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Physical property of scil in natural condition
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i Bo  Az(upper) 55

Ay lower) 50

) A—B 12 73 66

‘ Bs Ty 4 94 61
A [ 200 192 196 i 3 47
3 Bo Ag ; 125 125 125 111 45
B ar 34 36 ] 44 38
1~5 196 195 37 119 31
4 Bo(d) 1721 68 70 82 75 52
32~-36 | 53 55 96 61 | 50
1 i -

i | -
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Chemical property of soil

R

{(On dry basis)

. BRE oo B2 A B | NHNG, g e 3
- R C N , Cation Exch. Rate of soluble BRI pH
. ~- e et g o
Trpe N o [ s | () | KO | absorp. | Bxch
son | Horizon % % capaciiy, el | Mg a0 | e BNV E tion cosf-| acidity | (H0) | (N KCD
E (m. &./100g soil) = i g = ficient
Ax 5.45 | 0.38 14.3 1 30,9 |16.3 4.84 | 52,8 | 157 63,8 860 1.1 6.20 5,
B, Aslupper) 1.83 016 1,4 | 19.3 | 4.32 | a7 | 22.4 | 16.9 61.2 720 7.5 5. 80 4,
Agz(lower) 1.52 0.14 10,9 19,4 0.54 2,43 2.8 12.5 39,1 620 25,7 5.10 3.
B 7] 0012 9.8 18,9 1 116 | 3.35 8.1 17.7 38.9 570 a5 5. 30 3.
Be A 2.80 | 0,10 | 28.0 | 20.0 | 0.31 | 0.44 1.6 2,2 55.6 690 4,25 3.
B 0.88 | 0.05 | 17.6 | 16.2 | 0.38 | C.44 2.3 2.7 56,9 730 4 4,80 3.
A 5. 0.39 | 14,6 | 37.2 | 24.5 | 5.08 13,7 242 1210 0.2 6. 40 5,
2 B As 2 .22 1 12,0 | 3.1 19,4 1 4,13 12,3 163 1080 0.6 6. 50 4.
v v B: 1.4 0.13 | 10.9 | 29.5 | 17.5 | 4.62 15.7 105 950 0.6 6. 65 4.
B 1. .12 | 10,3 | 29.8 18.2 | 5.57 18,7 109 1220 0.6 6.80 4.
A £12 1 © 19,6 19.3 | 311 1.28 | 16,1 6.6 39.8 720 18,4 5,15 3. 60
Bo(d) As 2.06 | 0 18.7 14,4 | 0.54 | 071 3.8 4.9 30. 4 590 22,2 4,95 3,66 &
v B 1,36 0.08 | 17.0 | 13.1 | 0.71 0. 84 5. 4 4.9 311 580 19,1 5.15 ¢ I3
B 0.81 0.07 | 1.6 | 12.3 | 0.40 | 1.73 3.8 | 14,1 31.3 450 18,2 5, 35 f«j
A 3.33 | o014 | o238 1 237 | 020 | 0.32 0.8 4 26.3 860 5 4,25 3.10
5 Bs R 1,60 | 0.08 | 20.0 @ 183 | 0.18 | 0.31 1.0 7 30,8 740 38.1 4.65 3,40
Bs 1.08 | 0.06 18.0 1 16,9 | 0.20 | 0.24 1.2 1.4 35,2 600 34,9 4. 80 3,30
Ax 5.51 | 0.37 14,9 0 23.6 10.9 3.23 | 46.2 | 13.7 85,0 730 1.1 6.00 4.75
Bo As 1.82 | 0.16 | 114 15.7 1 4,57 | 2.31 29.1 14,7 70. 1 570 2.2 5,95 4,30
B 0.69 | 0.08 8.6 | 13.0 | 0.55 | 1.02 4.2 7.8 39,3 450 20. 2 5.2 3.60
A 7.18 1 0.34 | 21.1 4 2,83 | .18 11,4 8.8 33.4 650 23.0 3.35
. Bo(d) B 1,72 0 0.1t 5.6 | 13 0.95 | 0,66 7.0 4.9 37.6 560 20.6 3.50
‘ A Al 0.94 | 0.07 | 13.4 | 11,5 | 1.34 .88 | 117 7.7 53,0 450 15. 1 3. 60
B! 0.59 | 0.06 9.8 | 11.2 | 0.40 | o.78 3.6 6.7 57.2 330 1.6 3.40
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No.

