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Bmlk W B B (gmd)
Table 1. N-, P,0;— and K,O-fertilizers added gram per plot (1m?)

mw Bk | B A | EY Y| moy N P,O; K,0
content content content
Treatment SI‘:IHI_I;; &2:};‘1&2 I;l}]‘soei)}r t%— K-sulfate (2) () (2)
N,P.K, — — — — 0 0 0
N,PK, 0 30 30 20 0 10.8 10.0
NiPK, 35 30 30 20 7.4 10.8 10.0
N,PK, 70 30 30 20 14.8 10.8 10.0
N,P K, 140 30 30 20 29.7 10.8 10.0
- N,PK, 70 — — 20 14.8 0 10.0
N,P1K, 70 15 15 20 14.8 5.4 10.0
N,P,K, 70 60 60 ! 20 14.8 21.6 10.0
N,P.K, 70 30 30 — 14.8 10.8 0
N,P,K; 70 30 30 10 14.8 10.8 5.0
N,PK, 70 30 30 40 14.8 10.8 20.0

Py, Ky, ¥E Ny, Pi, Ky) SI0EE (N, P, K) #HSGh¥T, F1RIRLL 11 OERO
FHE T otce CRHOERHITTEIEL L, BIRXTLbR 51,

RERKITHHANOERAECHRT R EXELL ABEREHY, &7y rRTFhd 1m® OJ
L, 37wy 7 OFRMABEEA T,

2—2. HREMOLE

RBREOLBEOHRMOBMEIE 2RCTT LRI TH D,

bAEOE LB OV COBEEFN VIO THARBIRETSH 52, COLBEIFETZIL W
RRRA I E A~ T, B Ca X0 Mg, 0.2NHCI 1% P,O; % X0 K,O &R 7w
MC-N=X, pH, B#ERE, Ca 310 Mg SIFERBAOATCHL T QCHERFELL T3 L
WBEZILRIT ST,

g2k HREMEDO Ap BOMLEIMER JOEM (HICHD)

Table 2. Chemical properties and texture of Ap horizon of nursery
soil (before fertilizer treatment)

B Exch. m.e./100g fFEE  Rate 0.2 NHCI
C N C-N=X of saturation soluble
c-N |& B % (ppm)
9 9 ratio .| GO MgO
Capacity|] CaO MgO K,0 P,0,
1.64 0.12 13.7 7.93 1.43 0.18 18.0 2.3 100 45
P,0, Exch. pH # Sand % M oB | K + + %
absorption’s | acidity Ho - ?:E B ﬁlﬂi W = Silt Clay
. oarse ine :
coefficient Y, 2 and sand Total % % Texture
710 1.20 5.50 4.40 8 46 54 31 15 CL~L
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2—3. REBHE
HRAHARLTBEANOBMCTEE L7 »~Y 1—0 Eafivic, chSDOEADEEL 10.1cm, #
JLEEE 1.9mm, M EIRAERERE 0.77g, MTHEERL 0.58g, 3 1.35g (100 X)) Th 1,
19644 3 AhR b D 1—0 W49/ m* K HHCHER L, REL2ATaCIEIRY, Bl 175
HRRTHROBERC OV TREROMEL e » 10, HHRBE L THVR,
HHEEHL L UL, &7y bioWnThd BERBiBR oo BHC 1 3884 10g & THEERITCHE
L, A F—RKICX5HEES IOCBREYEETR -1
2—4. SEE
RIBCHCEEALR, 8, 2, KFOLMMTEHL, 60°C THEEEL %, 1mm TFCH
LCHMCHEL 7, 2HEEIIOFR~1IATDIEEL T DT, HRAL AL 1EERETH -1,
SFTHEE, CHRLIEEREY, Nit Kietpanr 3, Pl A — £ & % Molybden.
blue®, +#8i3 Vanadomolybdenyellow'? iz X 2 Hufagk, KixZXH#HE:, Ca X0 Mg idfifb7v €=
Y a% VT Mn 2K L cth EDTA Exfuvic, Stk S H,SO,-HNO,-HCIO, # it
WRKAR'? B0 TitEw Auvie, HEOEBRAET PeecH B> ¥\, T oOfMO+ESTIHEY
B OIS T,

3. BARDOEREGSIUVHE BERHIUER (1))
3—1. ¥ERESLIUVEESH

LAFEEES s HADKERS LOWEIIEIRCTTER D Th 10

B3k W K O W K& (1964128 H4)
Table 3. Growth of seedling (middle of Dec., 1964)
(AR 14&%7 b Per one seedling)

. B OB H/D H/T | T/R & #
wom|Ee Ié% Fresh weight (2) | ¥ & | & | Dry weight (g)
H & | WL | —
Basal |y - #5130 T3 HA Height | Height | Top(g)| # | % | KZFE Hﬁk_
Treat- |Height| dia- A% (cm) (cm) | Root 2k
Whole = Whole
ment meter ced Dia- Top (2) seed.
(cm) | (mm)| Top | Root |S2% | meter () Root |Stem |Needle| Bud |
ling ling
(cm)

NPK, | 20.1] 6.5/ 23.3 11.5) 34.8 31| o0.87| 2.0 3.30| 2.08| 5.33| 0.23 10.94
N,P.K, 20.6| 6.6] 23.1 11.6| 34.7 31 0.89 2.0| 3.21| 2.21| 5.24| 0.27 10.93
N%P,K, 23. 4] 7.5 33.4| 13.7] 47.1 31 0.70] 2.4| 4.03| 2.94] 7.48] 0.34] 14.79
N,P,K, 23.6| 7.8/ 34.7] 16.3] s1.0 so| o0.68 2.1| 4.58] 2.97| 7.61| 0.37] 15.53
N,P,K, 20.3] 6.6| 21.0 12.0| 33.0 31 0.97 1.8 3.33| 1.92] 4.87| 0.22 10.34
N,PK, 20. 6] 6.9 26.4| 12.0f 38.4 30| 0.78 2.2| 3.38| 2.21| 5.90| 0.27| 11.76
N,P%Kl 24.1f 7.8/ 33.3| 14.8/ 48.1 31 0.72 2.3| 4.31| 2.86| 6.95| 0.35| 14.47
ANIPZK, 22.1 7.1 26.7] 12.1| 38.8 31 0.83 2.2| 3.53] 2.41| 6.02| 0.27] 12.03
N1P1Ko 23. 5] 7.2| 28.5 13.7] 42.2 33 0.82 2.1 4.02| 2.63| 6.38| 0.29| 13.32
NIP,K% 23. 3] 7.4 29.1] 13.8] 42.9 31 0. 80, 2.1| 4.07| 2.54| 6.81f 0.33] 13.75
N,PK, 21.7]  7.2| 27.6] 12.9| 40.2 30]  0.79] 2.2 3.76] 2.46] 6.56| 0.29] 13.07

) 3 77y bDYHE Remark: average of 3 plots.
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Table 4. Analyses of variances of the growth of seedling

R %= | HHE R % | HHE
L T N I B E = B el T
egree egree
Sviion | Sumof | of | M vatiocion | Sumof | “of | e
squares |freedom | 59 . squares |freedom| 59 i
I3 & (Height) B 55 B X (Basal diameter)
Tuy 7 1.06 2 0.53 1.06 | 7my2 0.03 2| 0.015 0.63
Block Block
*ok s
A piiil 70.27 10 7,027 14.02 i H 6.40 10 0.64 26.67
Treatment Treatment
EE = 10.02 20 | 0.501 = = 0.48 20 | 0.024
Error Error
4 81.35 32 &tk 6.91
Total Total
H FiRAEE (Fresh weight of top) T E R (Fresh weight of root)
ey 7 10.83 2 5.415 2.26 Tay 7z 2,72 2 1.36 2.75
Block Block
*ok *
AL piiil 605. 60 10 60.56 25.23 AL B 68. 20 10 6.82 13.81"
Treatment Treatment
= % 47.90 20| 2.395 E= 9.88 20 | 0.494
Error Error
S fk 664.33 32 & & 71.59 32
Total Total
H/D H/T
VA WA 2 2 1 0.56 Try 7 0.0036 2 | 0.0018 1.13
Block Block
*x
A0 H 17 10 1.7 0.94 L H 0.2116 10 | 0.0212 13.56
Treatment Treatmen
= = 36 20 1.8 =S % 0.0321 20 | 0.0016
Error Error
4 K 55 32 &tk 0.2523 32
Total Total
T/R ¥) * 1% THE Significant at the 1% level.
TRy 7 0.05 21 0.025 1.51 * 59 THHE Significant at the 5% level.
Block
o
A0 piiil 0.83 10 | 0.083 5.03
Treatment
=S % 0.33 20 | 0.0165
Error :
& 1.21 32
Total

LNBERICOWTRETS L, WEE 20.1~24.1cm (120%*), HEERIL 6.5~7.8mm (120%*),
M FERE T 21.1~34.7g (149%%), HTFREER 11.5~16.3§ (142%*), BIARLHEEL 34.8~51.0
g (147%*) gLz,

CHEEEOHEIZ EER IUIEAREL D UL AEERECH L TREAHME YR JIFL TnicZ &4

* MBS %%
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Table 5. Significance of growth differences between the fertilizer treatments

D& & (Height) 2) 1R 7t B 1% (Basal diameter)

NoPKi | ~ NOPIKIT‘

NEPK | ¥] % x NPy [%ok [ %%

NP, [* x| %) — Ny iy [ %ok %% | %

No P | — | = [x¥|xx No Py | — | — [xx|xx

Ny Rl | = | =[x |xx| — Ny Poki | % | | %k | %

NIBpK [k % x| — | =[x [** NyPgK [k Pk | x| — X% %%

NiRo Ky [k [ o [ ok [ K0k [ | ko | ek NiPa Ky [ [ | % b x| — |k

N Ko [ [k | = | = [ x| — | % NiPiKg |k |5k | % [k [k | % [xx| —

N RKE [k [k | = | = [rox[xx| — [ x| — N PrKE [ hok | — ok [k ok [k | k| —

NiPiKz | x| — [k [x x| *x | — |x x| — |* %[ *xx Ny PrKe sk [k | s Prx [xex | — | %% -] —| —
N A A X <% ZZx ¢ L2 >
gggesgedscd T, W S NN
Z2 Z Z =2 2 Z2 Z2 Z 2 Z zZ Z2 Z ZzZZZ2Z ZZZZ

i LEREES DHTHRELEES
(Fresh weight of top) (Fresh weight of root)

