%4

]

i

- 1

~ i

R L N R

E

INTRODUCTION TO FOREST FERTILIZATION

'OVERSEAS TECHNICAL COOPERATION AGENCY



'1’_53',_:':

. "-*s 'gé,m G

o2 000

' WBM_W




- INTRODUCTION TO FOREST FERTILIZATION

judgérheht "ofi‘ the Nutr.itivef C ondltlon ‘of Forest Trees
Vl Methods of Nutrltlve Dlagnos.xs.. N
The methods of nutrltwe dla.gnoses presen‘tly ernployed can be cla.ss1f1ed-
a0 foiiows: o S
- ”1) Judgemen’c. fron'-x symi:toms shown er-:ternally on plants,
| 2) Judgement through 5011 survey and 5011 analysm, a,nd
o .3) Judgement through the a.na,lysn.s of plant body, espec:.all"y of 1eaves._ .
”Arnong the exterual'-.sympt_o:m_s of p_la.nts, : espe_clally shown in 1eave_s, : there
-are 'some.charaeterts.tio -.ohe.s 'caused 'by.the d'efirciency_ or exeess of a soecific g
.eleme‘nt, by a .certam dxsea.se or I-Jest,” or by certam unfevorable chmatlc _. |
condltlons. Therefore.. 1f the method (l) 1s employed accompa.nled by the
_n'.lethods. (2.) a,nd (3), a. consuiera.hly rella.ble Judgement can be gwen. To make
'.such a dlagn051s, however, a. ‘well- expemenced expert is needed,. and moreover, :
these externa,l symptoms. usua.llir tilo not show untll the cohdltmn has been“much
aggravated .Therefore, the method (1) cannot be epplled When dleorders are '_ T
'i_latent . | | | | o “ |
. The rhethod (2) e, g. so11 survey and s.or];.a.nely.sos,. 15 ve:.y effectlveto E '
'.‘flrrd.the nature of the 3011 1tse1f and the Kcause of the def1c1encﬂ:y. .or excese of.
.:«sqﬁ;e.._e..lerr}en_t_f:or.the_ .P‘lt’—’-_f{t'-. i__'II-I:_Q.\trejver,'_. the uature of:_the s_olt_-ls': eh_t_rer_nely_
_clorjr';pli'ca:téa.'\- and ?es"ﬁ"eé:i.ailly"iﬁtiié eee_e'_‘.o;_f.':f.or'e;‘st';"lehd_rvhich=sho\.;vs'- g{?ide; 1q¢é._1 -
dxfferences. : and m.whmh root“systems of trees r.ea.ch deep and undergo |
.:.-1nf1uence from verf; deep 5011 1a.yers too, 1t 1s rather d1£f1cu1t to ma.ke a |

._nutmtwe chagnosls a.nd to obtam prec1se knowledge about the cond.1t:1ons of the
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trees as an_'i'ndic'a.ter.:o:f the l.z.md‘s'p_.r'e'cl:ﬁe'ti._trityﬂb.y .thi.s' '_m.eth.od.
The method (3) byleaf ana.lyslshas already becomc an .i'nt_e_gré..ll. pa,rf_;of

' fesearch in ag.ti'cxlitur.e. 'and' herticulture.”'. Inforestry, .too,-..it i”s:"consid'ete&.
7 most desuabie to use moderrt s.mentlflc methoc?ts for the stutiy of wood and;
' forest and for the 'e_ Staﬁlishment of'.rat:.iona.l-forest managereent. |
It is not ee.sy, of course, to get 1nforntat10n from an ane1y51s of oniy a.‘_-‘:.'
srna.ll part of the plant body about the complmated phfsmlogmal functwn of thc
plant or a.bout varmus env1ronmenta.l cond1t10n.a. In _fa_,ct,. 'the _exp:eljme_n}t .‘
'tesults of the past e_hew'th_at a mere leaf _anle_lysi.s may lead"to_ar';j_ ﬁncerta'i:n_.' |
, :jﬁdgelment. or 'e'i%tbng _ﬁoz}.élusion. ‘Diff.ex.'.'en_t'_f:_.r_om 'c.t'_e}_.) -cu.ltivatit‘an_;' or flult -
..c':ultu'fe, | however.,'- vege:tati_ve': .growt'h .is the sole .ob'j'e.ctive'.for' "utiiizatiett in'.the'.
c'e.se of ferestry in'i-ee'st. canses.. So, the s.1mp1e a..pp.hcatlon of leaf analys1o can .
be us.e:ful. in the caseo.f forest trees. If_carned out under. careful sa.mphng Iand
"adequa.te cho1ce of items for a.nalys‘-ls, .a.nd evaluated toéether wttlt the. methods
__'(1) and (2), leaf analyms w111 undoubtedly glve lan 1mportant clue. for makmg
nutr_‘ttwe'.dxagno_ses‘ of fere_s‘t -tree'_s ,. _}udgmg the forest 'S productlvzty,
'.‘.e.x.a.mltmtg the fo.rest. s01..1,. a.ttd det.erm1nmg the effect of fertlhzatlon. e

. R . . : . . (BYTajlma)
'2_‘.'._:-‘--'D'ié;gﬁ:géié" by NutmentDef1c1encySymptoms T A
o It 1savery1mportantpomt1n fOrest estabhshmentandmalntenance as

| w':el_i as 1n s'ee'dgiiﬁ.é: .g'_t' 'c__.)_\'rtri.rt.g_"_'te'-.jtid.g'.'ef: th é_inﬁtfi'tivé condltlonof fs;;;;&_.é e om the L
externalobservatlonand takeadequatc fertn.llzatmnmeasure s. S |
‘ Whenthepla.ntls 1nwantof nutrzents, varmuspecuhar symptoms - 'sueh
asstunt, deformatlon, chloros1s,b11ght1ng, necr051s,etc usually appear. )

-3Nutr1ent def1c1ency is a general term gwen for these symptoms, and thc §0=:



