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Seasonal fluctuation of nutrient concentration in
larch needles
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[ 7 \ -
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Seasonal fluctuation of nutrient concentration in pinus needles
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Seasonal fluctuation of nutrient concentration in
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Seasonal fluctuation of nutrient concentration in alder and
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Table 6. 7 7 = EDHPERIOES AL
Nutrient concentration in larch needles on twig of
different position

| i Q
‘#J.E, B ' B B E Nutrlent concentration (%)
Position of twig N P K Ca Mg
e 2.28 0.14 0. 49 0.98 0. 47
G 2,25 0.13 0.63 0.82 0.38
1-year old twig 2,11 0.19 0. 66 1.18 0. 50
(Opposite leaves) |, ,, 0.16 0.63 1,02 0. 51
N ,,
(meil J)U (2.22) ‘ 0.16) | (0.60) | (1.00) | (0.47)
2 fE K 1,98 | 0.1 0. 41 1,03 0.38
2 1o i
(IR 2.3 | 0.13 0. 58 0.9 0.35
2-year old twig ! .
(Verticillate 2,26 | 0.17 0.58 1.27 0. 37
leaves) 2. 48 ‘ 0.16 0.53 0. 87 0. 36
SE PRI U EUSER EERR E
| e | 0w | @ | am | om

B RIS S AT, WADHRBIRIEDIEE S L TOESMTO 7 OEE OB, RH7ER & BG
DSROTRSDS, MADKISRBICHHICEN LCEB T 2 MEDL ST 2008 MY TRBOLEEL D
nNa,

Wharres? |2, BHEDO PR OIS T 2 DB & ONTH 508, JAHW®, Gesser 59 5 X 0 WeLLsé®
2, BELEPOBRET20BHELEEDNTNELELE (BT HINICETHD, TNIKIERETE LT

HolbWMLTWBEEEZLNS,

DEW, hT=VOEEIERICEET AATE, 2 FEICEET AWATENICESRES L oNTH
% &, Table 6 IK/RTEBDTH %,

N, P Bk Ca EETI, SEEER/AESDMICESD S S ERLLRITNS, K, Mg BE
TRAED G DT PICHVEHAERT LI TH S,

PREIE, RO N 7 =V IOV THR, EHRANCHE L, SRS U TSI A D
FHEID GENVEEARTCEEHEHLTO A0, KAEREIELEORRFESER DO THETE I
<, SEIOME, MEENTEBSEEOHELRD L IBTELD T,

Fiz, THVHEL Fig. 8 IRTHIFIC Lich - THEl, KEINOZIFICEY 280 BEL ]
9 5L, Fig. 9 0BV TH S, &MEEMNELT, N, PSXUKEER, 6,7 JiKid 2443

S ODBFAIETE, BRI LESICEEROHLOANENEI THE, LrL, 8HICIZHEAMY
FHTEN, 9 AN FAIETR X 2 PEETITEEO BN FTE i85, Ca B, N, Pk
FJUKBEOLA & ICHPEIEL D 2L TOTNOHBICBONTHEL, I KBTI YFELE
WM 2RI R D H R AEANA SN D,

Levron®(3, Z5uy Scots pine OIER, ERIOEONBEE S L 5, 2 AT M EATE X D IEEN
B, TSRO MEAEIMOMBICEL L2 DL ENEWMEL TS, T, FHE, EF2I3, 8
FLEDT Hw VI EDEMBEEEL LN, ERITR N, P, KEER2ELE L) MEALETESL,
Ca R ICYEEEL Y 2FELETHNEIDBS 5N 5. HHEATE N OBARUERTH > ThiE
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BTV DNTHLE, Table 7 ICRT EBYTH S,

N, Ca BETH, MEOINLREEDHERDE SPTEHRVS, P §
EdDhEd, K EEE, D.B.H. oS0 HODEESENEINICH 5o

T HZVICDNTIE, Table 8 KR TEEBDThHY, WIFNOBESERESS D.B.H oXk/pNE DI
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H—EOBAZRD L ERTERNEITE S,

Fio, ANV, vIH VNI DINTIE, Table 9 ILRTEBOTH 5o
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Table 7. # 7=V D&EEELN&EDES Table 8. 7 h~vOSEEL EFHEOES
BE DB RE & DR
Relations between tree size and nutrient Relations between tree size and nutrient
concentration in needles of larch concentration in needles of pine
= P Sih 2 D Y i o
REne Nutdient concentration (%) _ MEBE | Nutrient Concentration ()
(cm) N | P | K | Ca (cm) N P K | Ca
10.2 2,44 0,15 0.96 0. 43 13,4 1,48 0.15 0,63 0,23
9.7 2,11 | 0,14 0.65 0.55 10, 8 1.28 0.13 0.61 0.28
8.4 2,16 ‘ 0.17 0,62 0. 47 10,6 1,46 0.15 0.62 0.28
8.2 2.38 0.17 0.81 0.48 8.9 1.51 0.16 0,69 0.24
7.4 . 1,78 0.16 0. 46 0.63 7,7 1,43 0.16 0,71 0.31
7.2 2.34 ‘ 0.17 0.68 0. 44 7.4 1.47 0. 16 0. 57 0.38
6.8 2,67 i 0.19 0,62 0.53 5.9 1. 27 0.13 0.74 0. 30
6.3 2,17 0.16 0. 49 0.54 5.4 |1.14 0.10 0. 49 ; 0. 21
5.6 2. 34 0.19 0.68 0. 46 5.0 |17 | 0,19 0.77 0. 30
5.3 2,22 0,18 0. 46 0. 60 4.5 1.37 0.13 0.82 0. 20

Table 9. =Y, ¥ 7 h Vv ANQRTEEREEFEORMRE L ORK
Relations between tree size nutrient concentration in needles
of alder and birch

TR x5 4 B E

il F '[J[@') I%CE%* I‘mtrlent concentration (%)
Species Cem) N l P ’ K i C N
17.5 | 2.28 0.15 0. 35 1.99
) ey 16,0 2,42 0.16 0.35 2,09
% 15.0 2,24 0.15 0.53 | 2.25
Alder 13.5 2,25 0.11 0. 36 2,54
12,5 2.23 0.14 0.38 2.55
12,5 2,37 0.14 0.76 1.06
10.5 2. 54 0,18 1,11 1,44
Y7 2N 10,0 2.87 0,12 0.56 1,31

