


110

since they were indiscriminate in feeding on the plants, the survival sig-

nificance was not affected.

Effect of soil type on plant properties

Soil type had Tittle effect on any p1ant properties except the nutri-
ent content of the tissue. Seedlings grown in Dundas silt loam generally
contained a Tower concentration of elements than seedlings grown in Hayden
loam. This is a reflection of the lower fertility of the Dundas silt loam.
This low fertility is a characteristic of the soil not related to treat-
ment, and may be a result of differences in the parent material or the
vegetation cover of the Dundas silt loam. Differences between soils will
be fully discussed in a later section.

There are several reasons that the soil may have had little effect on
the tree seedlings. Although the soil types were significantly different,
many of the differences were not large. The soils were kept moist, so dif-
ferences in water potentials due to texture should not have become critical
to the plant. The soils wére fertilized regularly, and the mist solution
provided nitrogen and sulfur, so large growth differences due to soil fer-
tility should not have been a problem. Any effects of soil type on the

seedlings may have required longer than 32 weeks to be detected.

Effect of preinoculation on plant properties

During the first half of the study, the preinfection of the ash and
maple seedlings was detrimental to the growth of the seedlings. Preinocu-
lated maple seedlings were consistently smaller than seedlings not infected

until after transplanting, and preinoculated ash seedlings quickly lost
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their initial height advantage after transplanting. Apparently, the ash
and maple seedlings could not produce enough carbohydrate during the early.
weeks after transplanting to adequately support the fungi and put on sub-
stantial growth. Transplant shock and soil fertility aggravated the situ-_
ation. '

Infection of both preinoculated and uninoculated seedlings with native
mycorrhizal fungi probably occurred quickly after transplanting. It was
possible that native fungal species dominated the roots of the preinocu-
lated seedlings shortly after transplanting. Growth rate stabilized for
preinoculated and uninoculated seedlings by 32 weeks. Initial size dif-
ferences became even less important as the total growth became larger.

A difference in the overnight recovery of maple seedlings from water
stress was significantly affected by the mycorrhizal fungal treatments.

Not enough was known about the total root infection or the species involved
to explain the difference. It may have been that Glomus etunicatum did
dominate preinfected seedlings and was more effective at water uptake. In-
creased water uptake by seedlings has been attributed to mycorrhizal fungal
infection, and it is reasonable to assume that species differ in their
ability to take up water (Pritchett, 1979).

Lack of greater effects from the mycorrhizal fungal treatments was due
to the rapid successful infection of all tree seedlings with the native

fungi, which eliminated all major differences between the treatments.
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Effect on Soil

Dundas silt loam, Hayden loam and Luther Toam are grouped together in
the Hayden-Lester-Luther assoﬁiation (Andrews and Dideriksen, 1981). Dun-
das silt Tloam is a poorly drained»soi1 that developed in swales and low
concave areas from glacial till and local alluvium. Hayden loam is a well-
drained soil developed on convex rises, while Luther Toam is a poorly
drained soil developed on flat to slightly convex areas. The parent ma-
terial of both Hayden loam and Luther loam was glacial till.

The particular soils used in this study lie adjacent to each other at
the Holst Tract State Forest, Boone County, Iowa. They have not been
limed, fertilized or plowed in recent years. The Dundas silt Toam is lo-
cated under a stand of mature red and white pines and has a well-developed
organic layer. Hayden loam is Tocated under a mature oak-hickory stand and
has a thin organic layer. The Luther loam had been located under an oak-
hickory stand, but’the area had been clearcut 2 years earlier and the site
was covered with a variety of herbaceous species. Luther 1oam'had almost
no organic horizon.

The soils were dried and mixed with perlite before use. The immediate
effect of these treatments was that the nétive microflora was disturbed and
the fertility of the soil decreased, since perlite provided no nutrients or
exchange sites to the soils. However, drainage improved considerably in
the soils and standing water was not observed in any pots at the watering

levels used.



113

Effect of soil type on soil properties

Soil type had a greater effect on the observed soil properties than
any other treatment. Dundas silt loam was less acidic, contained fewer
microorganisms and mycorrhizal fungal spores, and had a lower concentra-
tion of Kjeldahl nitrogen, potassium, calcium and iron compared to the
other soils. Dundas silt loam also contained significantly more exchange-
able phosphorus than the other soils.

Differences in the acidity and nutrient content of the soils were due
to differences in parent material and vegetation cover. Dundas silt Toam
apparentiy developed froh a parent matérial that produced fewer cation ex-
change sites in the mineral fraction, either because of the type of clay or
the concentration of clay. It may have developed from less acidic minerals
that were lower in potassium, calcium and iron and higher in phosphorus
than the parent material of Hayden loam or Luther loam. Also, conifers -
produce an acidic organic horizon compared to other vegetation covers.
Solutions moving through this organic horizon become acidic, but move few
bases from the conifer 1itter into the mineral horizons. The solution does
leach many bases and organic materials from the upper mineral horizons.
Since soil was taken from the upper horizon, the Vegetation cover could ac-
count for the low concentration of the cations in the Dundas silt Toam.

Differences in fungi, bacteria and mycorrhizal fungal spores were
probably due to differences in the nutrient concentration of the soils.
Microorganism growth was limited by the lower fertility of the Dundas silt

loam.
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Effect of the acid solutions on soil properties

Acidification of the soil The acidity of the soils watered with

the pH 2.5 solution decreaséd steadily during the 52 weeks of treatment,
while the acidity of the soils watered with the pH 5.5 and 4.0 solutions
remained constant. A1l soils have some buffering capacity, although this
capacity varies considerably depending on the cation exchange capacity and
base saturation of the soil (Pritchett, 1979). Apparently, Dundas silt
loam, Hayden Toam and Luther Toam were sufficiently buffered that the pH
remained constant despite thé H* ion input from the pH 4.0 and 5.5 solu-
tions. The large input of H* from the pH 2.5 solution was greater than
the buffering capacity could neutralize. The acidity of the soil increased
either because there were not sufficient bases on exchange sites that could
be replaced by H" ions in solution or because there were not enough total
exchange sites in the soils to bond the H" jons and remove them from the
soil solution. The buffering capacity of soils in areas receiving acid
rain would be broken down in a similar fashion, although over a much longer
time scale. Rain in nature is generally less acidic than pH 2.5 and bases
are constantly replenished from decomposing organic matter in the soil and
from weathering of clay minerals. However, if precipitation were to be-
come more acidic over large areas, significant soil pH changes could be ex-
pected.

Microf]ora Although metabolic studies would have provided useful
information about the activity of the soil organisms, plate counts provided
a rapid technique for comparing soil microflora. Actually, the number of

propagating units in the soil, rather than the number of active organisms,
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are measured by plate count. Differences may indicate different species,
different numbers of organisms or different levels of activity. No at-
tempt was made to identify the species in the soils.

Numbers of microorganisms should not be compared between sampling
dates, only within sampling dates. Actual numbers of microorganisms are
extremely variable and are affected by a variety of environmental condi-
tions unrelated to treatments, such as temperature, soil moisture and
Tength of time between sampling and analysis.

After 20 weeks of treatment, more fungi and fewer bacteria were iso-
lated from the soils watered with the pH 2.5 solution compared to the num-
ber isolated from the soil watered with the pH 5.5 solution. The differ-
ences between the treatments may have been due to changes in community
structure as the acidity of the soil increased. Bacteria are, in general,
less tolerant of acidic conditions than are fungi (Alexander, 1977; 1980).
Some bacterial species may have been eliminated, or growth slowed until
acid-tolerant strains became prominent in the soil. Fungi may have multi-
plied more rapidly with less bacterial competition.' The number of fungi
isolated from the soils treated with the pH 4.0 so]utibn was similar to the
pH 2.5 treatment, while the number of bacteria was similar to the pH 5.5
treatment. The number of bacteria may be related to the soil acidity,
since the pH 4.0 treated soil did not become more acidic. None of the soil
analyses indicated why the fungal numbers in the pH 4.0 treatment should
be high.

After 52 weeks, no differences in fungi, bacteria or spores of mycor- -

rhizal fungi existed between the treatments, despite the fact that the
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soils watered with the pH 2.5 solution were 0.8 pH units more acidic than
the soils in the other treatments. Microorganisms are extremely adaptable,
and it is probable that, after 52 weeks of treatment, acid-tolerant strains
had developed and the community balance had been restored.

At the 52-week sampling, bacterial numbers were determined on both
nutrient agar and egg albumin agar. Nutrient agar provides a variety of
simple sugars and nitrogen compounds and favors rapidly-growing bacterial
species. Egg albumin agar provides a complex source of carbohydrates and
nutrients and favors slower-growing species. Only nutrient agar had been
used at 0 and 20 weeks. The slow-growing species were not affected by the
acidity of the watering solution, and the ratio of bacteria on the nutrient
agar to bacteria on the egg albumin agar was not affected by the acidity
of the watering solution. Neither group appears to be more sensitive to
the acid rain or the changing acidity of the soil.

As mentioned earlier, plate counts do not provide any evidence of
fungal and bacterial activity or any accurate estimate of numbers of organ-
isms in the soil. Their primary value in this study was to quickly and
easily provide information which could be used to design further studies.
For example, based on the apparent shift in the community at 20 weeks and
its apparent return to normal structure at 52 weeks, metabolic studies
would have to cover a least 1 year of treatment. Also, results from the
three soil types were very similar. It may be better to eliminate soil
type as a variable and increase the number of replicates. It if is neces-

sary to study different soils, less similar soils should be used.
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Nutrient levels Nutrient concentrations shoulq not be compared be-
tween, only within, sampling dates, since the cultural practices between 0
and 20 weeks differed from those used between 20 and 52 weeks. Between 0
and 20 weeks, coleus and sorghum were grown in the soils, and the soils
were fertilized only twice. Only nitrogen was added in the fertilizer.
Between 20 and 52 weeks, ash and maple seedlings were grown, and a N-P-K
fertilizer plus micronutrients was used reguiarly. Fertilization is neces-
sary for proper plant growth, but standard fertilization practices need to
be adopted.