callednutntwe di.a_gnos:i:s'_"méaims.'_a'judgemé‘m‘:', of the nutritive conéif’ioﬁ to be
. 'f'o'rm'é._d' on thof obSé rv_é.tior.l; o:od:infériarotaﬁi_oﬁ'of_t.hé.;s:e i;ut_riént defic.:'.i._.epc_:j}' |
symptoma. o |
:._:lA..E mentloned ea.rller, ‘the ana.l.ys.is of thé:pia.nt a.nd'the'o.na.ly.s_i's_.o.f. the éoﬂ
are _5;56_-_ employe d 'a_..s: g _métﬁods to juage the outi-ifcive cop’dition'f.o.'r__ fe J.c-.t_i._li.z‘er
: o..p.iilioa.tioh .'o'r' fo.x". othor"ne.ces.sa.ry measores-of ﬁqanagérnen’i:. Elther .o'f."th.ese
. two methods, howev-er, r.equl.res hlghly skllled technique of a.na.lys.ls.. equ1pment
a.nd't:.me, .a.nd 1t:.1s 1mposs:.b1e:.to apply it on the_actoal sp.ot. Therefore, the |
Judg.e.rnent through the observa.tlon of nutrlent deflclency symptoms is the only
' method of ma.klng a nutrltlve dlagnosm to be apphed orl the spot by anybody. In
th;_SI.case_;_, : ﬂle dlagnosm_'j_ls 1_1ab1e to becon;_l‘e _s_omewhai; sub;ectwe_, _but_f_a_.lr_ly
' co;':root jﬁdgénﬁerﬁ: ca.n be gi\..re.n.if the exa.'r.ni.nel'--_gain_s exéerienoé,-
S | . .(By_T.su_tsumi):
1) Nutrlent deflclencyr symptomo | |
De£1c1ency symptoms of trees concernmg var “ious nutrleots afe summanzed.; :
jn'.T.a;}.a.i_e.-l,.. based on .the. "res_ults of'miooral_ def:_t'czleocy ‘_’F’Q?RS on ”sug1 Japaneso |
'c:éciarl"(Cf;:flst'ol.:’oori:é'j.aPOhi-oa-'D. DON): j..'.'hio'ollci.“,- \Ta;P'anéé'é CS(Press.
_‘(Charr.lea.cy'pans obtusa SIEB et ZUcc. ), ”aka.matsu fe red plne (P1nus
w .':'.'denmflora SIEB et ZUcc ), a.nd “ka.ramatsu”, 1arch (Larlx Kaempfer:. SARG._) _ :
"_::'se.ec.llmgs oonduc:ted by the author. the 1nvest1go.‘t10n results of nutr1ent def1c1ency R
_' 'S_y_i'n;t_;oi'nsi in.a..rct_t;a.l- se_edling 'g_rowing,". 'z'm%i_ further :the._'rre so.llts. of mv_e otlgatlons o
byfore1gnresearcher s Shwon in Table 21sa referencehst fornutnent
- deflclenCYSYmptois Whlchw:l.ll be helpfullnmakmg sYstematlcnutrlmve e

diagnoses of seedlings.



T_ab_.le 1, Nutrient de_ﬁcien’cyﬂ symptoms of see._c.iglin'gs' for affox:eétofion' (By

ST sutéumi and Fujita.} =

(’I‘a.ble 2- 1 m the orlgmal text)

. Déficient nutrlent

Niﬁr ogén :

Phosphoric acid

Po__ta'.'s sium' -

' M'agn'e'_Sia*, e

Symgtoms o

Leaves turn into yellow:.sh green or. 11ght yellow:.sh green

' The root development in the 5011 15 poor, and the growth '
of follage is also unfavorable
: _The growth a.t the ea,rly stage 15 delayed a.nd the Seedhngs

b becorne stunted. pec1a11y the growth of new shoots is~

?oor Leaves'turn dark green o_r_ dark'purple, Flne.roots

develop poorly .

n the case of Cryptomena and Chama,ecyparls, the growth .

of new shoots 'stops, tlps .oflea'v_es are hardened, the .

_.trunk shows greemsh brown color, | and the leaves turn '
'.'.pu_r'pli'_sh dark-gr_e_en Red pine and larch show dark purple '
._dio_ooil_oi-atio_n.st.‘.a',ri_:‘ing_.from lowor_llea;ve?;,- -?%‘?ept--toﬁ -
: .sp_z.'oo.ts:.. o |
i i-'I"he_j growth of Ifo'}.ia,.go:_.ii.é. Poor -‘ Lea.ves furn darkgreen b_r‘. ..
 light yellow, and in the case of Cryptomeria and
o chamaecypansareddlsh ‘tin g.‘e' i.s"_.s'hox:vn. oh:.low'ér" '1oa%ve_,fs-.'
New ‘SI.‘}Q_o_t.s: ’ ofredpme aod l.a':;.'g:h; ar._e'.sttl;n'_i::'oa; |
a ..'_.Y:eliowi.slla 'gi'een', plnklsh yellow or:'ré‘cidi.s“}iibsro{oo L
4 .___'5d16cclo¥at10n app.ear s. startmg from the tlpur of lowor
B ‘loa\.{es_i_.r.rfth:c-; ‘._mj.ddle:'_a,ncl‘ la.'t_e._ gro_w_tl_l .s_tages.- W1‘th the

S a_c_l'ﬁran'_c‘:e. _in‘f_,_the."d:egifoe"f'df -c:l_.efici;enoy.,'. t?ie_'s.e symptom‘_:s -



Lime : 7

" Iron and manganese

o sp"readl té 'upp'er 1eavés.- Cryptomena seedlmgs develop .

: _pmk:.sh yellow or reddlsh pmk chscolora.tlon from the |

tJ_.ps_ .qf 1ower lea.ves, _wh_ile in _Chamaecyparis,‘_ yellowish
gre'éh _'bi‘- y_'éllowish bro’Wn‘_ discolorafi'on,' ‘and la'.rch'.
yellowish 'g_reen or yellow discoloration a;ppea.i'.

C_o‘x_hpé.ijed with-other_nutri'é_nts. the deficiency .-symptoms-of_."

lime do not show casily, Leaves turn dark deep green,

aﬁd thé growth of roots and the new roots déveloPment are

1mpeded I.n the case of Cryptornerla the growth of both

‘ 'termmal and 1a.teral buds stops, and f.1na.11y they d1e.. -

Yell_ow1sh white dis _coloratlc'm starts from new-shloots, '

“and g.ra:,dii_'ally'.spfea.ds to lower part's. ~This deficiency
' _Sympto.n_i. is liable to occur _whén the 'soil'..h'a.s become

~ alkaline because of excessive lime application,

:_T_é;ble 2. ‘_Re'f'ei'-'ent:"e i'i's't fbr ﬁutriént- deficiency syniptorhs L

,(Coordmated by Tsutsuml) (Table 2- 2)

A Symptoms llkely to appear on. the whole pla.nt

1'). N deflClency

Generally spea}\mg, when the plant is deflclent in N the o

'sme of a cell beconues small a.nd as a whole, the growth

~2) P deficiency

becomes .unfayorab__le.’ Lig_ht g;-e;en _or yell_owi's_h green’

