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Fig—2. Location of the plots studied and poor plantation of pine at Futtsu,
Chiba Prefecture. :
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Fig— 3. Longitudinal section of the belttransect 1 and 2 shown in Fig. 2 at Futtsu.
Curves at upper part at each sketch indicate the courses of height growth of pine
trees at different plots by the arrow.
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Fig—4. A poorly growing 17-year-old pine stand

at Futtsu.
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Fig— 5. Soil profile of a poorly (left) and a well growing pine stand (right).
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Fig— 6. Variation of water table at plot C and D shown

in Fig. 2 and precipitation at Futtsu.

TR FOMD L 25 > LR HBEBELIZE AT, pHIZ6 ~7 Z2RUT. (B—54H).
DEDC &b EEREERIIBRACKIRETIZZL, BRELERUIIEE (B) HO

RERHTHHEELT

1 EREBERBIIEBTORVWI nev BN oY OSEAEROESEE

Table— 1. Concentration of nutrient elements in current-year needles of pine trees

at Futtsu.
Age of N K Ca Mg Fe Chlo- | Length Annual
stand ro- of needles | growth
Plot phyll of shoot
(Yr.) (mg/g) (cm) (em)
A
(good 8 12.5* 1.26%* 9.4% 3.32 1.58 0.42% 2.30** 9—11 50—60
stand)
B
(poor 15 5.2 0.94 5.5 3.64 1.37 0.17 0.73 5— 6 5—10
stand)
% Difference significant at 5% level.
* % 1% level
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Fig—7. A well growing 8 -vear-old pine stand
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Fig— 8. Arrangement of plots of the fertilization experiment at Futtsu.

Explanation of marks is seen in the text.
NPKX : N&1kg/a, P.Os&1.2kg/a, KE3kg/allHiM T 21H%E, F 1ML, HLME
DE o
PX : P,Os B1.2kg/alCHEY § 2 BHEROIK OHTo
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Fig—9.

Relations between the curren-tyear node length and the last year one of the longest
branch at the end of the year fertilized.
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Fig—11. Nitrogen concentration in current year needles in relation to length

and chlorophyll concentration.
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£—2 WEERXICBITS oy b CEOYELAEROBESEE & HIEE (19665E108)

Table— 2. Concentration of nutrient elements in current-year needles of pine trees between

4 — 8 months after fertilization.

Plot N P K Ca Fe Chlorophyll | Length of needles
o
mg/g cm
C BLOCK 10.3 0.72 5.1 3.3 0.12 2.0 9—12
N plot 9.4 0.71 5.0 3.8 0.11 2.0 7—11
11.0 0.81 5.7 5.3 — 2.1% 9—12
9.4 0.74 5.8 2.4 0.08 2.1* 7—11
A BLOCK 9.8 1.06 6.3 4.4 0.07 2.1% 7—12
NPK plot 7.1 0.83 5.4 3.5 0.10 1. 6—10
8.6 0.95 6.8 3.9 0.12 2.1 8—12
10. 4 0.89 5.5 4.9 — 2.1*% 8—12
A BLOCK 6.8 1.03 5.0 3.5 0.11 1.2* 5— 8
K, plot 7.5 1.03 6.2 2.9 0.10 1.5 6— 9
7.2 1.14 5.2 3.4 0.11 1.1* 4— 7
5.8 0.94 6.5 3.2 — 0.9 4— 6
A BLOCK 5.4 1.23 4.4 3.6 0.11 0.9* 5— 7
C, plot 6.1 0.96 4.9 3.6 0.10 0.9 5— 7
C BLOCK 7.1 1.17 5.7 4.1 0.12 1.5 4— 7
C, plot 8 0.98 6 2.6 0.09 2% 4— 7
C BLOCK 6.3 0.97 4.6 4.8 0.11 1.1 4— 8

*Rough estimation based on needle color.

FHEDEDBZERE (5% L <)

Multiple testing of difference significant at 5 % level.

Plot N NPK K C
mg/g
N 10.0 9.0 6.8 6.3
g
E P 0.75 0.93 1.04 1.08
(%
+ K 5.4 6.0 5.7 5.2
@
i
< Ca 3.7 4.2 3.3 3.8
z
Fe 0.10 0.10 0.11 0.11

FeDBEEIIWTFhoOXE $ zhzh5 ~ 6mg/g, 0.10~0.11mg/gDEFHIZH h, Fe DEEFEE

A RE 1L EBADRTEALS LFeRVvn v 2BRMAINB N E LT,
CORBRX (F—2) L1966 ICKEDBM 21T - 18K (£—1) »oEROTSHEB L

Fron7 s VEFERENGHREOEKZRZR S EK—1LITUR SN L 5 BEWIEDOHEEEGR
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Fig—12. Relations between the curren-tyear node length and the 2 -year-old node length
of the longest branch in the second year after fertilization.
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Fig—13. Plot K; (left) and plot NPK (right) in A BLOCK of fertilization
experiment at Futtsu in Dec., 1968.
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B7uo .4 2.8t/ha 6.9t/ha 4.5t/ha

ko 5 e N Tragt R 2 ~ 3 f5icdghn L 2,
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g. TARHEMIC & > TORRERM

7 mevits > TRNBERHEERICZ-TE D, P §HEEBHOESIMMTOEEDL S
TEREBTHS EHAIsN S, U URKEEHE Lz~ A BHEYSN OB SRS L 5137
DI, BHITIR S vy EEBICEESEL (K— 3 OMOBER)

ZLTHIABTHEBEOE MY (K—2 OB#iE) O+t %Neubauer® # v kIZAR,
Hi EEE0.3 g DS 2 F ¥ (Amorpha fruticosa L.) 2R A D, kDL > LHENER»
-7,

+K : 600 g B2 HHiMEA U D A400mg.

+P [ #600g HizhiBY L EAEKIT0mg.

+Fe : Fe—EDDHA ¢ EDTA—Fe T30ppm & L 12,

pH 6 : i TpH 6 izHRE L 12,

SEEAIZ19665E 6 H 9 Ad>519664F 8 A31H ¥ TIT - 120 WX (£— 3 ® (none, none))
X3EFE OB UIZMIZL Ky bFDOTH B, F v FDKDIBEA 3 > K TREFIA KR D60
%iTED L Lz,

8 HILHITAM W R 724 2 FNAF Oy ERHE 2K — 3 IR U, RS U L BINAEISA
EFNFOERPHERIVIIILBODE, 2F N4 2FNAFILE 5T KPFeDRS T3/
Do 1o '

F121966F10F ICBHIDEBT D IVHKMCHELTWVWA I SR/ 22 KD (Vicia sativa)
DOEF%2, B#hOW 2 ANIZRY Ny (151) ABEICEEELIZ, R Y 7Y 3B#oEYM b
D LB HITEDIAATL, 19674 5 HIZN] bELY 21TV, NEB L MEERIOEER
PRAIEL, B—4IWWRLI, Z2— 4 OERMOWHOBRIBERLEER (¥ — i),
J ackson (1958) L& 3 3 DOBMBDOP TH 5, LRI (1965) DARITOWTOEERIC L hig
TEBOSBYED SR T LIz TCa— PSR I Nt {23 L vbh B, F—4 225
702y DEBARMOMEIKETONI I IR/ 20 FYEPOBE LS OB EODT

E—3 /AN—U-Fy b IBHEIEEBEDOA £ FNAF OIS

Table— 3. Harvest of Amorpha fruticosa in Neubauer pot.
(g dry weight per pot)

pH 6 Fe-EDDHA
none +K none +K none +K
none 0.79 0.74 0.94 1.35 0.76 0.82

+P 2.43 2.38 1.67 2.55 2.33 2.29
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F—4 RINTFIVRAOHISIRA /U FOOINBEEIMES L OB ORI BE

Table—4. Harvest and the concentration of nutrient elements of Vicia sativa grown
in a polyethylene bucket filled with sand of good or poor stand and the
concentration of nutrient elements of the sand used.

Vicia sativa Concentration of nutrient
Sand in the sand
Harvest N P K Ca Mg N Ca-P Fe-P Al-P
used
(g) (mg/g) (ppm)
Good 11.8 24.0 0.99 11.7 5.0 2.0 94 71 17 6
stand 11.3 23.2 1.17 13.5 8.5 2.0 98 65 17 6
Poor 3.3 17.0 0.68 11.2 9.8 1.8 | 40 86 10 3
stand 1.6 18.0 0.67 10.7 9.4 1.5 | 40 83 10 5
— 83 11 3

E, CHIZERICEEINACalERLIIEOPHEZ WD, PHEISR/ L Foicf A
L WEHTHhHsH 5,

h, WEERFBE/OTYHROLRARER

d. ~g M THRNIKER2BENT 2L, 7oVt UTIIN 2 ATHIED 0581 EE, &
BOE (B 2Th /oo VAHE, REEER, SIERPRMI I, <28
R U TP 2 ARSI E 2SI RI2 L VWS L Th 3,
E&#Ki%ﬁ%(wﬁ)Kﬁwféiﬁxﬁwbnvﬁﬁmﬁth,NRpm,Nm(
DREREHSHHER, BMEOEAR O L, $EPOKSBILREIHICBVTHRBR L h BT
ERPELPITU TS, FEBEREMG L BNTESFEZT 2728 LTHEHITKI PRI 5 5
REBIZLZDTIRENDEZELLNE DS, COEBRERDKIMREBIZ2XAZEDTHAS
5, BEROABHICHNT M TKMSFEL X VOBELUIZBRTIEBTIENALNIIC &
D5, =FEH (1964) ©FE (1962) OERT 2KIRECKIRR IS > TES 21EE
ruvyOEEMEERETACLIENTH S, BNOBEHFE LERNERIITIRE-T
HR2IRT A1 T, BNOERITL > TR 2IET 2 0HEBD 3,

BEHEBREO Y 0 v VRKOEBOBNEELRRIZAIEY THLAKBERETH Y, BLho

NBORRIERT 5 & WA B, TAUEEBROSVIBRSEEL (BRAHER?) LTh o
Rtz ->TH 63, HRSWAKICL > THEF, CabtdPO LKA LT, v xBHEYILE »

TOPREZHHEL, HBRELZ SR A3HKMB~NDONOEFBEN T A EELONS, 35
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IR EED> 5100~300mE BN TV B 72, BHEZRICBWO T IIEMDBEATIS £ 78> TidE»
LEONREATERYOEBIZIZIEALEDTOREILH S,
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F2E REERMMEBREVWEIOTYKICSE TS
IRUTREAR & FRREEER

a. AEHOBRE

NN RIS RSB BB R A A O R i d b (K14), HBAKRE (BEO
) & RSEHRBRE 21918 IC A L THRE L 1R B TH - 12, 7 0 = v Otk
192541245 S, 19394EITHE 1L 12 87 R M40 0 S BRI D SR T (1940) 12 & - TH:
INT D, 0F 12 EATE TREEHWKAEREOEETH - 120, RIEIERFHNRFOE

HRZHA,

BI4iZR L oAb & 2 I H oW EoHHRE (7T 6300m 0#H) i T, 20wy
OFHSNEE (AF) icm-> T2 L TH Y, RO EIMhT N2, 204 57245
HIEEEY 62 C TOEEETIIREY, HHEBICIADEELLNS,

L L Z DERITEDTTHRD 5 300~1,000m BEN L D E Ficdh > T, AEb 5 - TV 28

ANZ BT § EBF OB HIH AR
ICEhS> TV B (19674E240), &2 3
ELHITHEVR{RET, EFHEE
HR 3 20emLl b2 R M HIRIES B
b, % IIMEMH30—40EIT /R BT b
b TEES 4 m LT T, #gE
i HBOFR EREED 1 ~10emdD
FEHAREME E->T VA (K15),

F 12 23 HoW R Eo—5 & REET
iz psod b, €3 (R
1206E), 7Hh~wv, 2vvy, A&

1, AVEDLERINTVA,

b. {EESRDAE
SIEEDALE T O I RTEE & AR
Thb, T (W) ho@EftEk
OE&RIZ 1 ND NH,0AC THIH L 12
DL, 74—%—n"ZFTENMLFEEL
HEY %00 L, KIZZHEDH, Cat
Mg X NNETRE, TPCHETREL M

B—15. C # & o # #

Fig—15. A poorly growing pine stand near the point
D at Muramatsu.
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HEBFOBOK
Area where poor pines grew.

o

500m PACIFIC OCEAN

K—14. #REBEICET 3 HERSOMNE

Fig—14. Location of the plots studied and poor plantation of pine
at Muramatsu, Ibaraki Prefecture.
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1z EDTAREETEEL T,

c. HBERRMOBMMMRT

SRR X 5 KW EEFOITHRY 5 300~500m BE TV BB T, HEFOEMOHICE
BOLOHBEREL T3, 200 & D3RI S HFICE T 2 1I8K20m OEBR D &,
=7 H 27 BEIEL TV AER L RFIAFROBHIGE O RA TH B, =7 H L 7OR
RUTWAEAHE=® 77> 7 ORIOIzDIC, FEHEHOE  1ZBHR L & EEESER TV 2120
CEEZRROSEL N TOTHRREBESE SNABIFEZL TS, UL ZhINOFHL,
HERRDI966FITIIEED EMBTONTNT, MERIIEHSBHL TV B & AH5E -1,

8

) o ®

61 c

. @

| 50
wancE 2 I l
ERSP=1] 0 JRILEE L o

20m 40m

M—16. A, BHIS 2R~V b ED 7 0wy OIS (EH), 12 F N N¥OBE (H5)

Fig—16. Height of pine (solid line) and cover degree of Amorpha fruticosa
(broken line) on the belt transect A—B shown in Fig. 14.