0.9 ;
o) 0.8
7 .4 0.9 7.1
3) 0.9 5.5
) PoOp-ac ¢ 2.5 % acetic acid soluble PoO;y

Remarks) PaUs-a1: Al-phosphate
PoCs-re ¢ Iron-phosphate
PeOs-ap : PoOs in apatite
PoOy-ins ¢ Insoluble PsOj
Pygeorg © Organic PaCy
PyOy-t ¢ Total PoOy

3 Sy it
# oy OV

12 PaUg-inoerg 1T 4% ¢ Figures in parentheses are 9 of PaOs-inorp
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4-3. KEHDLES 0em (0~50cm) TTEOLEPioEIhe O N BX0EKESE
FMBIC B A LRSS ENns C, N BIUE

/{ EN

THFHLUTNEEEZ SN A 0~50cm ]
S5 DS HE FRR
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p Tl AN e
22 Table 5 2R+
S (ha B7:0) BKOLEBELTE

C It 46~~76ton, N i3 2.4~6.4ton, N HNQ;

e 7o DT, i

15.5

oo iR (T 3, &

SO o

L7zt Tl

A< & N HNOg Wik KO 13

@ Bp H-

XD IN SO ENOL U S L Eh o hl, Prof. 3

1.0~2. 1 ton, @k CaO 1t 0.2~4.3ton TH -7,

Py0s 2o TH, PyOsee 3 1.0--4. 8 ton, 20 d PeOysoorg 1T 901,080 kg, PsOyac 12 732 kg,
PyOs.ap 13 11~34 kg, PiOs i 3 23~115kg, PyOsre 12 110~210 kg, PsOpoins 1£ 700~2, 900 kg
WL,

PIEo 0~50cm o)

& E

ClPeOs0rg B LU CaO &5 2100 Mg MRIE

5-2 iR L& Dk Table 5

#0050 cm O
C B LT ona ac [/J\”L TN /ﬁ/t)

STCTESTOMES.

50 B/ XOHEN S TBoEEE L oBE

AR © /% D i Table 6 JRT & TH - I,

Be BB 910, Bo(d) WAHHT 13~14, Bo L

’\‘«)y/\"ﬂ-"" e
EBEDTH T,

N BN =~ O el N S
. ge N Hof
of y%(ni Age Mo of %dn(? height : 3 Jolume Site index®
> (year) (per ha) | (m) (cm) (m®/ha)
1 | Bo 59 | 500 | 216 30 | 16.0
2 B 60 L4030 | 1202 14 9.0
3 i 820 1 205 23 [‘ 18.0
4 | 1600 16.9 20 14,0
5 ; 50 11.7 12 10.0
6 ‘ 0 L 214 29 ’ 17.0
7 1860 | 16.2 19 13.0
i

)+ M (m) THRULTz.

Remark) * Site index is expressed with the average height (m) at 40-year-old.
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Rate of exc

Exch, Mg
Rate of exch. MgO saturation 0. 939%%

N HNG, soluble Ky0O level 0,610

Exch. Cal level 0.8
Rate of exch. CaQ saturation

ch MO level
Rate of exch. Mg saturation 0, 935

pi 0, 957%E
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) 1%4
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significant » a1 5% level=0.754.
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Table 8 b/ 4

Nutrient level and nutrient ratio of C!zamaecypans oblusa needle
(On dry basis)

' 1 |
lype of K Ca | Mg
Js0il % % o |
Bo 0.93 | 0.88 | 9.9 1.3 1.4 | 7.8
2 Bs 0.56 | 1.35 0.8 L9
3 Bo 0.98 110 5.8 9.3 0| 68
Bo(d) 88l 0.58 541 3| 66
T 1 0.63 | 1,08 66,9 | 78| 5.
& B } | 0.78 | 0.79 i 0.17 1 8 5.6
7 §3r>(d) .0 i..io§o,73;c,9130.1s 51. ¢ .2 7.3 5,1
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Linear correlation coefficient betweer

ratio of needle and site index

rrelation coefficl

Nutrient ratio of needle

CIN
N/
N/K
K/P

W) 1 %A

Remarks) Significant » at 1% leve

index

ite

Sit

Site index

BUE r=0.75, 5 %%
0,874, significant v at 1 % levels:(

i8¢

165

144 5
v
=

12 3

10

8 i ) 1 ] ] i ) ¢

Q7 13 7%
jRaied L - @®
® 2
16 E @
- &
14 & N ot N
4 ®

12 0.583 v g

10F [¢] - <
ol o]