dis'c::o.l'bra.tio'n '-star'ts.fr'oin 6ldé'r leaveé- 6f.16wei‘ Pé.rl?su

B and 1t gradua.lly spreads to the upper leaveu

_'When the pla.nt is def1c1ent 1n P 1eaves show turbld dark

. - _purple', .'p_urp_le,_'or_reddl-sh-pu,rp_l_e-._- :,If_t_h'e deflci_ency is



o sev'erle,. -lbﬁrer Ieave.s tﬁ.rr.l yeile\;.r and‘t.l';e plant i:e .'c.lwe.rf.ed. L
The develobment of tﬁe root s.ystemrr espec1ally. poer. R
B Sy.mptoms usuaily.a.p;.;eanng on elde.r 1caves . |
1) K de£1c1ency '.G_e_n'ere_lly, when the_ plent 15 defieie11t in K, yellow0r ' .
.b_'r'ox_f.:fn__ 'e.pC_J:t's: appear between _\_r.:einj's-.ar;d. ee the edges ofthe |
t1psof ._o_.lel 1'eeve.s. Stems bec.om.e_. thln, 'en:d. sometlmes _. :
, lea.ves._bend downward, When .'ﬂie.:defieiez.lef is '.eeve.r.e;.f
the ;‘Whele plar_.xt' ;tu'rns:‘ yeilow._.' |
2.)'_...1\/.1g'0 _de_fieiency In generel;' 'when the.plenjt-._is _defi:é:ient_: in 1.'nagne_si_e,'. ) |
o Yéno{v, bfowﬁ, or.red. d.i.seolo.ra.ti.oﬁ shoWs.'o;l iox;rer-_
1eeves, aed .11: gradually Spreads to the upper parts.
C Symptome appearmg mamly on new leaﬁes :
1) CaO def1c1ency 'Gepera_lly in planj_:s defici_ent ie Ce(‘), l.tl.le aetigvit_:.y'-et. the
g.;;_ewin'g poin_tl’eeeoz.rnes ].pc.)er,. :'er_lel'_terrninal.bud'e: beed .li'l.{e

_a fish-hook and soon die,

" 2). Feor Mn | "Generally, 'yellew: _gliscol.ei-atio'n'epl.)ears-' on the- plant .
- deficiency - when it is deficient in Fe or Mr. Sometimes it is. -

accompanied by necrosis

Nutrlent def1c1ency- syfnpcems dl.ffel." in tﬁe wa.y of .appearan.ce by‘t.:he klnd
 .0'£ nu_._tnents.I In the case of potassmm .or magnesmrn def1c1ency,_the symptofnv
. start to. sho;v f;'om lower e.r older ledees, éra.duall& .:pr.eachng fo the upiaer pa.rts
! "When the def1c1ency becomes se;vere In lime, n'on or manganese def1c1ency, '

g .:howeve'r, .the.'sy'rnpto'ms.stai;t-frorﬁ-.'ﬁew -.leav.ee Physmloglcally speakmg, the

_'nutrlents of the former group are thoue ea.s1ly translocated in. tho pla.nt body,



.w.hilie.'the‘.-riutr_ient's. df .th'e;.latter gr'o.'up.'are t'h'os.e.: hard to be tz.-ansloca'ted' Iﬁ :
- actual seedlﬁng growmg, P def1c1en.cy symptorns usualiy appear in the early
- g growth perlod whlle MgO def101ency sym.ptoms are apt to- appear in the later
| growth ’sta,_ge...- que_ve.r; C_lgflciencies of ;_wo or.'more nﬁtrients may occur at -,
the _.samei'timg ?éa'_thé.._S:Yﬁptoms become rather cér.nplicé.ted in actual .a.ppe_afanc'_e.. '
.S._o. 'it.is"aiffi.cﬁl.t_ih‘map.y_ _c._z.Lseé.t;o maké a_diag;ﬁosis by the refel;enc.e_list.- B
:2). .Sug’géél..:.id_hs'"‘o.n 1naking a dia..gno'si.s |
When phosphorus.de.flcxency symptoms appea.r on léaves of seedlmgs,
I phospha;e f_C-?rt.:.;l_lz:eI‘fI- apphed usually, Judgmg that the soil must be def1c1ent in
: P : Hé\#évef, thep -aefl.c__:l_ency sympto'ms _a.re_not_alwa_.ys ca.used by P deflclepcy
of th‘e 'sroil... FOI‘ i_ns.ﬁ:‘éﬁce,. .When liarch_.su,ffe.r'sfrbfr.;. the_.. dam‘age of C_utv..ro.l.:r.ns,'..the
i;Z.lll..Sllf.fiC:'L.é.ll’lt a.b;..sr.:).rp.f.ion of phosphoric _a;t.:i.d caused by it 'so.metir'n.e_s show% itsé_lf as -
c'oﬂs.picuoiié_ipﬁrple. diéc;oloration Eéforé N or K é.lefici.ez.lc;y 'sym.ptorns ;ppéé.f_;
In suéh a case, the P def1c1ency symptom will not ea;,ﬂy dlsappear by the.
: 'appllc:atlon of phosphorﬁs fertlhzer, and a.rn.easure agalnst Fﬁtworms mﬁst be -
:'con_s_.idelr.e.d fifst’.l : C.}_en“era_]..lf,. the_obse_r.\.rati_on of ngtrien_l_: _de_fic_:_xgnc'y symptoms
s 1:rn_a';._d.e' wa.th lea',\.r_je._s'_.._. ’I‘o a.v01d ;c-;uc.h. a 'con_fﬁs'iqh' as r'ne_ni_:.ic_med abovc, .h‘o;we'vé.r_,
'it..is' il.'.I_"il.)O;té{nt. ifo‘ é?érﬁiﬁ_e '.rbiot.s_ as we_:ll_‘. as:'iea\;e.s, ' a...nd.. t:o__.-x‘ﬁé.ke”a'.'_dié.gﬁlos.is{.frc.)ﬁn-:
both s._ic_lés. It 1salso in'.xp_o'r.t'é.;.if .t_:o:'h‘qak_le an ‘ol':.:_.s'er.vai_:_].’.'oﬁ v..rhi_l.e't}'ie.”'c'.l.:e.fi_c.:.i.ency'... '
' symptoms are _s"till_:lig__l'.zt, --gi.).r i.r;.__.qtli.ef _'..vorc'i.'s,: “it .is.-.%e:c.'e;s sa.ry‘ tb rﬁa};e é.n.' early .:
| dla.gn051 s.
| | In a.ctu.al seédlmg grbﬁmg, it seemﬂ tha.t 1n.m‘any cases trees are. :ief1c1ent
in two or. three nutflenta ‘at thé éame time- rather.than in: only one, though the
: def1c1ency Qf ea,c.h_-._rm'.t;,.ri;-:_x-lt{ma.y diffc:;'_in.j.dég'zl'e_e. '.-In'this :c_a_,se,l _-c_ornl_aine.d

symptoms of these nutrient deficiencies are shown "Whe_n_a.j-seedli_ng is



deficient in -.nu.ti*l:i_.ezzlt. A and 'nutl-‘ient_. B at ﬁ_a'.;e' sathe time; however, an i..nf_:e‘i:'__._x;ie_diefe
' 'syri;‘lptores._. .e.f.A'rc.ie'fieienc'jf and Bdefl&encylsnot ﬁecesser‘_j_.i‘)" seen Shown in.
T&l_ﬁle' 3"';,;'3 the ::r'eeults ef-ae experlment on 'the.':c.embi.ne’c.lHe_f';_t:iehcy ef _'SO_r;le _
_nutrieﬁt_e '-""petas's'ium'az.l_d calci_u;en., 'c.el_ei_urn an.d.rn_a.'geeei.efﬁ:and '.}’J_lota._e_s'-ium;:a.ngi' L
enagneeiu_r_r._x.._ | As the .syr'n.ptofn.s_eeee.rr'xe..rethei‘_' _co'repliez._;.‘_‘.c_e.&: 1n s.uch"'case_'s,'. it rna.y
leed ‘tola. 'w:r.or;g._diagnesis:, .te d_epend} .s_e.ie_l.y on the obsefﬁf-a'.tie'r..l"et__'. nutrient”
defi.cienc_sr 's.*,rrnp_.terns_a.hd it will’ beeerr.l.e hecee_eal*y'fo ern;'.lploy_"s.oil.test a.nd leef.'ﬂ.

analysis at the same time.

