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An experiment was designed to determine the
effect of 5 forest soil horizons on the growth of Picea
glauca (Moench) Voss and to evaluate the contribution of
eacho hàrizon and two levels of lime in the rate of organic

J -- matter decomposition and availability of nutrients. i
IThe growth ofspruce measured by the fresh

and dry wei ght wa s affected considerably by the percent
organic matter in the soil. The concentration of nutrients •

iu tops and roots was closely related to the concentration
of nutrients in the soil wi th the exception of Ca and l'..lg
concentration. ~hese two elemeuts showed concentr~tions
that \<lere higher in tops and roots of Hhite spruc8 gro\1n
iu Iaw horizons. This, however, was associated with a
d ecreasa in gr ow th . 'I'ho or garrí c mat ter 1.'!<.,~~ 111'01::<:.:. b Ly the
most significant f ac t.or for growth of Pt.cea glauca and the
in:rease in mineral compo~ition af the saj~ lrofile (9, 17).
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The concentration of all elements analyscd

for, except P, decreased as the organic matter concentra-

tion decreascd. Theamount of organic matter in the

individual horizons decreased with profile depth. A linear

correlation wa s obtained be twe en organic matter and plant .

Linear correlations were also obtained between

I
soil organic matter and cation exchange capacity, and

organic matter and N. This showed organic matter to be

the main source of N. The N present in the horizon

correlated with plant growth.

An effect of lime was observed only in the

o horizon. In the pots with no plants there was an increase

in mineral concentration which was associated with an

increase of the organic debris decomposi tion. ,In the pots

with plants there was no effect or a decrease in mineral

composition for the O horizon which was related with

absorption by the plants. An effect bf 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 oi' lime.
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lNTRODUCTlON

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

ln the case of agricultural soils where nutri-
ents are removed each year by the harvesting of crops, the
ap~lication of fertilizer is of importance in maintaining
soil productivity. ln forest soils, where a large quantity
of organic debris is returned to the soil each year through
lenf fali, fertility is also a factor which should be of
co~cern to forest soil researchers. To date, the use of
fertilizer on forest lands has not given the consistent
response that has been recordedfor agricultural lands.

The'organic debris on the surface of forest
soils 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 is of great importance since i t is here that the
fo::,esttrees get the nutrients necessary for growth.

ln warm climates with high precipitation, the
ral2 of organic matter decomposition from forest soils is

tiv Ly '..:,-;11 SUl plIcJ \-ii t l plant nu t.rí en t.s.



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

In view of the preceeding statements, this
experiment was set up to determine the contribution of the
different forest soil horizons to the nutrition of K~~

gta~çª (Moench) Voss seedlings. The effect of lime on
the rate of organic matter decomposition and the availa-
bi lity of nutri ents \>JaS also considered.
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LITERATURE REVIEW

Organic Matter
The deve10pment of soi1s has been shown to be

a functibn of weathering of soi1 minera1s and of organic
matter accumu1ation (6, 8, 25,38, 62). The character-
istics contributed by the organic matter to a soi1 are
dependent on the addition of residues principa11y from
p1ants, and on the decay of these residues by soi1 or-
ganisms. On a typica1 forest f100r the accumu1ation of
p1ant debris contributes to the formation of an O horizon
which contains a vast store of p1ant nutrients (52).

The organic matter fraction of a soi1 has a
profound effect on structure, the absorption and retention
of water, the reserve of exchangeab1e bases, and the
capacity to supp1y N, P and some of the minor e1ements to
gro~ing p1ants. The adequacy of aeration and other physica1
properties of soi1s necessary for plant growth are a1so
dependent to some extent upon the organic fraction of
the soi1 (12).

The quantity and nature of the organic matter
found at various depths in soi1 ~Nere shown to be dependent
upon a number of environmenta1 factors. A number of inves-
tigators have shown that with the annua1 addition of orga -
ic matter to the surface of the soi1 under a forest stan
there was a rapid decrease e10w the O horizon wh~ch in i-
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cated that the downward movement of organic matterwas
slight and that it did not accumulate to any extent within
the profile (8, 11, 26, 40, 52,62).

Rieger and Dement (49) found that soils formed
whar e a relatively large amoun t of precipi tation 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 ni trification (38, 62, 67). This wa s'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
m~inly 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
hori zon (42).

McFee (40) studied the distribution a -ar a-

ap .r ec í a cLe va rí n t i on in til':? amoun t of o ~b2..· ITiJ. t te i n
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the different parts of the profile. The amount on the
forest floor of undisturbed sites was greater than that
incorporated within the mineral soil.

Tarrant and Hil1er (62) also found that the
content of organic matter and nitrogen in the mineral soil
was highest to a depth of 12 inches. The organic matter
as well as nitrogen was highest in the O horizon and de-
crcased with depth.

The organic matter in the soil is destroyed
mainly by the transformations of the substrate through
biological, physical and chemical means. As a result of
the charige s tha t take p La'cs a vast array of organic com-
pounds was found to be presente Common among the compounds
were carbohydrates and related compounds, proteins and
their derivatives, lignins, fats, tannins, and their decom-
p03ition products (8).

Most of the organic nitrogen is derived from
proteins but part of it is also present in the carbohydrate
fr.action (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 0.4 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 t e
, . .

C. '2 r'., 'v' cct 1:11'gol:,-from t.ne mí Py·,.~ ...;_
•...• J.. L.i. _

zation of soil or~anic ~;.:ltter. 'I'h í s :ms true sue t.l ub
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th,~ ni trogen of the soi1 organic matter was 1ess easi1y
mineralizod than the nitrogen recent1y immobi1ized after
ap;l!cation of nitrogen fertilizers.

lt is known that the organic soils and organic
matter from mineral soi1s possess exchange capacities
whi~h on a weight basis are very high re1ative to those of
elay (23,70). The organic matter contributes appreciably
to the total cation exchange capacity of the soi1 and it
has been demonstrated that the destruction of the organic
fraction with hydrogen peroxide decreases the exchange
capacity of the soi1 (23, ~3).

ln 1966 Youngberg (74) studying the hurnus
layers of second growth Douglas fir found that in the
majority of the soi1s 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
e,",rre1ation be twe en the ca tion exchange eapaci ty and
nitrogen content of the forest floor material.