8 - .

j ! { | { 5 i i 4 3 i ]
07 0y i1 t3% Q12 [0R78 016 008 020 %
Ca !L,ve| M% level

1%
5%

Significant # at 1% =0. 874

N

Significant » at 5% =-0.754
Fig. 4

Correlation bebween nutrient level of needle and site inde
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Linear correlation coefficient between the

Remarks) Significant » at 1 % level=0.87
Significant » at 5% level=0.754
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BIO Mg BELOBBEFSHTREL T,

4) b/ FOREOZRMBEL, 2NENHIET L5 DEE & DEE
2, SEEONBERIEONE XU ON ké, HEOPEEIEEED PiOsy, PiOs-or PiOspre B4
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OHEBEH L P TED -,
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1) Bawuaro, B.: The phosphate status of the soils of Riverhead forest in relation to growth
of radiata pine. New Zieland J. Forest. 15, 88~89, (1870)

23 Bray, R. H. and Kuurz, L. T, 1 The determination of total, organic and available form
of phosphorus in soils. Soil Sci, 59, 39~45, (1945)

3) Cuang, 8. C. and Jacgson, M. L. : Fractionation of scil phosphorus. Ibid, 84, 133~144,
(1957)

4) FEE b Harava, Ho . 2F¥FORELRPEEEB IV CARB LETHRIEOSHEET 295,
On the growth and nutrient content of Crypiomeria trees and the effects of forest ferti-
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Chemical Compositions of Soil and Folisge in Relation to the Growth
of Hinoki (Chemaecypariz obiusa B, ot &.)

Appraisal of carbon/organic phosphorus ratio of forest soil as an index
of phosphorus availability

Hiroshi Kawana®, Toyoaki Nismia™® and Jird Yosuroxa®

1. Introduction

Almost all of the investigations on the relationships between the foliar nutrient compo-
sition and growth of forest stand of main conifercus species in our country, including fertilizer
trialg® DI -I0INED agsert that the foliar nitrogen and phosphorus levels strongly relate to
the height growth of stand, These facts suggest that the nitrogen and phosphorus supplies
of soil te the forest stands are the most effective factors on their height growth. Unfortu-
nately, the phosphorus availability of soil is rather vague in these investigations.

Quite recently Kawapa & a3 clarified the phosphorus status of our representative forest
soils. They emphasized that the organic phosphorus was most abundant among the phospho-
rus fractions except the insoluble (occinded) phosphorus, and that the carbonforganic phos-
phorus ratios would be an index of the decomposing process of soil organic matter. They
also proposed a working hypothesis that these ratios would be an index of phosphorus availa-
bility of forest soil.

The authors attempted to make clear the relationships between the soil properties, espe-
clally in reference to phospherus status, foliar nutrient compositions and growth of stand in
the investigation. They found a trend similar to that of the above-mentioned investigations
in our country on the relationships hetween the follar nutrient compositions and the growth
of stands, and they also verified their working hypothesis on the phosphorus availability of
forest soil at the end of the investigation.

The authors’ opinion, attaching an importance to the carbonjforganic phosphorus ratio as
an index of the phosphorus availability of forest soil has not been previcusly reported in the
studies concerning the nutrient supplies of forest soils. This is the first trial for its verifi-
cation, and subsequent investigations will be necessary for the appraisal of their hypothesis.

It is hoped that thelr proposal will be tested with varicus forests.

2. Examined forest

The investigation was made in the 50~80-yvear-old Japanese cypress (Hinoki, Chamaecyparis
obtusa S. et Z.) forest at Motoshige-yama National Forest in Fukuyama District, Hiroshima
Prefecture.

Its average annual temperature iz 14,8°C and average anpual rainfall is 1270mm. It

Received August 15, 1973
{1}~(3) - Kansai Branch Station



belongs to one of the warm and least rainy areas of our country, Its elevation is 400~-500 .
The soils belong to the various types of the brown forest soll and they are from palasozoic
clay slate.

The distribution of types of soll on the mountain slope was as follows:

Be-so

(Dry brown forest soll, residual tvpe) were on the gentle top or upper part, Bo(d)-
soil (Blightly dried subtype of Boescil, cresp type) on the middle~upper part and Be-solls
{(Moderately molst brown forest soll, colluvial type)y on the lower—~middle part. Though no
Be-soll (Slightly wetted brown forest soil, colluvizl type) was found on the lower part of
monntain slope or valley floor, such a mode of distribution of types of soil in the examined

area well agreed with that wsually found in our country. The morphological characteristics

of profile and the vegetation of svery typs of soll were quite typical.