ZLTHEBORVWHREBEMT Y v vy OMBERSR, HEBOBSODH, 7 o< vME
BEDILFEDT 21T TS 2 L L 12,

M16i3X14D A, BHIS THEICEAILE >tzXV bk« bIv v 27 NeHBULR o2y EBE
LA EFNFOEBRETH 5, Hh SBEN 2120 -> THIE B L WEBEROEINE {2
TWa, FEBIZABLTWAA 2 F A FOHEE S RAEOETNZRLT VS, 2OV K k5
v hrbr a2y TR (KH6DO~D) OBEEROEHE % MEDORIED 6 HEE L K17
CHER T, BERREBUEIR AR X MBS0V, B oMNTz6®),DIZIMMET S L EE
DS LIREHA LN, @, ®DZFNIIIBHETEH6THE, D, @, QIITF—BLTHE
BHBEV. ZNIEAICRISH»OEF UWRERESH 5 L & 2BRL TV, BFEEDH12
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M—17. K160FS D2 bhizy o~y OREEERER

Fig—17. Courses of hight growth of pine trees numbered in Fig. 16.

#—5 A, BE#HOLEEZRORIBRE

Table— 5. Concentration of nutrient elements in current-year needles of pine trees
growing near the points A and B at Muramatsu. (Jan. 1966)

N P K Ca Mg Fe Chlorophyll | Lenght of current-
(mg/g) year needle (cm)
A 7.9 0.96 7.2 1.53 1.45 0.09 1.68 8 —10
8.5 1.07 7.3 2.03 1.39 0.12 2.02 8—11
B 4.1 0.72 4.6 2.49 1.00 0.11 0.60 5—8
5.8 1.06 5.9 - 2.54 1.08 0.13 0.71 6—7

BBEITIEA X FAFDEEL TS ED S, BEUOBRERMA LI/ 2 7 F it L - THEE
INNNDTHEEEALN S,

ABLUBHISD S 2EED Y v =y 2R, FEMICEVIBALY & MEAE LI, bF
TR UTER2FE 5 ICRLT. N, K, Mg, 7207 VOBEREICKSBEBALNT
% 1o & BT EORB OB M ERE - pH OE%ZR 6 IWRL 12, EHOBEVHOWLH
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Table— 6. Amount of exchangeable base and pH-value of the sand sampled from front dune,
near the points A and B, respectively, at Muramatsu.

A, BiliH< o E B & pH

Ca Mg K pH (H:0)
m.e./100g sand
Front-dune 5.0 0.45 0.11 6.3
A 0~5cm deep 0.85 0.47 0.10 5.2
20—30 0.05 5.4
B 0—5 0.40 0.17 0.07 5.4
20—30 0.50 0.20 0.04 5.8

33

OMgZER13100g1H72h 0.17~0.20m.e. THH, VT T THSLN TS Mg/KS +BD
fE (0.17~0.25m.e., 0.12~0.22m.e.) IGELIL TV 545, B5BTHRNS L 5 ICHEBEHT
FEIE S X OFIC L - T Na, Mg, Ca, KEZBICHRIC R 126 3 h 20T, WisERAR
BENZEIBAGDE DL, BBICMgRZ LB 1R ¥ bhi,
H18idN14icFEI NI AEBOBNC, DBLVOEEORWE, F, G, HOfiED s o<y i
JUOBRLUTVE =7 v 7 OMBEERBTH S, C, DHIAIII90ELIEIIREHTE >
Bmaarmaw,G,Hmﬁu:t7wv7wﬁﬁbt2~3E®EK$EN@@LT%T
Y, E, FORFHHRFCGENHRKOEEIS & WBIN TS & T BIX1960ELSICET
HEELTETNS, 19665E9 HicB133A, B, C, E, F, G, [#ifSsLres:, sow
v, AZUA, EEHO I HiMics ) 3 HBXEONERTFR]E KL B, CHIEONEER

IRBAS it (7).

£—7. ABEOEPOERDEEFE (kg/ha)

Table—7. Amount of organic nitrogen in each point in Fig.14. (kg/ha)
Front-dune | Poor site Good site
K B C A E F G J

L layer 0 0 5 4 9 1 15 11

F layer 0 0 15 0 30 60 85 84

H layer 0 0 0 0 89

A layer 21 49 49 105 77 126 105 2000
(0—5em) (0—15cm)
B layer 120 120 180 170 160 140 230 290
(5 —30cm) (15—30cm)
Total 140 170 250 280 280 340 440 2500
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1940 1950 1960 1966

1940 1950 1960

€ =T hHVT
/ Black locust

1940 1950 1960

- =T HYTER
L ¢ Black locust invaded.

1940 1950 1960

K—18. C, D, E, F, G, H#iHD /s o =v L=+ 7 v 7 ORBEERR

Fig—18. Courses of height growth of pine and black locust trees near

the point C,D,E,F,G and H in Fig. 14.
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83, Broat» s RESFESIIN,
K, Mg® 5 bWTFhDHIRER L 5> T 3
PiEPD BTz, 19663 H (NX, PRk
19674E 3 A) 1t 8, HMINCRU EERR
THEAE 2 140D T #IS T > 120 1RDOK &
X 5mX5mThb, A—OVEHEIIH-
too BB T L& AT T bR R LB
HROHEORE S, EEREERREL IS
EEARINEOERERICET AL
AR THAESEICIZESD Sbhzh - 1,
MIEAEDHEDE X 2RIEDHEOR S %
HBIUTLOREE, M20DTELTH-
<, NX, NPX, NPKMg Kit2>F HhN %

_
Fig—19.

19 EREXEX oK #&

Arrangement of plots of the
fertilization experiment at
Muramatsu. Explanation of marks
is seen in Table 8.

BAERICDA RO RSH sbhiz, Zh 6D 5> bNPKMg RORHE > TV zDI,
NEE U TNOMMNMB%ZINT VALY, BRHIURELTLESZHZDTHS D,

HEEB IO/ oo 74 VEAERLOBRIIMK2LURUIZL Sit, BEBBERKOES LI131T
AT, NEEHSImg/gll b TIIEIER, v oo 7  VAERE VIT—ELRHT LD,
9 mg/g U FTOME 2T WEX, NPK MglX, K MgRIiZNDRZIREEILH 5 & ATLW, T2
B 15 T D MEELEED MG (£5) TEOVERRUIZKD 5~ 6mg/g, MgnD1.0~1.1mg/g
BEBOLWGHIAE NPX (£9) LIZERIUETHE LM, Zovvits >TRER

8. MHELZEXNOR
Table— 8. Amount of fertilizer applied. (kg/ha)

N P K Mg e *
NH,—N | NO;—N fertilizer
C  plot 0 0 0 0 0
K plot 0 0 0 110 0 K.SO,
Mg plot 0 0 0 0 60 MgSO,
K Mg plot 0 0 0 110 60 K.SO,, MgSO,
N  plot 80 0 0 0 0 (NH,).S0,
P plot 0 0 54 0 0 CaH,(PO,), « H,O
NP plot 80 0 54 0 0 (NH,);S0,, NH,H.PO,
NPK Mg 52 28 54 110 60 NH,NO;, NH,H,PO,,
plot MgSO,, K.SO,
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Length of the longest current

12 1 o ]2J °
= em o cm o
D 0%Q e
S 10 1 o o O 10 1 o
= 0Oe@ @ o5 o
5 8 - 00 @A 8 8
g L
6 0o A 6 ﬁ/.
)} ]
4 1 o /A 4 1
2 1 2 1
0 T T T T T 0 ’ N M v N
0 2 4 6 8 10cm 0 2 4 6 8 10cm

Length of the longest 1-year-old needle

o:N e:P O:NP O:NPKMg e:K o:Mg A:KMg o:(a

®:C2

M—20. MEAEMELERERE L MEAEOHERDOBRK

Fig—20. Relations between the maximum length of the longest current year
needles and that of the longest l-year-old ones in the fall
of the year fertilized at Muramatsu.

121 Length of 31 Chlorophyll
M Needles o8 o mg/g Conc.
101 [ e} o
o ® . oo
8 b o e ég o)
e o 80 o0
64 o o)
° o)
- 1 0°
[ )
24 o ©
mg/g mg/g
0 . . . - 0 T ' . . , v
0 2 4 6 8 10 12 0 2 4 6 8 10 12
N Concentration ® : Jan. 1966
O : Oct. 1966

K—21. YEAEONBEE HEERLI /oo 7+ VEFERLORER

Fig—21. Nitrogen concentration in current year needles in relation
to length and chlorophyll concentration.



F—9. MEMEDSE (MEFEEE) O/LERS
19664E108 * H#llic & 2 HEEM

Table— 9. Concentration of nutrient elements in current-year needles
of pine trees in the fall of the year fertilized.
% . Rough estimation based on needle color.

mg/g e
Chloro | #t%Efem

N P K Ca Mg phyll
8.4 1.29 5.6 3.3 1.4 1.7* 9 ~13
9.1 1.13 6.4 4.0 1.2 2.00 10~13

P X

N = 10.8 1.15 6.0 3.7 1.0 2.2% 9 ~11
9.0 1.15 5.3 3.3 1.3 1.8* 9~13
6.6 0.91 6.1 3.4 1. 1.42 7~9
NPKMgX 9.1 1.03 6.8 2.9 1.2 1.8* 8 ~11
8.9 0.94 6.4 2.9 0.9 1.5* 9 ~10
7.5 0.93 5. .5 1.2 0.93 5~8
KMg X 1.34 10.3 1.9 1.1 0.6* 4~6
i 7 0.90 6.3 2.5 1.1 0.8*% 6~9
6.9 0.85 6.1 2.8 1.2 0.79 5~8
8.1 0.94 5.5 2.7 1.0 1.1* 5~9
Ci. KX 7.3 1.03 5.7 3.1 0.9 0.8* 5~8
6.8 0.99 5.4 3.7 1.2 1.2* 5~8
6.6 1.08 7.3 3.2 1.1 0.7* 5~10
11.8 1.05 6.4 2.4 1.2 2.0* 8 ~11
G R 12.0 1.58 4.7 3.0 1.2 2.2% 9 ~12

EEEOEDZERE 5%L <L

Multiple testing of difference significant at 5 % level.

lot

CK NP[X NPKMgX CK KMg X

Jle==0%:)
11.9 9.3 8.2 7.1 6.8
E, P 1.32 1.18 0.96 1.00 1.06

L5
2 5.6 5.8 6.4 6.0 7.3
E Mg 1.2 1.2 1.0 1.1 1.1

:
z NP c NPKMg G KMg
Ca 3.7 3.1 3.1 2.7 2.3
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B2RTEELIIEA RV THS 5,

e. RAFER
cHidHintERY S, FEABRMOEEREZEERIILE (W) AONFORSICHA T EH
oIt ZRIIEIORFICIAEE» SR LD THELEELLNS,
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EIE MERFEEREMEI/OTYHRICE IS HBIBORER

a. AEBOBRE

BrimHeR: 7 v < b M IR BT R OB N H S 2 R Etic 5 (K22), B
RFBREEROEED TIC1928F ICHBRDHORE M (FERBM) & LTHBshIL C
5TH5H. HEURFDIIOTEITIX T2 RIIHREEHIZ3~34FIT/E 5 T U 2D, KIEHS5 ~ 6 miC
UDZE LS WABBEERH T H - 72, L LRIEORAMERME B2 b, HEOEED X 13 X
DD THIHNT U HITONTE LT, ZORDHEESEE L > b3 b B o177,
FEREH TIE19658E E T LAKEBRADTONTVI VDT, £ 4 k¥t 12 BEREIEFO