Birch

8.5 2,39 0.16 0. 85 1.36
7.0 2.29 0.12 0. 81 1.23

PDEDEHic, M—HoATOREKOKR s SEENESBEELOMICE, 77wV TIRP, KEE,
NAYTE Ca BEN D.BH OAkESEMELT, bIDIclEET2E0HERABAOLNL LD TH
LD, TATY, YIHVNTRERSED, ZOLDHMEARA LN,

IOD 2 F, PURFESFEERDDH S <y TOHEHERRIZ, R—HoNTcREERDRE JIKBELTE

N

IYIREAT D & —EOMWEMARD B ENTERLNEDNTIND, D& EFEEE, ARHESMERN

KHBE, BUABERDANCEBEBRICADNDLENT Y FOFNRRENVLEICEZLONS, L L, &%

R, BhokE sz DBH BIPLHE LT L, S, HEERESDBNCERERED,
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Wi & O h K

Y/ LZ%’,‘HO C/IO <‘l/ —}%f))(/) /)o

ZDicdlt, AF, BTy, Thwy, Nyrzwy, JELYOHENE, ooy, I h Y

TNTNOMADIE

EMADIENFRDPREEAIRT & Table 10 0 &3

NEEEL, —ics

WTI 2F, 75,

BETH DL, TN

Table 10, 4

ent concentration in leaves of various species

iR SOR:

K 0 B (4 gy e jj,t Nut‘:cm concentrat (%)
Species ‘ Age (Year) N P K Ca

. 6 1.2 0.29 0.98 1.16

A - 7 1.08 0.16 0. 60 1,24
Crybiomeria iahonica 8 1,18 0.18 0. 63 1.53

7 Japomea | (average) (1.18) (0. 21) (0.74) (1.31)
6 1.68 0.15 0. 64

T - Y 7 1.88 0.16 0.53
Pinus densiflova LN 65 0.17 0.¢68

(average) (1.74) (0.16) (0. 62)

_ B i 6 1,28 0.11 0. 68 0.48
o7V 7 1.31 0.12 0.55 0.51
Larix lebiolebis 8 1,35 0.11 0.61 0.50

plotel (average) (1.31) (0.11) (0. 61) (0. 50)

L X 6 1.66 0.21 0. 44 0. 42
NV R T 7 L 1.29 0.12 0.57 0. 42
Pinus banksiana 8 178 0.11 0.39 0. 54

(average) (1.86) (0.15) (0. 47) (0. 46)

L i ] 6 1.64 0.17 0. 45 0. 41
U S 7 1.42 0.12 0. 40 0. 53
Pinus rigida 8 1.65 0.17 0.61 0,42

(average) (1.57) (0.18) (0. 49) (0. 45)

6 3 0.18 0. 81 2.13

AN =Y S 7 3 0. 20 0.68 1.98
Alnus inokumae 8 3. 0.16 0.59 2. 90

(average) (3. (0.18) (0.69) (2.34)

L ) 6 2.12 1,05 1,29
v.o7 v 7 1.95 0.96 1,06
Betula platyphylla 8 1.78 0.94 1,67

(average) (1.95) (0.98) (1.34)

. 3 6 1,70 0.65 1,63
7 Ea 7 2,01 0.51 1,13
Fagus crenata | 8 2.18 0.62 1,48

‘ (average) (1.96) (0.59) (1. 40)

N \ 6 2.21 0.18 0.77 1,05

7 * F ‘ 7 2,17 0,17 0.79 1.25
Quercus acutissima 8 2.22 0.12 0.79 1.76

\ (average) (2. 20) (0. 16) ©.78) | (135
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ML 3~1.9%, AFHKIL 2BHIHRTH %

CTOXDIEEEREE EEREO N BEOENICDONTIE, BOCORETY, $HEENEN0.9~1.4
%, BRRILIEMDI. 0~2.3%, HIEMML. 7~3.29% 18- T o

PRERNEESIZELD, §, EIEWES 2 0 REENO b & 5 0ERZHED LN,

KEERNREEEZEHE OL TN, RESES—RICE L, SHEMBEENENZRLTO S, &
YT AN E - EBEN,

7o, Ca RER N BEIERICEERENE L, LO~28FRBEEIRL, &I, a5 VIid2.0%
UETH - b, TRV LT, SHERBIIEL, $90.3~L5ZB0HEMIcH D, £DHFTIEAFH
ml, TYHIEKO0. 52 LT D & D IBEWEER L,

PEDE i, &AL SEERMBOBENEL,
N & Ca BETHETH D,

HE?, Cow L0, BEK IV B ELINEBSDS D N & Ca BHEFEMOSR, HFM
BEEICHET L EPRENTEDDS, B Ca BERIIMBOENEE LI -T5,

Fio, FRENE, FIEOMBMRATN, FMIBOBEOFHERE R Ca 4B LBBREBENEZAT
BY, coRps Callk-T, MRBOERAZRS, OB THREIC X T 3 BREICH
LT3,

#ES LEOHRICE LY, N, P, K 8X0 Ca BEA 3 RIICHT T, ENBOREIX2HED
R LTH L E Table 11 1IRT B 185, chlcknid, N k283 Ca i X A255&
HERIC—H LT A, 20MOENMCONTR ST D EESA LN, LrL, 2&NICATE
BHED, oLl bBODEaNAY, VI HYANTHD, BODE, #7<Y, vV THDL, AFIEN
BEICBNTS - EHBEOBPRO /S Vv—FICA T D, T, CNE4DDESDILENREE-EH
B PEB-EBEBELIER, BEALE, TN TOMBIKELTNED, K & Ca 0HbDEH 5

BENEREA SN, &I, 2O

Table 11. & 2 B F o X 2 # & © # 5
Grading of nutrient concentration of various tree species

3 o B OE (%) T .
Nutrient |Concentration g Ll Species
1.0~2.0 ZE, BTy, Y¥Ewy, NVIRATY, THTY, ¥IHh /N
N [ 2.0~8.0 Fr, sxE
3.0~ N ) oy ) F