3. Method

The types of soll of the established seven plots for examination were three Bos-soils, two
Bol{d)-scils and two Be-soils.

The growth of stand was tneasured by plotless point sampling method, The site index
was expressed with the height (m) st 40-vear-old by stem analysis of the average tree of
svery plof.

The water percolation and physical properties of soil in natural condition were measured
by ordinarily used method using 2 metal sampling core.

The determination of scil chemical properties was done as follows:

The carbon and pitrogen were determined by dry combution method using C-N corder

{Yenagimoto MT 500). CEC was determined by Pesen mothod and exchangeable Ca( and

Mg were determined by EDTA. The potassium was extracted with boiling N HNG, according

to Prarr®® and it was determi

ed by atomic absorption spsctrometry, The phosphorus was
fractionated with the procedure according to Kawspa of ol total pvhosphorus (Pully-t) was
divided into ovganic phosphorus (PyQsers) and inorganic phosphorus (PyOs-iners), and the
phate (Py0s.70), phosphorus

latter was subdivided into aluminum phosphate (Py0;_ a1), fron phe

ot

9 acetic acid soluble

in apatite (PaOyep) and inscluble (occluded) phosphorus (PyChoias). 2

phosphorus (Pol.ac) was also defermined for reference. The other determinations were done
by ordinary method.

The current needles were picked up from the leader of the average tree of svery plot

that was felled for stem analysis, They were dried at 60°C and ground to pass 1mm sieve.
The

were determined by the proced

sarapling peried was the beginning of November, Their carbon, nitrogen and minerals
" soll after wet ashing by HOWO NG,

similar to

HgB0, mixture.

4. Soil property

4-1. Texture snd physical properly of soil in natural condition
The soils in the study were clayey and almost all of them helonged to light clay as ex-

pressed in Table 1.

The physical properties of soil in patural condition were expressed in Table 2 and Fig. 1.
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Compariog the water percolation of the surface horizon of the types of scil on every
mountain slope in a set, i.e. Prof. 1 and 2, Prof. 3, 4 and 5, and Prof. 6 and 7, respectively,
they decreased in the order as Bo-, Bo(d)- and Bs-scils. These differences among the types
of s0il had related structures, such as crumb structure in Bp-soils, granular and crumb struc-
tures in Bo(d)-soils and granular and nutty structures in Bs-soils. However, no close rela-

tionship was found between the types of soil and their water percolation index as the latter

In the authors’ opinion, speaking generally of the physical properties of soils in the study,
they would be unrestrictable to the growth of forest stand except those of Prof. 2 whose
very small water percolation rate of its surface soil and water percolation index would affect
the growth of stand as growth inhibiting factor,

4-2, Chemical property

The chemical properties of soil in the study were expressed in Table 3 and their phospho-
rus status in Table 4.

Comparing the chemical properties of the surface horizon of every type of scil, the in-
creases of C/IN ratio and exchangeable acidity, and the decreases of N HNQ; soluble K0 and
exchangeable Ca0 and MgO levels, rates of exchangeable Ca0 and MgO saturations and pH
values of surface horizon were found in the order as Bo-, Bo(d)- and Bs-soils. Those diffex-
ences among the types of soil reflected the eluviation and Hluviation of bases according to
the movement of water along the mountain slope and the differences of soil microbial organic
matter decomposing activity., Those trends except the case of N HNO; soluble K0 that was
our first trial well agreed with those found according Kawapa®® and subsequently confirmed
by other researchers,

The extraordinary high rates of exchangeable CaQ and MgQ saturation where they were
44659 and 14169, respectively, the high pH values more than 6.0, and small exchangeable
acidities about 1.0 of Bo-soils were noteworthy., The distribution of such base rich forest
soils are limited in our forest land.

The remarkably higher levels of N HNO; soluble KgQ of every horizon of Prof. 3 and the
extraordinary higher levels of exchangeable Ca saturations of its lower horizons than those
of other soils belonging to the same type of soll were rather specific, but their causes have
not yet been determined.

The differences of PyUy inorg level among the horizons of every profile were not clear, but
P:0s-orz levels were sharply decreased from surface to lower horizons with the increase of
depth. The levels of every PyOs inerg fraction except PoOs-ins also decreased in a similar way
but PyOs.ins displaved an adverse trend.

