1
-

1974/011
sou
1974

TS-1974/011
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An experiment was designed to determine the
effect of 5 forest soll horizons on the growth of Picea
glauca (Moench) Voss and to evaluate the contribution of
each horizon and two levels of lime in the rate of organic
matter decomposition and availability of nutrients.

The growth of spruce measured by the fresh
and dry weight was affected considerably by the percent
organic matter in the soil. The concentration of nutrients
in tops wnd rools was closcely related Lo the concentration
of nutrients in the soll with the exception of Ca and Hg
concentration. These two elements showed concentrations
that were highor in tops and roots of white spruce grown

in iow horizons. This, however, was assocliated with a

decreasa 1in growth The organic matter was probably the
most signiricant factor Tor growth of FPicaa and the
inzrease in mineral composition of the soil profile (9, 17)



The concentration of all elements analyscd
for, except P, decreased as the organic matter concentra-
tion decreaczed. The amount of organic matter in the
individual norizons decreased with profile depth. A linear
correlation was obtained between organic matter and plant
grovth.

Linear correlations were also obtalned bvetween
soll organic matter and cation cxchange capacity, and
organic matter and N. This showed organic matter to be
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e of The N present in the horizon

the main sour

«

correlated with plant growth.
An effect of lime was observed only in the

0 horizon. In the pots with no plants there was an increase
in mineral concentration which was associated with an
increase of the organic debris decomposition. In the pots
with plants there was no effect or a decrease in mineral
composition for the O horigzon which was related with
absorption by the plants. An effect of lime in the mineral
soil was observed only for the concentration of Ca and Mg
which increased with the application of 4000 kg of lime’
per hectare.

. The N concentration in the tops and the roots
decreased significantly for the O horizon with the appli-

cation ol lime.
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INTRODUCTION

The maintenance of soil fertility is an impor-
tant problem in agricultural and forest soil management.
This is particularly true in areas with a humid climate.

In the case of agricultural soils where nutri-
ents are removed each year by the harvesting of crops, the
application of fertilizer i1s of importance in‘maintaining
soil productivity. In forest soils, where a large gquantity
of organic debris is returned to the soil each year through
leaf fall, fertility is also a factor which should be of
coacern to forest soil researchers. To date, the use of
fertilizer on forest lands has not given the consistent
response that has been recorded for agricultural lands.

The organic debris on the surface of forest
solls has a great influence on the elemental composition
of the soil. This organic matter decomposes and releases
nutrients which presumably enrich the other horizons.

From a nutritional point of view, the under-
standing of the mineral composition of the different soil
horizons i1s of great importance since it is here that the
forest trees get the nutrients necessary for growth.

In warm climates with high precipitation, the
rat> of organic matter decomposition from forest soils is

SNou L meall Lialt i LOW AT DOl Zons are rrela-



Although many experiments have been conducted
on forest soils, few have attempted an evaluation of the
importance of the different soll horizons to the growth

L

ol plants.

[

In view of the preceeding statements, this
experiment was set up to determine the contribution of the
different forest soll horizons to the nutrition of Picea
glauca (Moench) Voss seedlings. The effect of lime on
the rate of organic matter decoriposition and the availa-

bility of nutrients was also considered.



LITERATURE REVIEW

Organic Matter

The development of soils has been shown to be
a function of weathering of soil minerals and of organic
matter accumulation (6, 8, 25, 38, 62). The character-
istics contributed by the organic matter to a soll are
dependent on the addition of residues principally from
plants, and on the decay of these residues by soil or-
ganisms. On a typical forest floor the accumulation of
plant deb?is contributes to the formafion of an 0 horizon
which contains a vast store of plant nutrients (52).

The organic matter fraction of a soil has a
profound effect on structure, the absorption and retention
of water, the reserve of exchangeable-bases, and the
capacity to supply N, P and some of the minor elements to
groting plants. The adequacy of aeration and other physical
properties of soils necessary for plant growth are also
dependent to some extent upon the organic fraction of
the soil (12).

The quantity and nature of the organic matter

1

found at various depths in soll were shown to be dependent

¢

upon a number of environmental factors. A number of inves-

~

tigators have shown that with the annual zddition of organ-
ic matter to the surface of the scil under a

there was a rapid decrease belcow the O horizon which indi-



cated that the downward movement of organic matter was
slight and thatl it did not accumulate to any extent within
the profile (8, 11, 26, 40, 52, 62).

Rieger and Dement (49) found that soils formed
where a relatively large amount of precipitation occurred
had a distinct accumulation of organic matter in the upper
B horizon. ©Soils developed in areas with a small amount
of precipitation had an accumulation of iron in the B
horizon.

A number of investigations have shown that
hardwood litter improved the soil by hastening decompo-
sition of organic debris, reducing soil acidity and stimu-
lating nitrification (38, 62, 67). This was because
hardwood residues returned approximately twice as much
calcium, magnesium, potassium and phosphorus to the soil
annually as did coniferous residues.

The organic matter in forest soils derived
mainly from the deposition of softwood needles and leaves
had an acid reaction. The pH varied over a wide range
but was as low as 3.7 (26). The acidity of organic litter
was reported to be an important factor in the ability of
unincorporated humus layers to cause intensive leaching of
bases and sesquioxides from the uppermost mineral soil
horizon (42).

McFee (40) studied the distribution and varia-
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the different parts of the prorile. The amount on the
forest floor of undisturted sites was greater than that
incorporated within the mineral coil.

Tarrant and Hil_.er (62) also found that the
content of organic matter and nitrogen in the mineral soil
w23 highest to a depth of 12 inchss. The organic matter
as well as nitrogen was highest in thie O horizon and de-
creased with depth.