NoPiki [~ ] NoPiki [~ |

NEPIK |xx %% NPy K [¥ % [xx

NP ok [xx | — NP Ky [ %% %k [ % %

NeP Ky | — | — [xx|** NaPiKy | — | = [*% [ %%

NiPoKi | ¥ | x|k 5ok PRk NiPoKi | — | — % | %% | —

NyPEK) | k| — [ — |3 [x % NiPEKy [k [k | — | & [0k k%

NiP2Ky | % [k [k | Kok [k | — | %% NiPKy | = | = [RX|xx| — | — |x*

NiPrKo [k Xk | sk | ok o | — [*x ) — NiP Ko [ Xk [ %% | — | x| k% [*k] — | %%

My PIKS [k sk [k ok ko | % kx| — | — NiPLKE [k 3ok | — |k | dok ok [ — | %% | —

Ni P Kg | [0k ok | ok [k | — %k | —f — | — NlPsz———**——**——*]
© - — — = - = = © - Q e e T = = e = O
sifizisics TfEESE8ESE
Z2 2 Z2Z ZZ Z=Z2ZZ Z =z =z 2 Z2 2 Z2 Z Z Z Z

5) H/T(Height/ Top) 6 T/R (Top/Root)

NoPiki [ - | NPk [~ ]

NEPIKL [k | %k NEPKy ¥ % [ %%

NiP Ky [Xo¥ [0k — NiPiKi | = | = |x*

NoPiKy [k | % [k [%ok NaPiKy | % | % ok ks

Ni Poli bk % k| % |xk %% NiPoK | * | % | x| — [xx

NiPEK [ |k | — | — x| — NiPr Ky X kx| — | % [xx| —

NiPo Ky | = | = [ox|soxfsor [ — [*x NP Ky | X | o | % [ = [xx| = | =

NiPIKo| — | % |sx[rok|sx | — [%x| — NPy Ko| = | — [*x[ — |xx -

NiPIKG [ =[x |k |50k ok | — | % - NiPKS| — | — [*x] — |¥*| - | x|—] -

NP | * [eox x| x| = [ = [ = | = | = N,P,Kz***—-**—————]
Sfiiizziif ZEZZE%igig
2z =22 =z Zz === 2 2FFTEE=ET=EF =



— 64— WERRBIERE B2125

BHOLNI, TOHLEILIR, H/D ik 30~33 (110%*) &RLCKBEeh o 7chy, H/T 11 0.68~
0.97 (143%*), T/R 1z 1.8~2.4 (133%*) #RL, HECHTHED, BEEZOHMLETOXEED
g, HER L THOREOEFECARELFEE LS JIFL QW 2L RI,
HE, BrER #MERs IO TREESE, HD (& oo/fiEER an), H/T (B om/ih EiE
EHE g ¥IU TR SFront, BROWENR - BRIFIRCTT LRI TH S,
Whd P ey JEICHEEIRD bR o o, TEIEOHZEE HD %k fLOHEREES LOTWHE
ZOWT, WERGERE 1 ZKETEREEI RS LR,
FREHC TN TN ORERS JOHEOMEOAES ¥R L HERIESRCT T LRI TH S,
3—2. N, P,0; 40 K,0 OKEEOHENHEAOKRSLUVHEICS LETE
BIRDERERE IUOWEDOZRIN L OBFALAEMHIERK (NPK,) % 100 3 2R TRTLHE
6RDLE D ThD,
MERE3ERD > b 2 EROFERERE Y EX TR O 1 BEROBEAELE(I®T, N, PO, 810" K0
OFAEREELEED L, BHAOKES JOHHERX T FREROL 2HEY T LI,
3—2—1. EHEEX
SABRK%E U TEERX (N PK) OR#REES JOHBERDS - L BEFThH -7, Tihbb, #HE,
BEER, hERS XM THERIS - & dAEL, HT b, bM<, HECHTHERD,
BERFOEHBIIL - 233N, TR ZLABEKOFHYRELRL, HEBLBTHOOILHND
BIFTh 1z,
3—2—2. ¥ EK

Ho6% MIEEOETH > REEOE(L (EBHEEKCHTZ~EY )
Table 6. Changes of seedling growth in response to the changes of
fertilizer treatment (Per cent on unfertilized plot basis)

. R NP, |
i 0 NPK P,K, %%l (P,K,-series) N,K;, &%l (N,K;-series) (N, Plsi\lzi)
0+ 020

(Treatment) N, | Ny | N, N, P, Py P, P, | K | K; | 1 le
H =

(Helght) 100 102 116 117 101 102 120 117 110 | 117 116 | 117 | 108
BTt EH &

Basal ) 100 102 115 120 102 106 120 120 109 | 111 114 | 120 | 111

diameter
ﬂtJ%"‘Bér'l‘EE

resh

(weight) 100 99 143 149 90 113 143 149 115 | 122 125 | 149 | 118

of top
WA ER :

resh

(weight) 100 101 119 142 104 104 114 142 105 | 111 120 | 142 | 110

of root
BARLEE

Fres

weight 100 | 100 | 135 | 147 95| 110 139 | 147 | 111 | 121 | 123 | 147 | 115

of whole

seedling
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N 8K (N1PK,) &I P 38K (NPIK) i1, &, #EfEHES HT SR I 1
DREBIEERNX > OMICHEEVR bR Ich 5, BREBR L N5 L, TOFEKIIWT S HTHE
FHEWNZL, TR 3RENr -7, K, BTERBIEERX: P EBERITHEEENRONIch o1
P, N¥BRIZZOHR LD §/NEhot, 20X, N X' P 2BRKiIFRECHEAETL,
EERX X N5 i FORBIIHEENR O RIc) 1ot thTIMORZEDOERIFD bl

KgX (NPKy) @ BEERK KNS, HES IV TR FAZEVIRONIr 512, BE,
PR IO TREEEICTRLPXL, HT kEr o, 20X, K XEXCIIEREX
D L B DO TR OSREOFIRNTED b,

FXEBRAHLCHETHE, N X0 P RXERIBTLERYBRL L, TOMORERER JOTHHEIL
WFRAEEENALNT, COMRIRBIERBEORES JOBELTT LR TEL 222V ThAh
5, K ¥EXIX N X0 P YER N2 E, #h EBERIINEL, HTZAKEL, hEBozsz
%o Toehd, tTRERIEEEZ,RDLNT, BEEBEOREYTRL TV,

3—2-3. kB K

N KK (NPK) 2 N $EX:p~XzE, EROZFREER LU TR &L, HT ks,
Too Lichin T, NORABEEZEER» O RRRKOBBCHL T2 L, iR O TROREITA
B ICEGR L 223, T L D b ERMORBROBRD MM X LT LA ok, IHK, i
R ERDE, BERERES JOBERIVWThIFEENRONT, BELEX :ABEORELYRTCT
Flsh oo,

P R (N\PK) 2 P BRI HE~NB:, N REKOBE L ARCERERIIVTRG /N5 700,
HIT BIOTREIFEENRRbRIeh »i, LA, T, PO O B> HBR Y5 RBK DMK
PIBe, RS IUCHMTHMOREIRT & 5 72E8THERT 2 2 LARD bR, BIEEK L EX%
L, HEBIUCHTRERIAEENRORR, -0, BITER HETEEEIVT I AL,
HIT i3/)h&<, TR 3k&h o1z, LA 5T, P RX G THORBEIEHIER L &I FBD LN
A, LB OREIWHAL T 2 2 2R LT,

K xR (NPKo) it KRR EX2L, FREES IOBERCTRAEEESRONT, 3ER
BEORELZTL T, COARXLEROXER A, HAORER ICHERS X I1¥ THEI,
KO a1t N BX0 PO, 2infe W Bic» oA R TH0OL L THERIMEL L 5, EEEK Lk
N5e, HT X0 TR 3BBENRONIh » b, EREEZVTRIREN ST,

HERERAHLCEE T2, HEPMEERER IO HT ik, P AKX K REOMTREEEN RS
AP, N RK RS i kE <, #BHIhxL, HfoRz: P 5207 K kKiz N kK X
DT, ZHhICHL T, HTHMEERILI N 810 P KKoMciiFEENROAT, WTh
P K REX /P, tiTHRORBELSE » T,

324, £ BK

N EEROAREEIV TN BEEEX S IO N XBEX I /S, ¥, N RER IOERKIEX
LOMCHRZEIR DN 5, EHK, N FEKIEERER, N FEX, N XXk IOEHGIEX
DFhibd HT 3hEhsfc, NFEEXKO HIT 3108 TR B2UEXE@E L TEALREKRE
JUOBMERTRLI, ZhHD&L, N OHEOHEAR, HEXKORE TIEREEIV-ThITA
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B BB LAY, #TECH~NS E, M ERORBIEMHC I DIITFL SBHBLIZ L EREL T
foo TOME, MTEBRNZ P 5L0 K SEXKOEA L 138 - HEFEZRL T,

P fE8K (N,PK) QEEERS IO P B HX5, EREEZVThINEL, HT 3k
Ehoteh, TR BEEEVAELRh olz, P RELHENB L, BEIIKED -70h, FOMOERK
EERS JOWHEIBEENRON R 5T, ThbO&L, PO, OiiEREOHEINIEER CBRETIE N
DEE LA, XBRRKLBEABRECRERYRV LI LBDLRI,

K 8K (NPK,) 1E#EK L h~5 s, FREREIV-Thb/ P&, HT k&, TRIFE
ENRbNEd o, B, K RRLENBE, HEIINI L0, MOEREER IOHELE
BENROh D o, Zhbogr, KO OfiHEOHME FERK OB Tt N X0 P,0, 0%
ARk, XBX:RABEE CRERIMETLAZ L E2RL T,

ERBRAHLCHET 2L, P EERK: K FERKISRERERS JIOHBERWTIL FEENRLOR
fehotk, ¥, ZOEKIL N ERREENS:, W THEEBRBIAEEVNR ORI, 5 1A, Zofh
DEFREREIIKRE L, HT 3/ &, TR iZKkED o7, LI 5T, EHERXOBRE T, P IV
EXRHTHOREL N FEBER L ABE Th -7, HEMORBEOFRIIN L VP ERNTH -1,