) ~0.15 + A F=y, NI ATY, TF

P | 0.15~0.20 VEL=Y, JRE, ThATY, AN/ ey F, RF
i 0. 20~ V5 RN
I 0.4~0.6 Ny R=y, YELTy
K | 0.6~0.8 TF, hT=Y, THTY, AN/ Ay £, AF, JRF
‘ 0, 8~ VTN
l ~1.0 V¥ Z=y, WY JRA=TY, ho=TY, THTY
Ca | 1.0~2.0 | 28, v3navs, 2RE, T

| 2,0~ AN wveanv /) F
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KOENPR—ELTORY, £CT, ZOAIKERLTLY

K>P DI

LTHAHE, N>Ca>
b, L
PEEBENREDS - EBENH T =Y, THTVEO= YR, N5Ca>K>P ONcE 752 2AX¥D 3
DDA A TN

{Iphassy, I hvn, 7F, 722, NSK>Ca>P oliliciEl 13

Zo kAL,
WS, BRI O I T & A F TP D 2o
3-3. ENBSEEL B0

i B SR oA D)k B

+ b

fbredo L,

79

FAE 4~ 6 HMICh T » TEIB Lo, CnoOfmkie s i,

"Ll Ty, ThHTY, DNANVEBIT YT oNHERGICHE

NAROTILRE DS R IR D (bR
BE AT D0 TR Ui,

BTy BIOT ey kB

DT, Tablel2, 13 OEBOTH 5B,
BRERGTE, A7 = YREMKDINE & i
THATYHIEEE O HTIED,
Uir L, WRIEEE &

MWHONDL LD THDLU,

B2 & A A IO

\ ~TINA

TEDS D BBDIA,

A s > 7
REB XU

T =T T A=Y T

SO ER DA SN Do EDOREINIC X 2 H 5 W33 2 #102

=X LD
LI2HDEDTH L P 20T

LR AN AN E AR AR

%

C-N #cid, ik

P& GAEZ T H S TRV, T A= YHROFNH 7 = VI DRSO

BENG, HTICED C-N ROETHA NS EOWES D LH9W, AHORITIRCO XS i

FHAE R TE, WS SRR LB KU OERIT S & S TR

LT BT 1R TH 503,
B0y D AT, T AT YRED B 7Y KO FIZZOH

IBRBONLEITH S,

DL, HITTYBIOT Iy RO (LN bk KO ORI ONTIES
E O BINAREDAEC LT TERNESTH D,

S EIz, Table 14, 15 t/R3 &80
ThHb,

FREEBIGRTIL, a0y TR pHSE, BEHIREL 0TH - 72 DAY 6 ~10FME L 72 AT pH

brs 2

5, MHEREEIT 4.0 27R L, OB ENt. co &, IR, IIRYOMETHLHEoNT

Hho B, HINC XA LBEOBIE O SNE, ¥ T H VT, BEEN
Hs, e X5

5HITIZD

DB DETIL S Db b .o
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Table 12,

BT vV MRLEEOD
Chemical properties of soil in larch stand

22 1 #E A

e e | =y e L o mE e 1 N/ DAY
(4F) = A - Exch, Nitro- | Cation |77 > > Degree
Age . acidity | Carbon gen | exch. | Exch, Exch. of Ca
(Ygar) Horizon (H,0) Cyo) %) @ | capacity] Ca Mg satura-
a © 20 (m.e) | (m.e) | (m.e) tion
5 Aq 6. .6 6.2 0,51, 12.2| 29.0| 14.60 1,61 50. 3
” 6.5 .6 0,45 | 14. 28.2 | 15.02 2.15 53,2
5 A 0.6 6.2 0. 49 1 12,7 33.6 16. 36 0. 80 48,8
” 0.6 6.5 0,51 12,7 31,8 17,63 1.02 55,5
10 A1 6.0 0.5 5.9 0. 49 12,0 24,3 14,76 0.32 60. 7
” 6, 2 .5 6.9 0. 60 ; 11.5 41,2 18.78 1,89 45, 6
0 Ay 5 0.5 6.0 0.51 11.7 30.1| 15.50 0.78 51.6
” 6.0 0.5 7.2 0.63 11,4 35. 3 17,82 2,13 50,5
e Ay 5.5 2. 7.6 .62 12,2 33. 18.55 0.98 56, 2
” 6.0 1, 9.4 79 11.9 34.3 | 18.16 3.04 | 53.0
— 1
13 Al 5.7 1.1 4.4 .43 10.2 23. 16,03 1.47 67.6
” 6.0| 0.6 8.1 62| 13.1| 352 18.80 21,6 53. 4
4 A1 5.9 7.2 0.51 14,1 32. 13. 59 1,37 42,2
” 6.0 1. 7.3 0. 64 11.4 1 30, 17.38 2.56 56. 8
) BB X
TE AR
Remarks) Upper : Fertilized
Lower : Unfertilized
Table 18. 7 # =~ v WK £ o b % W 4 E
Chemical properties of soil in pine stand
< 1t e e e b . | . >,
GRS o b Exch, Nitro- Cation |V ¥ 7 HF YT 4 Degree
Age Jgosioon (FL,0) acidity | Carbon gen -] exch, | Exch. Exch of Ca
(Year) 2 () %) (%) ratio |capacity, Ca Mg satura-
! (m.e) | (m.e) | (m.e) _tion
13 A 5.0 11 9.2 0.62 14.8 31.5 6,24 0. 83 19.8
’ ” 5.5 1.1 6.0 0.45 13.3 30.3 6.55 1,06 21.6
14 A 5,3 1.1 9.4 0. 68 13. 30, 4 7,46 0. 88 24,5
’ ” 5.6 1.1 5.8| 0.42] 13 25.6 | 7.95 1. 31,1
‘ ~ . A — B P
5 | A 4.7 4,6 9.8 0. 63 15.6 33,3 6,87 18.0 20,
” 5.3 2.8 8.6 | 0.54 15.9 | 34.0 .91 1,87 29.2
g A 56| 23 86| 0.60| 143 348 12.78 1,96 36. 8
” 5.9 1,5 5.0 0.38 13.2 25.0 9.03 1.(‘47 36, 2
) LB MK

B ALK
Remarks) Upper : Fertilized
Lower : Unfertilized
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ol
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R ! R P
WA HTIC &

HMARDR R BWIC TN 4 2 3 DK

i jisd
TEL T U s

N DAY

VNS

/ Exch, Cation Degree
re R a idi o oe NN 3 1 P "