-~ Table 3, '-Ihfiuéﬁce' of the 'deficienCy of pota',sh' on the -gro{vth' of Cr.yptpme;;ia o
: seedhngs, 11me and magne51a (By Tsutsuml)

R Length of Drymetter- _ SE R .
Treatment ' seedling {cm). ) weight {g) - Deficiency symptoms

Complete - ‘15,2 _ 2__95(100)
K 10,0 1,15( 39)
S-Ca 7.0 0.75( 25)’
-Mg ST . 11,20 0. 66( 22) _ : . 3 CLT
_'-K and —Ca' I 4.9 . 0.36{12) Ca def1c1ency symptoms show
. . e otronger L : : SR

-K and Mg S BL0L o 0.33( 1) Mg deflc:lency symptom.; show

: B A AL stronger. o T oo o
' —Ca. and Mg B 4.3 0.17( 0 6) ‘Mg deficiency. symptOms -.:hOW
: et g s ‘strongef . R e
--K .-Ca and Mg K S I LT S

3) Externa.l and 1nterna.1 def1c:1ency symptoms
In agr1cultura.1 crops, K deflcmncy uymptoms easxly show. ‘In forest trces, ;

. however, clear K. dof1c1ency symptoms seldom appea.r, a.nd hardly a relevant

' 'experlment ha.s ever been reported so fa.r. =
A Shown.in -'I‘able'_-_4'are some;.of'the- j:ésﬁl_ts of a-no-K ekp'elfiment with |

_Cryptomeria seedlings, employing a culture apparatus devised by the author.



: Aceordmg to the results, obvu)us external K dEchwncy symptoms appeared
when. the K conceﬁtratlon of the .cultule solutmn wa.g zero, or under complete
aeeenee_ofp_otass;um, ._Unele:f prm - 4—ppm K conc_entration, howe'\fer, plain K

defieieecy syrnptoms c"oulld. ndt be oBé_érved-. .But .lea.f a.ne,.ly;si.s shbweel

' _ab‘nolx;i‘eally__‘l_ligh. N_/KZQ ratioe - .ov_rer 2 ~ for beth cases, and it 1s considered .

-' f;ha.t.K deficiency had caused a state of N excess at the same time,

Ta.ble 4 No K culturc experlment with l-year old Ci‘yptomei‘ia seedlings-.
AT Sutsuml) : C

KO conen-. in - Growth condition of seedhng o Content in foliage
culture soln. Ht, Living : ' . (dry matter %)
{ppm). (cm) Wt (g) K de£1c1ency symptom KO N N/K, O -
0 {complete .~ 2.. 4 0. 18 JE (Severe symptoms, Tr.. -~
~ absence) (12} . (2 growth stops) o o
2 1zue o 4.07  + - S 0.23 2.0 9.09
L e {165) (B6) . S o . '
4 o167 8.32 - . 0.54 1,20 2.22
o (84) (76} = S AR
o 18,0 952 - S 0.78 1.37 1,75
S T9B) o (88). -
.30 (control) 19.8 10,88 . - .. o 2,02 1,22 0,60 -

‘(100) - :(100)

Plcture l NO K culture experl“nent of Cryptomena

‘Ko O'concentration in
~ culture solution: (from
- left to 11ght)
- “30ppm,.10ppm, 4ppm, .
o prm and Oppm v

Piétufé’z Bra.ncheg a.nd leaves of C:yptcmerla under no- K t; eatment
A Control
'D N- KLreatment .
(_Bra_nche_a and leaves are

weak and show a d:ooping'.
'trend, .compared W_fith'A. ).



3. 'Diagnosis by' leaf 'a.na.l‘ysi.s.

As the 1ea£ analysm 1s 1ﬁcreamng1y employed for fores; managerhent in
_Germany, Swedéﬁ, England the Unlted Statcs a.nd other countrles, thé St |
: nutr1t1've dla.g'n_osm jth_;o_ug_h 'ig_af.gnalys_i__s_ w%.ll_ b'er summar;z_e_d belqw.'

) Sa.mphng B |

’I‘he componvﬁts of leaveé vary by spc.aca.e..;, the posﬂ:lon of leaves on thé
plant, .gr_owthl'sta.ges, thc_a age .._of.' leéves, _ r}utritive condi_tiqn‘s of. ;he'tree,
envil_'on_r_neht_a.l c'onditi_qr;_s., .ax_;d 'é:_li.ma.te._. : T_here..fof:e.,.' i’t_ris' n'éqes'saz.‘yjr'.tc; :_se.t_.a'. . |
é.tlafﬁid;.rd _fo:r sa.r'r.lplizjg.'a.c.:cordi?ng'_to the. pur'pos.é of l.éa.f .é.nalys_i=s.."

'. a.) -Time for .s.amp]..in.g . | o

.I.r'i'.thé"ca,se .:of.f;-uit;tree's, :'ﬁ'sual.ly_ 't;.h'e sa.'_z_‘n.ples a,r’e ta..ken_in the gro;ﬁiﬁg
season .- 1nJu1y or Augu__s‘t.. ‘But iﬁ this. seasso'n, thé _éoi_npopents of‘=l'ea.ves |
f_lun.:iz:u.at.e..gr.ea.tl'y. é.s-'shbx{(n i.n Fig. 1, and e’ve.r;'_in conifgr_oﬁs "03.:7_ .b.r:o'a?d_-le_a;v.a‘ad
tgees; if fhéy .a'.r"e' of such Kind deVe_IOpirig the so~called "‘1amn_'1as -_'_shdo't.s_'__."_ or buds
_érowi'ng' oné.éfte:r a;i@*théf 1n su'mrhéy," -ﬁue féompar.iso;n. :\{rith varllibu'é'.sarriple's o
.'-b‘e'.éolr'n'es;; difficﬁi‘t.: 'VPheréfor‘e, m ._tl.n.a.cé.sé._ of fore t trees, the grévﬁﬁg of wl';mh
' ‘has no.. such ob_].e;:t.wes as harvestmg. of f-ru1t,. efc. ,it'is consﬂered adv1.sa.b1e
to gat.he.r sa.méles 1ﬁ tﬁe pemod of gfoﬁh ¢uspeno‘1on - from late autuz;nn to: wmter.'
N b) Pt_;usu:mn énd age of 1eaves to be sarﬁpled | |