A higher concentration of Kjeldahl nitrogen was found in the soils
watered with the pH 2.5 solution than the soils watered with fhe pH 4.0 and
5.5 solutions. This was probably due to the fertilizer effect of the rain.
The lack of significance at 20 weeks may have been due to the lack of suf-
ficient sensitivity of the Kjeldahl analysis.

Potassium levels in the soils watered with the pH 2.5 solution were
lower than levels in soils watered with the pH 4.0 and 5.5 solutions after
52 weeks of treatment. Potassium has been reported to be readily leached
from soil in response to simulated acid rain (Hovland et al., 1980; Lee and
Weber, 1982). No significant differences were seen at 20 weeks because of
insufficient leaching of the K* ions.

Iron concentrations increased rapidly in response to the pH 2.5 water-
ing solution. Although weathering of the clay fraction may have been a
factor in the increase of iron in the soil, the increase as early as 20
weeks would seem to discount weathering as a major factor. Iron is more
soluble in acid soils and more available to plants. The difference in the

acidity of the soils in the pH 2.5, 4.0 and 5.5 treatments méy have been
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large enough to affect the amount of iron extracted from the soils using
the Bray I solution.

No change occurred in the extractable phosphorus levels in the soils
as a result of the acidity of the watering solution. Phosphorus is not
leached from the soil under normal conditions. The form of phosphorus may
have changed in response to the increasing acidity, since differences in
phosphorus levels were observed in the plant tissue, but this was not de-
tected in the soil analysis.

The concentration of calcium in the soil watered with the pH 2.5 solu-
tion was lower than the concentration in the pH 5.5 treatment after 20
weeks of watering, but no differences existed after 52 weeks of treatment.
Calcium data were extremely variable and it is possible that the results
at 20 weeks were a statistical anomaly. The fertilization practices be-
tween 20 and 32 weeks, with regular calcium additions to the soil, may havq

masked any minor treatment effects.

Effect of tree species on soil properties

Tree species had no effect on soil acidity, but did significantly af-
fect other soil properties. The number of bacteria and fungi associated
with the ash seedlings was higher than the number associated with the maple
seedlings. This was probably a result of differences in the amount and
type of materials the roots exuded into the rhizosphere. Root exudates in-
clude carbohydrates, proteins and growth hormones, and are important in
the nutrition of rhizosphere organisms (Alexander, 1977). In low fertility
soils, such as were used in this study, rhizosphere characteristicslwould

have a considerable influence on the soil microorganism population. The
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ash seedlings apparently exuded more carbohydrates and minerals than the
maples exuded. This may have been a normal difference between the seed-
lings, or related to the fact that the maples were actively growing while
the ash were quiescent. Actively-growing seedlings would have a greater
energy and nutrient requirement and would be less 1likely to exude needed
substances.

The number of mycorrhizal fungal spores extracted from soils associ-
afed with the maple seedlings was greater than the number extractedifrom
soi1s-associated_with the ash seediings. This was primarily a reflection
of differences in the root systems of the seedlings. Ash is a taprooted
species, and the seedlings in the study developed few fine roots that could
serve as infection sites. Maple seedlings developed many fine roots that
could serve as infection sites. Although the root weight was greater with
the ash, the maple seedlings had many more roots. The total fungal mass
associated with:the maple may, therefore, have been much larger and more
spores were produced. The number of spores may have also been influenced
by the QUiescent state of the ash seedlings and the active growth of the
maple seedlings. Mycorrhizal fungi infect actively-growing root tips,
which would be more numerous in thevactively—growihg species.

Tree species had a significant effect on the concentration of nutri-
ents in the soil. Soils associated with ash seedlings contained less ex-
tractable phosphorus and more potassium and calcium than the soils associ-
ated with the maple seedlings. This may be a reflection of differences in
the chemical composition of the root exudates of the two species. Also,
the species may differ in ability to extract salts from the soil. Pre-

vious research has shown that large differences exist between species'
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abilities to extract nutrients from the same soils (Kramer and Kozlowski,
1979). Part of this may be due to the larger root system of the maple and

its probable greater absorption of water to support active growth.

Effect of preinfection on soil properties

Preinfection of the seedlings with mycorrhizal fungi had no effect on
any soil properties, including the number of mycorrhizal fungal spores.
This lack of significance was probably due to the rapid infection of the
seedlings with native fungal species so that no real differences in degree
of infection existed between the treatments. Different results may have
been obtained using other mycorrhizal fungal species for preinoculation.
Differences may also have occurred if the soils were low in native inocu-
lum. Further studies should be done on the interaction of acid rain and

mycorrhizae.

Implications

Tree seedlings differ in their ability to tolerate acid rain. The
growth of some species, such as silver maple, is stimulated by the high
concentration of nitrogen and sulfur in the rain. Other species, such as
green ash, are very sensitive to acid rain. Lesions may develop on the
leaves of these species. Often, the seedlings are stunted. If these acid
rain effects continue through maturity, the productivity of a forest could
be seriously affected if the dominant species are sensitive to acid rain.
If the growth of the dominant species is stimulated by acid rain, forest
productivity may be unaffected or increase slightly if other environmental

conditions do not become detrimental. A change in the dominant species
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of the forest would occur, since acid-sensitive species could not compete
with tolerant species.

Lesion development appears to be dependent on the presence of tri-
chomes, §tomates and other structures on the adaxial leaf surface. Seed-
1ings with unbroken surfaces may be resistant to lesions. It may be pos-
sible to select strains and species that are tolerant to acid rain on the
basis of the morphology of the adaxial leaf surface. Further study is
needed in the area, since most research to date has not involved micro-
scopic examination of the leaf surface.

Some factor or factors not related to lesion development or soil prop-
erties may also affect seedling response to acid rain. Identification of
these factors should be a top priority. These factors seem to be related
to adaxial leaf structures, since no decrease in maple growth was observed.
It may be that the acid gains access to the leaf interior more easily if
the surface is broken or the cuticle is thin.

Use of Glomus etunicatum as a preinoculum did not prove to be benefi-
cial during the course of the study. Native mycorrhizal fungi quickly and
effectively infected the roots of the tree seedlings, and no differences
in seedling growth or nutrient content occurred. Other mycorrhizal fungal
species should be evaluated, but; on the basis of this study, preinfection
of seedlings is unnecesééry if sufficient native inoculum exists in the
soil.

It has been suggested that the effect acid rain‘wi11 have on soil is
similar to the natural soil-forming process of podzolization. During pod-
zolization, water percolation through acidic, low base content organic

horizons becomes acidic (Pritchett, 1979). This acidic solution causes
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humic compounds, and iron and aluminum oxides to move into the lower hori-
zons. After many years, the spodic horizon that forms is high in H* ions
and low in organic acids, iron and a number of bases. Bases are lost be-
cause of the loss of exchange sites on the organic acids and the leaching
of ions. Spodosols are common forest soils in the Northern hemﬁsphere, but
are generally infertile. In this study, the pH 2.5 solution increased the
H* jon content of the soils in relatively ghort time. It would not be un-
reasonable to assume that, in time, the pH 4.0 solution would acidify the
soil once the buffering capacity was overwhelmed. Many forest soils are
less buffered and more acidic than the soils used in this study, and could
be expected to be less resistant to acid rain. Acid rain, combined with
the H* jons from the organic horizons, could speed podzolization on many
soils. Further study of this phenomenon is needed. Field studies using
lysimeters to sample the soil solution may be more useful than laboratory

studies that work with a small amount of soil.
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CONCLUSIONS

Procedures for studying the effect of acid rain on plants and soil
should be standardized. Research results are difficult to compare be-
cause of such differences as method of solution application, length of
the individual applications, frequency of applications, fertilization
practices and use of soil vs. a soilless mix.

Foliage of plants exposed to acid rain should be examined microscopi-
cally as well as nonmicroscopica]]y; Currently, many studies report
lTesion development with no details about location, time or pattern of
development. If lesion development is found to be correlated to the
presence of trichomes and stomates, it may be possible to select more
resistant plants by a quick examination of the leaves.

Seedling growth is affected by acid rain even.when Tesion development
and soil leaching are not a factor. This unknown response may be cuti-
cle disintegration, which would further decrease plant tolerance to
acid rain. Hormonal changes may also be important in plant growth re-
sponses to acid rain. Further study is needed with special attention
to plant physiological processes.

Preinfection of the seedlings with mycorrhizal fungi did not prove to
be of any value in this study. Although studies using different fungal
species may obtain different results, it may be more beneficial to in-
crease the native soil inoculum before transplanting.

Little importance should be placed on the results of the seed germina-
tion study because of the low germination rates and the problems with

the cockroaches.
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Studies of the effect of acid rain on soil should be done in the field
or with microplots. The soil volume used in the greenhouse is too
small to resemble natural condifions. Procedures needed for greenhouse
work, such as fertilization and addition of drainage material to soil,
iptroduce too many artificial conditions into the study. However,
studies of acid rain effects on plants should be done in soil because

of soil effects on the plant.
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Table Al. Analysis of variance (ANOVA) of seedling response to 3 levels
of acidity of the mist solution (pH), 3 soil types and 2 times
of infection of the seedlings roots by mycorrhizal fungi (inoc)