Awmong the phosphorus fractions except PyOs.ins of surface horizon of every soil, PyOs o
was most abundant and 15~~35% of PyOsr. PeOs.ve and PoUsar ranked next. FPalyoap and
Py05-2c were very poor. On the other hand PyOs.ins was the most abundant fraction and 40~
709 of PyOsr. The characteristics of phosphorus status of the soils in the study well agreed
with those of the representative brown forest soils in our countryi®’,

Comparing the levels of PgOs-t, PaQs.orz and PeOjs-imoery fractions of the surface horizons of
every type of soil on the same mountain slope as the above-mentioned, their decreases in the
order as Bop-, Bo(d)- and Bs-soils with a few exceptions and the decreases of the rate of PyOj.org

to Py0s-t and the increases of C/PgQs-org ratio were also found in the same order,
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The highly significant linear correlations between C/N and C/Py0s.-0re vatios of the surface
horizons and 0~~50 cm horizons (horizons up fo 50 cm in depih from surface of mineral soil)
of every profile, re

pectively, were noteworthy., Kawapa ¢f ol found a similar trend on the

surface horizons of our representative forest soils, and they also have suggested that C/P0;.

ratio would bhe an index of soil organic matter decomposing process in a similar way as C/N

ratio. Such information in the study corvoborates their suggestion,

4-3. The smeounis of carbon and major nuirienis in §--50 em herizon of soil
T

he amounts of carbon and major nutrients in 0~50cm horizon of every soll where the

main root system of for

and developed were expressed in Table 5,

They were calcudated with the weight of fine soll of every horizon determined with
sampling core for the measurement of physical properties of soll in natural condition, and the
levels of these elements expressed in Table 2 and 4. Thelr amounts per ha were as follows:

Carbon was 4678 ton, niirogen Z, 46, 4 ton, N HNO; soluble K3 1.0-~8 4 ton, exchange-
able Cal 8, 215, 6 ton, exchangeable Mgl 0. 2--2.7 tonn and Pyls.e 1. 0~4, 3 ton,

The N HNOy soluble K40 level of every horizon and the sxchangeal

Cald levels of the
lower horizons of Prof, 3 were exceptionally higher than those of other Po-soils. Therefore,

the ahove-mentioned figures were corrected fo 1.0~2,1 ton in N HNQ; soluble K0 and 0,2~
4.3ton in exchangeable Ca0 with the exceptions of those of Prof. 3,

The ranges of the amount of Py per ha and

those of their rates to POy were as follows:

Pols.0rg was 80~-1, 080 kg and 8~25%, PyOsse 7~32 kg and } e PuOsap 1184 kg
and less than 29, Pls.ar 254115 kg and 2--109%, Pels.re 110210 kg and 6--13% and FeOs ins
7002, 900 kg and 608

ss than 2¢

The differences of the characteristics of 050 cm hor

on among the examined scils were
gimilar to those of the surface horizons described in 4-2,

ed These similarities were explained
by the posit

ive significant correlations between the corresponding characteristics of surface
]

and (50 cm horizons except those of car

iy and PyOs.ac (see Table 8),

5. The velationship between site index and properties of soil

The site indexes of the examined plots were expressed in Table 6.

They incres

sexd i the orvder as He-solls where they were 910, Bo(d)-soils where they

were 18~14 and Bo-solls where they were 1618,
The linear correlation coefficients between the site index and propertiss of soil were ex-

pressed in Table 7.

No significant Unear correlation was found between site index and water percolation
index

Some re

chers have found a gimilar frend in the study, but a p

e correlation
has been found according to other researchersi®enNd,

The site index veveal

i
i

ed a nosi

e, significant correlation with N, PoOs.t, Polsoore, PoOsoay,

5 Gt

P04 ve, exchangesl

5

al and MgO levels, their rat

5 of saturation and pH values of surface
horizons in the study, vespectively, and also a highly significant negative corvelation with
their /N and C/Py0Os-0rg ta

tios. Similar trends were found on the corresponding amounts of
nutrie

and C/N and CfPyOy.ore ratios of 0~~50 cm horizons except Poy.a, exchangeable CaQ
amounts and their

of saturation.

The soil properties, significantly correlated to the site indexes, were increased or decreassd
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in the order as Bo-, Be(d)- and Brsolls as expressed in Fig. 2 and they were alse closely

related to the types of soil

8. The velationship between foliar nutrient composition,

growth of stand and soil property

The foliar nutrient composition of the stand of every plot was expressed in Table 8 and
9

the Hnear correlation coefficient between follar nutrient levels and site index in Table

The site index revealed a highly significant positive correlation with foliar N and P levels
and a significant positive correlation with follar ¥ levels, But no significant correlation was
found between foliar Ca and Mg levels and site index and none between foliar nutrient ratios
except C/N and site index.

