.0 ton per acre were applied. Most of the analyses on soil
to which the colloidal phosphate was mdded were made, therbfore, with
mixtures containing 5 and 25 tons of phosphate per acre.

Mechanical Analysis

Mechenical enalysis of the soil as well as the colloidal phos-
phate was made by the hjdrometer method; employing the technic of Bouyoucos
(1936). The results, which are based in each case on two samples, are pre-
ssnted in Table 1. Soil organic matter analysis, based on the method re=-
cently described by Schollenberger (1945) is shown also in this table. It

is besed on four samples:
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Table l. -~Mechanical analysis of greenhouse soil samples
and colloidal phosphate, and soil organic
matter content of soil

Send 3 Silt & Clay s+ Soil organic matter
Percent

Type of Sample

Soil 92 2.18 $ 0.25%

e o b [ M

Soil + 5 tons of:
colloidel phos- ¢
phete . ] 90 10
Soil + 25 tons
of colloidel
phosphate 88 12
Colloidal phos-
phate o

% 00 6 00 00 44 44 S S8 03 B 0
S ob 45 20 B2 0 80 M 02 N N B

4 ab S 28 6 e &

15 87

»Standard deviation.

The sandy character of the soil is evident in the data in the
‘above table. In contrast the colloidal phosphate conteins nearly as
much silt- and clay-like materiel as the soil contains sand. Although
an analysis of variance of the data on the three different soil samples

does not reveal significant8 effect of colloidal phosphate on thé

8. The word "significant”, when used in discussing experimental data,
is used throughout the manscript in a statistical sense. Various de-
grees of significance can be recognized, but ‘the two most commonly
used are the 5 and 1 percent points. The former, which indicates that
‘there are ninety-five chances in one hundred that'the difference

in means is not due to random sampliﬁg of a homogeneous populatién,

is commonly spoken of as significant; the latter, which means that
there dre ninety-nine changes in on® hundred that the difference in
means is not due to random sempling of a homogeneous population, is re-

ferred to as very or highly sighificant.
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soil, it is likely that e greater number of determinations by & more
sensitive method might have shown a significant effect. This is more or
less borne out by the moisture equivalent data (moisture holding capacity
is related to particle size), and the fact that calculated values for
amount of silt plus clay in the soil plus 5 toms of colloidal phosphate
end in the soil plﬁs 25 tons of qolloidal phqaphateigre 8.63 and 1l.16
percent resvectively. In view of theAimﬁracticability of reading val ues -
on the hydrometer in units of less than one percent, the values from the
analysis agfee clésely with tﬁe calculated values. Even with the ad-
dition of 25 tons of colloidal phosphate per acre to the upper L inches
of soil, this material constitutes less than l, percent of the total material
in that soil zone.

Moisture EquivalggE

Moisture equivalent of the soll semples and the colloidel phosphate
was determined by the centrifuge method (Wright, 1939), the samples being
loft iﬁ the centrifuge for 15 minutes after a speed of 2200 revolutions
per minute had be;ﬁ #ttained. Féur samples were used in the determination
of moisture equivalent of untreated and treated soils, and two samples were
used for the colloi@al phosphate.

Moisture equivalent Standard

% moisture de¥iation
Soil ‘ 539 '
Soil plus 5 tons colloidal
phosphate ' 5.60 0.20
Soil plus 25 tons colloidal
phosphate T+23
‘Colloidal phosphate 147.60

A small increase in the moisture equivalent is produced when colloidal

phosphate is added to the soil at a rate of 5 tons in the upper li inches,
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end a marked inerease occurs when 25 tons is added. An analysis 6f
variance reveals that the increase caused by 5 tons is not significant,
but that the increase caused by 25 tons is very significant. The moisture
equivalent of soil plus 25 tons of colloidal phosphate is also very
significantly different from that of the soil plus 5 toms, a difference
of.0.9ﬁ percent being significent at 1 percent.

.it is noteworthy that the moisture equivaient of the éoil with 5
" and 25 tons per acre is 104 and 134 percent of that of the untreated soil
and that the calculated percentage df,silt plus clay for soil plus 5
tons and soil plus 25 tons is‘IOB and 139 percent of that of the original
soile In other words, the moisture equivalent>is'increased in almost»tho
same proportion as the percentage of siit plus ciay.

lLarge and Small Pores

Using the method described'b& Leamer and Shew (19&1); the percentage
of large and small pores was determined for the greenhouse soil and for
the greenhbﬁse 8oil containing colloidal phosphate at rates of 5 and 25
tons per acre. The results of these determinationg based on two samples
of each, ﬁre shown in Table 2. |

Table 2. =--The percentage of small and large pores and total
pores in greenhouse soil with and without colloidal

phosphate
Small Large Total
Type of sample pores pores pores
Soil alone Li.5 1545 . 57.0
Soil ¢ 5 tons of colloidal phosphate 38.0 0.0 58.0
Soil ¢ 25 tons of colloidal phosphate 39.5 17.5 57.0

The addition of colloidal phosphaté to the soil did not change the
total pore space, but it did alter the relative amounts of small and

large pores. The percentage of small pores was reduced, and the percentage
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of large pores was increased by the addition of colloidal phosphate. An

analysis of variance showsd that the differences were not signifiocant,

however. o

Other Physical Effects of Colloidael Phosphate on Soil

An exemination of the surface of the oven-dried soil samples

(diameterbapproximately B’inches) usbd.in the foregoing test showed evidence

that the samples to which colloidél phosphate had been added had been altered
physically. Cracks had developed on the surface indicating that the col~-
loidal phosphate had caused some binding of soil particles, end as shrink-

age occurred in drying, cleavage lines developed at some of the weaker points.

The extent of cracking is shown in Table 3. _ .

Teble 3. -=The extent of surface cracking in oven=-dry soil con=-
taining different amounts of colloidal phosphate

3 Sample #1 1 Sample #2 . A .
sNumbers . aNumbers .
~ 1 of 1Size of crackss of 1Size of cracks
Soil sample scrackss Tm. scrackss mMe
: ] : 3
Soil ¢ 5 tons of t ] : H
colloidal phosphate ¢+ 2 1 10 x 0.25 t 2 1 10 x 0.25
: : : . t I
t : : 1 t 5 x 025
3 3 3 3
3 s 1 3
Soil + 25 tons of 1 3 1 ]
colloidal phosphate 3 1 : 50 x 1.0 s 1 t 25 x 1.0
1 3 3 3 .
$ 2 ¢t L4 x 0.5 : 1 g 10 x 1.0
H 3 3 ]
] ] 1 1 3
3 3 U ]
3 : 3 .2
Untreated soil t O - s 0 1 -

It is obvious that the amount of cracking of the soil is related
to the amoumt of colloidal phosphate in the soll. The cracks in the soil
sample containing 25 tons of colloidal phosphate were two to four times

as wide, and the total length was approximately twice as long as in the




soil semple contel ning 5 tons per acre. FNo cracks occurred in the untreat~
ed soil.

The soil conteining veriable amounts of colloidal phosphate was test-
ed for plasticity. None of the samples became plastice This 1ls not sur-
prising inasmuch as the soil containing 25 tons of colloidal phosphate per
acre cqntains less than 15 percent clay, fhe minimﬁm amount generally con-
sidered to be needed to cause plasticity.

The scil samples used for the plasticity tests were molded into balls
approximately one inch in diameter and then allowed to air dry. After they
ware dry, pressurse waé applisd to test the relative shrength of the soil
masses8. The smount of force required to break them was more or less
proportional to their colloidal phosphate content. Upon breaking the un-

'tfeated solil separated into small aggregates while the soil containing
25 tons per acre of colloidal phosphate broke into relatively large ag-
grogates.

Base-Exchange Capacity and Exchangeable Bases

Base-exchange capacity and exchangeable bases of the untrsated soil ‘
and of the so0il containing varieble amounts of colloidel phosphate were
determined by the method described by Schollenberger and Simon (1945).

The results of these analyses are shown in Table 4.
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Table i« ==The base-axchange capacity, exchangeable bases, and
percent of base saturation of greenhouse soil with
and without colloidal phosphate

TTotal  1Ex-  $BX- TEX~ :Total ex-3Approxi-
sbase ex-schange-schange=-ichange-schange- :mate per-
schange 3able sable sable table scent satu-
Type of scapacity:Ca Mg sK thases srations
Soil sample 1 Millequivalents per 100 grams
s 3 [ s 'S )
) Soil only H LL.}L{. 3 0.31 ] 0009 3 00)43 H 0085 3 19.1
. . 1 1 s 3 3 3
" Soil + 0.5 : : s 3 1 3
ton colloidal : H : ot H :
phosphate t 3.97 s+ 0.33 : 0.09 3 0.51 3 0.95 s 23.4
H : : : 3 I ]
Soil ¢ 1.0 : : t 3 : 3
ton colloidal : H : 3 H ]
phosphate t 3.80 2 0.36: 0.21 : 0.3 3 0.935 3 23.5
s s H t 3 3
Soil 4 5.0 : 3 s 3 H H
tons colloidal 3 s 3 H s H
phosphate st 346 1 0.53 ¢ 0.16 ¢ 043 ¢ 1.12 ¢ 32.4
H : s R | ] 3
Soil ¢ 25.0 3 H s 3 3 3
tons colloidal : H : H H H
phosphate $ 3,87 ¢ 1l.17 1 0.21 ¢ 0.6 3 2.02 ¢ 52.2
s : s s 3 3
Standard 3 3 H H o | 3
deviation : 0,21 : 0.03 ¢ 0.05 : 0.08 : 3

- #8ince bases other than Ca, Mg, and K were not determined, and pos-
sibly occurred in the soil in very small quantity, the percent of
base saturation is probably slightly higher than that shown in the
table. '

The mean base exchange capacity for all soil samples is 3.89
m.e./100 gr. of soil. Although the individual samples varied somewhat,
an analysis of variance revealed no significant difference between the
various samples containing different amounts of colloidal phosphate,

Amount of exchangeable bases is very low as is also the percent of
base saturation. The soils containing colloidal phosphate at rates 5 and
25 tons per acre contain eppreciably more exchangeeble calcium than the

untreated soil and the soil with small amounts of colloidal phosphate. The

differences between the former end latter soil samples ere very significant.
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There is also a very significant'éifference iﬁ the.ﬁmount of calcium in
the so0il containing 5 tons of colloidal phosphate and the soil conteining
25 tons of this materials Undoubtedly only a part of the éﬁlcium in the
latter samples is exchengeable calcium, the remainder (the amount above that
found in the soil alone) being calcium that went into solution from the
colloidal phosphate when the soil was leached with'ammoniuﬁ acetate.

Although there are sifferences in the amount of exchangeable K and
Mg_in the verious soil semples, nome of the differences are significant.
The greater emount in some of the soil samples containing colloidal phos-
fhate‘was probably'caused'by smell amounts of K and Mg from the colloidal
phosphate going into solution in leaching the soil.

Availeble Phosphorous

Available phosphorous was determined on two different soil extracts,
one secured 5y using sodium acetate (Morgen, 1935), and the other secured
by using carbonic acid (McGeorge and Breazeals, 1931) as an extracting
. solution. The results of these determinations are shown in Table 5.

Teble 5. -=Carbonic-acid soluble and sodiumeacetate soluble
phosphorous in various types of greenhouse soil

samples
st Carbonic-acid 1 Sodium acetate
- Type of 1 soluble P ) soluble P
soil seample ] Pe Po Mo
3 1
Untreated soil : 5.0 3 8.0
: ]
Soil ¢ 1 ton ] ]
colloidal phosphate 3 Héd 1 8.5
1 3
Soil ¢ 25 tons t ]
colloidal phosphate 13 25.0 ] -

According to Rogers and other (1939), the total phosphorous in virgin
s0oil of the Norfolk series ranges from 0.01 to 0.05 percent in the surface

soil and from 0.0l to 0.06 in the subsoil. Expressed as p. p. m., the
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range would be from 100 to 600. It is evident from the data in Table 5
that a relatively small proportion of the phosphorous is readily available.
Taking the sodium-acetate-soluble phosphorous as a basis, the soil con-
tains nearly enough available phosphorous to meet the annuel requifements
(approximately 16.7 pounds) of a crop of l-year slash pine seedlings (see

, Appendix). Based on the carbonic-acid-solﬁble phesphorous, _.he soii may‘
not meet these requirements. It is obvious ﬁhat a one=-ton appliration of
colloidal phosphate does not remedy the aituation. On»the other hand, a
25-ton applicafion increases gréaﬁly the supply of availsble phbaphorous'
dnd thus gives insurancevagainst an exhaustion of the supply. The colloidal
phosphate can be an important source of available phosphorous in the soil,
probably for several ysars.

So0il Reaction

The pH of the soil was determined electrometrically with a glass
electrode at a soil-water ratio of 1l:1 by weight (Reed, Fielding, and

Cummings, 1945). Based on four samples, the pH of the soil is 5.18.

In order to determine the ability of the soil to release bases to the clay %
frection, soll samples with and without colloidal phosphate were leached :
with 0.05N HC1l, washed with distilled water and with alcohol, and allowed to
stand at room tempéfature for 2 weeks. The pPH of the samples was determin-
ed five timee during the first week and at the end of the second week. The

record of these determinetions is presented in Table 6.
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Table 6. ==Change in pH and H-ion concentration of greenhouse
soil with end without colloidal phosphate during
a 2=week period following leaching with 0.05K HC1

3 3 — Type of soil sample
1 1501l + 5 :Soil & 25: sSoil + 5 :Soil ¢ 25
3 ttons col-stons col-gs stons col-stons col-
Time after : tloidal  3loidal 3 sloidal sloidal
leaching= t Soil sphosphatesphosphates Soll :phosphatesphosphate
days 3 - pH + H-ion concentration x 10-D
3 ' 3 s 3 8
0 t 3y 3.58% L1s00s 36433 26403 10.8
] g ] - $ : : H
1 1 3.703 34933 L.22: 20,03 15,04 6.1
H s ] %3 ] ]
3 L 3-81! 5099' ).].01&22 1500! 1040 5.8
t ] s 3 1 1
In t 3.81: 3,993 Lei2: 1540 10.0s . 3.8
1 | 1 3 "1 H
6 t+ 1400 Lellys Le59: 10.2: 7.23 2.6
1 3 3 1 : 1
1’4 H L‘.ol}.LS h-;g! LL.BO: 7038 L‘,olt 106

Leaching with 0.05N HCl did not'rédﬁce the pH of the soil contain-
ing colloidal phosphate as much as that of the untreated soil. It
is evident éhat the colioidal phospﬁate produced a definite buffering
effect on the solls The buffering effect is evident al#o in the small-
er change in H-ion concentration in 2 weeks~in.the soils containing
colloidal phosphate than in the untreated soile This is especially true
in the soil treatment at a rate of 25 tons per acre of colloidal phosphate.
Change in H-ion concentration was much greater during the first week than
during the second week. In other words, as the pH progressed toward the
original pﬁ of the soil, the change in H-ion concentration slowsd down.
This would indicete that available bases would be released to the°colloid-
el complex very slowly as a result of minor cheanges in pH in the soil

caused by the withdrawel of bases by growing plants.
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19,1-442 Experiment
The 1941-42 experiment was not controlled so effectively as later
experiments and was very limited in scope wwing to the development of
unforessen difficulties. It was useful for testing experimental procedure,
and it furnished some sata for comparison with that from later experiments.
Because of the limitétions of this'p:oject, if is discuss&d qnly briefly.
- The plan for this experiment differed as follows from that deséribed
earlier under "Experimental Methods™:
1. The seedlings were nearly 2 months old (exactly 2 months from
seedingltimo) when trensplanted in £he soil pots.
2. Six trees were planted in each pot.
3+ Commercial fertilizers were mixed in the upper L inches of soil
.iﬁ advance of plenting. Ammonium sulphate and sodium nitrate were
used as sources of nitrogen in such proportions that they yielded
equal quantities of nitrogen; superphosphate and muriate of potash
were the sources of phosphorous and potassium, reépectival&;
L. Height of the seedlings was measured from the ground line to
the tip of the longest needls. |
Five different treatménts were applied to the soil es follows:
ll. No nutrients added (designated in the discussion which follows
"check").
2. 204 N, 20f Po0g, and 20# KO psr acre (designated as "2CNPK").
3¢ LOFF N,'hG# P50g, aﬁd.ho# K20 per acre (designated as "LONPK").
L. 80f N, 60# P205, end 60# K20 per acre (designated as "GONPK™).
5« 5O N, LO# Po0g5, and LO# K20 per acre plus D# Fe, 20# Mn,

203 Cu, 104 2n, and 2f B (designated as "NPK 4 minor elements™).
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Various featufes of the trees that were measured at the end of

the experiment are shown in Table 7.

Table 7. =-The mean height, weight, root-shoot ratio, and number
of branches of slesh pine seedlings grown in differ-
ent ocultures for 128 days (total age of trees-.178

days)

¢ Height s Dry weight s Root-shoot : Branches

Treatment ] mme ] grams ) _ratio s number
1 1 t )

Check H 225 QL', H 1l 039 $ 00}.‘5 H 1l 071
3 H 3 ]

20NPK s 2438 1.55 3 0.45 t 154
3 ] 3 3

LONPK 1 2408 3 1.68 2 043 t 3400
3 3 ] 3

8ONPK 3  253.0 1.81 : 0.46 t  L.0O
1 H s ]

NPK + minor : 3 t

elements t  207.3 1 1.39 s 0.56 t  2.25
] ] "8 ] .

Stendard : ] H H]

deviation t 0.1 0.18 1 0.04 2 0.5
: ] 1 3

Difference be-3 H 1 3

tween treat- 1 3 H

ment meens to H : H

be significant: $ 3 3

at 5 percent -1 H s 3 1.72
H 3 . %

F value treat-: . : 3 ]

ment t 1.56 1 0.98 3 1,97 2 3.29%

*Significant at 5 percent.

The addition of nutrients to the scil affected the growth of the
seedlings, buf only the effect on number of branches per tree was
significant. The lack of significent difference between fhe troes
from the various treatments, at least in height and weight, probably
was due to the lack of uniformity in the age of the seedlings caused
by irregular germination. As the amount of nitrogen, phosphorous, and
potassium added to the soil was increased height and dry weight of
the seedlings increased, the height of the ,ONPK treatment excepted.

There is no trend in the root-shoot ratios. The enalysis of wvariance
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of the number of branches per tree reveals that significant differ=-
ences exist between the treatments. Since a difference of l.72 branches
in the means of eny two treatments is significant at(S percent, an
exemination of the velues in Table 7 shows that the SONPK treatment was
significantly superior to the check, 20NPK, and the NPK ¢ minor elements
treatments..'Exceét for the ineonSisfency of the 20NPK treatment, as

the amount of nitfogen, phosphorous, and potaésium added to the soil

was increased, branching_increased.

Table 8 shows the progress of branch development from the appear-

ance of the first branches (8 weeks after transplanting) to the end of the

experiment.,

Table 8. =-The progress of branch deﬁelopment on greenhouse grown
slash pine seedlings during a twoe-month period

Time after transplanting

8 weeks 11—- weeks s ﬂli; weeks s lﬁ weeks 3 1'Z-§-L weeks

1
3
Treatment 3 Number of branches per tree
3 3 3 3 )
ChGCk H o.oh H Oo@ s ) 0096 H 1094 H 1071
s H H : 3
20NPK H 0050 $ 0067 -3 1.0,4. H 1037 $ l.a}.
t 3 3 ) t
LLONPK H 0092 1 1.17 3 2071 $ 2.96 H 5000
1 H ] : 3
8ONPK s 0,37 3 0.58 ¢ 2,92 : 3,75 : L.00
3 3 g : 3
NPK 4 minor 1 3 3 s 3
elements g 0.75 : 0.92 3 1.33 : 2.12 2.25
s $ : ] ]
Standard ] H 3 H ]
deviation s 0.2 ¢ 0.26 3 0451 1. 0.84 : 0.56
. 3 3 : 3 s
Difference be=- 3 3 3 :
tween treat- 3 ] ] ] :
ment means to @ : . H H H
be significant : s 3 H H
at 5 percent : $ 1,57 3 1.6 1 1.72
¥ value 1 : 1 3 ]
treatment $ 2,59 1 1Bl 3 3,37% 3 3,36k 3 3,29%

*Zignificant at 5 percent,
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All nutrient treatments, except the 20NPK culture, produced trees with
more branches than the check throughout the experiment. Z=Even the afore-~
mentioned treatment produced trees with more branches than the check during
the first 12% weeks. Differences in the number of branches per tree be-
tween the wvarious cultures were not sigpificant until lh%-weeké after
vtransplanting, and they continued to be significant untilithe end-qf the
éxperiment. After lh% and 155 weeks, the LONPK end SBONPK treatments
produced trees with significantly more branches than the check or 2D NPK
freatment. Only the S8ONPK treatment produced trees with significantly more
branches than the NPK % minor elements treatment at the end of lh%—weeks.
After 13 weeks, the SONPK culture had trees with signifiocantly more branches
than the check, 20NPK, and NPK + minor elements treafments.

Although there were no significant differences in number of branches
per tree between the JONPK and NPK ¢ minor elements treetments, the dif-
ference was nearly large enough at 1h%nweeks to be significant. Prob-
ably the minor elements were contributing factors in reducing the amount
of branching. It was eWwident when the trees were harvested that those
from the treatment receiving minor elements were abnormal in the appearance
of the foliage. The extreme tips of the'priméry needles of‘these-trées
were brown, and extending back from the browﬁ zone for a.distance of 1/8
to 1/, ineh, they were yellbw.' Needles of trees from all other cultures hed
e normel green color throughout their entire length.

It is noteworth& that the addition of 20 pounds of nitrogen, phos-
phorous, and potassium to the soil had no effect on branchings. When the
amount of nutrients was doubled, branching was increased enough to produce
significeant effects at lhéiweeks and nearly significanf effects thereafter.

When the original queantity of nutrients was quadrupled, early brenching was
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not affected sigﬁificantly, but once the effect of the nutrients was
established, it was maintained until the end of the experiment. Although
trees receiving 80 pounds of each of the three nutrients developed more
branches after lh%—weeks then those receiving 40 pounds, differences in
' the branching were never significent. Although the differences in branch-
ing betwsen the trees from the 20- and 4O-pound treatments was significant
only after 14z weeks, the differences were nearly significapt at 155 and
1741 weeks also. Obviously, the increase in nutrients from 20 to 80 pounds -
per acre has a more pronounced effect on branching than increases either
from 20 to 4O and from 4O to 80 pounde per acre.

| Although the differences between treatments in the number of brancﬁes
per tree were not significant, phe differences in the number of branched
trees per pot were significent at 8 and 11} weeks, but were not significant
later. Branching was slow to develop on trees in the check culture. At
the end of 8 weeks, the pots of all cultures receiving supplemental nutrients
contai ned more branched trees thaﬁ the check culture, and after 111 weeks
the pots of thg following trestments contained & greater number of branched
trees than the checks 20NPK, LONPK, and NPK + minor elements. The pro-
portion of branched treqs at ll%—weeks renged from L, percent for the cheock
to 45.8 percent for the NPK ¢ minor elements; at 1l weeks, it ranged from
12.5 percent for the check to 50 percent for the NPK & minor elements treat-
ments. There were no significant differences in the number of branched
,frees produced in the four different nutrient treatments.

- Although differences between treatmanés.waie not significant, the

19&1-&2.greenhouse experiment indicated that the addition of variable amounts
of nitrogen, phosphorous, and potaésium to Norfolk sand resulted in the pro-

duction of taller, heavier trees. The amount of increase in height and weight
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is related to the amount of these nutrients added over a range of 20 to

80 pounds per acre of N, P205, aﬁd Ko0. When Cu, Fe, Mn, Zn, and B were
added to the LO-pound application of N, P2Q5, and Ko0, height was depressed,
although not siginificantly, and weight showed no change.

The 20-pound application of N, P20g, and K20 had no effect on branch~
ing of the trees; but.when the amount of these nutrients_wgs increasedlto
40 or 80 pounds per acre, branching as expressed by number of branches per
tres wés groatly stimulaeted in the late stages of the experiment. As
expressed by number Sf branched trees the stimuléting effect of the nu-
trients was most pronounced during the early qtgges ofAthe'expefiant, when

all four nutrient cultures produced more branched trees than the check.
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1943=l), Txperiments

Soil Treatments

Three separsate experiments, involving twenty-five different treat-
ments, were set ups Experiment I is a simple factorial design of eight
treatments involving three nutrients, N, P205, and Ko0, at two 1e§els.
Exéeriment IT consists of six treatments at three levels of N, PpOg,
and K20 in two ﬁodes of application, namely:ra single'applicatioﬁ and four
equel applications (referred ‘to as "split-application") at intervals of
6 weeks. Experiment IIT consists of elevenAmiscellaneous treatments
dealing chiefly with colloidal phosphate, peat moss, and wood ashes with
or without N, Pp0g, or KpO. The details of the character of each treat-
ment ere shown in Tables 9, 2%, and 33.

Nitrogen was supplied by NHhNO;; phosphorous was supplied by
KHoPO), except in treatment 12 in which it was supplied by Ca (HpPOj)2
H20 and in treatments 16, 17, 18, 21, and 22 in which colloidal phos-
phate waé the source; potgssipm was supplied by KHOPO) and KCl. All
these ﬁaterials were C. P. chemicalse The colloidal phosphate used in
these and all other experiments contained 20 percent total Py0g and

17 percent Ca. A guick-test analysig‘(Spurway, 1938) made on this material,
leached with distilled water, showed the following composition of the
leachate in p. p. mes P2Og, 2.5; Ca, 100; Mg, L; NOp, 1; NO3, 25; and
traves of S0, K20 and Na. Tests for Alp, Clo, Mn; NH,, and Fe were blank.

Although the colloidal phosphate was not analyzed for minor elements, there

is every reason to believe that it contains such elements. Gaddum and Rogers

(1936) in analyzing composite samples of colloidal phosphate fof fourteen

minor eléments found thirteen definitely present and énother possibly pre-

sent.
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Origin of Seedlings

Slash pine seed was.collected from a vigorous, full-érowned, 12-inch
slesh pine on the Austin Cary Forest near Gainesville on Septsmber 26,
1943. The cones were dried at air temperature and the seed extracted from
the cones within 2 weeks. A sufficient quentity of seeds weighing be=-
tween 38.5 and 41.5 mg. each were weighed individually, stratified in
moist acid peat moss, and refiigerated'at L,O°F. on October 26, 1943.

On November 26 the seed was remoﬁed from the refrigerator and sown in
germinating flaté filled with the same so0il that was used in theléreen-
house pots. Gormination was first evident on December 1, resched its
peak on December 5, and was 92 percent complete by December 7. Seed-
lings that germinated after December 11 were discarded. The transferral
of the seedlings from the germinating flats to the pots was made on
December 31 and January 1.

. Nutrient Solutiouns

On Japuary T, nutrient solutions were epplied to the pots of all
cultures except the‘checks aﬁd those in treatments 2, and 25. Wood ashes.
were sapplied to the pote in the latter treatments on January ld. Those
cultures requiring more than one application of nutrients were treated

on Fsbruary 17, March 30, and Mey 119,

Q. The interval between the'application of nutrisnts in those treatments
receiving more than one application was 6.weeks.‘ It was the originalt

plan to harvest the trees 6 weeks after the fourth application of nutrients
(June 22), but the abnormal growth, in consequence of 100°F. temperatures
in the greenhouse_dgring May, made terminetion of the experiment on May

26 advisable.
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Temperature and Length of Day

A thermograph was installed in the greenhouse on January 28,

l; weeks after the trees were transferred to the pots. A continuous re-
cord of temperature was maintained to the end of the experiment.
Mean weekly temperatures were computed as avereges of the hourly tem-
peratﬁres during the week. The me;h temperatures shown in Table 86
(Appendix) for the first L weeks are only approximaete. They were com-
puted after comparing the outdoor temperatures of a nearby ﬁeather station
mainfained by the Agricultural E#per}ment Station with gréenhouse tem-
peratures of days having typical temperature patterns for that time of
year. Length of day, shown in Table 86,1jas compi}ed from local daily
weather maps of the Weather Bureau. The length of day record shows one
- aspect-of light condition- duration of light. Record of light in-
' tensity and quality wes not kept. '

~ Reference will be made to Table 86 later in describing certain
differences in plant behavior in tﬁe 1943=-k)y and 1944-L5 greenhouse

experiments.



Experiment I

Soil Treatments
The nature of each soil t;eaﬁment is shown in Table 9

Table 9. ==Nutrient treatments used in Experiment I,

1943=4Ll;
:___Nutrients applied Januery 7
Treatment s N 1 PoOg $ K20
Number s Designations Pounds per acre
3 : 3 1
7 s Check s 0 : 0] % 0
: ) : $
8« 1 60NP . 60 s 60 ! 0
? ) : : 3
9 1 60NK s 60 ' 0 : 60
s : : : )
10 s+ 60PK 3 0 s 60 s 60
'3 s 3 3
11 : 60N s 60 3 0 : 0
$ : s s
12 s 60P s 0 s 60 t 0
: ) ) s
13 : 60K s 0] s 0 3 60
t -8 : 3
)1 s+  60NPK : 60 s 60 : 60

*Treatments 8 to 1l are also referred to in the. manu-
script as nitrogen-phosphorous, nitrogen-potassium,
phosphorous=-potassium, :nitrogen, phosphorous,
potassium, and nitrogen-phosphorous-potassium, res-
pectively.
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Length of Stem
The average length of stem of the trees in each treatment in
Experiment I after different periods of time is shown in Table 10.

Table 10, -=Mean length of stem 6, 12, 18, and 19% weeks
after initial treatment, Experiment I, 19Lh3-lily

Time after 1nitial treatment

6 weeks s 12 weeks s 18 weeks : 19§ weeks

2

]
Treatment 3 Length of stem - mm.

H ’ H ’ H ' 3

Check : .y : 60.7 s 175.7 3 230.1
s : s 3

60NP : 10.L 3 5346 s 129.9 s 173.7

60NK ; 10.2 5. 2 : 138.6 : 18l1.3
: s 3 : ,

60PK : 16.2 : 8247 1 211.6 3 263.2
: 3 ) 3

60N : 9.0 : 3h.3 :+  104.0 s 11,9.3
: 3 3 s

6OP H 1008 H 7707 H 200-6 s 294.05
3 3 : :

6OK H 1308 $ 62.)4- H 173-9 H 22{.1
: : s s

60NPK H 11.5 H 5901 H 16)4..8 H 21909
3 : 3 :

Standard : 3 : : .

deviation : 1. : 843 : lie3 : 12.7
: ] 3 :

Difference 1 : : :

between treat-: H H :

ment means to : ] : ]

be significent: L0 : 2ie3 s 12.7 : 36.9

at 5 and 1 pers . : : :

cent 3 5.5 s 3341 : 17.3 t 5043

F value @ N N :

treatment s 3,02% 3 3,27% 2 TOFkk - 4 84624 %

*Significant at 5 percent.
**Significant at 1 percent.

The summary of the analysis of variance for stem length at 6 weeks
is presented in Table 91 (Appendix), and the F values for 6, 12, 18, and
192 weeks derived in the seme manner as those in Table 91, are shown in

Table 11. The F values show the extent to which the different nutrients
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Teble 1ll. ==Summary of F walues for stem length, Experiment I,
19L3-Ll

Time after initial treatment
6 weeks 3 12 weeks 1 18 weeks : 195 weeks

:
Source : " F values
Within pots . 018 0.005 3 1.66% 1 0.2l
Replication : 1.86 ; 0.71 : 350 0.70
N : 5.29% : ‘ 12.6&;*-: 336.09*1: L8 .36%
f : 2.78 : b.7% : 87.77**1 117
K : 0.3 1 1.8 1 L1.20sks  5.95e
NP : 0.09 : 0.28 1 0.73 + - 0,00
NK . 2.96 : 071 3 2&-&&**: L .51%
K ; 00l 1 017 1 Ll s ol
v 0.07 : 0.58 ¥ 1.03 X 0.00

NPK

#Significant at S%.
s#Significant at 1%.

affected the stem length of the trees.

Nitrogen was an influencing factor in the growth of the stem through=~
out the experiment, but its effect was not the seme at all times. During
the first 6 weeks, nitrogen increassed stem growth significantly. However,
the fact that at the end of 12 weeks, stem lengths of the trees in those.
cultures containing hitrogen were very significaﬁtly.shorter than those of
trees in cultures not containing nitrogen demonstrates that the depressing
effect of the ﬁutrient during the second 6 weeke must have been appreciable
to change its effect from siginificantly favorable after 6 weeks to very
significantly unfavorable after 12 weeks.

Phosphorous was slow to exert an influence on stem length. At the end
of 6 weeks it had produced no significant effect, but at 12 weeks it had pro-
duced a significant increaée, and at 18 and 19%—week§, a very significantly'

favorable effect (Fig. 1).
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The action of ﬁotassium was simiiar to that of niffogen. It sti-
mulated growth significantly during the first 6 weeks. Its effect was
not evident at 12 weeks; but at 18 weeks, potassium had caused a very
significant depression of stem length; and at 192 weeks its depressing
effect was significant.

Comparisons of meen stem lengths of trees from each treatment with
those from every other treatment are presented in Table 12. At the end
of 6 weeks, the trees from the phosphorous treatment were significantly
superior in stéﬁ length to those from six of the other seven treétments.
(Figss 1 and 2), while sesdlings from the potassium treatment were
superiof to those ffdm #wo treatments. Seedlings grown in the phos-
phorous=potassium culture maintained their advantage over those'grown in

three treatments- the nitrogen-phosphorous, the nitrogen-potassium, and

the nitrogen- all of which contained nitrogen, and lost their advantage
over the phosphorous treatment by the twelfth week, never ‘to regain it.
The plants grown in the phosphorous-potassium culture did not show a con-
sistent rélationship to those grown in the check nof to those in the
potaséium culture, both of which they surpassed only after 6 and 18 weeks.
Seedlings from this treatment maintained their advantage over those from
the nitrogen. treatment, but had lost their superiority over those from
the check by the twelfth week, never to regain it.

-Trees in the phosphorous culture began to show to advantage at the
end of 12 weeks, when they were superior to those in the nitrogen; |
phosphorous and nitrogen cultures. After 18 weeks these seedlihgs were
superior to those in six of the other seven treatments and maintained
advantage over those in three, the nitrogen-potessium, nitrogen-phosphorous,

and nitrogen treatments to the end of the experiment. It should be noted




Table 12, =~Comparison of mean stem lengths of trees at different times after 1n1t1a1 treatment

in Experiment I, 1943-Ll;

1 Time after initial treatment
] 6 weeks 3 12 weeks 3 18 weeks ‘ 2 . 197 weeks
3 ~ Treatments superior to treatments in columm 1
Treatment 3 & Tt at 12 1 at 5%, & at 17 1 at 5% 3 at 1% 1 at 5 1 at 1%
3 2 2 N 2 1 ) :
Check t 60K 2 60PK 1 3 3 s 60PK,60P ) '
3 2 : 3 2 s 1 ?
1 3 3 s 2 ¢ Check,60K,60P ') 2Check, 60PK,60P
60NP s 1+ 60PK s 60PK,60P 3 s s+ 60PK,60NPK + 60NPK 160K
: 3 3 : t t : 1
: 1 : : s s ¢ Check,60PK,50P 2 )
60NK $ t+ 60PK 3 60FK . $ ) 3 60K,60NPK 1+ 60K  1Check,b0PK,60P
$ 2 : 3 t 3 : :
60PK 3 ) 3 t ) : 3 3
3 : : 3 P 3 : 3
3 3 1Check, 60K 1 s ¢ Check, 60NP, 60NK : 1Check, 60PK, 60P
60N t 60K 1 60PK 3160NPK s+ 60PK,60P 1 + 60PK,60P, 60K, 60NFK 1 860K, 60NPK
t ) 3 : : : s :
60P 3 1+ 60PK s 3 3 t 3
: 3 s t ) 3 ) ?
60K 3 3 2 s 3 + 60PK,60P ) 3
$ 3 : 3 3 s : t
60NFPK 1 60PK 13 ) 3 1 + 60FK,60P P

160PK

-91'{-
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that the three latter treatments contain nitrogen.

The behavior of the trees in the phosphorous-potassium, phosphorous,
and potassium cultures indicates that potassium exerts an early stimuleting
effect on stem growth which is not maintained; that phosphorous is slow to
‘affect stem growth, but once it does, the_effect is fairly well sustained;
that phosphorous combined with potassium produces early effects which afe
fairly woell sustained. Poséibly in the case of this combination, growth
ig at first stimulated by the potassium, and is laﬁer sustained by the
phosphorous.

None of the three trea£ments- 60NP, 60NK, end 60N- which ultimaﬁeiy
were inferior in their effect on stem growth to a majority of the other
treatments exhibited noticeably this inferiority during the first 6 weeks.
Only the 60PK treatmént, which was superior to all but one treatment after
6'weeks wag superior to the afore-mentioned cultures. The trees in the
potassium culture were superior to those in the nitrogen and check cultures.
It is noteworthy thaﬁ at the end of the experiment the treesvgrown in the
nitrogen-phosphorous-potassium culture were significantly superior to those
grown in the nitrogen-phosphorous and the nitrogen cultures and lackéd 1.3 mm.
out of & needed 36.9 mm. (3.5%) in stem length of being significantly superior
to those grown in the nitrogen-potassium culture. (Figs. 1 and 2). These
facts suggest that nitrogen as a single application of 60 pounds per acre
cennot be used alone or in combination with potassium or phosphorous inba
single application at this rate to increases stem growth. Actually growth
is depressed by such treatments. On the other hand when nitrogen, phos~
phorous, and potessium are used in combination, growth can be maintained, but

not inereased.



- 48 -

Trees in none of the treatmeﬁts were significantly superior to those
in the check at the end of the experiment, although the seedlings in both
the phosphorous=-potassium and the phosphorous treatments, which were signi=
ficantly superior after 18 weeks, were nearly so at the end.