Source DF SS PR >F

Height of ash 2 weeks after transplanting

pH 2 64.96 0.2907
linear (1) (58.94) . 0.1438
Tof (1) (6.02) 0.6186

Error (a) 8 179.49 --

Soil 2 1.69 0.9683

Inoc 1 132.01 0.0285

pH*soil 4 ) 26.84 0.9048

pH*inoc 2 51.49 0.3803

pH*soil*inoc 4 69.78 0.6182

Error (b) 60 1572.00 --

Height of ash 4 weeks after transplanting

pH 2 9173.62 0.0101
Tinear (1) (4331.60) 0.0214
lof (1) (4842.02) 0.0166

Error (a) 8 4254.71 --

Soil 2 104.29 0.7196

Inoc 1 348.10 0.1424

pH*s011 4 720.71 0.3449

pH*inoc 2 43.40 0.8716

Soil*inoc 2 708.87 0.1143

pH*soil*inoc 4 497.33 - 0.5369

Error (b) 60 9454.80 --

Height of ash 6 weeks after transplanting

pH 2 26298.02 0.0053
linear (1) (13798.75) 0.0098
lof (1) (12499.27) 0.0124

Error (a) 8 9706.09 --

Soil 2 495.09 0.3459

Inoc 1 542.68 0.1290

pH*so1i1 4 899.64 0.4243

pH*inoc 2 81.62 0.8373

Soil*inoc 2 859.09 0.1622

pH*soii*inoc 4 378.31 0.7987

Error (b) 60 13744.40 --
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Source SS PR>F
Height of ash 8 weeks after transplanting
pH 2 36681.67 0.0119
Tinear (22111.26) 0.0141
lof (14570.42) 0.0348
Error (a) 8 18082.33 --
Soil 2 677.27 0.4537
Inoc 1 3.60 0.9268
pH*s0i 1 4 1137.07 0.6138
pH*inoc 2 157.40 0.8307
Soil*inoc 2 3139.80 0.0302
pH*soi1*inoc 4 824.00 0.7451
Error (b) 60 25370.53 --
Height of ash 10 weeks after transplanting
pH 2 47809.09 0.0285
Tinear (34666.69) 0.0204
lof (13142.40) 0.1136
Error (a) 8 33331.02 -
Soil 2 1340.82 0.5155
Inoc 1 572.54 0.4524
pH*soil 4 4684.11 0.3330
Soil*inoc 2 4800.29 0.0995
pH*soil*inoc 4 2222.11 0.6960
Error (b) 60 60044.87 ' -
Height of ash 12 weeks after transplanting
pH 2 71852.36 0.1133
Tinear (65971.76) 0.0500
lof (5880.60) 0.5107
Error (a) 8 99270.76 --
Soil 2 5692.96 0.4265
Inoc 1 4840.00 0.2301
pH*soil 4 1137.91 0.9863
pH*inoc 2 2006.67 0.7385
Soil*inoc 2 21262.07 0.0466
pH*soi1*inoc 4 10969.87 0.5096
Error (b) 60 197567.87 --
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Source. SS PR>F
Height of ash at 14 weeks
pH 72215.27 0.3401
Tinear (1) (66932.45) 0.1683
Tof (1) (5282.82) 0.6817
Error (a) 8 233379.07 -
Soi1l 2 15775.27 0.3842
Inoc 1 5553.88 0.4113
pH*soil 4 17227.67 0.7135
pH*inoc 2 1458.02 0.9142
Soil*inoc 2 26841.62 0.1999
pH*soil*inoc 4 10654.38 0.8579
Error (b) 0 486855.33 -
Height of ash at 16 weeks
pH 76502.69 0.4772
Tinear 25752.27) 0.4807
lof 50750.42) 0.3295
Error (a) 8 376548.76 -
Soil 2 25234.69 0.4753
Inoc 1 3699.21 0.6402
pH*s0i1 4 46301.78 0.6012
pH*inoc 2 3130.29 0.9110
Soil*inoc 2 74978.02 0.1156
pH*soil*inoc 4 13378.58 0.9376
Error (b) 0 1005327.27 --
Height of ash at 18 weeks
pH 2 232000.87 0.1336
linear (2599.20) 0.4660
lof (229401.67) 0.0525
Error (a) 8 354691.24 -
Soil 2 61309.27 0.3100
Inoc 1 13225.34 0.4757
pH*so0i1l 4 99837.47 0.4294
pH*inoc 2 7684.29 0.8613
Soil*inoc 2 102870.69 0.1437
pH*soil*inoc 4 16356.58 0.9580
Error (b) 60 1540066.20 -
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Source

SS PR>F
Height of maple at 2 weeks
pH 2 19908 0.2902
linear (612) 0.7729
Tof (19296) 0.1322
Error (a) 8 54930 --
Soil 2 6807 0.6206
Inoc 1 129960 0.0001
pH*so0il 4 19880 0.5935
pH*inoc 2 221 0.9845
Soil*inoc 2 6311 0.6424
pH*soil*inoc 4 10456 0.8296
Error (b) 60 424668 -
Height of maple at 4 weeks
pH 2 112618 0.0297
linear (9946) 0.4043
Tof (102672) 0.0125
Error (a) 8 79992 --
Soil 2 - 6054 0.6754
Inoc 1 92032 0.0010
pH*soi1 4 36247 0.3277
pH*inoc 2 2485 0.8507
Soil*inoc 2 7917 0.5992
pH*soil*inoc 4 37566 0.3096
Error (b) 60 459810 -
Height of maple at 6 weeks
pH 2 484125 0.0001
1inear (1 (67125) 0.0141
lof (1 (417000) 0.0001
Error (a) 8 54906 --
Soil 2 8633 0.6977
Inoc 1 112784 0.0032
pH*so0il 4 56128 0.3301
pH*inoc 2 4979 0.7790
Soil*inoc 2 8519 0.7010
pH*soil*inoc 4 50034 0.3896
Error (b) 60 715313 --
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Table Al. cContinued
Source DF SS PR>F
Height of maple at 8 weeks
pH 2 792915 0.0001
Tinear (1) (726870) 0.0000
lof (1) (66045) 0.0001
Error (a) 8 78767 --
Soil 2 15144 0.5794
Inoc 1 108021 0.0068
pH*so1il 4 59962 0.3694
pH*inoc 2 14657 0.5895
Soil*inoc 2 13014 0.6252
pH*soil*inoc 4 44669 0.5222
Error (b) 60 824761 --
Height of maple at 10 weeks
pH 1 1266275 0.0001
linear (1) (202273) 0.0117
lof - (1) (1064002) . 0.0001
Error (a) 8 153264 -
Soil 2 22060 0.5163
Inoc - 1 146894 0.0041
pH*soi1 4 47732 0.5795
pH*inoc 2 28024 0.4328
Soil*inoc 2 2111 0.9381
pH*soil*inoc 4 47720 0.5796
Error (b) 60 990018 --
Height of maple at 12 weeks
pH 2 927300 0.0033
Tinear (1) (164772) 0.0664
lof (1) (762528) 0.0018
Error (a) 8 292146 -
Soi1 2 28775 0.4587
Inoc 1 158844 0.0045
pH*so0i1l 4 35739 0.7428
pH*inoc 2 35991 0.3784
Soil*inoc 2 7284 0.8194
pH*soil*inoc 4 56789 0.5431
Error (b) 60 1093256 --
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Table Al. continued
Source DF ) PR>F
Height of maple at 14 weeks
pH 1 712005 0.0052
linear (1) (113603) 0.0987
Tof (1) (597602) 0.0027
Error (a) 8 260455
Soil 2 43752 0.3932
Inoc 1 197309 0.0049
pH*soi1l 4 43803 0.7542
pH*inoc 2 39573 0.4294
Soil*inoc 2 8072 0.8400
pH*soil*inoc 4 91645 0.4185
Error (b) 60 1384460 --
Height of maple at 18 weeks
pH 2 14983 0.6293
Tinear (1) (7094) 0.5146
lof (1) (7889) 0.4926
Error (a) - 8 122058 --
Soi1 2 60998 0.2071
Inoc 1 207648 0.0015
pH*soil 4 64893 0.5012
pH*inoc "2 7522 0.8198
Soil*inoc 2 19901 0.5928
pH*soil*inoc 4 52758 0.5956
Error (b) 60 1131878 --
Height of maple at 20 weeks
pH 2 257367 0.0408
Tinear (1) (101817) 0.0845
lof (1) (155550) 0.0410
Error (a) 8 210107 --
Soil 2 16252 0.7454
Inoc 1 350813 0.0007
pH*soi1l 4 89805 0.5201
pH*inoc 2 1145 0.9794
Soil*inoc 2 28372 0.5998
pH*soil*inoc 4 29043 0.9000
Error (b) 60 1651188 --
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Table Al. continued