Aé .shown in’ ]:1g. 2 ’che components of leavés vary by the p‘osx.tmn a‘,nd. the
" age of the 1ea.v;es. | In frul‘t‘ trees and others, i)etloles are analyz.ed .m ;:ome
' caSes_becausé--the_-._t.:ha’nges-_l.n speclflc-élements'-aré. shown bette%.‘-.in th'em'.,:.- In
'.“fo.re st treés, hox.rvever.,' 11: 1s cons1dered adequé.tc to éﬁalyze the leav.es. of thé o |

'._:_year 1n top shoots 1f the vegetatlve growth is to count. o



<) Climate
..:.Iri. case ofunusua.l _'c'.li.r.i‘lati._c. condltlons - i..n.pr_e cipitation or 1n 'térﬁp'e'.z:'é.tux_'e; |
- a considefabie change maybe p’r"oduééd in the résults of leaf alaé;iyéié.
‘. :Ther.eforle, a.tténtlon muét be pald in con:iuctlng leaf analyéls in auch a year.
As shown in F1g. 3 the contents of N, P K and Ca, decreased in. 1959 a.nd 1960,
. Y_ears Wlth_egt;emgly sr.nall_.prec:gpltatmn. qule the _contenr. of Mg d:.spla.yed
-'li;t.tll_é éh_ange} 1nthese years ” |
| d) Inf]...uenc.:.e:._ of fruit 'bearing ’
| _Tl.'le _éi.)mpo'.ne;lt_'s. in:':lea.ve_:s - N, P and especially K - are gr;ea.i;ly -
infiueﬁ_cgd by' fruct_ifiéaﬁ_bn.. '.I‘hle.re'fo.ré_,' fhis point d.eserve_s adequate éonsid«_ ..
‘ e_r_atidﬁfi'n sa;mpliﬁé .é.i':ld in l.(_a_a_mff. é.na.‘lysis..-
2) Suggestwns 6n‘ riqa.kin_é; a dlagnoaus
) ':'I.‘he 'rlelaéioxls.h'izp -B'étivéén tﬁ_e cor;ﬁent of an element and the groxvj;h' obse:r.ved .'
can be gra,phed 'g.'e?ler.ally_ 'a_s shown in Fig; 4 In fruit trees, usually the level
“of theconcentratmn:.sd1v1dedmto3 to'5 graldés. - aificieﬁt;_ low, a.déqua.té, b
'._..higilg__E._ihd;_éx'g-e's_si\{e_._ By éélle‘éti;ng and clas sify:ir.lg _dé.ta onr.forg‘_st Fr_e.é.s.., the |
resultsshownm’I‘ableS were 'ob’paiﬁd. ‘I‘ablc()gwes “én ex&mple of .t.he: .

‘ :cla_s:s"if_ic':'atioﬁ of _the"'l‘ocat_ion according to leaf 'ana'l'}'fsi'sZ values.

-;F.i.g'.:-. 1 Seasonal .changés-‘i_n the contents of N, P, K, Ca aincl_ Mg in leaves .o_f"’

"Eurd ean'-fe.d ine
32 rJ'.#p-. __P. )

“aph

__'lrﬁf"“‘imu :21 PENT S
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4'3 ‘f:.?‘.‘d_ q .)o_ll. i2 d'.J .’;.-7__ - '-ll-



- 'Flg. I—Iow doe., the age of branches and 1eaves 1nfluence the relatmnshlp

between the helght of the tree and the N con‘tenu ln leaves of European

' red pine

~ Leaves of the year
g R
Cshoot . [

1 yr. '616_'_' : BN RS
bra_z_lch

"Z.Y'I‘S.'.. old L _m_'r Yy
'braneh '

3 YIS, Qld : R o
' branch el M

R . Top shoot 1
-ZIyr's."Olc.l" /1 Yr- old
' branch \_) A

¥, ohibranchf~ee.\“' '

2 .yrze.“. old '}_.eaves__'.""' ‘

.I—It of the tree(ft ) L;ﬂ__.,,.__;_ PR

e et v e — —

]

3 _Yi‘_ﬁ.o old le_a.'v_ee: Co

751 )

. 0 _"‘r—f‘h"rhl"r- .. ._ .o

B TR L T L A

Eeg.'s'jl;f;fiaezﬁa‘

1 vr. old NIy L3 yTs. Old btanch Fluctudtlon by years in the |

2 yrs. old. .
3 yrs. olcl

2 yrs. old __._,—5&1\‘?:1 yr. old

ek

“Concentration index

- components of leaves’ of European .'
red pme (1957 100) :
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Flg. 4 Relatlonshlp between the concentra.tmn of an-inorganic nutrlent in the
plant body a.nd the growth rate

o STy S g,-r;-"f::r.u! e
. S e evil
~Growth - | . !

e — ),

rate _ l 5/’_ . 3 \ . k. Light deficiency -

_'5( = ,:_ SRR \ | "f‘** Luxury absorption

Strong defic_ie_ncy |

k4% Harmful effect

C_oncent_:rati_on‘
.TaLble 5.- Values, éf leaf analysis of forest trees (%o}

C e L - ‘Deficient content ' - Adequate content
Species -~ - .. N ¢ o P K - N P K

0.7
].-
0.

3. 0.10-0,28 0.82-1,02 3
-1,6  0.09-0.10 -0.30 .22
0 1,33 0.10-0,28 0,82-1.02 3.2

2,0

Pinus v26 0,67 1,72

6  0.67 1.:50_-1_.-75_'

=1,
-1

-Jt--n.l

Pinus strobus -
Pinus sylvestris , _
: Pmea e . 0.8—1.3' 0.07-0.08 0,15-0,30
Picea Abies . -~ 0.80-1,0 -0, 06 ' _
Picea sitchensis . ' o L,
Larix'léptolepsis T o o '
- Betula spp .1.8-2.2  0.08-0.10 0.29-0.34
Populus tlemulmdes 2,0 S 2
. Fraxinus americana - 22,0 - L2
o Acer saccharum S 1,78 ' 2

0.2 0.9
L6 0,14

0.40
0.39

" Table 6. ' Classification of the condition of the 1ocatio”n- ac'cordih'g to the result
" of leaf a'n.allysi:s (Shown bY the N Content)

.'_p_emes o :, SpecmllY favorable BT Favor_a.ble' Pod:’:_.