Severa1 studies of soi1s in the United States
showed that the organic matter was the on1y variable that
contributed significant1y to the cation exchange capacit
in the A horizon while in the B horizon, the total clay

" "/-2).c::;;'1-,é.;.Cl1..y • r t ' '" , (,.., '"'9 )LU ~ileSOl a .•.Q o tt _1"-, I: c.
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the cation exchange capacity was corre1ated main1y with
c1ay in the soi1 profi1e inst8ad of organic matter.

Wright and Foss (73) conc1uded that for the
Hary1and soi15 studied, approximate1y 50 percent of the
variabi1ity in cation exchange capacity cou1d be attributed
to the organic matter contento McLean et a1 (41) showed
tha t a pronounced increase in ca tion excha nge capaci ty
occurred as ti e pH of the soi1 increased.

PJant Nutrition
Steenbjerg (57) has presented a va1uab1e dis-

cussion of the factors that affect nutrient concentration
in 'p1ants. One of the important aspects of nutrient uptake
was that with the continued addition of a 1imiting nutrient
to the supporting medium, its uptake un1ike its concentra-
tion continuous1y increased over that part of its range
wh-:!.r,.'"!p1ant yi eld increased.

Research done on the inf1uence of nitrogen on
phosphorus uptake showed that an increélse in nitrogen
status of maize and E.inus radiata seed1ings caused an
Lncr ea se in the respira tion ra te and thus crea ted a demand
for phosphorus (36, 59).

Cheng and Kurtz (16) emp10ying the N15 traceI'
t3c~dqU8 ob orved thnt o~er 90 percent of the added
nitrogen in the soi1s studied was found in the hydrolytic
products of soi1 organic matter.

Reid (48) found that K ferti1ization a re_él-



the A and C horizons of the two soils studied. The appli-

eation of lime depressed the nitrogen yields from the A

horizon in'whieh the elay eontent was lower than 16 pereent.

On the other hand, lime tended to inerease the yield of

nitrogen from the A horizon of the other soil whieh had

a clay eontent of over 20 pereent. The addition of ferti-

l:zer eontaining n·trogen inereased the dry weight of

plants (31, 66). Voight (67) pointed out that nitrogen

103ses as gaseous nitrogen or eonversion to refraetory

eompounds were stimulated by the presenee of Ca. Nitrogen

losses were also found to be a funetion of the level of

nitrogen present.

Heilman and Gessel (26) found a deerease in

phosphorus and potassium eoneentration with nitrogen

fertilization. This was attributed to a dilution effeet

wh.ieh resulted from an increased foliage produetion by the

nitrogen treatments (65). Tamm (61) and later Leyton (37)
attributed the severe phosphorus reduction to an antagonism

b etwe en ni trogen and pho sj.nor-us . Ni trogen a Lo ne or in

e0~bination with phosphorus increased the basal area growth

of some forest trees (13, 14, 20).

ln addition to the amount of nitrogen and

oeganie mattor on the forest fIoor, considerable quantities

form (38). Research done on calcium absorption by plants

~h~~ed that the fastest rato of growth 1as obtained ~·t· an

in:re~se in oth H and available qlcium (3 39 7). ..'i.
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gc'-:ueraiincrease in so í L pH increased Lea f caLcí.um , ma grie-

sium and phosphorus ~nd decreased ieaf K.

Kaira gt ai (34), studying the caicium concen-

tration in potato plants, found that it~ concentration in

plants was affected by potassium, since a high percentage

of po tassium was obs erved a t the Lowe st levei of calei um

in tops and roots. The tu ers had a small percentage of

calcium irrespective of its concentration in the tops.

T~i8 fact was explained by some other researchers who

showed that calcium wa s i __io ile and vias fixed 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) conciuded

that the poor growth of corn was mainly reiated to low

absorption of potassium by the plants which was due to an

unfavorable balance between cation within the piants as

well as in the soil.
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MATERIALS A D METHODS

The soii used in this experiment was obtained
o ..

• J ·aine. The
site has not been surve-e ..

J e oi_ Co ser ation
Service. Howe er

grave oam soil
described i oi urve -lan ai (64).

.f-er c, e axa a 1::' _ o: \.,e profi e, i t was
coricLuded t.na 1 02, 1 , 2, B21, B22, B3
arrl C orizons cou d be identified, some of the horizons
were presenl: in amounts insufficient for sampling. This
being 1: e case, the decision was made that sampies for
this study wouid be taken from the O, B21, B22, B3 and C
ho r í zo ns .

The O horizon was made up of the undecomposed
anrl partiaiij decomposed organic matter overlying the
mineral part of the profiie. At this iocation it was
about 5 cm thick.

The B21 horizon was 17 em thick, strong brown
in color, graveiiy ioam in texture and very friabie. There
was evidence of considerabie root deveiopment in this

The B22 horizon was 30 em thick, yeliowish
L!'Qv:lII col.or , gr'avelly sandy Loam .í n t ex t.ure and very
friabl ...~. 1'1 ore I!aS C'O!!1E:Cevlc1elL'Co;' roo ts but not to t l e
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extent noted in the B21 horizon.

ThM 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 horizon.

The C horizon was more than 50 cm thick, light

gray in color, gravelly oamy sand in texture and very

friable. Due to the firm a-er (B3), no roots were found

in this horizon.

Bulk soi: a7 _es dere taken from each horizon,

brought to the gree ouse air dried, and screened through

a 5 rnm screen. The scree ed soil was placed in 6 inch

plastic pots with holes c 'n turn were supported by

6 inch standard o~s dithou~ holes.

The a ount of soil that was placed in each pot

W8.;, measured on a volume ba si s and was equi valent to 2280

ml of soil. The use of volume rather than weight was

n2cessitated by the low density of the O horizon when

c0mpared to the other horizons. The pots were divided

into two large blocks: one with white spruce seedlings and

the other without seedlings.

In each of the large hlocks, the 5 horizons made

up the five main treatments. Each main treatment was sub-

divided by lime and no lime treatments. The lime was

applied at a rate equivalent to 4000 kg per hectare which

\-m.:: ií.x U thorougllly wi t.h til",t.o tr). amoun t of soí.L .í n t:e



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 alI 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.

AlI of the pots in the experiment were exposed
to temperatures that ranged from 220 to 280 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
changes Iur í ng t.hestorage período The soil in these pots
was also saDpled ~t the end of 24 weeks.
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The soil in the ~ots with plants was sampled

onl y a t the end of 24 weeks which was the termination date

of the experimento All of the samples w~re placed in

pl3.stic bottles 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 'mmediately brought back to the

freezer to be tored for subsequent analyses.