Branch Development

Data on bréhch development fall into two categories: (1) number
of trées that produce'branches, and (25 number of branches per tree. Dur-
ing the first 121 weeks, observations weré limited to the first category,
thereafter the second class of observation, which can be used as basis for
| (1) also,‘was made e
The data on number of branched trees was‘expressed, for the
. purpose of the analysis of variance, in terms of number of branched trees
per pot. The data were then converted, for the purpose of preséntation,
into percentage of branched‘treeg. Differences needed for significance wers
converted to the same basis. -

The number of branched trees in each treatment after differént periods
of time is presented in Table 1l3. The proportion of branched trees had a
range betwsen the highest and lowest of 55,0 percent at the end of 8 weeks
and a range of L5.0 percent at.thé end of 192 weeks.

The F values, presented in Table 1}, show that significant differences
in number of branched trees ét various times were caused by phosphorous and
potassium, by the interaction between nitrogen and potassium, and by the in-
teraction between nitrogen, potassium, and phosphorous. Phosphorous caused
very significant differences froﬁ‘the oighth to the twelfth week. Its in=
fluence was not evident at 16%—weeks, but had reappsared at 19 weoks.when it
produced significent effects. Evidently the chief effect of phosphorous was

to stimulate early branching. The effect of potassium was similar to that of
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Table 13. ==Number of branched trees after different periods

of time, Experiment I, 1943-Ll;

Time after initial treatment

[
t B weeks : 10 weeks 3 12 weeks 3 16§ weeks 3 19§;weeks
Treetment 3 Trees branched = percent of total
3 s 3 : 3
Check : 7.5 : 10.0 s 12.5 s 35.0 t  3%5.0
: ‘ s : 3 : .
60NP : 12.5 1 12.5 s 12,5 1 22.5 ¢ 30.0
s H s : t o
60NK 3 '17.5 : 17.5 : 22.5 1 L45.0 t L5.0
: ‘ 3 : 3 :
60PK : 375 : 37.5 : 375 1 50.0 '+ 52.5
1 : s : S | 3
60N : 12.5 1 12.5 1 12.5 + 27.5 : 30,0
s H $ : _ s
6OP H 2705 H 27.5 : L‘»2¢5 H 7500 H 75-0
. : H : : :
60K s 150 ¢ 15.0 ¢ 17.5 ¢ L5.0 ¢ L7.5
) H ) i H : $
6ONPK H )4‘2.5 H LL?QS H 5205 H 65-0 H 6500
s : H : s
Standerd : H H H ) H
deviation 6.2 6.2 : 7.0 s 12.2 : 8.6
.Difference ; ; H ; ;
between H H H H ]
treatment ¢ : H - H H
means to be: 18.3 3 18.3 :  20.0 :  35.6 : 2.l
significant: s 1. : :
at 5 and 1 s H 3 H ]
percent 3 21,9 249 s 27.5 :+  L8Jy :  32.8
F value : : t . : :
treatment 3 LelT#%s L, B87%. 5elk* 2¢51% 3 3] 0n

*#Significant at 1 percent.
**Significant at 5 percent.




Teble 1. --F values for number of branched trees at dif-
ferent times after initial treatment, Experi-

ment I, 1943-L);

Time after initial treatment
8 weeks : 10 weeks 3 12 weeks 3 167 weeks : 195 weeks

3
]

Source ) F values
1 1 t : 3

Replica- @ : t ] ]

tion H 1013 H 1.12 3. 055 H 003 R | 005
: 1 3 1 t

N H 0.0 H 0,0. H 026 $ 1071 H 2051
] : s 1 2

P t 1y.52%%2 15,91%% & 16,50%% 3,05 t  6.61%
3 3 3 s ]

K t  8.79%%:  9.81l%x g bJLx ¢ 1.71 1 251
: , ] ] 3 ) :

NP 1 95 3 32 ¢ 1.03 ) 76 2 97
] ] ] ] ' ]

NK : 95 1 2.01 3 bty 2 LJSTT* ¢ 5.06%
3 t s 3 ]

PK Tt 242 1 3.96 1 1.03 3 .08 : o3l
3 : 3 ] $
t 1.59 ¢ 2.01 1 L.l2 t  3.05 :  5.73%

NPK

*F value of L.32 is significant of H%.
*#F value of 8.02 is significent of 1%.

phosphorous, but was not so pronocunced. It increased the number of
branched trees very significantly at 8 and 10 weeks and significantly
at 12 weeks. Thereaftef its effect was not significeant. The effect
of the interaction of nitrogen and potassium did not show up signifi-
cantly until the twelfth week. This effect, which was to increase the
number of branched trees, was maintained to the end of the experiment.
The interaction of nitrogen, phosphorous, and potassium gave indications
of being the cause of differences in number of branched trees by thev
twelfth week, but was not demonstrated to be significant until the nine-
teenth week, when it had reduwtsd the number of branchedktrees.

Table 15 compares the number of branched trees produced by the

various treatments at different intervals of time after the initial
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treatment. Of special interest is the fact that no treatment was at
eny time significantly superior to the 60P and 60ONPK treatments in
number of branched trees, and only these two treatments were signifi-
cantly superior to the 60PK treatment at the end of the experiment
(Fig. 1), The phosphorogs-potassium and nitrogen-phosphorous;
potassium cultures showed significent superiority o%er seferal.freat;
ments early; The former lost this advantage late in the experiment,
but the latter did not. In contrast, the phosphorous treatment, ex-
cept for an early significant superioriﬁy over the che&k, did not
produce a significant effect on number of branched trees until the
twelfth week, and thereafter held this advantage rather consistently.
It is noteworthy, that only the nitrogen-phosphoruus and the
nitrogen treatments produced a smaller proportion of branched tress
then the check and the differences were far too small to be signifi-

cant.



Table 15, ==Comparison of number of trees branched at different times after initial
treatment in Experiment I, 19L43-lly '

Time after initial treatment

8 weeks

10 weeks

12 weeks

16z weeks

19 weeks

~ Treatments significantly superior to treatments in column 1

60NPK

H
:
: :
Treatment tat 95 s 8t 1% 31 8C 55 31 8t 15 t &t 55 1 at 1% : at9s : at 1% : et 5% : at 1%
: : 3 s 3 s 3 : : s
: 1 60P :+ 60PK s 60P : : :
Check s 60P 3 GONPK 3 : 60NPK 3 60PK : 6ONPK ¢ 60P s 60NPK : 60P
s : : s s : - 3 3 B
: s 60PK :+ 60PK s 60P 3 3 S :
60NP s :+ 60NPK 3 s+ 60NPK : 60PK : 6ONPK : 6ONPK : 60P :
1 s : : s 1 : : : :
60NK t+ 60PK 1 6ONPK : 60PK s GONPK 3 60P 3 60NPK : s 60P 3
: : o t s : 3 1 t :
60PK : : ) : : 3 ' : : " 3 60P,60NPK
3 s 3 3 s s 3 s s :
: s 60PK 3 s 60PK 1 60P : 60P : : 60P
60N 3 + 60NPK ‘3 3 60NPK 3 60PK 1 GONPK 3 GONPK 3 : : 60NPK
: : s 3 s : : : : s
60P 3 : : s : : 3 s : :
: 1 1 : s s s : : 2
3 3 © s t : 60PK : s : :
60K s 60PK s 6ONPK 3 60PK 3 60ONPK s 60P 3 AONPK s 3 :
: s 3 : : s 3 : : 3
3 3 : 3 s : : : : 3

-2 -
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Number of branches per tree is presented in Teble 16. The 60P and

60NPK treatments produced the greatest number of branches per tree and the

60ONP and 60N cultures the smallest number. These treatments held the same

relative position throughout the experiment, with the exception of the
two latter treatments at the end of 12} weeks, when the difference be-
tween the two was inconsequential. The check, 60NK, 60P, 60K, .and

" 60NPK treatments produced marked increases in number of branches per

tree between 121 and lé%-ﬁeeks, after which there was little change
in number of branchess The 60NP, 60PK, and 60N cultures produced‘;nly
small gradusl changes in number of branches per tree.

The F values in Table 17 show that nitrogen was responsible for
significant differences in the number of Branches por tree;. its effect
wag to reduce the number of brenches. Phosphorous wes responsible for
vﬁry significant differences in number of branches at 122 weeks but
not thereafter; its effectlwas to increase the number of branchess
The interaction between nitrogen and potassium produced significant
differences in number of branches at the start, and very significant
differences later. Through the experiment this intersction ingrgased

branching.
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Table 16. =-=Mean number of branches per tree after dif- e
ferent time intervals, Experiment I, 19L3-4l, o

Time after initial treatment

s
s 12 weeks 1 165 weeks s 19 weeks

Treatment s Branches per tree =~ number
3 ) 3

Check : 0.15 3 1.20 ] 1.20
] $ 3

60NP ) "0.13 ) - 0.38 2 0.55
s : 3

60NK : 0e440 3 1.15 3 1.17
3 s t

60PK 3 0.63 3 0+93 2 0.95
1 i ]

60N s Oel5 3 030 3 0.33
? s :

60P H - 0.80 H 2.25 H 2.30
: 2 3

60K 1 023 t 1.05 : 1.12
3 3 ]

60NPK 3 0.80 $ 1.60 ) 1.75
] 1 ' I

Stendard 1 t s _

devietion 1 0.18 ] 032 3 0.31

-8 H : ]

Difference:s H ]

between H 3 :

treatment & 1 :

means to @ H] ] )

be signi- : 0.53 s 0.9 3 0.91

ficant at ] ]

5 and 1 1 ] ]

percent 3 0.72 3 1.28 3 1.2,
s 3 s

F value ] 3 ]

treatment Li21ex 1 3.80%% 1 L1 OO%=

*#Significent at 1 percent.
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Table 17. -=-F values for number of branches per tree at ;
various time intervals, Experiment I, 19.3-ll; :

2 Time after Initial Ereatment | ;
+ 12 weeks 1 " 165 weeks 3 19 weeks P
Source ] F values !
3 3 3 .
Within s 3 . 3 %
pots : 0.54 $ 0.49 3 0.62 :
' g : . :
Repli- .8 _ : :
cation 2 1.26 z 0.37 s 0.33
3 : s
N : 0.85 : 5.13 : L.2x
: t !
P ] 9039** H 2422 2 3050 . :
s 3 3 §
K 3 1.72 s 0.59 2 0.54 :
] s ’ H : ' !
NP : 2.57 3 0.11 3 0.05 g
] ] H . 2
NK ) 5.22% : 1. 55%* g 15¢37%x ;
| 3 . ] {
PK 3 0.00 : 0.58 3 1.Q4 :
1 ) 2
NPK 3 2.57 ] 3.12 ] 3430
*F value at 5% is L.32.
**F value at 1% is 8.02. 5
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In Teble 18 the comparison of treatments shows that two treatments-
the 6Q0PX and 60P- stand out as superior. These treatments were at no time
inferior to any of the others. Although they produced significantly more
branches per tree than the check, 60NP, 60N, and 60K treatm;nts et the end
of 12%Jweeks, the EONPK treatment graduelly lost its advantage over some
of them. At the end of the experiment the ﬁitrogen-phosphoroustﬁtassium
treatment was gsignificantly better than the nitrogen-phosphorous treatment
and very significantly superior to the nitrogen culture.

From the standpoints of number of branched trees and number 6f
‘branches per tree, the nitrogen~phosphorous and nitrogen treatmenfs_gave
the poorest reéults and the phosphorous and nitrogen-phorphorous~-potassium

treatments gﬁve the best results (Fig. 1). The experimental error is too

large to attach any significance to the depressing effects of the 6ONP and .

60N treatments, nevartheiess, en application of 60 pounds per acre of N
end P205 or of N alone can not be expscted .to enc§urage branching.
Stem Diameter

The mean diameters of the stems of trees from each treatment
and a comparison of the diameters is presented in Table 19. Diameters
raﬁge from 2.85 mm. in the 60N treatment to 3468 mm. in the 60P treat-

ment, the latter being 29 percent larger than the former. Four aultures=

60NK, 60PK, 60P and 4ONPK- produced trees with larger dismeters than the
check, and three cultures- 60NP, 60N, and 60K~ produced trees with smaller

diameters than the check.
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Table 18+ ~=Comparison of number of branches per tree at differ-
' ent intervals, Bxperiment I, 1943«ll,

2 Time after initial treatment

3 12 weeks 1 165 weeks 3 10 weeks

s Treatments significantly superior to treatments in columm L
Treatments &t 5% : at 1% : @&t 9% 3 at 1% 1 at 5% & at 1%

2 : N 3 : "
Check s 60P,60NPKs 1 60P 1 : 60P - 3
3 2 : 3 s :
60NP s 60P,60NPKs s 60NPK 2 60P s O6ONPK s 60P
1 2 : 'y : t
60NK 3 g s 60P 3 : 60P Y
3 3 : : s 3
60PK 3 ) : 1 60P 3 s 60P
3 3 : t : :
60N s 60P,60NPKs. : :+ 60P,60NPKs s 60NFK, 60P
: s 3 : ) :
60P : : 2 : 2 2
: 3 : : : 2
60K 1 60P,60NPK2 3 s 60P 3 s 60P
2 2 g s 3 3
60NPK 2 3 : s s 'y

The analysis of variance yielded F values of 8.69, 17.06,
~end 17.5 for the effect of nitrogen, phosphorous, and interaction be=-
tween nitrdgen and potassium, respectively. Since an F value of 802
demonstrates significent differences at 1 percent, it is evident that all
of the above effects are very significant. Potassium with an F value of
3.40 came.closest of any of the remaining factors to producing signifi-
cant effects (F value at § percent is h.32).' Nitrogen has a depressing
effect, phosphorous a stimuleting effect, and the interaction between
nitrogen and potassium a stimulating effect on diameter.

The comparison of treatments in Table 19 emphasizes the superiority
of the phosphorous treatment and the inferiority of the nitrogen treatment
(Figs. 1 and 2). The nitrogen-phosphorous-potassium treatment was superior

to the three poorest treatments- nitrogen-phosphorous, nitrogen, and potassium.

S ey R
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Table 19. =-~Moan diameter of stem and comparison of diemeters

by treatments, Experiment I, 19L3-=Ll;

Treatments superior to treatments
in column 1

3 2
s )

Treatment : Diameter-mm. : &t G 3 at 1*
s 3 1

Check t 3.20 s z 60P
1 3 1

60NP : 3,10 + 60PK,60NPR : 60P
2 1 3

60NK 3 3.2 s t . 60P
2 : 3

60FK : 3439 s ) 60P
1 3 ]

60N 3 2485 1+ Check +60NK, 60PK, 60P, 6ONPK
] ]

60P 3 3,68 2 3
') s 3

60K s 3.19 s 60NPK : 60P
2 1 t

60NPK 3 30)4,6 H H
2 . s ']

Standard H] 3

deviation 3 - 0,08 3 1
2 3 1

F value ] )

treatment Te23

*A minimum difference of 0,27 mm.

##4 minimum difference of 0.37 mm.
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Dry Weight of Shoot, Root, and Entire Tree and
Root-Shoot Ratio

Mean weight of shoots of the trees from the different cultures and
a comparison of shoot weights are presented in Table 20. The 60N treat-
rent with a mean shoot weight of 1.09 gr. produced the lightest shoots and
the 60P tréétment,vwith a mean of 2,17 gre produced the heaviest shoots.
" ‘The latter weighed nesrly twice as much as the former. Four treatments=
60PK, 60P, 60K, and 6ONPK-.yie1ded sho§ts that were heavier and three
_treatments- AONP, 60NK, and 60N=- yielded shoots that were Yighter thanm
the cheok; Only the shoots from the phosphorous-potassium, end the phos=
phorous cultures wore siénificantly heavief and only those from the nitrbgan-
phosphorous and nitrogen treatments were significaﬁtly lighter than those
fram the check. | |

The analysis of variance of tree shoots produced F values of 4l.7,
25.6, 6.39, and 13.5 for nitrogen, phosphorous, potassium and interaction'
- between nitrogen and potassium respectively. This means that the dif-
ferences in shoot weight produced by potassium were significant and the
others were very significemt. Nitrogem reduces shoot weight, a; does po-
tassium, phosphorous increases shoot weight, and the interaction of ni-
trogen and potassium increéses_shoot weight. | |

The 60N treatment is the poorest, followed in order by the &GONP
and 60NK treatments. The 60PK and 60P treatments, with no siénificaﬁt
difference between them, were the best. The HONPK culture was surpassed
- only by the latter.

Mean waight of roots of the trees from the various cultures and
& comparison of root weights are presented in Teble 21. The 60N and 60P
treatments hold the seme relative pésitions in root weight, lowést and

highest, respectively, as they do in shoot weight. Roots from the latter
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Table 20. ==Mean weight of shoot and comparison of shoot weights
by treatments, Experiment I, 19,3-4);

Treatments superior to treastments

3 %
t Weight of in column 1
Treatment : shoot gr. 1 at H%* 1 at 1%**
1 3 3 o
Check P 1.59 ? 60PK : 60P
L} H 3 .
60NP 2 1.22 ¢ Check,60K & 60PK,60P, 60NFK
R : 2 .
60NK 3 1.41 t 60NPK s+ 60PK,60P
2 1 : 3
60PK 3 1.98 : 3
1 ] g : .
60N : 1.09 +  60NK 1 Check, 60PK, 60P, 60K, 60NPK -
1 ] ]
60P ) 2.17 ) g
1 1 : 1 '
60K : 1.61 s 60PK 3 60P
] : 1
;e 60NPK 3 1.78 1 60P :
& 3 s 3
) Standard ¢+ s : .
L deviation Ge10. % 3
? - 1 3 3
F value : H t
treatment 13.19 3 3

*A minimum differenéé of 0.30 gr.
s#A minimum difference of Q.39 gr.
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weigh- more than twice those from the former. The four treatments whieh
produced heavier tops and the three treatments that producéd lighter

tops than the check likewise produced heavier and lighter roots, respective-
ly, then the check. Differences between various treatments are not of

the same magnitude, however.

The analysis of variance gavé F values‘éf 28.5, 3.0, and 5.5 for the
effect of nitrogen, phosphorous, snd interactién‘between nitrogen and
potassium, values which demonstrate very significant differences caused
By'the first two and significant’differences.by the last. Poféssium'ﬁith
an F value of [4+27 and interaction of nitrogen, phosphorous; end potéssium
with an F value of 3.8 were near enough to F values of significance (4.32
is necessary) to asoribe to them an influencing effect.

The effect of nitrecgen is to reduce root weight, that of phosphorous
to inorease it, ‘as is also the effect of the.interaction of nitrogen and
potassium. These effects are identical to those produced on shoot weight.
In their effect on root weight, the phosphorous and nitrogen cultures
stand out as the best and poorest, respectively. The 60PK, 60K, end
60NPK treatments are significantly better than the poorer treatments, es-
pecially the 60NP and SON cultures.

Mean weight of entire tree, root-shoot ratio, end comparison.of
tree weights by treatments are presented in Taeble 22. The mean weights
of the entire trees follow the same pattern in relation to treatments
as the shoot and root weights which is logical in view of the similarity
of relationships between the two latter factors. The significant effeoct
of potassium, which is evident in shoot weights but not in root weights,

is established in the weight of the entire tree.



Teble 21+ =~Moan weight of root and comparison of root weights
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by treatments, Experiment I, 1943-l);

Weight of

“Treatments superior Lo treatments

in ecolum 1

) 1
: 3
Treatment 2 root-gr. 2 at Gh* : at 15,%%
3 ' : 3
Check : ' 0.83 2 3 40P
: : 3 :
60NP s 0.67 + - 60NFK s 60PK,60P,60K
' : 2
60NK : 0.75 P 60PK, 60K Y 60P
' ] 3 H )
60PK 3 0.98 s 60P :
3 s 2
60N ] 0.55_" s 60P,60K,60NPK 3 Check,60PK
: s :
60P 3 1.19 3 2
: t 3
60K 3 0.98 s+ 60P 2
: P 3
60NFPK ) 0.91 2 3 60P
, 1 2 :
Standard 3 . ] :
. deviation @ 0.07 $ t
. ) 1 g
F value 3 H
treatment 7.56 s ?

#A minimum difference of 0421 gre
#%A minimum difference of 0.27 gr.
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The F values for nitrogen, phosphorous, potassium, and interaction
between nitrogen and potessium are 37.1, 18.3, 5.6, and 10.1, respectively.
The three largest values are significant at 1 percent, and the smallest,
at 5 percent. Nltrogen or potessium redﬁce total tree weights, phos-
.phorous aﬁd interaction of nitrogen and potassium increase weight.

| Téble 22. =-=Mean weight of entire tree, root-shoot. ratio,

and comparison of tree weights by treatments,
BExperiment I, 1943-LL o

Treatments superior to

: 3 )
Treat- s Weight of en~- 2 treatments in colum 1 s Root~shoot
ment : tire tree gr. 1 &t Gi* ) at 15* g ratio
1 P : 2
Check 3 2.42 s O60PK ) 60P g 0.52
: : 3 3
: 1 : 3 : 60PK,60P 3
60NP 1.89 t+ Check 3 60K,60NPK 3 0.55
: 3 : : C 3
60NK ] 2.16 ) 60NPK ] 60PK, 60P s 0.53
: g 3 .
60PE 3 2.96 3 2 t 0.49
3 2 3 Check,60PK 3 :
60N 3 1.6, s 60K 160P, 60K, 60NPK 0.51
: s : : 3 :
60P 3 3436 3 t g 0.55
2 2 t 2
60K 2 2459 s s 60P 2 0.61
2 3 3 3
. 60NPK ] 2069 H | 0051
: 3 g 3
Stand- 3 3 ] ]
ard 3 ] 3 i
devia- 3 3 3 8
tion 3 0.17 s s 3 B0l
v s 3 ) t
F walue: 3 t ]
treat- ] ] ]
ment g 10.93 ) ] 1 0.75

*A minimum difference of 0.50 gr.
*#A minimum difference of 0.68 gr.

The 60PK, 60P, and 60NFK treatments are inferior to none, and
the 60PK and 60P cultures are significantly superior to the check.
An analysis of ﬁariance of root-shoot ratios reveals that no signi-

ficant differences can be attributed to the effects of nutrients.




Summery of Results

This experiment demonstrates that response of young slash pine
seedlings to single 60-pound-per-acre applications of N, P205 and Kp0
in Norlolk sand, singly or in various combinations, differs widely. In
general, nitrogen had a long-time depressing effect and phosphorbus
Vand potassiﬁm, & stimulating effect on the treese However, the stimu-
lating eeffect of the phosphorous treatment cannot be attributed to phos-
phorous alone since the source material that was used contained calcium,
which may have been thébcause of the response as much as or more than the
phosphorouss The eerly response of the seedlings in stem growth to
nitrogeh and potassium Qas misleadiﬁg so far asvultimgte results were
concerned. Although they stimulated growth during the first severai
ﬁaeks; the long-time effect was deterimenteal.

The general ineffectiveness of the seven nitrogen, phosphoroﬁs,
and potassium-treatments is illustrated by'the fact that only one sulture~
the 60P- produced trees that were significantly superior in nearly all
characteristios to th&se produced by the check. Only in stem length‘
were the trees in the 60P culture not significantly superior to trees in
the check culture. The 60PK cultures produced treés that were superior
in shoot and total weight to those in the check culture. The 60NPK
culture produced more branched trees than the check.

Nitrogen was most damaging, most of the tree features being harmed
by it. Branching and root-shoot ratio were not affected. When phos-
pmréus was used with nitrogen, some of the depressing effect of the latter
wes neutralized. This was particularly true of stem diameter and total
weight. Potassium was even more effective in neutralizing the effect of

nitrogen. When it was used with the latter, all characteristics of the
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trees in the oculture were superior to those of trees in the nitrogen
culture. When phosphorous end potassium were combined with nitrogen a
still better-balenced tree was produced.

Potassium alone did not affect materially the type of tree pro-
duced, whereas phosphorous did, the latter being particularly effective
in increasing bfanching,'stem diameter, and weight of tree. When N
these two elements were combined in a culture the trees did not respond
so well as in the phosphorous culture. The absence of calecium in the
former treatmént may - have been a contributiﬁg factor to the lowered
quality of the trees in the phosphorous;potassiumlculture.

It is evident from the aﬁove that nitrogen must be used sparingly
in Norfolk sand when slash pine seedlings ere young if their ultimate
quality is not to be impaired. Phosphorous and potassium can be applied
to the soil without harm to the seedlings at a rate of 60 pounds per
acre of P05 and K30 within 4 weeks after the seedlings have germinated.
However, no appreciable improvement in the trees can be expected from

any of the treatments employed in this exper iment.



Experiment II

The check treatment of Experiment I is used in this experiment for

comparative purposes only.

The analyses of variance throughout the ex-

periment are besed on the six tresastments designated to determine the

effects on the trees of different quantities of nitrogen, phosphorous,

and potassium applied at once at the beginning of the experiment as

compared to the same quantities divided into four equal applicetions.

Soil Treatments

- The nature of each.soil treatment is shown in Table 23,

Table 23, ==

Type and time of nutrient application in Experiment

11, 191#3"4&
3 Date of nutrient applicatTEn
Treatment P
+Designa- s+N P205 K20s N Po05 §201 N P205 K20:N PsOg K20
No.stion : Pounds per acre
3 s s g :
1% :60NFK s 60 60 60: - - == - == - -
: ] : : H
2 1120NPK . $1120 120 120 - - = - T mg - - -
R | ] ' ] ] ]
3 1180NPK $180 180 180; - - == - =g - - -
B 3 s s 3
L s(4x)I5NPK 215 15 15: 15 15 15: 15 15 15: 15 15 15
3 H ] 3 ]
5 +(4x)30NPK s 30 30 30: 30 30 30: 30 30 303 30 30 30
: : : H ]
6 t(hx)ASNPK s 45 L5 L5245 L5 L5 : L5 LS L5: 45 L5 L5

*Treatments 1 to 3 are referred to also as single application'and

treatments 4 to 6 as split-spplication treatments.
Experiment I is used for a comparison of tress in Experiment II with

untreated (check) trees.

Treatment 7 of
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Table 2. --Mean length of stem 6, 12, 18, and 19} weeks
after initial treatment, Experiment II,

1943=LL
: Time after inltial treatment
1 6 weeks : 12 weeks 3 18 weeks 3 lggiwaeks
Treatment Length of stem - mm.
: : 2 : ~
S0NPK 3 11.8 : 56.3 t 15045 t 203%.8.
3 : o : $
120NPK 3 9e3 1 52.6 : 13445 s 183.4
3 2 3 .
180NPK : 8.7 1 5Le5 s 145.5 s+ 188.5
3 : : :
(Lx)15NPK 15 2 6Leb s 175.2 1 233.1
P : 3 3
(Lx)30NPK 3 12,6 1 65.5 s 165.9 s 211.6
, : 3 ) 3
(L‘I))JSNPK 3 ].L;,-l ] 61 06 $ 16209 4 208.8
s 3 ] t
Check 3 9.4 ¢ 60.7 s 175.7 t  230.1
3 S 3 )
Standard s 1 ' 3 ]
deviation 0.9 Ly : 9.8 g 8.3
: 3 3 t
Difference 13 ] ] ]
between : ] H ]
treatments : ] H ]
means to be: 2.8 ¢+ 13.5 3 29.6 ) 27.1
significants : 2 ]
at 5 and 1 ] 3 1
percent 3 3.9 s 18.6 3 41.0 3 375

Length of Stem

The average 1ength of stem of the treeé in each treatment in

Experiment II after different periods of time is shown in Table 2&.

It is obvious that differences in stem length between the different

treatments occurred throughout the period of measurement of the trees.

The F values in Table 25 taken from the analysis of variance in Teble 92

(Appendix) show that the significant differences (actually very significant)

are dus to method of treatment (split application versus single application)

rather than rates or a combination of rates and methods. Similar analysas

of variance for the other three dates, the F values for which appear in
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Table 25, show very significent differences for methods on two dates,

12 and 193 weeks after the initial treatment, and & significant dif-
ference at 18 weeks. Only at 19} weeks was the difference due to rates
nearly significente At the rates at which the nutrients were used, namely,
60, 120, and 180 pounds per acrevof N, P205, and K20, splitting the amount
into four equal applications resulted in greater stem length than a single
application. ‘

Table 25. =-Summary of statistical significance of length of
stem in Experiment II, 1943l

“Time after initial treatment

1
¢ 6 weeks s 12 weeks g3 10 weeks 3 19§:waeks
Sourece ] F values
1 3 . ' t
Within potss 0069 H 0051 ] 00}4.1 ] 0.62
: 3 s t f
Replication: 6.18** 1 3.91% 245 1 2463
. SR ] % ]
Methods : 59.55** 2 Te37% 9478%% 1 12,%8%%
1 3 ) 3
Rates s 3.21 s+ 0.10 1 0.30 s 345
] ) : : t
Methods x @ . ] ] o t
rates s 1.63 s 0.19 t 0.15 1 2.4
*Significent.

*#Very significant.

The extent of significant differences befwaen the mean stem lengths
of the trees from any two treatments is shown in Table 26. There were
no significent differences between individual treatments 12 weeks after
the initial treatment even though, as shown iﬁ Table 92, significant
differences were caused by the method of applying nntriontﬁ. Throughout
the experiment, trees in none of the single-application cultures were
significantly superior to those in the split-appiication cultures, whereas
seedlings in one or more of the latter treatments were significantly

superior to those in the former treatments at the three observation dates
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shown. Only the 6ONPK and (Lx)15NPK trestments produced trees that were
temporarily superior to those in the check treatment at the end of 6
weeks. Thereafter they had no advantage, and at the end of the ex-
periment, trees in the (4x)30NPK treatment were actually significantly
inferior to the untreated plants. Although the trees from the check
cultpre held no significant superiority over thé trees from the single-'
application'treatment at the end of 6 and 12 weeks, they were significently
superior in.stem length at the end of 18 and 19 weeks. Evi&enély

the effect of the gingle-épplication treatmeﬁts is cumuiétive. This

is evident in Tab1§ 2& which shows the following relationships:

(1) meen stem length of trees in the 120NPK and 180NPK treatments is
greater, and that in the GONPK treatment is less than that of the check
treatment at the end of 6 waeks§ (2) mean sfem length of trees in all
single-application treatments is less than the mean stem iéngth of the
check treatment at the end af 12 weeks. The afore-mentioned differences
are not significant, however. At the end of 18 weeks, the differences
which were in evidence after 12 weeks, had become signifiéant. It is
noteworthy that the trees in the 60NPK treatment which, at the end

of 6 weeks, were significantly superior in stem length to those in the
check treatment were later significeantly inferior.

Although differences in rate of application produced no signi-
ficant differences in stem length, it should be noted in Table 2y that
the trees receiving the smeller rates (AONPK and (Lix)15NPK) had longer
stems than the trees receiving the larger rétes (180NPK and (L4x)45NPK)

(Figs. 2 end 3).



Table 26, ==Comparison of stem length at different periods of time after trea‘bmsht in
Experiment II, 1943-l4

~—Time after initial treatment

6 woeks

18 weeks

19—;;“91;

Treatments superior to
treatments in columm 1

~Treatments superior to
treatments in columm 1

Treatments superior to
treatments in column 1

]

3 H $

3 ]

Treatment : at 95 T at 1% : at 9% 1 &t % : at 9 :  at 1%
60NPK : (I.;x)lSNPK‘ : : Check : : (Lp:)lsnpx,cneck:'

: ' : (L4x)15NPK : (Lu:)15m=x' : : (L4x)15NPK :
120NPK ¢+ (L4x)30NPK ¢ (L4x)USNPK s (L4x)30NPK 3 Check s (L4x)30NPK 1 Cheock

: : (4x)15NPK : : . : ' :

: s (Lx)30NPK 3 3 s :+  (L4x)15NPK
180NPK s 6ONPK + (Lx)4S)NPK Check : : s+ Check
(Lx)15NPK : : : : _ : :

H 3 3 $ $
(Lx)30NFK 3 g : s Check 2

H s : H $ $
(Lx)LSNPK 3 s : 1 s
Check : 60NPK : (L4x)15NPK : : : 3

-oL - -
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Branch Development

Number of branched trees at 8, 10, 12, 16%) and 19 weeks for
trees in Experiment II and untreated trees is presented im Table 27.
The 180NPK end check cultures which had produced relatively few
branched trees at 8 weeks ranked lowest in this respect throughout the
experimente Increase in number of branched trees was gradual from
the eighﬁh to the twelfth wéek, but was marked between 12 and 163
weeks.

The F vaelues derived from the snalysis of variance for branched
trees are presented'in Teble 28. Significant differences are caused
only by method of application of nutrients, and they occur in the
late sfages of the experiment. However, during the early stages dif-
ferences are not far from significant with F values of h.lé, 3.32, and'
11400 when h.ﬁh is required at 5 percent. Likewlse, the effect of rates
of application of nutrients at 163 and 19 weeks with F values of 3.10
and %3.20, respectively, is not far short of being significent, since
an. F value of 3.68 would demonstrate'Significgnce at 5 percent.

Four applications of nutrients produced branches on a significent=-
ly.greatbr number of treeé-than did one application;

The 180NPK treatment had produced no more»branchod trees than the
check after 163 weeks, and there was not a signiticant differents
between the two treatments after 19 weeks. The former culture was sure
passed at 16% and 19 weeks in number‘of branched trees by all other
cultures receiving supplemental nutrients.. The (L4x)30NPK culture had
produced gignificantly more branched trees than the 60NPK treatment; the
. 120NPK, (Lx)15NPK, and (Lx)4SNPK treatments significantly more than the

180NPK treatment; and the (Lx)30NPK treatment very significantly more



than the 180NFK treatment after 163 weeks. At 19 weeks the same con-

dition preveiled.
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Table 27+ ==Number of branched trees on different dates,
Experiment II, 1943=L)

—Time after Initial Treatment

10 weeks 3 12 weeks 316 weeks

el?i;yeeks

rees branche

d - percent o

otal

signifi-
cant at 5 1
and 1 per-:
.cent 3

s 8 weeks
Treatoments
: 3
60NPK s 52.5
s
120NFK t 30.0
1
180NPK : 10.0
1 .
(hx)lENPK 1 27.5
1
(Lx)3ONPE ¢ L5.0
(Lx)4SNPE : 35.0
H .
Check s Te5
_ 3
Standard :
deviation ¢ 7.0
3
Differences
between H]
treatment i
means to be *

3540
32.5
15.0
32.5
L7.5

35.0

10.0

7.3

G B0 20 00 S D gp DO 00 P56 26 40 G4 S0 00 B0 00 S5 00 60 w0 80 60 85

35.0

3540

22.5
37.5

' 50.0
14040

12.5

8.0

3

0 S0 86 40 S0 3 40 S0 00 G0 Bh 60 Pb 6 45 96 00 B0 00 B oh OS¢ S8 00

5245

. 6040

35.0
67.5
80.0

65.0

55.0

8.0

23¢9

3340

S0 B0 00 00 05 B0 0p S0 00 OF 20 00 30 B DD 00 00 00 05 S0 o0 80 08 0 00 B

5540
65.0
37.5
T70.0
82.5
65.0
35.0

8.8

26 oh

3645

*No significant differences.
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Table 28. =~F values for number of branched trees at dif-
ferent periods of time after initial treat-
ments, Experiment II, 1943-4l;

3 “Mme after Inltlal troatment
gt 3 weeks 3 10 woeks ::lgrweofb 1165 weeks :19§?waeks
Source ] F values :
t 1 : : 1
Repli- s : H ] t
cation H 2.50 $ 2006 B | 1.17 3 2.3).‘. ] 2029
: ] ’ [ ] 2 .
Method s L0 2 3432 3 4400 3 11.20%x 3¢ T.70%
3 . 1 ' ] '] ']
Rete H 2025 H 2.10 H 1.30 3 3.10 | 3020
3 3 : 1 : t 3
Method x ] ] ‘ ] t I
rate t 232 3 - 129 1 0,60 3 0.60 & 0.29
#Significant.

*#Vory significant.

The mean number of branches per tree for each treatment in
Experiment II.12%§ 163, end 19 weeks after the initial treatment is shown
in Table .29. | ‘

The summary of F values presented in Table 30 shows that method of
application of nutrients produced a very. significant effect on the number
of branches per tree at 161 and 19 weeks, the split applieation being
supsrior to e sinpgle application.

At 161 weeks the split-application treatments are significantly
superior to the 60NPK treatment, the (Lix)30NPK treatment is significantly
superior to the 120NPK treatment, and the 120NPK treatment is significently
superior to the 180NPK treatment. At 19 weeks the (Lx)15NPK and (Lx)LSNPK
treatments are significantly superior, and the (4x)30NPK treatment is very
significantly superior to the 180NPK treatment; and the (Lx)30NPK treat-
ment is aéperior to the 60NPK and 120NPK treatments.

At no time are the differences between the single-application treat-

ments and the check significant. The difference in number of branches
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Table 29. =-Number of brenches per tree 12%, 16%, and 19
weoks after initial treatment, Experimemt II,

1943-Lk

Time alfter Initlal Troatment

]
] 127 weeks [ 165 weeks 2 19 weeks
Treatment Branches per tree - number

' 3 3 _ ]

6ONPK H 0-68 2 1 035 | 10)4.5
] ' 3 ]

120NPK : 0460 1 1.48 g 1.50

‘ 3 ' : t : :

180NPK : 048 3 0.58 3 0.75
] ] 3

(bI)lsNPK 3 0.80 t I 1098 3 2.03
B | 3 3

(Lx)30NPK 3 1.10 3 2.43 ] 2.55
1 s 3

(LLI)LJ.ENPK H 0065 H 1 095 H 1 095

3 t L) )

Check ] 0.15 ] 1.20 3 1.20
] s 1
Standard H ] s

deviation 0.23 ) 0.28 ) 0.351
. H t '
Difference 1 3 ]
between H] 3 ]

treatment 3 0.70 ] 0.85 : 0.95
means to bes : ] .
significants 3 ]

at 5 and 1 3 , ' ) -

percent 3 0.95 3 1.18 ] 1.29

Teble 30. ==F values from analysis of variance for number
‘ of branches per tree, Experiment II, 19L3-LL

Time after initial troatment

110% weeks 1162 weeks i 10 weeks 3 5/ 1%
~ Source s - ¥ values

: 3 ’ 1 3 F}
Within pots: 0.63 s 127 s 1.01 3 :

3 3 3 : :
Replica'bionx 005).‘. H 300’.{, H 2097 $ 3029 s

1 3 : : :
Methods t 2,51 1 17.11%x 3 1L.31%* Lol s 8.68

3 t 3 2 2
Rates s 1.00 2.52 3 2.20 3 3.68 3

3 ) 3 3 3
Rates x ] ] t ] ]
methods 1 0.30 3 0,60 31 0.62 3 3.68 3

s#Vory significant.
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per tree between the (4x)30NPK end the check treatment is very siginificant
throughout the experiment. The other two split-application treatments were
not far short of producing significantly more branches per tree than the
check culture throughout the experiment.
Diameter of Stem

Meen diemeters of the trees at the end of the experiment for eaoh.
treatment.of Experiment II and treatment cémparisons are presented in
‘Teble 31. An analysis of variance demonstrates a very significant effect
of method of nutrient application, the F velue being 16.08, while 8.68 is
needéd'for gsignificance at 1 percent. Ths effects of rates of application
end of methods and rates combined were not significant. The split appli-
.eation of nutrients produced trees of larger diemeters then the sihglo al-
plicatione.