‘Red pine | e Coowe< T e> Ly



i Charaetenstms of Forest.Smls in Japan
i apan extends north .and south - from. Hokkaldo to Kyuf-*hu - w1th large
differe_nce of a1t1tude;_ frorn ooastal dlst_rrcts to mountal_nous._area.s ‘of mor.ér :-
than 2, OO’Orn _'elevarion. ."Becau'se of thlS, x.r'a:.r:.ioris d.i.ffer_.errt types..'of_.soil.shav'e'
' _develo‘ped' in this oourxtryr. 7 | |
: Coniferoos 'fo:r.ests are di-s'tri}.aui_.:'ed in the cOoler a_reas of high altitpde or .-
of higil rﬁount.ai:rls; _and__beoause o_.f._c_:ol'd and w.et olirhatic- .condiriorl.s; tﬁe
d'eooroposrtro1r of organic n‘iatrers on_lth'e— surfaoe of theground s'ﬁ.c..h”as Ifa‘l_l'erzx:'. |
leav_es_.etc. _.t.ends to be incorripleee. 'I‘_hose J‘;tloornpletely de'composed'_organi.c |
ma_tters n_rostlp ‘oecome.h.umi'c. a.cid.'of exi;reraelp strong a.oi'd.{ty*; a.nd perrneate
l_ower. int.o.- miheral .s'oi.l,. leaohing 'oot 'bs.ses‘.' When the- ac1d1‘ty is strong, a par
of. the clay is also dccomposed and tho 5111c1ferous elumal hor1zon of graylsh
' wh1te c:olor, def1c1ent in 1r0n,- : alumlnrum' and bases, 1s formed. At the bottorn
‘of this hOl‘lZOI!., the .ac1d1ty is weakened, a.nd l.he 111uv1al horlzon of reddlsh

) brown color is, formed by the concretmn of matters leached out frorn the upper

J.a.y_er. Thls is podzol

L

On the other hand under wa..rm. and Wct cllrnu.tm cond:.tzons,‘ organlc N
_ _'_matters are rap1d1y decomposed and bases are llberated mostlyr | ’i‘hese ba..se.
. ._together w1th the baseo formed by the Weathermg of. pare:df materlal of the soll
serrre to make It}.le’ so:.l neutral or. shghtly a.lkallne;_ ‘B=ecaus_e of_ th_ils,'_ .si__li_oi,c.._;: T
a.C_l.d. _drs_soiyes arr_d it __;1_eaohe s_.oot‘mt.h;_‘_bases:l.n ,the ':'.rai-:ny.se_as'or_l. The 'eo._il:._ ﬁ_:.- '
g ﬁ_fq'rimédl_li_i{é thlsls a‘éf:_i'éieni;:ixi-'s_ii‘ici:c; a_oi_d,:l and it _;s;ﬁgp;s Fed ox yellow C‘oillo"r :
because i&dn,} a.lumlnlum, m-aﬁganese',.ete; : remaln in:t.‘...he. surface 1aYer Thls .:'
._: lemd of soll. wlr:ch is generally of poor phy..slcal na.ture, is. dl.strlbuted rn the |

south the K.ll Pemnsula, Shlkoku, Kyu hu and'_als_o 1n__-so,rne'_.fairlyfno_rther'n



'_diétr‘iot's_'. Thls 5011 _in-t.h.t.a__s:c_a_. é,i‘:':caa;s is .'é:_oo.oiic_iered"to h’avo- boon. 'forfr:zed under
wa.rrnchma.tlc _'c.i.oo'c'ii‘_t_ion_:s.i_rinforfmér .geolo_gic_al pe_rli_ods.

50115 w1th iof:o'rmej&iéj:_e_ .:n_:a.ture b.e_twoe'n the aoové two a.re the_ brown
_fo?:'é stSOlIS Here, b.as,__éé .l_e.a.c.h out 'oons_ider'ab.ly", : _bot -i._ron' and alﬁfoini_.um
remam, ':.a:od tho:rofo;'o,__ the sur’fa.oe_ io olaok' .with. homif_ied Orgo.ni_c_ r.na.t.ters:,' 'w.h'ile
't_h'o I1lo"..*\;re‘r pa.rtassumes _br_ov&r_r.o_do‘r.'-'.1;..}:16 ooior of o;sﬁidi_zed iron.

Among .bzx-ow‘rh”forost soils, .those :ciist;ributed in areas 'of. ra.thor v?arm _.
.cllmate have only sfna.ll ac.comulatlon of iron and a,lumlmum in the BZ horizon,
and the color is lzght So_me people claosify these soils separotely_as yello_;vish- :
' browp'forest so_ils. e . |

,"'B,e' s.i‘de.s..._the se soils ..'fo.rl.-ned in cloge connection with c_limatio_zo.hés_,'
;_;3.71_'3'&9.’45. othertypes of .soi'ls are found in Japa.m,. - .suoh as the so;_called ba.lc.k'
SO_ils-'o'I.'igiﬁa_f.;o'ci from iroicanic aohes, giey 50115_ .whic_.h have the blué l.ayér.

6::_ sports _f.'orrr_le:c.l_ by the roaootioo of iron at 1oca,tioos witiz high undergrour_lo_
wa.ter 1evelorthe iéd_d_is'h' b.r._oIWn 'sf:ots'.'for.n:le.d b_{; p.é..‘rt.i.al_o:;:.ioa:t.ion o_f.l'foi;'r_ous '
ox1de to 'forri_c oxlde, a.n.d_' f'u_rtl}e;).lr'nm'a;t_u.re: soﬂs sfr.i'll in.'.processlof.'dex;elzo;.l.-j:'

Soﬂs develop chfferently by 1:0pog4..aphy too. With‘tll.'ié E.Ldva.n.oe of erZOSion'.

‘-‘.:'Iafter the format:.on of la.nd valley° are formed. f1rst w1th convex slopes; '

' Wheo the.rvalléys.ha;fe develop’ed, .the'-substances cafned by_\..vater-ac.cumulaté

"m the 1ower part, and Slopes are modm a.ted and concave slopes are forrned

| .",_"Accordmg to the size of the va,lley and to the tt:-]:)oga:'aph§,r of the a.rea, the

" :erosmn may not bc unlforrn.'_ So 1t sometlmes happens that a complex slope
'. is formed w1th concave slope of advanced erosmn m the part 1ower than the .

' '""...‘pa.rt of 1nflex1on, and w1th convex olope still rema.mmg in the part above the



patt of inflexion (Fig. 1). e
| Inthe conves slope, the lower part suffers gradual exosion, but the paxt
 remaining with residusl soil is compacted and secms to have comparatively
 poox physical natuxe. On the othor hand in the balanced or concave slope, the

movmgdown SOlllsplledup asdetrltal dePos:Lt, andthere the 3011 15 most].y

.loose with good aeration and good water ho_l'.di"ng;_' o

- Fig. 5 -prqgraphy _
__Cileé_ta‘tér'ra.ir.l_ |

S Concave slope ~Convex slope
Convex S T :
‘slope

. Fertilé o _ _ ) : | ...Infér‘i.:ilé

~Concave
slope

. Fluvial soil
- Boil under erosion
o Moving.down _sloil' .

" Detrital deposit L

| Complex slope ~ Goncave terrain'
T ~ (Converged valley). .