Source DF SS PR>F

Height of ash seedlings after 32 weeks

pH 2 337744 0.0686
Tinear (1) (8147) 0.6793
lof (1) (329597) 0.0259

Error (a) 8 353924 --

Soil 2 74955 0.3208

Inoc 1 6536 0.6546

Ph*soil 4 79966 0.6513

pH*inoc 2 22675 0.7057

Soil*inoc 2 119014 0.1677

pH*so0i1*inoc 4 14300 0.9784

Error (b) 60 1940552 --

Height of maple seedlings after 32 weeks

pH 2 13449.63 0.0001
Tinear (1) (4623.84) 0.0010
lof (1) (8825.79) 0.0001

Error (a) 8 1435.99 --

Soil 2 29.20 0.9372

Inoc 1 203.70 0.3451

pH*soil 4 1305.72 0.2284

pH*inoc 2 10.18 0.9776

Soil*inoc 2 112.60 0.7794

pH*soil*inoc 4 699. 65 0.5441

Error (b) 60 13495.51 --

Stem diameter of ash

pH 2 6428.6 0.0232
Tinear (1) (1.2) 0.9635
lof (1) (6427.4) 0.0077

Error (a) 8 4112.4 --

Soil 2 1366.4 0.1493

Inoc 1 396.9 0.2898

pH*so0i1 4 1312.0 ) 0.4457

pH*inoc 2 1418.9 0.1391

Soil*inoc 2 1360.8 0.1391

pH*s0i1*inoc 4 1794.5 0.2844

Error (b) 60 20880.7 --
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Source DF SS PR>F
Stem diameter of maple
pH 2 3217.36 0.0112
1inear (1) (1467.76) 0.0250
Tof (1) (1749.60) 0.0170
Error (a) 8 1550.42 --
Soil 2 77.62 0.6244
Inoc 1 24.54 0.5858
pH*soi1 4 98.24 0.8766
pH*inoc 2 28.16 0.8422
Soit*inoc 2 236.29 0.2438
pH*soil*inoc 4 92.11 0.8888
Error (b) 60 4905.87 --
Number of leaves on ash
pH 2 83.489 0.3618
linear (1) (6.422) 0.6842
lof (1) (77.067) 0.1819
Error (a) . 8 288.511 --
Soil 2 23.822 0.5071
Inoc 1 2.500 0.7055
pH*so0i1 4 87.644 0.2943
pH*inoc 2 32.600 0.3963
Soil*inoc 2 123.467 0.0346
pH*soil*inoc 4 51.333 0.5684
Error (b) 60 1040.467 -
Number of leaves on maple
pH 2 16309.40 0.0309
Tinear (1) (3781.25) 0.0010
lof (1) (12528.15) 0.0194
Error (a) 8 11771.49 --
Soil 2 226.40 0.9203
Inoc 1 1254.40 0.3409
pH*soi1 4 1357.60 0.9090
pH*inoc 2 641.27 0.7909
pH*soil*inoc 4 8156.53 0.2142
Error (b) 60 81669.20 --
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Source SS PR>F
Leaf area of ash
pH 2 10015451 0.0260
Tinear (246716) 0.6024
lof (9768735) 0.0092
Error (a) 8 6714984 -
Soil 2 4115697 0.0633
Inoc 1 1807100 0.1164
pH*soi1l 4 1451300 0.7289
pH*inoc 2 664108 0.6295
Seil*inoc 2 3096732 0.1225
pH*soil*inoc 4 411688 0.9647
Error (b) 0 42719418 -
Leaf area of maple
pH 2 42812888 0.0020
linear (11042961) 0.0238
lof (31769927) 0.0015
Error (a) 8 11399308 --
Soil 2 6168814 0.0785
Inoc 1 2080272 0.1858
pH*soil 4 12534311 0.0390
pH*inoc 2 256141 0.8958
Soil*inoc 2 9615531 0.0207
pH*soil*inoc 4 2091773 0.6184
Error (b) 0 69681819 --
Dry weight of leaves of ash
PH 2 176.13 0.0105
Tinear (0) 0.9992
Tof ' (176.13) 0.0033
Error (a) 8 82.80 -
Soil 2 106.31 0.1617
Inoc 1 115.37 0.0479
pH*soil 4 109.40 0.4326
pH*inoc 2 50.13 0.4177
Soil*inoc 2 88.02 0.2195
pH*soil*inoc 4 69.11 0.6566
Error (b) 60 1697.88 --
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Table Al. continued
Source DF SS PR>F
Dry weight of leaves of maple
pH . 2 1630.14 0.0006
Tinear (1) (453.42) 0.0150
Tof (1) (1176.72) 0.0006
Error (a) 8 380.86 --
Soil 2 35.73 0.5698
Inoc 1 55.70 0.1884
pH*soi1 4 380.87 0.0243
pH*inoc 2 3.88 0.9402
Soil*inoc 2 42.93 0.5094
pH*soil*inoc 4 69.97 0.6954
Error (b) 60 1887.68 -
Dry weight of stems of ash
pH 2 594.54 0.0533
Tinear (1) (10.47) 0.6886
Tof (1) (485.07) 0.0196
Error (a) 8 458.47 -
Soil 2 186.77 0.1152
Inoc 1 30.51 0.3956
pH*s011 4 197.18 0.3275
pH*inoc 2 144,16 0.1861
Soil*inoc 2 104.23 0.2937
pH*soil*inoc 4 95.70 0.6825
Error (b) 60 2500.35 --
Dry weight of stems of maple
pH 2 2745.68 0.0003
linear (1) (977.67) 0.0023
Tof (1) (1768.01) 0.0004
Error (a) 8 403.08 --
Soil 2 7.85 0.9168
Inoc 1 219.34 0.0313
pH*s011 4 209.62 0.3365
pH*inoc 2 6.48 0.9308
Soil*inoc 2 61.53 0.5094
pH*soil*inoc 4 121.45 0.6130
Error (b) 60 2705.51 --
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Table Al. continued
Source DF SS PR>F
Dry weight of roots of ash
pH 2 864.30 0.2511
Tinear (1) (58.37) 0.6494
Tof (1) (805.93) 0.1174
Error (a) 8 2094.42 -
Soil 2 472.39 0.2258
Inoc 1 313.97 0.1596 .
pH*so0i1 4 524,58 0.5011
pH*inoc 2 292.42 0.3947
Soil*inoc 2 424.82 0.2615
pH*soil*inoc 4 413.53 0.6169
Error (b) 60 9290.34 --
Dry weight of roots of maple
pH 2 547.67 0.0118
linear (1) (237.59) 0.0290
lof (1) (310.08) 0.0162
Error (a) 8 269.47 -
Soil 2 4.05 0.9479
Inoc 1 64.01 0.1982
pH*s011 4 29.26 0.9409
pH*inoc 2 4.30 0.9448
Soil*inoc 2 10.19 0.8742
pH*soil*inoc 4 145.49 0.4351
Error (b) 60 2268.66 -
Total dry weight of ash
pH 2 4173.36 0.0959
Tinear (1) (117.61) 0.6828
Tof (1) (4055.75) 0.0375
Error (a) 8 5235.05 --
Soil 2 1994.55 0.1361
Inoc 1 1154.91 0.1275
pH*so0i1 4 1883.81 0.4287
pH*inoc 2 1270.21 0.2766
Soil*inoc 2 1555.30 0.2088
pH*scil*inoc 4 1124.18 0.6775
Error (b) 60 29018.24 --
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Table Al. continued

Source DF SS PR>F

Total dry weight of maple

pH 2 13449.63 0.0001
Tinear (1) (4623.84) 0.0010
Tof (1) (8825.79) 0.0001

Error (a) 8 1435.99 -

Soil 2 . 29.20 0.9372

Inoc 1 203.70 0.3451

pH*soi1 4 1305.72 0.2284

pH*ingc 2 10.18 0.9776

Soil*inoc 2 112.60 0.7794

pH*soil*inoc 4 699.65 0.5441

Error (b) 60 13495.51 --

Pressure in ash leaves at 6 AM

pH 2 1910.037 0.4329
linear (1) (1153.787) . 0.3252
lof (1) (756.25) 0.4155

Error (a) 4 3674.296 _ --

Soil 2 483.370 0.7714

Inoc 1 357.796 0.5383

pH*soi1l 4 4848.630 0.2878

pH*inoc 2 5310.704 0.0720

Soil*inoc 2 999.370 0.5876

pH*soil*inoc 4 6313.296 0.1740

Error (b) 30 27700.667 --

Pressure in ash leaves at 9 AM

pH 2 38423.259 0.3599
linear (1) (26759.259) 0.2445
lof (1) (11664.000) 0.4190

Error (a) 4 57606.185 --

Soil 2 17034.259 0.1725

Inoc 1 13569.185 0.0951

pH*soil 4 15689.074 0.5000

pH*inoc 2 11749.481 0.2912

Soil*inoc 2 4512.926 0.6151

pH*soil*inoc 4 9829.074 0.7090

Error (b) 30 137068.000 --
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Source SS PR>F
Pressure in ash leaves at 12 noon
pH 36635.111 0.0593
linear (33075.000) 0.0286
Tof (3560.111) 0.3336
Error (a) 4 11798.889 --
Soil 2 10247.444 0.2301
Inoc 1 7561.500 0.1417
pH*soi1 4 13044.444 0.4320
pH*inoc 2 1875.111 0.7559
Soil*inoc 2 2058.778 0.7357
pH*soil*inoc 4 7503.778 0.6898
Error (b) 30 99583.444 --
Pressure in ash leaves at 3 PM
pH 49136.148 0.1266
Tinear (22130.704) 0.1452
lof (27005.444) 0.1168
Error (a) 4 27135,296 -
Soil 2 1183.592 0.8480
Inoc 1 112.667 0.8602
pH*soi1l 4 4294 .963 0.8750
pH*inoc 2 1653.778 0.7946
Soil*inoc 2 1262.333 0.8388
pH*soil*inoc 4 4586.889 0.8614 .
Error (b) 30 107069.111 --
Pressure in ash leaves at 6 PM
pH 15012.037 0.4434
Tinear (11511.343) 0.1194
Lof (3500.694) 0.5315
Error (a) 4 29923.407 --
Soil 2 5296.926 0.3522
Inoc 1 2103.130 0.3617
pH*s0i1 4 13406.963 0.2686
pH*inoc 2 10604.481 0.1325
Soil*inoc 2 11775.592 0.1077
pH*soil*inoc 4 4818.963 0.7419
Error (b) 30 73528.111 --
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Table Al. continued

Source DF $S PR>F

Pressure in maple leaves at 6 AM

pH 2 6575.815 0.4224
Tinear (1) (6286.815) 0.2245
Tof (1) (289.000) 0.7737

Error (a) 4 12209.296 --

Soil 2 676.259 0.5977

Inoc 1 4143.130 0.0168

pH*soil 4 1756.074 0.6114

pH*inoc 2 380.704 0.7469

Soil*inoc 2 2657,148 0.1455

pH*soil*inoc 4 3504.518 ‘ 0.2724

Error (b) 30 19375.333 --

Pressure in maple leaves at 9 AM

pH 2 63020,591 0.3024
linear (1) (48217.814) 0.1886
Tof (1) (14802.778) 0.4300

Error (a) 4 76987.185 --

Soil 2 12716.037 0.1943

Inoc 1 675.574 0.6711

pH*soil 4 17314,630 0.3401

pH*inoc 2 4306.370 0.5626

Soil*inoc 2 11267.148 0.2321

pH*soil*inoc 4 1122.407 (.9889

Error (b) 30 110172.333 -

Pressure in maple leaves at 12 noon

pH 2 39486.778 0.1465
linear (1) (13940.084) 0.2057
lof (1) (25546.694) 0.1106

Error (a) 4 24481,.556 -

Soil 2 1786.778 0.7802

Inoc 1 979.630 0.6042

pH*so1il 4 15574 .444 0.3789

pH*inoc 2 6482.481 0.4141

Soil*inoc 2 7334.704 0.3702

pH*soil*inoc 4 13221.185 . 0.4619

30 107079.444 -

Error (b)