" The (L4x)4SNPK treatment produced trees with very significantly larger
diameters than all the single-application treatments, and the (4x)15NPK |
and the (L4x)30NPK treatments produced trees with very significantly
larger diameters than the 60NFK and the 120NPK treatments and significant-
ly larger diameters than thé_lBOﬁPK end (Lx)15NPK treatments. The dia-
meters of the trees in all split-application treatments and the 180NPK
treatment were either significantly or very significantly larger than those

=

of the check treatment.
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Table 51. =--Moan diameter of trees in different treat-
ments and a comparison of dlameters by
treatments, Experiment II, 1943-i;

"t Treatments superior to treatments in

1
t Diameter i columm 1

Treatment 3 mme t at 5% 3 at 1%
1 2 :

60NPK 1 335 2 (Lix)30NPK, (Lx)LSNPK
] : 3 _

120NPK - 3 3.3, 3 . s (L4x) 3ONPK, (Lx)45NPK
] 3 1

180NPK ] 3alyly ) (Lx)30NPK 2 (4x)45NPK
3 . 3 , B |

(bx)158PK ¢+ 3.46 1 (4x)30NPK s (Lix)45NPK

- 3 SR | ]

(Lx)30NPK 3 373 3 3
t 3 ]

(L4x)L45NPE 3 3.8% : t
3 3 3

Check s 3.0 1180NPK, (L4x)158PK 3 (Lx)3ONPK, (4x)45NPK
1 3 :

Stanfard @ : ] ]

deviation 3 0.08 1 ]
'] 3 3

Difference 13 3 ]

between t ] ]

treatment 1 s 3

means to be: 0.2 : P

significents ] 3

at 5 and'1 1 t ]

percent 1 0.33 3 ]

Dry Weight of Shoot, Root, end Entire Tree,
and Root~Shoot Ratilo

The mean dry weights of the shoot, root, and enti:e tree, and the
root-gshoot ratio of each treatment in Experimenf II are presented in Table 32.
‘The F values derived from analyses of variance for each of the char~

acteristics mentioned above are presented in Table 33. The method of ap~-
plying the nutrients produced significant differences in the weight of the
shoot and of the entire tree. Tﬁe trees receiving four applications of nutri-
onts were significanfly heavier than those receiving one. Rate of apply-

ing nutrients produced significant differences in the weight of the roots,

the lighter applications producing trees with heavier roots than the
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heaviest application. Rate of application produced almost significant
offects on root-shoot ratio.

The (L4x)30NPK culture which produced shoots 0.39 eand 0.42 gr. heavier
than the 60NPK and 120NPK treatments, respectively, was significantly
supérior to the latter treatments. It was very'signif;cantly superior |
in shoof.weight end total plant ﬁoight to the check.

Trees produced by the 6bNPK culture had signific@ntly heavier roots
than those produced by the 120NPK and (Lx)4SNPK treatments, and very |
significantly heavier roots than those produoed by the 180NPK treatmant;f
trees produced by the (Lx)30NPK treatment had very significantly heavier
roots than those produced by the 1BONPK treatment; and trees produced by
the‘(hx)BONPK troatment had significently heavier roots than tho;e pro-
duced by the (Lx)L5NPK treatment. Only the 6ONPK and (Lx)30NFE treat-

ments produced trees with heavier roota than the check culture.
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Table 32. ==Dry weight of shoot, root, and entire tree, and
root-shoot ratio for Experiment IX, 19L3-Ll

:+  Shoot 1 Root 3 Total 1 Root-shoot
Treatment 3 Weight - gr. ] ratio
3 3 3 )
60NPK 1 1,85 3 1.0, 3 2.69 3 0.63
3 t H ' ] :
120NFK 3 1062 1 0083 3 2 QL}.S H 0.51
] 1 ' ] ' ]
180NPK -3 ’ 1067 $ 0072 3 2-39 H 0.“5
. . ) H $. L}
(LLX)ISNPK 3 1.83 3 0.89 2 2.72 3 0.}49
] ] ] ?
(4x)36NPK 3 2.04 3 1,03 1 3.07 2 0450
3 s s : '
(Lix)LENFPK 3 1.95 . 3 0.79 : 2.7 t 0.4l
1 T : 3 )
Check : 1.59 0.83 2 2.2 3 0.52
: ] ) ]
Standard 3 _ 2 , s ]
deviation : 0.13 2 0.06 : 0.19 2 0.15
o s T3 3 T
Difference t ] ] ]
between 1 3 3 3
treatment ] H ] H
means to be 0.38 13 0.21 3 0.58 ]
significant s g ' ]
at 5 and 1 3 H o s |
percent 3 0e535 1 0.29 ] 0.80 ]

Table 33, -=F values for weight of shoot, root, entire tree,
: and root=shoot ratio for Experiment II, 19,435-=4l;

T F values
s 3 "t Entire 3 Root-shoot 3 3
Source s Shoot: Root ¢ tree ratio 1 9 : 1%
) 3 'y 2 3 3
Within pots 3 0.35 s 0,30 ¢ 0032 0.17 3 3
3 s s % Y 3
_ Replication s 0.89 s L.60%s 0.83 3 5.83#% 1 3,29 3 5.2
: 8 2 2 $ P
Method t 8.59%: 0.67:s LuB9* 1 3.05 1 L.SL s 8.68
3 3 3 2 s 3
Rate t 0.28 )4.0'4.6*3 0.)4.6 $ 3061 3068 s 6.36
3 ) 3 : 3 :
Method x ] ] ] 3 ] ]
rate H 0.)4.8 L] 2.55 s 1l.18 0.)42 s .5 68 2 6036
#Significant. |

*#Very significant.
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Summﬁry of Resalts

Split-application treatments, in which the nutrients were applied .
in four equal amounts, produced better trees than single-app}ication treat-
ments, in which the nutrients were applied about four weeks after the
‘ﬁeedlings héd-germinatedf(Figs. 2 and 3). Single-epplication cultures
prbdﬁcéd trees that, in most features, were not éignificantly different
from trees produced by the check treatment. Stem length was affected
adversely to a greater extent than other characteristics, the 120NPK
and 180NPK treatments producing trees that had significantly shorter stems‘
than those produced in the check culture. The 180NPK culture did pro-
duce trees with significantly iarger diemeters than the cheék culture.
However, the (L4x)30NPK and (Lx)LSNPK cultures produced trees with very
gignificantly largér diameteré'than the choeck culture. Trees from the for-
mer treatment were significantly superiof to those from the check culfure

in branching, diemeter, and weight; end they were the equal of thdse from
the latter in stem length and root-shoot ratio.

This experiment demonstrates that young slash pine seedlings respond
more favorably to supplements of nitrogen, phosphorous, and potassium when
a given amount of these nufrients is added to the soillin four equal in-
stallments at intervels of 6 weeks than when added in one epplication L
weeks after the trees have germinated. Thirty-pound applications of each
of the three elements gave greester response than 15- or L5-pound applica-
tions.

Expariment IIIX

Soil Treatment

The character of each soil treatment is shown in Table 3.



s
19 :10 Peat

20 :10 Pest4(l;x)15NPK: -

2
21 110 Peat 20 C.P.

1

$
110 Peat 20 CuPer
22 31(4x)15NK

g
23 3(Lx)15N30P75K
2, :552 Wood ashes

3
25 31320 Wood ashes

10:- - = = - - = = 3= - - = 2= - - =

‘Table 3ls =-Type and time of nutrient application in Experiment III, 19L3-l),
T Time of nutrient application
1In advance of s 3 3 t
¢+ planting 1 January 7 t February 17 1  March 30 ] May 11
sCollolidal tPeat: Wood 3 — Wood 3 ~ Wood ¢ Wood
Treatment tphosphatesmoss:N F20; K50 ashes*sN PoO5 K20 ashes*:N PoOp K20 ashes*sN PoOs K5O ashes
No.s Designation sTons per acre i "~ Pounds per acre
1 3 : N : .8 s
15 sCheck 1 - - = - e = = - - : - = = 3= - = -
s : 3 3 3 3
16 120 C. P 3 20 - 3= - - - 3= - = H - - - 3= - = =
) 3 s : s t :
17 320 C.P.*(hx)lENK 1 20 -:15 - 15 - 315 - 15 - 1l - 15 - 115 - 15 -
s 3 1: s s 3
18 120 C.P.#(L4x)15N 20 - 3115 - - - 115 - - - 116 = = = 3115 - - -
1
:

s . : ' 3 - t

10:35 15 15 - 15 15 15 - 315 15 3 - 15 15 15 -
s ') : ]

10:- - = = 3= - - - 1= - = = = - e -
: LI ] t 3
3 ; 3 ] t

10:1 - 16 = 115 = 15 - 315 - 15 - 315 - 15 =
: ¢ s s

-315 30 75 - 15 30 75 - - 215 30 75 - 115 30 75 -
s 3 . 3 t

- = - =~ Lt - - = L - - = 132 3= - = 132
g 3 s 1

- 3= - = 132 ;- - « 132 = - = 528 s~ - =528

20

20

G0 50 00 00 S0 B 05 00 50 S0 S0 20 B4 00 S0 B0 N0 B 30 0 0 N

3
]
$
3
$
]
$
H
$
t
3

*The wood ashes derived from turkey oak and blue jack oak was analyzed by the Soilszepartment, Agricultural
Experiment Station, University of Florida. Its composition was CaC03 equivalent 775 percent; PoOsg, 1.40%;

K20, 1.6; lithium,caesium, chromium, vanadium, silver, tin, eash «.001%; nickel and zinc, each .003=-

+008 percent; zirconium, .005-.01%; copper, .008- .03%; titanium, .0l- .O5%; boron, .05- «08%; rubidium,
+03~ +09%; strontium, berium, iron, manganese, and alumnum, each > .1%.

)
@
O

]
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Length of Stem

The average length of stem of the trees in each treatment of
Experiment III at different periods of time aftef the initial treatment
is presented in Table 35. a

Table 93 (Appendix) shows how the énalysia of variance of stem Lengtﬁ
was handled for measurements taken at the end of 6 weeks, and Table 36 gives
the F valuesbderived from the analys;s of variance calculated at tﬁe end
of 12, 18, and 19} weeks. Very significant differences in stem lsngth
are atitributable to scoil téeatments on each observation date. A.comparison.
of culturesis made in Table 37.

Severallfacts worthy of note are revealed in Table 37. buring the
first 18 weeks none of the cultures produced trees that were inferior in
séemllength to the check treatment. Howaver, at the end of the experiment,
the trees in the (Lx)15N30P75K treatment (high potesh) were inferior to the -
untreated trees. It should be noted that at the end of 6 weeks, the seod-

lings in the former culture were superior to the latter. Evidently the

(L4x)15N30P75K treatment is not satisfactory from the standpoint of sustained
growth of the stem. Whereas, only in the instance just noted, was a treat-
ment inferior to the check, it is likewise noteﬁorthy that only a few treat-

ments produced trees with longer stems than the check. At the end of six weeks

five treatments- 20C.P.#(Lx)15NK, 20C.P.#(L4x)15N, 10 Peat, 10 Peat 20 C.P.
+(4x)158K and (h#)th}OP?BK— had produced trees with longer stems than the
check (Figse. 5 and 6)v At the end of the experiment only the treatments
containing colloidal phosphate plus nitrogen or nitrogen and potassium
wore in this category. However, the trees in cultures containing colloid-
al phosphate and colloidal phosphate, peat, nitrogen and potassium were

only 2 mm. short of being significantly superior to those in the check. With




Table 35. ==Mean length of stem at different periods of time
after initial treatment, Experiment III, 19L3-Ll

TTme after initial Treatment

1
s 6 weeks + 12 weeks s 18 weeks 3 197 weeks
Treatment Length of stem =- mm.
3 3 - 3 )
Check : 10.1 1 66.9 s 185.; s 237.2
o t 2 s H
20 C. P. 3 12.2 H 85.0 : 210.9 H 26501
: 3 : 3 :
20 C. P. ¢ t s 3 3
(L4x)15NK : 15.5 : 89.5A : 230g2 s: 282,2
3 1 ] ?
20 CoPed(Lx)I5N 16.0 : 89.7 : 22,2 2 274.5
1 _ 3 ' : 3
10 Peat : 16.l 3 89.6 :  171.8 ¢ 221.7
. ] 3 3 t
10 Peat ¢ 1 1 3 3
(4x)15NPK : 13.9 : 70.3 : 179.5 t 230.3
t ] ] H v
10 Poat 20 Ce Pa 1 10.2 . H 82-9 H 19907 s 21.].801
. 3 3 3 ]
10 Peat 20 C. P. 3 : : 1
+(AX)15NK H 1609 H 9608 H 21609 $ 263.[‘.
3 2 : $
(L4x)15N30P75K P 1.6 3 67.8 : 15844 1 207.8 -
3 / ) % ]
352 Wood ashes 8.8 : 6343 s 181.8 1 232.1
3 t 2 ]
1320 Wood ashes 11.0 s 70.9 t 19242 ¢ 24649
t 3 : 3 3
Standard ] t s ]
deviation : 1.31 3 5.7 3 9.6 ¢ 10.1
3 3 ] ]
Difference be~ ] 1 3 ]
rween treatment ] ' 1 2
meansto be signi-: 3.8 s 16.6 ) 276 3 29.2
ficent et 5 and 1 ) ] ]
1 percent s 5.1 $ . 22.3 1 37.3 1 39.3
1 2 s ' 1
F value treatment: L1e358% Lel3sx 4 5.80%%, 5ell*s

*#Significant at 1 percent.
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Table 36. ~~F values from analysis of variance of stem
length 12, 18, end 19%‘waeks efter initial
treatment, Experiment III, 1943-Ll

T me after initial troatment

1

3 6 weeke 3 12 weeks t 10 weeks 3 19z weeks
Source ] : F values

1 t 3 ) ,
Within jars ¢+ 0.38 1 0.26 s 0.68 ¢ 0.39

3 s , : :
Replication : 1.53 2.25 3 2.33° 3 2.12 -

) 1 3 t
Treatment 1 L.35%% 3 Lel3#x 3 5.808% ¢ 5,11%#

“#4Very significant.
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the exception of the 10 Peat#(Lx)1S5NPK and (Lx)15N30P75K treatments, which
had an advantage over the check only at the end of 6 weeks, the cultures
which produced trees superior in stem length to the check treatment con-
tained colloidal phosphate. Although at the end of 6 weeks, the culture
containing colloidal phosphaté alone was inferior to the culture containing
colloidal phosphate plus nitrogen and the treatment containing qolloidd
phosphate, peat moss, nitrogen, and potassium, this inferiority was of
short duratién since at all later dates no treatments were-suéerior
to it. Although there are small differences in the stem lengths of the
trees in.the three colloidal phosphate culfdres, the differences are
not significant. 1In other words,'colloidal ﬁhosphate alone was about
as offective in stimulating stem growth as when it was supplembnted by
nitrogen or nitrogen and potassium. The addition of peat moss to col-
'loidal phosphate with or without nitrogen and potash did not increase
the effeétivoness of the colloidal phosphate.

Peat moss alone did not affect stem growth, and peat moss'plus
-hitrogen, phosphorous, and potassium influenced growth only temporari-
ly as shown by the superiority of the 10 Peat+(Lx)1SNPK treatment over
the check treatment at the end of 6 weeks.

Wood ashes did not stimulate stem growth. As shown in Table 37,
these treatments were at no time superior to the check.
‘Branch Development

The number of branched trees is expressed as a percentage of total
trees in Table 38. The analysis of varience was computed on the basis of
numbers of branched trees psr pot. Soil freatment produced very signifi-
cant differences in thé number of branched trees between the eighth and

twelfth week.



Table 37. =-=-Comparison of stem length, 6, 12, 18, and 195 weeks after initial

treatment
: — Time after initial treatment ' ~
3 6 woeks 3 12 woeks K 18 woeks K 195 weeks
" Treatment 1 ' ~ Treatments superior to treatments in colum 1 o
FNo.sDeslgnation 3 at J%: &t 1% 1 &t b, 31 at 1% ¢ &t %51 at 1% T at 9%t at 1%
$ 3 1 1 s t . s s )
15 :Check 120,23 317,18,22 116 117,18,22 322 117,18 . 118 117
] ] ] 3 s s ] B ] B
16 320 C. P. 18,22 1 1 : ' K : :
1 s : 1 t t $ t s
120 C. P. ¢ 1 s ] 3 H ] 3 3
17 1(4x)15NK s s t : 3 3 t 1
t 8 g : s ) t : 3
320 Ca P. ¢ 3 ] ] ] ] 3 ] 1
18 ;(4x)15N 1 : 3 s 3 3 $ 1
s ) o 3 : 3 s s t
19 310 Peat 117,23 218,22 116,17,18 122 121 116,17,18,22 s 116,17,18,22
] s 3 3 B ) s 1 : 'Y
110 Peat ¢ K ] s 3 3 ] 3 ]
20 3(4x)15KPK 1 t 117,18 122 116 117,18,22 116,22 117,18
s 1 3 t t ! ] * ]
21 310 Peat 20 C.P323 £17,18,22 3 : t17 ) 117 )
s s s ) 3 3 3 t )
110 Peat 20 C.Ps 3 s % 3 t t 3
22 3$(4x)158K 3 3 $ 3 3 : : s
s s : s 3 ! t 2 I ;
23 3(L4x)15N30P75K ' 116,17,18 122 125 116,17,18,21,22 315,25 :16,17,13,21,22
1 : 3 3 t t 1 : 3 3
2l, 3352 Wood ashess 317,18,22,23 316,21 ' 117,18,22 16,22 :17,18 116,22 217,18
] 3 - 3 3 t 2 : S | ~
11520 Wood ] 1 ] 3 -8 t ] ]
25 iashes 117,18 122 :17,18 122 118 117 117 3

]
(o]
wm

]
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Teble 38 ~=Number of trees branched after different periods
of time, Experiment III, 19,3-=L);

Time after initial treatment

2
s G weeks s 10 weeks : 12 weeks 3 16 weeks : 19 weeks
Treatment 2 Trees branched - percent of total
: 3 $ 3 s
Check H 5-0 $ 1500 H 17.5 $ 14205 ‘3 14205
1 : ] $ ] )
20 C. Pa H 1205 H 3000 H h2o5 H 5705 ] 57.5
S ] 8 t s 't
20 Co Pa #3 1 ' 1 3 o ] '
(AX)ISNK : 50.0 3 5@.0 3 60.0 3 TT+5 ] 7705
3 ] 1 3 3
20 Co Po +1 [} H 1 ]
(L‘.X)N H 6205 K 6205 H 6205 3 6705 . H 67.5
1 : ] ] : 1
10 Peat 3 12.5 1 20,0 ] 25.0- 2 T70.0 s T70.0
3 1 1 3 ]
10 Peat + 3 ] ] 1 ]
(Lx)15NPK s 52.5 3 52,5 s 62.5 s 80.0 t  80.0
3 H 3 3 :
10 Peat + ' 1 ] ) L8
20 C. P. H 3205 3 55.0 3 }42.5 3 55.0 § 5500
3 ] 3 3 t
10 Peat ] ] t ] 3
20 Cs P %1 ] ] t )
(4x)ISNK s 55.0 55.0 ¢ 60,0 ¢ 75.0 £ T75.0
T8 ] $ 1 ]
(4x)15N $ 3 . $
30P7TSK = ¢ L5.0 ot 45.0 :t  L47.5 s 75.0 s T75.0
s ] ] o s ' ]
352 Wood 12 ] ] : 2
ashes t 5.0 ¢ 10,0 ¢ 22.5 ¢ 67.5 s 67.5
] ] : H 1
1320 Wood 1 $ t : o
ashes ? 2.5 t 5.0 ] 17.5 s+ 55.0 t 55.0
. ] H 1 1 1
Standard 1 3 ] 3 ]
deviation : 3.0 H 300 H 209 3 305 1 3.5
] 1 t S 3 1
Differences ] 1 ] 3
betwoeen 3 H H ] ]
treatment ] 1 ] '3
means to @ 27.6 3 27.6 : 26.3 3 g
be signi~ : s 3 3
ficant at ] ] ) s
5 and 1 t ] ] ] 3
percent ¢ 37.1 s 37.1 1 35.5 1 )
—— : E s
treatment 3 5.53%#; Le35%s, Lej9esns 1.12 g 1.12

s9Significant at 1 percent.




Table 359, ~=Comparison of number of branched trees at various periods of time after initial
treatment, Experiment III; 19,3-4lL

Time alter initial treatment

3
) 8 weeks 3 10 weeks 1 12 weeks
Treatment ] Treatments superior to treatments in column 1
Fo. 1+ Designation T &t 5 1 at 17 T at oOf% 1 et 1% s 8t 5% 3 at 1%
] 'R 1 3 ' 1 3
15 3Check 1 21 s 17,18,20,22,25 3 17,23 :18,20,22 : 2% 117,18,20,22
] 3 3 s T t - 1
16 120 C. P. 1 23 s 17,18,20,22 :+ 18 s 3 1
s H s s : s 3
17 120 C.P.#{4x)15NK t 3 s ) : 3
] ] ] ] 3 H] ]
18 120 C.P.#(L4x)15N s : $ s : 3
H 3 3 ‘ s s . s ]
19 :10 Peat : 23 s 18,20,22 T 17 £18,20,22 | 3 $17,18,20,22
s 3 s ] 3 ' 3 3
20 310 Peat#(Lx)15NFK 3 : 3 : s s
] s F 1 S | t 3
21 210 Peat 10 C. P. s 18 t s 18 - ] 3
3 ] s ] g 3 s
22 210 Peat 20 C. P. ¢ 3 ] 1 3 3
¢+ (4x)158K 3 3 s t : t
] s 3 : 3 1 3
23  :(Lix)15N30P75K ) 1 3 : z 1
s s 3 . $ 3 : ] :
2, 1352 Wood eshes : 21 1 17,18,20,22,23 3 :$17,18,20,21,22,23 3 117,18,20,22
3 ] s 3 3 | s
25 11320 Wood ashes s 21 s 17,18,20,22,23 3 $17,18,19,20,21,22,23 :17,18,20,22,23

-'Lg -
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The fact that no significant difference in the number of branched
trees existed after 12 weeks demonstrates that the chief effect of the
treatments that affected branching was to encourage eérly branchinge.

It should be noted that, in the culture containing colloidal phosphate
andvnitrSgén, no more trees were branched at the end of twelve wpoks

than at thevend of eight weeks; and at the end of 19%-weeks, the number
was only slightly greater than at 8 weeks. A similar trend is evident

in the 20 C. P. #(4x)15NK, 10 Peat 4(L.x)15m{, 10 Peat 20 C. P. +(Lx)158K,
aﬁd (Lx)15N30P75K cultures All of which caused extensive early branching.
In the check, peat, ahd wood ashes treatments where branches were parti-
cularly Qlow to develop, a marked increase in ngmber of branched trees
‘ocourred between 12 weeks and 163 weeks.

Table 39 shows between which treatments significant differences
in numbef of branched trees occurred at 8, 10, and 12 weeks after the
initial treatment. The pattemof differences is similar to that which
was found in stem length up to 12 weeks after the initial treatment.
Thereafter, however, there is no similarity. In general, differences
in stem length which were exhibited in the early part of the experiment
s8till existed when the trees were harvegtgd. This was not so with respect
to branching. Although no treatments were inferior to the check in the
number of branched trees, only five treatments- 20 C. P. #(L4x)15KK,

20 Co Po #(4x)15N, 10 Peat +(4x)15NPK, 10 Peat 20 C. P. #(4x)15NK and
(Lx)15N30P75K- were significantly superior to the check from the eighth
to the twelfth week, and one treatment- 10 Psat 20 C. P.- was superior
only at the end of 8 weeks. The three colloidal phosphate treatments
which contained also nitrogen or nitrogen and potassium again stand

out; but two treatments- 10 Peat +(4x)1SNPK and (L4x)15N30P75K- which
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did not increase stem growth, did stimulate branch development (Fig. 5).
It should be noted that the culture in which peat was supplemented by
readily available nitrogen, phosphorous, and potassium encouraged early
branching, whereas the culture to which only peat was added did not.

From this, it appears as though the readily availeble nutrienté rathef
then the peat moss were responsible for the increase in_early branching.A
The (L4x)15N30P75K culture (rather heavy applications of KO and F205)

did not produce significantly more brenched trees than the qolloidai
phosphate treatments to which smaller amounts of readily available nitro-
gen or hitrogen and.potassium had been added.

The wood-ash treatments did not affect branching significantly.
Althoﬁgh significant differences in number of branched trees ﬁé not
‘exist.between the check and any of the other treatments at the end of
the experimsnt, Table 38 shows that all treatﬁents exceeded the cheek in
number of Sranched trees at that time.

Number of branches per tree, recocded for the first time at the end
~of 13 weeks, is shown for this and later dates in Table 4O. Although
considerable differences in the number of branches per tree is evident,
the analyses of variance reveal that only at the thirteenth week are these -
differences significent. Later the standard error of the mean is so large
(045 in each case) that wide differences- larger than those existing= are
necessary to demonstrate significant differences in the means. In this
connection it should be noted that number of branched trees showed no sig-
nificant differences between treatments on the dates of the last two ob-
servations.

A comparison of each treatment with every other treatment in the'

number of branches per tree is presented in Table L1. A comparison of the
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data in this table with those in Table 39 reveals only minor differences
between the two. A mejority of the differences in number of branches per
tree are at the 5 percent level, whereas all but one of the differences
in number of branched trees are at the 1 percent level. The (Lx)15N30P75K
culture which had produced significantly more trees with branches thén-
the check and 1320 wood ashes treatments at the end of 12 weeks did not
yield trees with more branches per tree at the end of 13 weoks. The

10 Peat treatment, which was inferior to several treatments in number of
branched trees after twelve weeks was inferior only to the 10 Peat

20 C. P. #{4x)15NK tregtment in number of branches per tree after 13
woeeks.

‘The 20 C. P. +(L4x)15NK, 10 Peat $(4x)15NPK, and (hx)l5N50P75K
cultures produced the greatest number of branches per tree. The number
wag noticeably greater than fhat of the'check, but the differences were
not significant. |

Stem diameters of the trees in each treatmsnt end a comparison
bétwepn treatments are presented in Table 2. The defiﬁite superiority
of the 20 C. P. #(4x)15NK, 20 C. P. #(Lx)ISN, 10 Peat +(l4x)15NK, end
10 Peat 20 C. P. +(4x)15NK treatments is qui;kly evident from an ex-
amiﬁation of Table 2. No treatments are superior to them, and several,
including the check, afa inferior. Three of the fouf treatments that
produced consistently larger diameters than several of the treatments

contained colloidal phosphate.
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Table LO. -=Mean number of branches per tree 13, 163,
and 19 weeks after initial treatment,
BExperiment III, 1943-4);

“Time after inmitial treatment

%
] 15 weeks 12 165 woeks 2 19 weeks
Treatment ) Branches per tree - number
1 . t ‘ : 3
Check ) 0.23 ] 1.13% ) 1.17
: , 1 1 !
20 C. P. H 1015 H 1-58 $ 1083
1 _ 3 3
20 CePed(L4x)15NK ¢ 1.70 s 2.23 s 2.27
: .8 ‘ s ]
20 CoPo"(l&X)ISN H 1-38 3 1-90 H 2002
C t 2 ]
10 Peat 3 0.63 3 2.03 t 2.05
: - ‘ s 3
10 Peat+(hx)15NPK,; 1.45 ] 2493 3 2.93
H 2 - s
10 Peat 20 C. P. 1.15 t 1.80 ) 1.70
1 s 1
10 Peat 20 C.P.% 1 ] 1
(L4x)15NK 1 1.52 : 2.15 ? . 2.15
' s ‘ : s
: s 3 :
352 Wood ashes t " 0.38 3 2.03 ' 2.05
s s 3
1320 Wood ashes ) 0.38 ] 1.58 t 1.70
s 3 ]
Standard 1 ] ]
deviation ? 0.30 " g 045 2 0.45
3 s 1
Difference be- 1 ] ]
" tween treatment 3 3
means to be sig- 0.88 $ :
nificant at 5 and 1 , H ]
1 percent ] 1,18 3 ]
1 1 1
F value treatment : 2.90% 3 1.07 2 1.06
*Significant at 5 percent.

R
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Table 41. ==Comparison of number of branches per tree
13 weeks after initial treatment,
Experiment ITI, 1943-l);
s Treatments superior to treat-
Treatment: : ments in column 1 '
fo. Designation T at 9% 1 at 1%
3 3 3
15  3Check s 16,18,21 s 17,20,22
1 s t
16 20 C. Pi - ] ot
s s ]
17 120 Co Pa ¢ ] )
¢ (L4x)15NK ) 2
A 1 t 3
.18 120 C¢ Po #(4x)15N s 3
3 s ' ]
19  :10 Peat ' 2 17,22 1
o : ]
20 110 Peat + 3 3
1 (Lix)15NPK s )
] 3 3
21 310 Peat 20 C. P. 3 "
1 s ]
22 110 Peat 20 C. P. H s
2(Lx)15NK : :
1 1 3
23  :(4x)15N30P75K 1 ]
' : ’ 1 ]
24 3352 Wood ashes s 18,20,22 1 17
s 3 1
25 11320 Wood ashes t 18,20,22 3 17
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Table lj2, ==Moan diameter of stem and comperison of stem
diameters 193 weeks after initial treatment,
Experiment III, 1943-Ll
1 Treatmemts superior to
Treatment: 1 treatments in column 1
Yo. 3 Designation s Diameter ~ mm. ¢ at 5% 1 at 1%
3 , 3 ' 3 T o
15 :Check s 3.6 : : 17,18,20,22 . o
H 3 ] 3 s
16 820 Ce P. H 3068 H 18 $ 17,22 ,‘
: : s 3 ' 3
17 SQOC.P.J-(L.,X) H H $ ;
1 15NK 3 L.l s 3 i
: s . 3 ) ;
18  320C.P.${Lx) 3 s 3
115N ot 3.95 t : i
t 3 : g |
19 110 Peat : 3.48 2 : 17,18,20,22 0
H ] H] H 2
20 110 Peat + 3 : 3 .
#{L;x)15NPK s 3.90 3 $ ;
3 3 3 1 §
21. 3110 Peat 20C.P: 3.71 3 H 17,22 %
T s s $ ;
22 110 Peat 20C.R: ] ] “W%
s+(L4x)15NK : L.l1 s :
s $ s t
23  :(4x)15N30P75K: 3.39 s 16,21 : 17,18,20,22
3 $ : s $
2} 1352 Wood s : 8
sashes : 34l ) 21 s 17,18,20,22
3 : s )
25 11320 Wood 3 3 3
sashes 3 3.48 t s 17,18,20,22
] H ] ]
Standard R’ s H
deviation ] 0.09 s ]
: t 3
Difference be~- 3 H ]
tween treatment 3 ] s
means to be sig- 0.27 s s
nificant at  and s ] 3
1 percent 2 0.36 3 s ?
] : Py s ]
F value treatment : Qo 265# 3

**3ignificant at 1 percent. B
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Dry Weight of Shoot, Root, Entire Tree,‘and
Root~-Shoot Ratio

The mean weight of the shoot and & comparison of the weights
by treatments are presented in Table L3. Mean weights renge from 1.62
to 2.84 gr., which means that the average weight of the heﬁviest treeé :
was more than 75 pepcent greater than the average_weight of the lightest
trees, This is a greater differenﬁe then is found in height and diameter,
in which the superiority of the best over the poorest wes 36 and 22
pefcent respectively. On the other hand, fhe superiofity in early branch-
ing of the beét over the poorest treatment was 2500 percent. fhis, to-
gether with the noticeably greater density of needles in the superior
trees (sse fig. 5), accbﬁnts for the marked difference in weight be-
tween the hsaviest aﬁd lightest trees. Trees that branch early have the
opportunity to develop longer and heavier brenches prior to the time of
harvest. This undoubtedly contributes considerable to the weight of
these trees.

No treatments produced trees significantly lighter in welght

than the check; and three treatments- 20 C. P. +(4x)15NK, 20 C. P.

+(4x)15N, and 10 Peat 20 C. P. +(hx)15NK- ali of which contained col-
loidal phosphate, prbduoed trees very significantly heavier than the
check. It is noteworthy that the trees from three other treatments-
20 C. P., 10 Peat #(4x)15NPK, and 10 Peat 20 C. P.= with mean weights
0.47, 0450, and 0.40 gre greater than the trees from the check were
very hearly significantly heavier then the latter. Two of these con-
tained colloidal phosphate.

When nitrogen and'potassium together with colloidal phosphate

| were added, the trees were significantly heavier than when only colloidal

R
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Table L3« ==Mean dry weight of shoot and comparison of shoot
weights, Experiment III, 1943-4),

1 Dry weight Treatments supsrior to
Treatment ¢+ of shoot 1 treatments in column 1
Wo. s+ Designation s gr. s~ at 9% 1 at 1% B
s 3 3 2
15 sCheck 3 1.83% 2 g 17,18,22
' L L] L] 3
16 320 C. Po 3 2.30 s 17 s
3 s s t
17 20 C. P. ¢ ] : : t
¢ (Lix) 15NK 3 2.8L : $
s H C H H
18 120 C. Pe. ¢ : 3 1
¢ (4x)15N : 2.78 ) )
1 1 3 3
19 :10 Peat $ 1.81 $ 20 3 17,18,22
s ] ] t
20 310 Peet ¢ ] ] 3
: (4x)15NPK : 2.33 : s
s 3 1. ]
21 110 Peat 20 C.P.: 2.23 s 17,18 ¢
s - 3 . 1 1
22. 310 Peat 20 C. Ps 1 3
24 (Lix)15NK : 2.70 s 3
3 3 : 3 ] :
23 3(L4x)15N30P7SK 1.62 3 3 17,18,20,22
t ] s % .
2L, 1352 Wood ashes 3 1.85 3 ) 17,18,22
1 3 ] ]
25 $1320 Wood ashess 1.95 t ] 17,18,22
3 ] 3
Standard ] ] ]
deviation ) 0.17 s s
s : ] 1
Difference between 3 ] ]
treatment means to 0.51 '] 1
be significent at 1 s 3
5 and 1 percent ) 0469 3 t

L]
L]
-

F value treatment 5.81%%

s#Significant at 1 percent.
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phosphate was added to the soil. Nitrogen, when combined in the culture
with colloidal phosphate, did not produce trees significantly heavier then
the colloidal phosphate treatment, although the difference (0O.48 gr.)
wes neerly significant (0.51 gr. needed for a significant difference).

The dry‘weight of the roots and & comparison of the weights by
treatments are presenﬁed in Table LL. The mean weights of the roots
- range from 0.8 to 1.67 gr., thus the treatment which produced the heaviest
tree roots yielded trees whose roots weighed'neérly twice as much as those
for fhe treatment producing the lighest-roots. The relative difference
in gverage weight Between the heaviest and lightest roots is greaster than
that between the tops.

" The analysis of veriaence of root weight deﬁonstrates a very signifi-
cant difference between some treatments. Teable Ll shows that the 10 Peat
20 C. P. +(hi)15NK treatment is the outstanding ome in so far.as root
weight is concerned, the roots of the trees from this treatment being
'very significantly heavier that the roots from seven treatments, and sig-
nificantly heavier than the roots from one treatment. The colloidal phos-
phate-nitrogen culture is superior to four treatﬁsnts; but the colloidal
phosPhate-nitrogenfpotassium culturq,.which in other characte;istica
showed superiority over just about the seme treatments as the former, fails
to show significant superiority in root weight over these treatments and
is significantly iﬁferior to the peat-colloidal phosphate-nitrogen-
potassium culture.

On the whole, there are significent differences in root weight be=

tween fewer treatments than in shoot weight,.