The organic matter in the soll 1s destroyed
mainly by the transformaticnc of tae subztrate through
biological, physical and chemical means. As a result of
the changes that take place a vast array of organic com-
pounds was found to be present. Common among the compounds
were carbohydrates and related compounds, proteins and
their derivatives, lignins, fats, tannins, and their decom-
position products (8).

Most of the organic nitrogen is derived from
proteins but part of it is also present in the carbohydrate
fraction (8, 11, 12, 38). The amount of nitrogen in the
organic matter amounts to approximately 5 percent (12).
Nitrogen in the surface layers of the mineral soils varies
between 0.02 and O.4% percent and practically 92 to 96
percent of that nitrogen is found in organic combinations
derived from the organic matter in the soil (11, 12).

Huntjens (27) found that in turf soils the



thie nitrogen of the soll organic matter was less easily
mincralizod than the nitrogen recently immoblilized aftef
ap.lication of nitrogen fertilizers.

It is known that the organic soils and organic
matter from mineral solls possess exchange capacities
whinrh on a weight basis are very high relative to those of
clay (23, 70). The organic matter contributes appreciably
to the total cation exchange capacity of the soll and it
hées been demonstrated that the destruction of the organic
fraction with hydrogen peroxide decreases the exchange
czpacity of the soil (23, L3).

In 1965 Youngberg (74) studying the humus
layers of second growth Douglas fir found that in the
majority of the soils studied, the highest content of
exchangeable cation was in the surface horizons 01 and A2
and decreased with depth.

Wells and Davey (70) found that the percent
nitrogen and cation exchange capacity increased during
decomposition of the organic matter and there was a high
correlation between the cation exchange capacity and
nitrogen content of the forest floor material.

Several studies of soils in the United States
showed that the organic matter was the only variable that
contributad significantly to the cation exchange capacity
in the A horizon while in the B horizon, the total clay
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the cation exchange capacity was correlated mainly with
clay in th» soil profile instead of organic matter.

Wright and Foss (73) concluded that for the
Maryland soils studied, approximately 50 percent of the
variability in cation exchange capacity could be attributed
to the organic matter content. McLean et al (41) showed
that a proncunced increase in cation exchange capacity

occurred as the pH of the soil increased.

Elaht Nutrition

Steenbjerg (57, has presented a valuable dis-
cussion of the factors that affect nutrient concentration
in plants. One of the important aspects of nutrient uptake
was that with the continued addition of a limiting nutrient
to the supporting medium, its uptake unlike its concentra-
tion continuously increased over that part of its range
wn=r>» plant yield increased.

Research done on the influence of nitrogen on
phocpliorus uptaliz showed tnat an increase 1ln nitrogen

status of maize and Pigus radiata scedlings caused an

increase in the respiration rate and thus created a demand
for phosphorus (36, 59).

Cheng and Kurtz (1o) employing the N15 tracer
tachuique observed that over 90 percent of the added
nitrogen in the soils studied was found in the hydrolytic

products of soil organi
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the A and C horizons of the two soils studied. The appli-
cation of lime depressed the nitrogen yields from the A
horizon in which the clay content was lower than 16 percent.
On the other hand, lime tended to increase the yield of
nitrogen from tne A horizon of the other soil which had

a clay content of over 20 pzrcent. The addition of ferti-
lizer containing nitrogen increased the dry weight of

plants (31, 66). Voight (67) pointed out that nitrogen
losses as gaseous nitrogen or conversion to refractory

compounds were stimulated by the presence of Ca. Nitrogen

D

function of the level of

D
)

losses were also found to b
nitrogen present.

Heilman and Gessel (26) found a decrease in
phosphorus and potassium concentration with nitrogen
fertilization. This was attributed to a dilution effect
which resulted from an increased foliage production by the
nitrogen treatments (65). Tamm (61) and later Leyton (37)
attributed the severe phosphorus reduction to an antagonism

-

belwecn nitrogen and puospuorus. ditrogen alone or in

conpination with phosphorus increased the basal area growth
of some forest trees (13, 14, 20).

In addition to the amount of nitrogen and

organlc mattcl on the rorest floor, considerable quantities

of =zaleiwr, rvhorpyhorus and potascium are held in the organi
form (38). Hesearch done on calcium absorption by plants
showed that the fastest rate o rowth bhtain itl 1

L ilar 58 16N Dot DPrl irla 1Val Ld DL Lo Wl L35, i B /e



goneral increase in soll pH increased leaf calcium, magne-

sium and phosvhorus and decreased leaf K.

Y.y

Kalra et al (3%), studying the calcium concen-
tration in potato plants, found that its concentration in
plants was affected by votassium, since a high percentage
of potassium was observed &t the lowest level of calcium
in tops and roots. The tubers had a small percentage of
calcium irrespective of its concentration in the tops.
Tnis fact was explained by some other researchers who
snowed that calcium was immobile and was [ixed in the
tissue as a cell wall material, and thus was difficult to
translocate to the tubers (10, 34, 50).

Allaway and later Stanford (1, 55) concluded
that the poor growth of corn was mainly related to low
absorption of potassium by the pl;nts wnhich was due to an

unfavorable balance between cation within the plants as

well as 1n the soil.
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MATERIALS AND METHODS

The soll used in this experiment was obtained

froma pit in Northern Washington County, Maine. The

site has not been surveyed by the Soil Conservation
Service. However, based on profile characteristics., it

was found to be similar to the Plaisted gravelly loam soil

described in the Penobscot County Soil Survey Manual (6k4).
After close examination of the profile, it was

concluded that even though 01, 02, A1, A2, B21, B22, B3

and C horizons could be identified, some of the horizons

were present in amounts insufficient for sampling. This

=2

ision was made that samples for

)

this study would be taken from the 0, B21, B22, B3 and C
horizons.