Table Al. Continued

152

Source ' o DF SS PR>F
Pressure in maple leaves at 3 pm
pH 2 78949,370 0.2740
Tinear (1) (28259.342) 0.3174
lof (1) (50700.028) 0.2010
Error (a) 4 86744.074 -
Soil 2 37546.815 0.1785
Inoc 1 474.074 0.8314
pH*so0i1 4 26903.741 0.6284
pH*inoc 2 6370.259 0.7359
Soil*inoc 2 20432.148 0.3820
pH*so11*inoc 4 5724 .852 0.9664
Error (b) 30 308380.444 --
Pressure in maple leaves at 6 PM
pH 2 32624.037 0.8153
linear (1) (13024.037) 0.6999
lof (1) (19600.000) 0.6380
Error (a) 4 303513.074 -
Soil 2 4416.926 0.7996
Inoc 1 1410.667 0.7071
pH*s0i1 4 25520.296 0.6360
pH*inoc 2 6081.444 0.7356
Soil*inoc 2 12342.333 0.5396
pH*soi1*1inoc 4 22893.556 0.6766
Error (b) 30 293933.111 --
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Table Al. Continued

Source DF SS PR>F

Diffusion from ash leaves at 6 AM

pH 2 27.2406 0.5083
linear (1) (24.5674) 0.2946
lof (1) (2.6732) 0.7113

Error (a) 4 67.6544 --

Soil 2 5.0239 0.7463

Inoc 1 0.2618 0.8619

pH*soi1l 4 49,1357 0.2436

pH*inoc 2 8.8278 0.6003

Soil*inoc 2 27.6416 0.2137

pH*soil1*inoc 4 43.1389 0.3042

Error (b) 30 255.0662 -

Diffusion from ash leaves at 9 AM

pH 2 4.5041 0.2165
linear (1) (4.134) 0.1092
lof (1) (0.3701) 0.5721

Error (a) 4 3.9190 -

Soil 2 9.3354 0.0014

Inoc 1 0.2230 0.5360

pH*soil 4 0.8412 0.8283

pH*inoc 2 4.4424 0.0311

Soil*inoc 2 2.0222 0.1864

pH*soi1*inoc 4 2.3712 0.4020

Error (b) 30 17.0657 --

Diffusion from ash leaves at 12 noon

pH 2 6.8442 0.0135
Tinear (1) (2.9304) 0.0226
lof (1) (3.9138) 0.0141

Error (a) 4 0.9012 --

Soil 2 13.3014 0.0001

Inoc 1 6.5313 0.0001

pH*so0i1 4 7.3350 0.0016

pH*inoc 2 9.6761 0.0001

Soil*inoc 2 - 3.9490 0.0060

pH*soi1*inoc 4 19.3562 0.0001

Error (b) 30 9.7102 -
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Table Al. cContinued

Source DF SS PR>F

Diffusion from ash leaves at 3 PM

pH 2 X 1.5276 0.5562
Tinear (1) (1.5265) 0.3079
Tof (1) (0.0011) 0.9764

Error (a) 4 4.4814 -

Soil 2 2.3281 0.9189

Inoc 1 0.0174 0.3296

pH*soil 4 7.9522 0.3296

pH*inoc 2 1.1126 0.7167

Soil*inoc 2 5.1899 0.2244

pH*soil*inoc 4 4,2752 0.6332

Error (b) 30 49.5429 R

Diffusion from ash leaves at 6 PM

pH 2 2.8291 0.4125
linear - (1) (2.0722) 0.2706
lof (1) (0.7569) 0.4832

Error (a) 4 5.0798 -

Soil 2 16.4967 0.1852

Inoc 1 2.8658 - 0.4372

pH*soi] 4 32.0565 0.1685

pH*inoc 2 9.7465 0.3609

Soil*inoc 2 2.5864 0.7579

pH*soil*inoc 4 3.3642 0.9459

Error (b) 30 138.6454 --

Diffusion from maple leaves at 6 AM

pH 2 534,7065 0.0498
Tinear (1) (504.7486) 0.0223
lof (1) (29.9579) 0.4271

Error (a) 4 ' 153.6917 --

Soil 2 42.4856 0.3433

Inoc 1 46.6116 0.1294

pH*soi] 4 35.1507 0.7656

pH*inoc 2 7.2086 0.8296

Soil*inoc 2 93.5829 0.1042

pH*soil*inoc 4 111.6792 0.2401

Error (b) 30 575.1521 -
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Table Al. continued
Source SS PR>F
Diffusion from maple leaves at 9 AM
pH 8.1301 0.6651
Tinear (1) (8.0088) 0.3986
lof (1) (0.1213) 0.9131
Error (a) 4 35.9444 -
Soil 2 9.4276 0.2126
Inoc 1 2.6800 0.3433
pH*so0i1l 4 21.2087 0.1482
pH*inoc 2 0.3252 0.9454
Soil*inoc 2 0.6704 0.8909
pH*soil*inoc 4 14.0386 0.3254
Error (b) 30 86.7041 --
Diffusion from maple leaves at 12 noon
pH 40.7853 0.5607
Tinear (39.3373) 0.3188
Tof (1.4480) 0.8379
Error (a) 4 121.5739 --
Soil .2 41.6317 0.0702
Inoc 1 0.0733 0.9201
pH*s011 4 43,1000 0.2259
pH*inoc 2 0.5231 0.9642
Soit*inoc 2 1.5157 0.8999
pH*soi1*inoc 4 . 10.4822 0.8309
Error (b) 30 214.8480 --
Diffusion from maple leaves at 3 PM
pH 26.8206 0.4493
linear (1) (16.8981) 0.3279
lof (1) (9.9225) 0.4416
Error (a) 4 54,5273 --
Soil 2 31.1803 0.1629
Inoc 1 0.7027 0.7701
pH*soil 4 83.4402 0.0573
pH*inoc 2 27.5362 0.1992
Soil*inoc 2 4.8562 0.7427
pH*soil*inoc 4 11.9554 0.8282
Error (b) 30 242.4602 --
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Table Al. continued

Source DF SS PR>F

Diffusion from maple leaves at 6 PM

pH 2 103.4431 0.4244
Tinear (1) (101.7919) 0.2204
lof (1) (1.6512) 0.8624

Error (a) 4 193.3586 -

Soil 2 65.6294 0.0790

Inoc 1 6.2017 0.4752

pH*soil 4 127.8491 0.0497

pH*inoc 2 7.1135 0.7431

Soil*inoc 2 0.5493 0.9971

pH*soil*inoc 4 15.1120 0.8633

Error (b) 30 355,.8689 -

Concentration of nitrogen in ash leaves

pH 2 2.1284 0.0061
Tinear (1) (0.6242) 0.0398
lof (1) (1.5042) 0.0051

Error (a) 8 0.2069 --

Soit 2 0.0495 0.8152

Inoc 1 0.0003 0.9614

pH*soi]l 4 0.2069 0.7874

pH*inoc 2 0.0893 0.6922

Soil*inoc 2 0.1653 0.5080

pH*soil*inoc 4 0.1830 0.8227

Error (b) 60 7.2411 --

Concentration of nitrogen in ash stems

pH 2 1.0190 0.0008
Tinear (1) (0.2347) 0.0162
lof (1) (0.7843) 0.0005

Error (a) 8 0.2042 -

Soil 2 0.1249 0.1947

Inoc 1 0.0048 0.7194

pH*soil 4 0.0729 0.7426

pH*inoc 2 0.0293 0.6757

Soil*inoc 2 0.0193 0.7716

pH*soil*inoc 4 0.1853 0.3007

Error (b) 60 2.2281 --
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Source DF SS PR>F
Concentration of nitrogen in ash roots
pH 2 3.5682 0.0002
Tinear (1) (1.1361) 0.0020
Tof (1) (2.4321) 0.0002
Error (a) 8 0.4451 --
Soil 2 0.2916 0.0475
Inoc 1 0.0013 0.8671
pH*s0i1l 4 0.1526 0.5056
pH*inoc 2 0.0260 0.7526
Soil*inoc 2 0.0452 0.6105
pH*soil*inoc 4 0.0508 0.8902
Error (b) 60 2.7274 -
Concentration of nitrogen in maple leaves
pH 2 5.0977 0.0001
linear (1) (1.5402) 0.0003
Tof (1) - (3.5575) 0.0001
Error (a) 8 0.3327 -
Soil ‘ 2 0.2500 0.0447
Inoc 1 0.0000 0.9829
pH*soil 4 0.5301 0.0129
pH*inoc 2 0.1044 0.2627
Soil*inoc 2 0.0305 0.6721
pH*soil*inoc 4 0.0878 0.6820
Error (b) 60 2.2906 --
Concentration of nitrogen in maple stems
pH 2 0.2939 0.0028
linear (1) (0.0657) 0.0398
lof (1) (0.2282) _ 0.0018
Error (a) 8 0.0874 --
Soil 2 . 0.0069 0.5876
Inoc 1 0.0014 0.6467
pH*soil 4 0.0234 0.4619
pH*inoc 2 0.0057 0.6410
Soil*inoc 2 0.0195 0.2271
pH*soil*inoc 4 0.0595 0.0671
Error (b) 60 0.3849 0.0064
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Table Al. continued

Source DF SS PR>F

Concentration of nitrogen in maple roots

pH 2 0.7784 0.0139
linear (1) (0.2501) 0.0575
lof (1) (0.5283) ' 0.0122

Error (a) 8 0.4073 -

Soil 2 0.1144 0.0135

Inoc 1 0.0080 0.4760

pH*so0il 4 0.0602 0.4338

pH*inoc 2 0.0000 0.9991

Soil*inoc 2 0.0068 0.8037

pH*soi1*inoc 4 0.0984 0.1922

Error (b) 60 0.9362 --

Concentration of phosphorus in ash leaves

pH 2 2.894 0.0545
linear (1) (1.179) 0.0988
lof (1) (1.715) 0.0544

Error (a) 8 . 2.706 -

Soil 2 2.442 0.0022

Inoc 1 0.653 0.0618

pH*soil 4 1.466 0.1009

pH*inoc 2 0.276 0.4697

Soil*inoc 2 1.785 0.0102

pH*soil*inoc 4 0.169 0.9176

Error (b) 60 10.807 --

Concentration of phosphorus in ash stems

pH 2 ' 1.259 0.0419
Tinear (1) (0.002) 0.9044
lof (1) (1.257) 0.0145

Error (a) 8 1.040 --

Soil 2 0.302 0.3420

Inoc 1 0.021 ‘ 0.6949

pH*s011 .4 0.411 0.5660

pH*inoc 2 0.574 0.1345

Soil*inoc 2 1.015. 0.0314

pH*soil*inoc 4 0.294 0.7128

Error (b) 60 8.296 --
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Table Al. continued