The dry weight of the entire tree, comparisons of weights by treat-

ments, and root-shoot ratios are shown in Table 45. The weights fall into
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Table Llj. -=Mean dry weight of root and comparison of
root weights, Experiment III, 1943-4l

",18

t Dry weight s Treatments superiof to
Treatment ] of root ] treatments in column 1
Fo. 1+ Designation gre s at 5% 13 at 1%
3 ) , 3 , 3
15 3Check ) 0.84 1 3 18,22
g : 1 : ! ]
16 320 C. P. 3 1.09 s 3 22
s . ] s :
17 20 C. P. ¢ ] 3 t
s (4x)158K 3 1.20 s 22 ?
] ] S g
220 C. P. ¢ 3 : 3 1
+(Lx)15N : 1.4, 2 s
H ] ' ] H
19 :10 Peat s 0.92 3 18 ] 22
s s 3 t
20 310 Peat ¢ 1 3 ]
1+ (44x)15NPK : 1.26 3 2
s : : $ 1
21 310 Peat 20 C.P.: 1.10 s s 22
t 3 1 :
22 210 Peat 20 Co.Pa1 s 1
1¥(4x) 158K 3 1.67 s :3
] 1 3 ]
23 :(L4x)15N30P75K 3 1.07 s t 22
3 3 . 3 1 :
2, 3352 Wood ashes 3 0.84 t : 18,22
3 3 , s 3
25 31320 Wood ashes: 0.86 3 ' 18,22
) 3 3
Standard 1 ] ]
deviation $ 0.15 t ]
3 ] 1
Differencs between ] ]
treatment means to 1 0.45 1 1
be significant at 1 H H
5 and 1 percent g 0.56 : X
1 $
F value treatment : 3915%% 3

##Significant at 1 percent.
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Table 45. ==Dry weight of entire tree, root-shoot ratio, and
comparison of tree weights by treatments,
Experiment III, 1943-ll,

31Dry weightsTreatments superior 3 ii
sof entire :to treatments in tRoot=ghoot )
. Treatment stree- gr. scolumn 1 t ratio ik
No. 1 Designation : at 5% 1 at 1% s L
Il F t 2 2 :
15 :Check + 2.68 116,21 3 17,18,20,22 1+ 046 - .
3 : : t s , g
16 20 C. P. :  3.39 2 17,18 13 22 ¢ 047
' s $ 3 $
17 220 C. Pe ¢ 3 3 3 1
1(4x)15NK +  L.O4h s 0.2
3 3 s s t
18 :20 C. P. # s s 3 )
1 (4x)15N :  L.22 3 t s 0.52
: : s s :
19 110 Peat 1 272 1 16 : 17,18,20,22 ¢+ 0.51
3 s 3 s 1
20 3110 Peat & 3 R 1 2
s (4x)15NPK 1 3.59 18 ¢ 22 ¢+ 0.54
s 1 s : 3 :
21 310 Peat 20 C. Pos 3434 17 18,22 ¢+  0.49
3 3 8 s - : ;
22 :10 Peat 20 C. P.st s H :
14(4x) 158K t  Leo38 s 1 0.62
] ) ] s ] ]
2% s(L4x)15N30P76K ¢ 2.89 16 ¢ 17,18,20,21,22 3 0.46
] N s s 1
2, 352 Wood ashes : 2.70 16 s 17,18,20,21,22 2 0.45
: ‘ : s s : |
25 21320 Wood ashes ¢ 2.81 3 20 g 17,18,22 :+  0.44
3 s ] :
Stendard devietion '3 0.22 s ] "1 0.9
: $ : 3
Difference betwesen H 3 3 3
treatment means to 1 0.63 s 3 1
be significant at 5 ] 3 :
and 1 percent t 085 : 3
3 : : t
F value treatment :t  B.67%x 3 3 s 1.63
*#Significant at 1 percent.
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three broad classess below 3 gr., from 3 to L gr., and over L gr.
Trees from the culture with the highest mean weight (4.38 gr.) are
more than 63 percent heavier than those from the culture with the low-
est mean weight (2.68 gr.).

The trees from the check treatment were not Qﬁperior in weight
to trees from anyvother cultﬁres apd were inferior to those from six
cultures, five of which included colloidsl phosphate as all or & part
of theltreatment.. The oné treatment not containing colloidal phosphate
contained peat moss and réadily aveileble nitrogen, phosphorous, and
potassiume. All cultures‘which produced tfeeg with a mean weight in
- excess of L, gr. contained colloidal phosphete in addition to réadily
available forms of nitrogen or nitrogén aﬁd potassiume The fact that
the trees from the 20 C. P. +(4x)15NK and 10 Peat 20 C. P. #(Lx)15NK

treatments are not significantly heavier than those from the 20 C. P.

+(Lix)15N treatment raises some doubt as to the value of potassium in
treatments containing cclloidal phosphate.

It is noteworthy that, whereas the culture containing colloidal
phosphate alone is not superior to the check at the end of the experi=-
ment in the characteristics discussed previously, it is superior in
~weight of the entire tree. In contrast, peat moss alone had no effect
on tree weights. When colloidal phosphéte is added with the peat moss,
tree weight is increased enough toc make the trees from this treatment
superior to those from the check and-only 0.01 gr. short of being
significantly superior to those from the peat treatment. Obviously,
colloidal phosphate is an importent factor in influencing tree weight.

Wood ashes produced no significaent effect on tree weight.
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Root-shoot ratios, although ranging from 0.4,3 to 0.68, did not
show significant differences owing tc the large standard error of the Be

error term in the experiment. A study of the root-shoot ratios

indicates no trend that can be related to type of treatment.
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Summary of Results

This experiment demonstrates convincingly that to improve the
quality of slash pine seedlings grown in Norfolk send, fist, the
"physical ccndition of the soil must be improved and secondly, sup-
plemental readily'available nitrogen, phosphorous, end éotassium must
be applied. Neither the addition of colloidal phosphaté'or peat moss
.alone nor the addition of :eadily available nutrients alone produced
much response in the seedlings, but when combinations pf_these were ap-
plied‘to the soil, the response of fhe trees was outstanding.

Nitrogen, phosphorous, end potassium, when added to soil supplied
with 10 tons of peat moss, did not cause as much respomse in the trees
as when added to soil supplied with 20 tons of colloidal phosphate. The
peat moss, when combined with colloidal phosphate and readily availéblo
nitrogenAand potassium, apparently made no_contribution to the nutrition_
of the seedlings as evidenced by the great similerity of trees in the
10 Peat 20 C. P. #(4x)15NK and 20 C. P« $(Lx)15NK culture;. The
similarity of the trees in the 20 C. P. #(4x)15N and the 20 C. P.
+(bx)15NK cultures suggests that potassium has contributed little, if
anything, to the nutrition of the trees.

Response of the seedlings to colloidal phosphete and reedily
available nitrogen or nitrogen and potassium was of ebout the same de=~
gree of magnitude in stem length, branching, diameter, and weight. No
significant effect on root;shoot ratio was evident, however.

Wood ashes was ineffective in causing a response by slash pine

seedlings.
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Celeium and Phosphorous

Znalysis ol Needles

Trees from four treatments which had produced seedlings signi-

ficantly different from those of the check in & number of characteris-
ties wer§ chosen fof an enalysis of phosphorous and calcium. Tha

. analyses were_limited to those two eieﬁents since the colloidal phos- ' -
phate treatments~ high in phosphdrous end celcium- had produged'such . é
superior trees, and it appeared that these two nutrients might be con- !
tributing factors. The tfeatments chosen-weres'check, éON, 60P, 20 C. P;,

end 20 C. P. $(44x)15NK. The determinations of phosphorous and calcium

were made on the needles of a tree selected at random from each re-
plication of each treatment by the methods described by the Associationm-
of Official Agricultural Chemists (1940). The results of these analyses

are shown in Table 46.

Table 46+ =-The phosphorous and calcium content of needles of
slash pine seedlings grown in treated and un-
- treated Norfolk sand

Calecium
Mg. per 3 Percent of

Phosphorous
Mg. per s Percent of

Treatment

: 2
: tree : dry weight : tree s dry weight ‘

Check : 2.30 : 0.22 : 5.2 : 0.50

60N : 1.70 : 0.23 : 3.5 : 0.47

60p 1295 1 021 1 6.9 1 09

20 C. i=. : 2.90 : 0.20 : 6.7 : 0.6

20 CoPet(4x)15NK : Le17 : 0.22 : 9.7 : 0.51

Standard deviation : 0.20 : 0.02 : 0.25 : 0.18
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The amounts of phosphorous and calcium, expressed in terms of
percent of the dry weight of the needles, vary only slightly for trees
from different treatmente. Wilde (1942: 294) found a similar relation=-
ship for phosphorous in one-year-old white ash seedlings grown in four
_different soil cultures. Hse repﬁrts the P éontent of theée geedlings

- to be 0.17 to 0.19 pefcenf, which is only slightly less than the’0.20
to 0.23 percent of P in the slash pine neédles. In the same report,
Wilde shows that the P content of red pine soedlings was iﬁcreased from
0.17 percent to 0.29 percent by the application of a non-legume gresen
.manure. | | |

Analyses of variance applied to the data fbr both elements reveal
no significant difference between treatments, the F valus for phos-
éhorous beiﬁg 055, and for calecium being 0.0ls The amounts 6f phos=-
phorous and calcium, when expressed as mgs per tree, show a wid;
variation betwsen cultures. Analyses of variance démonstrgﬁe that the
differences between treatments in amounts of calcium and phosphorous in
mge are very significant. A comparison of effect of soil treatment -
on phosphorous apd calcium content of the needles of slash pine seedlings
is shown in Table 47.

The superiority of 20 C. P. $(4x)15NK tréatment over the other
four trégtments in the calcium content of the tree needles is evident
in Table 47. It was almost equally superior in the phosphorous content
of the tree needles. All three cultures containing phosphorous and
calecium produced trees with a higher calcium content in the needles than
those of the check and the nitrogen cultures. In contrast, only the

colloidal phosphate treatment with nitrogen and potassium was superior




- 104 -

to the check; and it and the 60P treatment were superior to the nitrogen
culture in the content of phosphorous in the tree needles.

The fact that significant differences between the treatments in the
percentage of phosphorous and calcium in the seedling needles do not
exist, Sﬁt that significant differences do exist between treatﬁont meeans

“in the weight of phosphorous and calcium in the needles reveals that
the latter differences are due to differences in the weight of needles
produoed by troes from different cultures.

It is notoﬁorthy that the 20 C. P. $(4;x)15NK treatment produced -
trees with greater ahounts of calcium and phosphorous in the needles
than the 20 C. P. treatment. Obviously, the colloidal phosphate by
itself did not increase the intake of phosphorous by the plants. However,
when nitrogen and potassium were included with the colloidal phosphate,
the intake of phosphorous was increased, as was undoubtedly the intake
of nitrogen and potassium. Data on height and dry weight, presented
pré#iously, showed that when nitrogen, phosphorous, and potassium were
added to an otherﬁise untreated soll no significant effect was pro&uced
~on these features, but when added fo a s0il to which colloldal phosphate
had been added also, significant increase in height and dry weight oc~
ocurrede. Apparently, nitrogen, phosphorous, and potassium together or
colloidal phosphate alone cannot influence the height, dry weight, or nu-
trient intekes, but in combination they can, Evidently, the colloidal
phosphate, possibly through the colloidal fraction, creates in the soil a
condition which allows the tree roots to feed more effectively. The |

mechanism involved is worthy of study.
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Table 47+ --Comparison of treatments in their effect on phospho=-
rous and calcium content of needles of slash pine
seedlings

;Treatmenfs producing trees slreatments producing Frees
swith greater P content thaniwith greater Ca content

ttreatments in column 1 tthan treatments in columm 1
Treatment 3 &t Li®* 1 at 14%*% 3 at L+e at 1944
1 1 : t .
Check : t 20C.Pa% 3 s 60P, 20 C. P.
: s (4x)ISNK 3 t 20 CoePa#(Lx)15NK
3 3 3 H
s g 20C.Ped ¢ ¢ Check, 60P, 20C.P
60N 3 60P + (Lx)ISNK t 20 CePe4(Lx)15NK
s : s 1
31 20 CoP.# H '] ] o
¢+ (L4x)15NK, s 3 $ 20 Co Po &
60P + lacks 0.0l mg.: s s (4x)15NK
3 3 3 3
H 20 CePot 3 2 20 Ce Pe +
20 C. P. : + (Ux)I5NK 3 s (Lx)15NK
s 3 3 3 .
20 Ce Pa ¢+ 1 3 ] ]
(L;X)15NK $ $ 3 ]

*A minimum difference of 1l.23% mg.
#*A minimum difference of 1.71 mg.
- +A minimum difference of 0.79 mg.
+$A minimum difference of 1.10 mg.

Discussion of Results

The various treatments differed in their effect upon the several
charactefistics of the trees. Some treatments caused a reduction
in stem length and nearly corresponding reductions in stem diameter
and dry weight; other treatments caused a reduction in stem length
but increases in stem diemeter and dry weight; still other treetments
caused an increase in all three characteristics. It is often assumed
that when stem length of young conifers is increased as a result of
nutrient application, corresponding increases in stem diameter and
dry weight occur. Recent studies with certain conifers have de-

monstrated this to be a fact (Bensend, 1943: McComb, 1943),

Since the features already mentioned, as well as others, are
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affected by the treatment to which the trees are subjected and since
en improvement in one trait may not be accompanied by a comparable
improvement in enother, the appraisal of ey treatment cannot be

made safely on a single feature. Since it is difficult to visualize
several features in the aggregate as a basis for coﬁparing the effects
of one tréatmént with another it appeared desirable to develop ﬁ |
composite value that would represent the more important character-
istics studied.. The results of en attempt to calculate such a com-
posite value are shown in Table_hﬁ. Five tree:characteristics,'each
of which is given equal weight, are used to secure the composite tree
index value. The values are relative since the trees from the check
treatment form the basis fo; comparison. For each of the five features
listed the numerical values were sqcured as follows: If a treatment
mean exceads the mean of the check by exactly the amount needed to

be significant'at 5 percent, the treatment mean is scored at 1,

and if it exceeds the check by exactly the amount needed to be very
significant, the treatment mean is scored 2. Deficiencies of the

same magnitudes are scored -1 and -2, respectively. A difference which
is less than that needed to be significﬁnt is scoréd proportionately
a8 is a difference which lies between the 5 and 1 percent poiﬁts.
Differences which exceed that needed at 1 pefcent are scored on a
proportionate basis except when the score exceeds 3+ The score for
branching giies equal weight to number of branched trees and number

of branches per tree and is based on observations made at the emnd of

- 12 end 121 weeks, respectively. All other scores are based on measure-

ments made at the end of the experiments. Shoot weight and root woight
are not included in the rating since weight of entire tree covers these

features.
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Composite tree index values range from =7.3 to 11.Q, a total of
18.3 points. The smallest valus was produced where the treatment
consisted of a single application of 60 pounds per acre of nitrogen
at the begipning of the experiment. Evidently, this amount of
nitrogen applied 80 eérly waé excessive since it interfered with the
normal growth and deﬁeiopment of the trees. Height growth was de-
pressed most, but diameter and weight were greatly reduced also.
Branchiﬁg and root-s?oot ratio were not affected. . Whether a similar
emount of nitrogeﬁ éplit into two or more applicetions would have the
seme effect is not known, and bears investigation.

The addition of 60 pounds of P20g per acre with the same amount
of nitrogen as illustrated by the 6CNP treatment reduced somewhat the
depressing effects which were so marked with nitrogen alone. The

use of potash with nitrogen caused a still further reduction in

. 8tem length depression; and branching and stem diameter were in-

creaééd sufficiently over that produced by nitrogen alone to make the
trees in the 6ONK treatﬁent equal in composite index value to those
from the check. When N, Px0g, and K30 ﬁere used together at rates

of 60 pounds per acre, each in a single application, stem length

was not significﬁntly shorter thean that of the check, and branching
and stem diameter were sufficiently better to give the trees from

the 60NPK culture a greatly improved rating.

Phosphorous or potassium, or a combination of the two, as
illustrated by the 60P, 60K, e d 60PK treatments, respectively, dia
not decrease stem length and caused enough improvement in one or more
other cheracteristics to demonstrate the value of these elements in

single applications at the start of experiment. The fact that the
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60P treatment contained some calcium in the source material mekes it im-
possible to attribute the marked superiority of the trees from this treat-
ment to phosphorous alone. Calcium may have been a contributing factor.

The superiority of small amounts of nutrients applied frequently
over the same totaliqnantity applied at once at the start is evidént par=
ticularly in the larger diameter of trees in the split-application freate
ments as compared to those in the single-application treatments and to
‘supe;i;rity of thezforﬁer over the latter in stem length. The wasteful-
ness of large single applicatiohs of nitrogen, phosphorous, and potaésium
is evident in the results of the 120NPK and 180NPK cultures. Trees from
those treatments, although varyipg from those from the check in indiyidual
features, had comparable composite tree index values. '

The higher tree index value of the (L4x)30NPK treatment, as compared
to the (L4x)ISNPK and (4x)L5NPK treatments, seems to indicate thet four
epplications of 30 pounds each of N, Py0g, and KoO may Be'somewhere near
the optimum insoflar as all-round tree quality is .concerned. Although this
treatment is inferior to the (Lx)1SNPK treatment in its effect on stem
length, it is much superior from the standpoint of increasing diameter
and weight. |

Colloidal phosphate used at a rate of 20 tons per acre produces de-
finite effects on the trées, especially when nitrogéﬁ or nitrogen and po=-
tassium are used with it. Colloidal phosphate alone was nearly as ef=-
fegtive in changipg-the quality of trees as the more effective treatments
involving the use of readily available nutrients (60P, 60PK, (Lx)15NPK).
Evidently nitrogen plays a significanf role in connection with colloidel

phosphate as demonstrated by the superior tree index value of trees in
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the 20 C. P. $(4x)15N culture over those in the 20 C. P. culture.

It is doubtful theat potassium is essential in connection with the use
of colloldal phosphate in view of the close agreement of trees in the
20 Ce Pa #(4x)15N end 20 C. P. #(4x)ISNK cultures.

Peat moss (10 Peat culture) has little effect on £he trees uo-
.loss nitrogeﬁ, phosphorous, and potessium are added (10 Peat +(hx)15NPK.
culture) in which case branching, diameter, and weight are increased
markedly.

.The_fact thet the trees mako much better all-round growth and
development when readily available nutrients are added in the pre-
sence of colleidal phosphate or poat moss than when added in the same
quaotity to the natural soil ((4x)15NPK culturoj indicates that peat
moss and colloidal phosphate exert, in some manner, a favorable effect
upon nutrition. In the case of the peat moss, the effect cannot
logically be'attributod to readily available nutrients that it supplies
since the peat moss is raw organic matter which can supplyllittle
readily aveilesble nutrient. In the case of colloidal phoophate; quick
test analysis revealed that only celcium occurred in it in water-soluble |
form in appreciable gquantity. Funthermore; calcium io not found in peat
moss, and therefore can not therefore be a factor ip that material. It
is possible that both these materials affected favorably the availability
of the nutrients either through the physical cohpiex of the ooil itself
or indirectly through a physical effect which may increase the permeabi=-
lity of the membranes to nutrients.

The (4x)15N30P75K, treatment which contadned a high concentration

of potassium, produced no effects out of the ordinary.
Wood ashes in the two different asmounts used had little or not

effect on the trees.
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190;-1,5 Bxperiments

So0il Tresatment

Since the cultures containing colloidael phosphate in the 194L3-Li;
greenhouse experiments had produced the best quality trees, further stpdy
‘of colloidal phosphate treatments seemed desirable. Experimsnt I was de-
signed, therefore, to test the effect of varying amounts of colloidal phos-
phate on the seédlings. The qﬁantity was varied from 0.5 to 25 tons per
acre; In the one-ton treatments (see Table 49, trestments 2 and 5),
colleidel phosphate was mixed in the upper L iﬁches of soil in one v
culture, and in ahother, it was écattered on the surface. Fiffeen pounds
per acre of N and KoO were applied four times at intervals of 5 weeks. In
the cultures in which nitrogen and potassium were used, these elements
were mixed in the upper A‘inches of éoil in the first application except
in treatment 5, iﬁ which they were applied to the surface. The subse-
quent applications of these elements were to the surface. The source
of nitrogen ;nd potaésium were NH&HO3 and KCl, respectively. The
meterials were C. P. chemicals. The details of the treatments in
Experiment I are shown in Teble L,9.

Sinee both the colloidal phosphate treatments in Experiment III
and the phosphorous treatment (containing some calcium) in Bxperiment I
of the 19,3-4l, series yielded the largest and heéviest trees, there was
some indication that phosphorous of calcium or the combination of these
elements might be particularly important in the nutriticn of young slash
pine seedlings. Two experiments were designed to test the role of these
elements. In Experiment II, phosphorous was the only nutrient added to the
soil. It was applied at five different rates: 30, 60, 120, 2,0, and 480

pounds per acre of P205. In Experiment III, potassium; nitrogen and

i
B
5
L
1%
:
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potassium; end caleium, nitrogen, and potassium were used in combination
with phosphorous. The latter element was used at three different ratess
60, 120, end 48O pounds per acre of P20ge In this experiment, nitrogen
and potassium were applied four times at 5-week intervals at a rate of

15 pounds per'écre of N and K20, & fotai of 60 pounds of each during the
experiment. Calcium was applied to the soil prior to planting the trees,
et a rate of 200 pounds of Ca per acre.

The phosphorous and calcium, added to the soil in a single applica-
tion, and the first applicafion of nitrogen and poﬁassium.were mixed in
the upper L inches of soil. The three subsequent quantities of nitrogen
and potassium were applied to the surface of the soile The phosphorous
was supplied by HzPO}, the calecium by CaCO3. The sources of nitrogen |
and potassium were the same as in Experiment I. The details of
Experiments II and III are shown in Tables 57 and 62.

Experiment IV was designed to determine whether slash pine seedlings
would réspond differently to a treatment in which a part of the nutrients
was mixed in the  upper U4 inches of soil than to one in which all nutrients
. were applied to the surface. Also varied in this exporiment was the number
of additions of nitrogen and potassium. Eleven and one-half weeks after the
trees wore planted, boron and mengenese were added to half of the pots in
treatments 23 and 2. Chemicals used were the same as in the experiments
previously described. Details are shown in Table 78.

Origin of Seedlings

In Experiment I, slash pine seed from the lot of séed used in 1943=l);
experiments was used. After 6 weeks storage in moist peat moss, the seed
was sown in sand flats on September 3, 19444 Germination began 5 days

later, but progressed rather slowly during the first 10 days. During the
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following week germination was greatly accelerated, end during this
period, approximately 62 percent of the total germination took place.
Because of the rather irregular germination, only those seedlings that
germinated during the 7-day period between September 18 and 2l were used
~ in the experimbnt. The.seedlings‘were transfierred from the flats toithe
poﬁs on October L, at which time their average age was 2 weeks.

An inadequete supply and relatively poor germination of the seed

collecteé from a single tree in the fall of 1943 made it necessery to use
& different lot of seed for Experiment II, III, and IV of the 19LL=45
series. The seed used in these experiments was from the 1943 crop, col-
lected from seversl trees. Due to a shortage of seed of a single weight
class, the seed was‘segregated in#o four classes with average weights ofi‘
32, 35, 38, and L1 mg. After L weeks of stratification in moist peat moss,
the seed for Experiment II and III wes sown on September 15. Seediings
first appeared sbove the surface 6 deys later. Germinstion occurred
| rather uniformly during the next 12 days after which it_dropped off.
Seedlings which germinated during this 12-day period were used in these
exps riments. They were planted in the soil jars on October 11 and 12,
‘at which time their average age wes 16 days. The trees in the first end
second replications of each treatment were from 35-mg. sesd, those in the
third replication were from 38-mg. seed, and tﬂoﬁe in the fourth replica~-
tion were from 32-mg. seed.

The seed used in Experiment IV was from the sesme lot as that used
in Experiﬁents IT and IIi. Trees which germinated in a week's time from
35-mg. seed was used exclusively. When they were planted in the soil pots

on October 25, the seedlings had an average age of 19 days.
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Temperature and Length of Day

A thermographic record of temperature was maintained throughout
the experiment. The weekly mean, mean maximum, and mean minimum temper-
atures were computed in the same manner as in the 1943-4l;, experiments
(see pege L41)« Since the periods of time during which the four experi-
ments were in progress did not coincide, weekly averages were computed for .
each experiment. Since Experiment IV was initiated exactly 3 weeks after
Bxperiment I the weekly averages from the fourth through the twenty-second
week of the latter experiment are the weekly averages for the first through
the nineteenﬁh'week of the former. Therefore; mean temperatures from’the
twentieth through the twenty-seventh week only are shown in Tsble 89.

The mean weekly lengfh of day dﬁring'the period of each experiment
was computed in the same manner as described previously (see page L4l). -

The temperature and length of day dété are preﬁented in Tables
87, 88, and 89 (Appendix)

" Only small differences are evident in the mean weekly, mean weekly
maximum, and mean weekly minimum temperatures during the three experiméntal
periods. The averages are a few degrees higher for Experiment IV than
for Experiments I, II, and III. When the avefages are examined WBekvby
week, greeter discrepancies are evidgnt._ In Experiment I, the highest
temperatures occurred during the first 3 weeks of the expefiment, and the
loweét occurred about midwey in the experiment. In Experiment II end III,
the highest temperatures were recorded during the first 2 weeks and the last
5 weeks; and the lowest, during the eighth, ninth, and sixteenth weeks.

In Experiment IV, temperatures were lowest during the first several weeks,
and highest during the last 8 weeks. |

In all four experiments, the trend in mean weekly length of day
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was similare The hours of daylight became progressively shorter during
the first 8 to 11 weeks, to be followed by no change for 3 weeks, after
which there was a progressive increase.

The everege length of day for Experiments I, II, and IIT was almost
identicael. The average length of day for Experimeﬁt IV’was nearly one=-
helf hour longer due to the‘relativelyﬂlong periods of daylight during
the last several wseks of this experiment.

Rate of Evaporation

Three sets ef Liﬁingstqn black and wﬁite atmometers were used
to meaeure rate of evaporation.. One set was placed nsar seach end, and
the third set was placed about midway betwsesen the ends of the greenhouse
bench occupised by the soil pots containing the slash pine seedlinge. The
three sets showed.se little variation in loss of water that average rate
of evaporation was calculated. These values are shown in Table 30.

Bxperiment I

S0il Tresatment

The primary object of Experiment I was to determine the effect
on slash pine seedlings of different quantities of colloidal phosphate
supplemented by periodiec applicationé of nitrogen end potassium. Seconds
ary objectives were to determine whether a surface application ef colloidal/
phosphate would affecf the trees in the same way as an application in which
it was mixed in the upper l; inches of the soil, and to determine the extent
of the response of the trees to different quentities of colloidal phosphate
by comparison with untreated soil (check). The analyses of variance of all
tree foatures studied are based on the four cultures which received differ-
ent amounts of colloidal phosphate~- 0;5, l.d, 5.0, and 25.0 tons per acre-

mixed in the upper L inches of soile The standard deviations secured from
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these analys®s were used to compute the difference between treatment means
needed to be significant at 5 end 1 percent, and the latter is used in com-
paring the trees from the four cultures referred to above as well as the
trees from the check and the surface- application of colloidal phosphate
treatments.

The charecter of the soil treatments is shown in Teble 9.

Analysis of variance tables are not shown in this discussion or other
experiments of the 1940=15 sefies.‘ The analyses were handled in)the same
way as those of the 1943=4, series; oxamples of which are found ih the
Appendix.

Length of Stem

The mean lengths of stems of the trees in sach treatment in Experiment
I 10, 15, and 20 weeks after the initial treatment are shown in Table 50.
.Stem lengths were measured at 5 weeks also, but so little growth had oc-
curred during this period.that the inclusion of these data did not seem
worthwhile. Throughout the experiment, all cultures contaihing colloidal
phosphate produced trees with longer stems than the check, but the dif-
ferenées between the trees from all the colloidal phosphate treatments end
the check were significant only at 10 and 15 weekg. Significant differences
were maintained to the end of the experiment only between the check and
the culture containing 25 tons of colloidel phosphate. Stem léngth of the
trees varied with the amount of colloidal phosphete in the soil, stem
lengths being greatest in the cultures containing the largest amounts; but
significant differences in stem lengths occur chiefly between the trees of
those cultures with relatively wide differences in the amount of colloidal
phosphate. The extent of significant differences in stem length varies

with time also. For example, after 10 and 1% weeks the trees in the 25 C. P.




Table ;9. -=Type and time of nutrient application in Experiment I, 19L4L1=L5.

Time of nutrient application

15 wéeks after

s
¢ Frior to planting ¢ Y weeks aiter : 10 weeks after 3 v
3 . s planting s planting :  planting
s+ Colloidal 3 ] : o8 3
Treatment s+ phosphate 1+ N K20 s N K20 ¢+ XN K20 : N : K20
Noe.: Designation : Tons per acre 2 Pounds per acre ‘
s : 1 1 , s :
1 0.5 C, P. 1 0.5 : 15 15 3 15 15 3 15 i5 _15 : 15
: s s . 3 H : 3
2 :1.0 C. P. s 1.0% : 15% 15% 15 15 15 ‘ 15 . 15 15
: H s : : : :
3 :5C. P 1 5.0 : 15 15 15 15 15 15 ¢ 15 15
3 : s : : : : '
i 325 C. P. : 25.0 :15 15 ¢ 15 15 : 15 15 : 15 15
3 . s s 3 3 3
5 21,0 Co Po (S)s 1.0%x 3 15%%15%x; 15 15 3. 15 15 ¢+ 15 15
: : H : 3 H 3
6 iCheck : - g - = 3 = - : - - : - -

- -

* Mixed in upper L inches of soil.
** Applied to surface of soil.
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Table 50. =-=Mean length of stem 10, 15, and 20 weeks
after initial treatment, Experiment I,

19L4=L5
: Time after initial treatment
: 10 weeks [ 15 weeks t 20 weeks
Treatment : .Length of stem =~ mm.
: : :
0.5 Ce Pe : 13.8 : L3.6 3 90.3
1.0 C..P. : 154 : Li6.6 : 96.5
s s 1
5 C. P ¢ 17.5 : L9.1 3 100.5
: H s
25 Co P. : 1900 3' 55.’4 B 111.9 . e
: L 3 ' ;ii_'f
1.0 C. Pe. (S) : 1,4-06 H LI-203 H 96.1 g{
B ¢ v ) 1
Check : 12,0 : 39.0 : 88.8 b
: $ 3 : o
Standard : 3 $ ' :
deviation 3 0.6 : 1. : l1e5
s : s
Difference be- : ] 3
tween treatment s s H
meens to be sig- 2.10 : L7 : .20
nificant at 5 and : : H
1 percent : 3,02 : 6.113 : 20.49
H X H H 13
F value treatment s 12,0%x : 12.8%% L. 2%
*Significant at 5 percent. ’ ?

**Significant at 1 percent. . : : b
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treatment have very significantly longer stems than those in the 0.5
C. P. and 1.0 C. P. treatments, but after 20 weeks the difference be-
tween the stem lengths of trees in the 1.0 C. P. culture and the 25
C. P. culture hes been reduced from the 1 to the & percent level. The
difference between the stem lengths of trees in the 0;5 C. P. treatments
was very significant at 10 weeks, significant at 15 weeks, and not
significant at 20 weeks. That the effect of colloidal.phosphate on the
stem growth of the seedlings decreases with the passage of time is il-
lustrated also by the facfithat the stems of trees from the 0.5 C. P.
cultures wers 115 and ;02 perceht, end those. from the 25 C. P. culture
were 158 and 126 percent of tﬁe leﬁgth of thoﬁe from the cheﬁk atllo and
20 weéks, rospectively. Because of the decline in the effect of the
"supplemental nutrients, it is obvious that experiments of too short dura-
tion might lead to incorrect conclusioné. |
The difference in the stem length of the trees in the l.O'C..P.
and 1.0 C. P. (S) treatments is very small throughout the experiment,..
and at no time_is it significant.

Branch Development

The number of branched trees at different periods of time after
the initial treatment is shown in Table 51.. Differences between treat-
ments are greatest at the end of 5 weeks, the only time that the dif-
ferences were significant. The 25 C. P. culture had broduced significent-
ly more branched trees than the 0.5 C. P. end 1.0 C. P. cultures, end

very significantly more then the 5 C. P. and check cultures at the end of

5 weeks. The 5 C. P. treatment is out of line with the trend of the cultures

containing smaller emounts of colloidal phosphate at this time but wes

more in line after 8 weeks and subsequent periods. Although the check

culture produced fewer branched trees throughout the experiment than the

L e
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Table 51. =-Number of branched trees 5, 8, 10, 15, and
20 weeks after initial treatment, Experiment I

19uh-L5
3 Time after initial treatment
s D weeks 3 O weeks s 10 weeks :<l§>waeks s 20 weeks
Treatment Branched trees - percent of total
. 3 S 3 3 S8
'0,5CPe 3 20,0 31 67.5 1 BT.5 1 975 31 97.5
3 s : : :
1.0 CQP‘ H 2205 H 8000 1 92.5 H 95.0 S 95.0
H _ : : : s -
5 C.P. H 10.0 H 77.5 H 9205 H 95.0 H 95.0
: St '8 | I $ H
25 C.P. : 500 : 90.0 s 950 3 950 :° 95.0
3 H 3 . 1 :
1.0 CQP.(S)S 2705 H 7705 : 8500 H 92.5 H 9205
: 3 H ¢ 3
Check -3 Te5 - 1 55.0 s 70.0 : 80.0 80,0
3 H H H H
Standard s : : ] H]
deviation 7.2 2 Lol s 3.2 3 - : -
H H ' H ’ : e
Difference 3 H s 3
between 1 : : : 3
treatment , H H H . H
means to be; 22,9 : - : - : - H -
significant: ¢ : : 3
at 5and 1 : : : H
percent s 3340 3 - 3 - 3 - : -
F value s : s s :
treatment L,.09% 2¢32 3 0.05 - 1 -

*Significant at 5 percent.
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other cultures, the differences between it and other cultures were not
significant. More‘than 90 percent of the trees in all colloidal phosphate
treatments were branched after 15 weeks (Figs. 10 and 11).

The mean numbers of branches per tree produced in the various cultures
in Experiment I are presentéd in Teble 52« Although there were differences
betweenitreatments in the number of branches per tree, significant differ-
ences existed only at 8 and 10 weeks. At 8 weeks, the mean number of
branches per grée in the 2% C. P. culture is very significanﬁ}y greater than
that in the 0.5 C. P. culture and the check, and significdntly greater then
that in all other treatments. At 10 weeks, the mean number of bramches per

trqe in the 25 C. P. culture is very significantly greater than that in
the 0.5 C. P., 1.0 C. Ps (S), and check cultures and significantly greater
than that in the 1.0 C. P. and 5 C. P. cultures. Only the 0.5 C. P. culéure
did not have trees with sigﬁificant;y more branches per tree than the check

culture at 8 weeks. Two weeks later, in all colloidal phosphate treat-

ments, the mean number of branches per tree was very significantly great-
er than that in the check culture. During the next 5 weeks significant
differences disappeared betwsen the four treatménts to which the analysis
of varience Qas applied. The trees in all four of these cultures had
either significantly or very significantly more branches than those in
the check culture at 15 as well as at 20 weeks.
Diameter of Stem

Mean stem diaméters of tress in_different cultures at the end of
the experiment are presented in Table 53. The rate of application of
. colloidal phosphate produced very significant differences in stem diame-
ter. Mean diemeter increamsed with an increase in the amount of soil amend-

ment used. The mean stem diasmeters of trees in the 1.0 C. P., 5 C. P., and
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Teble 52. =--Mean number of branches per tree, 8, 10, 15, and
20 weeks after initial treatment, Experiment I,

19LL=L5
N Time alter initial treatment
3 O weeks 1 10 weeks 1 15 weeks 1 20 weeks
Treatment 3 Branches per tree = number
, 3 : 3 : )
0.5 CoPe 2 1l.%2 : 2.40 3 3.45 3 3450
: s : : : :
1,0 C.P. H 1.92 H 2072 H 3.70 H 3.70 h
: 2 : :
5 C.P. : 1.80 : 2.62 : 3.80 : 3,80
, s : 3 3
25 C.P. : 2.75 s 3,60 ' Lh.32 3 L.32
: : H : s ‘
1.0 .CoPo (S) $ . 1072 s 2.27 $ 2.88 H 2.88
s : : s
Check : 0.82 3 1.L2 : 2.10 : 2.12
, : 3 : :
Standard : ‘ s : :
deviation : 0.2 s 0,20 : 0.3 . . 0.3L
: H H s s -
Difference be-: : 3 :
tween treat- H $ H
ment means to 3 ] H
be significants 0.76 s 0.65 : - : -
at 5 and 1 s 3 , s H
percent t 1.09 3 0.94 : - : -
F value . - : 3 : :
treatment : 6.2 6.63% 3 1.1 s -

*Significant at 5 percent.
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Table 55. --Mean stem diameter of trees receiving different
treatments in Experiment I, 19Lli=L5

H s Treatments superior to
: Diemeter of 3 treatments in column 1
Treetment : stem~ mm. 3 at 5% : at 1%
0.5 C. P. : Lheoh : .2 1.0 C.P.
s 1 $ 5 CePe, 25 C.P,
s : :
1.0 C. P. H )-I-OLI-B H H 25 C.Pe.
3 H :
5,00 P. H hcsh H H 25 C.P.
: 3 :
25 Co P : Le.g8h s :
s 3 2
1,0 C. P. (S) H Ll-o}h- ) 5 C. P. : 25 C.Pe
s : s :
Check K 3.9 : s All others
. o : .
‘Standard : : s
deviation s 0.05 : s
: : s
Difference between : ! H
treatment means to be @ 0.16 : :
significant at 5and 1 : : H
percent 3 0.2% H 3
t s s
F value treatment s 21.88%x :

**3ignificant at 1 percent.
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25 C. P. cultures were very significantly larger than those in the 0.5

C. P. treatment; and those in the 25 C. P. culture were very significantly
larger than those in the 1.0 C. P. end 5. C. P. cultures. The mean stem
diameters of trees in all colloidal phosphate treatments were very signi~-
ficantiy lérger than thbse of the check treatment.(Figé. loland 11).

Stem diameters of trees in the 1.0 C. P. (8) treatment were exceeded
significently by those of the 5 C. P. and_25 C. P. treatments. The mean
stem diameter of the trees grown in the one-ton surface-aepplied colloidal
vphosphate culture was not significantly differént frém that of the trees
grown in the culture in which the one=-ton applicetion of colloidal phos-
phate had been mixed in the upper 4 inches of soil.