The O horizon was made up of the undecomposed

and partially decomposed organic matter overlying the
mineral part of the profile. At this location 1t was

The B21 horizon was 17 cm thick, strong brown
in color, gravelly loam in texture and very friable. There

was evidence of considerable root development in this

The B22 horizon was 30 cm thick, yellowish
Loowin L color, gravelly sandy Lloum in Cexture and very

Iriabieo. Iners vas some evidelnre ol roots but not to the



extent noted in the BZ1 horizon.

The B3 horizon was about 50 cm thick, light
olive brown in color, gravelly sandy loam in texture and
very firm in place (fragipan). There were no roots growing
in this norizon.

The C horizon was more than 50 cm thick, light
gray in color, gravelly loamy sand in texture and very
friable. Due to the Tirm layer (B3), no roots were found

in this horizon.

Bulk soil samples were taken from each horizon,
brought to the greenhouse, air dried, and screened through

a 5 mm screen. The s placed in 6 inch
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plastic pots with holes which in turn were supported by
6 inch standard pots without holes.

The amount of soil that was placed in each pot
was measured on a volume basis and was equivalent to 2280
ml of soil. The use of volume rather than weight was

nacessitated by the low density of the 0 horizon when

into two large blocks: one with white spruce seedlings and
the other without seedlings.

In each of the large tlocks, the 5 horizons made
unp the five main treatments. Each main treatment was sub-

divided by lime and no lime trecatments. The lime was

applied at a rate eguivalent to 4000 kg per hectare which
resulied in Lo mixing or %.50 ¢ of lime per pot T} lime
1 thoroughly with the total amount of s50il in the
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individual pots.

The 10 treatments (5 horizon x lime and no
lime) were set up in a randomized complete block design
with six replications.

Fifty pregerminated seeds of white spruce,

Picea glauca (Moench) Voss, were planted in each pot of

one large block. One week after planting the seedlings,
the survival was checked and dead seedlings were replaced.

Water was added to all pots when needed. Need
was determined visually. When water was added, the amount
exceeded field capacity and the excess water drained into
the pots without holes. This water was used in subsequent
waterings. By following this procedure, no material was
lost by leaching but instead was continually recycled.

All of the pots in the experiment were exposed
to temperatures that ranged from 22° to 28° C. Day length
was held constant at 16 hours during the six months of
the study. |

At the start of the experiment a composite soil
sample was taken from each horizon. These samples were
air dried and stored for analysis.

The soil in the pots with no plants was sampled
at the end of 12 weeks to measure the breakdown of organic
matter and the difference in elemental composition of
each horizon. The samples were kept frozen to avoid any

¢S during the storage period. The soll in these pots

sl ol
C{lall
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The scil in th. pots with plants was sampled
only 2t the end of 24 weeks which was the termination date
of the experiment. AllL of the samples were placed in
plastic botltles and immediately taken to a freezer where
they were kept until the analyses were done. The soil for

each analysis was weighed out just prior to testing and

the remaining soil was immediately brought back to the

freezer to be stored Ior subsequent analyses.

weeks and the fresh and dry weight of reoots and tops
recorded separately. To dry the plant material, 1t was

W

placed in drying room with a temperature of approximately
759 C. The dried material was weighed, grounded and stc;red
for analysis.

The plant material was analysed for total N by
the micro Kjeldahl procedure (44%); phosphorus by acid
soluble method (33); potassium, calcium and magnesium by
atomic absorption (32).

Tne soil samples were analysed for total N (44)
and exchangeable K, Ca and Mg (32). Phosphorus in the soil
was determined by the dilute hydrochloric acid and sulfuric
acid method (45). The percent organic matter was determined
by ignition and Walkley-Black methods (68). In the ignitiosn

50
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metiiod the soil samples were burnced in a furnace at

>

during an 8-hour period. For the O horizon a modificatio



Tne amount of concontrat

1. PRI | 1 - v
the oxidation process wa
M 1 . ~ )are
Other dne Ly s

ed sulrfuric acid added to complete

5 the zame for all samples - 25 ml.
¢5 made on the soll samples were

pH and cation exchange capacity (32). The pH was deter-
mined in a 2: ter to s0il mixture and was measured after
standing for 12 hours The pH was also determined in 1
normal KC1

All the soil and plant analyses were expressed
on a dry weight basis

The data collected were submitted to statistical
analysis Significance was measurcd by Duncan's New
Multiple Range Test (56).



RESULTS

Tne results obtained in this study are presen-

ted in two parts:

I. Study of the soil profile
IT. 1Infiuence of different soil horizons on
the growth of white spruce seedlings
I. Studv of the soil profile
As a point of reference Ior the various analyses
made on the soil samples collected during the experiment,

the data on the composite sample taken from each soil
horizon at the start of the project is presented in
Table 1.

The percéntage of organic matter, as determined
by the Walkley-Black method, was greatest in the O horizon
which corresponded to a depth of 5 cm. The amount of
orguatic matier decreased rapidly with increased depth
bzeyond this point.

Data in Tebles 2 and 3 summarizes the concen-
tration of the organic matter in the 5 horizons studied

at the end of the study. Lrom the data it 1s evident that

thian any of the other horizons when measured by either thne

AL P o R ol I (Y 5o 7 mipr T oo e R = = = P 4 R .
ionition or Walkley-Black method. The concentrati on of

organic matter in the B21 horizon was significantly
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higher than the B22, B3 and C horizons, which were at a

The erfect of applying lime to the various

horizons is also shown in Tables 2 and 3. A significant

elfect of Lime was observed mainly on the total organic

matter concentration of the O horizon. There was a signif-

icant increase in the total organic matter concentration

of the O horizon with plants and without plants when com-

paring the application of 4000 kg of lime per hectare with

no lime. The readily oxidizable organic matter showed a
significant increase with the application of lime to the
horizon of the soil without plants, while no effect was
observed on the O horizon of the soil with plants.