Lake Hamana

] X L k. 3 The Sea of Enshu L S

K—22 #HEBEWE Y o< Y KOBBRXDOAE

Fig. —22 Study site at Arai, Shizuoka Prefecture.
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7 — &2z X B £ 1966~19714F DA LH5IR1316. 0~16.4C, FREAKEIZ1708~1799mmdD E [
B L RPELRB O /D 70 R SR T, A PERESEIZ0TC2E2 &b -1,

b. {LESHDSHE

BIERCHEIERR ORBED O T A IIDICLITOSER & 512, 80COBMEAT B THEL
REEE Y 1) - I VTR LAHRERARE Uz, P, K, Ca, Mg, NaD{LEZHDIzHIT
1.0~1. 5g DRI #HNO; 20cc , HC1O, 0.5~ 1leck & $1€100ccD 7 V¥ =7 5 22
TIEAKILLIZ, PIRY 7 FEY 7 F Y VEHEEROLER, K, Na, Ca, MgidRFEE
HEH (N—Fr v —8) Tk 51z, CaDBEFEICEL TidLaZBINULTZ. NOIHTIZE
1EEERICE Zar Vv —VEEITE 512,

c. HiEl, MEEROATE

HBEROERRIBHABRE S 4 ~5 KT 22EBL, 2mDEHE I TEILH, & $HECIT
THBERERO THEUN, K - SHEERMEE, 1EE, 264, ZOMIKATTHRLI,
RIZBOBEK 1 mTHERZUMUTEO £, F2—0Tr v T &I, 202N
—Ie YL TN E UTERSICE b A, SOCORMBLBRET—EDMEIC/S 5 THEL,
KEERZROLEICHR LT,

BOHL FVELTEHEOm, 0.3m, 1.3m, 2.3m- ElmZlic@BRED, Z0D5
M, MEEERZEEFRIGEULTHE LR, EERBDEE~OREIHMBL—FOLESR
b o TVBERELTIT- 2. O ERBIREFIEIICE 5 by TVOR (& §10~20em,
AE15~204) OHEEHH»SRD 2, HEOEERIILFEAEDORFEL Uiz, =y AN
DYHIT L BEARI 6 ~ 7 BICH O THEAEOAEIC L 5D HBIIDE L EADS
hz,

BHROBERBL CAEER2REIROEY S EHE T 2 HHEIRIKE (1971), i (1973), Kt
(1976) OEFBFICHLUVWOTHRICETLLUTOL 51T 5,

ERAROLEH 2 VIHDEWIIHEEZ DL BEH & LITOBRICH 5,

W mma Db ceveernnneeriniiitiiiiiiiiitiiiittiieitttiietttotiaetiecinntietiietsetiettittreitsierissreroes (1)
HA L W=a(D2H)b ............................................................................. (2)

C DOEBRIZHuxLEY(1932) O & 78 ATZMETERDOEAICENE 6 b, MARDERILONVTIZ
K rrrrence (1944) itk > TR U TEA SN, )N Tb=2 ¢ T2 L EEBWIN ER g &
BIRBIRIC 55 C L iT/s B

BRZEBIC L THILZHEOERZ2HETAHHERIRLMETH S5, bDEMSZLLKE
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CEEN, HBRIAMBR-1ZKEIDODH 2 VIIDHBRBIENIIB SR SRBERPET L LIC
25, QADH (BE) 1%, BROME2HETSIELTIXMER T2 0B > THIEL/SWVED
RERLVZ D, TV—A 74 ZAWEBRTRAELLTVEHEOZXF (20mB) TI A 2mD
BIFEBEED H-128 (1), (2), (3)FD HBIESatoo (1968, 1970), A « £ (1968) 2L »TFF
ODUTVEBZNZNARELVERICE > TWVE, ChIZERABR -2k S 3 h5RBIEN T
WoTIZDTHS 5o AMETIREBRTARX T DEN 3L, »ORHASKHNORKE
BARY 5ZENTZIIZDB)HD> 5 OHEEE 1) 5 DHEEE L H10~20% K X &V HEERE
iEo12e ZTFHEBOL2 5, (V)X EBCHERT-12,

d. BIERRX &) 2 -BRERKDORE

M22icEEA U B ICHEAER. (F,[X : 20mX30m, F,X :20mX30m) WX (C,X :20mX
30m, C.X :20mX30m) %219674 5 H26BICHE LT, v

) & —BREX (RX 1 14mX15m) 131967467 H19HIC BIERE L, HEICAEDOHATY & —
(HIE, B l) 2BRELI,

REAEI R HD 12 D BD DR FH SN 2D TAVBHIE " v L F L VT 2 HHEICE 512,
% 4 B HEREN F 4L 5t, K X #7180kg, FEE180kg#19674FE 5 H26H ICE &AL, 6 H20H
IO B L 2TV, 7 A19BICSER LIz #EiE 2hadb iz h 18tDE THEIEX ICHE (NEE LT
150kg/ha) & &b vV FL s Ul, $12, 2R EIXAIICHZha bz h N43100kg/ha #19674F 5
R26BIicE U1z, 1BABIZRZha b7z h N5¥50kg/ha219684F 3 F, 19694 3 B, 19704E 3 B i
o120

e. HMIBICLZ /O YSHENERS S UEIREOTL

19674E 5 A& b 1 FEMF.X & C, Kt T ZhZhikY» 51z 3 AT LLb & MEH
%, 1EAZE, 2EAECOLUT, £ENIORK 2V Y 7L, ERBAES L L¥ES
W 2iT-12. MERIIN23IC 3 EEDOEHME LTRUIZ,
HEINILHOLEERILFEETII6 LS00 ETHEMT 2086 1ITIT—EDFEE &
b, HEAEX T100~150mg WX T80~100mg Tdh > THXILK XxES AL LN, 1FLE, 2
FEEOERIIPMZH L T80~100mgDIFIF—EDER & b, HEXTEXOMICIZES S5
nizh -1z, .

70wy HEOEREDDOFHE, FEICL 2EMMCOWTIXPA (1952) D& H 5 HSIK
BHIHODRTHEDTHE LI Ve AIUEBHEOARKDEDORH, FhiC L 5 KBESOLE
{t& UTMiLLer (1963a) OFEME T+ D—F& (Nothofagus truncata) OWENH B, BEET F
DEDON, P, KBERFHEELIZIA»S512BH»ITHOLZOBBED 4 AL ThThIic
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Weight per
i £
o pair of needle o R
g o
120{ I¥H D DEK
o ° o © 0 . 0.
100 o6 o oega®t 8° P -4 ma/g9
0 . * ese®’ 8s,8° 2 . §°e® 0.8 WL 14
H 0.7
60
e LS LT osfPotassium
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Fig. —23 Changes in weight and concentration of nutrient elements in needles of pine trees after
fertilization.
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P, KBEIFOIICEET 3 YEAEOHNERT I D5 ~TRICBL T8~ 9 A
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BED2 BF CREICERTAENER LI, ERICI ARV T <Y OBE L ITIZFERET
N, P, KOBBIILFEERE, |E£E, 2EAELRECHEDL, K23OEHD/NI VAT
RUNIBOEETIZISILHD Uz, BERBICZBIARDIZK TR K &Ed > 12, MgldZE
EBEIRONT, CaldMFEARE, 1EARE, 2EAELFR2EIIEFRBITISIERA
Whb, EER (M23DH#) IEIsiEig-1,

BARIC & 2 RO OELZUTIARRE L 5 Th-1,

N O BRI HEACATD19674E 5 Aicid 1 AR, 2HEAE:  BIEX, WRXOWSICBNT
6.7~7.1mg/gDETH 1245, M1 wA%KICIE 2 EAECBOTHIEX THEML, WREX &
ORICERRE (tBE  ¢=0.10) BALNZOMAIF 1 FEERICBNTS 2 HARURIC
Hobbhilz, SEAEONEBIZ 6 BICidENA LN -2 8 AUBICIZFESENADL
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FAEEONRE (108~ 1 HHIE) 0T 9 mg/gll FTIRNRZ THA T &b HEf S tohs,
FEO XWX D Z D1k V8. 5Smg/g TH h, WHtiER, HNAEROEE AR E TR0
NRZDREZRLTVA L LB bD 5, MIEICL > TZOA11.3~12. 8mg/git/s-12 T &
BHEPON OXFBREVEELIZCLE2HOoDTIS 5,

P, K, Mg, CadfiliiZii IEATICFH T & IEROBELKICL > TRIEZ->THEH, O b
SHEEDHEE ZEA LTI 12D EDOREIXT E b2, L LHBXOI0H~1 DY
FHEICEEN P, K, MgO#EIIzh£hl. 01~1.10, 6,2~6.8, 1,17~1.33mg/g TH
h, EERE, NREETP, K, Mg DEIE%21T- 1ot Ofiszh 200, 93~1. 18, 6.4~
7.3, 1.0~1.1mg/g BIEFFL VT L 25, FBBEOWMXIZP, K, MgORETH5 LT
WALV, WX DCaDREIX]. 8~1.9mg/g ThH h, HEXD2.5~2. 8mg/gH & e iR
DEFD L VD3, 6~3.Tmg/ge { ERTEDDTEWETH 1288, ChiRIOF—%2=v
ICBE A WL (1957) OBEHICH S & 5 IcCat’ AN ICE > TR ST itk 5 &
BALN, BTH~B1969F11H D 4 KOKERDZX O AL O (#H3. 2~4. 5Smg/g (K39) H»
545 LXK E DERED LN T,

f. BWABICEBR) 4—BHSUThICEThhE3ESBOTIL
ERET5emO 4 7 A BOMARY) 2 -+ 5 » 7 (IO EEE0. 442m?) 2 {E6 L, #5103
FE1ImOESICRh 2 (HUER). FRBXoPR L hicC, X, F,KIZ5#, C.IX, F,

K—24 C, 7oy bitE8ild)2—-+537F

Fig. —24 Litter traps in the plot Cl at Arai.
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F B e ZOMICHS G LBOCORBTEHET 1 ~ 2 BREZBERFREL, 1 FHOEFEL2E
10IT7R UTze 75 819694E 9 H ~11H DF,, C,310ET 2D v fff){@f% b, 19694114
4 ALMEDF,, CXIREOKEDDZVL Ty TLETSOETH .

TYHLNYEOE - RBLET - HOBITHOVWTIRBERK & EX TEBL L -1,
U UETEDE TRICOWTIRHEIE 1 ERICK & 2ENA LN (F11, X25). HHEDE
TRIIMEAEFRALS 7 HE D 19684 8 A ¢4 » 6 HEEXICIWTHEML, AIEIA~RD19704 6 A

F—10 BEXRILOEHEXICBT2E[OY £ -8

Table—10. Annual amount of litterfall in the fertilized plots, F; and F3, and the
control plots, C, and C,.

(g/m?)
May 26, 1967 May 20, 1968 May 23,1969
—May 20, 1968 —May 23,1969 —May 28,1970
Plot C, Needle 392.5 305.6
Male flower 3.9 6.1
Cone &seed 47.7 20.4
Branch 29.7 44.0
Frass 8.9 14.7
Others 14.8 13.5
Total 497.5 404.3
Plot C, Needle 383.8 366.7 415.8
Male flower 5.4 4.6 1.8
Cone & seed 37.4 20.0 66.4
Branch 3.5 30.0 7.8
Frass 8.4 39.3 73.3
Others 13.4 14.2 28.3
Total 451.9 474.8 593.4
Plot Fy Needle 286.1 473.9
Male flower 8.7 6.6
Cone & seed 30.6 6.0
Branch 7.4 23.4
Frass 3.6 30.3
Others 11.4 16.2
Total 347.8 556.4
Plot F, Needle 388.7 530.4 703.1
Male flower 8.9 10.8 4.1
Cone & seed 56.6 17.9 53.3
Branch 7.0 41.2 12.2
Frass 10.1 80.4 85.9
Others 16.7 20.0 45.7
Total 488.0 700.7 904.5
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Table—11. Amount of the male-flower litter of pine trees in the fertilized plots and

the control plots.

(g/m?)
May 26 Apr. 14 Apr. 24 Apr. 18
—July 18,1967 —July 18,1968 —July 20, 1969 —July 23,1970
Fertilized
plot F, 0.2 9.2 7.6 —
F, 2.3 7.6 10.5 2.3
Control
plot C, 1.6 2.8 6.4 —
C. 2.9 2.9 4.7 0.2

0.3
0.2
0.1

MALE FLOWER-LITTER

.\.J

2
g;:ay
5

NEEDLE-LITTER

- F,

JOAS ONOD

1967

X—25.
Fig—25. Monthly changes in the amount of male flower-litter and needle-litter.
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IARBRURT o 121 DEB S B EBALNIIDTHS 5,

ETUISEFOESBEOLRIL (K26) 245 &, HEXKONBEIHEEGIZLLS 3 &
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Fig—26. Changes in concentration of nutrient elements in the needle-litter trapped after
fertilization in May, 1967.
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ERERD S T 0 /8 ~OBREESORHIc—BT 5. 1962F 3 KK D EFERVSEED
E— JBEDYDITE - ETH Y, DOSEOEZOEHBEAHEE H FHOWAR § 2#liciEm
UIZUIET H D, 19624E LIS EERI S KBRS D &b, 7 v <y ROMKIZ
BB OER-ICA -T2 LR SN B, No.5~9 (F;X),No.10~13 (F,X) 1X19674 D
AR & > TREDISED S 3 5 ICABIRERED I {21, LD EREBOEDEEZZ
OREDE & DR TX YEEZEi 7o » b U EZERICHE { & (K28) & b B3 MAEXIE
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Fig—27. Courses of height growth of pine trees in the plots F;, C;. F,, C,, and R.
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Fig—28. Regression lines between height in the one year (Ht) and in the previous year (Ht—1)
of the fertilized tree No.5 and control one No. 3.
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Fig—29. Changes in annual increment of stem volume in the fertilzation plot, F; and F;, and the
control plots, C; and C,.
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Fig—30. Reression lines between stem volume in the one year (Vt) and in the previous year
(Vt— 1) of the fertilized tress and control ones.
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#£—13. FEROKALHICE T AW ERDIH

Table—13. Diameter breast high of trees in each plot at Arai. in each plot at Arai.