Dry Weight of Shoot, Root, and Entire Tree,
and Root-Shoot Ratio

The maah weights of the shoot, root, and entire tree and the root-
shoot ratios of trees produced by the various cultures are shown in Tables
Sh, 55, and 56. Comparisons of the trees from the different cultures
are shown elso in these tables. Small weight increases are evident in
the shoot, root, and entire tree with each increase in the amount of
colloidal.phosphate in the culture. The increases in weight are not
proportional to the increases in the amount of éolloidél phosphate in the
cultures. The greatest relative incréase in weight of shoot and entire
tree occurs with an increase of only 0.5 ton between the 0.5- and 1.0-ton
levels, which results in 10 percent increese in shoot weight and a 7 percent
inerease in weight of entire tree. An addition of 20 tons of colloidal

phosphate, increasing the total quantity from 5 to 25 tons, results in an

18 percent increase in shoot weight and a 13 percent increase in weight of

entire tree. The definite superiority in weight of shoot, root, and entire
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Table 54, --Mean shoot weight and comparison of these
weights by treatments, Experiment I

19Lk=L5
: : Treatments superior to
: Weight of treatments in column 1
Treatment $ shoot=gre. at 5% s at 1%
‘ 3 : ' :
0.5 C.' P. H 1051 H 5 C. Po 3 25 C. P.
: : :
1.0 C. P, : 1.66 : : 25 C. P,
SC‘ P. : 1076 : H 25 C. Pe
s 3 1
25 Cs P : 2.07 : )
' _ : : :
1.0 C. P. (S) H 1060 H 3 25 'C. P.
3 : 1
Check : 1.1 s 1.0 Co P« 3 5 C.P., 25 C.P.
' H H H
Standard H 3 ]
deviation : 0.07 s :.
‘ : ] H
Difference between 3 . 1 s
treatment means to be : 0,22 : :
significant at S and 1 H :
percent ' ] 0.31 : ]
F value treatment H 3 :
3 12,05%x s 3

*+3ignificant at 1 percent.
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Table 55. =-liean root weight and comparison of these weights
by treatments, Experiment I, 19lli-l5

Treatments superior to

: :
1 Weight of ] treatments in column 1
Treatment t root=gr. at 5% : at 1%
3 3 3
005 C' Po H 1027 b4 5 Co.Po : 25 Co Po
- : 3 _ s .
1.0 Cc'Po H 10@ 5 Co Pov H 25 Qo Po
s s :
5 Co P. H 10)—'-7 H 25 C. Po' }
o3 4 3 :
25 Co Po : 1.69 3 :
: $ 1 K ‘ ,
1.0 C. P. (S) H 10)45 $ 1.0 C. P. 4 25 Ce. P.
: ) ) ’ H $ '
ChGCk $ 1.19 $ H 1.0 Ce Ps (S)’
: H H 5 COP.’ 25 C.P.
. H $ H
Standard 3 H H
deviation 3 9.05 _ : :
3 H 1
Difference hetween 8 H F
treatment means to be s 0.16 : :
significant at 5and 1 H H
percent : 0.24 s 3
s 3 3
F value’treatment 3 1l Bk 3

‘**3ignificant at 1 percent
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Table 56. --liean weight of entire tree, root-shoot
ratio, end comparison of weights by treat-
ments, Experiment I, 19,415

:t Welght ofs Ireatments superior to

1 entire : treatments in column 1 : Roote=shoot
Treatment t tree =gr.s at Y 3 at 1% : ratio
s s 3 3
0.5 C. P. s 278 + 5C.Pe ¢ 0.84
’ ] H : 25 C.P. )
3 H H
1.0 C. P. s 2.95 3 5C.Pe ¢ 25 C.P, : 0.78
1 3 : 3
5 C. F. H 3023 : H 25 C.Pe H O.BLI,
: : s s s
25 Co P. 1 3.6 : :  0.82
3 s i s
1.0 C. P. (S) - 3005 : . H 25 C.P. H 0091
3 H H 1.0 C.P. .
3 : - : ‘
Check s 2,60 : 1.,0C.P.(Sk 0.85
H H 3500P0, 25C.P'
3 : H 3
Standard 1 ] : :
" deviation’ s 0,07 3 s 0.04
H 3 3 1
Difference between H H : 3
treatment means to s s s 3
be significant at 5 : 0.2} 3 : )
and 1 percent :  0.3h 2 3 3
_ 3 3 1 s
F value treatment t 3Te2%%x 3 : 0.2

**Significant at 1 percenf.




- 128 -

tree of trees in the 25-ton colloidal phosphate treatment is evident in
Tables 54, 55, and 56. Trees from this treatment were very significant-
ly heavier in all weight features. to trees from all except one culture
containing smaller quantities of colloidal phosphate, and in this one case
(root weight of trees in the 5 C. P. culture) the roots were'significantly
heavier (Figs. 10 aﬁd 11). The 5-ton treatment produced trees of signifi-
cantly greater top and root weight and of very significantly greater total
weight than the O.5-ton treatment,vand of significanfly greaﬁer root and
tobal weight than the 1.0-tonm treatment.

The differences in all weight features between the trees from the check
culture and the 5 C. P. and 25 C. P. cultures are very sigpificant. In no
instence were trees of the 0.5 C. P. treatment significantly’heavier than
trees of the check culture. The trees of the 1.0 C. P. cultures are sig-
nificantly superior in shoot wgight and very significantly superior in
total weight, and those of 1.0 C. P. (S) treatment are very significantly
superior in root aﬁd'total weight to trees of the check culture.

There is no significént diffefence in any of the weight cetegories
between the trees of the two different l-ton colloidal phosphate treatments.

Significant differences in root-shoot ratio do not exist between

the trees of any of the treatments.
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Summary of Results

Slash pine seedlings responded to soil treatments involving colloidal
phosphate applications ranging from 0.5 to 25 tone per acre. The amount
of response varied with the amount of colloidal phosphate used and with
different tree characteristics, and was not alweys significant. Only the
25-ton culture caused enough response in stem growth to yield a signi-
ficant difference in stem length at the end of the experiment between it
and all except thé G-ton treatment. The difference in stem length between
trees in the 15-ton.and 25-ton cultures did not fall far short of being
significant, however.

In branch development, trees in the 25-ton culture took the lead
immediately. At 8 weeks, this culture had produced significantly more
branched trees and significantly more branches per tree than any other
culture. It maintained this advantage in number of branched trees at 10
weeks, but had lost it by 15 woeks. At the end of the experiment, all
treatments had produced a high percent of branched trees and a large number.
of branches per tree. In the last feature all colloidal phosphate cultures
surpassed the check culturs, although not significantly, end the 25 C. P.
culture ranked highest. ‘ |

Differences in stem diameter end total weight were rather consistent-
ly related to the amount of colloidal phosphate added to fhe soile As the
amount of this matsrial was incresased, diametér of the stem and weight of
tree increased, although not proportionately. The trees in.the 25-ton
bulture had significantly larger stems and greatér weights than.those in all
other cultures.

Root-shoot ratio was not significantly affected by amount of colloidal
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phosphate in the culture.

The 25-ton treatment produced the best trees but in many respects
trees from this culture were not significantly superior to those from the
5=-ton culture.

'-Colloidal phosphate applied to the surface of the_soil at a rate of
1 ton per acre produced about the same effect on the trees as the same
qﬁantity of fhis material mixed in the upper ) .inches éf soil.

When the treses were rated by the composite tree index scale, (see
Table'h8) values of L2, 6.8, 8.2, 11.3, and 8.3 were'secured for-trqes
in the 0.5 C. P., 1.0 C. Pe, 5 cv. P., és C. Pe, and 1.0 C. P. (8) tre.at-
ﬁants, respéctively. The value of 11l.3 for:the 25 C. P. culture is com-
parable to the 11.0 for the 20 C.‘P. +(ux)15ﬁK culture of the 1943-4l

. experiment.

s
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Experiment II

The analyses of variance of all tree characteristics in this experiment
are based on the six cultures involving different quantities of PpOg raenging
from O to 480 pounds per acrs.

Soil Treatments

The character of the soil treatments is shown in Table 57
Length of Stem |

Mean lengths of stemé at threse 5-week interﬁals for trees in each
treatment are presented in Table 58.. Differences in stem length between
treés in verious treatments are very small and not significent at'any time
in the experiment. No trend is even indicated. Only one treatment pro-
du;ed trees with longer stems than the check, but the difference in stem
lengtﬁ befween t;ees of these-two cultures was never more then 7 percent.

It is noteworthy that the various treatments maintained their relative
positibﬁs in stem length throughout the experiment, that is, the treﬁtment
which ranked lowest at 10 weeks held the same position at 15 and 20 weeks,
and the one which ranked highest at 10 weeks held that position at 15 and 20
woeks.

Increasing the amount of phosphdrous in the soil did not affect stem
growth (Figs. 12 and 13).

Bfanch Development

Braﬁch development as expressed by number of branched trees and number
of branches per tree is shown in Tables 59 end 60. Differences betwsen
cultures in number of branched trees are evident throughout the experiment,
these differences becoming progressively more pronounced from the fifth to
the fifteenth ﬁeek, the differences being significant at 15 weéks- Af that

time the 2L ,0P culture had produced very significently more branched trees
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Table 57. ==Type and time of nutrient
application in Experiment II,

19Ll=l5
: Applied prior to
) planting
Treatment 3 P205
No. ¢ Designation Pounds per acre
7 30p s ' 50 o
8 60P ) 60 i
3 :
9 120P 3 120
H] ' ]
10 s 2,0p : 210
3 :
11 Lsop : L/80
: 3
12 Check 3 -

Table 58. --Mean length of stem 10, 15, and 20 i
weeks after initial treatment, .
Experiment II, 19L4-45
3. Time after initial treatment
‘ 1 10 weeks 3 15 weeks 1 20 weeks ’
Treatment ) Length of stem - mm. .
! o f : .
30P 3 4.5 : 51.0 : 104.0
1 3 ' : i
60P H 1)4..2 ] Ll»BOS H 9508
3 H H .
120P : 14.5 : 50.0 : 101.8 - i
: : : A 3]
2L,0p : 13.5 : Léy : 90.5
: 3 ] "
L,80P : 16.3 : 543 : 106.7
: ] :
Check : 15.2 : 52.6 : 106.4
3 3 3
Standard 1 s s
deviation s 0.9 : 2.8 : 5.6
F value 3 R : N ‘ _ i
treatment : 1.1 : 1.13 : 1.33 i
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then the 60P culture end significantly more than the check culture. The
LBOP culture had produced significantly more branched trees than the 60P
culture. There appears to be a tendency toward a gradual increase in
number of branched trees with an increase in the amount of phosphorous in
the éulture up to 2,40 pounds of P20g, after which there is a drop.. This
trend is somewhat confused, however, by the behavior of the trees in the
60P culture.

Differences in nﬁmber of branches per tree‘between,the five treatments
were at no time significaﬁt, but came nearest to being so in the earlier
stages of the experiment (see F values, Table 60). The heavier applica-
tions of phosphorous tended to stimulete branching, but as time elapsed, the
trees‘in the cultureé receiving lighter applications recovered from fheir
early disadvantage. Trees in all cultures receiving supplementary phos-
phofous had more branches per tree than those in the check culture at the
end of the experiment, but differences between'treatments were not signi~-
ficantf

Stem Diameter, Dry Weights, and
Root-Top Ratios

The mean stem diameter, dry weights, and root=-top ratio of trees
in each treatment of Experiment II are shown in Table 61. Differences be-
tween treatment means in all five categories included in Table 61 are small,
and in no case are they significant. Although in stem diameter and the three
weight categories the L48OP culture yielded trees superior to those in the
other phosphorous cultures, only in diameter is a consistent trend in the
values evident, the diameters showing a gradual increase with increases of
phosphorous in the culture. However a significant difference in diameter

does not exist between any two treatments means.
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Table 59. --Number of branched trees 5, 8, 10, 15, and 20
weeks after initial treatment, Experiment II,

19UL=L5

: Time after initial treatment
t 5 weeks 1 O weeks 8 10 Weeks & 15 weeks 1 20 weeks

Treatment Branched trees -~ percent of total
s 1 3 : 1
30P : 5.0 3 22.5 3 22,5 3 27.5 s 30.0 .
' ] ] 3 ] ]
60P : 0.0 : - 12.5 : 12.5 12,5 : 20.0
: [ 3 ’ 3 s | :
120P : 25 s 15.0 t 20.0 s 325 s 37«5
: 1 3 ] 3
. 24oP T 2.5 :+ 15,0 : hs.0 s 47.5 K L7.5
.2 ] ) ¢ K3 ,
;80P 3 5.0 s 32.5 s 32.5 3 37.5 2 3T7.5
: : 1 : i : ]
Cheock H 500 H 1705 H 20.0 : 2205 3 30.0
] 3 : s ]
Standard : $ 3 H s
deviation $ 302 H 7-8 H 708 3 700 $ 702
$ 3 ] 3 :

. Difference 3 ] 3 ]
between : ] H 3 H
treatment @ s s ] 1
means to be: $ : s 2l.6
significant: H s s t
at band 1 : H H : ]
percent : 3 : 3 3043 :
¥ wvalue ' _ s. : 3 l
treatment : 0.L3 : 2,60 3 2.57 Z11% 3 1.98

#Significant at 5 percent
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Table 60. ==kiean number of branches.per tree 8, 10, 15,
and 20 weeks after initial treatment, Ex-
periment II, 19L4-45.

Time after initia}ﬁﬁyeatment
8 weeks : 10 weeks : 15 weeks 3§ 20 weeks

:
Treatment ; Branches per tree - number
40P : 0.25 : 0.55 : © 0.68 : 1.05
60P : 0.12 : 0.30 :. 0.65 : 0.85
120P : 0.15 : 0.30 : 0.52 : 1.00
2lop : 0.45 : 0.70 : 0.78 - : 0.78
1,80P . o2 T 02 4 0090 1 1.02
Check ' 0.5 1 0.38 2 052 5 0.63
Standard deviation y 0.2 4 0.l 2 0.9 3 0.8
F value treatment : 1.0, : 1.89 3 0.48 : 0.25
Table 6l. --Mean sfem diameter, dry weight, and root-shootA
retio in Experiment II, 19LL-L5
¢ Diameter Dry weight :
$ of stem : Shoot s Root T Total tRoot=~Shoot
Treatment 3 m. s grems 3 Retio
30P : 3454 : 1.29 : 0.7k : 2.03 : 0.57
60P : . 3.58 : 1.16 : 0.72 : 1.88 : 0.62
120P s 3L 1 125 6.78 : 2.03 : 0.62
0P+ 365 1 109 5 076 195 1 0.4
hsop 3.70 ¢ 133+ 082+ 215 & 0.62
Check : 3.56 : 1.26 0.75 : 2.01 : 0.60
Standard : : | : ) : :
deviation 0.07 2 0,07 3 0.0 3 0.12 : 0.03
F value 3 : 3 : :
treatment 3 0.73 0.82 1.07 0.8 '+ 0.t
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Summery of Results

Varying the amount of Fp05 in the soil cultures from 30 to 480 pounds
had little effect on young slesh pine seedlings. Only in one tree character-
istic~- number of branched trees- was there a temporary significeant differ=-
ence. Stem diameter showed the most consistent relationship to the amount
of phosphorous in the cultures, stem diameter increasing with increases
in quantity of phosphorous. However, the increases in diameter are not
proportional to the increaseé in'phosphorous, and the'differencés in stem
diameter bétween trees in different-treatments are not significént.

Slash pine seedlings fa;led to respond to varying amounts of phos-
phorous alone. Rated by the composite tree index scale, the 30P, 60P,
120P, 240P, and LBOP cultures have values of =0.2, =0¢3, 05, 0.2, and

1.5, respectively.
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Experiment III

Soil Treatment

The type and time of nutrient applieation in each treatment is shown
in Table 62.

The enalyses of veriance are based on the twelve treatments involv-
ing the use of various quantities of P20g with~and without uniform amqunts
of other nutrient elements. The treatment effect can be broken down into
three partss (1) effect of varying quantities of P205 in tregtments;

_(2) effect of different nutrienﬁ elements used in combination with phos-
phorous; and (3) the effect of the interaction between the gquantity qf
phosphorous and the nutrients used in combination with it. These three
categories are referred tolin the tables and text as "rate", "combingtion“,
and "rate x combination™, respectively.

The ﬁean values of different charascteristics of the trees in the check
treatment are shown in all tables for comparative purposes.

Length of Stgm

' The mean leongths of stems of trees at different periods of time after
the initial treatment are presented in Table 63. As shown in the table,
there were no significant differences in stem length between different
treatments, between various rates at which phosphorous was applied, be-
tween various combinations of nutrients used to supplement thé phosphorous,
or between the interaction between the last two factors.

Actggl differences in stem length of trees in variousAtreatments were
very small fhroughout the experiment. The meximum differenée between two
cultures at 10 weeks (6OP and L4BOP) was 15 percent, and at 20 weeks was 11.3

percent. All treatments did not maintain their relative positions throughout




Table 62. --Type and time of nutrient application in Experiment III,.

19LL-L5 |
: Time of nutrient application B
: Prior to planting ¢ 5 weeks after s+ 10 weeks after K 15 weeks after
3 1 planting s __plentin 2 plantin
Treatment 3P205 N K20 Ca N K20 ) N %20 : N K%
No. : Designation Pounds per acre
3 1 s s )
8 ¢« 60P 1+ 60 = - - 3 - - : - - : - -
H H H H -8
9 : 120P 1120 = - = 3 - - : - - s - -
: B H : : : :
11 : L8BoP 80 = - - 3 - - : - - : - -
3 . ? : . :
12 : Check t= - - - : - - : - - : - -
H H H H ¢
13 s . 60P-K 1 60 = 15 - : - 15 : - 15 : - 15
3 s : H s
1, : 120P-XK 1120 - 15 - : - 15 ) - 15 Fl - 15
3 H H : 3
15 1 LBOP-K 80 - 15 - - 15 - 15 s - 15
] H H L 38 H
16 : 60P-NK s 60 15 15 - 15 15 : 15 15 s 15 15
: H ] : :
‘17 : 120P-NK 1120 15 15 = : 15 15 : 15 15 : 15 15
$ ] ] i : s
18 : LBOP-NK 480 15 15 - 15 15 : 15 15 3 15 15
3 H H H : '
19 60P=-Ca NK 3 60 15 15 200 : .15 - 15 s 15 15 : 15 15
1 ] : ‘ $ :
20 s 120P=Ce NK 3120 15. 15 200 15 15 : 15 -15 e 15 - 15
s 3 3 s , : :
21 : LBOP-Ca NK s480 15 15 200 1 3 15 15 s 15 15

15 15

- g¢1 -
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Table 63, ~-=Mean léngth of stem 10, 15, and 20 weeks
after initial treatment, Experiment III,

190=145

Time after initiel treatment

10 weeks .3 15 weeks : 20 weeks

H
Treatment : Length of stem - mm.
60P : 1.2 : L8.5 : 95.8
- izoP ': 14.5 ': 50.0 : 101.8
L,8op : 16.3 : 5.3 : 106.?
60P-K : 15.L - : L9.8 : 100.4
120P-K ) 15.7 : 9.5 : 99.1
L180P=K : 15.1 : L9.2 : 100.3
60P-NK : 16,1 : 50.8 : 99.0
JooP-NE 15 7.0 1 98.1
L80P-NK : 15.8 : L9.2 : 9645
60P-Ca NK : 16.1 : L8.2 : 97.2
120P=Ca NK : 1.8 : U7.3 : 97.L
1,80P-Ce. NK : 15.7 : 49.7 : 101.9
Check : 15.2 ,: 52.6 : 106.L
Standerd : : :
deviation ] 0.9 t 27 3 5.1
' 32i2° treat-: 0.68 : 0.149 :' 0.2
F value rate : 0.71 : 0.71 : 0.51
F value com- : : :
bination 3 0.65 1 0.50 0.L49
H $ H
! :2;§§n:::§nx: 0.69 : 0.65 : 0.140
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the experiment. The trees in the L8OP treatment had the longest stems on
each observation date, however. The trees in the cultures containing ni-
trogen and potassium and in those containing calcium, nitrogen, and po-
tassium had somewhat shorter stems than trees in most other cultures at the
end of the experiment, whereas trees in some of the former cultures had
longer stems than those in the latter treatments at 5 weeks.

When the mean stem lengths of the trees in the twelve cultures of
Experiment III are compared with the mean length of those in the ‘check
treatment, it is obvioug that the supplemental nutrients were not effectivu
in stimulating stem growth. On the contrary, in all except one instance,
they had e tendency to.have a deéressing effect on stem growth although the

effect was not significent (Figs. 1y, 15, 16, 17).

Branch Development

Branch devélopment as expresssed by the proportion of branched trees and
by number of branches per tree is shown in Tables &l and 69. Table &l shows
a wide range in the number of~branched trges produced by different soil treat-
ments, and except for 5 weeks after the iﬁitial treatment, the differencos
between treatments were very significant. The rate at which phosphorous was
used as well as the combination of nutrient elements used with phosphorous

ppoduoed either significant or very significant differences in the number of
branched trees.

The influence of rate at which phosphorous was used on the number of
br@nchod trees is brought out effectively in Table 65. As the amount of
phosphorous was increased, the number of branched treee increased. An
anlaysis of this table reveals that the L80-pound rate was very significantly
superior to the 60-pound rate in number of branched trees produced. The

former rate was significantly superior to the 120-pound rate at 8 weeks and

very significantly superior at 10 weeks, but lost the advantage later.
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Teble Oi. --The number of branched trees 5, 8, 10, 15, and 20
- weeks after the initial treatment, Experiment III,

19LL=0s5

Time alter initiael treatment
5 weeks : 8 weeks s 10 weeks s 15 weeks 3 20 weeks

H 3
1019 3 1th|. 3 0092

F value rats

X combinations 1.81 t 0 1.29
*3ignificent at 5 percent.
**Significant at 1 percent,

:
Treatment s Branched trees - percent of total
‘ H H ‘ H H : s
6OP H 0.0 : 12'5 H 1205 H 1205 ¢ 2000 )
: : : ] s
120P B 2.5 H 1500 H 20.0 H 3205 H 3705
H H H H ) H
LLBOP H 5.0 t 32-5 H 5205 H 37'5 H 3705
, 3 3 s : 3
60P=K 1 0.0 : 17.5 ¢+ Lo.0o 2 W75 2 L7.5
3 ' : s : 1 :
120P"K H 205 H 3205 : 3500 H }_L205 H LL5.0
3 ] ] : H
1,80P=X t 2.5 1 22.5 : 37.5 3 L2.5 ¢ L5.0
s H H 3 ‘ H
6OP-NK H 705 H 3500 H ,4-000 H . 5000 H 5000
: B : i 3 : s
120P=~NK s 10,0 : 35.0 : 52.5 : 55.0 3 57.5
3 H : ) 3 3
L,80P-NK s 17.5 ) 60.0 s T2.5 : 75.0 : 75.0
T s 3 3 s
6OP"CB. NKg 7.5 H 52.5 : 55.0 H 5705 H 60.0
H H H H H
120P=Ca NK: 12.5 :+ 50.0 : 60.0 3 65.0 3 70.0
H H $ H H
hBOP'Ca NKS 2205 H 7000 H 8090 H 8000 H 80.0
3 : 1 3 : [
Check s 510 . H 17.5 H 20,0 H 22.5 H 3000
s H H ] ]
Standard : H H 3 ]
deviation 3 5.6 : 6.8 - 3 7.0 6.8 7.2
H H 3 ' H ]
Difference 3 : : : s
between H 3 H ] ]
treatment H H H H
means to bes =. s 20.0 ) 20.1 3 19.6 :+ 20.7
significant: : 3 H H
at Sand 1 : 3 _ : : s
percent 3 - .8 2609 $ 2700 H 26.,4- H 27.8
¥ value : : ' 3 s )
treatment H 1.80 $ 7 062** 3 8, 17** H 7 o,-l.é** $ 5078**
F value rate 2.77 : 6.21%% 3 T o TO% g 6.20%x Lye3ly%
F value coms $ ] : :
binsetion ¢ 1.12 t 2l 22,L,6%* ¢ 20.3hxxs  16.147%x
: s
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Table 65. --The number of branched trees 5, 8, 10, 15, and 20
weeks after initial treatment in relation to rate of
phosphorous application, Experiment III, 19L4L-}5

Time after initiel treatment

1 5 weeks {':8’weeks s 10 weeks ¢ 15 weeks 3 20 weeks
Rate 3 Branched trees - percent of total
H ] H H ] '
60 - H 308 . H 28-1 H 36.9 H L}»log 3 )4}4.’4
3 H 3 : 1
120 H 705 H 3501 .8 Ll-log H LI.B.B $ 52.5
' : : : 3 : ‘ s -
L180 s+ 11.8 s L5.0 s 55.6 :  58.7 s 99U
: ' : : 3 s
Difference : : ] H :
between s -3 s s :
rate means 3 H s H : ]
to be sig~ 3 s 10,0 s 10.0 : 9.8. : 10.4
nificant at: s H : H :
5 and 1 perss 3 : H :
cent. 3 : 13.5 3 13,5 3 13.2 s 13.9

Table 66. --The number of branched trees 5, 8, 10, 15, and 20
weeks after initial treatment in relation to com=
bination of elements used with phosphorous, Experi-

ment ITI, 194-L5

Time after initial bLreatment
Sweeks 1 B weeks 1 10 weeks 3 15 weeks 31 20 weeks

Combination

:
) Branched trees - percent of total
) 1 ' s 3 ]
P H 205 H 16~6 H 2107 H 2705 H 5107
' s : s 8 3
P-K H 107 H 24-02 4 3705 $ ,4}4.2 H LI-SQB
3 : H : s
P=NK 4+ 11.7 s L3.3 t+  55.0 s 60.0 : 60.8
H H : : H ]
P=CaNK: s 1.2 s 957.5 3 65.0 3 67.5 ) T70.0
3 ] : s :
Difference 3 3 : : 3
between coms ] H H H
bination s : 3 , 3
means to bes s 11.6 s 11.6 :  11.3 : 12,0
significants $ H s 3
at 5and 1 s 3 H g :
percent 3 s 15.5 1 15.5 : 15,2 s 16.1
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Table 67. =-A comparison of the effect of various nutrient com=-

binations on the number of branched trees in Experi-

ment III, 19LL-L45

Combinations ;gpefior to combinations in column 1
Time after initial treatment
O weeks 3 lO weeks 1 1H weeks 1 20 weeks

Combination 3 at Ghs at 1%: at hs 8t 15t 66 Hbt 66 1%i 8t bt 8t 1%
] H ] H ] 3 ‘ H H ' '
] -3 P=NK 3 P-NK 13 s P=K s P=-NK
3 1P-CaNK 1P-CaNK: st P=-NK ¢ P-K 3

P : H s H 3 tP-CaNKs - tP=CalNK
: s 1 s ] s : :
H s P=NK 3 s P=NK 3 : P=NK : H

P-X H 1P=CalNlKs sP=-CallK3 :P=CalNKs P=NK:P-CaNK

' ] 3 3 t 3 s g

P=NK +P=CalKs

:

P-CaNPK

: 3 3
1 : :
g $ 3 3
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Table 68. --Comparison of number of branched trees at 8
and 20 weeks by treatments, Experiment III

1944-U5
3 Time after initiasl treatment
¢ 8 weeks 3 20 weeks
3 Treatments superior to treatment in column 1
Treatment s at 9% 2 at 1% t at 9% N at 1%
H : T ) :
: s60P=NK,120P=NK 3 $60P=NK, 120P=NK
: s},B80P=NK, 60P-CaNK :60P=K 114BOP=ITK , 60P=-CaNK
: $120P=CaNK $120P-K 1120P=-CaNK
60P +180P,120P-K :1;80P-CaNK :1180P=K 21),80P=NK
s ] 3 3
3 sL1B0P=-NK, 60P=CaNK 3 :L480P=NK , 60P=CalNK'
s60P=NK :120P=-CalNK : 1120P=-CallK '
120P 1120P=-NK - 31,80P=-CaNK 3 s1480P=CaNK
: H ’ s ]
s : s s1180P-NK, 60P-CaNK
:60P=CaNK :1180P=NK $ 1120P-CallK
L,80P ¢120P-CaNK  3/;80P=CaNK ' 1480P-CaNK
H : $ H 3
3 sLLBOP-NK, 60P~CaNK 3 :
: :120P=CaNK C 11180P=NK
60P=-K s +,80P=-CaNK : 1,80P=CaNK
H H H $
s 60P~CaNK +180P-NK "3 . sLLBOP=NK
120P-K :120P-CaNK  :LBOP=-CaNK : :1480P~CaNK
s H 3 H , '
: :/,80P-NK, 60P-CaNK :480P=NK , 60P~-CaNK
) 3 $1120P=CalK s $120P-CalNK
LB8oP=-K : 11;80P-CalNK s :1,80P-CaNK
H H H H
60P-NK  3L80P=NEK ¢1;80P=CaNK 3 +1BOP=CaNK
H H H 3
120P-NK +180P-NK . 31,80P=CalNK s :
: H : H
L,80P-NK : 3 s :
H 3 $ H
60P-CallKk 3 3 : :
$ H $ 3
120P-CaNK :l;80P=-CeNK s :
H H H 3
L480P~CaNK 3 ) ) s
H H H 3
: :[i80P=-NK,60P~CalNK 3 :1;80P=-NK , 60P~CaNK
2 1120P=CalNK s :120P=-CaNK
Check 3 1),80P=-CaNK 3 :1i80P=CaNK
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The influence of the elements used in combination with phosphorous

on the number of brenched trees is shown in Table 68. As the number of
elemonts used in combination with phosphorous was increased, the number

of branched trees increased. The addition of potassium did not cause enough
increase in number of branched trees to result in a.significant différenoe_
ﬁetween_the P and P-K treeatments during the first 10 wesks, but there-
after the difference was significent. This and other relaﬁionships are
evident in Teble 67. When nitrogen or nitrogen and calcium are included

in the nutrient culture;ﬁthe number of branched trees'ﬁecomes significapfly
greater than when only phosphorous or phosphorous and potassium make up the
nutrient culture (Fig. 15). The P-CalNK cultures are only temporarily sig-
nificently superior in numbers of branched trees to the P-NK cultures at 8
weeks.

An examinstion of the data on number of branched trees by individual
treatments in Teble &l also hears out the relationships discussgd in the
foregoing paragraphs. Comparisons of the effect of various soil treatments
on the number of branched trees on two dates are presented iﬁ Table 68. The
relatipnéhips between treatments on the two dates are similar. In general,
there are significant differences iﬁ number of branched trees betwgen fewer
treatments at 20 weeks than at 8 weeks. This signifies that although branch-
ing wes slow in being initiated by somg ocultures, the deficiency in number
of branched trees was overcbma somewhat with the passing of time. Parti-
cularly evident in Table 68 is the general supsriority in number of branched
trees of the cultures that received supplemental nitrogen and potassium.

Table 69 shows much variation through the experimént among the
different soil treatments in the number of branches per tree. The differences

are greatest t&h the early stages of the experiment. At 8 weeks the L80P-CENK
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Table 69. =-The number of branches per tree 8, 10, 15,
and 20 weeks, efter the initial treatment, Ex-
periment III, 19LhL=L5

Time after initial Greatment

between treste
ment meens tot

:
s O weeks s 10 weeks ¢ 15 weeks t 20 weeks
Treatment ] Branches per tree = number

s : 3 3

© 60P s 0.12 s+ 0.30 1 0460 s+ 0.85

s s : ] :

120P 3 0.15 H 0.30 : 0.52 s 1.00
: s ' 3 3 : ]

LLBOP H Ooh-2 $ 0072 H 0.90 H 1002
3 : : ']

60P=-K : 0.35 s 0.82 $ 1,08 3 1,08
3 s 3 :

120P-K ] 0.38 3 0.70 ) 1.00 g 1.18
: ] : :

LLSOP"K H O. 30 H 0 078 1.12 3 1l .'60
H : 3 s

60P=NK : 0.52 3 0.78 $ 1.00 3 1,12
t H : 1

120P=-K ] 0.48 3 0.80 ') 0.98 ) 1.15
3 , 3 1 :

LL,BOP=NK 3 1.42 ) 2.08 : 2.28 : 2.35
3 : : H :

60P=Ca NK: . 2 l.12 1 1.60 3 1.82 s 2.00
. 3 3 : :

120P-CeNK. 3 0.98 s 1.30 : 1.65 : 1.75
: 3 3 3 :

L,80P~Ca NK: 1 1.55 H 2.15 s 2.52 : 2435
3 : 1 3

Check 3 0.25 s 0.38 ) 0.52 3 0.68
. H 3 3 H
Standard 1 3 s :

deviation t 0.18 3 0.21 s 0.22 : 0.9
s H 3 s
Difference [ H 3 3
: 3 3
3 s H
3 ] s
3 H 1
: : t

be Signifi- H 0052 0062 0.79 0085

cant at 5 ands

1 percent 3 0.70 0.83 1.06 1l.12

¥ value treabs ] H H

ment s T30%% 3 BoBlmx L.BLks 3 Li5%%
3 ) td : t

T value rate i 6.93%% ¢ 10.82%x 3 b6.i6xx 5.08%
1 : s t

F value com~ ¢ H ] 3

bination 3 18.62¢% 1 18.98%% 3 11,39%x T 074

: s 3 3 , g
F value rate 3 ] : H
x combinations 1.76 s 2.18 s 1.03 : 0.92

*Significant at 5 percent.
*#8ignificant at 1 percent.
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culture (greateétvnumber of branches) had produced trees with neafly thir-
teen times as many branches per tree as the 60P culture (lowest number of
branches)e At 20 weeks, however, trees in the former culture had approximate-
ly three times as many branches as trees in the letter. Similer, although
less pronounced, trends are evident in other treatments.

Meean number of braﬁcﬁes per tree at various times in relation to rate
of application of éhosphorous is presented in Table 70. An analysis of
this table reveals that trees in the L480-pound-application cultures hﬁd very
significantly (or significantly) more branches per tree thén trees in either
the 60=-pound=- of 120-pound-;application cultures throughout the experiment.
There were no significant differences in number.of branchesbper tree be-
tween the 60- and 120-pound-application cultures.

Mean number of branches per tree at various times in relation to
combination of elements used with phosphorous is presented in Table 7l.
Distinet differences in mean number of branches are evident between cul-
tures containing different combinations of supplemental nutrients. The
greatest differences are between the P end P-CaNK cultures. At 8 weeks,
the latfer had produced trees with more than five times és many branches as
the former, and at’ 20 weeks, with more then twice &s many. Differences be-
tween other combinations are less pronounced, although as shown in Table
72, many of the differences are either significent or vefy significant. In
all four combinations, relative differences in number of branches per tree
decreased with elapsed time; but the differences in terms of actual numbers
of branches were nsarly the seme at 20 weeks as at 8 weeks. The pronounc-
od effect of the inclusion of nitrogen end calcium in the nutrient treatment
on number of branches pervtree is evident in Taeble 72. It is noteworthy that

the P~CaNK cultures produced significantly more branches psr tree tham the
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Table 70, ==-Number of branches per tree at different times
after initial treatment in relation to rate of
phosphorous application, Experiment III, 19LL=L5

Time after initial treatment

)
3 8 weeks 1 10 weeks 1 15 weeks s 20 weeks
Rete ) Branches per tree = number
3 : : :
é0 : 0.53 s 0.88 ° s, 1.19 t 1.26
s : g _ s
120 3 0.49 s 0.78 3 0.98 3 1.27
3 : s :
L8o : 0.92 s 1.L3 s 1.66 [ 1.83
: H : : 3
Difference : : H 3
between rete s t : 1 :
means to be 3 0.26 3 0.51 s . 0.37 : 0.L42
significant : 3 3 H
at 5and 1 3 H 3 : s
percent : 0+35 : 0.42 : 0.50 : 0.56

vTable 71, ==Number of branches'per tree at different times
after initial treatment in relation to combina=-
tion of elements used with phosphorous, Experi-

ment III, 19LL-L5.

Time aiter initial treatment

3
t+ 8 weeks ¢ 10 weeks t 15 weeks s 20 weeks
Combination 1 Branches per tree - number
3 1 3 1
P 3 0023 $ o.hll- H 0068 R 0096 »
H : 3 : H
P-X s 0.3h : 0.77 : 1.07 3 1.28
] : : s 1
P-NK s 0.81 3 1.22 : 1l.42 s 1.54L
: H 1 ]
. P=CalNK . H 1022 H 1068 H 1.95 H 2.03
3 1 H 1
Difference 3 3 : 3
between com~ 3 H H 3
binetion meam ] 3 ]
to be signi~- 3 0.30 3 0.37 s 0.L46 3 0.L48
ficant at 5 . 3 ] 3
and 1 peroent: 0.41 : 0.L9 : 0.61 3 0.6,
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P-NK cultures, thus demonstrating that calcium played a significant fole in
this aspect of branching (Figs. 15 and 17). It shoﬁld be noted that when
only potassium was added with phosphorous, number of branches per tree was
not affected significently.

A_Comparison of number of branches per tree by,individual soil treat;
ﬁents is presented in Teble 73. It should be noted that none of the phos-
phorous treatments and only one of the phosphorous-potassium treatments
(4BOP-K) produced trees with significently more branches-thaq the check,
that only one of the phosphorous-nitrogen-potassidm cultures (bBOP-NKj
produced trees with more branches than the check, and that all phosphorous=-
calcium=nitrogen~potassium treatments produced trees with more branches
than the check. The aforementioned five treatments are-surpassed in
number of brenches per traee by no culture at the end of the experiment. Of
these five cultures, the 60P-CaNK culture had increased branching with the
greatest economy of nutrient materials.

‘In general, those cultures which were most effective in increasing the
number of branched trees were.also the most effective in increasing the
number of branches per tree.

Diameter of Stem

Mean diameter of stems of trees and a comparison of stem diamcters
of trees in different trsatments are presented in Table 7. The largest
mean diemeter is 10.4 percent greater than that of the check culture. The
anaiysis of varience reveals that rate, combination, and treatmgnt are
responsiﬁle for significant differences in stem diameter. The [80-pound
applicétion of phosphorous produced trees significantly larger in diemeter
(3.85 mm.) than the 120-pound appliceation (3.75 mm.) and very significently

larger than those of the 60-pound epplication (3.68 mm.). The difference of
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Teble 72+ ==-A comparison of the effect of warious nutrient
combinations on the number of branches per tree
in Experiment III, 194L=L45

“Time efter initiel treatment

8 weeks t 10 weeks $ 15 weeks 3 20 weeks

Combination s at Gls Bt 1%: 8t Hhs at 1%: &t Sh: at 1%: at st &t 1h
1 : : 3 s : s f
: sP-NK sP=NK sP=NK s
P s 2P=CaNK3 1P=CalNK3 " sP=CaNK:P=NK sP=CaNK
3 : H : 2 3 : ]
¢ 1P=NK : : : ] H :
P=K : sP-CeNK:P=~NK :P-CaNK3 sP=CaNK ¢ sP=-CalNK
3 ] ] H : T H ]
P=NK 3 sP=CaNKsP=CaNK: sP=CaNK s 1 P-CaNKs
1
3.