The p ants were harvested at the end of 24
weeks and the fresh and dry weight of roots and tops

recorded separately. To dry the plant material, it was

placed in a drying room with a temperature of approximately

75° C. The dried material was weighed, grounded and stored

for analysis.

The plant material was analysed for total N by

the miero Kjeldahl procedure (44); phosphorus by acid

soluble method (33); potassium, calcium and magnesium by

atomic absorption (32).
The soil samples were analysed for total N (44)

and exchangeable K, Ca and Mg (32). Phosphorus in the soil

was determined by the dilute hydrochlorie acid and sulfuric

acid method (45). The percent organic matter was determined

by ignition and Walkley-Black methods (68). In the ignition

method the soi 1 samples l/lerebur ned in a furnace a t 5500 C

du i-í ng an 8-hour period. For the O horizon a modification

s.imp le ':::"1 us cd ':!~th 20 ,,1 of po a cs í un d í crorna c SO.Lll ior .
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Tne amount of concentrated sulfuric acid added to complete
the oxidation proce"s WuS the same for all samples - 25 ml.

Other analyses made on the soil samples were
pH and cation exchange capacity (32). The pH was deter-
mine i a ~:1 ~[ter to oil Dix ure a ~ ffiS measured after
st~ndi g for 12 hours.
normal KC .

e H ·as also etermined in 1

1: e o an plant anal ses were expressed
on a drv »:e g t asis.

T e data co -ected were submitted to statistical
anaI s Significance was measured by Duncan' s New
Multi _e ange Test (56).
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RESULTS

Tne resul~s obtained in this study are presen-
ted in two parts:

I. Study of tie o prof' e
11. Influence of õ'f:e en~ soi orizons on

the gro ./+- : ...._.:.."e s ruce seedlings

I . .§.tudyof the soi1 -01'0.;';19.

As a point of reference for the various all9.1yses
roade on t e soi1 samp1es co11ected during the experiment,
the data on the comp~site samp1e taken from each soi1
horizon at the start of the project is presented in
T9.b1e 1.

The percentage of organic matter, as determined
by the Wa1k1ey-Black method, was greatest in the O horizon
which eorresponded to a depth of 5 em. The amount of
o rganí c matter d ecrea sed i-a p.í d Iy \vi t.h Lnc r ea sed depth
b~' ord this point.

Data in Tables 2 and 3 summarizes the concen-
t~ation of the organic matter in the 5 horizons studied
at the end of the study. From the data it is evident that
thc O hor í r.on c on tu Ln...,::d _igLi:;:~.i..cé...n t l.y mo ro or ganí c ma t t er
than any of the other horizons when measured by either the
iGnition or W3.1kley-Bla2k method. The concentration of
organj.~ matter in the B21 horizon was significantly



Télbl(? 1. Composi tion of the soil at the beginning of the experimento

HI)r i zons --"p,-"H~--,,-_
'.1._<' :C·l

c .

OM
(%)

CEC Ca Mg K Na
(me/100g) (me/100g)(me/100g)(me/100g)(me/100g)

p
pprn

B.S
(~)

o \
L, .• ,,;

E21 5.
3.9

4.5

4.5

4.5

4.6

B~22 6.0

F-:l
-'J

r-
) .

c 5.>3

61 .14

7.09

1 .31

0.93

0.27

56.50

17.60

5.58
4.28

;2.51

11 .46

0.23

0.12

0.10

0.15

2.367

0.068

0.033

0.02

0.033

1 .445

0.069

0.068

0.036

0.026

0.565

0.406

0.2'74

0.236

0.262

\-/ = k~:h obs er va tion represents a single determina tion on a combined sampl.e .

33.26 28.01

6.22 4.37

38.38 8.88

75.96 9·37

52.96 H3.74

r0
r0



higher than the B22, B3 and C horizons, which were at a
par with ~ach other.

The effect of applying lime to the various
horizons is also shown in Tables 2 and 3. A significant
e I'fect of lime va s observed ma.í n.Ly on the total organic
matter concentration of the O horizon. There was a signif-
icant increase in the total organic ma tter concentra tion
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 O
horizon of the soil without plants, while no effect was
observed on the O horizon of the soil with plants.

Table 2. Relationship of soil horizons and two levels of
lime to the concentration of readily oxidizable
o.r ganí c matter.

Ho '~""ons o LOOO
Lime (kg!ha)

O t~OOO
ürganic matter in
soil without plants

Organic matter in
Eoll with plants

%

1321

w
53.67 b 6L~.11 a

" 9' 'o 6.36 cl>.

:~. :~IS d 2.25 d

1 .00 d O 8' I d• ,J.

0.54 d 0.59 d

61 .98 a 62.84 a
6.21t c 7.09 ~'-'

2·39 d 2.44 d
0.93 d 1.12 ,

0.76 d 0.69

O

B22

c

v = ~.'-=a _ follo ·!':d '0./ t.h» same Le t L ,r are not i g .f' í ca n 2.,;"
d í '('_2.'·'!lL a t L!l" ~,' L'...'V •.'L of pr'ooc o.i Li t:; a c c o ·u':'~. "to
.01• c_ •• I " . . ':1 • " l, ~ 1. 1' ~.:.: c.' '_' _ _ "



Likewise, no effect of the lime treatment was observed in

the mineral horizon for eith~r readily oxidiz~ble 01'

total organic matter.

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

Horizons o ~JOO
LiIle ( kg/ha)

Organi atter in
soil without plants

o 4000
Organic matter in
soil with plants

%

59.01 c 62.4-0 b 63.78 b 67.4-0 a

7.89 d 7.87 d 8.26 d 8.4-0 d

3.22 e 3.21 e 3.31 e 3.4-2 e

1 .66 e 1 .60 e 1 .58 e 1.81 e

0.74- e 0.82 e 0.88 e 0.95 e

o
B21
B22
B3
C

w = Means followed by the sarne letter are not significantly
different at the 5% leveI of probability according. to
Duncaris New Nultiple Range Test.