HEEE
Plot
Area m? DBH cm
11.3 10.6 10.3 10.5 10.1 9.7 9.6 9.5 9.0 9.0 9.0 8.9 8.8 8.5 8.3 8.1 8.08.0
F, 103.0
7.87.77.77.77.67.57.47.36.66.56.55.4
10.8 10.4 9.8 9.8 9.1 8.98.88.68.38.2808.07.77.67.37.36.96.8
C 82.5
' 6.7 6.6 6.4 6.36.25.85758575.15.0
14.7 12.7 11.5 10.9 10.0 9.9 9.7 8.7 8.6 8.5 8.3 8.28.17.67.57.47.27.0
F 72.5
* 6.8 6.7 6.5 6.1 5.35.04.54.33.93.3
12.6 11.311.111.09.99.39.28.27.87.87.47.37.36.96.85.55.14.9
C., 63.6
4.9 3.0
11.4 11.0 10.2 8.6 8.3 8.18.18.07.87.47.37.27.16.86.35.85.75.0
R 61.5
4.8 4.6 3.2
9 ASTEM ABRANCH AROOT .
t/ha/yrj 0O:Fy
n:C,
8.
0:F,
7 ®:C2
A:R
(]
5 Felr
4 Fer.
3 ) F:eLr. l
2.
].
0 T v + —_—_
1965 66 ’67 68 69 66 '67 ’68 69 '65 '66 ‘67 68 69

Fig—31. Changes in annual net production in the fetilized plots, F; and F;, the control plots, C;

(1965~1969) DZEAL

and C;, and the litter removed plot, R.
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Lz TR OWOT, RIEMEICHERSYEAETI ~4FEMUIc LHEEIN S, HEIEE
BOB L EDIHEILIIT A YELEDOBIIHIEX CTIIARBXD 2 ~ 3BFZ VB THhH- 1,

i. BIRLEsOYYHEDRERR

19694108 KFEEROF,X, C, XKl FFROMICHABX OHME LI 6 U] b & LIk
BIKBEESIZRY NV RANTZOBR®D ) BIKEFEKEOEBREICRELED, 24RRHLINIK
HERBORERIT-12. WO LRAET S L, Kraveridd> (1947) BEELTVA L 51
SHEENEL D o> TATHETIIRAFNCE LD N EHBTFRINIIOT, 2~ 3H0sHES
Y S RBIRS UTHARBRHE LIz, HRE LTHRZBES » T2HN, —EDH 5 2
HE o bzt E2 ZON I ADIC I — V=V R+ H—F 2L — & —TREZTJI
KeBLTERERHZT 12, CO,BERINy /v B{OF 1+ 7 7L v » VRIORLERE
EEIDLWTEE LT,

X323 XD 6 AL E CTOERMPZATKERZAML CAI > 12 X~ KRR TH 3,

mg CO,/gdw/hr /’-‘0— Fa
] o
------- [ b Y
.-
-2 Light intensity
0 10 20 30 40 50 klux

K—32. 7 vy MELEDOK~KERHE (REDHICH) (22T7)

Fig—32. Light dependence curve of apparent photosynthesis of the individua needle in
the fertilized plot F,, and the control plot C; at Arai.

30kluxPl E TR EAIFI LTV B EEATIWIZA S,
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HEAEX T7.80 (£0.22)mg CO,/g/hr, W T6.65 (£0.36) TH->T, MHIX t BE (o=
0.05) DRRBELZEVED bz, A ITONERE, WREE & i (1967) KLU ET
HH12,
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F48® sO7VHOHER, HEFORIBCHEER

F1EHLBEITE THEOEBTOE VY v v YKIRERS i U IR, HER - HEE
B MEEER  LAEE 2 EMSEINUIZC & 2350 - 1208, Zh b Off iR LA Ol
L HRTEL 72D E D o TIAERER OB 2 S EEORINC X 5 53 L6 & ORn (%
OHEFERICH T A88K) 1Kk 33D A T2 THENTS 5 T & A5 Satoo (1967,1968,1970,
1971) ITE > TRTHNII, ZDAEODEENEDL VR0, I 6ICEHENOEIER
BAEERE VDR ARRICDH B D

TOREICEA S - HHFPEET (ERAFEBHHERRM) O7 0 <Y ATH, T
EERERAR/NEN (REAETEERIWERIEEREN) Orovy (#7417 avY
atr) RREMTRBAE 2TV, BESLCHEBREORR L & & ICHBRHA 2 MAT,

a. EEEEI/OYYHORER, MEER, XERR

o ETHRARIL S AT OBWERERD 7 v v vk (19525EMEHE) 12196653 A, 6 A,
19674E 3 B ICHERE 21T 12232 D> bA 7w » 7 ONPK[X, NPRXicid3£EHDI968E 3 A
KNE1kg/aDHEZEBELTZ,

19685E12H1CA 7o » 7 ODNPKX & C X TREIEL L H BE2TV, BFE - MAEER?
BlsE Utzo BIEEIZE I ZLRAUAETH 55, v=aDb OEFFHEE0.7~0.8 L FHL LWV
DOdH-12DT, HEAL»LEMEESHIZ ) OEE~OREIIHERER O EEDHIcL - T
Ktz

£ SEIK ORI 135 —1512, HREAX P OHIBE HE D36 3R —161KB 1 2. 2 b 2 6ETR
Utz BX Ohad 12 ) DREFR - MAEER/ZLLIEIE-1TITR LT,

HAREIIFED | BIOR U T1969F10 8 i (NPK) K& (C,) Kb 6T
FRY Ny TERBICE b AD, SHTOBMELL, A ONAREOFIHE (LEHE
2038 ) | 3HEAEX T8. 39 (£0.79) mgCO;/g/hr, XX T3.54 (£0.41) mgCO/g/hr TH H ¢
BEDKE, GRE 1 %DL NV TERREENH -1

b. AEHFNI OTYHOEEFR, WEER
R IR B D5 1 Tl & 58 2 sl ORJIC 7 v = Y O/ & bk
HdH B, SHEEDT D v vV HIHEAREEEARE 2R OVTWZ, BERe — LB ICHAXT 5%
+ DOFAEHICARSI L, BEHICBHEL TV A L E» ORBREBRFTHIEEZEALON S,
19684E108 12 T Dbkd> 5 2 A2 L, BER - MAEERONE 217> 12, BlEHEIIME
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Table—15. Values measured of sample trees at Futtsu, Tanashi, and Kiyosumi.
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Stem I Needle Branch ] Cone Root
weight|increment weight weight increment increment
Plot in in in
Do Dgo Dijgo Height 1968 Oyr 1lyr 2yr total | Oyr 1lyr 2yr total 1968 1968
Noo|omw eom em m | g g [ g [ g g g g g g g g g
1|59 4.2 1.80| 796 | 402 | 771 429 0 1,200| 236 147 839 1,222] 612 97 755 | 336
2 |42 2.4 1.20| 242 77 | 382 194 0 576 81 67 486 634 300 58 333 8
(;erti]ized) 3 135 28 1.26] 248 | 125 | 248 167 0 415| 69 64 224 357 183 96 232 84
4 |49 3.1 1.45| 545 | 240 | 722 479 0 1,201| 160 97 764 1,021 376 77 717 | 238
é 5 |45 2.7 1.25| 332 9 | 517 321 0 838 131 87 473 691 | 450 67 — -
4 6 3.2 16 1.03| 156 12 | 239 211 0 450 29 33 470 532 119 47 260 46
7 |26 1.3 0.79| 59 5 [ 119 35 0 154| 18 15 200 233 52 0 - —
8 |51 2.9 1.05] 321 16 | 332 271 0 603 46 56 806 908 | 194 26 547 52
(gontrol) 9 (36 1.5 0.88] 56 3|18 107 0 290 36 23 521 580 | 136 0 — -
10137 1.8 0.98| 205 13 | 280 203 0 483| 40 31 566 637 116 24 284 21
1 (3.6 2.2 1.00{ 1% 11 | 138 79 0 2171 19 18 419 456 | 96 0 204 23
12 |29 1.2 0.85| 79 7 | 110 39 0 149| 18 13 359 3%| 7™ 0 154 16
ke | kg | kg ke kg ke | kg kg ke ke | kg | kg | kg | ke
Tanashi 1 18.5 14.4 | 97.6 | 3.24(3.05 2.12 0.15 5.32/0.69 1.24 11.32 13.25|2.71 | — - =
2 24.3 16.6 |167.1 |11.29]5.85 5.02 0.65 11.52| 0.88 1.74 25.08 27.70| 5.65 | — - -
1 8.8 9.5 |15.08 0.40]0.57 0.50 0.00 1.07 1,68/ 0.52 | — — —
2 9.0 10.4 | 18.05 1.59/0.93 0.61 0.07 1.61 2.28/0.74 ) — — -
Kiyosumi 3 13.0 11.3 |50.22| 5.14|2.77 2.22 0.29 5.27 10.35) 2.44 | — - —
4 7.6 9.5 |11.25 0.64{0.47 0.51 0.03 1.01 121029 | — - -
5 11.5 11.3 | 35.37| 2.91|1.86 1.34 0.16 3.37 5.71|1.52| — — —
K—16 EHif - A - BED 2 0 v Y MORBFEX 2k 3 BHE O
Table—16. Diameter of trees in each plot at Futtsu, Tanashi, and Kiyosumi.
Plot Area n?‘f plot Do @
Futtsu F 13.6 2.9, 3.5, 4.0, 4.2, 4.2, 4.2, 4.3, 4.5, 4.7, 4.9, 5.4, 5.7, 5.9, 6.7
o] 27.8 2.1, 2.2, 2.5, 2.6, 2.9, 2.9, 3.0, 3.0, 3.1, 3.2, 3.3, 3.4, 3.4, 3.5, 3.6, 3.6, 3.2
3.6, 3.6, 3.7, 3.8, 3.8, 3.9, 3.9, 4.0, 4.2, 4.4, 4.4, 4.6, 4.9, 5.1
Diso cm
Tanashi 59.3 15.4, 15.4, 15.7, 16.3, 16.3, 18.5, 21.6, 23.8, 24.3, 24.9
Kiyosumi 46.9 7.2, 1.2, 1.5, 7.6, 7.7, 7.9, 8.8, 9.0, 10.0, 10.2, 10.2, 11.0, 11.5, 12,2, 12,9, 13.0, 15.3, 16.3

H—17 B - EE - RO Y 0 v KOBER - MEERS E

Table—17. Standing crop and annual net production in each plot at Futtsu, Tanashi, and Kiyosumi.

G H standing crop  t/ha production t/ha/yr.
St,::i /h stem needle branch . N branch . above
m’ /ha m oyr. lyr.  2yrs. s ranc cone roo stem ranc! T00 ground
Futtsu F 21 1.39 5.12| 6.25 3.76 10.01 9.29 0.93 5.92 22.21 4.56 2.12 13.02
C 21 1.94 1.79 | 2.36 1.59 3.94 9.28 0.16 3.11 0.11 1.31 0.34 3.78
Tanashi 33 55.27 15.5 199.70 | 6.71 12.70 | 30.89 10.95 6.23 23.89
Kiyosumi 23 | 34.22 10.5 117.42 | 6.30 4.64  (0.55) 11.49 | 21.80 10.76 5.61 22.67
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935 1940 1945 1950 1955 1960 1965

K—33 M7 v vy HRORERROMEERER

Fig—33. Courses of heght growth of pine trees at Tanashi.