P-CalNK
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Table 7%+ ==A comparison of the number of branches per tree
by soil treatment 8 and 20 weeks after initial
treatment, Experiment III, 19LLi-li5

Time after initial treatment

H
% _ 8 weeks t 20 weeks
3 Treatments superior to treatments in column 1
Treatment s &t 5% T at 1% T at o% : at 1%
. H $ 3 $
s : [480P=-NK s 3
3 s 60P=-CallK : s 1480P-NK
3 t 120P=CaNK s 1+ 60P=CaNK
60P : s LBOP=CaNK s 120P-CaNK : LBOP=CaNK
$ H H ]
s s 1iBOP-NK : s
3 s+ 60P=CaNK 3 :
3 s 120P=CaNK s - : L4BOP=NK
120P 3 + L1BOP=CaNK : 60P=-CeNK s 4BOP=-CaNK
] $ . ’ H $
s s L1BOP=NK : s
: s 60P=-CaNK s : L4BOP-NK
L,8op : 120P-CaNK 3 LBOP-CaNK 1 60P-CaNK s LBOP=-CaNK
$ H . H H
s ¢+ 1;80P=NK : :
s . s 60P=CaNK : 1 LBOP=NK
60P=-X s+ 120P=CaNK 3 LBOP=CaNK ' : 60P=CaNK 1 .,B0OP=CalNK
H H H
: s L480P=NK 3 s
$ s+ 60P-CaNK s s L18OP=NK
120P=-K :+ 120P-CaNK 3 ,80P=-CaNK + 1180OP=CaNK
H H H H
: : LBOP-NK : '
: A s 60P=CaNK P 1
LiBoP-K : 120P-CaNK s LBOP-CaNK 3 :
3 $ ¢ $
s s 8OP=-NK : s 1,80P=-NK
60P=NK s+ 60P=CaNK . + 1,BOP=CaNK 3 60P=-CaNK : 1480P=CaNK:
$ H ’ H H :
: : L18OP-NK : s LiBOP-NK
120P-NK : 60P-CaNK 3 LBOP-CaNK : 60P-CaNK 1 LBOP-CaNK
H H H H
1480P=NK 3 : : :
3 H H H
60P=CaNK 3 3 3 3
H H H H
120P-CaNK s L,BOP-CaNK 3 s s
H s $ $
480P=CaNK s s : :
. $ H H H
s + L4BOP=NK t g
s s 60P=-CaNK : s L4LBOP=NK
) s 120P-CeNK 3 L480P=-K s+ 60P=-CeNK -
Check s s LBOP=CeNK 3 120P-CeNK : LiBOP-CaNK
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Table Th. --Mean diameter of stem by treatments and compari-
son of difference in stem diameters between tresat-
ments, Experiment III, 19LL-L45

Treatments superior to

Diameter of treatments in column 1

b
. H
Treatment : stem - mm. at 5% s at 1%
H H
3 : 120P-K, 60P=NK :L,80P=K, 4B0P-NK
60P : 3,58 160P=CalNK +120P~-CaNK, 4B0P=CaNK
H $ . :
: 3 " 3l4BOP=NK,120P=CaNk
-120P : 3.6 :1480P-K :1180P-CaNK
H H H
O ¢,80P=-NK, 120P-CalK s
L,80P : 3.70 :/180P=~CaliK :
: : . s
: 1 60P=NK 11480P-K, LB8OP-NK
60P=-K : 3,60 160P-CaNK +120P=-CaNK, ;80P=CaNK
: ] ’ _ ] )
120P=-K : 5f77 : 2
A : : s
1180P=-K : 3.86 s :
H H H
60P=-NK 3 3.78 H H
. : s . :
120P-NK : 3.73 :1480P-NK,,80P~CaNK
_ : : $
1,80P-NK s 3,91 : ]
H H H
60P-CaNK 3 3.78 s s
H H $
120P-CalNK s 3.90 s s
3 - $ s
LL,BOP=CalNK 3 3493 : :
) : :120P-K,60P-NK  :1;80P-K, LiBOP-NK
Check : 3.56 160P=CaNK :120P-CaNK,/1B0P-CaNK
. s s, H
Standard deviations 0.06 : 3
L 3 H :
Difference be=~ : 3 :
tween treatment H 3
means to be sig- i 0.18 s :
nificant at 5 and: H :
1 percent ! 0.24 : :
. . &
F value treatment: 3.91*x s :
F value rate 3 T« 55%% g 3
F value combimtim Te8lkx t s
F value rate x 1 H :
combination 3 0.75 : s

**Significant at 1 percent.
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0.07 mm. in diameter between the trees in the 60- and 120-pound-application
cultures is not great enough to be significant. Trees in the P-NK and
P-CaNK cultures with mean diameters of 3%.30 and 3.37 mm., respectively,
have very significently larger diemeters thamn those in the P cultures with
& mean'diameter’of 3.6}y mm.; those in the P-K (meen diemeter 3.7 mm.) |
and‘P-CaNK cultures haye significantly larger diameters than those in the
P and P-K cultures, respectively. It is evident that diameters can be
increased by relativély large amounts of phosphorous or by nutrient_cul-
tures cdntaining nitrogen, phosphorous, and potassium, or these elements
together with calcium.

The inferiority of the check, phosphorous, end 60P-K treatments with
respect to diasmeter of stem of the trees is shown clearly in Table 74 by
the relatively largé number of cultures which produced trees with larger
stem diemeters than these treatments. On the othgr hand, only one culture
containing nitrogen (120P-KNK)produced trees that were exceeded in mean stem
diameter by other treatments.

Although diameter of stem cen bé increased significantly by any one
of several soil treatments, it can be accomplished most efficiently when
at least three - N, P, and K ~ of the foﬁr nutrient elements are applied
(Figs.15 and 17). Large increases can be secured only by a considerable
increése in the amount of available phosphorous in the culture.

Dry Weight of Shoot, Root, and Entire Tree, and
Root=Shoot Ratio

The mean dry weights of shoot, root, and entire tree, and root-shoot
ratio of trees in each treatment in Experiment III are presented in Teble
75. There is considerable difference in the mean weights of t he trees

from the cultures yielding the lightest and the heaviest trees, but outside
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Table 75. ==Mean dry weight of shoot, root, and entire tree
and root=shoot ratio of trees in Experiment III,

19h)=h5
g Dry Weight :
$~ Shoot 8 Root s Total ¢ Root=Shoot
Treatment 3 Grams % Retio
3 : 1 1
60P ! H 1.16 3 0.72 H 1.88 3 0062
: t 3 : ' 3
120p s 1.25 3§ 0.78 ¢ 2.03 1 0.62
8 : s 3 .
L180P 1 1l.3% : 0.82 3 2.15 3 0.62
] : ] S8
60P-K : 1l.25 : 0.82 1 2.07 0.66
: 3 s ) g s
1Z)P‘K S' 1026 s 0080 3 ' 2.06 H 0063
: 1 : s s -
1,80P-K s le37 s 0.86 3 2.25 3 0.63
: s t $
60P=-NK : 1l.29 3 0.85 3 2.1 0.66
: % ] :
120P~-NK : le25 : 0.81 3 2.06 '0.65
s H 3 3
1,80P-NK : 1.38 '3 0.88 3 2.26 0.6l
: s : s 3
60P-CaNK : 1.30 '3 0.75 : 2.05 : 0.58
' s 3 s H
120P~CelNK : 132 ¢ 0.85 & 215 0.63
: : . H T
,80P=CaNK ¢ 13 2 091 2 2.2 0.6
: s - H ) 1
Check 1 1le26 ¢ 0,75 ¢ 2,01 0.60
H : H ¢
Standard deviation : 0,07 ¢ 0.04 ¢ 0.09 0.0l
: s ] 3
Difference between s ] s
rate means to be :+ 0410 : 0.06 & 0.1y ¢
significant at 5 ands s H s
1 percent 2 0.1 : 0.09 ¢ 0.18 2
H 3 1 :
F value treatment s 1.27 : 1.50 ': 110 0.53
: ] ] 1
F value rate : Le22x 3 3,9h% : 3,86x 0.19
i H ) s
F value combination :+ 1l.3L4 s 1.58 1 2,04 1.03
: 3 : H 3
F value rate x com=- 3 ] ] t
bination s 0,25 3 0,06 : 0,07 3 0.39

*Significant at 5 percent.
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of these two extremes, differences are relatively small. Because the stand-
ard deviation is large, the analysis of varisnce reveals no significant
difference due to treatment. Differences in weights caused by the rate at
which phosphorous was used were significant. The L480-pound application pro-
duced roots (0.87 gr.) and shoots{l.38 gr.) very significantly heavier than
the 60~-pound application (0;78 and 1.2 gr.) and significantly heavier

than the 120-pound application (0.81 and 1.27 gr.). The same relationships
held for the weight of the entire tree.

Four treatments yielded trees with 1ightef shoots, one treatment
yielded trees with lighter roots, and two'treafménts yie;ded trees with lighter
total weight than the check; but the differences were very small and not
significant. |

Differences in root-shoot ratio were small, and in nc way were they
significant. All except one culture (60P-CeNK) yielded trees with slightly
larger root-shoot ratios than the check culture.

Summary of Results

Stem length, rqot-shoot ratio, ané weight were not affected signi-
ficantly by type of treatment. However, weight was influenced by the
rate of applicaﬁion of phosphérous, the hBO-poﬁnd-application cultures

producing heavier trees than both the 60-pound- and the 120-pound- application
cultures.

Differences in stem diameter are significent and are due to rate, com-
bination, and treetment. Diameter increased with increased increments of
phosphorous and with an increase in the number of elements used in the nu-
trient culture. High rates of phosphorous supplemented by nitrogen, po-

fassium, and calcium resulted in trees of larger diameter.
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Branch development wes related to rate, combination, and treatments
in much the same way as stem diameter. This seems to indicate that these
two features may be related.

An increase in branching may be an indication of superior tree vigore
Certainly an increase in diemeter means a.sturdier plaht, especially when
height has not increased along with diemeter. Since the superiority in
these characteristics wes not mads et the expense of the root system no
depreciation in tree quality has occurred. Thus trees with superior'
‘branching and diameter might prove to be the best'planting stock.

Trees in the GOP-K, 120P-K, 4SOP-K, 60P-NK, 1_20P-ﬂx, L,80OP-NK, 60P-CaNK,
120 P-CaNK, and L,BOP=CaNK cultures have composite tree index values of
1.0, 2.1, 4.8, 2.9, 2.6, 646, 3.5, 5.5, and 6.8, respectively. Trees pro-

duced in cultures containing caleium were on the whole the best.'
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Experiment IV

So0il Treatment

The type and time of nutrient application are shown in Table 76.
Length of Stem

Meanllengths_bf stems at four intervals of time after the initial
treatmént of the soil are shown in Table 77.. Differences in mean stem
length are small throughout the experiment, and were significant only at
' 26% weeks, when trees in the 60P+(Lx)15NK culture were significently tall-
er than those in the check, and those in the 60P4(Lx)1S5NK(S) and the
60P+(23x)30NK cultures were very significently taller then those in the
check. In other words, all cultures receiving supplemental nutrients
produced trees at thé end of the experiment that were eitﬁer significant-
ly or very significantly taller tham those in the check. There were no
significant differences in stem length of trees in the three cultures
receiving supplemental nutrients. At 10 and 261 weeks, the trees in the
check treatment were 8.8 percent shorter than those in the cultures
which had produced the tallest treeé; bﬁt on the first date, the
60f+(hx)15NK culture had the tallest trees, while on the last date, the
60P+(L4x)15NK(S) culture had the tel lest trees. The culture to which all
nutrients had been applied to the surface of the soil had produced the
tallest trees at the end of the experiment, but this superiofity was at-
tained during the last 65 weeks of the experiment.
Branch Development

Number of branché& trees and mean numﬁer of branches per tree for the
four treatments in Experiment IV are presented in Tables 78 and 79, res-

pectively. Differences in number of branched trees due to treatment were



Table 76+ -=Type and time of nutrient application in Bxperiment IV

- 19L4-L5

3 ~ Time

of nutrient application

s Prior to 3 5 weeks af-
: planting s ter planting

10 weeks af- s 1llz weeks af- s

15 weeks after

ter planting s ter planting s planting

H
] 3
‘ - -- - - -

____ Treatment 1P205 N K20 + ¥ K0 1+ N K20 s+ B Mo+ N K0
No. 3 Designetion ' Pounds per acre
22 :60P+(hx)15NK : 60 15 15 : 15 15 : 15 15 : - - :_ 15 15
23% :6op+(ux)15NK(s): 60 15 15 : 15 15 : 15 15 : 1 20 : 15 15
2L :60P+(2x)5onx : 60 = = : - . - : 30 30 .: -1 ‘ho :‘ 30» 20
3 : - R 3
H ] H 3

25 1iCheck

#A1]1 nutrients applied to surface of soil, while
22 and 2l were mixed in upper L inches of soil.

first application of nutrients

in Treatments

- 841 -
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Table 77. =-Mean length of stem 10, 15, 20, and 26% weeks
after initial treatment, Experiment IV, 19LL4-L5

Time efter initial treatment

10 weeks & 15 weeks 11 20 weeks z#‘giéé Weeks

3
Treatment Length of stem - mm.
1 : ) 3
60P+(Lix)15NK s 19.7 -3 Lo.7 3 8L4.0 : 171.8
: 3 H : :
60P#+( Lyx )15HK(S) 18.L s 38,0 : 83.8 : 177.8
] ’ H H] H ,
60P+( 2x ) 30NK ¢ 18.4 : WA : 85.8 :  174.8
s 3 s :
Check : 18.1 s 39.0 : 82.9 s 163.5
1 H 3 ‘ s
Standard 3 H . ] : 1
deviation s 0.7 : 2.0 3 Lel : 2.1
’ H : H : $
Difflerence ] s s 3
between treatm H H H
ment means tos H : H]
be significent : 3 : 6.6
at 5 and 1 s : 3 s
percent : s 3 : 9.6
F value s : : : :
treatment : 1.12 : 0.62 : 0.09 : 5¢59%

*Significant at 5 percgnt
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significant and in number of branches per tree were very significant
throughout the experiment. Branch development occurred earliest in the
culture that received all nutrients as surface applicetions (60P#(4x)15NK(S)).
Trees in this treatment mainteined this superiority. Although the extent
of the superiority of the 60P#(Lx)15NK treatment to other treatments in
number*of branched trees varied during the experiment, it was significant-
ly superior fo the 60P+(2x)30NK culture and very significantly superior
to the check culture at 10 wedk s and at 26%-weeks. Likewise, the extenf
of the superiority of the 60P%(i;x)15NK(S) cultureAtd the other cultures
varied in fhe course of the experiment. It was very gsignificantly superior
to the 60P+(2x)30NK end the check cultures at 5 weeks and significantly -
superior to the former and very significantly supérior to the latter at
261 weeks. The number of branched trees in the 60P+(2%)30NK culture was
never significantly greeter tham that of other cultures in the experiment,
but it was nearly significantly greater than that of the check at 26% weeks.

Only the 60P#(Lix)15NK(S) treatmént showed significant superiority to
one or more treatments throughout the experiment in the number of branches
per tree, trees in this culture having either significantly or very sig-
nificantly more branches than those in the 60P+(2x)30NK and check cultures
at all times. Trees in the 60P+(Lx)1SNK cultufe showed significant super-
iority to trees in the check culture at 20 weeks and maintained this super-
jority to the end of the experiment. At no time did the 60P+(2x)30NK
treatment have significant superiority over eany treatment in number of
branches per tree.

It is obvious that two 30-pound applications of N and K20 are not so
effective in stimulating branching as four 15-pound applications of these

elements.
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Table 78, -=Number of branched trees at five intervals of
time af'ter initial treatment, Experiment IV

194L4=l5

Time elter initial treetment
9 weeks 3 10 weekss 1) weeks: 20 weeks:20py weeks

3
Treatment : Branched trees - percent of total

60PH(Lix ) 15K . 20.0 35.0  + 10.0 : 5540 . 65.0

60P (1,2 ) 15WK(S) : 130.0 .; 60.0 : 60.0 65.0 : 7245

60P%( 2x ) 30NK : 2.5 : 15.0 : 22.5 : 37.5 : L7.5

‘Check : }o.o : " 7.5 : 10.0 : 22.5 : 30.0

Standard deviation : Loy : 8.3 : 5.6 : 6.6 : 5.6

Difference between treat-: : : : :

ment means to be signifi-: 13.6 1 26,1 1 18,3 : 20.1 1 17.9

cent at 5 end 1 percent 3 19.5 : 37.5 6.3 1 28.9 1 25.7

F value treafment | : 10.50**: 8.23**:' 1)4.72**2 7.97**: 11.53%*

*x5ignificant at 1 percent.




- 162 -

Table 79. ==Number of branches per tree at four intervals of time
after initial treatment, Experiment IV

19LL=45

Time after initial treatment

10 weeks : 15 weeks 1 20 weeks 31 207 weeks

3
s
Treatment 3 Branches per tree - number
_ 3 $ : :
60P#(Lix ) 15NK : 0.75 s 0.92 : 1.28 1.va8
: 3 3 3
60P4( Lyx ) 1SVK(S) : 1.32 3 145 s 1.70 : 1.92
3 o s 3 s
60P+( 2x ) 30NK : 0.22 : 0.L8 : 0.80 : 1.10
: : t 3
Check : 0.15 $ 0.32 3 0.50 : 0.78
s : s : 3
Standard deviation 3 0.22 s 0.21 : 0.2% : 0.25
- g : s 3
Difference between 3 : : H
treatment meens to ¢ 0.70 : 0.68 : 0.73 : 0.79 -
be significent at 5 : : : H s
. and 1 percent 3 1.01 ] 0.98 : 1.05 3 1.15
1 3 3 s
F value $ 6016* $ 5066* H 5.55* H 3.89*

*Significant at 5 percent.
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Diameter of Stem, Dry Weight of Shoot, Root, and
Entire Tree, and Root-Shoot Ratio

Mean diameter of stem, dry weights of shoot, root, and entire tree,
and root-shoot ratio for trees in each culture of Experlment IV are pre-
sented in Table 80. Difference in means due to treatment effect were
signifiéant for shoot and totallwaight. All three cultures receiving
supplemeptal nutrients'produced trees with iarger diameters and greater
root weights than those in the check culture, but none were significently
superior. Differences in diameter.due to soil treatment, were not far
from being significant (F value 3.86 for treatment would mean significant
at 5 percent). | 4

All cultures receiving supplemental nutrients yielded trees with
significantly heavier tops then did tﬁe check culture. The treatment in
which all nutrients were applied to the surface ((60Pi(hx)15NK(é))
yielded trees with the heaviest shoots, and they were very significantly
heavier than the tree shoots from the check culture. Trees from the former
treétment wafe significantly heavier than those from 60P#(Lx)15NK culture
(differences between these treathents are the method of applying the
nﬁtrients;and the addition of Mn end B in Treatment 23). Trees from this
treatment were also significently surpassed in shoot weight by trees from
the 60P+(2x)30NK treatment. A

Significant differences between total weights of trees in different
cultures are not so-numerous as those between shoot waigﬁts. Both the
60P#(L,x)15NK and the 60P$#(Lx)15NK(S) cultures yielded trees of signi-
ficantly greater total weight than the check, and the 60P#(Lx)15NK(S)
culture produced trees of significantly greater weight than trees from

the 60P+(2x)30NK culture.
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Table 80. -=Mean diameter, dry weight.of shoot, root, and entire
tree, and root-shoot ratio of trees of each treatment
in Experiment IV, 19LL-L5

: Diameter : Dry Weight N
¢ of stem : Shoot ¢ Root s Total tRoot=Shoot
Treatment t 1. 3 grams : ratio
3 ) 3 _ 1 t
60P4(Lix ) 15NK :+ L.ST ¢ 2,58 1 1.38 s 3.96 1 0.56
1 s H g H :
6OP*(14.X)15NK(S) : L‘.O&L 2 2,88 1 1032 B )4.20 H O'Ll-a
S8 3 H : H
60F4( 2x ) 30NK : Le53 ¢ 2,53 1 1.26 1 3.79 3 0.52
H 3 : H s
Check - ] Lhe33 : 2.20 s 1.22 s 3.&2 ¢ 0.55
3 : ] s 3
Stendard deviation: 0.08 ¢ 0,09 : 0.09 : 0,16 -: 0.01
s : : s H
Difference betwean 3 : : :
treatment means ¢ : 0.29 s % 0.52 ]
to be significant: ] 1 : :
at 5 & 1 percent : : OJy2 3 +  0.7h
F value : : n 3 s
treatment T 320 3 9.,90%% 3  0.57 31 L.l2%x 3 2,23

*Significant at 5 percent.
**3ipnificant at 1 percent.
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Effect of Boron and Manganese

The design of the experiment did not make possible en analysis of
the effect of boron and mangenese on such features as height, branching,
and weight of trees. The purpose of adding thse elements, the latter in
two different quantities, nearly 12 weeks after the experiment was in-
itiated, was to determine if they could be added in smell gquantity with-
out apparent visible harm. That these elements had affected the trees
was evident 2 weeks after they were appiied, when the tips of the needles
hed begun to turn brown iﬁ color. The trees in the cultures that had re;
coeived 4O pounds of Mn showed symptoms similar to.those in the sultures
that had receivedv20 pounds of }n per acre. At the end of the experiment,
the extreme tips of theineedles were brown for a distance of 1/16 t§ 1/8
inch. Behind the brown zone was a yollow-20ne of similar length. On
soﬁe tree, the primary needles were dead for a disfance of & to 1 inch from
the tips. No evidence whatsoever was found of_foliage abnormalities on
trees in cultures to which boron and mangenese had not been added.

The fact that the quantity of boron used was less than 0.2 percent
and that of ménganese was 3.7 and 7.4 percent, respectively, of the maximum
combined concentration of nitrogen, phosphorous, end potassium used in one
of the 19,43-19l); greenhouse experiments.in which no visﬁal evidence of damage
to the seedlings occurred, indicates that one or both of these materials
must be toxic at very low concentration. It is at least apparent that the
amounts used were in excess of what the trees could withstand.

NURSERY BXPERIMENTS
The nursery experiments were conducted in the nursery operated by the

School of Forestry on the Austin Cary Forest. This nursery, epproximately
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one=-fourth acre in area, was developed in 1938 by removing the forest cover,
chiefly longleaf and slash pine, from the site, grubbing out the tree stumps,
and plowing and cultiveting the soile An overhead sprinkling system was
installed ip 1959. Since then, approximately one~half of the nursery has
been used to produce trees each year. The remainder has been idle or pro-
duced some type of leguminous crop. Although some kind of commsrcial fer-
tilizer was applied each ysar to the area in treses eand in cover crop,

records of the exact nature of the fertilizers used are not available.

Insofar as cen be determined, a 5-8-5 ferﬁilizerlo was most often used.

10. The numerals refer to the percent of W, Po0g, and Ko respectively,

in the fertilizer.

Manure has been applied to & small portion of the nursery. In general, the
quality of the trees produced here priorito 19,42 was below average.

The soil in the nursery is classified as Norfolk fine.sand. Analyses
of the physical and chemical prbperties of the soil, made by the same methods
employed in the analysis of the greenhouss soil, gave the following datas

Mechanical Anelysis

Sands = percent : 9l

Silt + clay - percent ““9
Soil organic matter - percent » 1.83% 0.15%
Moisture .equivalent - percent L.55% 0.25

Pore space = percent
Total 5740
Small pores : 355

Large pores 21.5
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Base exchange capacity - m.e./100 gr. 5+32¢ 0.31
Exchangeable Ca - m.e./100 gr. l.69t 0.13
Exchangeable Mg - m.e./100 gr. 0.91% 0.17
Exchangeable K - m.e./100 gre. | 0.43% 0.08
Apprdximats percent base saturation 91

Phosphorous (sodium acetate soluble)= p.pem.

Untreated soil 9.0
Soil # 1 ton ocolloidal phosphate 85
Soil + 20 tons colloidal phosphate | 16.0
Soil reaction ~ pH - 555

*Standard deviation of the mean.

Th; nature of some of the problems involved in thevmanagement of
the soil are indicated by its small content of siit and clay, low organiec
matter content, low moisture-~holding capacity, and low base-=exchange
capacitye. Inorganic plant ﬁutrieﬁts, especially the more soluble forms of
nitrogen and potassium, are readily leached from the soil.  Methods of
soll menagement which will increase the content of organic matter and the
base-axchange capacity of the soil are essential to economical use of any
ty¥pe of fertilizer. It is noteworthy that the exchange complex has a high
degree of saturation, approximately one-half of which is taken up by calcium.
The relatively large amount of exchangeable bases undouﬁtedly is derived
from the bases contributed by frequent, heavy application of well water

containing these elements.
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19442 Nursery Experiment

Plans for the 1942 nursery experiment, made in February 1942, had
to be developed without the benefit of any results from the 1941-42
greenhouse exporiment which had been in progress only a few weeks.

Preparation and Seeding of Plots

The aree in the nursery to be occupied by this experiment was
plowad, disked, and harrowed late in February. The areas to be occupied
by the seed beds were elevated approximately two inches above the general
land s;fface by removing the top soil from the paths between the beds and

placing it on the seed bedsll. After levelling, the surface of the beds

11. Because this elevation of the seed beds accentuates the drying of the
soil and causes erosion along the edges of the bed, seed beds in later

experiments were not raised.

was rolled to compact the soil. Two areas,.each 100! x L;'3™ were devided
into 20 plots, each L' x 4'3", separated by a l-foot isolation strip. The
forty plots made possible four replications of each of the ten soil treat-
ments. The plots to be used for each treatment were selected at random.

Those plots treated with cq}loidal phosphate and those freated with
organic soil were prepared on March 10. All plots were given an application
of calcium arsenite bait for protection against the southern mole cricket

(Scapteriscus acletus R. & H.) and changa (Scapteriscus vicinus Scudd.)e

On March 17, the day prior to seeding, the plots which were to be given

treatments 1 and 3 (see Table 81) received an application of fertilizerlz.

12, The seed was sowed in L-foot rows, spaced 8 inches apart, at a rate
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of 115 evenly distributed seeds per row. The seeds were transferred

from a seeding lath into slits in the soil approximately 1/8- to 1/}i-inch
desp and 1/2 inch wide. The seed was not covered with soll, but the entire
beds were mulched with a light covering of longleaf pine needles. The
specific‘source.of the seed secured from the 1941 seed crop was unknown..
Its quality, as evidenced by apﬁearance and germination in the nursery,

appeared good.

The seed beds were screened to provide protection against bir&s.

Care and Treatment of Seed Beds

Except when rainfall was adequete to maintain satisfactory soil
.moisture conditions, the seed beds were watered daily in late afternoon
for the first 2 months. Twice between the seeding end germination of the
seed, on March 17 and 27, 2~inch rains were recorded.

Germination was first noted 9 days after the seed was sowed, and
was practically complete 15 days later. The stand of seedlings was
fairly uniform except for a few éﬁail spots where birds or excessive
pine~needle mulch had done some damage which resulted in reduced ssed-
ling density.

The first fertilizer applied after seeding contained ;ome meterial
not coluble in water. It was therefore apblied by hand to the surface of
each plot. Enough water to wash the fertilizer thoroughly from the
seedlings was applied immediatel& after the fertilizer gpplication, and
within 2 hours a heavy application of water was provided from the over-
head sprinkling system. The fertilizer used later consisted of KNO5
and KCl which are water-soluble. It was dissolved in water, and

applied from a sprinkRling can.
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Weeding was begun 5 weeks after seeding, and thereafter, weeds were
removed at weékly intervals until mid-August, after which weeding was
practically dispensed with.

Observations, Sampling, and Measurements

Observatiéns of color and general vigor of .the seedlings in each
Aplbt were made when they were approximately 2 and 6 weeks old.

A sampling to determine seedling density (number of trees per scuare
foot) was to have been mede.for the purpose of ascertaining the effect of

treatment on this feature, but damage by birds and mole crickets, 13

13. Several attempts at control of the mole crickets were not entirely

successful, and localized demage occurred throughout the swmnmer.

which was not uniformly distributed, was aff;cting seedling survival

as much as, or more than, the fertilizer treatment. Because of this con~

dition, actual count of seedlings was not made, but instead, an ocular

estimate of seedling density was made at the end of the growing season.
Prior to lifting the seedlings on December 20 and 21, twelve seedlings.

(two per row), from which certain data were taken, were selected at random.

The following data for each tree were recordeds (1) height from ground

surface to tip of terminal bud (to 1.0 mm.); (2) number of branches;lh

1. So few trees developsd lateral branches that the data, after ox-

emination, were not analyzed.

(3) number of normelly developed terminal buds.l5

15. Some seedlings continue their growth so late in the autum that the

terminal buds which they develop are abnormal. A normal bud of a first-year
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slash pine has reddish-brown bud scales end extends above any primary needles
which may originate below its base. The abnormal type of bud, which ap-
parently is not fully mature, has green bud scales and genereally is not
easily visible beceause it is overtopped by numerous primary needles.

This type of bud is generally associated with the less sturdy seedlings

which are characterized by a small proportion of secondary needles, if

anye.

When the seedlings were lifted from the nﬁrsery, special care was
taken to prevent loss of any of the root from the sample trees.i Soil was
thoroughly washed from the roots, end the trees were allowea to dry partially
before being trensferred to a drying oven where they were handled in the
same manner as the trees from the greenhouse experiments.

Soil Treatments

The ten soil treatments were designed to test the effect on the trees
of (1) improvement in the physical characteristics of the soil, (2) the
timing of fertilizer applications, (3) split versus single application of
fertilizer, and (4) organic versus inorganié sources of nitrogen. For
improvement of the physical qualities of the soil, colloidal phosphate and
a soil high in organic matter from a cypress pond were chosen. The former
was mixed in the upper 6 inches of soil at # rate of 20 tons per acre. The
latter was applied as a 5-inch layer after a layer of the originel soil
of squal thickness had been remofed. The organic soil was then mixed with
the 3 inches of ofiginal soil directly beneath it, thus creating a mixture
which was 50 percent organic soil. The effect of applying fertilizer
just prior to seeding was compared with the results of applying it 5 weekg

after seeding. Split applications of fertilizer were restricted to nitrogen
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and potassium, both of which are leached from the soil easily. Nitrogen was
epplied entirely in inorganic form and in equal amounts of inorganic and
organic forms.

In the initial applications in treatments receiving inorgeniec nitrogen,
equal amounts of nitrogen were supplied by sulphaté or ammonie and nitrate
of soda. Superphbsphate supplied the P205 in all treatments receiving
phosphorous except the treatmenf receiving colloidal phosphate.

The nitrogen end pottasium applied in subsequent treatments came
chiefly from potassium ritrate, with a small part of the pdtassium being
derived from muriste of pqtash. Milorgenite was the source of orgenic
nitrogen in the one treatment (number 3) receiving an organic source of
nitrogen. Commercial fertilizers were used throughout.

The quantity of nutrients applied {excopt where colloidal phosphate
and orgenic soil were sources), and the time of their applicgtion, are
shown in Table 81, as are also the descriptive designations used in the
report.

Measured Charascteristics

The mean héights, dry weights, number of terminal buds, and root-shoot
ratios.for trees from the ten treatments in the 1942 nursery expsriment are
shown in Teble 82. Soil treatment hed some effect on all features of the
trees, but the differences between the trees of some treatments were smalle
The tallest érees, produced by the orgenic soil treatﬁent, were more than
29 percent taller; and the shortest trees, produced by the 60NGOP100K
(5 weeks after seeding) treatment were more than 12 percent shorter than
trees produced by untreated soil. A test of the significance of the dif-

ferences by an analysis of variance revealed that a significant difference

oxists in the treatment mean heights. The trees produced by the organic soil
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Table 81.

=-=-The guantities of nutrients applied and the time of their
application in 1942 Nursery Experiment

: 15 weeks aftert 2 :
3 1seeding (2; : :
3 tweeks after @ H , :
s Prior to scompletion ofi 10 weeks : 15 weeks s 20 weeks
8 seedin - sgermination) safter seedingiafter seeding:after seeding
Troatment NP TOm— F05 K0 N X N — X ot ¥ K20
Tumber: Designation 1 Pounds per acre ‘
t 3 s 3 3 s
360N90P100K 3 s 3 e )
1 t(prior to seeding):60 90  100:- - - 3 = - 3 - - : - -
: 3 : : 3 s
1 60NSOP100K : : ' : :
1(5 weeks after 3 $ : $ s
la tseeding) t- - - 360 90 100: -~ - 3 = - : - - )
: : : : : e
2 315N90P55K t= = = 315 9 555 = - 4 e = o= - S
: : s 3 3 s
+60N90P100K : 3 s : %
3 +(50% organic N) 160 90 100:- - - = - 1 = - T - -
H H H H H H
1 15N90P55K 3 ] 3 s 1
L $415NK t= - - 115 9 55: 15 15 ¢ = - : - -
: 3 3 H : 3
31 15N90PH5K 3 3 ] : v :
5 :(2x)15NK - - - :15 90 553 15 15 ¢« 15 15 : = -
3 3 1 : t St
1 15NG0P55K 3 A : s t : ‘
6 1{3x)19K = - - 15 90 55: 15 15 : 15 15 ¢ 15 15
3 1 s : : 3
$20C.P. 15N55K 3 s s s :
7 3(3x)15NK - * = 15 - 553 15 15 :+ 15 15 : 15 15
H : $ s 1 s ,
8 10rganic soil 3= $ - 15 90 55: 15 15 s 15 15 : 15 15
: : : 3 : 3
Check sCheck 3= 3= - -3 - - : - - $ - -

*20 tons per acre of colloidal phosphate
43 inch layer of orgenic soil
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Table 82. ==The mean height, dry weight, number of terminal
buds, snd root-shoot ratios of l-year slash pine
seedlings grown in Austin Cary Nursery in different

soil treatments

: Height 1§ Dry Weight:lerminalBudsKRoot=-shoot
Treatment 3 M. 3 gre s number s Ratios
, s : s s
60NSOP100K 3 _ 3 : : :
(prior to seeding) $ 99.1 lhe s 0.79 3 0.L0
H : H H
60NGOP100K s s s s
(5 weeks after seeding):.  9l.L 0.98 3 0,2 0.38
: : : s
15NG0P%5K : e : :
(5 weeks after seeding): 101.6 @ 1.35 0.83 0.39
s $ H ’ H
60N9OP100K : s s 3
(50% organic N) :  106.7 3 1.98 3 0.83 0.3L
s H : s
15N90P55K 41 5NK : 106.7 3 1.76 1.31 3 0.38
: s s : 3 :
15N90P55K$( 2x ) 158K :  106.7 1.85 1.08 1 0.39
’ H H ] H
15090P55K$( 5x ) 15NK :  10h.1 3 1.53 0.67 1 0.3%6
: : : :
20C.P.15N15K¥(3x)15NK ¢ 116.8 3 2.39 1.19 0.3L
s s s :
Orgenic soil : 13L4.6 3,6 3 1.98 0.30
t : : s
Check s+ 10L.l1 1.86 0.79 0.37
! s : s
Standard deviation : T3 3 0.3 0.65 0.03
: : s :
Difference between 3 s H :
treatment means to be 3 0.3 s 0.98 s :
significant at 5 and 3 - : :
1 percent : 27.9 3 1.33 : 3
s : : s
F value treatment 3 2.6l 31B%x 4 0.L4L5 1.78

*Significant et 5 percent.
**Significant at 1 percent.
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treatment are very significantly taller than those produced by ell treat-
ments except cne, the colloidal phosphate treatment. The colloidal phos-
phate treatment produced trees significantly taller tﬁan those produced

by one treatment- 60N9OPLO0K (5 weeks after seeding) treatment. Differences
in heights of seedlings between other treatments were not significemnt. It
is.noteworthy that only those treatments which alter the physical condition
of the soil yielded trees with greater heights then those from the un-
treated §oil, and that trees from only one of these were significantly
taller than those from the check.

Dry weights show much the same relstionship to treatmeht_as do
heights. Trees produced by all cultures excepting the colloidel phos-
rhate treatment were inferior in weight to the trees produced by the
orgenic soil éulture. Trees from the 60NQOP100K (5 weeks after seeding)
treatment were inferior in weight tc those from the colloidal phosphsate
culture.

The mean number of terminal buds per tree, although differing widely
with soil treatment, shows no significant difference between the treatment
means. .The wide variation between individual trees in the number of buds
is the cause of the lack of significant differences. If shoﬁld be noted that.
the organic-scil treatment which produced the tallest and heaviest trees
also ranks first in number of terminal buds. Likewise, those treatments
which rank lowest in height and weight rank lowest also in number of ter-
minal buds.

Root-shoot ratios show small differences between treatments, and these
differences are not significant. Although there is no marked tremd in the
root-shoot ratios, it is noteworthy that the treatments producihg the

tallest and heaviest trees have the lowest root-shoot ratios. This indicates




=

- 176 =

that, proportionately, the top benefits more from the supplemental nu-
trients than the roots.

Observed Characteristics

Ocular estimates of color and general vigor of the seedlings
during the first 2 months furnishes observetional déta which help to supple-
ment and interpref the statistical date. The most conspicuous ebnormality
in color and vigor 2 months efter séeding was. found in the seedlings grow-
ing in plots treated with 60 pounds of nitrogen, 90 pounds of P205, and
100 of Kn0 5 weeks after seedinge. Two of the four plots of this
treatment were described as belowAaverage in vigor. - The tips of the
cotyledons of most of the seedlings in the four plots of this culture were
brown. This condition suggests that the seedlings were "burned" by the
fertilizer. It is noteworthy that this treatment produced trees of
least height and weight, and with the fewest terminal buds.