3—-3. FLHPBEEFBROLH

7A=Y I EEERBEOL T, RAF, e/ FHCHNDe, EERSOHEINCH L TREEOH
Kizd - L /P ILEETH B & Wb T30,

HABEXT 5 EARORBEDO KICI BRI X » TR 5 L AR, B > TdRKLs, 5% T
Iebhic A, /%, hF=Y, 7H=V%D 1—1 HORIERBROFERYOOINL, ThENEREHE
PR BH, RERELTRAL, 7TH< Y iOBECE~NS L, WX 2#)ORBICHL TRE
RIEHMELBETHB L5 2%, TOEEL L TR TEIL 2 2b X S Bbh s, $EOk
Rd, oL bREEDO TR TOWEERRIIEMERK L EN2 L, ERBSIVIERRE T2,
EERE TR 1.4~1.5 FRBE I o, ThbOFERIL, 4% TORREN™Y Lh7s hIRLRE
IRL TS,

SEOFKER T, EH3EROEHES L TOREOMELT 4 <Y 1—1 BOMES JUTHEICK
LT, FRFRFRD X 5 RS - EHETRL TWicZ i, HAROIEEEROHE,H R CEEN A
THrLELIh S,

BRFNORBEOBREENVERERX L VL 572 LIIMRTFEINICETH -7, KERXDOBRE T,
th EMOBREE N okt P.O; X0 KO okBrX v 4, HTHOREL N skt PO, ok
12 KO ODRBRIDVE, ThERBELHETARTFLLTIVREAFEY B IIFL T,

FEROBM T, N &8I0 PO, OXBEOHEHAM EMOBELXVHUAL (BHEL, EREREX L
FBREDCREDOKELXR LI, LoLidb, #THCHT sMBRECHEL+H TR, ERED
AL > TREDORERCE LI, 20X, MEHMEMTHMORED N 510 P,O; offifEcx
FTHEREH TN TRER - T LIEARMEL X5, chicxL <, KO i, RRE OB
T N X0 P XX LD § Bk O TR 2 BEOHE L DI d o 1o, (BXOBRE T
FARER KR LAGED B DR, EERRKOBE T LbTHARBRYRLE. <0 X 31,
KO OB IIFTHEI N I PO, Lidnie hEx R EFL T2 LI3HEKRS 2EE
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B1E W OK 0o B H B E
Table 7. Nutrient concentrations of seedling
° (&M 1-9 % Per cent on dry basis)
#eatme%t I-%:;rt7t< of@sefgli?g C N P K Ca Mg
#H  (Root) 50.1 1.30 0.22 0.86 0.22 0.10
& (Stem) 57.5 1.28 0.17 0.64 0.33 0.10
NP.K, #  (Needle) 58.9 2.31 0.21 0.86 0.45 0.088
% ZF (Bud) 56.5 2.79 0.41 0.95 0.38 0.14
4 {k (Whole seedling) 55.9 1.82 0.21 0.82 0.36 0.095
#  (Root) 50.2 1.23 0.23 0.94 0.23 0.12
#  (Stem) 56.2 1.26 0.16 0.59 0.33 0.12
N,P.K, (Needle) 58.0 2.21 0.19 1.02 0.47 0.087
% ZF (Bud) 55.3 2.53 0.38 0.94 0.38 0.14
4k (Whole seedling) 55.3 1.74 0.20 0.91| 0.37| o.11
#  (Root) 49.1 1.30 0.20 0.91 0.23 0.11
B (Stem) 54.5 1.25 0.15 0.58 0.30 0.10
N%PlK1 (Needle) 57.3 2.23 0.21 1.02 0. 47 0.091
£ 3f (Bud) 55.4 2.57 0.34 0.86 0. 40 0.11
4 {k (Whole seedling) 54.5 1.79 0.20 0.90 0.37 0.099
B (Root) 49.2 1.30 0.20 0.83 0.22 0.12
B (Stem) 56.2 1.26 0.16 0.61 0.33 0.11
N,PK, ; (Needle) 57.8 2.31 0.21 0.96 0.51 0.084
£ 3f (Bud) 55.2 2.78 0.38 0.89 0.38 0.14
4k (Whole seedling) 55.0 1.82 0.20 0.86 0.39 0.10
B (Root) 48.7 1.82 0.19 0.91 0.22 0.12
#  (Stem) 55.6 1.31 0.15 0.62 0.33 0.12
N,PK, #  (Needle) 59.0 2.39 0.20 0.93 0.50 0.088
% ZE (Bud) 56.3 2.78 0.37 0.94 0.40 0.12
£ {k (Whole seedling) 55.1 1.85 0.19 0.87 0.38 0.11
# (Root) 47.9 1.21 0.19 0.95 0.19 0.12
& (Stem) 56.3 1.28 0.16 0.61 0.33 0.12
N,PK, #  (Needle) 57.8 2.22 0.19 0.91 0.49 0.082
% 3 (Bud) 53.9 2.66 0.34 0.82 0.38 0.13
42 {Kk (Whole seedling) 54.7 1.76 0.19 0.87 0.37 0.10
B (Root) 48.1 1.21 0.19 0.83 0.21 0.10
#  (Stem) 55.0 1.34 0.16 0.67 0.34 0.12
NlP%K1 #  (Needle) 58.4 2.28 0.21 0.96 0.48 10.086
% ZE (Bud) 56. 1 2.61 0.34 0.86 0.40 0.13
£ {k (Whole seedling) 55.4 1.78 0.20 0.86 0.37 0.098
#  (Root) 48.7 1.25 0.21 0.90 0.24 0.13
#  (Stem) 55.0 1.24 0.16 0.58 0.37 0.12
N,P.K, 2 (Needle) 57.5 2.20 0.21 0.91 0.49 0.085
£ 2E (Bud) 56.6 2.65 0.41 0.91 0.40 0.14
4 {k (Whole seedling) 54.5 1.77 0.21 0.86 0.40 0.11
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'I%zatme%t Erzkofoseéqgli?g c N P K Ca Mg
#  (Root) 5800 1.30 0.22 0.92 0.23 0.12

B (Stem) 55.9 1.26 0.15 0.61 0.33 0.11

N,P,K, #  (Needle) 56.8 2.22 0.21 0.93 0..50 0.086
£ ZE (Bud) 54.1 2.70 0.39 0.86 0.40 0.14

4 fk (Whole seedling) 54.5 1.75 0.20 0.86 . 0.38 0.11

#  (Root) 46.4 1.23 0.19 0.83 0.21 0.11

& (Stem) 56. 4 1.25 0.15 0.64 0..34 0.11

N,PlK% #E  (Needle) 57.4 2.15 0.21 0.86 0.49 0.089
% ZF (Bud) 55.6 2.70 0.36 0.89 0. 40 0.13

4 f&k (Whole seedling) 53.7 1.72 0.20 0.81 0.38 0.10

#  (Root) 48.5 1.29 0.19 0.87 0.23 0.12

#  (Stem) 56. 1 1.36 0.15 0.60 0.33 0.11

N,PK, #  (Needle) 58.3 2.33 0.21 1.03 0. 46 0.090
£ 2 (Bud) 56.5 2.71 0.35 0.94 0.40 0.12

4 {& (Whole seedling) 54.8 1.85 0.20 0.90 0.37 0.10

Th -1,

EEROBM T, FHEEKIVINIEREBK L ABE X TREBDETERL A, LI N fF
EXCEWTE, MERORZOFBI BTN WBLHLL, N XKL HEOETIS.
KH ol b3+ noEB2ETE 0L Bbh s,

S$ETOT7H=Y 1—1 HERTARREAVZ L Wicdic, SEOER,LEDIC—BILERY T
ZERETHLWE, 7wy 1-1 HORFERES JOBERXEET 50D EEE, 3 L0 3ER
DEEHOFEIL, 27 VO TRV L FHEIR, BRY 117 7~ YEACKT % 3EROME
Hel <, N:PO;: KO=4:3:3~4 #»Bif: L T35, £EORBRTIE REORES JIUHEYT
LIcBRERR O SERDOEAHIL, KO ORENSDDieh 5 ch’, BRORER LISEELRIMEEL WL
X3,

4 BAROEMAGLVLUROBEERSRE, EHEFRE, BEHLG LUV
FRMEECETIESE BREIUEE (2))

4—1. JHRE

FUBROEARDERLS B LU LBDORHMBEIE TRCTRTLR Y Th 5,

4—2. WIEBHLUVREEHOECL iz 5> FFREOE(L
FTROERDL, BRIIZL, ILRERHHIC, EEERKE 100 L T2 TRTEESEDL
BHTHB,

4—2—1. N B &

PO; 3530 K,0 oE#EREY 5% 1= PK, RFITE, BROZEH B I02E0 N EEL N kK
TIRWTRAERIEK X 0 bieh oz, EhIE, N k—N REERESN EEROIEC N iR
DHRICL b7 -, B, B LR IVEALATEI—HRA CEELTL TRLDORbhr » 1o
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88X EAROENDBERN EEEKCKT2—2v 1)

Table 8. Indexes of nutrient concentrations of seedling
(Per cent on unfertilized plot basis)

1) NA b3 B (N concentration)