'l'he read.i Ly ox.íd í z.abI.e orga ní c mat ter when

expressed as a percentage of the total organic matter was

highest in the O horizon. The percent was as high as

9';.17 in this horizon \1ith plants and as low as 90.95
wi~:out plants, when lime was not considered. For the

m.incra l '011 the jo.rcerrtn ge of the t.otaL or gauic ma t ter

which was readily oxidizable varied from a high of 87.83
per ent in the B21 hori30n of the soi1 w-thout l~ t to

a low of 58.86 percent in tte B3 horizon of the soi ~ith
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The data su~narized in Tables 4 and 5 shows

the total-N and dilute acid soluble P concentration in each

~f the horizons studied. It shows that the total-N unlike

the P is dependent u on ~he amount of organic matter
pr2sent.

The to taL>I "as found to be higher in the O

and B21 horizons wrrí ch were significantly different from

each other a from the lower mineral soil horizons. The

B~2, B3 an C horizons did not show any significant dif-

ference a~ong themselves.

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

Lime (kg!ha)
Horizons O 4 ooo O 4000

T~tal N in soi 1 Total N in soil
without p Larrt s with plants

mg/100g
w

O 9)-1)1.96c 1084.87 a 1013.54 b 974.00 bc

B21 '134.93 d 132.19 d 1211.43 d 1 19.73 d

B22 38.20 e 38.64 e 3'l.04 e 33.62 e

B3 27·32 e 22.74 e 2j·56 e 21.29 e
C 'j 'I .00 e 8.37 e 6.36 e 6.96 ce

w = eans followed by the same letter are not significantly
àj :-~:'(;r-n t a t 5;'; 'L8'.''2l of p.::'o1.ability accordãng to
Uu n anis New Hu L'tlpLe Range Test.

'I'h c onc ent rc tion of ací.d soLub Ie P as shown

jn Table 5 was sign~ficantly greater in the O horizon of



For thc mí.neia I ho.rí.zons therc wa s a r-erna rkab Le Lnc rease in
P :oncentration with an increase in depth. In this soil
situation the C horizon showed the highest P concentration
which was significantly different from the other mineral
horizons. The P concentration in the B21 and B22 horizons
were at a ar in the experiment without plants. For the
eXlleriment J't a ts t e B3 horizon showed the highest P
concentra~io ..~hic ~as sig ificantly different from the
other horizo s. T e 22 a o horizons were at a par but
were sig '~'cantly di!~erent fro, the C horizon. The B21
h~rizon s ~~ed the lowest P co centration of all the
ho.rlzons.

Table 5. Effect of soil horizons and two levels of lime
on dilute acid soluble phos horus concentration.

Lime (kg!ha)
HO'~~izons O 1+000 O 4000

P cone entra tion of P concentration of
soil without plants soil with plants

ppm
~J

O 10'1.48 b 130.30 a 43.21 e 47.12 de
B21 8.03 g 7.54 g 6.85 g 5.70 g

B2 ~;.80 g l~.30 g 5U·39 de 46.28 de
B3 !J3.31 d 49.00 de 80.19 c 74.32 c
C '/J.58 c 7;-.:..45c 27.53 f 2u.91 f

w = íea ns follo,',e~_.byth~ sarne letters are not significantly
ll~':·':~·?.!.'.:'!lL.i t -,,1. ': 10';:' !:'Jl:úii...iç ~~~:::ol'ci::'c..[,to
Dunca n 's New '·lultipleHange Test.



The effect of lime on total-N and dilute acid
sO.I__.ib l.c P cone cnt ru tion is also shown in Tables 4- and 5.

It appea rs t lia t there wa s a significant increase in con-
centration of the two elements in the O horizon of the
experirnent without plants when 4-000 kg of lime per hectare
wa~ added. In the experiment with plants no effect of
lime was observed on the concentration of N and P in any
of the horizons studied.

Tables 6, 7, 8 an 9 summarize the concen-
t.rat í on of exchangeable bases in the 5 horizons studied
without and with plants aL ~ith two levels of lime.

Table 6. Effect of soil horizons and two levels of lime
on exchangeable otassium concentration.

=-'i ,e (kg!ha)
Horizons O hOOO O 4000

Exchangeable K in Ex.changeable K in
sol 1 wi tno t. Lan t s s011 with plants

me!100g
"

O 1 .039 a 1 . a 0.821 b 0.712 c
B21 0.105 d 0.1 O 0.091 d 0.092 d
B22 0.081 d 0.079 d 0.071 d 0.074- d
B3 0.04-6 d 0.056 d 0.04-5 d 0.054- d
C 0.04-2 d 0.054· d 0.035 d 0.050 d

w = Mcans followcd by th2 ~a~8 letters are not sj~nificantl!
different at 5~ ievel of prohnbility according to
Duncan's New Hultiple Hange Test.



Table 7. Effcct of soil horizons and two levels of lime on
e.x.r:hangeablecaLc í um concentra tion.

Horizon::;
Lime (kg!ha)

o o L,OOO
Exchangeable
soil without

Ca in
plétnts

Exchangeable Ca in
soil with plants

me/100g
w

O 1 .889 c 27.565 a 13.555 d 21.1-.538b

B21 0.24-6 hi 2.744- ef 0.217 hi 3.005 e
B22 0.126 i 1 .604- fg 0.112 i 1 .832 efg
B3 0.077 i 1 .461 fgh 0.076 i 1. 521 fgh
C 0.069 i 1 .003 ghi 0.066 i 1 .04-2 ghi

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

The potassium concentration (Table 6) was
significantly greater in the O horizon and decreased with
soil depth. The statistical analysis, however, did not
sh.:)wany significant difference in K concentration among
th0 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.

Thc concentration of Ca, Mg and Na (Tables 7,
8 and 9) followed almost the same pattern as that noted for
r, s how i rrg the higllest va Lue in O ho r í zon wh.i ch dii'fered
significantly from the mineral soil horizons. The Ca

tIl':; B22, B3 and C ho ri ro ns for eitheI' cxpe r í mr-n •.-li Lhou t aLÁ
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with pl~nts at zero leveI of lime. When 4000 kg of lime
per hectare were added, the B21 was different from the C
horizon while the B22, B3 and C horizons did not differ
statistically. The data for Mg concentration showed no
significant differences among the mineral soil horizons at
zero Lev eL of li e for the soil wi thout plants and wí. th
plants. The concentration of ta did not show any signifi-
cant differen e among the mineral soil horizons studied.