HEOKEEL 2H VI E 2D EWTEREREOBALE(ARETDH 3,

2 KDERAOHBEEZB PN —3BITR L, BREEBIOFBERO 7 0wy LEL
D REE4ED D> 6 72 b B—E (#0.5m/4E) DEREZTRL, 3IZAMOHEBRED 2 ~ 3%
DRI T/ > TV 3. MDDOKEER DI IEE 161, HAEIKOBEIE@ IZR—-151C, M3 d
2 b OREER, MEERIZEDERE-ITIORNUIS

c. EB (FERTR/IVEAIRRAFLRPEHR FIERBHRBERAEAN) O/O0v YRR
EHhOBRER, MEER

TFEREMROASHIE D, /NP2 b EBBMEE LToH, 4127 vV 2EBLTOWRERTHS
B, KEPHMFHEERE o121, ZOBRBRME 5> TWIZHHO S BRI o vy, 7
4y a e iREd bR ARREOMMBEIL LTz, HfIIREFEE & OERI35~36 DRFETHY,
BB 3EBEOHERKEBTHS, ) -HALIZI~12mD7 oY DFEARBDOTITIZY ¥
aoy, EHAF, 2FF, A XY HIF, EILELLIBHERBUEEL TV,
1968411 81222~ 23FA 1T /2 > 12 L DD 5 5 ADEIAR 208 LU, BEFER, MEEE2H
EUT, HEHHEREIBEOFBERICBIIAEEEL{AKTH S,

FRA OB ER BB —34CRUIZ L > T, BIMOREDO S 0L ZIZESH, ERER
FTh o170 MO ONEER DA IZE—161C, HREIARDHEIEME IZE 151, HTHi1z b OH
R, MEERT EOEIER-ITIORUTS
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K—34 R o< v RORRAOMELEEE

Fig—34. Courses of height growth of pine trees at Kiyosumi.

d. $1%ERESHEDERELEE

ZEHOY 0w VKO ER DT — & IMEIEK 2R & ARE 2D TAUMSITONTHE &
NTNB BN 2N DRI 3 DDE~ K% b o1 2RLU TS, hakhtz h 3 ~
5t DHERUD» I WERIBE L, BRI OBE ICAE OBENRRR & 2 V- TFic
1$%0 —751310t/ha Ll EOEE O X WK T, #5129 t/hall FOEB OE M TH S, T4
b, HED Y v =Y OVIGEELSE (R—33044) %1.00& L1212 o 2 k3O

(=HI{E8) LHIEROBR% A28 (N—35), HEE0. 9Ll EDEE O L Wbk TI1dst
EE010t/hal ETH h, HAHE0. 6 LITDEE OBV TIREIERD 9 t/hall FTH B D>
LTh b,

HiEBE ORI U 121X ZEE 557,83, 9.19t/haTh E HEUME TS, 196948 H D 2
BHCDIZ 2 BE* 1L > THELISERPMIELIEIE (8 H 4 A ORSTIRSEESEEL
FoTVIRNZDN L RABASIE & 755 53). F X T11. 21t/ha, FXC12.44t/ha & 72T
B EE OMEEX D 10.01t/ha & & $ IEBF DL VHROMIA D LIzC itz 3,

*E JTER37) &b
g EIRE gl
BR75 8H4H 41 5 2 38.0 S 118
nNeTv 31.7 SSE 97
BEYT 8H2H 4 I 2 35.5 SE 54
N Ty 25.4 WSE 74

ZOBRE DI H»196HEIRBILEICZ 8 ~10F DEERH B (F—25),



60

R OF,, C, F2, C;, ROZXDHEK
KAADEEE (F) &b LEprEER (P) O
e A E, BEARES 2 OOEMGELTSE
% (M—36k). —/3F:, F.OlRXTHH,
b 5—7513Cy, Cor ROMBREBL Y & —FRE
XTdh5,
WIERIdPt=2.14F, WK - ) & —BREXE
Pt=1.44F & 72 b, HEAEX TI3$EE 1 kg THI LA
DR R, kg FET 505, WRX - Y % -k
FX Tl ddkg UDEEL TWZWE WS L L 2
HHbLTWVE, OF hfEfBIL - TEEEDHER
DI50% AL LIz L iLis B,

# FESEERSEE STV ARB O 3
ey UNEBEIZH1975) RO 6 55T (Anpo
1965, T C CREIEDEAERZSERDL/2 &
UTHELR) LRlich~IIER, HE, BED

141{F o
t/ha o o
12 ) °

Hl
0 -
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

M—35 £E0 2 o2y koS (H)
LetEER (F OBER

Fig—35. Relation between needle amount
F and site index expressed by
relative height H' in Pinus
thunbergii stands in Japan.

114
kg| pt o o
10 o o
94 o:F,
A A m:C,
84
° ° 0 :F,
7 e :C,
AR
61 o ] " on
5 o ° ° [a]
41 o a s a
Ha m ©°
34 ° °
2{ o a °
¢ o,
o2 A
L F L Pt/F
0 T T T T T T T T T T T T
0 1 2 3 4 5 6kg 7 1 2 t/t 3

K—36 FE7 o< KOBATE O EEMEER (Pr) CHER F) 30

$tEDREE (Pt/F) & OBk

Fig—36. Aboveground net production Pt, in relation to needle amount F and
efficiency of needles Pt/F in each tree in five plots at Arai.
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241 pg r=0.896"" o ° °
‘ . R .
20t/ha/yr. ° e r=0.816""
]
e .
16 . . o ,
121 [ °
. ®e . o0 o
8 . ®e
® ® o
) ° F , Pt/F
0

0 2 4 6 8 'Ib 12 14 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
t/ha t/t

o :This study e :Ando (1965) ® :Ogasawara et al.(1975)

R—37 M1z h Oy EEEAEER (Pt) &EHER (F) Bk 08FEDEER
(Pt/F) & DBA%

Fig—37. Aboveground net production Pt in relation to amount F and efficiency
of needles Pt/F in Pinus thunbergii stands in Japan.

M3 D TEISRD Ol L SHAIENM T LIEOMRE R A5 &, R—37EDBEZEBALN S,
i EEAUEBE R PSR & O EOEBIR A S h s (ERIEER0.90) T T T, Hikg
MAEER Pt 28 3ERF L SEEDER Pt/F ICBT 5 C & 5T X 3,
Pt=F X Pt/F

Pt 2 YBHIZ Pt/F 2X 8L b, T TIKRNIZ2IHSOE % T o » 33 & [K—374 OBEG
BHLNE . HIEDEER Pt/FIZHD CLICRT 5> 1E 2R L, ZhIdPte EOREER b - 1-
BIRIZIS > TN A T L3> B0 D% b sty IRt e BB IER & S35 D FEAESR O 15 10K
HFELTWBDTH B, | 4

UTIIEBIC L > TR L EEERB EDL 5V LIzh2HELLE 5, F, XKL CK,
F: X EC. XA ) ALK THEDT, ZOERDEIMMICE 3805 & 3 372 61F, HlE
I > TEHEERD6. 95t/hab> 57.83t/ha, 8.16t/hat>59.19t/ha~, D HE T & b #13% 1%
Uz e R s N D BRI 5 L BON I HELMIE L 12358138, 66t/ha 55 11. 21t/ha ,
9.89t/ha®>512.44t/ha~\, D% h 26~34% ML T LB h 5, @ﬁ%@&iﬁﬁ% C K=
1.40t/t, FilX=2.07t/t, C,[X=1.43t/t, F,X=2.19t/t Ch b, 2hZhOd» 5 DHE
TIRMEASIC & 2 S EEDEFERER DBEINIA8~52% TH b, Bk 6 OHEE & —HT 5, SR
L5 BN 2B EE2MIE UIHIERZ AV IIEAIEC K=1.13t/t, F,KX=1.45t/t, C,
X=1.19t/t, Fo=1.61t/t £ 72, HElEICL % BHEECDEFEREE ORINIZ28~35% 12755,

BEREBEODY v v yKTI, HERRHEOD OSER L U TI96FEOSMATER ICES L
121967 DS IER 7. 1t/ha 2V 5 &, HEAEICL > T 2 R T EERH33. 9t/ha > 5 10. 0t/ha
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SHEERR D/ 72 b - 1o E ERIEEARICHEIE L 12 A3, SHEER ORISR ORI H K&
botre U UHEBRAEE HSEE L CEERS 7 ~ 8 t/hait/z > TV IHiEBREMICHER L 72
BT, SHEEOAERROEMMBHEROMML Y RENT EHBDY T,

HB O LD s o<y KOS EDERERERIZ1.5~2.0t/t TH H, HIEL IZERER,
R D2 2.0~2.2t/t Th A, TOT &I 3 DO KIS THIEDHRIAD T
Bz T E LS EOLEERROMENP L IFAL L LITE %,

e. EEMOHE

EE%b‘ﬁﬁﬁi'ét’ODﬁlﬁﬁﬁﬂén%m%%%‘@ﬁﬁﬁbf: 9 H‘ﬁ (ﬁ@cl *F,Cp e F., R,
%ﬁFC‘FF,EﬁT,%ﬁK)&¢ﬁ@ﬁ#(wﬁ)®%W@E®3Mﬁ(ﬂ°ﬂ°Tﬂ

b b —38ICHE 12 HEEE DETEE, 1L,
BADHRIZE RS & CRIW L0
i EE OB WK (FC, Ty, Ty, Ts)
B EZNZFNA4~6.Tt/ha/yr,
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OEFIE 2 Y, ZhZhORKNE LR
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AL ) EBOHADOSEPBKRELR
3, DF bhibu ICBEERODSVMKE
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FEEREOFITE-12C K Fi X &
C.X - F, X 2 i AERI# OfE & 344,
CiEXD»bF, X TI3#T245%, 1 T142
%, StETIO%EML, C.X»bLF:
XT3 TI94%, 5 T207%, $tET
128%, R T213%WMLIZT &iT/E5,
BiRick > TRANBRELSHE NS
TEbd b,

24 t/ha/yr.
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s

}—38 SOMEER (P,) & BWITOMEEROBNR

Fig—38. Distribution of product to each organ in
relation to rate of net production of stem Ps
in each plot.
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f. HEPORSBES SURSR b HEAEER

w1 EOEBRER, F2EONRERB L FEIZH»(1954), FAE (1955) ©ON, P, K&&
DOHEIERER DREED S, NOAVBHROD 12 ESbh -1, 2DC &IFstERIE TN S
NOBEE S L KRELHh EMAER & HFIBBRICH 22513 5IIE-E DT HIIE 5,
M—39i%, MEEEROSRSOBE &t DRMAEROBRERLIZEDTH S, HEAMR
M (r) BF52THBDIINDALT, »OBEVE %R U, Pl Tz ALK 58
Tdh-> THERIURR DS E L, ERIZAROAKICE 2BBOEENGH S 12D, P OREE
B\, W « K% (1968, 1969), &KAF - MIH (1974, 1978) X, 7 v vV HhEHK~DNPK D
HEABIC & - TEEER O P /%130, 5mg/gd> 50.8mg/g & & ¥ - 72 (MIZ N #1311, Omg/gh> 5
0.9mg/g L{EL 7 512) Bl2WMEL TS, 8% 5 ChIRPRZ I 2HEH L Bbh s
», % DOEIEBE. 8mg/g2 b Eb->TLHE - BERIIABLTVWALREALNIIS S, K
BOWTNOMKD b 6 ~ Tmg/gTAREIIR, CaldHRDOEZVVER (FC, FF) TRWED
AT, Mg, NaldBE 5B TR ~Z L 51CigH» 5 DELR B H 2129, WEDHESEVET
»5,

309 py
t/ha/yr.
eT oT eT
20 o F2 ®oF2 eoF2
r=0.925™* ®Fl r=-0.242 ®oF1 r=-0.013  oF1
OFF
104 o2 oFF o2 o
opeCl oClgr oR oCl
o FC oFC oFC
o+— : N mo/g Prng/g Kng/g

0o 2 34 6 8 10 122 0 .2 .4 6 .8 1.01.2 1.4 0 1 2 3 4 5 6 7 8

30 4
Pt

t/ha/yr oT T oT
204 r=-0.569 o R r=-0.265 ®F2 r=-0.475 oF2
eoFl oFl oFl
OFF OFF OFF
eC2 L3
10 oR oCl ool oR e
R
- %K ®FC oFC
0 ] 2 . mg/g Mg ma/g. Na mg/g
6 1 2 3 4 5 6 0 .5 1 1.5 2 0 .2 4 6 .8 1.0 1.2 1.4

T:HM FF: @M FC MRAR
F1 F2 Q1 c2Z #&@ '
R

K—39 7 o< kot LEMAEER(PY) & MFEEEHOBRIMEN, P, K, Ca, Mg, Na) DB
T:ME FF . E@fEE FC:EBWM Fi, F., G, Co, RIFE

Fig—39. Relations between aboveground net production, Pt, and concentration of nutrient elements,
N, P, K, Ca, Mg, and Na in current year needles in each plot.
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B2 E, B3 ETRREE EHBEFMIIEERIUCE > THIRE X 0L BOESHED
NIEREEVESE-12E5THY, HETAIEIKE->TI/ ey OEBFBEELIZCE
Wb o, 250 DEDBHHRORMCOPICERL TV AL, X 5RFROBHNTIZE
DEHRIE>TOBEDOPRHS T ERZBFMRORBERELH 2D ICEREZLLETH A,

ELZIFEEROBIEX (F.X) EWBX (C,X) ITB\T1968FE 1 Ao 51969F 2T
AN, V&% — (FE, Bisd) ORI (B3FE) %, 1969F1FICEHRAOLE (53
) BTV, 206 2IUESH L, AXOBSRINE, Ei&, ME~OEEE2HEL,

a. B &

EOEDINEDIH OHEIIBEIELLEL AL TH 5. MRANOMIZEREL4. 8cm(HEHE 172cm?)
DOXRYo— N2BBEOEY ELicE holF, MHIZ4 aMNie8 aF-H5HBL, BiclHEOE
TEIR U7z, #A, HIER (F.X), XEX (C.X) DXL itH2RE UEREICE BRE
DAL 21T 512, v ETRBLIZOBNO,—N, NO,—NIZAHHEE 2HVTZhZh %
25—, P =re T2 AT s H LD IR 5 TEINE 2 ~ 3 BURIZIT- 12,
P, K, Ca, Mg, Nalt2oW\WTideR%2TK, HO0MELEMY 2B, Pidy +»—< U,
K, Ca, Mg, NaldfE#k & ERRICRFELCREET (%o 2w —8) TERL, Cald
EDTAREE AR LR, La2f MUV TE PO ORENLTH ST,

b. Ua—fOELR

V42D LEEOESBEII3 AN, BEZOMIZ2EICE EDTRDI (K18).%
B E b EHILT B L EFEL, & hbIFKENalZ0%BL EDOfEE 2572,
HEDOETICL 2 NDRETTRIZF X T28. 6kg/ha/yr, C.[XT16. 4kg/ha/yrTh bh, CDEI
HEE/NEEOBREWEY 0= MO 7D TA SN {E13.3~23.7 (F1518.7)kg/ha/yr
ICEAVMET & - 12,

c. B, HABEFORLIR

MEN IR 2D THRNZ2WE b H, MR EEON S, BEVHETD > 12O TEH
HTIRTOL» 1205, AEOT IR (RBO7H <Y, b/ ¥K) KB B0 (1973) O
B TR IC 5 3 B B ORISR+ RIS LTNT %, P6%, K4%,Ca
7%, Mgb %;ChH->TIIEREZHER LD TVRENI I TH-7, ZL TLORBRKOR
PHRALUTERR2HED B EITLT,
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£—18 MEEX (F.) LXK (C.) OV 2 —FHOEDEE L EIE 1968F 2 H~1969%F 2 A

Table—18. Concentration and Amount of nutrient elements in litter fall during Feb. 1968 to
Feb. 1969 in the plots F; and C. at Arai.