A§c Horizon| (H,0) acidity | Carbon|  gen Qﬁv N _exch, | Ex 1 of Qd

(Year) Cy) (% (%) ratio [capacity] Ca Mg satura-
71 o 2 F(m.e) ! (m.e)| (m. e) tion
i fi T - T . T T

LA, | s8 Lo 1 0.8 0.85| 12,7 421 ‘ 12,44 0. 80 29,6

L ‘ ! N ~
P A1 3.4 9.9 32.6 4,89 0. 33 15.0
O
i 7” 5, 7 1.5 9.9 | 31.8 36 0.32 23,1
‘ | ! ;
- - | - P ~
; Al 5.2 2.3 10,0 ¢ 0. 81 12,3 ‘ 40, 4 6,08 0, 20 | 15,1
” 5.5 2,3 10, 2 0. 80 2.8 29,3 6. 87 1,08 23,8
- ; - -
A1 5.0 2.3 10,9 0.95 11,5 43,0 6. 87 0,98 16,0
8

” 5.2 2.3 1,z 0,97 11,5 40, 4 9,52 0.79 3.6

. A; 5.1 3.8 10.2|  0.85 12.0 | 6.28 0. 88 15.0

’ ” 2.5 1.3 0.95 ‘ 11.9 | 9.72 1.08 | 22.0
o Al o.1 3.8 11,1 0. 87 12,8 39.0 5. 61 0.79 14,4
o ” 5.4 2.8 n 0. 92 12,4 4.8 | 8,94 1.28 21,4

Lower : Unfertilized

Table 15, ¥ 5 & v /N K 4+

Chemical properties of soil

4 R WYy o~ '
(4F) i A pH EX(,h
(éﬁgﬁe;) Horizon| (H,0) acidity |Carbon gen

(30

C-N :
ratio capacity
(m. e) | (m.

| Cation
exch,

VT A
Exch.

Ca

S| vy

1 Ay 5.8 1.0 12.7 | 4201 12.44
, A 5.6 0.9 9.7 | 0.76| 12.8  34.6, 6.27 0. 42 18.2
6 |
v | 60 0.5 9.5 | 0.77 12,31 34,9 72 1,52 27.9
i |
|
i A 5.5 2.3 05| 083 11.4] 380! 618 0.98 | 16. 3
' " 5.7 1 9.6 0.8 120 37.9  8.64 0. 86 22,8
Al 3.4 10,9 0.87 39.3  5.32 0,84 13.6

” 6.0 9.9 0. 85
0 Al 5.0 2.5 0.1 0.82
1(

” 6.0 1.3 10.0 0. 83

12,

=

o,

9.

99 |

03

A B X
FE: : BRI

Remarks) Upper : Fertilized

Lower : Unfertilized
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CTOEXII, a9V, ¥YIHVISRICBOTIE, I KD BOBmE LT L, EfiERE O R
DOBEIRLEND 0 CRHEOBEIICEEDCBDEEZLNDL XD TH S,
FEOMENERICT T ABIEOEBRIC DN TN L 2O ENH LI, AFHRICELT, FHHE®Z
T L O EBO LD RE, ERME L IETERD, L LPERBIKO C-N ZrfERic 5
NUONS Y, DEEBAOMEBEESN, FRICILTRVWERE AL EONTIN S, R,

BESTIZ, MEIBRIZEREIEO LRI AR TR VY A2 N EDNTED, EHEL®E, BHod b
DNTOARMTIE, EICHVY YL, =03 v T AEMEICHERENA LN, IR0 8O (L
KBIBTEEERD TN DL, B 77 YRIBLTH TS, REBXID C-N RTHLEXI/NSOE
THIRT EDNTEY, THwYMRICE L THEL, BIERKTERE2EOEAL, C-N £/ 37130
BRIV T LABEEEEDNTN S, T, B AR, Blickd C-N EZBMETLLED
NTWN 5, 2D, W, KEYE, =/ =Y RICBE LT D RE, EXBLUCBHRMEI vy Y
AR LIz EDRT B

ukmﬁmﬁ%@%%@,W@K$cfimégﬁ%%b,é%%mﬁﬁ?é@ﬁ%@wﬁ?c&@@
HTEH DY, HIICX2TEPORE, ERBICBREI LYY 20K, C-N ROBETFEEDHE
MiREDENE LS TH S

AEOHELEOHED, FROHTEEORKR L —ET HEMAAERD S EMNTEROD, INAY, ¥
55 Y NKRTOMIIC & 5 TIEO BB v 9 A, = 04 vy AL OEANED b,

(2) MAROTENESEE

BT, ThHTYEIEDRNEREZ, Table 16, 17 [K/RTEBD TH b

WL S 2, 30N EDZTIE, EON, P, KEENEECK > THEINL TS T Eishirsd,
COMEMEINEESELRETHE S, chiciz LT, CafliER T A=Y TROTHICEIL TN B0
H 7=V TS E O PREMIED SN0,

RAEZANIE, 77V TEN, PREG--EDHINNL SNV, K, Ca BETIZEMHOIEMC S
15> THAT 2B E6NE. Fi, T 7Y CRNBEOEMAMSS SN, P, KEER
B OERAERL, Ca BESEAT 2WENED SN D,

—MRIC, BHROENIC X > THHESMORMEES LT 2EMBMEN TS, TiHb B, FHEW
1, MREINIC AF ORIPOBPEEE L S, MO & 78 - CTEBMOBRSWEITET T 5 L0

NTHBY, Ff, MARPEAAEECOMETE, T iconT, N, PEIUKBERETL,
Ca BETIE—EULRLELARIMTNEDNTIN L, —F, CRICTKVWLT, LR, 7H~ YTk

EORIICE 75 - TO—EDLEAARIBNEBELTN S,

2T, AFICDOTIE, N, PEIUKRBERHKKBOBMICE 18- TRADT 2EHANA LD
KIThHbH, LhL, GHOKERTIHE, 7hHwvilEoPr, KBESICOH 7 v VEEOKEER, K
OHEREEBITH L, CaREEMNERTHEMNSES SN/, 2D &, AMxg e Lo BFEOKEDS
BT, BORnBok, 5500, EZAWSERHTZ Calcksd K 0BRSS SND A 4 /RO
PUERICE AREE LTAHBRNESDROM, 4BROBRFE TS0,
DEI, ANNVYBIUY T H Y NOENBNEEILDNTAH S E Table 18, 19 iR T &E D TH