Table 2. Relationship of so0il horizons and two levels of

lime to the concentration of readily oxidizable
organic matter.

-

Lime (kg/ha)

Hers =one 0 .00 0 OO0
Organic matier in Organic matier in
soil without plants ¢0ll with plants

a7
Q

W
0 53.67 b 64,11 a 61.98 a 62.84%

a
B21 SRS 302 CUNALANS! 7.09 ¢
BR22 .78 4 2.25 4 2.39 4 o. 44 a

3 1.00 d 0.5 d 0.7 i 1.12 d
C 0.54% d 0.59 d 0.76 d 0.69 d



Likewise, no orffect of the lime treatment was observed in
th2 mineral horizons for =ither readily oxidizable or
total organic matter.

Table 3. Relationship of soil horizons and two levels of
lime to the concentration of total organic matter.

Horizons — 0 LL:;Tt N 0 LOO0
Organic matter in Organlc matter in
soil without plants soll with plants

— - 7

0 59.01 ¢ 62.40 b 63.78 b 67.40 a

B21 7.89 d 7.87 d 8.26 d 8.40 4

B22 3.22 e 3.21 e 3.31 e 3.42 e

B3 1.66 e 1.60 e 1.58 e 1.81 e

C 0.74 e 0.82 e 0.88 ¢ 0.95 e

w = Means followed by the same letter are not significantly
different at the 55 level of probability according. to
Duncan's New Multlple Range Test.

The readily oxldizable organic matter wiicn
cxprecse=d as a percentage of the total organic matter was
11ighest in the O horizon. The percent was as high as
97.17 in this horizon with plants and as low as 90.95

witnoul plants, whien lime was not considered. For the

thie total organic matter

which was readily oxidizable varied from a high of ©7/.083

X s T2y 4 ol 4 i B 4 ~ 1 e
pereel in BE21 ho: n of ti i ithout plants to
y ¥ Ty A 10 i 1t Y A o ~ 1 4 2. 5% ¥

o . A ~ - b - - 4l -— i L - S | I,. - A I- vas - — -— A



The data summarized in Tables Y% and 5 shows
the total-I and dilute acid soluble P roncentration in each
>f the horizons studied. It shows that the total-N unlike
the P is dependent upon the amount of organic matter
prasent.
The total-N was found to be higher in the O

an’. B21 horizon

193]
L.I.
)
[
M
Lo
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n

ignificantly different from
each other and from the lower mineral soil horizons. The
B22, B3 and C horizons did not show any significant dif-

el ERCHUN. 3. (A, (JNN
fet":'nue imong themselves.

Table 4. EBffect of soil horizons and two levels of lime
on total nitrogen concentration.

Lime (kg/ha)

Horizons 0 Lo0D 0 54000
Total N in soil Total N in soil
without plants with plants

mg/100g

0 941,96 cw 1084.87 a 1013.94% b 974%.00 bé

B2 13%.93 d 132,19 d 1283 4 119.73 d

B22 36.20 e 38.64 e 37.0% e 33.62 e

B3 27.32 @ 22.74% e 25.56 e 21.29 e

C 11,00 e 3.37 e 6.36 e 6.96 ce

w = Means followed by the same letter are not significantly
1i “7¢érant at 95 Lev of prolability according to

11 - “izPa2nt an Lie | Lol pIOic
Durnecan's New Multiple Range Test.

T} sncentration of acid soluble P as shown
in Table 5 i ficantly greater in 1 0 horizon of



Lthere was a remarkable increasce in

|8
C

FFor the mineral horizons
P zonrcentration with an increase in depth. In this soil
csituation the C horizon showed the highest P concentration
wnich was significantly different from the other mineral

horizons. The P concentration in the B21 and B22 horizons

ar in the experiment without plants. TI'or the

=
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experiment with plants thie B3 horizon showed the highest P
concentration which was significantly different from the
other norizons. The 22 and O horizons were at a par but
were significantly different from the C horizon. The B21

h>rizon showed the lowest F concentration of all the

horizons.

Tabl

1]
T
L=

ffect of s0il horizons and two levels of lime
11 101 C 1ul sphorus concentration.

Lime (kg/ha)

Howi zons 0 12000 0 L0O00

P concentration of P concentration of
soil without plants soil with plants

ppm

0 101.48 b 130.30 43,21 e 47.12 de
B21 8.03 g 7.54 g 6.89 g 5.70 ¢

50.39 de 4o .28 de

Q

NS
@8]
O

42

.30

oq

B3 53.31 d 49.00 de 80.19 ¢ 74.32 ¢

) 7. e
C e 50 T /245

27.53 1 2u.91 T

(¢

w = Meanz Tollowed by the sams letfers are not significantly
1 G k f vy d LGy asooralineg o

14 c

1 T Bvid 49 3] L
Uuitan’ s New nlitlple nange LTect.



The efiect of 1lime on total-N and dilute acid
solable P cun:untrution is also shown in Tables 4% and 9.
It apuears tuat there was a significant increase in con-
centration of the two elements in the O horizon of the
experiment without plants when 4000 lg of lime per hectare
was added. In the experiment with plants no eflect of
lime was observed on the concentration of N and P in any
of the horizons studied.

Tables 6, 7, 8 and 9 summarize the concen-
tration of exchangeable basss in the 95 horizons studied

without and with plants and with two levels of lime.