PK, %5 (PK,-series) | NJK, %5l (N,K,-series) Ergl A7
NP0, (N,P,-series
ot oo "
N, Ny [ N, N, P, Py P, P, | K | Ky | K| K,
ﬁ (Root) 100 95 100 100 102 93 93 100 96 | 100 95 | 100 99
#  (Stem) 00| 98| 98| 98| 102| 100| 105| 98| 97| 98| 98| 98| 106
% (Needle) 100 96 97 100 103 96 99 100 95 96 93 | 100 | 101
K3 (Bud) 100 91 92| 100| 100 95| 94| 100| 95| 97| 97| 100| 97
‘Whole 100 96 98 | 100 | 102 97 98 | 100 97 | 96| 94| 100 | 10t
seedling
2) P b EE (P concentration)
#H  (Root) 100 105 91 91 86 86 86 91 95 | 100 86 91 86
t  (Stem) 100 94| 88| 94| 8| 94| 94| 94| 94| 88| 88| 94| 88
3 (Needle) 100 90 100 100 95 90 100 100 100 | 100 | 100 | 100 | 100
LI (Bud) 100 93 83 93 90 83 83 93 100 95 88 93 85
21k
Whole 100 95 95 95 90 90 95 95 100 95 95 95 95
seedling
3) K b [ (K concentration)
B (Root) 100 109 106 96 106 110 96 96 105 | 107 96 96 | 101
B (Stem) 100 92 91 95 97 95 105 95 91 95 | 100 95 94
% (Needle) 100 119 119 112 108 106 112 112 106 | 108 | 100 | 112 | 120
&3 (Bud) 00| 99| 90| 94| 99| 8| 90| 94| 96| 90| 94| 94| 99
etk
‘Whole 100 111 110 105 106 106 105 105 105 | 105 99 | 105 | 110
seedling
4) Ca -3 B (Ca concentration)
ki (Root) 100 105 105 100 100 86 95 100 109 105 95| 100| 105
=23 (Stem) 100 100 91 100 100 100 103 100 112 100[ 103| 100] 100
ﬁ (Needle) 100 104 104 113 111 109 107 113 109 111 109( 113| 102
%2 (Bud) 100 | 100 | 105 | 100 | 105| 100 | 105| 100 | 105 | 105/ 105 100| 105
Whole 100 103 103 108 106 103 103 108 114 106] 106 108} 103
seedling
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5 Mg % & (Mg concentration)

P K, &% (P,K;-series) | N,K, &%l (N,K,-series) (g‘g‘ A7

N,PK, P, -series
N, N% N, N, P, Py P, P, Ko | K1 | Ki | K,
R (Root) 100 120 110| 120 120 120| 100| 120 130 | 120{ 110| 120| 120
& (Stem) 100 | 20| 100| 110| 120 120 120| 110 | 120 | 110] 110 110|110
# (Needle) 100 99 | 103 95 | 100 93 98 95 97 98| 101 95| 102
&2 (Bud) 100 | 100 79 | 100 86 93 93| 100| 100 100 93 100{ 86
Whole 100 | 116 | 104 105| 116 105| 103 | 105| 116 | 116/ 105 105 105

seedling

Adboidd, 2R N BEQIRKL T2 0ERETR LI, L2 Likdib, 8Tk N 2BXKo
N BE, N XRBIVUBEEX I DbTNBLE2RL THMAELL T,

N % 10" KO0 op#EgEs 52 2 NiK, RFIcik, EHEXKcE~X%e P RETIZ®BH: N g
BlvihdBoeinlic, b, P k-P ¥ESEREXOIECE, Ik JOEALETL PO;
DORABEOWMAR L 78> T, N BERIERLTFOHAL 2, P HEERK TR WThEREREX X
h N BEIBIERLL, BEDLOK, PO, Ofiif: NBEE:L oMK, & —EOBRIEED
Shieh o1,

N 30 PO, OFE#RES L% 72 NP, RFICik, BEARDOZRYB L0240 N @i, K XXk
EREX E ASWLEPOETERL, K XRE-K FEROIEC k5L, KO ojifig: N
BEXOMC—EDOERERWETZ LR TERh -1,

EHEIER 2 &S e 2UEXICOWT, N BEOEAOFHBEYIER AT, Bk 93~102, 3 97~
106, i3 93~103, KIFL 91~100, FARLMFIL 94~102 #RL, WFhLEHERD N BEO10%
HROLFRUTOMEER R TE D 57,

4—2—-2. P B

NK, RIITIEEAROETS I LO@ko PIBER, EEEXKCHENS: P KR TR WTFhES%
Fli, &bic, P k-P $E-ERESP EERKOIEC, PO, OifiBOHAC L bis-T, K,
#E, AHEBIVEHALETL, ~FCERACEBEYRL TELORELND s THE Db - 1oh, 281
P EEILTHTOIEREALL, LaLkd b, BT PR-P HEERKEFTHIRGFEL P BE
BRL, BRI h 5,

PK, #FITit, N REOEEBRGAMOEROKTHE IOCHARLAD P BT, Wihd &R
RIEr -tz O P @EEDE N X-N FEXOIHC N OEEEOERIC & 7t - ThTh3 o)
D (—IREFAUME) R, BARSMEO P EEr N x-ERERKEAENR O -ed, N £
BRTIEIER LI, 8, ERIVUELFTL P REL N {CE: OMz—EDOBRIL R bhich
712,

NP, #7Cix K REOBAKHAS LOLAED PRI EIHIEK & FRER . LB wm L1,
K k—-K EEXOIACIENS &, R IVERLED PREIELETSAr 700, 1 BIUE
FTik KO offifiEe P IRE L Oflic—EDOBIRIFRD bisd o1,



7 H =Y -1 HORER JOBRMERCRIFTER - YV VEE - 2 ) OEAEOFE@H) — 71 —

EHEX 2D 2NR K OWT P BEOCEAOHEALER TR T, Wik 86~105 BuX 88~
100, #Ei3 90~100, &3t 83~100, @ALMAIE 90~100 #RL, HEWHEIEKD P EED 10~20% §i
gOMEXTL, Lo N OBE L0 E(LOBIIERETRL 1,

4—2-3. K & &

NP, 250z, KO OfAREOHMAR L $ic 5 BIRORTH R L 0LM4k0 K BECE(R, £IFT
12 K x—K BFERKOIECIEKEA L ML, WTFnd 8D ¢ 5 aBEd R b hich -1,

Z0ih, PK, RFlcs\WTHED K BE? N ofi fEOHAICE bir - THAIL, NK, Rilick
WTEZED K BED PO, OfABOMAI L - THIL, BA2EO K BEIELER Sh
ST BANE, WFR KRR K RE ORI —EOBRITS b o,

PDED X5, BARDER S L0240 K BRE L ZHEIEE: OB, 2BMCEEHLD TR
EWnxE S, ZOLIHMRO N X0 P BEOHG LI VED & D EEERL T,

EREK 2D 2QBEKCOWT K BEOR{LOFELHER AT L, 3 9%6~110, i 91~
105, i3 100~120, &3 86~100, WARLML 9~111 *RL, EHIEKORED 12~20% 7D
HEERL, W0 N OoBa L b LB ORI ATR LI,

4—2—4, Ca &

SBIORBTIL L (i Ca JEREBRA L h o 7edt, BRIV Y vidiiehThdic ) OBE0CO
DBEFHEINTWE, Lich 5T, NK, £50 PO, O EOE(IYSA CO OfifiEORILE L b
5wz Xi,

BARDEZESY® L0'2tho Ca BEL, NK, 7k PO, OB L $it-T, BB IV
HAREMAE T P P FEROIRCIERL T o8k (—HiXFUE) #7L, PK RFlcx No
WRABOWKAIE 37 -TC, Ho Ca BEEEERK IV N FEK L, N REIU NEEX LD
WAL, FOMDOEEIE, JIEEOE(L: Ca EBE : ORI —EDBRIZ AL 5T,

EHIEL DL MBI OWT Ca BEORORBAEHER CTRT L, Bk 86~105 N 91~112,
I3 100~113, LIFx 100~105, HALHr 100~114 #FL, LFEXB L v h b EERR O
BEOHK 15~20% FEOHEER LI,

4—2—5. Mg & B

SEORBRTIT L LI Mg JREA AL -7t MY VIRt b 7g b OBD MO & EhTw
5. Liedts T, NK, RFlicksid s PO; offiEOE/izUR MO ofifiEOET L) L v
2 X5,

NK; 271, &30 Mg BEIEERF IO P HFEXT P RE IV P EEX I hIERL 24t
I3, BARDOEZES B L0 2ho Mg BE L EIEE L OMc—EOBHRIRD b hieh » e,

PK, %35 X 0° NP, RFICi, #%EOHO Mg BE? K X—K FEXK ST CERRL AL
Shix, Mg JBEE 2 JEIRE & ORI —EOBIRITD bhich 572,

HIEER & & L RAERKIZOWT Mg BEOCE(LOHEEHER TR T L, #ik 100~130, #ik 100
~120, it 93~100, &ZZFT 79~100, FALMAT 100~116 RL, EXEL L uiv-Fhd 15~30
GRBOHEEE R LI,

4—3. WAROZHHOENRES LUENIL
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IR HADOENRE (BE~RH)
Table 9. Nutrient concentrations of seedling (Min.~Max.)
(& ¥&7-b % Per cent on dry basis)
N P K Ca Mg
1B (Root) 1.21~1.32 0.19~0.23 0.83~0.95 0.19~0.24 0.10~0.13
#  (Stem) 1.24~1.36 | 0.15~0.17 | 0.58~0.67 | 0.30~0.37 | 0.10~0.12
#  (Needle) 2.15~2.39 | 0.19~0.21 0.86~1.03 0.45~0.51 | 0.082~0.09T
% ZF (Bud) 2.53~2.79 0.34~0.41 0.82~0.95 0.38~0.40 0.11~0.14
(#h 8 (Top)) (1.93~2.10) | (0.19~0.21) | (0.80~0.91) | (0.42~0.46) | (0.09~0.10)
£k (Whole seedling) | 1.70~1.85 0.19~0.21 0.81~0.91 0.36~0.41 | 0.095~0.11
F10R WAROESH (RE~RE)
Table 10. Nutrient ratios of seedling (Min.~Max.)
1) Nizxt35%-2—xv 1 (Per cent on N concentration basis)
N P K Ca Mg
B (Root) 100 14~19 64~79 16~19 7.7~10
&  (Stem) 100 11~13 44~51 24~30 7.8~9.7
#  (Needle) 100 8.4~9.8 37~46 20~23 3.6~4.1
& 2 (Bud) 100 13~15 31~37 14~16 4.3~5.5
%Wffole seedling) 100 10~12 45~53 20~23 5.2~6.3
2) # o . (Nutrient ratio)
N/P N/K N/Ca K/P Ca/Mg
B (Root) 5.3~6.9 1.3~1.6 4.8~6.4 3.9~5.0 1.6~2.2
&  (Stem) 7.7~9.1 2.0~2.3 3.4~4.2 3.6~4.3 2.8~3.3
% (Needle) 10.2~12.0 2.2~2.7 4.4~5.1 4.1~5.4 5.1~6.1
& 2 (Bud) 6.5~7.8 2.7~3.2 6.2~7.8 2.2~2.7 2.7~3.6
é(Wﬁ}fole seedling) 8.5~9.7 1.9~2.2 4.3~5.1 3.9~4.6 3.4~3.9

oL, BROFHESOBXBENRENHEOBE YT (HIBEOELERL LY, HADE
WL OERHSOERER LORSHIL, ThUECHY & 5 2HRERL, Th X gl Abh

foo

INLDOERFLNCT BT, HADOER & XULEORFBEOEL RE~RRE) ¥FIE
<, BOHOE (BE~ERE) &5 10 RRLIE,
N BEILFNG - LAEL, EVARKE, BBEIUBRTIVBUBL KL, LFRIVED
N BEIRS JOBOM 2 fFIEVEXRL T,
PRESLIFEVVBLUHLLIEL, PVTR, ¥ BOEETLA, LHId - & dED - B0
2{EL EOMERTE L 1208, B0 3 DRI 51,
KREIR, EkIULFIRERABEOCMELFL, WY & dREENR LR, 50, BTEIHh
LD 3 W L VEWEERTRL Tl
Ca WEEN S - 2 BB, DVTLHE, BOMECHSL, WAt -2 b, EOPLIEREC
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BETh 512,