Source DF SS PR>F

Concentration of phosphorus in ash roots

pH . 2 0.175 0.2566
linear (1) (0.163) 0.1201
lof (1) (0.012) 0.6537

Error (a) 8 0.431 -

Soil 2 0.012 0.9480

Inoc 1 0.012 0.7456

pH*soil 4 0.305 0.5987

pH*inoc 2 0.076 0.7085

Soil*inoc 2 0.345 0.7085

pH*soil*inoc 4 0.465 0.3854

Error (b) 60 6.590 -

Concentration of phosphorus in maple leaves

pH 2 19.654 0.0013
linear (1) (9.964) 0.0032
lof (1) (9.690) - 0,0035

Error (a) 8 4.650 -—-

Soil 2 2.300 0.0054

Inoc 1 0.027 0.7165

pH*soil ' 4 2,026 0.0507

pH*inoc 2 0.226 0.5729

Soil*inoc 4 0.087 ' 0.8056

pH*soil*inoc 4 1.229 0.2061

Error (b) 60 12.077 -

Concentration of phosphorus in maple stems

pH 2 0.434 0.0778
linear (1) (0.394) 0.0342
lof (1) (0,040) 0.4403

Error (a) 8 0.485 -

Soil 2 0.328 0.0478

Inoc 1 0.002 0.8377

pH*soil 4 0.215 0.3896 -

pH*inoc 2 0.128 0.2932

Soil*inoc 2 0.117 0.3255

pH*soil*inoc 4 0.175 0.4974

Error (b) 60 3.076 --



160

Table Al. continued

Source DF ' SS . PR>F

Concentration of phosphorus in maple roots

pH 2 1.307 ~0.0120
Tinear (1) (n0.971) 0.0085
lof (1) (0.336) 0.0757
Error (a) 8 0.646 --
Soil 2 0.502 0.0336
Inoc 1 0.005 0.7961
pH*soil 4 0.053 0.9431
ph*inoc 2 0.025 0.8338
Soil*inoc 2 0.901 0.0029
pH*soil*inoc 4 0.223 0.5310
Error (b) 60 4.195 L .-

Concentration of potassium in ash leaves

pH 2 2.870 0.6766
linear (1) (2.034) 0.4675
lof (1) (0.836) 0.6380

Error (a) 8 27.972 --

Soil 2 3.786 0.5742

Inoc 1 1.544 0.5004

pH*so1i1l 4 14.147 0.3911

pH*inoc 2 0.560 0.9206

Soil*inoc 2 6.052 0.4140

pH*soil*inoc 4 8.009 0.6696

Error (b) 6 202.854 -

Concentration of potassium in ash stems

pH 2 0.380 0.5665
linear (1) (0.139) 0.5226
lof (1) (0.241) 0.4042

Error (a) 8 2.488 --

Soil 2 0.544 0.1963

Inoc 1 0.031 0.6630

pH*s0i 1 4 0.538 0.5125

pH*inoc 2 0.038 0.8884

Soil*inoc 2 0.273 .+ 0.4365

pH*soi1*inoc 4 0.768 0.3279

Error (b) 60 9.751 --
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Table Al. continued

Source DF SS PR>F

Concentration of potassium in ash roots

pH ' 2 18.367 0.1273
Tinear (1) (8.293) 0.1573
lof (1) (10.074) 0.1238

Error (a) .8 . 27.243 - -

Soil 2 39.068 0.0140

Inoc 1 11.631 0.1037

pH*soil 4 19.638 0.3408

pH*inoc 2 4.030 0.6254

Soil*inoc 2 1.005 0.8889

pH*soil*inoc 4 21.721 0.2899

Error (b) 60 255,578 --

Concentration of potassium in maple leaves

pH 2 9.914 0.4528

linear (1) (5.958) 0.3348

lof (1) (3.956) 0.4273
Error (a) 8 45,262 r-—
Soil 2 9.605 0.2533
Inoc 1 0.146 0.8371
pH*soi]l 4 12.712 0.4528
pH*inoc 2 2.658 0.6795
Soil*inoc 2 5.164 0.4742
pH*soil*inoc 4 7.149 _ 0.7192
Error (b) 60 205.064 --

Concentration of potassium in maple stems

pH 2 1.536 0.0593
Tinear (1) (0.488) 0.1449
lof (1) (1.048) 0.0454

Error (a) 8 1.496 -~

Soil 2 0.255 0.2118

Inoc 1 0.056 0.4084

pH*so0i] 4 1.196 0.0089

pH*inoc 2 0.009 0.9444

Soil*inoc 2 0.226 0.2512

pH*soil*inoc 4 1.014 0.0200

Error (b) 60 4,809 -
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Table Al. continued
Source DF SS PR>F
Concentration of potassium in maple roots
pH 2 0.775 0.7161
Tinear (1) (0.751) 0.4351
lof (1) (0.024) 0.8864
Error (a) 8 8.899 .--
Soil 2 0,098 0.9658
Inoc 1 0.076 0.8170
pH*soi1 4 7.036 0.2998
pH*inoc 2 3.293 0.3174
Soil*inoc 2 0.040 0.9859
pH*soil*inoc 4 7.462 0.2709
Error (b)
Concentration of calcium in ash leaves
pH 2 9.424 0.5463
Tinear (1) (9.157 0.2926
lof (1) (0.267) 0.8724
Error (a) 8 57.750 -
Soil 2 12.57 0.4450
Inoc 1 - 82.801 0.3026
pH*soil 4 20.452 0.6170
pH*inoc 2 4,361 0.7533
Soil*inoc 4 40,285 0.2748
Error (b) 60 459,551 --
Concentration of calcium in maple leaves
pH 2 3.935 0.5177
Tinear (1) (2.027) 0.4155
lof (1) (1.9081) 0.4289
Error (a) 8 21.993 -
Soil 2 27.313 0.1088
Inoc 1 20.354 0.0689
pH*so0i 1 4 5.782 0.9124
pH*inoc 2 4,698 0.6748
Soil*inoc 2 9.340 0.4597
pH*soil1*inoc 4 2.578 0.3712
Error (b) 60 355.895 --
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Table A2. Analysis of variance (ANOVA) of soil response to 3 levels of
acidity of the mist solution (pH), 2 tree species, 3 soil types
and 2 times of infection of the seedling roots by mycorrhizal
fungi (inoc) at 0, 20 and 52 weeks of acid treatment

Source DF SS PR>F

Acidity after 0 weeks of acid treatment

Soil 2 1.1780 0.0001
Error 177 10.0993 --

Acidity after 20 weeks of acid treatment

pH 2 2.7020 0.0001
linear (1) (0.4205) 0.0037
lof (1) (2.2815) 0.0001

Error (a) 8 ' 0.2058 --

Soil 2 1.2887 0.0001

pH*soil 4 0.1573 0.4411

Error (b) 163 6.7428 -

Acidity after 52 weeks of acid treatment

pH 2 10.6607 0.0001
linear (1) (2.8125) 0.0004
lof (1) (7.8482) 0.0001

Error (a) 8 N.6904 -

Soil 2 2.3738 0.0001-

Treesp 1 0.0294 0.4764

Inoc 1 0.0045 0.7803

pH*s0il 4 0).6666 0.0247

pH*treesp 4 0.3301 0.0606

pH*inoc 2 0.1923 0.1924

Soil*treesp 2 0.0084 0.9294

Soil*inoc 2 0.1053 0.4035

Treesp*inoc 1 0.0125 0.6422

pH*soil*treesp 4 0.3466 0.2048

pH*soil*inoc 4 0.0783 0.8507

pH*treesp*inoc 2 0.0090 0.9249

Soil*treesp*inoc 2 0.0280 0.7847

pH*soil*treesp*inoc 4 0.0410 0.9495

Error (b) 132 7.6067 --
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Table A2. continued

Source : ) DF SS PR>F

Fungi after 0 weeks of acid treétment

Soil 2 0.1778 0.7469
Error 36 10.8806 -

Fungi after 20 weeks of acid treatment

pH 2 1.4499 0.0406
linear (1) (0.6828) 0.0524
lof (1) (0.7671) 0.0443

Error (a) 4 0.3660 -

Soil 2 2.0070 0.0037

pH*soil 4 0.5802 0.4903

Error (b) 93 15.6605 -

Fungi after 52 weeks of acid treatment

pH 2 0.2749 0.3661
Tinear (1) (0.1673) 0.2837
lof (1) (0.1076) 0.3644

Error (a) 2 0.1587 --

Soil 2 3.3829 0.0198

Treesp 1 1.9218 0.0318

Inoc 1 0.0370 0.7578

pH*so0il 4 1.0544 0.6043

pH*treesp 2 0.0426 0.9458

pH*inoc 2 0.0620 0.9222

Soil*treesp 2 2.7097 0.0403

Soil*inoc 2 0.3069 0.6726

Treesp*inoc 1 0.0080 0.8860

pH*soil*treesp 4 1.9128 0.3087

pH*soil*inoc 4 0.6052 0.8101

pH*treesp*inoc 2 1.0785 0.2582

Soil*treesp*inoc 2 0.2402 0.732%

pH*soil*treesp*inoc 4 0.3665 0.9138

Error (b) 33 12.6115 -
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Table A2. continued