Tabvle 6. Effect of soil horizons and two levels of lime

on exchangeable potassium concentration.
Lime (kg/ha
Horizons LOOC 0 L000
eable K in Exchangeable K in
hout plants soll with plants

me/100g

0 1,039 a2 1.000 a 0.821 b 0.712 ¢
B2 0.105 d  0.100 d 0.091 4 0.092 d
B2 0.081 d  0.079 d 0.071 d 0.074% 4a
56 3 0.045 4 0.054% 4

=3
L{ |
O
&
o
@
@)
@]

C 0.042 a 0.054 d 0.035 d 0.050 d

w = Meanz followed by the rame letterc are not scignificantly
ifferent at 55 level of probability according to
Duncan's New lMultiple liange Test.
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Table 7, Effcet of coill horizons and two levels of lime on
exchangeable calclum concentration.

_Lime (kg/ha) 1

Horizons O : ) HOCO

Exchangeable Ca 1in Exchangeable Ca 1in

soil without plants soil with plants

me/100g
W

0 14,809 ¢ 27 .569 a 13.595 d 24 .9538 b
B21 0.246 hi 2.744% ef 0.217 hi 3.009 e
B22 0.126 i 1.60% fg 0.112 1 1.832 efg
B3 0.077 1 1.461 fgh 0.076 1 1.521 fgh
C 0.069 i 1.003 ghi 0.066 i 1.04%2 ghi

w = Means followed by the same letter are not significantly
different at 5% level of probability according to
Duncan's New Multiple Range Test.

The potassium concentration (Table 6) was
significantly greater in the O horizon and decreased with
soll depth. The statistical analysis, however, did not
show any significant difference in K concentration among
th mineral soil horizons. The soil with plants showed a
significant decrease in K concentration in the O horizon
as compared to the soil without plants.

The concentration of Ca, Mg and Na (Tables 7,
8 and 9) followed almost the same pattern as that noted for

shiowing the higiiest volue in O horizon wnich aliTered
significantly from thc mineral soil horizons. The Ca

1 1 CER YErT e P . v vt o4 bty ey 4 P
kad i E2 EE A L, v oou b :ERN il Wil L OL
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with plants at zero level of lime. When L4000 kg of lime
per hectare were added, the D21 was different from the C
horizon while the E22, 23 and C horizons did not differ
statistically. The data for Mg concentration showed no
significant differesnces among the mineral soil horizons at
zero level of lime for the soil without plants and with
plants. The concentration of lla did not show any signifi-
cant differencs among the mineral soll horizons studied.

Considering the <flfect of growing plants in
the different soil horizons on the concentration of K, Ca,
Mg and Na, 1t was observed that a significant decrease
occurred in the concentration of K, Ca and Na in the O

horizon as a result of growing spruce seedlings. No dif-

ference was observed in the Mg concentration.
Table ©. Effect of soil horizons and two levels of lime
ornn exchangeable magnesium concentration.

Lime (keg/ha)

Mg 1n wxcnangeable g in
plants soil with plants
—
me/100g
W
0 2.177 b 11.212 a 2.419 b 11.428 a

B2 0,04 ¢ 1.4 ca 0.C38 e 1.867 be
B22 0.047 661 de 0.050 e 0.91% 4

de 0.02% e 0.4%3 de

t

&

C

[

O
O O O
— (U9}
[O) ~.

C 0.016 e de 0.017 e 0.189 e
o= M v U T g Lh 40 e Loy b 5 8 o



ou

Table 9. LEfrfect of soll horizons and two levels of 1lime on
exchangeable sodium concentration.

Lime (kg/ha)
4000

Horizons _ O +000 0 L000
Exchangeable Na in Evchangeable Na in
soil without plants so0il with plants

me/100g
vl

0 1.02 a 1.03 a 0.89 b 0.90 b

B2l G.27 cd 0.26 cd 0.21 cde 0.23 cde

B22 0.25 cde 0.24 cde 0.22 cde 0.22 cde

B3 0.22 cde 0.22 cde 0.21 cde 0.18 e

C 0.21 cde 0.21 cae C.19 de 0.18 e

w = Means followed by the same letter are not significantly
different at 5% of probability according to Duncan's
Naw Multiple Range Test.
The effect of lime on exchangeable bases K,
Ca, Mg and Na is chown also in Tables 6, 7, 8 and 9.
There was a significant increase in the amount of Ca and
Mg when lime was added. Only the C horizon failed to show
a significant change with the application of lime in the

concentration of Ca. In the soll without plants, the lime

effect on the Mg concentration was significantly different
in O and B21 horicons while no zignificant difference

observed in the B22, B3 ard C horizons. No lime effect was

out plants. However, a significant decrease in the concen-

observed in the O horizon with the appli-
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B
cant efrfect on the concentration of Na was observed as a
rzsult of the lime application.
The cation exchange capacity seemed dependent

on the amount of organic matter in the soil horizon. The
highest value as shown in Table 10 was found in the O
horizon with a significant decreasze in the lower horizons

as the organic matter decreased. In the mineral soil

i
]

horizons, the B21 had a sij her cation exchange

=

capacity than the B22, B3 and C horizons.

Talyle 10. Effect of

0Or 1
Lime (kg/ha)
Horizons 0 0 1000
CEC of CEC of
e ithout 1 soil with vlants

91.99 b 98.64 a

w8} (@]
D

— co
+~ =
O |
O O
[oF p]
— O
oW
N O
CO —_
[oF »

13.90 d 15.03 d
6.45 e 6.68 e

txl t
[ 'S 1%

NI
£ o
o
1 ~J
® ®
= 3
(@e] o
(oS} (oS}
0] 0]

5.24% e L.67 e
3.04 e 3.49 e

(_
w
O
e
¢
no
\O
e
]

w = Means followed by the same letter are not significantly

of prohability according to

ELJ; 125 L,.