Mg BEILFIRE IR I Db TMC LA - TWied’, 20O 3RHSOHEILT»ThH e, ED
Mg BEIIALD3MAIOBY &+ 5IETERL T,

LEDEREHARDEMAINCL hF2DBHE, RKDLBDHTHS,

Bt N 530t Ca BEME QfEdwtc, N EECHTS P, K 3108 Mg BED HEXEL,
N/P, N/K 3 X0 Ca/Mg SDOESHIEROETNHS - & b/ b 51,

12 N, Pl K BEIE, -7, N BECHTS Ca 510 Mg BEOHENAE L, N/Ca
BEARDEFRAFD » & /NI 51,

#Fx N X0 Ca WENE L, Mg BENE, -7, N BECHTHP, K 35JX0° Mg BEOHEK
PHEL, Ca REOKENE L, NP X0 Co/Mg BEAOETIFS - L dREL, ¥, NKHX
E /N

I N BX0 P BENEQCEDL o1z, N BERCHTS K, Ca 510 Mg BEDOKRII/NEL
K/P pie Q& {, NK %LU NfCa pik&Fh o1,

B OHARDEFHD B LOREOBES OB L EREDOBIRICOWTL, BIEEDOELICE biss
T, —HICRBESHOWRITCLEL TR LEE RN, £ OBRI—EOBRIAEDLR
mhote, Efe, HFRPHLOB(CDEI TR REEXEBECT DL, KEfEL 20~30% OERER
LICiCBE R otc, TRBDEIE ERDERSEBEOEAILDLURESTONDZ L THHA, HEME
ERTHERSEOEMDIBE L UL ELD TN VEWVLL LY,

ThLOAE, 7TH=Y 1-1 HIREIEES JOFOHEOKRNA L LB L CEE - TWBHETY,
HAROEZBMy DEERC LI > THREL THERMNEL, HHBEOCELORIL S, »ithALUL LE&
TERRER TV Z 2 HRTHDOL X L5,

i—4. BROZHAB LV LEORNEHE :

BTRCRLLEROERY OFRSBEC, EHERY T TROLEZESEFRES IOEALE
BNEREL, £ 11 BERTER I Thb,

811 £2 b, FRH/OEFEXZRINT L ICERIEX % 100 L T5HEKTRTE, B 12 ROL KDY
Th5b,

BERONDEFEXARINS L CHETH L, 2RI KRB E-EERXOIRCIRKYV-H L5 L\
KERL, BEBRKCESWIRRENBERCEL BN Sh o1, SEEKTIWTRY, EERK LD
g DL ERL I,

ThBLOAT, § 13 RR L CERIER % 100 & L1£5R51 2L OFAROETS B L0LkOHE
BROBEHLIHLI L 5, RIEEOHERCL 4> EYEEOHEOHTNERNSBEOHEL Y
b, BOGHABECHL CRELPELRIFL Ot RTd0E W L5, LaLlhsb, NP,
FFI0 K kX e K $EXORE L UH, PK, #F0 N B BEEEXOE, NK, R710 P £E
K BERRKOBREOREIL, EHEROMEENLTNTH - icdil, BHMREDCHEDHINENE
HECHL TRERPRELE LEFL, EROLBNERICHL TEHIORNERL THIBRAD L
e, 20 X5 BN IEESICRBE, N XU P gFEOHERIIVIL, K C, LUl
I Mg &HEOHECLRbhic,
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BlULUEX B RORSEHE
Table 11. Nutrient contents of seedling
(1ZA&%7 b mg: mg per one seedling)
%eatment lE:E:\rZK ofoselflcgllifxz C N P K Ca Mg
B (Root) 1,650 42.9 7.3 28.4 7.3 3.3
&  (Stem) 1,200 26.6 3.5 13.3 6.9 2.1
N,PK, 2 (Needle) 3,140 123 11.2 45.8 24.0 4.7
% 2 (Bud) 130 6.4 0.94 2.2 0.87 0.32
4 f& (Whole seedling) 6,120 199 22.9 89.7 39.1 10. 4
B (Root) 1,610 39.5 7.4 30.2 .4 3.9
#  (Stem) 1,240 27.8 3.5 13.0 .3 2.7
N,P.K, 2  (Needle) 3,040 116 10.0 53. 4 24.6 4.6
% ZF (Bud) 149 6.8 1.0 2.5 1.0 0.38
4 {k (Whole seedling) 6,040 190 21.9 99.1 40.3 11.6
# (Root) 1,990 52.4 8.1 36.7 .3 4.
&  (Stem) 1,600 36.8 4.4 17.1 .8 2.
NiPK, #  (Needle) 4,290 167 15.7 76.3 35.1 6.8
£ ¥ (Bud) 188 8.7 1.2 2.9 1.4 0.37
4 & (Whole seedling) 8,070 265 29.4 133 54.6 14.5
#  (Root) 2,250 59.5 9.2 38.0 10.1 5.
#  (Stem) 1,670 37.4 4.8 18.1 9.8 3.
N,P K, 7=  (Needle) 4,400 176 16.0 73.1 38.8 6.
% ZE (Bud) 204 10.3 1.4 3.3 1.4 0.52
4 fk (Whole seedling) 8,520 283 31.4 133 60.1 15.7
#H (Root) 1,620 44.0 6.3 30.3 7.3 4.0
#  (Stem) 1,070 25.2 2.9 11.9 6.3 2.3
N,PK, #  (Needle) 2,870 116 9.7 45.3 24.4 4.3
% (Bud) 124 6.1 0.81 2.1 0.9 0.26
4 {k (Whole seedling) 5,680 191 19.7 89.6 38.9 10.9
B (Root) 1,620 40.8 6.4 32.1 6.4 4.1
B (Stem) 1,240 28.3 3.5 13.5 7.3 2.7
N,PK, #  (Needle) 3,420 131 11.2 53.7 28.9 4.8
% 2 (Bud) 146 7.2 0.92 2.2 1.0 0.38
£ {&k (Whole seedling) 6,430 207 22.0 102 43.6 12.0
B (Root) 2,070 52.2 8.2 35.8 9.1 4.3
& (Stem) 1,570 38.3 4.6 19.2 9.7 3.4
NIP%Kl 3 (Needle) 4,060 158 14.6 66.7 33.4 6.0
£ ZE (Bud) 196 9.1 1.2 3.0 1.4 0. 46
4> {k (Whole seedling) 7,900 258 28.6 125 53.6 14.2
#  (Root) 1,720 44.1 7.4 31.8 8.5 4.6
#  (Stem) 1,330 29.9 3.9 14.0 8.9 2.9
N,P,K, #  (Needle) 3, 460 132 12.6 54.8 29.5 5.1
% 3 (Bud) 153 7.2 1.1 2.5 1.1 0.38
4 ftk (Whole seedling) 6,660 213 25.0 103 48.0 13.0
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mo H HAR DR S
Treatment Part of segdling C N P K Ca Mg
B (Root) 2,010 52.3 4 37.0 .2 4.8
#  (Stem) 1,470 33.1 .9 16.0 .7 2.8
N,P,K, 3= (Needle) 3,620 142 13.4 59.3 31.9 6.1
% % (Bud) 157 7.8 1.1 2.5 1.2 0.41
4 ftk (Whole seedling) 7,260 233 26.8 115 51.0 14.1
R (Root) 1,890 50.1 7.7 33.8 .5 4.5
#  (Stem) 1,430 31.8 .8 16.3 .6 2.8
NlPlKlé #E  (Needle) 3,910 146 14.3 58.6 33.4 6.1
% 2 (Bud) 183 8.9 1.2 2.9 1.3 0.43
4 {k (Whole seedling) 7,410 237 27.0 112 51.8 13.8
# (Root) 1,820 48.5 .1 32.7 .6 4.5
g (Stem) 1,380 33.5 .7 14.8 .1 2.7
N,P.K, 7= (Needle) 3,820 153 13.8 67.6 30.2 5.9
% 2 (Bud) 164 7.8 1.0 2.7 1.2 0.35
£ fk (Whole seedling) 7,810 243 25.6 118 48.1 13.4
Bl2k HAROCESESHERE (NPK, Kicxd2 %]
Table 12. Indexes of nutrient contents of seedling
(Per cent on unfertilized plot]
1) N44E8 (N content)
' PK, %% (PK,-series) | N\K, &%l (N,K,-series) (11\\11,];1:,’1 s/e%'i !
N,PK, 1P -series
N, N% N, N, P, P% P, P, K, K% K, | K,
B (Root) 100 92| 122| 139 | 103 95| 122 139 | 103 | 122|117 | 139 | 113
& (Stem) 100 | 105 | 138 | 141 95| 106 | 144 | 141 112 | 124 | 120 | 141 | 126
(Needle) 100 94 136 143 94 107 128 143 107 | 115 | 119 | 143 | 124
£ (Bud) 100 | 106 | 134 | 161 95 | 112 | 142| 161 112 | 122 | 139 | 161 | 122
(Who]e 100 95 133 144 96 104 130 144 107 | 117 | 119 | 144 | 122
seedling
2) P &4 # £ (P content)
#  (Root) 100 | 101 111 126 86 88 | 112 126 101 | 115|105 | 126 | 97
B (Stem) 100 | 100 | 126 | 137 83| 100 | 131 137 | 111|111 | 109 | 137 | 106
(Need]e) 100 89 140 143 87 100 130 143 112 | 120 | 130 | 143 | 123
QA% (Bud) 100 106 128 149 86 98 128 149 117 | 117 | 128 | 149 | 106
AL
(Whole 100 96 128 137 86 96 125 137 109 | 117 | 118 | 137 | 112
seedling
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3) K 4 # £ (K content)
. . N,P, %7l
NPK | PK, &% (PK,-series) | N\K; %] (N,K,-series) (1\11115 -/s—ifijes)
0+ 0+*0 -
N, Ny | N, N, P, Py P, P, | Ko | Ky | K | K,
#  (Root) 100 106 129 134 107 113 126 134 112 ] 130 | 119 | 134 | 115
#  (Stem) 100 98 | 129 | 136 89 | 101 144 | 136 | 105|120 | 123 | 136 | 111
(Needle) 100 117 167 160 99 117 146 160 120 | 129 | 128 | 160 | 148
£ ZE (Bud) 100 114 132 150 95 100 136 150 114 | 114 | 132 | 150 | 123
&
Whole 100 110 148 148 100 114 139 148 115 | 128 | 125 | 148 | 131
seedling
4) Ca & 4 £ (Ca content)
#  (Root) 100 | 101| 127 | 138| 100| 88| 125| 138 | 116|126 | 116 | 138 ] 118
$$ (Stem) 100 106 128 142 91 106 141 142 129 | 126 | 125 | 142 | 117
E
(Needle) 100 102 146 162 102 120 139 162 123 | 133 | 139 | 162 | 126
%'% (Bud) 100 115 161 161 103 115 161 161 126 | 138 | 149 | 161 | 138
{23
Whole 100 103 140 154 99 111 137 154 125 | 130 | 132 | 154 | 123
seedling
5) Mg 4 & £ (Mg content)
B (Root) 100 118 133 167 121 124 130 167 139 | 145 | 136 | 167 | 136
B (Stem) 100 | 129| 138 | 157 | 110| 129 | 162| 157 | 138|133 | 133|157 | 129
(Needle) 100 98 145 136 91 102 128 136 108 | 130 | 130 | 136 | 125
£ (Bud) 100 | 119 | 116 | 163 81| 119 | 144 | 163 | 119|128 | 134 | 163 | 109
{2
(Whole 100 112 139 151 105 115 137 151 125 | 136 | 133 | 151 | 129
seedling
B13% WMAROEMEEREHN (EHEIEKCHT5%)
Table 13. Indexes of dry weight of seedling
[(NP,O, Kizxf3 5% Per cent on unfertilized plot basis)
N . . N,P, %7
wpo | P P PEyseries) | NiK, £7) (N, -series) N,’P,’.siz i)
0+ 00 N
N, Ny | N, N, P, Py P, P, | K| Ky | K | K,
#  (Root) 100 97| 122| 139| 101| 102 | 131 | 139 | 102 | 122|123 | 139 | 114
ﬁ? (Stem) 100 106 141 143 92 106 138 143 116 | 126 | 122 | 143 | 118
(Needle) 100 98 140 143 91 111 131 143 113 | 120 | 128 | 143 | 123
&2 (Bud) 100 | 117 | 148 | 161 | 96| 117 | 152| 161 | 117 | 126 | 143 | 161 | 126
&
Whole \ | 100 100 135 142 95 110 132 142 110 | 122 | 126 | 142 | 119
seedling
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FlER BHROBXSOBIEHEERIVCEYEL (RE~KE: EARLBCHT2%)
Table 14. Rates of nutrient content and dry weight
(Min.~Mazx. : Per cent on whole seedling basis)