Source DF SS PR>F

Bacteria on nutrient agar
after 0 weeks of acid treatment

Soil 2 0.3196 0.0922
Error 36 2.2571 -

Bacteria on nutrient agar
after 20 weeks of acid treatment

pH 2 0.6414 0.0500
linear (1) (0.0789) 0.2611
lof (1) (0.5625) 0.0251

Error (a) 4 0.1846 --

Soil 2 0.4193 0.1867

pH*s0il 4 0.4195 0.4943

Error (b) 93 11.4121 --

Bacteria on nutrient agar
after 52 weeks of acid treatment

pH 2 4.6699 0.1948
linear (1) (0.2195) 0.5966
lof (1) (4.4504) 0.1069

Error (a) 2 1.1294 --

Soil 2 0.2323 0.3639

Treesp 1 1.3764 0.0013

Inoc 1 0.0062 0.8149

pH*so1i1 4 0.1555 0.8429

pH*treesp 2 1.3160 0.0064

pH*inoc 2 0.0737 0.7207

Soil*treesp 2 0.4646 0.1404

Soil*inoc 2 0.1493 0.5186

Treesp*inoc 1 0.1038 0.3415

pH*soi1*treesp 4 0.9270 0.1058

pH*soi1*inoc 4 0.4129 0.4605

pH*treesp*inoc 2 0.0555 0.7811

Soil*treesp*inoc 2 0.0672 0.7415

pH*soil*treesp*inoc 4 0.1080 0.9123

Error (b) 33 22.4248 --
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Table A2. continued

Source DF SS PR>F

Bacteria on egg albumin agar
after 52 weeks of acid treatment

pH 2 2.9840 0.1760
linear (1) (0.9288) 0.2299
lof (1) (2.0552) 0.1263

Error (a) 2 0.6372 --

Soil 2 0.4171 ) 0.3811

Treesp 1 3.3225 0.0004

Inoc 1 0.0091 0.8364

pH*soil 4 0.3700 0.7783

pH*treesp 2 2.7776 0.0038

pH*inoc 2 0.2840 0.5154

Soil*treesp 2 0.2865 0.5124

Soil*inoc 2 0.4323 0.3684

Treesp*inoc 1 0.2099 0.3246

pH*soil*treesp 4 0.5686 0.6127

pH*soil*inoc 4 0.3033 0.8344

pH*treesp*inoc 2 0.1555 . 0.6933

Soil*treesp*inoc 2 0.0320 0.9268

pH*soil*treesp*inoc 4 2.3137 0.0442

Error (b) : 33 6.9282 --

Mycorrhizal spores
after 52 weeks of acid treatment

pH 2 957812.80 0.2541
Tinear (1) (246983.42) 0.3708
lof (1) (710829.38) 0.1626

Error (a) 4 973520.76 --

Soil 2 3896940.57 0.0001

Treesp 1 1166256.75 0.0001

Inoc 1 2.68 0.9946

pH*soi1l 4 296832.31 0.2856

pH*treesp 2 313224.50 0.0741

pH*inoc 2 102383.91 0.4175

Soil*treesp 2 432103.17 0.0291

Soil*inoc 2 196617.57 0.1906

Treesp*inoc 1 39254.45 0.4130

pH*soil*treesp 4 84687.17 0.8320

pH*soil*inoc 4 606519.09 0.0426

pH*treesp*inoc 2 87986.57 0.4795

Soil*treesp*inoc 2 16736.68 0.8656

pH*soil*treesp*inoc 4 216985.20 0.4476

Error (b) 66 3817413.78 --
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Table A2. continued
Source DF SS PR>F
Nitrogen after 0 weeks of acid treatment
- Soil 2 596389.625 0.0004
Error 177 5573935.446 --
Nitrogen after 20 weeks of acid treatment
pH . 2 302084.289 0.1763
Tinear (1) (204154.689) 0.1242
lof (1) (97929.600) 0.2693
Error (a) 8 556025 . 600 -
Soil 2 1066918.847 0.0001
pH*soil 4 13032.861 0.9908
Error (b) 163 7539300.287 --
Nitrogen after 52 weeks of acid treatment
pH 2 206330.289 0.0454
linear (1) (198668.889) 0.0403
lof (1) (7661.400) 0.6441
Error (a) 8 266083.378 -
Soil 2 1327400.844 0.0001
Treesp 1 5445.000 0.6751
Inoc 1 75072.089 0.1211
pH*so1i1 4 211078.422 0.1513
pH*treesp 2 101237.700 0.1977
pH*inoc 2 10647.344 0.8417
Soil*treesp 2 18345.733 0.7432
Soil*inoc 2 34405.911 0.5738
Treesp*inoc 1 8241.800 0.6061
pH*soil*treesp 4 129141.667 0.3857
pH*soil*inoc 4 62208.956 0.7327
pH*treesp*inoc 2 24122.700 0.6771
Soil*treesp*inoc 1 10438.933 0.8445
pH*soil*treesp*inoc 4 33810.867 0.8943
Error (b) 132 4071358.200 --
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Source DF SS PR>F
Phosphorus after 0 weeks of acid treatment
Soil 2 A 112.1667 0.0001
Error 177 776.8332 -
Phosphorus after 20 weeks of acid treatment
pH 2 2.4429 0.7230
Tinear (1) .(1.9014) 0.4890
Tof (1) (0.5415) 0.7088
Error (a) 8 28.9171 --
Soil 2 69.5529 0.0001
pH*soil 4 10.7945 0.5149
Error (b) 163 536.5847 -
Phosphorus after 52 weeks of acid treatment
pH 2 164.6709 0.0964
Tinear (1) (129.7102) 0.0556
lof (1) (34.9607) 0.2788
Error (a) 8 207.2358 --
Soil 2 784.5074 0.0135
Treesp 1 9309.6125 0.0001
Inoc 1 344.7267 0.0502
pH*soil 4 48.4686 0.9682
pH*treesp 2 239.4343 0.2611
pH*inoc 2 56.8921 0.7250
Soil*treesp 2 25.4770 0.8657
Soil*inoc 2 142.8234 0.4474
Treesp*inoc 1 76.7014 0.3529
pH*soil*treesp 4 123.1237 0.8445
pH*soil*inoc 4 273.2612 0.5439
pH*treesp*inoc 2 107.8321 0.5444
Soil*treesp*inoc 2 45,3282 0.7739
pH*soil*treesp*inoc 4 264.5399 0.5601
Error (b) 132 11648.7823 -
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Source DF SS PR>F
Potassium after 0 weeks of acid treatment
Soil 2 861.5833 0.0062
Error 42 1092.0000 --
Potassium after 20 weeks of acid treatment
pH 2 36.0833 0.3308
Tinear (1) (8.3122) 0.2548
Tof (1) (28.5208) 0.1961
Error (a) 6 80.9167 -
Soil 2 2566.2639 0.0001
pH*s01i1 4 49,9444 0.6798
Error (b) 126 2726.5417 --
Potassium after 52 weeks of acid treatment
pH 2 504.6000 0.0284"
linear (1) (115.2000) 0.3738
lof (1) (290.4000) 0.0209
Error (a) 8 282.5111 . --
Soil 2 2435.4778 0.0001
Treesp 1 476.9389 0.0046
Inoc 1 19.3389 0.5627
pH*so0i1l 4 90.1222 0.8139
pH*treesp 2 61.3778 0.5873
pH*inoc 2 200.8444 0.1780
Soil*treesp 2 24.6777 0.8069
Soil*inoc 2 117.1444 0.3635
Treesp*inoc 1 2.9389 0.8214
pH*soil*treesp 4 105.6556 0.7650
pH*soil*inoc 4 507.7222 0.0713
pH*treesp*inoc 2 60.8444 0.5900
Soil*treesp*inoc 2 56.8777 0.6106
pH*soil*treesp*inoc 4 408.5889 0.1369
Error (b) 132 7580.7000 --
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Source DF SS PR>F
Calcium after Q0 weeks of acid treatment
Soi1l 2 34085.2917 . 0.0001
Error 42 50558.750 -
Calcium after 20 weeks of acid treatment
pH 2 38083.6900 0.0471
Tinear (1) (5687.6692) 0.4622
Tof (1) (32396.0208) 0.0239
Error (a) 6 21526,9722 -
Soil 2 44577.1667 0.0014
pH*so0i1 4 23192.8333 0.1337
Error (b) 126 406762.5833 -
Calcium after 52 weeks of acid treatment
pH 2 3535.2889 0.6390
linear (1) (3311.0222) 0.1085
Tof (1) (224.2667) 0.8125
Error (a) 8 29837.6000 --
Soi1l 2 106414 .4444 0.0001
Treesp 1 23575.5556 0.0226
Inoc 1 57.8000 0.9092
pH*soil 4 10326.4222 0.6756
pH*treesp 2 9004.0444 0.3647
pH*inoc 2 8638.5333 0.3799
Soil*treesp 2 949,5111 0.8984
Soil*inoc 2 11425.7333 0.2788
Treesp*inoc 1 6722,2222 0.2202
pH*soil*treesp 4 5628.0889 0.8658
pH*so0il1*inoc 4 35242.7333 0.0998
pH*treesp*inoc 2 1107.5111 0.8826
Soil*treesp*inoc 2 3112.0444 0.7045
pH*soil*treesp*inoc 4 8121.0222 "0.7662

Error (b).
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Source SS PR>F
Iron after 0 weeks of acid treatment
Soil 386.5416 0.0001
Error 636.4167 -
Iron after 20 weeks of acid treatment
pH 140.1111 0.0061
Tinear (0.0278) 0.9784
Tof (140.0833) - 0.0020
Error (a) 31.2222 --
Soil 1054.2639 0.0001
pH*soil - 5.7778 --
Error (b) 1011.2083 --
Iron after 52 weeks of acid treatment
pH 202.2222 0.0128
Tinear 1) (35.5555) 0.1344
lof (1) (166.6667) 0.0069
Error (a) 8 102.5556 -
Soil 2 1143.41 0.0001
Treesp 1 33.8000 0.0672
Inoc 1 1.4222. 0.7056
pH*soil 4 72.6556 - 0.1268
pH*treesp 2 3.6333 0.8329
pH*inoc 2 19.5444 0.3763
Soil*treesp 2 7.6333 0.6815
Soil*inoc 2 1.8111 0.9129
Treesp*inoc 1 0.3556 0.8502
pH*soil*treesp 4 38.8333 0.4218
pH*soil*inoc 4 61.1222 0.1944
pH*treesp*inoc 2 8.0778 0.6665
Soil*treesp*inoc 2 11.8111 0.5530
pH*soil*treesp*inoc 4 41.6556 0.3844
Error (b) 132 1310.0667 --
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Table A3. Analysis of variance (ANOVA) of the germination rate of seeds
of 8 tree species (treesp) to 3 levels of acidity of the water-
ing solution (pH) and 3 soil types