Considering the effect of growing plants in
the different soil horizons on the concentration of K, Ca,
Mg and _a it ~as observed that a significant decreáse
occurred in the concentration of K, Ca and Na in the O
horizon as a result of growing spruce seedlings. No dif-
ference as observed in the Mg concentration.

Table 8. Effect of soil horizons and two levels of lime
ou exchangeable magnesium concentration.

Li. .e (kg!ha)
xchangeable ~g in

soil 'lIi t io: t Lan s

L
Exchangeable Vg in

oil oJith lants
me!100g

w
O 2.177 b 11 .212 a 2.419 b 1.\.428 a
b21 0.0)+4 e 1 .·+1.1-4 cd 0.038 e 1 .867 bc
B22 0.047 e 0.661 de 0.050 e 0.914 d
B3 0.019 e 0·31'7 de 0.021.1-e 0.4[:3 de
C 0.016 e 0.162 de 0.017 e 0.189 e

vI = l·:e'·n.. ::-oJ 10H'-'dbv tho ~,i.l!'!·~ l,"tter Hr~ no t si g ií f í ca .1:. ~-. .
d~f::,"-:>:>nt at ~;;~1'=".'''1 or' 1 .::01 ~~lLU. Y L ~~O:";iL: to

~ y .' ,C"--'-- ._- ... .:;;.
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Tab18 9. EfIect of soil horizons and tv/O levels of lime on
exchangeable sodium concentration.

Horizons
Lí mo ( k c./hc )

O 4000 O 4000
Ex:changeable l1a in E-zchangeable Na in
soil \olithoutplants col 1 with p La n t.s

me!100g
vI

1 .02 a 1 .03 a 0.89 b 0·90 b
0·?.7 cd 0.26 cd 0.21 cde 0.23 cde
0.25 cde 0.24 cde 0.22 cde 0.22 cde
0.22 cde 0.22 cde 0.21 cde 0.18 e
0.21 cde 0.21 cde 0.19 de 0.18 e

O

B21
B22
B3
G

w = Means followed by the same letter are not significantly
different at 5% of probability according to Duncan's
N2w Multiple Range Test. .

The effect of lime on exchangeable bases K,
Ca, Mg and Na is shown 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 5how
a significant change with the application of lime in the
concentration of Ca. In the soil without plants, the lime
effect on the Mg concentration was significantly different
in O ar d B21 ho rí uons vh.iLe no .:::;j GIlL:ical!td í f'f'e.renc e 1:.':lS

observed in the B22. B3 and C horizons. No lime effect ~as
o ;::'f~r-8d on t.he concentration of K in the exp eri mcn t ..' t.h-
o~t plants. However, a significant decrease in the co cen-

I'1..1-._
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cant effect on thc concentratiol of Na was obscrved as a
result of the lime application.

The ca tion excl ia nge capaci ty seemed dependent
011 the amount of or garu c ma t t er in t'e soil horizon. The
highest value as shown in Table 10 was found in the O

ho r í zori "lith a significant decrease i the lower horizons
as the organic matter decrea sed . t e mineral soil
horizons, the B21 had a s g "f" cant ,- hí ghe r cation exchange
capacity than the B22 B3 a d C horizons.

Table 10. Effec t of so í 1 ori zons and t.wo levels of lime
on ca t í o 1 exc a ige ca oa i ty .

Horizons
1" me (kg!ha)

O "000 o ltOOO
CEC of CEC of
90t1 without plants soil with plants

me/100g _
w

O 8l.j·.'70 c 103·01 a 91 .99 b 98.64 a
B21 111-.90d 15.28 d 13.90 d 15.03 d
B22 6.47 e 7.23 e 6.4-5 e 6.68 e
B3 4.65 e 4.83 e 5.24 e 4.67 e
C 3.04 e 2.94 e ·3.04 e 3.49 e

= 1 eans follo'tledhy the same letter are not significantly
differcnt at 5% leveI of pro.a ility according to
Duncu n t s i'il:",.., ;·~ult.i p.l c Rur b'--' ' '2'- L.

The effect oi lima on the cation ex~hange
ca acit' is shown in Table 10. It shows differelce 01
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Data surnrnarizedin Table 11 show the pH

values of the var í ous soil ho.r í z.oris. They indicate that

there Ias a significant increase in pH with increasing

depth. mhe highest pH in H20 was usually obtained in the

C ald 3 hor:zons. A low pU value was obtained in the

organic .atter layer regardless of the method used for the

pH deter i_ation. The highest pH value was obtained in

the C or'zon which was significantly different from the

other horizons in either soil without plants and with

piá ts at any level of lime application. From Table 11 it

i8 also possible to observe the effect of the addition of

4000 g of lime on the pH values of the soil horizons

studied. The lime treatment increased the pH values .
.

The time of sampling showed practically no

effect on the composition of the different soil horiz~ns

studied. Only the O horizon showed significant increases

in the concentration of P and K at the second time of

sa pling. No difference was observed in the N concentra-

tion and the cation exchange capacity at either of the

sal ~ling dates. The Na concentration showed a significant

decrease in all the horizons studied at the second sampling

da te \.:ile the concentration of orgaru c ma t ter , Ca and Hg

decreased significantiy only in the O horizon.



lélbl~ 11. Efl'cct ai' s011 hori:c.ansand two levels of lime on the pH of the soil.

o 4000 O
pH (H,..,O)

80i1 wit.hout 80i1 with
p l urrt s plants

v.1
1, • (' e 4.7 e 4.6 e 4.7 e 4.1 i ·4.5 f
5.G cd 5.6 cd 5.4 d 5.7 cd 4.4 fgh 5.1 d
5.(' cd 5.8 cd 5.6 cd 5.9 be 4 .l.f- fgh 5.3 c
5.8 c 6.1 ab 5.5 d 6.3 a 4.5 f 5.7 b
5.7 cd 6.3 a 5.6 cd 6.3 a 4.7 e 5.9 a

rjOOO

[L.).!: i zons 11 v.í t.h
plunLs

° 4.1 i 4.3 h
21 4.3 gh 5.1 cl

4.4 fgh5.2 c
4.4 fg 5J) b

1~22

:5
4.6 e 5.9 a

'li = l·Cr.:..:.ns'vIt thí.n I'our columns followed by the sarne letter are not significantly different
a t 5% Leve L aí" probab11ity aceording to Dunca nt s New Multiple Range Test .