N P K Ca Mg Dry weight
£ (Root) 20~23 28~34 28~34 15~19 30~37 27~32
> (Stem) 13~15 14~16 13~15 16~19 20~24 18~20
#  (Needle) 61~63 46~53 51~57 61~66 39~47 47~51

% 2 (Bud) 3~4 3~5 2~3 2~3 2~3 2

4—5. HADBEHYCHTIEEHSORSEIS

BARCE ENDERAD, BROBHMHOC ED XS LEEGTHML T2 EBEL1CTHDIC,
HNEOHERD, BAOEEHOEZBIEHBOMALBH T 2EGXEBL, TOBERYENL TR
B~KEEZE 14 BTRL I,

BRSDOEROZAT T HHPREL, FES T L7 ) OFEXTRL Teh, HEEER LU
SEROWMALOEIC &L 7 ) HBIVHRWZ LML THA ), ¥, EWEBDOHMREL W
T5E, MB(4—3)DHMWHMTHT 2ERNWEDOHERH D » 5SITRIML T2 2 LHBDLI,

4—6. T & BH

SEORBIER TR, Bk (—2) DIii, 7Hr<Y 1-1 HOZRHE ITLEOENFEE, £
g PK, RFlicsi) s N OEEoEk, NK, RFlick) s POOHAEOHRC L s, T,
FRER N il P REDS K OHET IRREHE L 2 UNE, IR L BRNBRE L Oc—E DR
EHIROLNIeh 51,

HIREOEILT & b7 5 FEMBEOELOIEE, 280 N BEN S -2 /XL, P, K 8IV
Ca EENINICKE, Mg BE S 52 b RED ST,

7 H< Y EARDESEBOWITEBES (BiE424) XU EY, LESOMELY TltbhTws
P, MOMEE MR TAI LR X o TT7 2=y DEBMEHLACL L5 & LERAMS L, BRORSH
REEEC L > TR LI, MUBETIERCE - TRRS, Litdis T, SEOERYS T
D7 A=Y 1—1 HEOWTOMEBERLHETHE, KOX S LEAI’EHSR IS,

SEDL3EROI L 2EROERRE YL X T, BA 1 BEROMARYELIEZ L, NOHHEOE
1LizgtED N BEEC—EOBRLT IRV S icBbh, PO, OfiMEL Vi 2 LR P REN
E<, KOREENADLIARNE L TWE*, AROERYERIEX % &5 20K O\ TRIET
5y, BARDERS L OFRNSWER, REMCHL TREML, N BE1.3~245 PiRE 1.7
~3.7 £z, K BT 1.5~2.1 £, Ca BEY 1.3~2.4 EREL TWAH I ABDHLRD (H15%K),
Lt TRESBREOEDOE, EZEOSEOBRCENDEVHELL CKE, REROHAIVE
B¢ EBELEOWMT, 3SEROBERIEEIEEOBRIVIVHBLLL L\, ZOMEDHERD
HEOFERICOWTL, Oz OBOFENREONEWIDIHLNCLELr 5T, £DiED, H
7Y ORIERROMRTIE, FIEKOR, BB IVEDO N X0 P BEIEREX : k5L, #D

* RER3ERYSD L L2 bOOTHEY 3 BRK, ABERYTLERBRLICLOX N X, P X, K XK
L, EBBEREEDI5 S — T RBEEL T\ 5,
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$15k TH=Y -1 HOBHBECOWTDS E TOPSE
Table 15. Review of the previous works on the nutrient
concentration of 1-1 P. densiflora seedling
(#EWh1=p — v + Per cent on dry basis)
0 5y (Part) N P K Ca Mg
2 AW* (By SHiBamoTo, T.)
& &
i(Whole seedling) 1.83 0.12 0.32 0.29
il E® (Ibid.)
ES & —
(Whole seedling) 1.39 0-10 0.30
28] B* (By NakaTtsuka, T)
B (Root) 0.86 0.07 — —
=23 (Stem) 1.14 0.11 — —
= (Needle) 2.18 0.15 —_ —
G E ¥ (Top)) (1.88) (0.14) — —
S & — _
(Whole seedling) 1.59 0.12
[ -9%*s (Ibid.)
it (Root) 0.87, 0.90 06, 0.06 — _—
ﬁ?. (Stem) 1.32, 1.44 11, 0.13 — —
= (Needle) 1.96, 2.00 0.14, 0.14 — —
(#2 E 3 (Top)) | (1.77, 1.83) | (0.13, 0.14) — —
ES %3 — —
(Whole seeding) 1.50, 1.54 0.11, 0.11
Gl %6 (Ibid.)
B (Root) 0.91~1.01 0.07~0.08 — —
23 (Stem) 1.15~1.45 0.11 — —
= (Needle) 1.94~2.06 0.14~0.15 — —
(#h £ 5 (Top)] 1.73~1.83 0.13~0.14 — —
$1O* (By Tsursuwmi, T.)
iy (Root) 1.12, 1.07 0.29 0.73 0.59
# i (Top) 1.97, 2.03 0.24 0.84 0.45
%Whole{ﬁeedling) 1.78, 1.77 0.26 0.81 0.49
L H»* (By SHiBAaTA, N.)
;=S (Root) 1.04~2.15(1.49)[0.09~0. 15(0.12)'0.o7~o. 17(0.12)[0. 22~0. 33(0.26),
=13 (Stem) 1.27~1.83(1.55)[0. 03~0. 10(0.08){0. 33 ~0. 66(0.45)[0. 64~ 1. 54(1.13)
E (Needle) [2.77~3.56(3.19)[0. 15~0. 26(0.24){0. 61 ~0. 91(0.77)[0. 44 ~0. 58(0.51)
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- #b*¢ (By the author)
s 4 (Part) N P K Ca Mg
R (Root) 0.96 0.21 0.86 0.18 0.13
ﬁ? (Stem) 1.28 0.19 0.65 0.29 0.14
= (Needle) 2.13 0.20 0.91 0.52 0.12
(#h = = (Top)] (1.82) (0.20) (o0.81] (0.43] (0.13)
& 1A
(Whole seedling) 1.54 0.20 0.83 0.35 0.13
&% Remarkes.
*1 BRI ERR (1051 H) ' *1 An experiment on the seasonal variations of
*2 [ = (12A17R) nutrient absorption (Oct., 1)
*3 [ E (11A5H) *2 Ibid. (Dec., 17)
*4 [E E (11A815\8) *3 Ibid. (Nov., 5)
*5 REAEEER (MERRE X OMEMEIE, 3 H24R) *4 Ibid. (Nov., 15)
*6 FHRAREE (40~1604/m2, 24 H) *5 An experiment on the effects of fertilization
*7 3ERBERR (RE~FS, » v 2NIX 3 ERK, (unfertilized and fertilized, March., 24)
18) *6 An experiment on the effects of the changes of

plantation density (40~160 seedlings per m?2,
Febr., 4)