Data summarized in Table 11 show the pH
values ol the various soil horizens. They indicate that
there was 2 significant increase in pH with increasing
depth. The highest pH in H20 was usually obtained in the
C and E2 horizons. A low pl value was obtained in the
natier layer regardless df the method used for the
pH determination. The highest pll value was obtained in
the C horizon which was significantly different from the
other norizons in either soil without plants and with
plants 2t any level of lime application. [From Table 11 1t
is also poszible to observe the effect of the addition of
4000 kg of lime on the pH values of the soil horizons
studied. The lime treatment increased the pH values.

The time of sampling showed practicélly no
effect on the composition of the different soil horizons
studied. Only the O horizon showed significant increases
in the concentration of P and K at the second time of
sampling. DNo difference was observed in the N concentra-
and the cation exchange capaclty at either of the
xmpling dates. The Na concentration showed a significant

decrease in all the horizons studied at the second sampling

o)

2tz while the concentration of orguanic natter, Ca and lig

decreased significantly only in the O horizon.
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I Influcnee ot difterent soil horizons on the growth
of white corice scedlingc.

The data for fresh and dry weights of tops and
roots are summarized in Tables 12 and 13. The data show
significant differences in fresh and dry weight of tops and
roots between the horizons. The G horizon produced the
most growth and was significantly greater than any of the
other horizons. In the mineral soll the amount of growth
produced in B21 differed from BE22, B3 and C horizons which
ware the same (Table 13).

Table 12. Effect of soil horizons and two levels of lime
on the fresh weight of roots and tops of white

spruce.
Lim: (kg/ha)
Horizons 0 LO0O 0 L0000
I'resh weight of roots Fresh weight of tops
o —_ g/ 50 plants
\
0 6.73 b 9.94 a 6.21 b 8.85 a
B2l L0306 ¢ 3.30 od 1.39 ¢ 1.62 ¢
B22 1.5% e 1.74 e 0.94% ¢ 0.86 ¢
B3 1.32 e 1.39 e 0.93 ¢ 0.82 ¢
C 2.42 de 2.16 e 1.03 ¢ 0.95 ¢

v = Means within two columns followed by the same letter

I OC L B Lo DoY'e at ho level of
. P A T SN B ST = T ies ey [ s |BEE] Pl = b 3 | =
probability according to Duncan's New Multir

Test.



Tawle 13. LI

on the dry weight

ar
g

levels of lime
tops of white

fect of go0il horizons and two
of roots and

e,

Lins (kg/ha
Horizons 9) ) _ U 4000
Dry woight of roots Dry weight of tops
. g,’:: plants
W
0 1.437 b 1.869 a 2.397 b 3.332 a
B21 0.965 ¢ 0.64%3 4 0.584% cd 0.692 ¢
B22 0.479 e 0.402 e 0.431 4 0.370 d
B3 0.36¢) e 0.33% ¢ 0.362 d 0.351 d
C 0.461 € 0.476 e 0.%12 d 0.396 d
w = Means within two columns followed by the same letter
are not significantly different at 5% level of proba-
bility according to Duncan's New Multiple Range Test.
Lime increased the fresh and dry weight of
tops and roots in the O horizon as is shown in Tables 12
and 13. No signifncant effect was observed on growth of
tops or roots of the white spruce grown in any of the other
horizons as a result of the application of lime.
The results of the chemical analyses of roots
and tops of white spruce are summarized in Tables 1%, 15.
1 nd 17. Thece tables snow the composition of the plants
in terms of N, P, K, Ca and !g.
The total N in tops and roots was considerabl
higher Ior the O horizon and was significantly different
feom th 21 norizon. 1ne 521 hor Lhowed igniTicant



shiowed the lowest N concentration in tops and roots when

4C20 kg of lime per hectare was applied (Tables 14 and 19).

I

o

is also apparent in Tables 14 and 15 that
the concentration of P in both the tops and the roots
reached its highest value in the O horizon. The P concen-
tration of the plants growing in the B3 was significantly
greater than in B21 ana B22 horizons and statistically

equal to C horizon when lime was not applied.

The K concentration, as with N and P, showed

n

nighest concentration in the plants grown in the O
horizon (Tables 14 and 15). The B22 and B3 horizons pro-
duced the 1owest K concentration in tops and roots. These
values were significantly different from the ones obtained
for the otner horizons.

The concentration of Ca in the tops and roots
(Tables 16 and 17) were inversely related to the amount of
organic matﬁer present in the soil. There was a considerable
decreacse oi Ca in the plants as tie percent of organic
matter increased in the soii. The C horizon showed the
highest value for Ca in tops and roots and differed signif-
icantly from the other horizons, when lime was applied.
The Ca concentrations of roots in the B3 horizon were
significantly different from those in the B22 whizh were in
turn significantly dirrferent from those in 21 and O
horizons, the latter being statistically the came with lime

treatment. For the tops there was a statistical equali
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The O horizon showsed the lowest value which was signifi-
cantly different from the values obtained for the mineral
zoll., The statistical arnlyses did not show any difference
in coucentration of Ca in roots among Lhe horizons at zero
level of lime.

Table 16. Effect of soil horizons and two levels of lime

on the Ca gnd Mg conccutration on tops of
white spruce.

Lime (kg/ha)

Horizons 0O 1300 0 L 000
Calcium Magnesium
mg/100g
0 Lh1,6 fw 595.8 e 279.1 gh 416.6 4
B21 716.6 e 1575.0 ¢ 241 h 716.6 a
B22 937.5 4 1879.1 b 354.1 ef 583.3 ¢
B3 983.3 4 1987.5 b 387.5 de 662.5 b
C 700.0 e  3200.0 a 325.0 fg Lok .1 de

w = Means within two columnc followed by the same letter
are not significantly different at 5% level of
probablllty according to Duncan's New Multiple Range

2st.