The foliar N, P and K levels decreased in the order as Bp-, Bo(d)- and Bs-solls and they
were closely related to the types of soll. However, no clear relationship was found between
foliar Ca and Mg levels and the types of soil

The linear correlation coefficients between the foliar nutrient level and the corresponding
property of soils were expressed in Table 10,

The correlations between the foliar nutrient level and the corresponding property of
surface horizons were as follows:

The foliar N level revealed a highly significant positive correlation with the N level of
surface horizon and also a highly significant negative correlation with its C/N ratin, The
foliar P level revealed a highly significant or significant positive correlation with PyOgs,
PoOy-orx and Pys-re of surface horizon and also a highly significant negative correlation with

their C/Py0s.0rg vatio. But no significant correlation was found between the foliar X, Ca and
Mz levels and the corresponding properties of surface horizon, Similar trends were obhserved
on the correlations betwesn the follar nutrient levels and the corresponding soil properties of
0~B0 cm horizon (see Fig. § and 6).

The levels of N and the above-mentioned PyO, fractions of surface horizon and their
amounts of 0~50 cm horizons decrsased and the C/N and C/P3(0y.erg ratios increased in the

order as Be-, Bo(d)- and Bs-solls as expressed in Fig. 3 and they were also closely related to

The linear correlation coefficlents between the foliar nutrient levels were expressed in
Table 11,

Highly significant positive correlations were found between W and P levels, significant
positive correlation between P and K lavels, and significant negative correlation between N

and Ca levels.

7. Disenssion

7-1. 'The relationship between the foliar nuirient levels and the height growth of stand

Though some difficulties, such as the interactions of the nutrients in the follage and the
interpretations of the data, etc., still remain, the foliar analysis will be one of the most helpful
methods for the diagnosis of the nuirient status of the forest stand

The following concept is generally accepted:
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that I and P were the most effective factors on the growth of forest stand. However, no
certain trend was observed on the relationships between foliar ¥, Ca and Mg levels and height
growth of stand according to the above-mentioned researchers. The positive relationships
were recorded according to Kawapa of aft”, Farapa® and Yamamoro ef 0% but the adverse
trends were displayed according to Iro ¢f al? on the foliar K level. No certain trend was
found according to Smmamoro ¢f al®® and Kawapa® on the follar K lavel, too. Kawanas ef @f1®
found that the topographical factors affected the follar K and Ca levels and subsequently
they were indirectly (secondarily) related to the height growth of the stand. Some of the
researcherstV®® recorded the negative relationships of folinr Ca level to the height growth
of stand, but the remainder found the positive relationship!” or no certain trend?. The authors
were in dificulty to find a certain concept on the relationship between the foliar Mg level
and the height growth of stand because of the very lUmited information. Only one of them
recorded the positive relationship'® but the remainder?1 found ao close relationship.
Those results on foliar K, Ca and Mg levels suggested that the efficiency of K on the
growth of forest stand is less than that of N and P, and that of Ca and Mg is rather vague
in our forest land.

=sis at the present

The authors’ opinion stated above still remains as a working hypoth
time, and the fertilizer trials will be necessary for it verification. Though numercus fertilizer

trials have been done in our country, almost all of them have applied the mixed fertilizers

containing N, PyO; and Ko0 in various ratics. Therefore, verification of the efficiency of
individual elements still remain for future study. However, a few examinations?® on the
individual efficiency of N, Py and K 0, respectively, evidenced that the efficiency on the
height growth of stand was decreased in the order as N=P,0;>K.0, and N and Py, were
much more affectable than K 0. Though they were limited in extent of information, they
would nevertheless support the above-mentioned hypothesis,

7-2. Availability of N, POy and K0 of forest soil in reference to foliar analysis

It is generally accepted that the foliar nutrient levels express the avallability of nutrients
of the forest soil. The availability or available form of soil N, POy and KO in the study in
reference to follar analysis is as undermentionsad,

7-2-1. Nitrogen

The highly significant correlations of N status of soil and its C/N ratio were found with
the foliar N level and the growth of stand in the study as described in 5 and 6.