In the conca.ve terra.m, or the oonverged valley. formed at the end of the |
o _valley developrnent ‘the soll is favorable as 1t is the place wht,ro concave
;_'__slopes get together._ :
' . The-'speed of__ ero.s}.ion,' thé .terr;ain., anll tho soil are influénced by the |
pa.rent.ma.tenal of the 5011 ancl by the dip of geolog:.cal layers. M'oreovo.r,‘. even
: _w1th the same kmd of rock a.s theu- parent "na‘tc,rlals, the character.; of 50115 |
- _,will. be .lrlodifled l‘:hl-_ough_ vario’us_ fa.o'tor's.
| Thus, '_i‘égional dlfl’ererlces-in forest soils are ve.ry'la..rgé in Japan. ‘But _
in general they are charactermed b'y hunudlty and by heavy leaching out of
: .'bases, espec:.a.lly of llme, phosphorus a.nd mtrogen Table 7 shov_vs how large.
the .11me deflolencv of .]'apa.n‘e'se soils is compared- with other countries. -.I't i.s
) also cho.racterl.at';m of the so1lo of this country that in ma,ny pla.ces.he.avf erosmn '
_:"15 obs.e.rved and fa.llen lea\res w1ll not hea.p bec.a.use of steep sloi)es. Therefo‘re,
an_d.soll_t.ends to be_ deteriorat_ed _b.y wa'shing out of rich -surface soll_and by poof |
,‘. supply ol: orgamcma,tters _‘C:‘.zéh'orally,.‘ i:_n:-.nal:ﬁr'é.l- foi-e st;s, the ?egel.:ati.oh of
: undergrowth 1sc0mplex a'n.d"s':u.rfax_c:e;'erosion '_rai_‘e... Blﬂ:_lt uésu'a.lly happensthat
ségv“e:r'e:.:. sﬁl'fa.ce"'ez"o'sloh‘ oo'c'urs'.i'n_ 'a.rt;.ifioi'ally e':stelhlished. f.o:.:'e's'ts. ‘I’he :
i ex1-sten.ce .of..lregota.tlon gleatly 1nf1uences the degree of€ erosmrl.as shown inl"
.ancl 2 of Table 8 Even _m- a forest., sur__fa_.oe_ s_01l part_lolt__as“ are _sorne_ times
| "’_"“’."‘"fhe_d _dOan. .he‘avlly,- but fhls' canbe '_allo:'\:rija.lte d_}l’er_:y.m{lc}:l bY a. simpl:o device
e asseenfr0m3ofTable 8;"‘.W.a..rr‘n 'a;n'd"'\vet. clir’n_atic .cc'»fl"dit.i'ol_ls are fé.vorable- o
forthe propa.gatlonof 'éo.il. h*i.ic.r'ohe_'s'.:. But l.v'h.eleithé supplyof _o'r'g.ahio.'ma..tte'r_.- '
is ;usﬁéndeé by. clea.r ,@_t;ijﬁg? the oxi'stih.gl | 6lg'anl;.m'at.e_ﬁai;'is‘ rapidly

. consumed which 1_ea"ds.'to:_'e_:'q':‘»editedﬁd'egradafiox-l of soil fe'rtilify; .



Table 7." Average content of limae in the

.J'a'.l.iaﬁ:

Ca;O"(%) . 0.63

No. of 200

inve st1gatlons

Table 8. Washout of soil by surface soil erosion ) _' s

 England

3.33

277

‘soil By -.Ija;i‘ituhé.szé)_'

. Umted

] Ge rr'ha.ny"-‘ Sta.tes

e L7860

i, Amouﬁ_t of Waéhed down soil by déforéét&tio_n[of_ reci.pj.n_é;"_'forest_ '

- (By Ka'wagu_chi and Yémamott))-

‘Red pine forest

' Deforested 'a.'_réa"_,

2z, : Wash.out:_of soil with slope .(By'Wollny)

Slope '

10°
. 20°.

Washed out sﬁrface"s'oil-'

" Thickness {rnm). Quantity (t/hé.): 3

0.2

T

Naked land

15368

1,3

“Grassland =~

42

) L

o 3 Arnoun‘t of wa.shed out SOll and elements in 26 years old Chamaecyparl.,:"'

fore t (By Ka.wa.na)

.' Deposal of fallen branches ;

Contour p111ng up of brancnes

l:Left on the ground as they are. _' '

. Cleared away

~ Soil (g/m”)  C

.'4»4:f' ..0.,28



. gelection of Treé Spécies for Afforestation
: The reqmrements forthe selectlon :o'f"'speciés-‘fpr a'fforésté.ti_.'or_a_ :ai‘e i*é.pi_d
volumegrowth in WObd_;: éhd great re_S:i:sta.'n'ce. to the v.ar'i_oﬁ's dam'é;gé.-sifrorn -
chmate, Chsea.ses and i.ﬁ.s ects, 1arge I.a.r.o_ﬁt per'ur;it .ar.ea_.'_- Mc}ét:ojf the trees
. f1111ngtheserequ1rements bclong to Conifers. In Ja.p.an, s.pz;uc.e, juni.é.er, Abies :
Mayr1a.naM1yabeet _'Kucflio, : la.rch (Larlx 15{:7.=,sarac1];)fer1 SARG Y, (blrch etc. are .
'usua.lly planted 1n rather cold dlstrlcts, a.nd Cryptomerla), Chamaecyparls), _ .
. ...(red pme}, black pine, Pmus Thunbergn PARL }s etc. are uuually pla.nted in
: 'r‘ath'e.r_ Warm_ dJst;mts_. In determlmng the 5pec1ee for the afforesta‘tlon ina
_ '_c':é.:t_'_té._i._r_l_"l.a.ia._{:e',‘ far_ibus 'fén,thrS' sqch .a_s l'atitude_,, 'altitude,-; slo’pe, direction,
t.'erhil.)gr_é.tﬁré, pr.écipité.ti'oﬁ',. etc mﬁ.s_t:.b'e‘ .'ta,ken iﬁfo cbﬁsi.,.d__efa‘.tién,. _a_.nc.:’l.thg.
_.é‘(.::tlm.qrniCailly rt;;os;t fa_vc}ré,b.lé..s'pe(_:_ie..s'_is_ to be choéen. Fér _iﬁstance, 'é'certain
'.s.p-c'ac_'ie:sz ';.vi.ll__b_é_"sélé_cted aga'insf somewhat unfavorablé ﬁé.tﬁ_r'a.-l condifions to it.
if other specmsare fdﬁﬁé.les.s.'érofii.:able and 1ess_ s_faBi_lié:e_d in the grdwfh T
: results. Shown .:'Li'l_“'.I‘abl_c_e: 9 afé .th..e _ lirnits ih..é.ltitﬁ.dé for the 'é._f.foresta._t:ior.x_.of
Varlousspemes by ;_t'he' agrlculture-forestry .c.li1.'1;£a.t_i.<.:.' é:iivi.s‘ic;\né, éiven’. 1nF1g 6.
Thesedatahave beenprescnted for the 8011Utlhza.tlonConferenceof Agrlculture,
' Forestryand Fi.'s.h’e';:ies: .:Tééhﬁolégicai.C.o_tjx_n‘c._il, but it is a, irh.a_,f.:t'er of coursethat : ‘.
. 1na.ctua.l a..:pp'_liCatic'grtl,_ i:i;éy ?hﬁét_ﬁe-améxlded ai_:ccor_aiﬁg'to fhg .d.ii."e_(.:tio_‘n of_i slopes '
andwmd c;f"éa'ch_afe.z;. -.f:'on.ce'ririe_d. In the ta;bleg two dr"th_fée 's'peci.é.s: W.ill.'bej |
f.c.)Un:d sultable 'fc.)r..each di'vis'ioﬁ.l , 'I;hereforc, the forestmg p;551b111ty must. be |
N e.:‘;am.l.xlle.d comparlng the proflt among the.:e spec:.e_, conﬁng under the same. -
'1iv;'n1ts". For 1nstance, Cryptomer:.a Chamaecypa.rlc' andl plné ha.ve been mentmn—. :
:':' i-ed.as s.ult;a.bl.e for afforestatmn in’ the 1ow1and of Scmthern Kanto dhtr:.ct and