In matked contrast were the trees in plots receiving the organie
soil end colloidal phosphate treatments. Two of the four plots in
both of these treatments were described as containing trees considerably
above average in vigor. The foliage of these trees was blue-green in
contrast to the green and ¥ellow-green of trees growing in differently
treated soile The other two plots, although not exhibiting differencés
iﬁ vigor and needle color as marked as the plots just described, did
appear somewhat superior in vigor. Trees from these treatments were
taller and heavier and had developed more terminal buds at the end of
the experiment than trees from other cultures.

Trees growing in the plots of the other seven trsatments exhibited
no vigor or color characteristics which distinguished those of one treat-

ment from another.
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Just prior to harvesting the trees, differences in seedling den-
sity were évident among the various plots. Note was made of the plots
in whicﬁ seedling density was exceptionally low. The results of this
tabulation were as follows:

Treatment Number of plots of exceptionsl-
' ly low seedling density

6ON9OP100K (prior to seeding) 3

60N9OPLOOK (5 weeks after seed- )

' ing) L
15N9OPS5K '
60N9OP100K (50% orgenic N) 0
15N90P55K
158K . 0
15N90P55K
(2x)15NK 1
15N90P55K -

(3x) 150K 1
20 C. P. 15N15K

(3x) 158K 1
Orgenic s0il 0
Check ' 2

Exceptionally low seedling denﬁity is most evident in the two
treatments- 60N9OP100K (prior to seeding) and 60NQOP100K (5 weeks after
seeding)- receiving heavy initial applications of fertilizer. Evidently
too great concentration of nutrients, especially the readily available
ones- nitrogen and potassium- was responsible for high seeding mbrtality.
The highest seeaﬁngdensities were noted in one plot of the colloidal phos=-

phate and two plots of the organic soil treatment.
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Summary end Implications of Results

Although the results of 1942 nursery experiment are not very con-
clusive on all aspects of fertilization that were studied, the effects of
some phases of soil improvement are fairly definite and in others, some

trend is indicated.l6

16. Later experience demonstrated that differences.in response to nutrient
treatments are greater when other nursery practices are nearest to the opti-

mum for seedling development. Cultural practices were not ideal in 1942,

In general, slash pine seedlings were not benefitted by'the ad-
‘dition of readily available nutrients, regardless of method of applicationm,
when nothing was done to change the physical condition of the soil. On
the other hand, when organic soil was added togethsr with inorganic
nutrients, significent differences developed in the trees. They were
taller, heavier, and had more terminal buds than trees grown in un-
treated cultures or in those receivingvinorganic nutrients only.
Colloidal phosphate with inorganic nutrients improved the trees, but they
were not significantly superior to those grown in untreated soil or soil
to which other nutrients had beeﬁ added. . Apparently, leaching of readily
available nutrients is too rapid in otherwise untreated soil to allow
the seedlings to derive any benefit when they are added either entirely
at the time of seeding or 5 weeks affer seeding or in split epplications
at 5-week intervals. Such frequent watering is necessary in the absence
of rainfall that leaching is ﬁlmost continuous. Leaching ismcentuated
when heavy falls of rain occur. An examination of the rainfall records
during the experiment reveals that on one occagion, a 2-inch rain fell

within a few hours after the application of fertilizer, and on another
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occasion, a l.20-inch rein fell soon after fertilization.

Although significant differences in the measursed characteristics
of the trees produced by the two 60N9OPlOOK treatments snd the check
are not evident, seedlings of these three treatments show a tendency
towﬁrd inferiority, and seedling mortality was heavier in these cultures.
Even though the effects of these treatments were not regarded as dgtri-
mental, they are oertainly uneconomicals.

Although no significent difference exists between the seedlings
produced by thé two 60N9OP100K treatments, those produced wheﬁ the
nutrients were ﬁpplied 5 weeks.after seeding show an inferiorityito
those produced when the nutrients were applied just prior to seeding.

The 2-inch rain which fell soon after the latter treatment may have

caused enough leachingrof the readily available nutrients to minimize
damege to the seedlings which began making their appearence 9 deys later.
Practically no‘rain fell for nearly a month following the epplication of
the 60NQOPLOOK treatment 5 weeks after seeding, consequently the seedlings-
mostly 13 to 26 days old~ were probably under the influance of a relatively
high concentration of nutrients for several days since the gentle fall of
water in relatively small quentity from the overhead sprinkliﬁg syétem
probebly caused rather slow leaching.

When the nitrogen and potassium were added in two to four ap=-
plications, the trees were not notably different from those developed
with no soil treatment. Thoée receiving two and three applications of
these nutrients were supserior in height, weight, and bud development to
these receiving the entire supply of nitroéen and potassium prior to
seeding or 5 weeks after seeding. The differences were not significaht,

however.,
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The culture in which 50 percent of the nitrogen was of organic
origin produced somewhat better trees than the two cultures receiwing
the same quantity of nitrogen (and equal amounts of phosphorous and
potassium) of inorganic origin. Again, the differences are not significant.
The fact that the only wvariable in the nutrients used in tﬁese three treat-
ments was ths nitrogen séurce stggests that too much readily available

| nitrogen is more likely to be harmful to young'slash pine seedlings than

too much readily avsilsbls potassium.

In considering the effect of the drganic soil, it is well to keep
in mind that this material does more thap chaﬁge the physical charsacter-
isties of the original soile It has egually important effects on the
chemical and biological features, some of which may be vsry complex. The

organic soil increasss the base axchangs capacity; it adds various

nutrients, especially nitrogen, part of which is organic; and it adds

new microorganisms and possibly growth hormones. The original soil is,
therefors, radically changed. This is evidsnt by the.great superiority of
the trees produced in the organic soil treatment over all except the col-

loidal phosphate treatment.
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1945 Nursery Experiment

Experimental technique and cultural methods used in this experiment
were simiiar to those employed in the 1942 Nursery Experiment. Techniques
in the 1945 Nursery Experiment which differed from those in the previous
-experiment are discussed briefly below. Each of the two sééd beds wés
divided into eighteen plots, each 5' x L'B" (Fig. 18). Isolation strips
were not left between plots. The disadvantege of baving plots involving
different soii treatments joining each other was disposed of by eliminating
g 6-inch strip at each end of every plot in the random selection of sample
trees. The two seed beds provided thirty-six plots, thus making possible
the use of nine soil treatments, each replicated four times.

A Plenet Jr. séed drill was used to sow the seed, on March 12, in
rows running 1engthwise of the beds, the rows being spaced 7 inches
gpart. The drill was regulated to provide distribution of seed at a rate
of approximately twenty-five seeds per linear foot, the objective being
to secure, ultimately, ten to fifteen trees per foot. The seed was secured
frﬁm the Florida Forest Service, and its specific source was not known.
Germination was first in evidence on March 20.

Precipitation records at the nursery site reveal that no rain fell
during March and that only 0.30 ineh fell between April 1 and April 22. It
was necessary, therefore, during the first 6 weeks of the experiment, to
maeintain adequate soil moisture by supplying water from the sprinkling
system. The first epplication of nitrogen and potassium, and of phosphrous
in Treatment 8, on April 19 was fdllowed on April 23 by a rainfall of 2.71
inches during a 12-hour period, and on April 29 by one of 1.66 inches dur-
ing a 6-hour periode May was relatively dry, with precipitatiop totalling

1.88 inches for the month, all of which fell during the fiPst 16 days.
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No rain fell for nearly 2 weeks after the application of nutrients on

May 2. On June 7, 1.79 inches of rain fell. Rainfall was plentiful
during June, the total fall being 7.51 inches. Precipitation was light
during the first half of July, totalling 0.98 ineh which fell in four
showers. Since the third application of nutrients was made on June 28,

and sinée no single rain storm between that date and August 1 produced

more than 0.73% inch, the nutrients were not acted upon by heavy rains.

. The fourth application of nutrients on August 2 was followed by a 3.24~inch
rain within 12 hours. Total precipitation for July was 3.5, and for

August was 9.80 inches.

Prior to lifting them in January, fiftaen trees, from which data on
various features were secured iate%, were selected et ranaom and marked
for future use. Length of stem from the cotyledons to the tip of the
terminel bud (to + 1.0 mm.) and number of terminal buds were recorded
before the trees were lifted. Each tree was classified on the basis of
predominance of primary and secondary needles. After the trees were
lifted end washed, the diameter of each was measured (to { 0.01 mm. ) with
a micrometer, and the green weight of the entire tree was weighed
(to $ 0.01 gr.). Time did not permit dfying_the trees and securing dry
weight separately on shoots and roots.

Soil Treatments

Since slash pine seedlings had responded most in the greenhouse ox-
periments to soil treatments containing colloidal phosphate, especially
when nitrogen and potassium werebincluded, end since they had made some
responss to éimilar treatments in a previous nursery experiment, the 1945
Nursery Experiment was designed primarily to teﬁt similar treatments in the

nursery. Colloidal phosphate was used at rates of 1 and 20 tons per acre.
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Nitrogen and potassium were applied either two or four times at rates of

either 15 or 30 pounds per acre of N and KpO each time. In one culture,
Ca(HpPO), )oHoO, which when used alone in & greenhouse culture had produced

marked response by slash pige seedlings, was used in cqmbination with nitro-

gen and éotassium. C+ P. chemicals were used as sources of nitrogen and po-
tassium in all treatments thet were supplied with these elements and of
phosphorous in Treetment 8. NH,NO3 and KCl supplied the nitrogen and potassium,
respectively. Details of nine soil treatments are shown in Table 83.

Length of Stem, Diameter, and Green Weight

The meen lengths of stem, diameters, and green weights of the.trees
in each treatment are presented in Table 84. The analyses of variance of
each of the three features reveal: thet there are vory significant dif-
ferences between the treatment means of stem léngth, but no significant
differences between those of diameter and weight. The F values of 2.11
and 1.90, respectively, were not much below the 2.36 needed to demonstrate
significent differences. It is the author's bglief that certain factors
which caused marked differences between individual trees within plots of
the same so0il treatment were responsible for the lack of significant dif-
ferences in the means of stem diameter‘and tree weight. Under nursery
conditions, a limited number of seeds germinate long after the ma jority
have germinated. Those that germinate late, being younger than the
majority of seedlings, do not attain the size of those that germinated
earlier. Thls accounts for part of the variation among seedlings. It was
observed also thet seedling density varigd within plots (Fig. 18). Even
more important is the fact that seedling density differed with soil treat-

ment. The plots representing the soll treatments which produced the shortest,

smallest diameter, and lightest (in weight) trees had the lowest seedling
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Table 83. =--Type and amount of nutrient application in 1945
Nursery Experiment

n “Time of nutrient application
: : 55 weeks 31105 weeks 3115z weeks s 20z weeks
tPrior to : after 1 after s eafter s after
tseeding & seeding : seeding : seeding : seeding
, tColloidal : ,
Treatment tphosphate :P205 N K2@ N K20 s N K20 3 N K20
3 : Tons per:
No.:Designation : acre : Pounds per acre
: ' : s : 3 :
1 320C.P.4(Lix)15NK : 20 : = 1515: 15 153: 15 15 : 15 15
: : : s 3 3 T
2 3120C.P.#(2x)30NK : @ t = 30 30: = - 3 30 30 : - =
s : : : 3 H
3  3$20C.P.4(Lx)30NK 3 20 s - 30 3%0: 30 30 : 30 30 : 30 30
3 H H : : :
LL 2 20CPe H 20 : - - = 3 - - ¢ - - H - -
: : : : : s s
5 :1C.P.#(Lx)15NK 1 + - 1515: 15 153 15 15 s 15 15
: H ) H H H H
6 31C.P.¥(1ix)30NK 1 : = 3030s 30 30 : 30 303 30 30
: : ¢ : 3 s
7 slC.P. : 1 t = = =3 = - 3 = -3 = =
8 : s H : t
8 :60P¢(Lx)150K : - '+ 60 1515 15 15: 15 15: 15 15
: : : g s :
3 s 3 :

9 :Check . : -
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Table 8ls --Mean length of stem, diameter, and green weight of
trees in 1945 Nursery Experiment

't Length of stem 1 Diameter of stem: Green weight
Treatment ] mme ] mne. : gr's
s 1 3
20C.P.#+(Lix)15NK 162.8 : L. 28 : 8.72
: s 3
2000P04(23[)30NK : 11...1.6 H 30% 3 8.8
’ : o 3 H '
20C.P.#(Lix)30NK 171.7 : L.26 s 10.09
: : 1
20C.P. s 159.2 t L.00 $ 8.37
3 : : 3
1C .Pl*(hx)lmK H 13209 $ 3.50 t 6005
. 3 : H -
1C.Pe#(x)30NK 2 - 138.0 2 3.80 : T.17
: : H '
1C.P. 3 112.2 3 3.25 % 5.0L
3 3 3
60PH( Lix ) 15N K : 134.5 : 3,80 : 6.72
: : s
Check : 113.6 : 3.4 s 5.88
s H 1
Standard : H ]
deviation : 10.6 : 0.25 : 1.17
s H 3 :
Difference be- : :
tween treatment ] g
means to be sig- : 31.0 3 3
nificant at 5 and: 3 s
1 percent : L2.0 s )
3 s 3
- F value treatment: 3 o HA*% 3 2011 $ 1.99 .

**Significant at 1 percent.
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density. For their height, trees in the low=density plots appeared to
have relatively sturdy shoots,vand they had wide-spreeding root systems.
Had they grown in high-density plots their stems probably would have been
thinner and their roots less extensive. Thus, seedlings grown in low=-density
plots would conceivably gain some advantage in diﬁmeter and weight over
those grown in high-density plots, én advantage caused by the differences
in éeedliﬁg density. This would tend to reduce the differenée in t;eat-
ment means. This, combined with the wide variation between individual
seedlings in the same t;eatment (due partly to densit& veriations within
plots), mekes the standard deviation large, and may account for a lack
of significant differenceé between treatment meens of stem4diameter
and tree weight. In other words, the effect of the treatment on seedling
density created a variable factor whiQh confused the effect of treatment
on certain characteristics of the trees. In view of these facts and the
closeness of the F values of treatment for diameter and weight.to those
needed for significance at 5 percent, the author believes the dismeter and
weight differences caused by treatment can be assumed to be significant.
At length of stem, tress in the 20 C. P. #(4x)30NK culture were
outstanding. These trees were very significently taller than those in
the check and the 1 C. P. treatments (Fig. 21),'and significently taller
thean those in the 1 C. P. #(4x)30NK, and 60P#(Lx)15NK cultures. They were
nearly significently taller than those in the 20 C. P. $(2x)30NK culture.
Trees in the 20 C. P. #(4x)15NK end the 20 C. P. cultures were very
significantly taller than those in the eheck and the 1 C. Pa. cultures
(Fige 19)e Those in the 20 C. Pe +(4x)15NK culture lacked only a little of

being significently taller than those in the 1 C. P. #(4x)15NK and
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1 C. P.#Lx)30NK treatments, and those in the 20 C. Pa cultures ﬁere not
far short of being significantly taller than those in the two l=ton col-
loidal phosphate treatments supplemented by nitrogen and potassium.

Although none of the l-ton colloidal phosphate treatments yielded
trees witﬁ lenger stems than the check (Fig.lzo), it is noteworthy that when
the colloidal phosphate was supplemented by nifrogen apd potassium, stem
length was increased, although not significantly (Fig. 22).

The value of colloidal phosphate in lerge quantity is evident
from the significant superiofity in height of the trees in 20 C. P. over
those in the check culture. Furthermors, trées in the former culture
were not significantly inferior in height to those in any other culture and
actually surpassed those in one culture (20 C. P. +(2i)30NK).

Although there is no significant difference in the meen heights
of trees in the 20 C. P. #(L4x)15NK and 20 C. P. #(2x)30NK cultures, there
is enough difference to indicate that 60 pounds of nitrogen and potassium
per acre split into four applications is more effective in its effect on
slash pine seedlings than thié amount split into two applications. It
is possible that some of the value to the seedlings of thé first 30-poﬁnd
application was lost on account of the heavy rain which fell soon thereafter.

Although differences in mean diameters and weights of trees in
difference treatments are not .significant, these features of trees in the
various cuitures have much the same realtionship to each other as did the
stem lengthse It is noteworthy that the mean diemeters and weights of trees
in the four cultures receiving 20 tons of colloidal phosphate were greater
than those of trees in the other five cultures.

Number of Terminal Buds .and Percent of Trees with
Primary Needles Dominant K

Over a period of several years observations on slash pine seedlings
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growing in forests end in nurseries has lead the author to believe that
tree vigor in young slash pine trees is expressed to some extent by the
number of terminal buds. Wakeley (1935) used the prevalence of primary
needles as ons criterion of the quality of planting stock. In his classi-
fication of grades of planting stock, the foliage of grade-3 slaéh pine
seehlings is composed solely of primary needles. Number of terminal buds
and prevaleﬁce_of primary needles should constitute useful criteria
in judging planting=stock quality.
The mean number of terminal buds and the péucent of trees with
primary needles dominent are shown in Table 85 for each treatment. Very
significant differences exipt between treatments in the first feature, and.
significent differences exist in the latter. Trees in the 20 C. P. #(4x)30NK
treatment are outstanding in both categories. These trees are either signi-
ficantly or very significantly superior to trees of all other treatments
in number of terminal buds. With none of the trees in this treatment
having primary needles dominant, they ranked best in this respect, and they
were significantly superior to trees in the check and 1 C. P. cultures.
Trees ip the 20 C. P. #(4x)15NK culture had significantly more ter-
minal buds than trees in the 1 C. P. and check cultures. With only 5.0
percent of the trees having primary needles dominant, the former culture
ranked second best end waé significantly superior to the 1 C. P. culture,
The number of terminal buds and the percent of trees having primry
née&les dominant add further evidence on the superiority of trees in the
20 C. P. #(4x)30NK treatments.

Summary of Results

The experiment demonstrates rather conclusively that the quality

of slash pine seedlings grown in a nursery in a Norfolk fine sand can be
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Table 85, =-The mean number of terminal buds per tree and the
percent of trees with primary needles dominant in
the 1945 Nursery Experiment

Trees with primary

Terminal buds needles dominant &

s ]
H :
Treatment $ Number per tree 3 Percent of total
3 : o
20C.P.#(ix)15NK : 1.43 3 5.0
: s 3
20C.P.#( 2x)30NK 3 1.00 : 11.7
3 s
ZoCoPoﬁ(l{JC)BONK H 2015 H 0.0
3 t
"204CePe ] 1015 s 13.3
: : :
1C.P.+(Lix)15NK : 0.88 : 16.7
: 3 3
1C.P.$( L4x)30NK : 1.27 3 843
H :
1C .Po 3 . 0050 } 4 2803
: 3
60P#(L4x) 15NK : 0.75 : 13.3
3 1.
Check 3 0.72 : 21.8
Standard deviation : 0.2 : 7.5
s s
Difference between ] H
treatment means to be 0,71 s 21.8
significent at 5 and s 3
1 percent : 0,96 $ 29.6
F value treatment : lo1ll%% : 2.90%

+The foliage of these trees consists either solely or more then -50
percent primary (unfascicled) needles.

*Significant at 5 percent.

**xSignificant at 1 percent.
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greatly improved by the addition to the soil of 20 tons per acre of col-
loidal phosphate, which should be mixed in the upper 4 inches of soil.

Since the trees grown in a culture containing 20 tons per acre of ’
colloidal phosphate alone were as good as, and in one case better than
(although not significantly so),‘those grown in cultures containing nitrogen
and potassium as-well.as 20 tons of coiloidal phosphate, it has not been
demonsfrated th;t supplemental nitrogen and poﬁassium are needed t6

produce superior trees. It is possible, however, that the trees grown

in cultures gupplied with all £hrae nutrient elements mey be.better balanced
physiologically. ‘This cannot be determined until a suitaeble basis for
analyzing physiological balance is developed. ' The survival and éarly

growth of epproximately h500;trees from this experiment in two field

plantations mey eventually throw light on the matter.17 Although there are

17. Field survival and growth of trees grown in colloidal phosphate nur-
sery cultures may be affected also by the colloidal phosphate which adheres
vory tightly to the roots when the trees are lifted from the nursery. Various
nutrients which might affect seedling survival and growth may be adsorbed

on the colioids adhering.to the roots. This might well be an important

value of the colloidal phosphate treatments in the nursery.

no significant differences between the trees grown in the three 20-ton
colloidal phosphate cultures supplied with nitrogen and potassium, certain
trends are at least indicated. Two 50-pound-per-acre applications of ni=-
trogen and potassium were not beneficiale. On the other hend, four 15-pound
of four 30-pound applications resulted in some improvement in the trees.

Whether the increased cost of the four 30-pound applications over the two
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30-pound appiications would be justified is open to question. In view
of the fact that the trees did not respond effectively to two applications
of nitrogen and potassium but did to four applications, the question msy be
raised as to whether a greater number than four applications of these
‘elements might be even more effective. Hore frequent applications might
meintein a higher average amount of these easily leached elements in the
soil, even though the total amount edded was the same. Only further in-
vestigation can furnish the answer.

One~ton=-per-acre applications.of colloidal phosphate either with ér
without nitrogen and potassium have little effect én slash pine seedlings.
This is equally true of a 60-pound application of phosphorous su?plemented

by four 15-pound applications of nitrogen and potassium.
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SUMMARY OF ALL EXPERIMENTS

The response of slash pine seedlings during their first season's
growth to various nutrient treatments in Norfolk soils was studied under
greenhouse and nursery conditions. The greenhouse soil was a Norfolk
send; the nursery soil, a Norfolk fine sand. Fifty-five soil treatmenté
were used in the grpenhéuse experiments during three seasons, and
ninetéen treatments were used in the nursery experiments during two seasons.

The two soils in which the research was done did not differ appre-
ciably in physical an& chemical characteristics. Both we;e low in silt
plus clay (8 percent in the sand and 9 percent in the fine seand), in
soil'organic matter (2.18'and'1.83 percent, respectively), and had low
moisture equivelents (5.39 and 4.55 percent, respectively). The latter
feature wes increased by adding colloidal phosphate to the soil, es- -
pecially when es much as 25 tons p:r acre wes added to the upper L-inch
layer of soile The increase of 34 percent in the moisture equivalent of
the Norfolk sand to which a 25-ton application of colloidal phosphatg had
been added is caused by the high moisture equivelent of the phosphate
(476 percent), 87 percent of which is material of silt and clay size.

The effect of colloidal phosphate on the physical composition of fhe
soll is demonstrated by the extensive surface cracking which occurred when
samples of Norfolk sand to which 5 and 25 tons of colloidal phosphate had

been added were oven-dried subsequent to complete saturation of the soil.
Both soils have low base-exchange capacity, the Norfolk sand,

4.3l, end the Norfolk fine sand, 3.32 m. e. /100 gr. §f goils They dif-

fer markedly in their percent of base saturation, that of the former

being approximately 19 and that of the latér, appioximately 91 per=-
cent. The high percent of base saturation of the Norfolk fine
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send is undoubtedly caused by bases added to the soil in the copious ‘
application of well water to this soil in the nursery. The exchange
capacity of the Norfolk sand is not affected materially by additions of
colloidal phosphate to the soil. Available phosphorous, based on
sodium~-acetate~-soluble phosphorous is low in both soils, 8.0 p.p.m. in
the Norfolk sand and 9.0 p.p.m; iﬁ the Norfolk fine sand. When large
quantities of colloidal phosphate are added to the soil, available
phosphorous is increased by 035 to 0.80 p.pe.m. for each ton~added.

Both soils are acide The pH is 5.18 and 5.55 for the sand and fine
sand, respectively. That colloidal phosphate has a buffering effect
on the soil was evident in less reduction in pH of soils to which this
material had been added than in untreated soil when they were leached
with 0.05 N HCl, and in the slower change in pH, after leaching, in the
colloidal-phOsphate-treated soil than in the untreated soil.

In the comprehensive greenhouse experiments, an attempt was made
to minimize any effect that seed size might have on the results by
grouping seeds into weight clgsses having weight renges of 3.0 mg.
When more than one weight class of seed was used, seedlings from only
one weight class were planted in each replication of soil treatmenté.
Seedlings were uniformly spaced in the soil pots. The trees were goner=
ally transferred from the germinating flats to the so0il pots when their
average ages were 2 to l weeks. Most of the trees were growm in the pots
for approximately 20 weeks. Temperature records were teken during the
1943-l); end 19444-Li5 greenhcuse experiments, and evaporation was recorded
during the latter experiment. Data on stem length of each tree were re-

corded at 5~ or 6-week intervals, end data on branching of each tree were
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recorded at 2- to L-week intervals after branching started. Diameter of
stem and dry weights of shoot and root were recorded after the trees
were harvested. Total weight and root-shoot ratio were computed from
the root end shoot weights.

In the 1941-42 Greenhouse Eiperiment,_certain aspects of which were
not well controlled,'slgsh pine seedlings were grown in untreated soil and
in soil to which 20, 0, or 80 pounds per acre of ﬁ, P20g, and K50 had been
added in advance of planting. One cuiture contained in addition to'ho
pounds pér acre of N, PoOg, and Kx0- Cu, Zn, Mn, Fe, and B. This ex-
periment revealed differences in the mean heights, weights, and foot-shoot
ratios of trees in the different cultures, but none of the differences
were significant. Mean heights and weights increa.séd with increases in the
quantity of nutrients applied to the soil in éhe absence of minor elements.
ﬁoot-shoot ratios showed no trend. Minor elements affected tree heights
adversely, they had no effect on tree weight, and they increased root-
shoot ratio. Brenching wes notigesbly affected. Significant differences
in the mean number of branches per tree were caused by soil treatment.

The culture containing 80 poundq per acre of N, Po0g, and K20 produced
trees with the most branche& (.00 per tree at 17%-wégks), and the
Li0-pound culture was second highest (3.00 per tree). Although differences
in branching were evident at 8 and 11} weeks, the differences were not
significent until 1% weeks had elapsed, after which the differences con-
tinued to be significant. In later greenhouse experiments, more often
differences in branching were significant early in the experiments but
were not significant later. In respect to height, dry weight, and

root=-shoot ratio, the results of this experiment corroborated those of
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later experiments. Single-applications of nitrogen, phosphorous, and
potassium over the range of quentities used in this experiment do not
influence these tree characteristics significantly.
The 1943-L); Greenhouse Experiments were three in number. Experiment

I wes & simple factorial désign involving eight éingle-application treat-
ments at two 1eveis of N, P205, and K~0. Eiperiment II consisted of six
treatments involving three levels of N, Pp05, and KpO applied by two
methods- single applicetion and split application (four in number).
Experiment III consisted of eleven miscellansous treatments invol ving
chiefly colloidal phosphate and peat moss, with and without supplemental |
N, P20g,or K20.

. Experiment I furnished additional evidente on thé ineffectivepesa
of single-application soil treatments. Only éne of the seven treatments
involving supplemental nutrients- the one containing 60 pounds of
phosphorous and a small amount 6f calcium~ produced trees superior in
some respects to those produced by the check. MNitrogen-used by itself
as a singl§ application of 60 pounds per acre was definitely harmful to
most of the features studiedf Root=shoot ratio, which in all experiments
was unaffected by soil treatment was one exception. It is noteworthy
that the harmful effects of nitrogen are decreassed when either or both
phosphorous end potassium are used with it. In most of the features
studied, trees in soil treatments involving 40 pounds of P50g, 60 pounds
each of Po0g and K0, and 60 pounds each of N, Po0g, and KpO were
superior to trees in the check, but not significantly so. Significent
differences between cultures in the number of branched trees and in the
mean number of branches per tree were evident throughout the expseriment,

but only the 60P culture was significantly superior to the check in both
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characteristics.

Experiment II demonstrated the superiority of split-application
treatments (four in number) over single-applicatioﬁ treatments of ni-
trogen, phosphorous, and potassium. Although stem length and root=-shoot
ratio were not significantly improved by any type of nutrient treatment
used, stem diameter, branching, and weight were increased significantly by
the split-applicetion treatments. For all-round improvement in tree
characteristics, a'treatment involving four 30-pound-per-acre applicestions
of N, P2053 and KoO was best.

Experiment III demonstrated that the response of slash pine seedlings
_was greatest when a large gquantity (20 tons per acre) of colloidai
phosphate and small amounts of feadily aveilable nitrogen and potassiup
(four applications of 15 pounds each of N and K50) were added to the
soil. Response to a 1l0-ton-per=-acre application of peat together'with
four 15-pound-per-acre epplicatiorsof N, P205, and K20 was almost equal-
ly good. When colloidal phosphate and peat were used alone the response
wes much less. The'former, when used alone, produced substantial effects
on branching and total dry weight of the trees, both effects being signifi-
cant. Its effects on stém length and on diamefer weré favorable, but
insufficient to demonstrate significence. The 1gck of a definife res-
ponse by slash pine seedlings to a similar treatment with nitrogen,
phosphorous, and potessium in Experiment II (the (Lx)15NPK culture) to-
gether with their limited response to colloidal phosphate or peat suggests
that the greater response to conbinations of either colloidal phosphate or
peat and readily available nutrients must be caused by a physical effect

of the former materials on the séil, oh the tree roots, or on both.




- 197 -

Possibly these materials act as buffers, holding nutrients in reserve

so that they become availeble slowly and céntinuously. Whatever the effect,
it is evident by the increased size of the trees, that the t rees' feeding
efficiency is improved. Analysis of needles of trees from seversal cultures
revealed thgt tree needles from cultures cbntaining colloidal phosphate did
not have higher concentrations of‘phosphorous end calcium than those from
cultures not supplied with colloidel phosphate. The needles of trees

taken from colloidal phosphate cultures yielded more phosphorous and
calcium than those from a check culture only because the weight of the
needles from the former was heavier than that of needles from the check.

Wood ashes in quantities of 352 and 1320 pounds per acre had little

". or no effect on slash pine seedlings. A treatment with a high concentra-

tion of potassium (four applications of 75 pounds of Ko0) reduced stem
length and iﬁcreased branching significently, but its overall effect was
more or less neutral. |

The 1943-Ll; Greenhouse Experiments demonstrated that slesh pine seed-
lings grown in Norfolk sand are benefitted most when the physical character
of the soil is improved by the addition of 20 tons of colloidal phosphate
to the surface four inches and the supply of readily availeble nitrogeﬁ and
potassium is inereased. A later nursery experiment demonstreted that res-
pohse was greater when four 50-pound applications were used than when
four 15-pound applications were used, but the difference in response was
not significant.

A composite tree index value was developed for rating the trees in
each treatment on the basis of all features studied. In the 19434l

experiment these values ranged from =7.3 to 11l40. In a culture of the
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1944=45 Experiment a value of ll.4 was secured. These two high values
were attained by trees from similar cultures, the difference being 20
tons of colloidal phosphate in one culture and 25 tons in the other.

Stem length was more often affected adversely by the addition of
readily available nutrients, especially high concentrations in a single
epplication or nitrogen alone_or combined with phosphorous or potassium,
than were other characteristics. Branching was nevef decreased by nu-
trient applications, but certain soil treatments produced no appreciable .
effect on brénbhing. High concentrations of nutrients from a single
application of nitrogen alone or combined with phosphorous or potassium
were least effective in stimulating branching. An increase in the
branching of widely spaced trees grown in pots in a greeﬁhouse is probably
an indication of increased vigor in the trees. Stem diameter was affected
by soil treatment in much the same way as branching, that is, it was
increased by the addition of nutrients to the soil in nineteen of the
twenty-three cultures to which nutrients were added. In twelve of the
cultures the increases over the check were significant. Tree weights
were reduced by four treatments- 180NPK, 60NK, 60NP, and 60N- in the last
two, significantly so. Nine treatments produced trees of significantly
greater weight than the checke So0il treatment had littie effect on root-
shoot ratio, not a single treatment yielding trees with root-shoot ratios
that were significently different from the check.

Only Experiment I of the 1944-1i5 series yielded results that added
much of consequence to those of the 19,3-4l; series. In this experiment,

a 25-ton application of colloidal phosphate, supplemented by four 15-pound

applications of N and KoO, produced the best trees; but they were not
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significantly superior in all characteristics to those of all treatments
involving smaller%amounts of colloidal phosphate. In dismeter and weight,
trees from the 25-ton culture were significantly superior to trees from
the 5-ton culture but not in stem length, branching, nor root-shoot
ratio.’ Trees from the formsr.culture were superior in gtem length, dia-
meter, and weight to.frees from cultures conteining only 0.5 or 1.0 tonldf
colloidal phosphate. |

Increasing the amount of P205 from 30 to 480 pounds per acre pro-
duced no significant effects on slash pine seedlings in Experiment II,
19L4-145.

Although stem length was not affected significantly in Experiment III,
194L4=145, by different rates at which phosphorous was used (froﬁ 60 to
480 pounds per acré of P205) nor by various combinetions of elements
(K, NK, snd CaNK) used with phosphorous, other features were affected
significantly. Branching was increased significantly. Number of branched
trees and number of branches per tree increased with increased amounts of
phosphorous aﬁd number of elements in the cultures. Diameter of stem was
affected in the same manner. Welghts of shoot, root, and entire tree werse
affected signifiqantly by the rate at which phosphorous was used.

No significant differences in the wvarious tree characteristics
were found between trees grown in & culture in which the phosphorous and
part of the nitrogen and potassium were mixed in the upper 4 inches of
s0il and one in which all nutrients were applied to the surface (Experiment
IV, 1944-45) |

Boron at a rate of 1 pound per acre and manganese at rates of 20 and

LO pounds per acre, applied 113 weeks after the trees were planted, were
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demaging to slash pine seedlings. The ends of the nsedles turned brown
and yellow a few weeks after these elements were applied to the soil, and
the extent of the discoloration increased with the passing of time.
Similar results occurred when larger quantities of Cu, Mn, Zn, Fe, and B
were applied to the soil in the 1941-42 Greenhouse Experiment.

The nursery experiments corroborated the conclusion reached in the
greenhouse experiments that slash pine seedlings do not respond noticeably
to the application of-readily available nutrients in Norfolk soil unless
the physical condition of the soil is improved. In the 1942 Experiment
a 20-ton-per=acre application of colloidal phosphate, supplemented by
four 15-pound per acre applications of N and K50, yielded better troes fhan
the cgeck, but they were not significantly superior. Organiec soil, which
probebly changed the soil biologically as well as physically and chemicelly,
caused a marked increase in height and dry weight of seedlings.

The 1945 Nursery Experiment was more conclusive than the 1942 Expsriment
on the effect of colloidal phosphate treatments on stem length of slash pine
seedlings. It showed also that four supplements of 30 pounds each of N and
K50 moduced trees with longer stems and greater weights than four supple-
ments of 15 pounds, but the differenqes in these featdres between the two
treatments were not significent. One-ton‘applications of colloidal phos-
phate, with or without supplements of nitrogen and potassium, did not af-
fect the trees significantly. Trees grown in a culture which contained 20
tons of colloidal phosphate were nearly as tall, had nearly as large stem
diameters, and were nearly as heavy as those grown in cultures with the
same amount of colloidal phosphate plus four supplements of 15 or 30

pounds per acre of N end KoO. In the gfaenhouse experiment, differences
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between trees from such cultures were greater. Number of terminal buds
per tres was significantly greater in cultures containing 20 tons of col=-
loidal phosphate and four supplements of 15 or 30 pounds per acre each of
N and K20 then in the check.

Differences between the trees in different treatments were not so
great in some respects in the nursery as in the greenhouse. This was due
in part, undoubtedly, to varlables which could not be controlled so effective~
ly in the nursery as in the greenhouse. Few trees in the nursery develop=-
ed branches. This restricted branch development is probably caused by
the less favorable growing conditions in the nursery then in the greenhouse
brought about by the close spacing of the trees in the nursery rows. In
nursery-grown seedlings, relative vigor is probably expressed at the end
of the growing season by number of terminal buds rather than by branching.

Although it has been demonstrated that the quality of nursery-grown
slash pine seedlings can be improved by the application of 20 tons of
colloidal phosphate with or without 60 or 120 pounds per acre each of N
and Ko0 divided into four equal amounts, no evidence has'been secured as
to whether so large an émount is essontial for substantial improvement
in tree quality. . The data on the 5- and 25-ton colloidal phosphate
éultures in the 194/,-45 Greenhouse Experiments sﬁggest that 10- or
15-ton applications might be adequate. PFurther research in needed to
determine what quantity of colloidal phosphate is most economical in terms
of improved tree-seedling quality.

For nursery use on Norfolk soils, and possibly similar well-drained
sandy soils, in the production of slash pine seedlings, an application of

at least 15 tons of colloidal phosphate per acre mixed theroughly in the
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upper 4 inches of soil is recommended. Four supplements of 15- to 30=-pounds

per acre of N and K>0, added at intervals of 5 weeks, should be applied.
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FIGURES*

*The scale shown in the photogrephs is graduated in inches and
tenths of inches. ‘




Fige 1. =--Experiment I, 1943-lli. Upper, left to right. Trees in

check, 60NP, and 60NK treatments. Lower, left to right.

Trees in 60PK, 60N, and 60P treatments. Trees in &ON

cultures are short, have few branches, have stems of small
diameter, end are light in weight. Trees in the 60P treatment
are tall, sturdy, and are well branched. Trees in the check
and 60NP cultures are spindly and have sparse foliage, while
trees in the 60NK, 60PK and 60P cultures are sturdy and have
dense foliage.
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Fig. 2. =<Experiment I, 1943-l);. Representative trees. Left to
60NPK, and check cultures.
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Fige 3. =-Zxperiment II, 1943-L44. Upper, left to right. Trees
in 60NPK, 120NPK, and check treatments. Lower, left
to right. Trees in 180NPK, (L4x)15NPK, and (L4x)3ONPK
treatments. The poorest trees were produced by the
180NPK treatment, the best by the (L4x)30NPK treatment.
Split-application cultures produced better trees than
the single-application treatments.
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Fige Lo --Experiment II, 1943-4l;. Representative trees. Left
to right. Trees from 60NPK, 120NPK, 180NPK, (L4x)15NPK,

(Lx)30NPK, (Lx)L45NPK and check cultures.
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Fige 5. =-Experiment III, 1943-L)j. Upper, left to right. Trees
in the 20 C. Pa, 20 Ce P. #(L4x)15NK and check treatments.
Lower, left to right. Trees in the 20 C. P. #(4x)15N,
10 Peat, and 10 Peat #(Lix)15NPK. Trees in the 20 C. P.
+(44x)15NK, 20 C. Po +(Lx)15N, and 10 Peat #(Lix)15NPK
cultures ranked highest in all features studied. Note
the sturdy eppearence, dense foliage, and extensive

branching of these trees.
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Fog. 6. =~-Experiment III, 1943-4);. Representative trees. Left
to right. Trees from 20 C. P., 20 C. P. $(4x)15NK,
20 C. Pe +(4x)15N, 10 Peat, 10 Peat +(Lx)158PK, 10
Peat 20 C. P., 10 Peat 20 C. P. #(Lx)15NK and check
treatments.