Nutrient concentration of litter fall

Nutrient amount of litter fall

ke/g : kg/ha
N P K Ca Mg Na |Dry N P K Ca Mg Na
Plot F, matter
Needles Feb. -May 1968 7.70.70 3.2 6.5 1.43 1.2 293 2.26 0.21 0.94 1.90 0.42 0.35
May-Aug.’ 68 7.40.582.07.41.621.3 623 4.61 0.36 1.25 4.61 1.01 0.81
Aug. -Nov. ’ 68 6.50.58 2.47.51.641.1 1528 9.93 0.89 3.67 11.46 2.51 1.68
Nov. ’ 68-Feb. ’ 69 5.2 0.47 2.1+7.5 1.48 0.8 2275 11.83 1.07 4.78 17.06 3.37 1.82
Branches Feb. -May’ 68 4.4 0.250.5 6.4 0.57 0.4 10 0.04 0.00 0.01 0.06 0.01 0.00
Cones 3.90.24 0.5 1.6 0.4700.4 22 0.09 0.01 0.01 0.04 0.01 0.01
Male flowers 8.20.611.02.90.96 0.3 58 0.48 0.04 0.06 - 0.17 0.06 0.02
Others 10.00.88 1.9 3.4 1.17 0.8 46 0.04 0.04 0.09 0.16 0.05 0.04
Branches & Cones
May’ 68-Feb. ' 69 4.50.22 0.4 4.6 0.58 0.2 436 1.96 0.10 0.17 2.01 0.25 0.09
Others' 7.80.69 1.4 4.7 1.07 0.5 640 4.99.0.44 0.90 3.01 0.68 0.32
Total 5931 36.65 3.1611. 88 40. 48 8.37 5.14
Nutrient concentration of litter fall Nutrient amount of litter fall
mg/g kg/ha ‘
N P K Ca Mg Na |[Dry N P K Ca Mg Na
Plot C. matter
Needles Feb. -May 1968 5.6 0.74 3.2 5.8 1.28 1.2‘ 271 1.52 0.20 0.87 1.57 0.350.33
May-Aug. ’ 68 5.30.63 2.1 6.2 1;53 1.5 515 2.73 0.321.08 3.190.79 0.77
Aug. -Nov. ' 68 4.7 0.552.1 6.9 1.511.4 1151 5.41 0.63 2.42 7.941.74 1.61
Nov. ’ 68-Feb. ’ 69 4.40.632.46.71.360.7 1524 6.71 0.96 3.66 10.21 2.07 1.07
Branches Feb. -May’ 68 4.4 0.25 0.5 6.4 0.57 0.4 3 0.01 0.00 0.00 0.02 0.00 0.00
Cones 3.90.24 0.5 1.6 0.47 0.4 1 0.00 0.00 0.00 0.00 0.00 0.00
Male flowers 6.7 0.48 0.7 2.5 0.88 0.3 20 0.13 0.01 0.01 0.05 0.020.01
Others 10.00.88 1.9 3.4 1.17 0.8 38 0.38 0.030.07 0.130.04 0.03
Branches & Cones '
May’ 68-Feb.’ 69 4.9 0.27 0.4 4.5 0.50 0.2 444 2.18 0.12 0.18 2.00 0.22 0.09
Others 7.70.721.3 3.8 1.00 0.4 360 2.77 0.26 0.47 1.37 0.36‘0.14
Total 4327 21.84 2.53 8.76 26.48 5.59 4.05

196841 A19A»> 519694 1 A24H £ TH i 1 B O T, HNTROR & #HEE 2H
EURINCRLUT., BNEEHIZ D OBDBI/SBLIIO BR—20TH 5%,
MAD LML > Td o33 1 EMOBESRIEIN 5.9, P 0.38, K 8.2, Ca 9.7, Na
70.5kg/ha/yrCd H FHEICTVEATH Y ON 6.0, P 0.04, K 7.7, Ca 10.9g/ha/yricP%
DZFNTEVETH 5, FETYDON 3.5, P 0.24, K 4.5, Ca 10.6, Mg 1.1, kg/ha/yri
L OKREBFHODN 5.4, P 0.63, K 2.6, Ca 10.7, Mg 2.6kg/ha/yr& < 5<% &N, P, Ca
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%£—19 HMAFRE EEX - SEXOMHNHEOAFIOR & BIEBE 19688 1 H~1969F 1 A
Open : ANF (F X C:C.X

Table—19. Monthly precipitation and concentration of nutrient elements in rain water in the
openland (Open) and in throughfall in the plot F. (F) and C. (C) at Arai.

) NOs-N  NH,-N P K Ca Mg Na
period plot
mm ppm ppm ppm ppm ppm ppm ppm

Jan. 19 Open 62 | 0.10 0.22 0.02 0.35 1.4 0.21 1.0
~Feb.” 20 F 40 | 0.27 1.36 0.00 1.27 2.4 0.64 2.8
1968 ¢ 43 | 0.27 1.22 .00 1.45 2.3 0.75 3.0
Feb. 20 Open 85 | 0.07 0.06 .005 0.45 0.90 0.46 .5
Mar. 19 F 54 | 0.22 1.02 .018 1.01 1.81 0.94 .0
o] 65 | 0.22 1.09 .011 0.96 1.65 0.88 6.0

Mar. 19  Open 177 | 0.09 0.06 .00 0.18 0.65 0.28 1.9
~Apr. 15 C 123 | 0.20 0.62 .01 0.58 1.02 0.65 4
F 139 | 0.20 0.68 .00 0.67 1.30 0.77 .5

Apr. 15 Open 265 | 0.08 0.24 .017 0.37 0.37 0.22 1.6
~May 20 F 180 | 0.33 0.65 .006 1.40 0.97 0.83 6.1
C 195 | 0.43 0.65 .015 1.50 1.35 1.36 10.0

May 20 Open 110 | 0.08 0.62 .037 0.75 0.70 0.50 4.2
~June 19 F 78 | 0.34 1.01 .074 2.30 2.67 2.19 15.2
C 88 | 0.30 1.01 .062 3.10 1.77 2.08 14.4

June 19 Open 308 | 0.08 0.44 .034 0.20 0.42 0.18 1.3
~July 18 F 216 | 0.16 1.11 .058 0.75 1.16 0.68 4.0
C 260 | 0.15 0.83 . 049 0.90 1.00 0.65 4.0

July 18 Open 150 | 0.00 0.10 .008 0.43 0.57 0.64 5.0
~Aug. 22 F 94 | 0.66 1.02 172 2.70 2.78 3.56 26.0
C 123 | 0.10 0.48 .059 2.38 2.35 3.27 23.7

Aug. 22 Open 320 | 0.04 0.20 .034 1.88 2.64 2.52 15.0
~Sep. 18 F 197 | 0.10 0.23 .016 1.88 1.65 2.42 17.0
C 256 | 0.06 0.30 .029 1.73 2.08 2.31 14.9

Sep. 18 Open 69 | 0.03 0.30 049 0.45 0.99 0.48 2.5
~0Oct. 18 F 55 | 0.27 0.98 .031 3.08 2.25 2.22 11.3
' C 55 | 0.20 1.24 .078 3.15 2.00 2.42 12.6
Oct. 18 Open 95 | 0.21 0.28 .031 0.45 0.91 0.41 3.3
~Nov. 20 F 72 | 0.63 0.88 .029 2.12 2.45 1.56 .9
C 72 | 0.56 0.86 .061 2.25 2.00 1.50 10. 2

Nov. 20 Open 183 | 0.00 0.16 .002 0.33 0.50 0.21 .7
~Dec. 23 F 144 | 0.24 0.61 .003 2.20 1.22 0.72 3.8
C 145 | 0.10 0.82 .058 2.22 1.38 0.59 8

Dec. 23 Open 27 | 0.11 0.41 .001 0.38 1.15 0.17 1.0
~Jan. 24 F 23 | 0.76 3.10 .051 2.65 2.50 1.14 3.5
c 20 | 0.50 2.80 .067 2.58 2.18 1.00 3.3




K—20 MAMEMARNicEETN 2ESE (kg/ha)

Table—20. Monthly amount of nutrient elements contained in rain rain water in the openland
(Open) and in throughfall in the plot F; (F) and C, (C) at Arai.

NOs-N NH,-N P K Ca Mg Na
Jan. 19 Open 0.06 0.14 0.01 0.22 0.87 0.13 0.62
~Feb. 20 F 0.11 0.54 0.00 0.51 0.96 0.26 1.12
C 0.12 0.52 0.00 0.62 0.99 0.32 1.29
Open 0.06 0.05 0.00 0.38 0.77 0.39 2.13
~Mar. 19 F 0.12 0.55 0.01 0.55 0.98 0.50 3.78
C 0.14 0.71 0.01 0.62 1.07 0.57 3.90
Open 0.16 0.11 0.00 0.32 1.15 0.50 3. 36
~Apr. 15 F 0.25 0.76 0.01 0.71 1.25 0.80 5. 41
C 0.28 0.95 0.00 0.93 1.81 1.07 7. 65
Open 0.21 0.64 0.05 0.98 0.98 0.58 4.24
~May 20 F 0.59 1.17 0.01 2.52 1.75 1.49 10. 98
C 0.84 1.27 0.03 2.93 2.63 2.65 19. 50
Open 0.09 0.68 0.04 0.83 0.77 0.55 4.62
~June 19 * F 0.27 0.79 0.06 1.79 2.08 1.71 11. 86
C 0.26 0.89 0.05 2.73 1.56 1.83 12. 67
Open 0.25 1.36 0.10 0.62 1.29 0.55 4.00
~July 18 F 0.35 2.40 0.13 1.62 2.51 1.47 8. 64
C 0.39 2.16 0.13 2.34 2.60 1.69 10. 40
Open 0.00 0.15 0.01 0.65 0.86 0.96 7.50
~Aug. 22 F 0.62 0.96 0.16 2.54 2.61 3.35 24. 44
C 0.12 0.59 0.07 2.93 2.89 4.02 28.78
Open 0.13 0.64 0.11 6.02 8.45 8.06 48. 00
~Sep. 18 F 0.20 0.45 0.03 3.70 3.25 4.77 33.49
C 0.15 0.77 0.07 4.43 5.32 5.91 38.14
Open 0.02 0.21 0.03 0.31 0.68 0.33 1.73
~QOct. 18 F 0.15 0.54 0.02 1.69 1.24 1.22 6. 22
C 0.11 0.68 0.04 1.73 1.10 1.33 6.93
Open 0.20 0.27 ’ 0.03 0.43 0.86 0.39 3.14
~Nov. 20 F 0.45 0.63 0.02 1.53 1.76 1.12 7.13
C 0.40 0.62 0.00 1.62 1.44 1.08 7.34
Open 0.00 0.29 0.00 0.60 0.92 0.38 3.11
~Dec. 23 F 0.35 0.88 0.00 3.17 1.76 1.04 5.47
C 0.15 1.19 0.08 3.22 2.00 0.86 5. 51
Open 0.03 0.11 0.00 0.10 0.31 0.05 0. 27
~Jan. 24 F 0.17 0.71 .0.01 0.61 0.58 0.26 0.81
C 0.10 0.56 0.01 0.52 0.44 0.20 0. 66
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WITAWMET H 505, FIEBEBESEBICGIWZDY DK EMgRFBBENEX-> TS, KROE
PDEOERBIIEAEFODARBWVTHNZLEETb-TINVE,
B8H ~IHOMAFHOBESEIIRF TR~ HEH» SMATNHOESE —BRE & LT,

d. #d»5nBEE

#—21 NaOEDd»SEHLUERICL 25 (ke/ha)

Table—21. Monthly amount of adherent dry salt on pine trees calaulated from that of sodium.