Source DF SS PR>F
Five days after planting
pH 2 0.0158 0.5394
Tinear (1) (0.0061) 0.4874
Tof (1) (0.0097) 0.4005
Error (a) 4 0.0418 --
Soil 2 0.0440 0.4628
Treesp 7 5.2704 0.0001
pH*s011 4 0.0163 0.9656
pH*treesp 14 0.1144 0.9946
Soil*treesp 14 0.3097 0.6910
pH*soil*treesp 28 0.1178 1.000
Error (b) 138 3.9216
Seven days after planting
pH 2 0.0924 0.0154
Tinear (1) (0.0781) 0.0072
lof (1) (0.0143) 0.1050
Error (a) 4 0,0122 --
Soil 2 0.0426 0.3499
~ Treesp 7 12.8833 0.0001
pH*soil 4 0.0436 0.7047
pH*treesp 14 0.6383 0.0082
Soil*treesp 14 0.3027 0.3851
pH*soil*treesp 28 0.3097 0.9667
Error (b) 138 2.7748 --
Nine days after planting
pH 2 0.0678 0.2843
linear (1) (0.0667) 0.1350
lof (1) (0.0011) 0.8214
Error (a) 4 0.0764 -
Soil 2 0.0161 0.6473
Treesp 7 19.4837 0.0001
pH*soi1 4 0.1125 0.1994
pH*treesp 14 0.2913 0.3412
Soil*treesp 14 0.1718 0.8075
pH*soil*treesp 28 0.7192 0.1107
Error (b) 138 2.5512 --
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Source DF SS PR>F
Eleven days after planting
pH 2 0.1488 0.0149
Tinear (1) (0.1460) 0.0067
lof (1) (0.0028) 0.5049
Error (a) 4 0.0220 -
Soil 2 0.1916 0.0072
Treesp 7 10,1927 0.0001
pH*s0i1 : 4 0.0834 0.3533
pH*treesp 14 0.4883 0.0358
Soil*treesp 14 0.4576 0.0535
pH*soil*treesp 28 0.5709 0.3618
Error (b) 138 0.0187
Thirteen days after planting
pH ‘ 2 0.0658 0.2990
Tinear (1) - (0.0527) 0.1768
Tof (1) (0.0131) 0.4617
Error (a) 4 0.0786 -
Soil 2 0.0249 0.5797
Treesp 7 17.0426 0.0001
pH*soil - 4 0.1109 0.3064
pH*treesp 14 0.2234 0.7711
Soil*treesp - 14 0.2659 0.6317
pH*soil*treesp 28 0.9916 0.0509
Error (b) 138 3.1439 -
Sixteen days after planting
pH 2 0.0966 -0.3604
linear (1) (0.0260) 0.4306
Tof (1) (0.0706) 0.2357
Error (a) 4 0.1356 -
Soil 2 0.0644 0.3300
Treesp 7 14,9103 0.0001
pH*so01i1l 4 0.1068 0.4505
pH*treesp 14 0.2999 0.7274
Soil*treesp 14 0.3647 0.5558
pH*soil*treesp 28 1.0992 0.1245
Error’ (b) 138 3.9752 --
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Source DF SS PR>F
Eighteen days after planting
pH 2 0.1695 0.3065
Tinear (1) (0.0370) 0.4450
Tof (1) (0.1325) 0.1875
Error (a) 4 0.2066 -
Soil 2 0.0904 0.2456
Treesp 7 13.3675 0.0001
pH*soi1 4 0.0808 0.6389
pH*treesp 14 0.4222 0.5110
Soil*treesp 14 0.3480 0.6889
pH*soil*treesp 28 1.0443 0.2708
Errvor (b) 138 4.3960 --
Twenty days after planting
pH 2 0.1760 0.2529
Tinear (1) (0.0699) 0.2720
Tof (1) (0.1061) 0.1974
Error (a) 4 0.1726 -
Soil 2 0.1228 0.1594
Treesp 7 13.1153 0.0001
pH*soi1l 4 0.0376 0.8872
pH*treesp 14 0.3864 0.6286
Soil*treesp 14 0.4659 0.4481
pH*soil*treesp 28 1.0110 0.3539
Error (b) 138 4,5525 --
Twenty-three days after planting
pH 2 0.1412 0.3111
linear (1) (0.0383) 0.3992
Tof (1) (0.1029) 0.2030
Error (a) 4 0.1724 -
Soil 2 0.1520 0.1349
Treesp 7 12.9508 0.0001
pH*soil 4 0.1028 0.6017
pH*treesp 14 0.5762 0.3623
Soil*treesp 14 0.7900 0.1152
pH*soil*treesp 28 1.1266 0.3757
Error (b) 138 5.1593 --
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Source DF SS PR>F
Twenty-five days after planting
pH 2 0.0798 0.4290
linear (1) (0.0225)° 0.4805
lof (1) (0.0573) 0.2859
Error (a) 4 0.1490 --
Soil 2 0.1244 0.2028
Treesp 7 13.3382 © 0.0001
pH*s0i1 4 0.1488 0.4287
pH*treesp 14 0.5656 0.4098
Soil*treesp 14 0.5776 0.3892
pH*soi1*treesp 28 1.2991 0.2391
Error (b) 138 5.3170 --
Twenty-seven days after planting
pH 2 0.1027 0.4017
linear (1) ' (0.0359) 0.5405
Tof (1) (0.0628) 0.3002
Error (a) 4 0.1787 --
Soil 2 0.1262 0.1983
Treesp 7 0.1066 0.5993
pH*s0i1 4 0.4567 0.6182
pH*treesp 14 0.4567 0.6182
Soil*treesp 14 0.7484 0.1674
pH*soil*treesp 28 1.2395 0.2940
Error (b) 138 5.3201 --
Thirty days after planting
pH 2 0.1036 0.4568
linear (1) (0.0392) 0.4396
lof (1) (0.0644) 0.3363
Error (a) 4 0.2133 -
Soil 2 0.0964 0.3070
Treesp 7 13.0646 0.0001
pH*soi1l 4 0.1578 0.4236
pH*treesp 14 0.4385 0.6958
Soil*treesp 14 0.5716 0.4483
pH*soil*treesp 28 1.1704 0.4306
Error (b) 138 5.5857 --
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Source DF SS PR>F
Thirty-two days after planting
pH 2 0.1009 0.3761
lTinear (1) (0.0325) 0.4175
lof (1) (0.0684) 0.2610
Error (a) 4 0.1594 -
Soil 2 0.0372 0.6047
Treesp 7 13,1222 0.0001
pH*soil 4 0.1339 0.4615
pH*treesp 14 0.5011 0.4866
Soil*treesp 14 0.4030 0.6888
pH*soil*treesp 28 1.0672 0.4297
Error (b) 138 0.0369 -
Thirty-four days after planting
pH 2 0.0758 0.5979
Tinear (1) (0.0021) 0.8651
lof (1) (0.0737) 0.3456
Error (a) 4 0.2563 -
Soil 2 0.0491 0.5021
Treesp 7 12.9339 0.0001
pH*s0i1 4 " 0.1290 0.4600
pH*treesp 14 0.5035 .0.4421
Soil*treesp 14 0.4495 0.5531
pH*soil*treesp 28 1.0377 0.4137
Error (b) 138 4.,8899 --
Thirty-seven days after planting
pH 2 0.0619 0.6386
linear (1) (0.0026) 0.8452
lof (1) (0.0593) 0.3819
Error (a) 4 0.2398 Co--
Soil 2 0.0435 0.5518
Treesp 7 12.9968 0.0001
pH*so0il 4 0.1350 0.4507
pH*treesp 14 0.4518 0.5761
Soil*treesp 14 0.4470 0.5862
pH*soil*treesp 28 1.1912 0.2746
Error (b) 138" 5.0305 --
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Source DF SS PR>F
Thirty-nine days after planting
pH 2 0.0619 0.6386
linear (1) (0.0026) 0.8452
lof (1) (0.0593) 0.3819
Error (a) 4 0.2398 --
Soil 2 0.0454 0.5518
Treesp 7 12.9968 0.0001
pH*soil 4 0.1350 0.4507
pH*treesp 14 0.4518 0.5761
Soil*treesp 14 0.4470 0.5862
pH*soil*treesp 28 1.1912 0.2746
Error (b) 138 5.0305 --
Forty-four days after planting
pH 2 0.0865 0.4228
linear (1) (0.0009) 0.8878
Tof (1) (0.0856) 0.2183
Error (a) 4 0.1594 --
Soil 2 0.0428 0.5589
Treesp 7 12.8708 0.0001
pH*soil 4 0.1587 0.3668
pH*treesp 14 0.5459 0.3941
Soil*treesp 14 0.4535 0.5764
pH*soil*treesp 28 1.0117 0.4914
Error (b) 138 5.0507 -
Fiftv-one days after planting
pH 2 0.0804 0.5683
Tinear (1) (0.0001) 0.9700
Tof (1) (0.0803) 0.3173
Error (a) 4 0.2428 --
Soil 2 0.0518 0.4695
Treesp 7 12,9959 0.0001
pH*soil 4 0.1153 0.4983
pH*treesp 14 0.5173 0.3765
Soil*treesp 14 0.4920 0.4257
pH*soil*treesp 28 1.0307 0.3702
Error (b) 138 4.7002 --
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Source DF SS PR>F
Seventy-two days after planting
pH 2 0.0294 0.7897
linear (1) (0.0110) 0.6803
lof (1) (0.0184) 0.6049
Error (a) 4 0.2237 --
Soil 2 0.0387 0.6027
Treesp 7 12.9494 0.0001
pH*s011 4 0.0628 0.8009
pH*treesp 14 0.3606 0.7970
Soil*treesp 14 0.5590 0.4143
pH*soil*treesp 28 0.9772 0.5960
Error (b) 138 5.2780 --