Kawava ¢f al. found that C/N ratio of surface horizon showed a highly significant correlation
with follar N level and the growth of Japanese red pine'™ and Japanese cedari®,

A similar trend was recorded on Todo-fir according to Yamamoro of ol

On the relationship between follar N level and soil N status, a negative relationship between
foliar N and C/N ratic of surface horizon was found on young Japanese cedar according to
Kawapa ¢f ¢fl1 and on white birch according to Yamaumore ef ol Wirns?” also recorded that
the foliar N levels of Loblloly pine were more closely correlated to the amount of mineralized
N than that of total N of soil.

ween OfN

various conifers was found according to the majority of the researchers in our country who

A strong, negative relationship ratic of surface horizon and the growth of

were concerned with it, but a few of them recorded a slight or no relationship.

Almost all soll nitrogen is of organic form, and the available N is supplied via miner-



on of organic nitrogen. Its mineralizing proc

soiihE)

Such information supports the opinion of the authors that C/IN ratio of soil closely relates

to the growth of stand viz N supply from soll to forest stand, and it alse would be an inde

soil or that of tr

sen availability s-available nitrogen supply.
Fhos
The significant or highly signif
CiP g 05

=scribed in 5 and 6.

of nit

SYUS

ant correlations of Pyulls, PeUseorg and Polh.ve status of

soil and its r P level and the gz'owth of stand in the study were

It was said that PyUsre contained various forms of inscluble iron phosphate in crystalline

winerals in addition to sasily svallable iron phosphate that precipitated on iron oxide®,

Furthermore, the lower correlation coefficient of Py(lyve and its lavel or amount than those

of Pully.org suggested the lower significance of PyOsore than that of PyOs.ere. The relationship

of P with foliar P level and growth of stand was only the reflection of that of Pol.org

and Py0s

ant covrelation between

/P05 0ry and C/N ratios as described in 4

n our forest seil. It is

bt

wesn the N and P availabilit
3

suggested a close relationship

also supported by the highly sigﬂificaﬂt correlation hetween foliar N and P levels,

The especially higher correlation coefficients of C/P0s-sry ratio than those of Pyl fractions

with the fo

level and the growth of stand suggested the significance of

an index of phosphorus availability of eoil
0,2 N HCL soluble Pydy was det

majority of investigation concerning it in our couniry up to t

srmined as an available phosphorus of forest soil in the

sent time.  According to

{ the above-me

rs in 7-1, it showed no close relation to foliar

the information o

standi®sn,

P level®™® or to folizr ¥ level and grow

In the authors’ opinion 02N HCI soluble POy contalns calcium phosphate and a part of

Poltony, Po0sore and Pyl of soil. The application of 0.2 N HCI soluble POy extraction for

ctermination of ifres-available phosphorus would be doubtful on the forest soils that are

scanty in Ca-phosphate and ample in PyOs.org.

The following information was reporied in foreign countries,

N

g of wvarious soft and

5 found a positive relationship between the fol
hard woods and exchangeable FoOs levels of soil, According to Wrnes®™ the available Pulds by
Truoe?® and Bravy no. 22 methods was morve closely related to foliar P level than total Pulds

of soil on Loblloly pine. Privcurrr ef L3 recorded a significant correlation of W NH,OAc¢

1

extractable P of surface soil with the hei

wht growth of Slash pine among varicus methods

for available POy determination examined. Barrarn® found that the available POy acrording

to Bray no. 2 and Cusee®® methods showsd a significant lnear regression with foliar P level

and the growth of Radiata pine among various methods examined.

&

Bacrarp? and Wnt® found a considerable contril - of <>rgani,c phosphorus to the phas-

phorus requirement of Radiata pine. Banrame found a significant linear repression hetween

Fols.org 0f s0il 2nd the growth of stand and that between E’QQSMOW and available POy according
to Orsey method.
As n

attaches importance

i soil that

oned above, the authors’ r.';'pmian on the phosphorus availability of for

nic phosphorus was rather different
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from the previocusly proposed avallable phosphorus in lnorganic form. However, the clarifi-
cation of the effects of other soil factors on the mineralization of organic phosphorus, the
mechanisms of its process and the form of mineralized phosphorus, etc. still remain for sub-
sequent studies.

The examination of the method of tree-available P04 determination is strongly desived in
reference to the mineralization of organic phosphorus.