The Mg concentration in the roots was highest

~

for the B3 horizon which was at a par with B22 but different

1

from the otner horizons (Table 17). The B22 and C horizon

roduced equal Mg concentrations in the roots and signif-

=7 - 145 £ - Ty vy

icantly different from B21. The Mg concentration in the



le 1 f Lt o0 coll horizons and two levels of lime
on Ca i1 concaentration on roots of white

T

.

Lim> (kg/ha)

000 8] LOOO

orizons Calcium Magnesium

mg 100g

55.3 de 375.0 d 87.5 f 210.0 de
21 208.3 e LE83.1 4 95.8 1 280.8 ¢
.0 de 6449 ¢ 218.3 de 391.6 ab
B3 211.6 = 1033.3 b 257.5 cd 437.5 a

27%.1 de 16256.6 a 200.0 e 354.1 b

i~

= lezns within two columns followed by the same letter
are not significantly different at 5% level of
probability according to Duncan's New Multiple Range

= T ]

Tha effect of lime was found to be significant
the concentration of N, P, Ca and Mg in the tops and
roots of white spruce seedlings. The data summarized in
»les TV; 15, 16 and 17 show the offect of lime on the
oncentration of those nutrients determined in the topo ana
bote of white spruce. It shows a significant increace
n N concentration of tops and roots of plants growing in

minerar <oll horizons when Lime woas applied. An
~htion was noted For the C horizon which did not chow
Trect on tihe U conecentration and the O horizon showed

decrease in N concentration.

'he concentration o F in the tops and roots
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of lime per hectare to the B21, b22 and B3 horizons. The

C and 0 horizons did rpot show anv efifect of lime on the
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concentration increased in tops and roots with the appli-

S o Y T e e ~ 1 -~ ) HAaArt —Aym - N =,
cation of lime in all of the horizons studied.
'he K concentration did not seem to have

been affected by the lime treatment since the 0 horizon

was the only one that showed a significant increase in

of the soil horizon showed only a significant decrease

iy

tops produced on the B21. The roots showed a signir-

X T

icant increase in K concentration.



DISCUSSION

Ihe recults of the analyses for the 5 soil
horizons studied showed that ths concentration of organic
matter decreased rapidly with depth as was expected (6, 7,
11, 12, 22, w0, k2, 5k, 58, 62, 74). The conditions under
wnich Thlic soll was formed, forest vegetation and a humid
climate, usually results in an appreciable organic matter
accumulation as 01 énd 02 horizons.

Since tree growth is largely dependent on the

nutrients native to the site, the organic matter becomes

on= oI the primary sources of plant nutrients. Actually

in this study, the organic matter proved to be the main
sonrce of nutrients in the soil and the main factor

ponsible for growth since the concentration of N and
exchangeable bases 1n each of the horizons decreased with
ths decrease in the organic matter content (9, 17).

The relatively high concentration of N and

n
[{4]

s in the horizon immediately below the O horizon could

o
’I

[0)]

attributed to the recycling of these elements through

o

leaf fall, decay and reabsorption before effective removal

by leaching (38).

The organic litter that accumulates under
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0 horizon to range from %.1 to a maximum of 4.5 when
treated with 4000 kg of lime per hectare (Table 11).

The abcoence of a continuous A2 horizon resulted in the
development of a b21 horizon immediately below the organic
horizon. This horizon also showed ctrong acid reaction
ranging in pH (KC1) from a low of %.3 on the unlimed soil
with plants to a maximum of 5.1 on a limed scil without
plants. The acidity in the B21 can be explained by the
fact that some of the acid organic matter filtered into
the B21 from the 0 horizon.

Studies have been reported that prove the
rate of decomposition of organic matter to be greatly
limited by low N and an inadequate supply of Ca in acid
soils (17, 19, 25, 38, 53, 62). Many workers have pointed
out that organic debris decomposed more rapidly in soils
rich in lime than in those poor in lime (38). The lime
application favoring the conditions of microorganisms
activity decomposed the organic debris, increasing the N
and available nutrients.in the organic layer (28). The
organic matter as an N source was also indicated by the
linesr correlation (r = 0,92 at P> 0.01) as shown in Fig 1.

Research done on the cation exchange capacity
of soll profiles has shown a high relationship of the
cation exchange capacity with clay content (19, 35, “1).

Others have pointed out that the organic matter was the



nitrogen concentration in soil (1O2mg/1OOg)
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Percent total organic mat

ter

I'ig. 1. Relationship of total nitrogen

to the percent total organic
metter in the soil horizons



V5). The present work showed that the cation exchange

capacity of the forest colil profile was almost totally
dependent on the organic matter in each horizon. This

was veriricd by a correlation coefficient of r= 0.99
FP>0.01.

The percent base saturation of 22.33 percent
found in the 0 horizon was relatively high in comparison
to 12.8 percent, the highest obtained in the mineral soil
horizons as shown in Table 18. A remarkable increase of
pzrcent tase saturation was observed for the B21 downward
to the C horizon. However, the percent base saturation is
very low compared to the ones obtained in some earlier
works with agricultural soils which showed increased growth
of plants with the increase in base saturation from 20 to
4O or 75 percent depending on the clay mineral present
<18~, 22, L46).

Table 18. Effect of soil horizons and two levels of lime
or. the percentage base saturation.

Lime (kg/ha)

Horizons 0 4000 O 4000
Base saturation of Base saturation orf
csoil without plants soll with plants

2
0 4% :_j 'L:‘z ;/' 19. 22 3 —
B21 L.98 30, 55 4.05 34,56
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The lime treatment increased the nercent base
saturation which wis accocluted with the increase of Ca
and Mg concentrations =since no increase was observed in
K and Na concentrations (Tables 6, 7, 8 and 9).

Analyses suow that the B21 and B22 horizons,
without plants, contained the lowest concentrations of .
gcid solurtle phosphorus of the horizons studied. The low
P concentrations can be explained by weathering and subse-
quent l=saching and plant removal of P. The tendency for
the P concentration to increase in the B3 and C horizons
is dus To lower intensity of weathering in these horizons.