V.J
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1J . 1nflu'.:mcoof dif {erent ~oi 1 hori zons ..QDthe grO\vth

The da ta for fresh a nd dry we í ghts of tops and

roots are summarized in Tables 12 and 13. The data show
signif1cant d1fferences in fresh and dry weight of tops and
roots between the horizons. The O horizon produced the
most growth and was significantly greater than any of the
other horizons. 1n the mineral soi1 the amount of growth
produced in B21 differed from B22, B3 and C horizons which
were the same (Tab1e 13).

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

Liik (kg!ha)

g/50 p1ants
w

6.73 b 9.94- a 6.21 b 8.85 a
4.36 c 3.36 cd 1.39 c 1 .62 c
1.54- e 1 .74-e 0.94- c 0.86 c
1.32 e 1.39 e 0.93 c 0.82 c
2.4-2 de 2.16 e 1.03 c 0.95 c

O

B21

B22

B3
C

w = eans within two co1umns fo110wed by the same 1etter
a re no t "r·r~ "'; ca ntIv d i ;~;'--,1' i.t; at l',' 10""'1 0"-u_ 1 -b ..1.l...L.t..U.l ..•....-J 4. _.1L:;_t:...lJ. I'} vt:) ..L.

p.roba b í Lt ty a ccord í ng to Dunc an 's IeH íulti ple Range
est.



'I'acl.e 13. Effect of soil horizons and t.wo levels 01' lime
on the dry weight of roots and tops of white
spruc e.

Horizons O 4,,\)j
D~y w0i~ht of roots

Li 'n e ( kg!ha) o 4000

o

g/')O la 1:S
w

1.43'1 b 1 .869 a 2·39'1 b 3.332 a

0.965 c 0.643 0.584 cd 0.692 c

0.4'19 e 0.4.02 e 0.431 d 0.3'10 d
O 3':"" 0.3 4 e 0.362 d 0.351 d• t,.) e

0.461 e . 76 e 0.412 d 0.396 d

B21
B22
Bj

C

w = Means \I it.hín t '10 coLumns followed by the same letter
are not significantly different at 5% level of proba-
bilit 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 wh i te spruce grown in any of the other

horizon 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 14, 15,
16 anel 17. 'I'hese tables SIlO\'! the cornposItion of the

in terms of N, P, K, Ca and Mg.

The total N in tops and roots was co :i'e~a _~

hi gler for the O horizon and wa s significantly di:' ere 1:

1"rou ti 1.1 .021 iio.r.i ~OlL ·i.ú\j D21 1 o ," ;:;01



showed the Lowe st N concentra tion in tops and roots when

4000 kg of lime er hectare was applied CTables 14 and 15).

It 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 o~ the plants growing in the B3 was significantly

greater t ia r in B21 and B22 horizons and statistically

equa1 to C horizon when lime was not applied.

The K concentration, as with N and P, showed

its ~g est concentration in the p1ants grown in the O

horizon ( ables 14 and 15). The B22 and B3 horizons pro-

duced t e 10west K concentration in tops and roots. These

va1ues were significant1y different from the ones obtained

for the other horizons.

The concentration of Ca in the tops and roots

(Tab1es 16 and 17) were inverse1y re1ated to the amount of

organic matter present in the soi1. There was a considerable

de~ ea e of Ca in the piants as the percent of organic

m3tter increased in the soil. The C horizon showed the

highest va1ue for Ca in tops and roots and differed signif-

ica ti; from the other horizons, when lime was app1ied.

The Ca concentrations of roots in the B3 horizon were

0"g_ "ficantly different fron tho~e in the B22 which ~ere in

t.ur n significantly d í f re ren t I'rom those in B21 and O

horizons, the iatter being ~tatisticaily thc sarne wit lime

trea tment. For the tops there wa s a sta ti C" ti al equa i t



Tab1e 14-. Et'f'ec t of soi1 horizons and two levels of lime on N, P and K concentration
of tops of white spruce.

H::Hi zons -- Ó lt(21) O 4-000---- __ O 4- ;,'0
Ni~rogen . Phosphorus Potassium

L'ine (k a/ria )

O

/ - - - - - - - - - - - - - - -- -- -- ---- -- -- - --------mg 100g ___________
w

3L,86.1 a 2888.3 b 223.7 a 227.5 a 1016.6 b 1270.8 a
1,54-0.8d 2119.7 c 4-7.2 e 102.7 c 970.8 b 837.5 c

1'10.6 f 1055.2 e 38.0 e 124-.8b 537.5 d 550.0 d
78'~\.7 f 108t3.8 e 86.0 cd 215.2 a 612.5 d 616.6 d
713.6 f 750.2 f 71.9 d 80.2 cd 791 .6 c 84-1.6 c

B21
B22
B3
c

w = ~~ans within two co1umns fo11owed by the same le~teE are not significantly different
at 5% level oi probability according to Duncan1s New Multiple Range Test.

L·J



Tnblo 15. Effect of so11 horizons and two levels of lime on the N, P and K concentration
of roots of white spruce.

}hri Z,Jns -- O 4000---- - -- -- -0-- - - - - -- 4000 0- - - - - - --11-000
l'li trogen Phosphorus P:> :,QC~llUn

Lime (kz /ria )

mg/100g
w

O 3120.1 a 2818.1 b 188.3 b 203.5 a 1087.5 1) 132:;.0

J~ ~ 1 9/5.9 d 1521.9 c 14.8 f 49.8 de 8'75.0 cd 1 ~)OO. O ab

B~~2 . 5,/0.3 f 695.3 ef 21 . 1 f 55.4 d 558.3 e '733.3 ce

13j 517.7 f 753.3 e 43. O de 87.7 c 608.3 G 73'; . ') c e

C 5,)1.1 f 57.3.3 f 38.] e 49.1 de Snj.3 c 675.0 de

':I - l·~'-](J.nswi thin t.wo columns followed by the same letter are not si gnifi can Lly dif f erent
t S% Le ve L of probabili ty according to Dunca n ' s New Hul tiple ltango 'I'e s t ,

(,..;

eu



The o horizon showed the lowest value whieh was signifi-
cantly different from the values obtained for the mineral

_0 1
O.l_ • The statistieal analyses did not show any difference

in coneentration of Ca in roots among the horizons at zero
level of lime.