T-2-3. E 0

The application of beiling N HNG; soluble K0 according to Prarr®® for the determination
of tree-available K0 was the first trial on our forest soils. Unfortunately, it showed no
nd as mentioned above

significant correlation with the foliar X level and the growth of stis
in § and 6

0, 2N HC soluble KO was investigated concerning available K0 of forest soil in our
country up to the present thme. According to the information gained by our researchers 02N
HCL soluble KO showed no close relationship to follar ¥ level®™®, to the growth of stand'®
and to foliar ¥ level and growth of standi®Hd,

In the authors’ opinion, 0.2 N HCL soluble KyO would be doubtful for the determination
ble Kai

In foreign countries, Wreuis® found a more close velation of follar K level to the rate of

of tree-avai

exchangeable K40 saturation than that io exchangeable K0 or H;50, extractable K 0 levels
of soil, Warkse®® recorded the relationship between exchangeable o0 levels of surface soil
and foliar K levels of various species of tree. Lzar® found that the boiling HNG, extraction
provided the sharpest distinction between K-deficient and nondeficient forest soils as detected
by the rate of growth and response of plaptation to K-fertilizer application.

Though the weight of available ¥ 0 of soil in the nutrient status of forest stand is ranked
next to N and P in our forest land, K is one of the lmportant slements in nutrient physiclogy
of forest tree. Unfortunaiely, the method for the determination of tree-available K in our
forest soils is still vague, hence much reliance is placed on subseguent studies for its establish-
ment.

7-2-4, Cal and MgO
t correlation between the exchangeable Cal and MpO status and foliar Ca

No significan
and Mg levels, respectively, was found in the study, and a similar trend was recorded ac-
cording to the researchers in our country as above-mentioned in 7-1. However, a significant
correlation between the exchangeable Ca0 and MgQO status and the growth of stand was
found in the study, and similar trends were recorded by the majority of researchers concern-
ing these objects in our country.

The authors’ interpretation on these lnconsistent results is as follows:

The direct (primary) relationship of exchangeable ©a0 and MgO status of soil to the
growth of stand via their supplies to forest stand was suspectable. Thelr relationship was
rather indirect (secondary), and it was also only the reflection of other soil factors strongly
affecting the growth of stand.

The topographical factor in our forest land iz most affectable on the sluviation of soil
basss from the dry types of soll at the top or upper part of mountain slope, and their illuvia~
tion to the moderately moist and slightly wetted soils at the lower part of mountain slope

by the movement of scil water along mouniain slope. The movement of soil water alse



induces a remarkable differenc

affect on the pH value of soll, and factors strongly affect the micro-

ed with C/N

bial activity of soil or decomposition as exp

and OfPa0 00y vatios. Thus the status of exchangeable Cald and Mg( status of soil revesls

an indirect refationship to the growth of stand viz tree-available N and P supgl

whips between soll property, foliar nutrient level and
ed that:

on of foliar N, P and ¥ levels, respectively, with th

ation on the re

An inve

paris obiuse stand sho

growth of stand of 50-60-yvear-old Chamarc

o

1 A significant correlat

1 My levels, respect

stand was revealed, bul no significant correlation between foliar Cs

and growth of stand was shown.

ted with the P statue and O/N ratio of soil,

2y The foliar N level sig

nificantly corr

and the follar P level with POt Palpoore and Polsore status and C/PyOsorg ratio of soll, too.

But no significant corvelation was seen between foliar ¥, Ca and Mg levels, respectively, and

corresponding soil properties.

corralated with Z\:i ?305&1:, })2{)», ~org andd ,?505»3?&

3y The growth of forest stand significantly

gtatus, O/ and C/POy o ratics, exchangeable Cal and MpO status and their rates of satura-

tion and pH value of soll, respectively.

43 The tree-available N and PoOy of soll wonld be most affectable on the growth of stand,
of N and POy avail-

and /N and C/Py0y.0rg vatios of soil were sugpested o be the index
ability, respectively.

5y The effect of K supply from soil to forest stand on its growth ranked next to that of
Noand P, but no loformatine was obtalned on the K avallability or tree-available By of soll
in reference to the follar ¥ level or growth of stand,

8) Though the exchangsable Cal and Mgld status and their rates of saturation of soil
closely velated o the growth of stand, their effects were rather indirect through the increases
of available N and Py0; supplies of soll according to the microbial decomposition of organic N
and P,

7y Tt s the first tri

of the working hypothesis proposed by the anthors that C/P04
ratio of forest soil would be an index of soil phosphorus avallability., Though it was verified

in the study, subsequent lnvestigations will be necessary for s universal agreement.
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