%o
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Table 16. #7=v§
Nutrient concentration in larch needles

TN \ E .
Rl i§3> | L fa _ Nutrient Umcsn‘frr i
(Ycar) Treatment N P | K Ca
. | # B Fertilized Lss | o015 | 0.80 lqm
b Unfertilized 1,03 | 011 0.25 | 0.40
S| | | N
. ‘ Fertilized 2,03 | 0.14 | 0.28 | 0.50
! Unfertilized 1,92 0.13 0. 26 i 0.53
o Ui J Fertilized 2.07 0.19 0. 54 0. 48
) | € i JE Unfertilieed | 2,03 | 0.17 | 0.56 | 0.4
. ' i B Pertilized 2.13 | 0.28 | 0.74 | 0.63
. Unfertilized 2.18 0.21 | 0.67 | 0.56
> i it Fertilized 2.08 0.30 78 .52
' M fi B Unfertilized 1,94 0.20 0.68 0.94
" JiE T Fertilized 1.79 0.23 0. 80 1.26
it W5 I Unfertilized | 1.74 0.15 0.75 1,30

Table 17. 7 &=V $IEDIRILE
Nutrient concentration in plnc needles

®4 wE

b il Nutrient concentration (%)
. -
Treatment N ‘ P K Ca
. fi 1 Fertilized 179 | 0.3 o 40
- e e NN Unfertilized 1.60 | 0.38 | 79 .36
. # I Fertilized 1.92 | 0.20 ‘om L 0,40
& B i Unfertilized 1.42 | 0.16 | 0.62 38
y i I Fertilized 1,61 | 0.17 ! 0.65 0. 46
i i o U Unfertilized | 1.46 | 0.13 | 0.60 | 0.42
y it W Fertilized | 1.78 | 0.19 | 0.62 | 0.41
5 ! |
e Mg B Unfertilized | 1.64 0.15 | 0,58 0. 40
i |
. | i | |
6 | il Fertilized LoLs7 0.15 | 0.64 0. 68
i s B Unfertilized = 1.55 | 0.17 ‘ 0.60 | 0.55

MEAE S &, WK OHER N, P, K EEICBNTRDOLEWVENARL TV AA, Ca lERIICE
W AR LT 5,

BAFEICDVTR, I/ AYTRN, P, KBS SERINNE & & ICHDOERERT S, Ca il
CEBE S TRHDT 2 HANA SN

FUAEAITH-T, IWRYDYFH DR T

BERIHEONTIRV, ¥YI7HVANTEEESES, DINHE
bo TR DFENIEE D AF TORE LIZE

REOWINCE 78> T N, P RERBLOENES SN, Ca BERBMOENERT EDORTE

D, AHEOFEEZEL > TIND,

NBEZHEST A&, 3,5V TE2.5~3. 5% RETHADICHLT, #I<
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Table 18, a/,N/ v<wov/ FEDHESIERE
Nutrient concentration in alder leaves

kA ®  H B E
/M\;ig?‘) Ju feiel _Nutrient concentration (%)
(Year) Treatment N | P | K Ca
. W B Fertilized | 3.39 | 0.20 | 0.72 | 2.05
£ i I8 Unfertilized | 8.49 | 0.18 | 0.81 | 2.13
. i Il Fertilized 3. 30 0. 24 0. 70 2.00
M i AN Unfertilized 3.22 0. 20 0.68 1.98
5 i o Fertilized 3.19 0.18 0. 65 2,47
# Hi B Unfertilized 3.04 0.16 0.59 2.90
5 i M Fertilized 2.58 0.16 0. 63 2.10
| % & & Unfertilized 2.75 0.15 0. 48 2.96
|
I T
o i B Fertilized 2.40 | 0,10 0. 41 2.21
) & Mo B Unfertilized | 2.30 | 0.08 | 0.42 | 2.29
Table 19. ¥ 5 5 v ANEQEDIEE
Nutrient concentration in birch leaves
- R i = ﬁj\ o B
S HEA (£ | 1E 1=
Mgﬁé?’ L it .__Nutrient concentration (%)
|
(Year) | Treatment N P 1 K ‘ La
. W B Fertilized | 213 | 0.20 | 1.24 | 1.8
4% & B Unfertilized | 2.12 0.21 | 1.05 1.69
‘ :
. | ,IE Fertilized 2.03 0.22 | 1.13 1,32
g Em I Unfertilized 1.95 0.20 | 0.9 1.66
8 )jfﬁ = Fertﬂlzed 1,58 0.32 1,10 1,28
i }fﬂ: i Unfertilized 1.78 | 0.20 | 0. 94 1.67
o i ,I]E Fertilized 1.65 0.18 | 0.79 1. 24
’ M i I8 Unfertilized 1.88 0. 14 0. 80 1.55
. | # M Fertilized 168 | 0.13 | 0.60 | 1.24
| 4% ¥ I Unfertilized | 1.76 } 0.15 92 | 146

Yy TATY, YIHVNELO~2BRETHED, TBRO X Dica ysiiiEL DIt s picE<,

JERIAR & L TOREERL T A%,
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+iEo pH SHEORNERE S OMFRIE, Fig. 10 0L THY, H#73<ViZP, KEEN pH DK
TEEBICHINT AEMIEE S 4D, Ca i TRBEEERD onih, Eh, TATY TR PR
EIZIFEEEERTS, KEETRZOMEMERD NG, CalifliARELOMBRERD ST
EBTE D,

DEW, anny, vIpYNTOREESS L, Fig 1L 0LBOTHY, A vidndhb M
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1D C-N BLEONEE - OB, Fig. 13 [KRTEBDTHY, #7<VidlED C-N FED
BRICEBE-T, EONBEEOEINERTACBEFENSA LI, THYTIEIED C-N EOIEKRICS

7 -TC, EONRESMNT 2EOMBENAHONDELITH b, LrL, I/5nY, ¥IH VNN
TIFBEME AR 5 T ENTEIRD,

THEOBREA VY Y LB IURMELED Ca BELOBRKRIE, Fig. 14BX
Thh, »7vYTIREEE BEEMNTHIRN, UL, TATY,
ANy Ld 50V ERMTEOCEAICE b1 > TR0 Ca BESEINT 2
ANV TRBEOERIEA VY Y AOBERICE - THED Ca B ELIRA
B, Ky AEFIEEIBEEEERD A EIRTERD,