The spruce seedlings in this experiment
uced very little growth in the mineral soil. However,
a significantly greater amount of dry matter was produced

the O horizon. The B21 horizon produced the highest

am>nt of dry matter in the mineral soil horizons. This

was sxpeclted since the chemical analyses of the O and B21
horizons showed a higher nutrient concentration and organic

mztter contant than the other horizons.

The concentration of nutrients in the plant
tissue of spruce seedlings, both tops and roots, showed a
trend similar to the concencration of mutrients in the
coil (Tables 1h, 15, 16, 17). The exception to this gen-

crivlization was Lor Ca wand Mg concentration where the

concentration increased in tops and roots as the amount
cI organic nmuatler and consequently the N decreasea I
t 51l hori ng (Tabl | 1



Nitrogen was reported to increase the Ca

(@]

lavel in the foliage of apple trees (13, 15, 69). Others
ound 2 negative interaction between N and Ca in the
foliage of apple trees (21). The results obtained in the
sent work cnowed an increase in Ca concentration in

tops and roots with a decrease of N in the soil. IHowever,
this apparent negative interaction between Ca concentration
in plants and N concentration in soil was not found when

a2l uptake of Ca and N was considered, since both

Ce and 1 uptalke decreased with an increase in soill depth

o e

The difference in concentration of Ca between

tops and roots could probably be explained by the work of

(55

inne and Langston (50). They indicated that the redis-
tribution of Ca in the plant is in an upward direction.
On the other hand, Biddulph et al (10), indicated that Ca
the most immobile of all the essential elements. Once
delivered to a particular organ, it cannot circulate.
Ingestad (30) reported that the absolute
requirement of Norway spruce with respect to the nutrients
in the foliage for maximum growth is in the order of
H2izPalig>Ca and that a reduction of growth would occur if

th= N concentration of the foliage were not close

]

optimim (1.50 - 2.30% N). For white spruce the levels of

N, P and K in the foliage for optimum growth according to
Armson (5) were 2.3 00U, 0.35 5 P and 0.97 > K on a dr;

reight btasis. In the present research only the 0 horiczon



filled the reguirements of optimum concentration of N and
the foliage (Table 14). Although the P level in
plants was below the reported level of 0.35 % in the O
horizon, the nigher concentration of N, K and P could
probanly expliain the greater growth in this horizon than
in the mineral soil. The B21 horizon showed concentration
of W and X closer to the reported levels required and the

btained was significantly higher than the growth

om
]
[
9
1]
(]

produced by the B22, B3 and C horizons. In those horizons
where the growth was.practically nil, the N content in the
plants was lower than the Ca and K contents in contrast
withh The higher N content of plants in O and B21 horizons.
results of the analyses for the mineral soil was also
in azgreement with the ones found by Armson, Alonso, Talli
and others (2, 4, 47, 60).

! From these results and the linear correlation
ween the soil N and growth of plants (Table 19, Fig 2),
i%T is possible to conclude that the N was the main nutrient
in promoting growth of the white spruce.

Growth was also dependent on the organic

tter in the soill as shown by the correlation coefficients

Ttzined as shown in Table 19.



1w coeflficients relating tree perfor-

nd nitrogen concentration and organic

the © coll horizons.

Organic matter Nitrogen
r
0.95 *x* 0.93 **
0.80 *x* 0.78 *x*
0.91 ** 0.90 **

0.87 *x 0.86 *x*




SU0ZTIOY TIOS 8yl UT OT]
-eI3U90U00 U830 TU 8yl 01 s3uTrTpess aonads

23TYym JO0 sdoa 70 quy3Teom Agp Jo drysuorieley "¢ 314
Awooﬁ\mEmorv TTOS UT UOT]1BJIIUSOUOD Us30I1TU 18707

ol 6 9 2 9 S H ¢ c |

XHZ00 0 + 99¢ 0

i
>

xx 0670

0°¢

od/3) sdoy 10 udtem Lag

q
+

‘
\



SIMIARY AND CONCLUSIONS

An experiment was designed to determine the
ef"act of § forest soil horizons on the growth of Picea
glauca (Mwench) Voss and to evalu=te the contribution of

each horizon and two levels ol lime in the rate of organic

matter decomposition and availability of nutrients.

The growth of spruce measured by the fresh
and dry weight was affecied considerably by the percent
organic matter in the soil. The concentration of nutrients
in tops and roots was closely related to the concentration
of nutrients in the soil with the exception of Ca and Mg
concentration. These two elements showed concentrations
that were higher in tops and roots of white spruce grown
in low horizons. This, however, was assocliated with a
decrease 1n growth. The organic matter was probably the
most significant factor for growth of Picea glaurca and the

iy

nerease in mineral composition of the soil profile (9, 17).

(=5

The concentration of all elements analysed
for, except P, decreased as the organic matter concentra-

tion decreaced. Thie amount of organic matter in the

individual horizons decreased with profile depth. A linesar
correlation wac ohtained between organic matter and plant
growth.

Linear correlation I lso obtainea Lwe



organic matter and N. This showed organic matter to be
the main source ol . Ihe I present in the horiucon
corvelated with plant growth.

in effect of lime was observed only in the

O horizon. In the pots with no plantis Lhere was an increase
in mineral concentration which was associated with an

increacse of the organic debris decomposition. In the pots
with plants there was no effect or a decrease in mineral
compositicn for the O horizon which was related with
absorption by the plants. An effect of lime in the mineral
soll was observed only for the concentration of Ca and Mg
which increased with the application of 4000 kg of lime

The N concentration in the tops and the roots

decreased significantly for the O horizon with the appli-

cation of lime.
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