Table 16. Effect of soil horizons and two levels of lime
on the Ca ~nd Hg eoncertration on tops of
wh.i te spruc e .

B22

Lime (kg/ha)
O l~JOO O L1000

Calcium Magnesium
mg/100g

w
441 .6 f 595.8 e 279.1 gh 416.6 d
716.6 e 1575. O c 244.1 h 716.6 a

937.5 d 1879.1 b 354.1 ef 583.3 c

983.3 d 1987.5 b 38?5 de 662.5 b
700.0 e 3200.0 a 325.0 fg 404.1 de

Hor í zons

O

B21

B3
C

w = Means within two columns followed by the same letter
are not s í gru f í can tLy í i f fo rent at 5% Lev eL of
probability according to Dunean's New Multiple Range
T,~st.

The Mg coneentration in the roots was highest
f)r the B3 horizon which was at a par with B22 but different
from the other horizons (Table 17). The B22 and C horizons

rod e equal Hg cone en tra tioris in the roots and si uni f-
icantl dOfferent from B21. The 19 coneentratoo in t:e



Ta 18 17. Effect of roil horizon and two levels of lime
on Ca and g concentration on roots of white
s_ru,--e.

Li mo (kg!ha)
Hori zo __

o
mg/IOOg

w, ·3 de 375.0 d 87.5 f 210.0 de
208·3 e l+89.1 d 95.8 f 280.8 c
246.6 de 64-4.9 c 218.3 de 391 .6 ab
211 .6 e 1033.3 b 257·5 cd 437.5 a
274.1 de 1626.6 a 200.0 e 354.1 b

B21

.322

B3
C

w = :ea s ithin two columns followed by the same letter
are not significantly different at 5% leveI of

ro ability according to Duncan's New Multiple Range
Te3 t .

Th'3 effect of lime was found to be significant
on t e concentration of N, P, Ca and Mg in the tops and

00 s of white spruce seedlings. The data summarized in
~t1". 1'2:3 14, 1 5, 1ê- a nd 1 '1 s11O\·.[ the ef'f ec t of lime on tlle
co centration of thos~ nutrients determined in the tops and
rJJts of white spruce. It shows a significant increase
in 1 concentration of tops a nd roots of plants growing in

ex·:~.,:.>tion ',.Jano t sd for t.h o C hori zon whi ch did not r h ",v

.• :!:'" e:.r e", t o n tlle rI cone on tra ti011 a nd t.hc O r ori zon s lo oJe •

a decrease in N concentration.
The concen~ration or . in tl e ~op~ a oo~s



of lime per hectare to the B21, b22 and B3 horizons. The
C and O ho.r.í zons di' rot 1o» ar effect of lime on t.he

P concentration of to s of ..( ite S ruce. The Ca and Hg
concentration increa e n to s and roots with the appli-
C3. tion of Lím ~L::" -: tL2 ~o zo r- tudied.

T e onc er r a o ot seem to have
been affe ....e e li ie trea I e t since t e O horizon
was the o~ one t at snowe a significant increase in
K once -~a-io o: tops and roots. The data for the rest
of t e S orizon showed only a significant decrease
il to S 1'0 uce on the B21. The roots showed a signif-
icant i ....rease in K concentration.



DISCUSSION

~ e . sults 01 the analyses for the 5 soil

h~riz . showed that the concentration of organic

matte 'e~ eased rapidly with depth as was expected (6, 7,
11 2 42, 54, 58, 62, 74). The conditions under

_~5 50"1 was formed, forest vegetation and a humid

c an appreciable organic matter

a:~~a~a-~ n as 01 and 02 horizons.

Since tree growth is Iargely dependent on the

nu~r~e -5 native to the site, the organic matter becomes

o ~ ~ t_e primary sources of pIant nutrients. Actually

i study, the organic matter proved to be the main

SO'IT e of nutrients in the soil and the main factor

res_onsible for growth since the concentration of N and

exc' angeable bases in each of the horizons decreased with

the decrease in the organic matter content (9, 17).

The relatively high concentration of N and

bases in the horizon immediately beIow the O horizon could

be attributed to the recycling of these eIements through

1(~:-::.1' f'a lL, decay and reabsorption b efor e effec tive remova I

by Ieaching (38).
The organic Iittcr that áccumulates under

soft~ood trees producesa strongly acid reaction (25, 38,
'-' ,- / .



o horizon to range from 4.1 to a maximum of 4.5 when
t=eated with 4000 kg of lime per hectare (Table 11).
TI18 absence of a continuou A2 horizon resulted in the
develo!Jment of a B21 horizon immediate y belo\\Tthe organic
horizon. This horizon also showed strong acid reaction
ranging in pH (KC1) from a low of 4.3 on the unlimed soil
with plants to a maximum af 5.1 on a limed soil 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 O horizon.

Studies have been reported that prove the
rate of decomposition of organic matter to be greatly
ltmited by low N and an inadequate supply of Ca in acid
soils (-17, 19,25,38,53,62). Hany workers ha ve 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
Lín=a r correlation (r = 0.92 at p::> 0.01) as shown in Fig 1.

Research done on the cation exchange capacity
of soil profiles has shown a high relationship of the
ca~ion exchange capacity with clay content (19,35,41).
Ot ers have pointed out that the organic matter ~as the

-~ ..
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73). The present work showed that the cation exchange

capa ity of the fore3t soi1 profi1e was a1most total1y

dependent on the organic matter in .each horizon. This

was verified by a corre1ation coefficient of r= 0.99

P>0.01.

·The percent base saturation of 22.33 percent

found in the O horizon was relative1y high in comparison

to 12.8 percent, the highest obtained in the mineral soil

horizons as shown in Tab1e 18. A remarkab1e increase of

p2l'Cent base 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 ear1ier

works with agricultura1 soi1s which showed increased growth

of p1ants with the increase in base saturation from 20 to

40 or 75 percent depending on the c1ay mineral present

( 18, 22, 46).

Table 18. Effect of soi1 horizons and two 1eve1s of lime
on the percentage base saturation.