TN E MR DEDESEE E DBARICONT, FIEORRTIE, Baro®ld,

C1BIRTEEB D
VI vNTE B OB
BRSHED SN L. E,
HANBED SN EL5TH

Kpu

4D pH OIK

TICE - TERDE, LEMOEDP B LUKIBEENEMNT 2 &L DT 5, Fuercuer 5903, -HiE
FOPEEDOPEFOEICHEND 5 ¢ L 2ME& L, Weies® |2 HIEh O TSN S EONEE, BihE
PLPREEOHBELRD 2HEE2 LTS

DUBEORRTIE, EA MBYOL / $HTHE, LERONEHERONRE L OMICE—EDBERH

H ORI EHEL TN S, WHL®E, THwvEED N, Ca BFRERLO C-N X, #EHikl



BESITIC R D MR DRI I T 2 2 - 3 D% (1R — 59 —

NNV L, RRRIEOC BN AR U s, Ca JE BRI #5255
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EDINC O T LN SHBESTED ONE LI THL DT 5,

PEo&Hic, €NTNHRE LT I2BFITERL 0, FEAROKME T EEOWE & DR
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&, —EDBEAEANET T T

HBD EB 0, SlOFEFHDRI, 18O pH 3O P, K S0 Ca BELOMIC, F/, 18
EEOMICHME M 2 N TE . L, &R
M DBIRAE AT b DICT X

MRENEDNTING, i,

{H M) VCO‘BZ)O

DL R v v &, FRIEEZEO Ca i

BT, S E 7oL
Ca 2 & OBRIC DD TR A B O

LTo P, K BXU

Fte, OHELE, SHUEK AN S L Z DA FT i RO
g 5 E0NTED, HOWE, GHiE ET RO

EBTBLTOE, TOXDUHRPO AT, FENEHREE LSS OBETREEERSS -2, T

oo T HEDERAEETTOT —4 D I D

B %

CHRDLOPEDHELPICTH T E1F, HAD
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Table 20. » 5 <= v o K E

Growth of larch trees

o () it i Height (m) { M # E & D.B.H. (cm)
Age (Year) R T B % e m
~ Fertilized | Unfertilized Fertilized Unfertilized
8 7.4 | 7.5 7.6 7.3
(1963) I ‘ I T T
9 .8 | 7.9 B S 27
7,1~8.6 | 7.6~8,3 7.6~8,5 7.3~8,1
1964 . . i . . . . . .
( ) (0. 4) | (0.4 (0.5) 0.4
10 84 8.5 8.1
(1965) 7.8--9.1 \ 8.0~9.0 7.6~8.5
©6 | (0.4) ©.4)
11 9. Z, | 9.0 9.z
(1966 8. 3~10,0 8.5~9,5 8.6~9,8
(1966 (0.8) (0. 6) 0.7)
12 9.8 ;‘ 9.5 10,1
79.0~10.7 | 9.0~10.1 9. 4~10.8
196 . . B . . .
(1967) 0. 6) ‘ (. 5) (0.9
3 10, 4 \ 10,0 ‘
(1968 9 7fv11 4 | 9. 5~10, 6
(1968) o8 | (0. 5)
1) HFREFEEM, AHRRREEERT .

Remarks) Numerator shows average and denominator shows range.
( ) BtES, Increment
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Table 21. 7 # = v © Kk E

Growth of pine trees

P G by 5 Height (m) BB % D.BH (cm)
Age (Year) 5 B | E W e | fE B e M B
Fertilized Unfertilized Fertilized | Unfertilized
12 48 AT __ 61 6.4
(1964) 4, 2~5.6 4, 25,5 5.0~7.0 3.6~8.7
13 55 __ 54 __ 66 __ 67
(1965) 5.0~5.9 4,7~5,8 5, 3~7,9 3.9~9,1
0.7) 0.7) (0. 5) 0.3)
14 __ 61 .58 | 7.0 1
(1966) 5. 46, 8 5, 1~6.7 5.8~8.7 4.0~9.8
N 0.6) (0. 4) (0.4) (0.4)
15 __ 6.6 63 _ s 7.4
(1967 5. 6~7.6 5, 5~~7.0 6.0~9. 8 15102
. s (0. 5) (0.5) (0.5) (0.3)
16 7.2 6.8 80 _ 7.8
(1968) 6.0~8, 1 6. 1~7. 2 7.0—10.7 TEC1L0
0.6) 0.5 ‘ 0.5) (0.4)
I ATFEEEE, SBRERERT,
Remarks) Numerator shows average and denominator shows range.
( ) pgiEH, Increment
Table 22. 2/, ) ¥ =V ) FDBE
Growth of alder trees
o o Tt ® Height (m) WEEZ DBH (cm)
Age (Year) i B W Tt R
Fertilized Unfertilized Fertilized Unfertilized
4 8.3 73 87 76
(1964) 7.4~9,3 6. 1~8.5 5. 612 4 6. 2~9.5
5 93 10.2 8.9
- 8. 5~10.0 6.8~13. 8 7.6~10.9
| (1965) (1.0) (1.5) (1.3
| 6 __ 9.6 1.3
8.9~10, 4 7.5—14. 6
1 “ .
(1966 0.3 (1)
; 103 \ 9.7 12.2
9.1~10.8 | 7.8<10.0 78, 4~16, 2
(1967) ©.7) (.9 (0. 9)
5 108 10.8 12.8
9. 5~11.4 8. 2~10.5 9, 0~16.9
(1968) (. 5) (0.6 (0. 6)
10 _ L6 13 __13.8
: 9. 6~13. 2 8, 4~12.7 10.0~17. 5
(1970 (. 8) (1.0) (1.0)

) ATRYEE SREEEERT,
Remarks) Numerator shows average and denominator shows range.
( ) REER, Increment
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Table 23, v 5 H v N O kK £
Growth of birch trees

T WG i) =2 Hi*lght ’m\ M E % D.B.H. (ecm)
Age (Year) DI e K T e
| Fertilized | Unfertilized Fertilized Unfertilized