*7 An experiment on the effects of the changes of
N, P,0O; and potassium supplies. (Min.~Max.,
figures in parenthesis are the N, P,O; and K,O
supplied plot, January)

P BEAES R SR, FOMRVFR 10% b L ERUTObLE Ak E R L W BT
Frovs, TRLOEEY, SEOEREKX  ERIEKYH~IBE L L —KUEHEAETL TN G
15%),

Ete, HEY OT7H<v 1-1 HOBEREERR (40~160 F/m?) DERTE, FROWAOEEK
ER L0 T/R 3 D kSRR TEL T d obbd, 30 N BEN Ok E HEYRL
T, ], ¥, i Efefko N sJ0° P RER, 10% u L EhUToOb Ttz r L
TWARICEFL L, ZORLSEOEZEDERLAMNS, 7H<Y 1—1 HORSFBEIRRES LU
HOMEL OBEIEL D2 L ERTHOL 2 L,

7 A=y 1-1 HOWRRE &1 THp DEE/LERENCERO—|E LT, i, ROEHOKEAR
k@ e LT, BADHMA R L 2EOFRHWES LORSHICOWT, §F TOAFREOHER
BREFLTCHE 156 RITRLE,

HADEANRRRBHIICEILA RN B, COKIT 7~y 1—1 FoLTh%  OREHC
S THLMIZ IR T 53010

b OATIIEE DR OHTREENE 10 8 b B 3 FICH kAT b, FEOERY T, R
BREMEE2ORE 1L ApLBRCATT, N 5107 P BEOHAL K BEOHI/RbS,
SBic, EADEAORNIIS DL D, fWLEED: D&%, L5, HE *oMmoE&tEowSs
2050 bFXDRADT BIEAER TN S OBRA HILICHET 5 < LXDTH LU L Bbh s,

IRODEFIHRBORRLE 10~11 KRR L LSEOHEREYHET 5L, RO XD RERIFHADLR
1

N BRI OWTIE, S O, s L0 N BERMOTIEEORA L b 2RHICH X 5 KR
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%,
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IDESE, TH=Y 1-1 HORHSRER LOBRPHIEOWTO, SETOERLEETLE, v
LBLWHENRDIR S, ZhbDERND, 7r<y 1—1 HOBSERBC OV T—RAYE, i
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INLOMBILT » < Y EARDESER, /v LILEIERGT OERNREHTH 50, SEIX—CHE
DIBICE L& o IEIR Y, ZORMBEORHICE, %D, HOBNELELTH3DLEbR 5,

5. & H Y [
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Effects of Nitrogen, Phosphorous and Potassium Supplies on Growth

and Nutriént Compositions of 1-1 Pinus densiflora Seedling

Hiroshi Kawapa

(Résumé)

The previous works on nutrient physiology of the pine (P. densiflora) seedling and its nur:
sery practices are less numerous than those on some other important coniferous seedlings, as the-
pine forests have usually developed by natural regeneration in this country. In the Kansai Area,
however, where the pine forests were distributed widely and formed important parts of its forest.
land, the plantation of its seedling for afforestation was fairly extensively practiced. Furthermore,.
according to the gradual spread of fertilization on the young forests, the generally less fertilization.
effects on the pine forests than that of the other important conifers has come in for more-
attention among foresters in recent times.

This being so, the author arranged to carry out an investigation upon the effects of nitrogen,.
phosphorous and potassium supplies on the growth and the nuirient compositions of 1-1 (two--
year-old) P. densifiora seedlings, expecting that it would be useful for throwing light upon their-
detailed nutrient physiology, improvement of nursery fertilizer practices and the fertilization on.
young forests.

1. Experimental method

The nursery bed, transposed with loamy alluvial soil originated from granite, in the Kansaiz
Branch of this Experiment Station, in Kyoto, was employed for this experiment. The chemical
properties and texture of its Ap horizon are shown in Table 2. The fertilization design employed.
is shown in Table 1. The 49 1—0 (one-year-old) seedlings were transplanted in the middle oft
March, 1964, in every plot, 1x1m. Their growth (average of 100 seedlings) was as follows:
10.1cm in height, 1.9 mm in basal diameter, 0.77 g in top weight and 0.58 g in rcot weight.

The author estimated that the most favorable N: P,O;5: K, supply ratio would ke 100: 75::
65. It was based upon the data on nutrient concentrations of 1-1 P. densiflora seedling in the
late autumn obtained by the author previously® and the assumption that the availabilities of N,.
P,O; and K;O fertilizers by the seedling were 50%, 20% and 50% respectively. N,, P, and K,
were the standard N, P,O; and K,O supplies, respectively. N: P,O,: K,O ratio of N\P,K; was.
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7100: 75: 68. With the combinations of none (N,, P,, K,), half_(N%, Py, Ky), standard (N,
P,, K))and twofold (N,, P,, K,) of N, P,O; and K,O supplies, the 11 fertilizer treatments, shown
“in Table 1, were tested. Every fertilizer treatment was repeated three times with the randomized
“iblocks.

The sample seedlings were removed from the nursery bed in the middle of December. Ex-
-cluding the extreme outside seedlings, the residual 25 seedlings in every plot were measured and
-analysed. v ‘

The analytical method of the nutrient contents of the sample seedlings were as follows: Car-
bon was determined by chromic titfation method?®, and nitrogen by Kjeldahl’s method. After wet ash-
.ing by HCIO,~HNO,;-H,SO, mixture!®, potassium was determined by flame photometer, phosphor-\
~ous by molybden blue method, colorimetrically, and calcium and magnesium by EDTA method,
-removing manganese by ammoniumsulfide.

The needles analysed were one-year-old, as those of the two-year-old had fallen in the beginn-

ring of November.
2. The result and discussion

2—1. The effects of the fertilizer treatments upon the growth and qualities of sample seedl-
~ings.

2—1—1. Result.

The growth and qualities of the sample seedlings are shown in Table 3. The results of the
-~analyses of variances on their height, basal diameter, top and root weights, T/R (top weight/root
-weight), H/D (height/diameter) and H/T (height/top weight) ratios are shown in Table 4. The
- differences among the blocks were insignificant in every case, whereas the one among the fertili-
zer treated were significant in 1 % level except the H/D ratio. The significance of the growth
<and quality differences among the fertilizer treatments are shown in Table 5.

2—1—2. Effects of the differences of nitrogen, phosphorous and potassium supplies upon
~the growth and qualities of the sample seedlings.

The rates of growth and qualities of sample seedling in response to the fertilizer treatments,
-and percentage on unfertilized plot basis, are shown in Table 6.

In response to the differences of the fertilizer treatment, the following facts were observed.

1) PK,-series (The P,0; and K,o supplies were standard and the N supply was variable).

The growth and qualities of N,P,K, were not significantly different from those of NP K,.

Comparing NiPK, with NP,K,, the increments of height, basal diameter, top and root weights
were observed. The decrease of the H/T ratio showed that the rates of the branch and nreedle
-developments to the height were excellent. The increments of the T/R ratio showed that the de-
velopment of the top was suprior to those of the root.

The increments of the root weight and basal diameter and the decrease of T/R ratio of N,P,K,
in comparison with those of N1P,K, showed the stimulation of the root development induced
by the increment of N supply from N% to N,. However, it was not effective on the top develop-
ment, as shown by the no significant differences of the height, top weight and H/T ratio. The
zgrowth and qualities of N,P,K, were most excellent among those of all fertilizer treatments. Height,
basal diameter, top and root weights were most superior, and the H/T ratio was least among them.
The T/R ratio was near the average of them.

The increments of N supply from N, to N, degraded the growth and qualities. These were
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clearly shown by the decreases of the height, basal diameter, top and root weights and the incre--
ment of the H/T ratio. In N,P K, the degradation of the top development was more vigorous:
than that of the root as shown by the decrease of T/R ratio. Comparing N,P,K; with N PK,,.
the growth showed no significant differences, but the increment of H/T ratio and decrease of T/R.
ratio were observed.

2) NK,-series (The N and K,O suppiies were standard and P,O; supply was variable).

Comparing N,PK; with NP K,, the increments of the basal diameter, top weight and T/R.
ratio and the decrease of H/T ratio were observed. The differences of the height and root weight.
were not significant.

The increments of height, basal diameter, top and root weights in N,P1K, as compared with
those of N,PK, were observed, whereas the difference of H/T and T/R ratios were not signi.-
ficant.

The increments of P,0O; supply from P%’ to P, stimulated the root development as shown by-
the increment of the root weight and the decrease of T/R ratio, but did not affect the top deve-
lopment.

Comparing N,P,K, with N,PK;, growth was degraded as shown by the decreases of height,.
basal diameter, top and root weights and H/T ratio.

Except the root weight and H/T ratio that showed no significant differences, the height, basal!
diameter, top weight and T/R ratio were increased in N,P,K, over those of N,PK,.

3) N,P,-series (N and P,0O; suppiies were standard and K,O supply was variable).

Comparing N,P,K, with N PK,, the increments of height, basal diameter, top and root weights-
were observed, whereas the H/T and T/R ratios showed no significant differences.

The increments of K,O supply from K} to K, induced no significant differences on the growth
and qualities. ’

However, the basal diameter, top and root weights were increased, and the H/T ratio was-.
decreased in N,P,K, as against thcse of N,P,Kl; on the other hand the height and T/R ratio.
were not significantly different.

Comparing N,PK, with N,P,K,, the decreases of the height, basal diameter, top and root
weights, and the increment of H/T ratio were observed. Except the root weight that showed no-
significant difference, the increments of height, basal diameter, top weight and T/R ratio, and the-
decrease of H/T ratio were observed in N,P,K, as compared with those of N,PK,.

2—1—3. Discussion

Summerizing the above-mentioned data, it is very important for the advancement of nursery-
practices and in the study of nutrient physiology to note that the effects of fertilizer treatments:
on the growth and qualities of P. densiflora seedlings were different and characteristic in response
to their amounts and ratios. The most excellent growth and qualities of the sample seedlings were-
observed in N,P,K,. The increments and decreases of N, P,0; or K,O supply from standard levels-
degraded the growth and qualities of the seedling. Their changes in response to the decreases.
of the fertilizer supplies from standard to deficient levels showed fairly similar tendencies in P,K,--
and N,K;-series.