-Fige 7+ ==Experiment III, 1943=i4lic Upper, left to right. Trees

in the 10 feat 20 C. P., 10 Feat 20 C. P. $(4x)NK, and
(L4x)15N30P/5K treatments. Lower, left to right. Trees
in the 352 wood ashes, 1320 wood ashes and check treat-
ments. Trees in the 10 Peat 20 C. P. #(x)NK cultures
are well developed and comparable to those in the 20 C.
P #(x)NK, and 20 C. Ps #(4x)N cultures. Trees in the
wood=ashes treatments branched more than those in the check
treatment but were otherwise similar to those in the latter.
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Fige 8. =-=Left to righte Trees in the 20 C. P. $(};x)15NK, 10

Peat 20 C. P. #(L4x)15NK, and 60N cultures. These

pots illustrate certain extremes in development of
slagh pine seedlings. The trees in the 20 C. P.
$(Lix)15NK culture had developed numerous branches

and they were tall and sturdy. Trees in the 10 Peat
20 C. P. #(4x)15NK culture were the tallest through the
duration of the experiment. The pot representing 60N
culture produced the smallest trees.
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Fig. 9. --Left to right, representative trees from the (4x)15N30P75K,
352 wood ashes, and 1320 wood ashes treatments; a heavily
branched tree from the 20 C. P. +(4x)NK treatment, the
tallest tree from the 10 Peat 20 C. P. +(};x)15NK culturs,
the smellest tree from the AON culture; and e repre-

sentative tree from the check treatment.
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Fig. 10. --Experiment I, 194)i~45. Upper, left to right. Trees
in the 0.5 C¢ Ps, 10 Ce Pe, and 5 C. P. cultures.
Lower, left to right. Trees in the 1.0 C. P., .
1.0 C. P.(S), and check cultures. Although visible
differences in the trees from these treatments are not
obvious treee in the colloidal phosphate treatments were
heavier, larger in diameter, and branched more than those
in the cheek culture. The 25 C. P. culture (see Fig. 11) -
produced the best trees.
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Fig. 11l =--Representative trees from the 0.5 C. P., 1.0 C. P.,
5 Co Poy, 25 Ce P., 1.0 C. Po(S), and check cultures
from left to right. Experiment I, 194,-45.
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Fig. 12. --Experiment II, 1944=45. Upper, left to right. Trees
in the 30P, 60P, 120P treatments. Lower, left to
righte Trees in the 240P, ;80P, and check trestments.
The trees in the above oultures were similar in all
features. No significant differences exist in the
trees in these treatments.
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Fige. 13, ==Representative trees from the 30P, 60P, 120P, 2,0P,
LBOP and check cultures from left to right. Experiment

I I, 19)4)4'115 .




Fige Uy, =-=Experiment III, 19LL-45. Upper, left to right.
Trees in the 60P-X, 120P-K, and L4SOP-K cultures.
Lower, left to right. Trees in the 60P-NK, 120pP-NK,
and 480P-NK cultures.
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Fige 15. ==Experiment III, 19L4=i5. Left to right. Trees in the
60P-CaNK, 120P-CaNK, and L80P-CaNK.' Althought differences
in the trees in the various treatments in Figs. 13, 1.,
and 15 are not obvious, significant differences exist in
stem diameter and branching between the different treat-
mentgs Cultures supplied all four nutrients produced
trees with largest stem diameters and the most branching .
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Fig. 16. -=Representative trees from the 60P-K, 120P-K,
480P-K, 60P-NK, 120P-NK, L4BOP-NK, and check cul=-
tures (left to right), Experiment III, 194/i=}5.
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ative trees from the 60P-NK, 120P-NK,
60P-CaNK, 120 P-CalNK, 4,80P=-CaNEK, and
treatments (left to right), Experiment III, 194L=45.
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Fige. 19. ==Trees in plot 19 are in the 20 C. P. #(4x)30NK and-
those in plot 20 are in the 20 C. P. culture. Trees
are sturdy and well developed in both plots. Seedling
density is highest in the 20 C. P. #(L,x)30NK culture.




Fige 20. =-Trees in plot 17 are in a check and those in plot
18 are in a 1.0 C. P. #(4x)30NK culture. Density
is thin in both plots. The experimental data show-
8d little difference betwsen the trees in these treat-

ments.
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Fig. 21. ==Trees in plot 23 are in a 20 C. P. $(Lx)15NK
‘ and those in plot 2 are in a 1,0 C. P. culture.
e Seedlings in the former are well developed and
- . they form a dense stand, while those in the latter
are small end rather spindly, and they form a rather
thin stand. '




- 229 -

Fige 22, =-Seedlings at left are in a 1 C. P. #(4x)30NK
' and those at the right are in a 1 C. P. culture.
Although seedlings in the former were not signi-
ficantly superior to the latter they were taller,
heavier, and had larger diameters. Seedlings in
the 1 C. P. culture form a denser stand than those

in the 1 C. P. $#(4x)30NK culture.
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APPENDIX
" Bffect of Temperature and Length of Day

on Seedling Characteristics

It was evident during the 19445 Greenhéute Experiments that the
slash pine seadlings wére developing differently than had the trees in the
1943-L); Gréenhouse Experiments. Since the soil in all pots was.maintain-
ed at the same moisture content, and since seed from the same lot was
used in all the 1943-4l; experiments and one of the 194/i=/;5 experiments, °
soil moisture and seed source can be dismissed as possible causes of
differences in seédling behavior during the two seasons in at least some of
the experiments. At the time of harvesting the treea’those in three of
the four 19L4-45 experiments and those in all the 1943-44l experiménts
were within a few days of the same age. Therefore, differences in the
trees at the end of these experiments cannot Se attributed to age dif-
ferences. Certalin aspects of the environment under which the trees grew
did differ during the two se:zgons. An examination of Tables 86, 87, 38,
and 89 revéals rather pronounced differences in temperature and length
of day during the various experiments. Temperatures were consistently
higher and lengths of days were longer during the 1943-l); experiments than
during the 1944-45 experiments. For the 21 weeks of the former experiment,
the mean weekly tempereture was 10 and 11 degress F. higher, the mean
maximum weekly temperature was 17 degrees F. higher, and the mean minimum
weekly temperature was 9 degrees F, higher then those for the 22 weeks of
Experiments I, II, III of the 1944=L5 series. Mean weekly length of day
for the former was 1420 to 1.21 hours longer than for the latter. It

is evident that the trees grew under different temperature and length-of-day
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Table 86. ~--Weekly temperature and length of day during
19443=l; Greenhouse Experiment

Week of 3 Weekly temperature - degree F. 13 ean weekly
Experiment 3 Mean : Mean maximum s Mean minimum : length of day (hourss)
: : : s
1l s Tl 3 89 3 6l t 10.28
3 2 s ’
2 1 69 1 82 s 61 : 10.37
: : s s ,
3 1 67 1 86 : 61 t 10.48
' : $ t
L :+ 70 1 9l s 6l 3 10.63
H H ] ’ 3
5 s 71 3 85 t 61 t 10.77
g 3 : 2
6 s 73 1 86 3 63 3 10.95%
. H 3 3 2
7 s 75 1 87 3 65 1 11.15
$ s 3 g
8 s 81 1 98 : 72 s 11.35
: ) 3 ?
9 s 77 95 3 67 ) 11.55
s 3 3 :
10 t 75 13 80 3 65 : 11.75
: 2 g 2
11 1 75 1 91 s 66 3 11.97
: : s :
12 s 8% 1 .99 ] 65 ] 12,18
s 'S : 3 2
13 : 82 aly s 75 3 12.40
3 3 : s
U : 73 2 93 t 62 3 12.62
1 3 ' 2 t
15 : 82 100 : 73 3 12.82
: : t 1
16 : 88 99 : 81 1 13,00
3 3 ) 2
17 s 89 104 t 82 1 13.20
3 s ' $ 3
18 : 84 103 : Th 2 13,38
: s s 1
19 s 84 103 : 75 t 13.52
3 s : 3
20 : 90 3 110 : 78 t 13.70
s 3 s 2
21 s- 90 115 1 79 ) 15.88
: ' : t
Mean s 78 3 95 : 69 P 12.00

*Length of time between sunrise and sun set.
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Table 87. =-Weekly temperature and length of day during
Experiment I, 1944-45

Week of @ Weekly temperature = degree F.

3 Mean weekly
Experiment : Mean 3 Mean maximum 3 Mean minimum g length of day(hourss)
: 3 : 3 '
1 2 80 98 ) 69 3 11.53
: 3 : s ,
2 : 70 8l : 60 : 11.47
3 2 3 :
3 t 73 1 8l :. 65 ) 11.25
s t : : 3 '
L s 67 3 86 $ 55 : 11.01
: t : :
5 - s 68 1 77 3 61 : 10.38
P : s 2
) : 66 1 76 s 59 2 10,72
3 s 3 3
7 1 65 3 Th t 59 t 10.58
s - ] ] ] '
8 t 62 3 70 : 55 s 10.43
s s : )
9 : 63 3 70 3 57 Y "10.25
3 ] 2 ' 3
10 s 60 66 : 55 s 10.25
: 3 $ :
11 : &) 3 Th 3 57 : 10.23
] ] ] ' 2
12 s 66 13 5 2 60 t 10.23
’ ] 3 ] H
13 :. 68 3 77 : 62 : 10.23
t $ 3 :
[ 14 1 62 3 70 3 57 : 10.33
P : 2 g
15 : 67 3 Th : 58 : 10.42
: ) 3 :
16 s 65 3 72 2 59 g 10.55
t t 3 ‘ 2
‘ 17 : 64 3 76 : 55 ' 10.68
: 2 g 2
18 s 66 3 77 3 59 2 10.85
$ ) 3 3
19 t 69 1 83 : 59 3 11.03
: 3 2 3 ‘
. 20 s T2 3 86 3 63 g 11.23
K : : _ t 3 ‘
21 : 73 1 86 3 él, 3 11.43
: 2 g s
22 : 76 3 91 3 66 ) 11.63
g 3 s 'y
© Mean s 68 78 s . 60 3 10.79

*Length of time between sunrise and sun set.
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Table 88. =~Weekly temperatures and length of day during
. Experiments II end III, 1944-45 Greemhouse

vy Experiment
ii%’ ‘ “Week of ¢ Weekly temperatures - degree F Nean weekly
PR Experiment : Mean 3 Mean meximum s Mean menimum 3 length of day(hours*)
3 3 3 3
1 s+ 70 81 s 62 3 11.43
] s 3 L] : .
2 s 72 s 87 ' 63 $ 11,22
P 1 3 3
3 1 68 1 85 1 56 3 11.05
3 3 s 3
L s 67 2 76 3 60 t 10.85
3 s : 3
5 t 55 3 76 D 59 o) 10.68
3 3 A ) 2
6 s 63 3 71 'y 57 3 10.52
: 3 2 3
7 1 64 3 70 : 58 'y 10.42
2 s : t
8 s 62 3 70 3 56 t 10.32
g 3 ' 3
9 s 60 3 66 $ 55 2 10.25
3 P 2 :
10 s 64 3 N 3 58 ) 10.23
2 : 3 3
11 t 67 76 ) 61 2 10.23
3 3 : g
12 : 68 3 76 ? é2 ? 10.23%
3 : 3 2
13 s 62 3 70 3 57 2 10.33
] ] ] ' ]
1, 1 67 yin 2 58 : 10.43
3 : 2 3
15 1 66 3 73 : 60 2 10.58
3 : : 3
16 s 63 3 75 s 53 3 10.70
3 $ 3 g
17 s 67 2 77 s 61 3 10.80
3 s $ 2
18 s 70 3 86 : 59 3 11.00
1 $ 3 3
19 : 73 1 85 2 &, s 11.27
s s t 3
20 s 73 9w 86 3 &y 3 11.47
- : : s 'y
21 1 76 3 91 3 66 'y 11.67
3 3 t 3
22 s 72 s 89 3 60 t 11.89
3 3 g 3
Mean s 67 78 t 60 t 10.80

sLength of time betwoen suBrise and sun set.
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Table 89. ==Weekly temperatures and length of day during
Experiment IV, 194)-45 Greenhouse Experiment

" Week of : Weekly temperature = degree F L] Mean weekly
Experiment 3 Méan : Mean maximum g Mean minimum : length of day(hourss )
s t 3 3

1 % 3 s 1 11.10
2 t ] ] ] 10.90
3 1 3 ] ' 10.73
L : t t 2 10.68
5 s 3 3 3 10.45
6 2See Table 51 from the fourth to the 3 10.33
7 3 b 10.27
8 stwenty-second week ] 10.23
9 ] ) 3 3 10.23
10 H 3 ] ] 10.23
11 3 3 H 3 10.33
12 ) ] £ ] 10.38
1% 3 ? ] ] 10.53
1 t 3 3 2 10,67
15 3 ] 3 ] 10.82
16 ? 1 ) ) 11.00
17 1 3 s : 11.22
18 . 3 : 3 s 11.40
19 1 3 s 2 11.60
20 + 74 ¢+ 90 2 62 t 11.82
21 1 B8l 100 2 68 3 12,03
22 PR / TR 90 2 62 % 12.25
2% s 79 ¢ 93 3 68 : 12.47
2L s 72 3 86 2 63 3 12.67
25 t 81 3 92 2 73 ] 12,87
26 s 80 aly 3 72 t 13,07
27 s 82 96 1 73 t 13.25
Mean t 69 3 81 t 61 : 11.24

*Length of time between sunrise and sun set.




- 235 -

Table 90, ==Evaporation from Livingston atmometers during
the 19LL4~l45 Greenhouse Experiments

noEeT . “Evaporation from atmometers - ml.
~ o Week 1 Black : White : Difference

. : : :

1 3 178 : 1Ly : 34
2 : 156 : 126 30
3 s 128 : 98 s 30

L : 178 3 134 : L,

5 H L1 ] 101 s 40

6 : 11 : 100 L1

I s 11, 3 84 1 30

8 : 101 : 87 : 3L

9 : 101 : 65 s 36

10 : 57 : L9 : 8
11 z 116 s -T2 s L
12 : 89 3 55 s - 34
15 s 62 s 36 : 26
Uy : 58 3 -3l s 24
15 : 85 $ 52 : 33
16 2 62 s 37 : 25
17 : 8Ly s LS s 39
18 : 69 ) L2 ) 27
19 3 110 : 63 q L7
20 3 90 3 53 3 37
21 : 100 : 67 : 33
22 3 130 : 92 : 58
23 : 168 s 127 A
2l : 172 : 13, 38
25 : 193 : 154 s 59
T 26 3 177 : 140 : 37
27 : 125 : 98 : 27
28 : 178 ' 2 126 1 B2
29 : 159 : 113 : L6
30 3 169 : 131 23
3 3 )
Total : 3691 : 2639 : 1052
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conditions during the two seasons. Either or both of these factors could

be the chief cause or causes of the differences between the trees produced
in the 1943-4ly season and those produced during the 1944-45 season.

Data on characteristios of trees from four comparable treatments from

each of the two seasons were selected to illustrate differencec-betweeh
the trees grown under different temperatures and lengths of days. These
date are presented in Table 9l. The combined data from the eight treat-
ments were not analyzed statistically, but many of the differences,

especially those in stem length, are so large as to leave little doubt

as to their significance. Stem lengths of trees in the four 19L4-4L5

experiments are 38 to L6 percent of those in the 1943-4li experiments. With

st W]

respect to branching, trees in all treatments of the latter experiment

did not hold a consistent relationship to those in the former. More trees
branched, and the numbef of brenches per tree was greater in the check |
eand 25 Ce Pe #(4x)15NK treatments of Experiment i; 1944=45 than in the
check and 20 C. Pe #(l;x)15NK treatments of the 1943-4l; experiment. The
difference in number of branched trees bsetween the two colloidal phosphate
treatments pfobably is not significant, however. Treatments in
Experiment III, 1944-45, produced fewer branched trees and fewer branches
per tree than similar cultures in Experiment II, 1943-4)j. Differences

in number of branched trees probably are not significant, but differences

in number of branches per tree probably are. Diameters of trees in all

four cultures in the 194);-/;5 experiments exceed those of the four cultures
in the 1943-4ly experiment. The former exceed the latter by 11 to 12
percent. Shoot weights of tfees from all cultures in the 19h3fhh oxpe riment
‘are greater (13 to 1l éercent) than those from the 19444=4i5 cultures. In

contrast, root weights of trees from two treatments- check and




" Table S1. --The mean of measured characteristics of trees grown in
several selected soil treatments under different
temperature and length-of=-day conditions.

1903-LL ¢ TO0L-I5 ¢ I9L3-LL @ 19WL-L5 ¢ 19L3-LL ¢ 19LLL5 ¢ 19h3-Lls ¢ 19LL-L5

Experiment:Experiment :Experiment :Experiment !Experiment !Experiment !Experiment !Experiment

:
Measured : III : I :  III : I ‘s II ¢ IIT LR § ¢ III
Charac- -: Check : Check 3:20C.P. + 325C.P. & ¢ Check ¢ Check :(Lix)15NPK f640P-NK
teristics : s - $(Lx)15NK  $()ix)1GNK 3 1 [ $
: : s 3 3 3 3 :
Stem : 3 : H s : 3 :
length mme.s 237.2 3. 88,8 : 282.,2 : 111.9 : 230.1 : 1064 :t 233.1 : 99.0
. 3 : ! s s : 3 H
Trees 3 3 H H : H H :
branched 3 1 3 : ¢ : ' 3 :
% of totels L2.5 1+ 80.0 1 T77.5 : 95.0 : 35.0 : 30.0 s 70,0 : 5040
3 : s s 3 : s T8 '
Branches : : : : : : : X
per tree ~: s : : s 3 : 3 ~
pumber : 1.17 2.12 2.27 3 L.32 1.20 0.68 2.03 3 1.12 .t
3 : : H : : ‘ : :
Stem dia- 3 : : : s 2 , :
meter - mm: 3.46 @ 3.99 heoly L.8L s 3.20 3 3.56 3.6 3,78
: 1 s : : ] s 3
Shoot 3 3 : ] t ] : s 3
weight -gr: 1.83 141 2.8 ¢ 2.07 3 1.59 1.26 3 1.83 3 1.29
H ] H ' H H] s H H
Root 3 3 : 3 3 3 H 3
weight =-gr: 0.8 3 1.19 1.20 1.69 -3 0.8% 3 0.75 s 0.80 0.85
s s s s ] 1 s :
- Total : $ : : o s : :
weight =-gr: 2.67 2,60 3 L.OL s 3,76 2 2.42 201 3 272 ¢ 2.1l
3 3 2 : s s s T
Root = H] H : : ] s : s
shoot ratios O.Ll—? H 0.85 : 00)4.3 H 0082 H 0052 H 0060 H H 0066

0.49
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20 Co Pe $#(Lix)15NK- of the former are less (29 and 27 percent, respective-
ly, then those from similer treatments in Experiment I, 1944=45. Because
the tree roots in the cultures in the latter experiments are heavier, and
the tree shoots are lighter, than those in the former experiment root-
shoot ratios of these 19LL-U5 trees are’ﬁuch larger‘(nearly double)

than those of these 1943-4; treeg. On the other hand, root weights of
trees in the check end (4x)15NK cultures of the 1943-L); experiment are
slightly less than those of trees in Experiment III, l9hh-h5f Again

the root-shoot rotios of the 194;=45 trees are larger than those of the
1943-L); trees. Total weights of trees in all four cultures of the

194),~li5 experiments are 2 to 21 percent lighter than those in the four
cultures of the 1943-L), experiments. It is noteworthy that trees grown
under low temperatures and short days, although m;king L46 percent or less
of the stem growth of trees grown under higher temperatures and longer days,
are only 2 to 21'percent lighter in weight.

While the low temperature and short days were not conducive to stem
elongation, root growth is not handicepped, as a matter of fact, ap-
léarently it is benefitted.

It is evident that when slash pine seedlings are grown during
poriods of relatively low témperature end short days they grow differ-
ently than when grown during periods of higher temperatures and shorter
days. This fact should be kept in mind in the interpretation of dat;'on
gréenhouse-grown seedlings.

Statistical Analysis of Data
The experiments were so designed that all data on tree character-

isticg could be subjected to analyses of variance. In some cases, data
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on soil characteristics could be handled in the seme menner. The sum=-
maries of three analyées of variance are shown in Tables 92, 93, and 94.
These illustrate three different types of experiment used in the 1943=41
Gresnhouse Experiment. They show how the degrees of freedom were se-
gregated. 1In all cases, fhe variance due to variation within pots and
within replications has been segregated from the total variance. When
the variance due to treatment could be subdivided, as in Experiments

I and II, 194,3-4);, this was done. Such subdivisiog was possible also

in Experiment_III, 19L444=445. The error variance (sum of squares of

error divided by the number of degrees of freedom in the error) is used
as the estimate of the variance of the parent population. By compar-

ing the e;ror variance with the variance of any of the other sources of
variance, the presence or absence of significant differences can be de-
tected from the F value. Since the primary object of the experiments was
to .determine whether various sbil tréatments would cause significant dif-
ferences in the response of slash piné seedlings, the significance of
this source was examined in detail, In order to determine between which
treatments & significent difference exists, it is ‘necessary to express
what constitutes a significant difference in terms of the units in which
the tree.feature wes measured. In the éase of stem length, the unit

is millimeters. Thué by expressing in millimeters the difference in stém
length needed between two treatment means to show significance, it is
possible to determine between which tr;atments a significant difference
exists. The method of making this calculation, using the data from Teble

94, is shown in the formula which follows:
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Table 92. =-Analysis of variance for stem length at 6 weeks
Experiment I, 19L43-Lli

¢ Degrees:? H ¥ wvalues :

: :
¢ of ¢ Sum of : Mean & Experi-i s sStandard
Sourced :freedom 3 squaress square t ment 3 5% : 1% ideviation
P : : : : : )
Total ¢ 319 3 7598.0 : : : :
. : : : : s s t
Within _ H H : 1 : s
pots : 288 3 Lj002.9 : 13.89 18 3 1.6l 3 1.94 :
: s 3 : : s :
Repli- 1 s : : H s 3
cation 3 ¢ h2ldl 3 140,36 ¢ 1.86 3 1.86 ¢+ 3,07 :
: s 3 - 3 : )
N : 1 1 398.3 3 308,3 : 5.20%: L.32: 8,02
: s : 3 s : 3
P : 1 3 209.6 ;: 209.6 3 2.78 3 L.32 31 8,02 :
: s 3 s : : :
K : 1 ¢+ Th7.2 3 7Th7.2 1 9.9%% L.32: 8.02
: : ) : : 3 s
NP H 1 H 705 : 705 H 009 H )4.32 $ 8002 H
: s St s : : :
NK : 1 3 222.8 3 222.8 3 2.96: L.32: 8,02:
: : : : : s t
PK : 1 31 s B o Oh s he32 s 8,02
: : s : 1 s :
NPK : 1 5.8 ¢ 5.8 07 ¢+ Le32 3 8,02 3
3 : : | 3 3 K
Error : 21 31 15791 3 75.20 : : : s 1,37

*Significant at 5%

**Significant at 1% _

+In this simple factional experiment, the effects of any nutrient or the
interaction between nutrients is secured from the single degree of freedom
involved in comparing those treatments that show the effect of nutrient
(or interaction of nutrients) with those treetments that do not show

the effect of that nutrient (or interaction of nutriemts). In this type
of experimental design, four treatments will show the effect of a
perticular nutrient, and four treatments will show no effect of that
nutrient. '
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Table 9%. =--Analysis of variance for stem length 6 weeks
after initial treatment, Experiment II,

1913l

t Degrees: t :
¢ of Sum of : Mean : Experi=-

=

values - :
sStandard

: s

Source ifreedom : squares: square 3 ment 3 5% . 3 1% :deviation
s s : 3 3 1 :
Total 3 239 1 6571.5 3 3 : : :
3 t : : : 3 :
Within ] : H H 3 3
pots : 216 1 LLh1%3.9 1+ 20.L3: 69 3 : :
3 H : : s : :
Repli- H s s $ - s :
cation : 3 + 542.,6 : 180.86: 6.18: 3.29 31 5.42 3
$ H H B 3 H K]
Methods 1 1 B893.2 : 893.2 : 30.55: L.5Lh 1+ 8.68
s 3 : s : : :
Rates 3 2 ¢ 187.8 3 93,9 : 3,21 : 3,68 3 6.36 3
: : : s 1 : :
Methods 3 3 3 s : ] :
x rates 3 2 1 956 : L7835 1.63 3 3,68 3 6436 3
: 3 1 : : : ? :

Error ¢ 15 ¢ U384+ 29,23 : : i. 0.9
Table Gl -=Summary of analysis of variance for stem length
6 weeks after initial treatment, Experiment III,
19L3=hly

: Degrees: : : T values - :

t of ¢ Sum of : Mean Experi-: sStendard

Source ifreedom : sguaress square ment : 55 1% sdeviation

L39  115907.82:

% 20 o0 98 84 o» 00 ]e0 ss o

t
s :
Total t 3 3 s
: s s s 1 s
- Within s 3 H] H % 1
jars : 396  110496.50: 26,50 Ce38 ¢ 1l s 1.7h s
3 $ s 3 s 3
Repli- : 3 : : :
cation 3 3 318.,68: 106.22: 1.55 1 2.92: L.51
3 3 : : s : t
Treat- 1 : H 3 H ] 3
ment :+ 10 3 3014.49: 301.45: L.35%w  2.18 3 3.00
: s : 3 s : : s
Error : 30 3 2078.153 69.27: : 1 :  ld3

**xVery significant
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mean square treatment
mean sguare error

30145 =,
T = b3

Since the F value treatment is larger than 3.00, the difference

F value treatment

13

between two or more treatment means is significant at one percent.

Staﬁdard deviation of tfeatment mean

= » | error mean sguare
number of items

Standard deviaetion of difference between two means = standard

deviation 4/2 = 1.3 x A/E = 1,838

t at 5 percent for 30 D. F. = 2,042

t at 1 psrcent for 30 D. Fe = 2.75
Diffaerence between two treatment means to be significant = t

X standard deviation of difference between'two means

2.042 x 1.838 = 3.9 (at 5 percent)

2.75 x 1.838 = 5.1 (at 1 percent)

Based on the foregoing, if a difference in stem length between two
treatments meens is 3.8, the difference between these means is significant
at 5 percent; if the’differenéé is 5.1, the difference between the means is
significant at 1 percent.

The standard deviations shown in all\tables are the standard de-
viations of the treatmeht means.

, Loss of Water in Greenhouse
Through Evaporation end Tremspiration

Records of the emount of water that was added to each pot, and of the

weights of each pot at various intervals during the experiments and at their




- 243 -

termination made possible the salculation of the Lpss of water through
evaporation and transpiration from each pot in the‘greenhouse experiments
of 1943=l)y end 19hhph5. These data were the basis for calculating the
mean loss of water per pot and per gram of oien-dry plent tissue for
each so0il treatment. This informetion is presented in Tables 95 to 98,
inclusive. Since the 19,3-4l; experiments and Experimehts I, II, end III
of the 194Li~-L5 series extended over approximately the same length of time
(abput 20 weeks), differences in mean total water loss from the pots
in the various/tregtments of these experiments can be attributed chiefly
to differences in temperature during the two seasons and differences in
the dry weights attained by trees in the different cultures. The relation-
ship between these two factors is discussed elsewhere and is shéwn by
supporting data in Tables 86 to 91, inclusive.

Table 95 shows that significant differences in total water loss
exist between the soil treatments. The cultures which produced the
hegviest trees lost the most water, due, obviously, to the greater
transpiration by the larger trees. It is noteworthy that the water loss
per gram of dry plant itssue is least in the cultures that produced the
heaviest trees. The maximum loss of 1.345 liters occurred in tﬁe 60§
culturg and the minimum loss of 0.678 liter occurred in the 10 Peat 20 C. P.
+(lKN5NK culture. These cultures produced the lightest and he#viest trees,
respéctively. The meen weight of trees in the former were 37.L percent
of that in the latter, but the mean water loss per gram.of dry plent tissue
in the forﬁer was 1.98 times that in the latter. This large difference in
water loss is due, no doubt, to the greater proportion of water lost

through evaporation in the culture which produced the smallest trees,
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Table 95. ~-=iiean loss of water per pot and per gram of dry
plent tissue for each treatment during 1943-Ll
Greenhouse Experiments

Loss of water

1
s Per pot s Per gram of dry tissue
Treatment H Liters

s :
Check 3 21,86 : 1,023
6ONP 3 22032 : 1. 187
60NK H 23.83 s 1.103
60PK : 28.20 3 0.953
60N 3 22,06 : 1.345
60P : 27.85 : 0.83L
60K 3 26,02 : 0.997
60NPK : 24.90 s 0.922
60NPK : 21,97 : 0,928
120NPK 3 23.77 : 0.970
180NPK : 25.11 : 0.967
(Lx)15NPK ) 26.68 : 0.981
(Lix ) 30NPK : 26.21 ) 0.854
(Lx )L4L5NPK s 25.58 : 0.933
Check : 26.00 : 0.970
20C.P. H 28.12 H 0088
20C.P+4( Lix )NK 3 30,70 : 0,760
20C.P.4(Lx)N : 30.48 3 0.722
10 Peat 3 25.83% t 0,950
10 Peat$(lix)15NPK : 26.76 $ 0.7L45 -
10 Peat 20C.P. : 27.58 s 0.826
10 Peat 20C.P.#(Lix)VK : 29.70 : 0.678
(Lx)15N 30P 75K : 23,72 : 0.882
352 Wood ashes : 26.28 : 0.973
1320 Wood ashes : 26.32 : 0.937
Standard deviation : 0.69 :

" Difference between treat- 3 1

ment means. to be signifi- 1.95 3
cant at 5 and 1 percent 2 258 s,

s s
E e treatmen 3 114 21%x* i

#*Significant at 1 percent.
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end to the more efficient use of water by trees in the culture which

produced the largest trees.

The effect of tempsrature on water loss cen be seen by comparing
~f ; the 10 Peet #(L4x)1SNPK culture (Table 95) of the 1943-Ll experiment with
: | the 25C. P. culture of the 194li=4,5 experiment (Table 96); and the 352 wood
aches treatment (Teble 95) with the 0.5 C. P. treatment (Table 96). The
tree weights are comparable, 3.59 and 3.76 gr.; respectively, and 2.70
and 2.78 gr.; respectively. The 10 Peat $(L4x)15NPK culture lost 26.76
liters of water per jar, and the 25 C.VP. culture lost 23%.77 liters
per jer. Their respective losses per gram of dry plant tissue were
0.745 and 0.632 liters. The 352 wood ashes treatment had losses of
26.28 and 0.973 liters, and the 0.5 C. P. culture had losses of 21.45
and 0.772 liters, respectively, for total and per gram of dry plant

tissue. The losses were considerably less during the cooler 194L-45

season than the 1943=ll; season.

Table 96 shows that significant differences in total water loss per

~ pot are caused by soil treatments On the other hand, Tebles 97 and 98

show that there are no significant differences in total water loss caused
by soil treatment in Experiments II, ITII, and IV. In the case of Experiments
IT and III, the lack of a significant difference in water loss is consis~
tent with the absence of a significant difference in dry weight of trees.
The water losses for the fifteen treatments in Experiment II and III were
remarkably uniform. The culture with the smallest loss was only slightly
over 5 percent below the culture with the largest loss of water. |

The tremendous increase in loss of water during e period of 6% weeks

is illustrated by comparing the weter losses in Experiment IV with those of
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Table 96, =-lMean loss of water per pot and per gram of dry
plant tissue for each treatment during Experi-

ment I, 19LL-L/5

Loss of water.

‘: Per pot sPer gram of dry tissue
Treatment 3 Liters
Y 0.50.P. ; 2115 : 0.772
' ‘ 1.0C.P. : 21.99 : 04745
’ 5CePe .: 22.56 : 0.698
iff »- 25C.Ps : 23,77 : 0.632
e 1.0C.P.(8) : - 22.72 : o;7u5
v;_j . Check : 21.83 : 0.840
;ﬂ"b . Standard deviation : 0.28 :
EaJ'fi»' _Difference between treat= : :
" ment meens to be signifi- 1 1.16 :
cant at 5 gnd 1 percent ] 1.83 :
% F value treatment :ﬁ 8oy 2%% :

**Significant at 1 percent.
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Experiments II and III (Tables 97 and 93). The loss during 6% weeks was
nearly equal to the loss during the previous 20 weeks. The large loss
during the former period is caused by the increesed size of the trees and
the higher temperatures.

Expressed in terms of surfaces inches of water (comparable to
_ measurement of precipitation), the loss of water varies from a hinimum
of 13.8 inches in phe 60P treatment (Table 97) to a maximum of 23.9 inches
in the 20 C. P. $(4x)15NK culture in a 20-week period. These losses are
equivaleﬁt to average weekly losses of 1.19 and 0.69 inches, respective-
ly. The maximum loss dﬁring a period of 263 weeks is 28.1 inches, or
an average weekly loss of 1.06 inches. These figures, although not
directly applicable to nursery conditions because of differences in
temperature, wind movement, relative humidity, and seepage between a green-
house and nursery envircnment, may be suggestive of the amount of water
that must be supplied & nursery soil to maintain soil moisture adequate to
satisfactory growth of slash pine seedlings. No loss from seepage oc-
curred in the greenhﬁuse because moisture in the soil was regulated to
prevent such loss. Since in the greenhouse during the periods of experi=-
ments, wind movement was less, temperaturés, on the whole, lower, and
relative humidity probably not much different from those in the nursery
during a growing season, water loss would probably be less in the green-
house than in the nursery. Water loss in a nursery on Norfolk soil
(exclusive of excessive loss by seepage and in some cases by run-off
during heavy rains) would probably average more than the 1.19 surface in-
ches which occurred in the 1943-4l; experiment. Loss of water probably woul
be less than this amount during the first 8 weeks when stem growth is ne-

gligible. The author believes that slash pine seedlings growing in a
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Table 97. --Mean loss of water per pot and per gram of dry
plant tissue for each treatment during Experi=
ment II and III, 194-L5

Loss of water

: Per pot sPer gram of dry tissue
Treatment ] Liters
30P : 18.48 : 0.910
- 60P : 17.82 : 0.948
120P : 18.10° : 0.892
2h,0P : 18.42 : 0,945
LBoP : 18.79 : 0.87h
Check : 18.76 . : 0.933
60P-K : 18.37 : 0.887
120P-X : 18.72 : 0.908
L8oP-K : 18.75 : 0.841
60P-NK :A 18.58 : 0.869
120P-NK : 18.28 : 0.887
},80P-KK : 18.64 ; 0.825
60F=-Calik : 18.23 : 0.889
120P=CalMK : 18.36 ; 0.85)
1,80P=~CaNK : 18.6l : 0.832
Standard deviation | : 0.28 :

(3
L LI ]

F valué treatment ) 1.01
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Table 98. =--lMean loss of water per pot and per gram of dry
plant tissue for each treatment during Experi-

ment IV, 19LLi-li5

Loss of wster

: Per pot sPer gram of dry tissue
Treatment 3 Liters
60P+(Lix ) 158K : 35.81 | , 0.90L
60P4( Lix ) 15NK(S) : 36.22 , 0.862
60P4( 2x) 300K ’ 2l.8L : 0.919 \
Check 3 34450 : 1.009
Standerd deviation : 0.52 :

F value treatment . 2436
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nursery on Norfolk or similar s0oils must be supplied from l- to 1.5 surface
incﬁes of water per week to maintain a moisture condition which is optimal
for growth. Heavy rains must probably be discounted by as much as 50
percent or more, depending on their intensity and duration and the moisture
condition of the soil in considering their effectiveness in supplying a

'

nursery with water.

Annual Use of Phosphorous
by One-Year Slash Pine Seedlings

An acre‘of nursery seed beds is capable of producing at least
1,000,000 one-year slash pine seedlings. Assuming a dry weight of L grams
per tree for high-quality slash pine nursery stock, the weight of an acre
of nursery stock is 8,810 pounds. Since the phosphorous content of slash
pine needles was found to be approximetely 0.22 percent by dry weight
(Teble L6) and limited aﬁalysis of root and stem tissues yielded 0.22 and
0.12 percent phosphorous by dry weight, the average phosphorous content of
the entire tree is 0.19 percent. On this basis, the 8,810»pounds of plant
tissue contains 16.7, pounds of phosphorous. This represents the amount of
phosphorous taken from the soil by the seedlings.

The Economics of Nursery
Use of Colloidal Phosphate

The chief cost of colloidal phosphate is the transportation cost
from the mine to the place where it is to be used. Total cost, including
cost of application should not exceed $6.00 per ton. The cost of a
20-ton epplication is $120.00. Assuming that this emount will be ef-
fective for at least 10 years in maintaining the production of ﬁigh—quality
slash pine nursery stock and will likewise benefit cover crops which may
be alternated with crops of slash pine seedlings, the cost may be spread

overa l0-year pericd. However, since the primary objective is to benefit
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the slesh pine seedlings, the cost should be charged entirely against five
crops of glash pine seodlings. This gives an annual cost of $2,,.00 per
year to be charged against 1,000,000 ssedlings. This is equel to

$0.02h per 1000 trees. The $0.02; represents approximately one percent of

the total cost of producing one-ysear slash pine nursery stock.