4 5.5 R 61 L
(1964) 4,2~6,5 2.0~5, 4 3.7~8.2 2.3~5.8

. 6.7 I 5.4 7.6 5.3

p 5.2~7.9 2.6~6.8 4,298 1~7.0

196r . . . » -
(196%) .2 a s (i.5) ©.9

p 8.2 6.5 8.5 6.4

p 6. 2~9. 2 X 8~7. 4 1.5~11.5 T3.6<8.3
966 : .
(1966) (.5 ) ©.9) (o

7 88 s 9.2 6.7
(1967) 6, 610, 1 5.8~8. 7 5. 0~~13.0 T4.0~8.5

(0.6) (1.0) | 0.7) (0.3)

8 9.6 87 %7 73

(1968) 6.9~11.0 6. 6~10.1 | 5. 7~13.6 1.3~9. 4
(0.8) (1.2) ‘ (0.5) (0.6)

9 . 10.5 9.6 1 9.9 8
(1969) | 7.3~12.2 6.8~11.3 5. 8—14. 1 14210, 2
L (0.9) (0.9) | (0.2) (0.5)

10 __11.8 105 L 81
(1970) 8.0~13.3 7.3~12.6 §0<15.5 1 5<11.0
¢ (0.8) (0.9) (0.2 0.3)

) A EEE, SRNGEEETRT
Remarks) Numerator shows average and denominator shows range,
( ) lES, Increment
BIEITDLEHSONCT HT LT, ABOWHMIBEOR AR S 2720 d, & A0 IRMINERE
ORIV LI L& h 5 FICb EDDTHEELZEZ 2,

AT, FEILIC X 2 HMARDIRBOBAER~2 BNTERELTWD AT %Y, TH=Y, asny,
V55 VANOERBICOWVT, EHFIC X - TRIN S MARDOIIRIRAEN R IE & & D L 5 73 Bk 244
EWIOOTHE Lic b TH Do

(1) MARORRE
BRI M DAB0AE SR ORI, M@ A WE L, BEARH A,
hF=Y, ThH=TYOREL, Table 20, 21 LRI BV TH S,

7=V ORERICE JETHIECEER, MECH L ThIPcEY e BETHD, THTYESE
WTHE, DITPICEDONEBETH -7,

DEI, ANY, VIR VANOKRER, Table 22, 23 1tRTEBD TH B,

TR 6 FEIH OB ERGRIE, Wk

EBBERERES L AR LT, TnLBOI0EE TD

BERUECETOENZRL TN S, 20k, HEEE bR DT, REICE JETHNOEE L

B ERFTENL, OISR SER LI EVIEETH D, TOBBIIGNICGED bhis i
TETN5,
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(2) EOBSRED JCREL
BITY, TH=Y, A/0Y, V35 HYNCO0TOERNEMERER, + Tk Table16~19 TR L,

METONIZEBOTH B,
ZOEINBED SRANDERS DHERERE 5 v)mé", N/P, N/K, K/P XU N/Ca %0
o e R 7t

B 5=y DESHIL, Table 24 iTRTEBVTH B,
12, SRR & B ICRBIUNS B AEIRL BN, KP id, NK e

T,
LICDNT DN 5,

N/P g, FEMEHELhTREND, NK
FVEE UEERT IR

Table 24. » 5 = VétEORS
Nutrition balance in larch needles
e = 7 id )
44\?@;?) bl pict Nutrition balance
(Year) Treatment N/P | N/K | K/P | Nica
5 i % Fertilized 10,3 5.2 2.0 4,6
M B B Unfertilized 9.4 4.1 2.8 2.6
9 bl % Fertilized 14,5 5.3 L1
M W Unfertilized 14,8 5,3 .6
0 e B Fertilized 10.9 3.8 2.8
M B Unfertilized 11.9 3.6 3.3
. b i Fertilized 7.6 2.9 2.6 L4
4 H5 IR Unfertilized 10, 4 3.3 .2 .0
12 i it Fertilized 6.9 2.7 .6 4.0
& #8 I Unfertilized 9.7 2.9 4 2.1
13 ik i Fertilized 7, 2.2 .5 1.
M fg B Unfertilized 11, 2.3 .0 1.
Table 25, 7 =V $EDEH
Nutrition balance in pine needles
Mifﬁ%g(i'e) L il 7 Nutrition balance
(Year) Treatment N/P | N/K | K/P | Njca
- bt = Fertilized 5.1 1 2.5 4.5
e At #E  Unfertilized 4,2 .0 2.1 4,4
13 il i Fertilized 9. 3.0 3.2 4,8
& i fT Unfertilized 8. 2.3 3.9 3.7
» ik HE  Fertilized 9.5 5 3.8 3.5
) 4 i B Unfertilized | 11.2 .4 4.6 3.5
s M B Fertilized 4 9 | 3.3 4.3
& J B Unfertilized 10. 9 | 3.9 4.1
% i B Fertilized 10,5 2.5 4,3 2.3
i Hi B Unfertilized 9.1 2.6 3.5 2.8
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WRELIRBEXLDITH B,

H17 =Y DESIICONT, R0, NK RS RADRRAIC /NS WEZER Lchs, NP, N/
Ca BLU K/P MTiREBRAKEREAREOMICHEN S SNBNEIEMLTHW S, —, #FHW®IE, K
RORIFEHIEKDOES, oS ER LcEDNTN S,

UL, AR TE, K/P 3l oV NS NEZR LT A48, N/Ca Tl il X 25K &
WEZTR U,

T Ay OFESIEIRT E Table 25 DEBYTHE, 2T NP ko2l s, KSR ORS
NIHEPEATEE—EOREER TV LITH D, COXHBMEMT, WHLP O EFERD XS
THbo

Table 26, =z/N) Y=y ./ FTEDRSIT
Nutrition balance in alder leaves

L 7% o Ji7
M%‘;ﬁsj) AL L Nutrition balance
£ : (S i
(Year) | Treatment N/P { N/K K/P N/Ca
. i i Fertilized 17.0 4.7 3.6 1.7
i B I Unfertilized 19.3 4.3 4,5 1.6
. i U Fertilized 13.8 4,7 2.9 1.7
i 5 B Unfertilized 16. 1 4.7 3 1.6
5 i B Fertilized 17.7 4.9 3.6 1.3
i 36 " Unfertilized 19.0 | 5.2 3.7 1.1
o i & Fertilized 16,1 4.1 .9 1.2
’ $E Hg JY Unfertilized 18.3 5.7 3.2 0.9
0 i E - Fertilized 24,0 5.9 4,1 1
e B B Unfertilized 28. 8 5.5 5.3 1.0