Lime (kg!ha)
Horizons O 4000 O 4000

Base saturation of Base saturation 01
soi1 without p1ants so11 with p1ants

70

O 2~·33 L!-3.39 19.22 8. ~

B21 4.98 30.55 4.05 3~. 5ó

22 8.61 38.23 7. 5.)0

B3 9.82 L6. r' 6. r' 7 ') ") ., . o

C - )
~ 5;) . 10 .~6 42.00I ,_ • --
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The li e treatment increased the pereent base

sa tura t.í on whie ,,':3 as so iated wi th the increase of Ca

and Hg eoneentrations ince no inerease was observed in

K ~nd Na eon~entrations (Tables 6, 7, 8 and 9).
a:'se siow that the B21 and B22 horizons,

withou~ pia ts, eontained the lowest eoneentrations of

aeid sol - _e hos horus of the horizons studied. The low

P eoneentrations ean be explained by weathering and subse-

q~ent ea ~ng and plant removal of P. The tendeney for

th8 co eentration to inerease in the B3 and C horizons

is d e ~ lower intensity of weathering in these horizons.

The spruee seedlings in this experiment

prod ced very little growth in the mineral soil. However,

a signifirantly greater amount of dry matter was produeed

b the O horizon. The B21 horizon produeed the highest

amour t of dry ma tter in the mineral soi1 hori zons. Thi s

was expeeted sinee the ehemieal analyses of the O and B21

..orizons showcd a higher nutrient eoncentration and organie

~a~ter eontent than the other horizons.

The eoneentration of nutrients in the plant

tiss ue of spruc e seedlings, both tops and roots, showed a

t~er s~milar to the concentration of rrutrients in the

eo í ; (Ta'ble: 11~, 15, 16~ 17). The exeeption to this gen-

er: l.' za t í ori \o,1éJ.5 for Ca and Hg concerrtrat.Lon whcr e the

coneentration inereased in tops and roots as the amount

0-' or gül i c li <.t t ter and eons equently the r deereas ed i .

(T"b1 (' 10/ 1r;-)c....t .l.... .......• d , •



itrogen was reported to increase the Ca

18 zeL in 1e foliage of apple trees (13, 15, 69). Others

ha\e fou - a negative interacti9n between N and Ca in the

fol" ge o: a e trees (21). The results obtained in the

present \ork _owed an increase in Ca concentration in

to s a. roots with a decrease of N in the soil. However,

t "s a â e ~ negative interaction between Ca concentration

a ts and concentration in soil was not found when

t e tota~ uptake of Ca and N was considered, since both

Ca and .~ up take decreased wi th a n -increase in soil depth

The difference in concentration of Ca between

tops and roots could probably be explained by the work of

Ri e and Langston (50). They indicated that the redis-

tr"bution of Ca in the plant is in an upward direction.

On the other hand, Biddulph et al (10), indicated that Ca

is the most immobile of al1 the essential elements. Once

delivered to a particular organ, it cannot circulate.

1ngestad (30) reported that the absolute

requirement of Norway spruce wí. th respect to the nutrients

in the foliage for maximum growth is in the order of

:>T:> >Hg>Ca a nd tha t a reduction of growth wou l.d occur if

th~ N concentration of the foliage were not close to the

o pt imum (1.50 - 2.30% N). For wh.í te spruce the le e l.s o

and K in the foliage for optimum gr ow th accor g to

weí gh t t a s í.s . Ln t l e pre s en t r e s ea r c _ o 1" t.he O '.0!'2.:::
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filleà. t e equirements of optimum concentration of N and
K in the ~ol:age (Ta ~e 14). Although the P levei in
p a ts -.:s e.,o t e reported levei of 0.35 % in the O

horiz. .8 g er concentration of N, K and P could
he greater growth in this horizon than

e~a soil. The B21 horizon showed concentration
of a .....oser to the r epor t.ed levels required and the

was significantly higher than the growthgr o.

pro ~e' b the B22, B3 and C horizons. ln those horizons
~ e_e L~e rovth was practically nil, the N content in the

_-.~ s -,·;asower t.han the Ca and K contents in contrast
'gher N content of plants in O and B21 horizons.

e e :LS of the analyses for the mineral soil was also
agree ent with the ones found by Armson, Alonso, Talli

a ~ l' ers (2, 4,47,60).
From t.hes e resul ts and the linear correlation

be ..een the soil N and growth of plants (Table 19, Fi g 2),
i.....is possible to conclude that the N was the main nutrient

ro oting growth of the white spruce.
Growth was also dependent on the organic

atter in the soil as shown by the correlation coefficients
o~tai e as shown in Table 19.
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~a ~e 19. Co ~e atiol coefficicnts relating tree perfor-
..a nc e and ni trogen concentration and organic
::'lt: •..e~ 0_ t c 5 soil horizons.

T::'f::epe :o!'-a e Or ga ní c ma tter Nitrogen
r

e sh ··e:" -..,
- 0.95 ** 0.93 **~~

r 0.80 ** 0.78 **

0.91 ** 0.90 **
0.87 ** 0.86 **

* > .01

,
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Slf!ll1ARY AND CONCLUSIONS

An experiment was designed to determine the
ef~pct of 5 forest soil horizons on the growth of PiC0~
Elauca 01')ench)Voss and to evaluate the contribution of
each horizon and 'twolevels of lime in the rate of organic
matter decomposition an availability of nutrients.

The growth of s ruce measured by the fresh
and dry weight as af:ec~e' co s'derably by the percent
organic matter i t_e oi. m) e concentration of nutrients
in tops and roots ras 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 associated with a
decrease in growth. The organic matter was probably the
most significant factor for growth of Eicea glalJcaand the
increase in mineral composition of the soil profile (9 17).

The concentration of alI elements analysed
for, except P, decreased as the organic matter concentra-
tion decreased. Thc amount of organic matter in ~he
individual horizons decreased vIi th profile depth. iea r
corre1ation WA: ohtuined between organi ma t t.e r :::__'"' ,. - -.,....-

- '--'"

growth.

s o í L or gru.Lc mat tsr ..•. -. -.-- -.__ v. ,



o rgarric matter and N. This showed organic matter to be

t.he ma í n ource o í' -- '"'l1e~ present in the horizon

c or ceLa ted wi th Lan t grow th ,

An effect of lime was observed only in the

O ho r í zon . I tl8 pots w i th no pLarrts there wa s an increase

in mineral concentration which was associated with an

increase o: the organic debris decomposition. In the pots

with plants there was no effect or a decrease in mineral

composition for the O horizon which was related with

absorption by the plants. An effect of lime in the mineral

soil vas 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-

ca t í on of lime.
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