The degradation of the root development was observed: in N% or P% levels and more progres--
sive in N; or Py levels. On the other hand, the degradation of the top development was observ..
ed only in N, or P, levels, and not in N% or P% levels.

The effects of the decrease of K,O supply were somewhat different with N and P,0, supplies..
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The degradations of both top and root developments were remarkable in K} level and equal with
K, level.

The increments of N, P,O; or K,O supplies to N,, P, or K, levels from their standard induc-
ed the degradations of growth similar to those of Ny, P, or K, levels, respectively. Especially,
that the degradation of the qualities in N,P,K, as compared with those of NP K,, induced the
more intense degradation of the top development than that of the root, would be noteworthy.

The opinion that the changes of the growth of P. densiflora seedling in response to the fer-
tilizer supplies were least among the important Japanese coniferous seedlings was suggested by
some authors and generalized. In this study, the ranges of the growth indexes were as follows: 100
~120 in height and basal diameter, 90~149 in top weight, 100~142 in root weight and 95~147
in whole seedling weight. These values were akin to the results of the previous works of the fer-
tilizer test of P. densiflora seedling.

Comparing with the results of the fertilizer test on other important Japanese coniferous seedl-
ings, especially sugi (Cryptomeria japonica), by other authors, the following opinion would be sug-
gested that the ranges of the optimum fertilizer supplies and their ratios on the P. densifiora
seedling were limited within a remarkably narrow range.

2—2. The effects of the fertilizer treatment on the nutrient concentrations of the parts and
whole seedling.

2—21. Result.

The nutrient concentrations of the parts and whole seedling are shown in Table 7, and their
rates, parcentage on unfertilized plot basis, are shown in Table 8.

1) N concentration.

The changes of N concentration among all the fertilizer treatments, shown by the unfertilized

' plot basis, were only 10% or less, and their ranges were as follows: 91~102 in root, 97~106 in
stem, 93~103 in needle, 91~100 in bud and 94~102 in whole seedling.

In P,K, series, the N concentrations of the parts and whole seedling were less in N,P,K, than

.in N PK,. They increased gradually in the following order as N, — Ni — N, — N, except that
of stem in response to the increments of N supply with a few exceptions that showed no differ-

ences. The slight decrease of N concentration of N | as against that of N, in the stem was the only

exception.

In N,K, and N,P, series, no clear correlation was observed between the N concentrations and
the changes of P,0; or K,O supplies.

2) P concentration.

The changes of P concentration among all the fertilizer treatments, as against the unfertilized
plot basis, were 10~20% and their ranges were as follows: 86 ~105 in root, 88~100 in stem, 90~
100 in needle, 83~100 in bud and 90~100 in whole seedling.

In N,K, series, the P concentrations of the parts and whole seedling were less in N,P,K, than
those of N, P.K,.

They increased gradually in the following order as P, — P% — P, — P, except that of stem
in response to the increments of P,0; supply with a few exceptions that showed no difference.
Just the same P concentrations of the stem from P, to P, were the only exception.

In P,K, and N,P, series no clear correlation was observed generally between the P concentra-
tion and the changes of N or K,O supplies.

3) K concentration.
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The changes of K concentration among all the fertilizer treatments, shown by the unfertilizer
plot basis, were 12~20% and their ranges were as follows: 96~110 in root, 91~105 in stem, 100
~120 in needle, 86 ~100 in bud and 99~111 in whole seedling.

In N,P, series, the K concentrations of the part and whole seedling showed no correlation with
the changes of K,O supply except that of bud which increased in the order -from K, to K,.

Ih PK, and N,P, series, generally no clear correlation was observed between the K concentra-
tion and the changes of N or P,O; supplies.

It is worthy of rote that the correlation between the nutrient concentration and the changes of
its supply was less in K than in N and P.

4) Ca concentration.

The changes of Ca concentration of the prats and whole seedling among all the fertilizer treat-
ments, shown by the unfertilized plot basis, were 15~20%, except the bud that was only 5 %.
Their ranges were as follows: 86~105 in root, 91~112 in stem, 100~113 in needle, 100~105 in
bud and 100~114 in whole seedling.

‘In this experiment, no Ca fertilizer was employed. However, Ca superphosphate and fused
Mg-phosphate contain a fair amount of Ca, and the Ca amount supplied to the seedling was chang-
ed in response to the changes of P,O; supply. The Ca concentrations were increased in the above-
mentioned order only in the root and whole seedling of N,K, series.

5) Mg concentration.

The changes of Mg concentration among all the fertilizer treatments, shown by the unfertilized
plot basis,were 16~30% except the needle that was only 7%. Their ranges were as follows: 100
~130 in root, 100~120 in stem, 93~100 in needle, 79~100 in bud and 100~116 in whole seedl-
ing.

Fused Mg-phosphate supplied to the seedling as the P,0; fertilizer contains a fair amount of
Mg, and the Mg amount supplied was changed in response to the changes of P,O5 supply. The
Mg concentrations showed no clear correlation generally with the fertilizer treatments.

2—3. The characteristics of the nutrient concentrations and their ratios of the parts of the
seedling.

The ranges of the nutrient concentrations (min.—max.) and their ratios (min.-max.) of the
parts and whole seedling are shown in Table 9 and 10.

Considering the differences of the nutrient concentrations induced by the fertilizer treatments,
the differences of the nutrient concentrations and their ratios among the parts and whole seedling
were characteristic.

The N concentration was decreased in the following order as bud — needle — root and
stem. That of the bud, highest among them, was about twice as much as that of root and stem.

The P concentration was highest in bud and it decreased in the following order as bud —
root — needle — stem. The differences among the latter three parts were very slight. That of
the bud was remarkably high and reached to over twice that of stem.

The K concentrations of the root, needle and bud were of similar level and showed no clear
differences ; that of the stem was lower than theirs.

The Ca concentration was highest in needle and decreased in the following order as needle —
bud — stem —root. That of the root was only about half of that of the needle.

The Mg concentration was slightly increased in bud than in root and stem. The differences

among them were not remarkable, whereas that of the needle was clearly decreased.
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The parts of the seedling were characterised as follows on the nutrient concentrations and their
ratios :

In the root, its N and Ca concentrations. were remarkably low. The ratios of its P, K and
Mg concentrations to that of N were high and its N/K and Ca/Mg ratios were lowest among the
parts of seedling.

The N, P and K concentrations of the stem were low. Its rates of Ca and Mg concentrations
to that of N were high and its N/Ca ratio was lowest among the parts of seedling.

The high N and Ca concentrations and the low Mg concentrations were characteristic of the
needle. Its ratio of P, K and Mg concentrations to that of N were high and that of Mg to
that of N was low. Its N/P and Ca/Mg ratios were highest among the parts of seedling and its
N/K ratio was fairly high.

The remarkably high N and P concentrations of the bud were noticeable. Its ratios of K, Ca
and Mg concentrations to that of N was low. Its K/P ratio was remarkably low and its N/K and
N/Ca ratios were high.

On the correlations between the nutrient ratios of the parts and whole seedling and the fer-
tilizer treatments, a part of the nutrient ratios showed a gradual change in response to that of
the fertilizer treatment; nevertheless, no clear correlation was generally observed.

The above-mentioned results suggested that the ratios of the absorbed nutrients by the P.
densiflora seedling were fairly analogous, whereas the amounts and ratios of the nutrient supplies
were remarkably different.

2—4. The effects of the fertilizer treatment on the nutrient uptakes of the parts and whole
seedling.

The nutrient uptakes of the parts and whole seedling are shown in Table 11 and their ratios,
percentage on unfertilized plot basis, in Table 12.

Comparing every series, they increased generally in the following order as deficient (N,, P,,
K,) — half (N}, P}, Ki) — standard (N,, P,, K,) supply of the nutrients. Their maxima were
-generally observed in the standard nutrient supply, N,P,K,. They remarkably decreased in twice
(N,, P,, K,) supply as compared with the standard in all series.

These facts can be explained as follows; the changes of the dry matter in response to the fer-
tilizer treatments, shown in Table 13, were more effective upon the nutrient uptakes thanon the
nutrient concentrations. However, the following exceptions were observed, namely, the roots and
stems between K, and K} in NP, series, the needles of N} and N, in P)K, series and the stems
of P} and P, in N,K, series. In these cases, the differences of the nutrient concentrations were
more effectable than those of the dry matter, the latter being very slight.

These exceptions were less in N and P uptakes than that of K, Ca and, especially Mg.

2—5. Nutrient distributions among the parts of the seedling.

To make clear the rates of the nutrient distribution among the parts of the seedling, the rates
-of the nutrient uptakes of them, shown by that of the whole seedling basis, were calculated.
Summarizing them, the ranges, min.-max., were shown in Table 14. '

These data showed that the changes of the nutrient supplies and their ratios slightly affected
the nutrient distributions.

2—6. Review of previous works.

The previous data on the nutrient concentrations and their ratios of 1—1 P. densiflora seedl-

ing were summrized in Table 15 for future references.
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The data obtained in this work, shown in Table 10 and 11, were fairly similar only to that
by Tsutsumi'® and by the author previously®.

Remarkable differences were recognized among the previous data. Their sampling pericds were
different from October to March in the next year. The seasonal variations of the nutrient con-
centration, the effects of the weather condition of the year of test and the localities, the soil con-
ditions, the fertilizer treatments and their interactions were thought to be the causes of these dif--
ferences. However, the seasonal changes of the nutrient concentrations from Octcker to March in
the next year were fairly little as the author pointed out previously®, whereas the increments of
N and P concentrations and the decrease of K concentration were cbserved. The effects of the-
fertilizer treatments would be negative upon these remarkable differences as shown in this work.
That of the soil conditions would be negative, too, as the data obtained in this work were simi-
lar to that of the author’s previous one! on the volcanic black soil. Only on K concentration, the-
following facts were generally recognized that the one in the pre-Second World War, analysed by
the gravimetric method, were remarkably lower than that carried out in recent times by the flame-
photometer. On other elements the causes of these differences were unknown.

At the end of this study, the author was of the opinion that still more studies would be re-

quired for the elucidation of these problems.
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