Table 27, ¥ v NEDODEHE S H
Nutrition balance in blrch lcaves

o e N
%t*,_j\ng('elﬂ) i pii! Nutrition balance
(Year) Treatment N/P i N/K { K/P ] N/Ca
p yiH B Fertilized 10.7 1.7 6.2 1.5
Me B e Unfertilized 10. 1 2.0 5.0 1.3
, # [ Fertilized i 9.2 1.8 5.1 1.5
i #5 B Unfertilized 9.8 2.0 4.8 1.2
g i M Fertilized 4.9 1.4 3.4 1.2
4 #5 0 Unfertilized 8.9 1.9 4.7 1.1
5 hiiik B Fertilized 9.2 | 2.1 4,4 1.3
e fi % Unfertilized 3.4 2.4 5.7 1 L2
| i
0 il B Fertilized 1229 | 2.8 4.6 * 1.4
it B Unfertilized 1.7 L 1.9 6.1 } 1.2
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Table 28. #5=Y, THATY, AN/ ¥= v ) FBROY I HVNEOEFRE
The range of the nutrient concentration and the nutrition balance in larch,

£ o = ey B
P ] M T Nutrient concentration (%)
PPECIES Treatment
G D N P K Ca
71 i? ‘g v i I8 Fertilized 1,55~2,13 | 0,14~0.30 | 0, 28~0. 80 | 0. 48~1, 26
arc . . e
(8 ~13) 4 J5 B Unfertilized | 1,03~2,18 | 0,13~0,21 | 0.25~0,75 | 0. 54~1, 30
7 {%_ R i BB Fertilized 1,57~1.92 | 0,15~0, 35 | 0, 62~0.87 | 0, 31~0, 68
me
(12~16) i 5 )& Unfertilized | 1.42~1,64 | 0.13~0,38 | 0.58~0.79 | 0, 38~0, 55
anys 2;&;/\>// F| 5 JB Fertilized 2.40~3.39 | 0.10~0,24 | 0, 41~0,72 | 2.00~2, 47
er
(6 ~10) | 48 H5 B Unfertilized | 2,30~3.47 | 0.08~0,20 | 0. 42~0,81 | 1,98~2.96
v %S.ﬁllV N ﬁﬂ BB Fertilized 1.58~2,13 | 0.13~0.32 | 0. 60~1,24 | 1,24~1, 38
1rC
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Some Considerations on the Diagnosis of Nutritive Condition

on Forest Trees by Leaf Analysis

Kazuaki Goro®

Summary

1. Some discussions on leaf analysis were made, necessary for investigating the several
nutrient amounts contained in forest trees.

1) The seasonal trends were examined on nutrient concentrations in mesophyll of Larix
leptolepis, Pinus densiflora, Cryptomeria japonica, Alnus inokumae and Betula platyphylla var.
Jjaponica.

As shown in Fig. 1 and Fig. 2, Pinus densiflora and Cryptomeria japonica, and Alnus ino-
kumae and Betula plaiyphyllia var. japonica were like each other in their seasonal trends of the
nitrogen concentration and the phosphorus concentration, respectively. But, the trends of the
calcium concentration were not always uniform among different species.

As shown in Fig. 3, every species showed almost equal pattern on the seasonal trend of
the calcium concentration, that is, it gradually increases from spring to fall,

2) Nutrient concentrations were also examined at every leaf position in a crown.

As seen from Fig. 5, Fig. 6 and Fig. 7, the higher concentration on nitrogen, phosphorus
and kalium were found in the upper leaves of the crown, but on calcium, in the lower,

3) Comparisons in nutrient concentration were made between new leaves and old ones of
Pinus densiflora.

The high concentrations on nitrogen, phosphorus and kalium were found in new leaves,
but on calcium, in old ones.

2. Comparisons in nutrient concentration were made between leaves of coniferous trees*
and ones of broad-leaved trees**,

The higher concentrations were found in leaves of broad-leaved trees more than conifers,
as given in Table 10.

Each species was classified into 3 groups shown in Table 11, at every nutrient concentra-
tion and at every component.

Judging from above-mentioned facts, it is thought to be the best that samples for leaf
analysis should be collected from new leaves of the upper parts of a crowrn.

3. Relationships were discussed between nutrient concentration of leaf and chemical pro-
perty of soil, on Larix leptolepis, Pinus densiflora, Alnus inokumae and Betula platyphylla var.
japonica.

1) As shown in Fig. 10 and Fig. 11, some correlations were found between pH of soil
and the nitrogen, phosphorus or kalium concentration of leaf.

2) Correlations were not found between the nitrogen concentration of leaf and one of soil
or C-N ratio of soil.

* Larix leptolepis, Pinus densiflova, Cryptomeria japonica, Pinus vigida, Pinus banksiana
** Quercus acutissima, Fagus crenata, Alnus inokumae, Betula platyphylla var. japonica
Received June 28, 1976

(1) T6hoku Branch Station.
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3) On Pinus densiflora, Alnus inokumae and Betula platyphylla var. japonica, some correlations
were found between the amount of exchangeable calcium in soil or the degree of calcium satura-
tion and the calcium concentration of leaf,

4. Relationships were discussed between forest tree growth and nutrient concentration of
leaf.

1) Correlation between them was rather vividly found in the kalium concentration of
Larix leptolepis.

In the phosphorus and calcium concentration, they can also ae found slightly, as seen from
Fig. 16 and Fig. 17.

2) It was faintly found in the phosphorus and calcium concentration of Pinus densiflora.

3) It was clearly found in the nitrogen and kalium concentration of Alnus inokumae.

4) It was found in the nitrogen, kalium and calcium concentration of Betula platyphylla
var., japonica.

5. Nutrient amounts contained in forest trees which were made clear through leaf analy-
sis can be considered as a reflection of the nutrient amount in soil, because that there exist
the facts that the correlations were found between nutrient concentration of leaf and forest
tree growth.

Therefore, this method of “leaf analysis” is thought to be useful for investigating the sev-
eral nutrient amounts contained in forest trees.

In this paper, the author discussed some questions caused from using such a method.