¥ D) % dad Na Mg Ca K
Ratio of elements 1. 000 0.120 0.0382 0.0376
Jan. 19 F 0.50 0.06 0.02 0.02
~Feb. 20 C 0.67 0.08 0.03 0.03
1968
F 1.65 0.20 0.06 0.06
~Mar. 19 C 1.77 0.21 0.07 0.07
F 2.05 0.25 0.08 0.08
~Apr. 15 C 4.29 0.51 0.16 0.16
F 6.74 0.81 0.26 0.25
~May 20 C 15. 26 1.83 0.58 0.57
F 7.24 0.87 0.28 0.27
~June 19 C 8.05 0.97 0.31 0.30
F 4.64 0.56 0.18 0.17
~July 18 C 6. 40 0.77 0.24 0.24
F 16.94 2.03 0.65 0.64
~Aug. 22 C 21.28 2.55 0.81 0.80
F {—14.51)
~Sep. 18 c (— 9.86)
F 4.49 0.54 0.17 0.17
~QOct. 18 C 5.20 0.62 0.20 0.20
F 3.99 0.48 0.15 0.15
~Nov. 20 C 4.20 0.50 0.16 0.16
C 2.36 0.28 0.09 0.09
~Dec. 23 F 2.40 0.29 0.09 0.09
F 0.54 0.06 0.02 0.02
~Jan. 24 (O 0. 39 0.05 0.01 0.01
1969
Total F 51.14 6.14 1.96 1.92
C 69. 91 8.38 2.66 2.63
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NalZEBEICHTL L OZETA T LN LD LT, MNMEMATICEThIESE
DEPBREV, CHIFFIERICE > TH 125 Stk EL COEEICHEL TEHW D
B, FKICX >TH®MEIIZ DEEZL, '

MR EMNARICTENENaBOEVTNTHEICE > T 126 S ABEERET 3 &,

F£—22. Witk 27588 (kg/ha)

Table—22. Monthly amount of leaching of nutrient element from tree crowns.

NO;-N NH-N P K Ca Mg
Jan. 19 F 0.05 0.40 —0.01 0.27 0.07 0.07
~Feb. C 0.06 0.38 —0.01 0. 37 0.09 0.11
1968
F 0.06 0.50 0.01 0.11 0.15 —0.09
~Mar. 19 C 0.08 0.66 0.01 0.17 0.23 —0.03
F 0.09 0.65 0.01 0.31 0.02 0.05
~Apr. 15 C 0.12 0.84 0.00 0. 45 0.50 0.06
F 0.38 0.53 —0.04 1.29 0.51 | 0.10
~May 20 C 0.63 0.63 —0.02 1.38 1.07 0.24
F 0.18 0.11 0.02 0.69 1.03 0.29
~June 19 C 0.17 0.21 0.01 1. 60 0.49 0.31
F 0.10 1.04 0.03 0.83 1.04 0.36
~July 18 C 0.14 0.80 0.03 1.48 1.07 0.37
F 0.62 0.81 0.15 1.25 1.10 0.36
~Aug. 22 C 0.12 0.44 0.06 1.48 1.23 0.51
F 0.07 —0.19 —0.08 (1.23) (0.75) (0. 36)
~Sep. 18 C 0.02 0.13 —0.04 (1.35) (0.73) (0.45)
F 0.13 0.33 —0.01 1.21 0.39 0.35
~Oct. 18 C 0.09 0.47 0.01 1.22 0.22 0.38
F 0.25 0.36 —0.01 0.9 0.75 0.25
~Nov. 20 C 0.15 0.35 —0.03 1.03 0.42 0.19
F 0.35 0.59 0.00 .48 0.75 0.38
~Dec. 23 C 0.15 0.90 0.08 2.53 0.99 0.19
F 0.14 0.60 0.01 0.49 0.25 0.15
~Jan. 24 C 0.07 0.45 0.01 0. 41 0.12 0.10
1969
Total F 2.42 5.73 1 0.08 11.11 6.81 2.63
C 1.80 6.26 0.11 13. 47 7.16 2.88
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YK DR > 5 Nag1. 000015 L TMg&0.1200, Ca0.0382, KE0.0376LFHINS ,

Az DIEIRE—21TRUTIZ. 8 B~ 9 AOHINN/SiER & - 72Di319685F 8 H29HIZWSWD
B A B 26, 9m/S DA 100 mmD AR (RFY) %45 AR 05818 U 12729 THRKDO RIE
DEERPBRICA12TeDTH A 5,

Z TR D b OBHBIMANHOESE—FBEOR—HMARFOEIRL UTHREL
7o ZOHEIIE—22ICRLT, K8, 8A~9HDMEIX, TH~8HDfEE 9 B~108DED
FHEE LTz,

Sk 2261, K, Ca, MgTid 1 ~ 3 HOEFKRIEHIIENMER LS S - 12,

1 R ORI HERX TN 8.2, P 0.08, K 1.11, Ca 6.8, Mg 2.6kg/ha/yr, S{MXTN 8.1,
P 0.11, K 13.5, Ca 7.2, Mg 2.9%g/ha/yrTh H, WXL $AL L 5 ZEZTUIL COE
37— &< vK®DMN 4.9, P 0.16, K 18.5, Ca 5.2kg/ha/yriCiT W ME 2R L TV 3,

e. 8, RAOEER™
BOMWDON, P, K, Mg, NaDBEEIIERBIGEVANMITRSEL, RflicA S ik Lizhs-
TIEL 2, 5EEUEOMBTIIIII—EDER2LE, ZDEIRMEEXICIHVTN 0.66mg/g,

Mg Na Ca
- 6 -12
8 mg/q
mg/g P
5 - -1.0 - 10
" mg/g
4 . -8
3 6
=0.5 =
N
2 -4
- 2
L
P -0 0 o -0
0 —Ser hmer»l 0~2 2~5 5~10 10~ outer 1nnerl o~z 2~5  5~10 10~
“ood yrs Wood b4
Bark Woo Bark

M—40 2 uv<vDBOHEICLEN, P, K, Ca, Mg, NaDBEE
Fig. —40. Changes in concentration of nutrient elements N, P, K, Ca, Mg and Na along radial

direction of stem of a Pinus thunbergii tree in the control plot.



71

P 0.04mg/g, K 0.5mg/g, Mg 0.24mg/g, Na 0.0mg/g, XMMXic#H TN 0.56mg/g, P
0.04mg/g, K 0.4mg/g, Mg 0.18mg/gTNa 0.0mg/g ThH -1z, Ca®DBEIIPIMNICE 5 1IThE-
TEL s h, RLETIMEEX]. Img/g, X1 Omg/gt 212, & C TIRMEIEX & R UME
75 D TREX D AK7R U 120 ([€40)

ZLTLEEDOERMRICEE SN BEE LT, $ER (HE 1ol FTOMBE2ERL) 0%
ER (R—14) 2HUSORTHEHINIELR, B OFETEE LIz (£-23, 24),

f. NI RYICEANETER :

MEMBHNT, HEMEE 2 WEFTIC, <~ xBHEYD NN~ K'Y (Lathyrus martimus) b
BEODNLISICEBLUTWBFMND S, 2 TOEBHBHO 2 BONRERIIH TH %23
T 4kg/ha THREHAD 6 H D% N1323kg/ha Th - 12, Z DI HIEREIC L 2 [EE & (RE
T 5L, Eflo%keg/haDNBEKHLSEE SN2 LT/ d, LA UREX TiE, 13EA EN
TEURYBHELNEN. NEXT S FEILOBHD1/1013 EDREBLL LV HERE2H ~
6 HONOEMBBHEIT 2 & UTEHET 2 L, WEREXDONEERIZ 2kg/ha/yr& /5%,

g DTS DINF

b.~fHiZ & hELHT, KHMDBPNL 2RICT 5L K23, 24iT/85,

)& -DBHERPOoRLELNBE LIS, HilID BT AEDSE HTANOHREELE
ARVE) BY) 2 -—HOBFE+R, BEEINIBIEL L5, ZOEZHKN» SHEHE X
NABICNTAEDETAHAS L, WEKX (F—23) TIEN 320%, P 730%, K 100%, Ca 210%,
Mg 38%, Na 3% &78->72. K, Mg, NaldthN» o DEtIGB EEFE L VD, ZhLITiIK/ish, &
ErERT->THIRELRBZNVEVAZITHE, NEPOMNDL DAL I b T2,
BED EILL > TPOBEDNIIRHMTII~  FHEYOEBIRBTICE b, NEESEL /LN T
55U, NITLERM»L DRI AR T E 20, & S ICHHITIINO ;—NIZ # F /RN DR
CHRENTHEI NS, WENKAEREL 255, PbHERM» DAL/
CAEBREIZTTHA S, '

BEGEVBZINSCVRELEZLL L, M SBDT2EIE T NDOHEEL2E AL
W) IIE, RICEEINZEBORICELV, ZOHEEPMAL SR INARBICNT 2 ELE
TH5E, NHEXTIAN 42%, P 61%, K 21%, Ca 41%, Mg 7%, Na 0% & /5 h £TDRL
WREHBRBITEE, UL Y o vy MOHEX 2 ADEER2HET 51201013, ¥ 51284
OEDILE, RICEEINS (X—24). ZDQEEREZHND L OHBEINT 2ERELTAS
&, N 138%, P 126%, K 57%, Ca 85%, Mg 22%, Na 0% &7 b, N, PSRBT %,

HTICHR T T 2 BIOE % Likensi32> (1977), Tsursum (1977) DIBHHIT & 5 I8 EVH &L
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#—23 WEX (EHBIEX) Kkl 3 B2ONX

Table—23. Nutrient budget in the control plot C: at Arai.

(kg/ha/yr)
N P K Ca Mg Na
(A) Input rain water 5.9 0.38 8.2 13.0 9.7 70.5
dry salt by sea wind 1.9 2.0 6.1 51.1
leguminous fixation 2.0
total 7.9 0.38 10.8 15.7 18.1 140.4
(B)  Return leached by rain 81 0.11 135 7.2 2.9
to forest litterfall 21.8 2.53 8.8 26.5 5.6 4.1
floor total 29.9  2.64 22.3 33.7 8.5
(C) Immobilization into stem & root 3.3 0.23 2.3 6.4 1.2 0.0
(B+ C) Uptake by tree 33.2 2.87 24.6 40.1 9.7
(D)  Average output in world 1.4 018 3.4 148 58 17.0 7™
(E)  Weathering in Hubbard Brook 0 ? 7.1 211 3.5 5.8
(A+E)—(C+D) Budget 3.2 ? 12.2 15,6  14.6  129.2
F—24 MEEXICET 5 BT ONX
Table—24. Nutrient budget in the fertilized plot F2 at Arai.
(kg/ha/yr)
N P K Ca Mg Na
(A) Input rain water 5.9 0.38 8.2 13.0 9.7 70.5
dry salt by sea wind 1.9 2.0 6.1 51.1
leguminous fixation +
fertilization 50.0
total 55.9 0.38 10.1 15.0 15.8 121.6
(B) Return leached by rain 8.2 0.08 11.1 6.8 2.6
to forest litteterfall 36.7 3.16 11.9 40.5 8.4 5.1
floor total 44.9 3.24 23.0 47.3 11.0
(C) Immobilization into stem & root 7.7 0.48 5.8 12.8 3.4 0
(B+C) Uptake by tree 52.6 3.72 28.8 60.1 14.4
(D)  Average output in world 1.4 0.18 3.4 14.8 5.8 17.0 47
(E) Weathering in Hubbard Brook 0 ? 7.1 21.1 3.5 5.8 ¥
(A+E)—(C+D) Budget 46.8 ? 8.0 8.5 10.1  110.4
(Mstream output & 3Md run off OF¥fE (117 ) —— N 1.4kg/ha/yr, P 0.18, K

3.4, Ca 14.8, Mg 5.8, Na 17.0——T b - TE & b A, 54 (L) OE(LE ZHubbard
Brook D& HELEEMHA D E*® (N 0 kg/ha/yr, P?, K 7.1, Ca 21.1, Mg 3.5, Na5.8)T# -



73

TEEPAB L, MEXENBXICH T 2B OINK 13K —23, 24DBFEROMEE L2, HEE
KiIZE WTHESREI N2 -1 LIZ 5NDIXK I3, —3.2t/ha/yré& 5%, 2Pzt EE
MO BILIck 2TTREEILAS0 & L1z 6, INKI2—0.28t/ha/yr& /5, ZDMOMKIHTEFIC
’X‘D TV‘%O

K, Ca, Mg, Nald#d 6 DU HEL, CalcBILTZ TR D> & DHFA T B & >
LARABUIRKVEAZTHEE VAL ) PREFEM»SOUBE LIV DERITE S $
OHBEZLNEY, NIZIZEALED VDT, BIRELLTWVWRDESAL S,

= =]

FRAERER, KRRBRTIAERICHB UV TITED 5100~1,000m PIEHIZA - 1 B7IC
EBEDENY 0wy DATHI S5, % TOBERN, HIEEBIC > CEFOEVER
Bohicl, »oBMRIEER R BaETHTERgM) Ok & ks
WCHREE, MAER, BEOOERES EOHEE 2TV, BESKILIVTEDI S 2R
=X LBBUTHRR 6T RBELIICT AL E2EAME LI,

| WEERBENEBEOBLH
HEBOBENRIZREVRE L 5T, HIFKNDO L NVWBIZIZRA—TH 50, BBk L hEL
BATWHO EWCRIILTWA, Z L TEERAERMERTIRKDIFRETIZ/SL, KERET
brEEL, EBEOBMEORIIETN, NP, P, K, S, FeDMiiEER 217>, NH,—
N2ZABREXIZBNTD A, SHEAONEE, HEERBIMOKIC bXTEVHLN,
RIEDHESA LN, T8y MERICL > T AREMIRPREZ TH ST ESbb o1,
ryoevitt > TEEHEERIEINORZICH 5 LYW T&1205, ZORKET 5L 513,
COWEREWESERILL Th 5 ORISRV R, ARG BET 2 120ic~e xFHEY
VAEEPEINOEREPEATORENIID THEEELT,

2. HRABEMEOEBTOBOHK

1968 1 RF DM IR IZETEL E 3728, AJBRREWEBBHLUTCOBBFHBE» 12, %
DHBAICN, NP, NPKMg, P, K, KMg, MgDHifE%1T - 246K, N2ZATXDAICE N
THER, $HEORIMOREZENE LN, NEREOERICKIZTERVA SN,
FNEDBHB =T h YT DRIKT BB AR Y & BN IR T I RRT O B T I3 D
EBfTbh TV, ZENEELTWAZ L5, COMOEEHEERIZEE»XICL 3
NOFH LItk 3 § D &Iz,
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3. £ABOBVEEBE/ O YKICE T 3BIROHE

FRBEOEBOBNKICA 7BHIE L % (A3t TNE L T250kg/ha) 2FIFIC, ZOHK
3MERIAHZ (N & L T50kg/ha/yr) 2HEL, HEHEOHMES VB DN A% 2 I TR
12o

RIEMETIEIHE I NS H OERILFAETITIRX (EHIE) © 3 ~ 4EHEML 25,
1A . 2 EFETRBILS S o1, $IRAONBE X 2 EAETIEER 1 7 ATES
I, MELERE. 1 EAETII3 Y ABRICHEX L K 5NTEL BTz, BEHONBE I
3 & ABICE L 18- 12,

17 BT EicllE s h e HER RISy A cling s shic, #IEORIIEIERE LS
{785 1208, HPHRROBETRICIEILMSA SN 512,

BiE, B, MEOBRIHNBE S S bz, MEEEOEINL, $13 - RISEESE
I L7223, 8 - BIEBEEICE > TRUEUDTA LN,

YRR L ERBRET Y v vV MYEEED AL T ORESEEE 2108 ictsaf, 22CcllE
Utz HEMERECIZHEEX TE57.8mg, CO./g/hr, RBX TF156.7TmgCO./g/hr TH H, &
VR T I MEAEX T8. 4mgCO,/g/hr, XWX T3.5mgCO2/g/hrThH - 12, HEAEIC L 5 A D> 1F
D IEABERE OB HNCHEE TH > 12,

4. 7O0°YHOHER - SIEFORSIB EFMEER
HERPIISIERT L EBOAFEREP/FILaMINns,

P=FXP/F
¥EREOEBOENY o2 UMICNZ B U I24E R, MAEEESHEML I, 20U T
SIIER DEIN & AFEREROBENG EDEETHFE LTV I BRI,

WEMEE 2 i, BREWERE 17 FTCE VTR OX X & fIEX % 2 h 2 N EIERTH#
DOEE LTHEZL b1z, FBERTIISIERIZT. 00 57.8t/hais L U88.20>59.2t/ha~ &
H12% BN L 1z SFEEDH FIRMAER TN T 2 HERIL. 42> 52.2t/t B U405 2.2/t
#50% 8 U Tz, EERBEICHOTIZSERD3. 90> 510.0t/ha~, SHEDOH B MAEERIC
3 BEERKIZL. 0025 2. 0t /e~ U T2 EEMERED & 5 1CRRIRICE TR DD /2 0k T I FEAEIC
X o THINUTZAEYIZ E THIEROEINICA H 6N, EBFORVKTIRBRRRAZ (D
BIN3 T Edbroi,

HEAED 2, FEERO 5D, RRAEEEREERRIO 1R 5 B
WERER & 2 EESHEERON « P K+ Ca» MgDWE & OBER 2 A 5 &, MAEERIINORE
EEHERIEEE (0.925%%) Mash, 3 OBEHELIIER THVADHEBIBER(—0.01~—0.57)
BH LN,
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5. 707 UYMICEI I3RS OINE (R—2388)
FEBRICBVWTESORRERZAE LIz, BABI N Ko OBERICE > THAIIZ

B33 NORIZ7.9kg/ha/yr ThHH, B EXVRICEFE SN 2813 3.3kg/ha/yr Th 3,7
L THHIZB OV TNO—NBRE LR T INC &, HEKDOEZES X2 X - T 22kg/ha/yr DN
LHINB C LIINDORZZHRENZ $ DITL T3,

BICEN T OMAD Lt S BK, Ca, Mg, NaDBiZZzh 2£4010.8, 15.1, 18.1, 140.4
kg/ha/yr & HBHIZ > o 720 & b DIFMg i3 BEEED X itk - THMN it b S 1 5 8(5. 6kg/ha
/yr) 2 RBICELRZABIIEMND OB STV B T L b1z,
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Summary

Japanese black pine, Pinus thunbergii, is the most important species among the
trees used for windbreak on coastal sand dune in Japan. Usually in these pine
stands for windbreak, the growth of trees is remarkably depressed at the nearby
front edge faced to beach and increases toward the inside. But sometimes the de-
pression of growth occurs at an inner part distant 100—1,000m from the front edge.
The .depression at the front edge may result from the strong sea wind and the
shifting sand in return for its role as windbreak, while the cause of depression
at the inner part has not been studied sufficiently.

To make clear the cause of the poor growth observed at the inner part were
made, here, the measurement of environmental factors, the fertilization experiments
and the estimation of primary production and nutrient. The study were carried out
at the plantations in Futtsu, Muramatsu, Arai and other places (Fig. 1).

I. Studies at Futtsu

The pine stand studied was distant 100 —300m from the beach, 17-year-old and 1—
2m in height. This poorly growing stand was not exposed to a strong sea wind
and not different from the surrounding well growing stands in watertable. Since in
the soil layer of the stand was found an accumulation of shells which were abun-
dant in calcium carbonate and make alkaline the soil pH value, the mineral nutrient
relations were studied as a limiting factor for the growth. The fertilization exper-
iments with N, NP, NPK, and K and the acidification treatment with S, flowers of
sulphur, were made at the central part of the stand.

The effect of fertilization was observed only at the plots with NH +—N in the length and
the color of needles in the fall of the year treated and also in the elongation of
current year shoot in the next year (Fig9, 10, 12). The nitrogen concentration of
current year needles was highly correlative both to the length of needles and the
concentration of chlorophyll (Fig. 11). The injection into xylem and the foliage
spray of Fe-EDDHA had no effect on the growth, respectively. The poor growth of
of pine trees may be caused by nitrogen deficiency and not by lime-induced chlo-
rosis.

The leguminous plants which have root nodule for fixing air nitrogen showed poor
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growth near the pine stand. The growth of Amorpha fruticosa growing in the pot
filled with the sand soil of this stand was improved only when the phosphate addi-
tion was made. From these results it is supposed that the poor growth of legu-
minous plants on the calcium rich sand soil resulted in the lower pace in accumula-
tion of nitrogen and the inferior growth of pine trees.

2. Studies at Muramatsu

The course of height growth and the nutrient cocentration of needles and sand
soils in the poorly growing pine stand were compared with those in the well grow-
ing stand. The difference in rate of height growth was not observed for several
years after the planting in 1932. The depressed rate begun to appear after 1945 and
may be connected with the intensive harvesting of the litter owing to the lack of
fuel just after the end of World War II. The concentration of nitrogen, potassium,
and magnesium both in the needles and in the sand soils in the well growing stand
was higher than in the poorly growing stand.

The fertilization experiments with N, NP, P, K, Mg, KMg, and NPKMg were
made to seek the factors limiting the growth. The positive effects of the fertiliza-
tion on the elongation and the nitrogen concentration in needles appeared only in
the plots with NH,-N (Fig. 20). The well growing stands were found only at the
place where the litter was not harvested and/or the leguminous trees, black locust,
planted as soil improving tree grew vigorously.

3. Studies at Arai

The effect of nitrogen fertilization which was effective to improve the depressed
growth in pine stand both at Futtsu and at Muramatsu, was studied in detail at Arai.
The ammonium sulphate and saw dust compost, 250 kg/ha as N amount, were ap-
Plied to two poorly growing pine stands in May, 1967.

The fertilization increased the weight a needle in current year shoots by 30—40
%, but did not change in older shoots. The following effects were observed with
lapse of time after the fertilization :an increase of nitrogen concentration in 2 -
year-old needles 1 month later and in current year and 1 -year-old needles and
in needle litter 3 months later (Figs.23, 26) ;an increase of amount in needle
litter 15 months later and male flower litter 1 year later (Fig.25) ;an increase
of growth rate in diameter, height and volume of stem 1 year later (Figs.28—30).
Annual net production of root increased slightly inthe year fertilized and am-
ounted to twice as much as before the fertilizationlto 2 years later (Fig. 31). The
amounts of branch and cone litter were not changed by the fertilization.

The rate of apparent photosynthesis of current year needles was measured under
the controlled conditions, saturated light intensity and 22%C, in October. The av-
erage rates in Arai were 7.8 mg/CO,/gdw/hr in the fertilized pine trees and 6. Tmg
in the control ones, and those in Futtsu were 8.4 mg and 3.5 mg, respectively.

These difference between the fertilized and the control trees were significant at
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5 % level.
4 . Net production and nutrient concentration in fertilized pine stands

The net production Pn can be divided into two components ;
Pn=FXPn/F ‘
where F is the amount of needles and Pn/F is the net production per unit amount
of needles, the needle efficiency (SAT00, 1967). The increase of net production yield-
ed by the nitrogen fertilization was analysed by the components, F and Pn/F.

The fertilization increased F from 7.0 to 7.8 or from 8.2 to 9.2 t/ha and Pn/F
from 1.4 to 2.1 or from 1.4 to 2.2 t/t in the two pair plots, fertilized and control
plot at Arai, and F from 3.9 to 10.0 t/ha and Pn/F from 1.0 to 2.0 t/t at Futtsu,
respectively (Fig.37). So the increase has resulted from both the increase in a-
mount of needles and that in needle efficiency. The fact that the levels of F and
Pn/F improved by the fertilization were nearly equal to those in well growing in-
land stands at Tanashi and at Kiyosumi shows the satisfactory results of these ni-
trogen fertilization.

In the poorly growing stand attaching a small amount of needles, 4—5 t/ha, the
products increased by the fertilization were mainly distributed to produce new
needles, while in the well growing stand to the growth of stem and root.

A high correlation was found between the net production and the concentration of
nitrogen in current year needles. The concentration of phosphorus, potassium, cal -
cium, or magnesium in current year needles had no apparent relation to the net
production respectively (Fig. 39). The presumption that the limiting factor is ni-
trogen was supported by these ralations.

5. Nutrient budget in the poorly growing pine stand (Table. 23)

The amounts of nutrient elements contained in litterfall, precipitation and through-
fall were measured every month. Also the nutrient elements in pine trees felled
and the nitrogen in Lathyrus martimus, a leguminous herb, were measured. Using
these values, the nutrient budget which was composed of the input by precipitation,
salt breeze and leguminous fixation ;the uptake by trees ;the immobilization into
stem and thick roots ;and others, was calculated both in the fertilized plot and the
control plot at Arai.

The amount of potassium, calcium, and magnesium supplied from the outside,
chiefly from the sea, was large. Especially the rate of magnesium supply was high-
er ;18.1lkg/ha/yr from the outside compared 5.6 kg/ha/yr in the litterfall. The
amount of nitrogen (NH,*+NOs~)supplied by precipitation and leguminous fixation
was 7.9 kg/ha/yr, and that immobilized into stem and thick roots was 3.3 kg/ha/yr.
When the litter containing 21.8 kg nitrogen per hectare was harvested from the un-
fertilized stand every year, the balance of nitrogen budget would lose and the pine

trees would encounter a deficiency of nitrogen conclusively.