- i'n_ th:'_ts Ca,é‘e _--Ci_'y'pt_omeria is"_ to be'plar;ted,'at‘the' l_oc’a._l::.ty w:.th _most favorab].e- |



.35011 cond1t1c.)n.s,. Chama.ecyparls at a pla,ce less fa.vorable;,. and red p.1.ne .at.the

.cofnparatwely u.nfa.vorable sﬂ:e.:_ Tim rea:sén 1.s a.s”fo.llows. The 3011 and the _
gréwth of - forest trees are cl.ose.:l;y éoﬁnecteci a.nd.lf thé sﬁrface layer of the '

.3011;5 thl“Ck ws.th well developed good ¢tr11§ture, .th(;?: gfowth éf trees b«.a.cm.'nés

_fa.vora.ble, wﬁﬂe if thé soil. has such unfé.forable parent materlal.s .as vélcémc
.ashes, the gfowth becorﬁes po.or.._ 'I‘he growth of Cryptomema 1s g1 eatlf .

: 1nf1uenéed by such 5011 conchtmns, and the1r 1nf1uence is less for Chamaecyparls

'-and still. l_es s for Pinus,

- Fig. 6. Ag_ri'cult,ﬁ_i‘e —_f_ozjes_tfy.c‘li_matic_divis_i._on'in_ Japan




T'ab'le_ 9. :'S_ilitﬂb__le-a_lti_tu_dé for -the-afforeséation of various specied by cl_irnatio

. divisions

Agr. ~£Cv_:e’st;y S R : Crypto~ ~Chamae- Red

climatic div.’ ' . .Spruce_ Juniper Larch meria  cyparis pine

1, Northern Hokkaido Below Below Below

SR . 600m - 600m 600m
~-2,, Eastern Hokkaido e . S . .

3, Central Hokkaido ' - ) t Below - ' Below

4. Southern Hokkaido - . 800m 800m  800m . 400m

5. Pacific side of A § R o
¢ Tohoku: 1100 " 500

6. . Japan Sea side of e | : _

. Tohoku . _ ' ' 1000% Below 700
7. - Northern Kanto - 500~1600 1000 -~ 900m 800
8. Hokuriku o o . 500-1200 " § " 700

9. Tosan . . - _ 600-1600 1200 1200 900

10, Southern Kanto o ' . .600-1600 1300 "o 800

11. Tokai 2 . 600-1600 "' 1700 900

12, 'Inla.nd sea coast : Cver o '

D D | 900 1400 1600 4

13, San-in o | 800 1300 700 1

14'._-N.0'r15he'rn Kyushu - ' S00 - 1400 _ 1600. "

15, Western Kyushu . - 1oo0 M ! 1000 -

16, Southern sea coast 1500 "o L

17. Amami Islands =~ | 1700 1500 - "

: “"I‘he i:lpp'ér_elevation limit for the natural d_i‘_stribution of errptoﬁje_rié. .

~ in Tohoku district is 500m. -

Mashﬁno,omploymg the h.e1.ght of 40 years old stando.rd trees shown m..
'metérs as ”s:.te 1ndex ., noted that soﬂs show1ng a hlgh 1nde¥c were adequotoly
-~ _..\;ﬂ-.re-t.-ol.' slightly '.wet..” He .also said tha.t soils -of'good water perr’neability showed
'hlgh 1nd1c:es,‘ Ci‘yptorﬁerla requlrlng a 5011.1:W1ce as high in wo.ter perrne.a.blilty"
- ‘:as Chameacyparls for v1gorous growth Agam, he pomtod out that smls of low . a
E '_‘_5.1.te 1ndex, had N and C accufnulatedm the Surface layer, a.nd hlgh C/lN ratlos“.

.,'.In soxls w1th a C/N ra.tlo of 2.0 or mor e, the growth of both S'ngl” and ”h1nok1



was unfavorable, he Sald When the 5011 pH wa.s below 5 the 51te mdex for

Cryptomerla became very 1ow, though that for Chama.ecyparls showed only a ﬁ-;' .

sllght de chne. :

F1g. 7 Slte 1ndex a.nd the quantlty of N in the so11 (Mashn'no)

Chamae cypans .

.- 20 HI‘huK; .
-Height ot SN

:ofthe
tree
{Site

Ll LA

6] Ao

Cryptomerla

A g
'%J.Q‘ .

aaq SR

FTLE e

1

-9

Takaosan state sorest -
Dando state forest

Ohshiro state _fo_re_et -

: in_dex]__ 5 £ Amagi state fore st

Quantny of N (kg/m )

Fig.. 8 - Site index and.e_xcha'n.geable calcium in the soil (Maeﬁimo} ‘

C‘Ham_aeoyo'aris C yptornerm .

e _ ) S . _ 2 .
_ 5 Hnn‘ﬁ_-_ R . ‘ R ;53“‘3_;__ o T ow

L K S R T R N L
Height N s L I R
of the . - ) ‘ S o o g o W
tree -l R R DR A ;
©index) T T e o T FR

<t

. Exchangeebl‘e' 'c_a.l‘oiom._(x_'.r.ze/ l'OO.g_)._ |

Of the above mentloned cc::ndltmnc; for the selectlon of tree pec1es, _some
W111 be p0551b1y changed through 1mpr0vement, and here ox1sts room to 1ntroduoe
: suoh a.fforestatlon techmque as forest fertlllzatlon.

Si_te __indio es

Lo2ee



a.nd the Values of SOll analyms are shown 1n F‘lgs. 7 and 8. -Ac.cor.ding. to them,
"_Cryptomerla 501ls show hlgher values ;or N than Chamaecyparls soﬂs, but- 1ts

rela.tlonshlp w1th growth does not seem so close.' If the N content of leaves

'_.becomes h}.gh through fertllzzsa tlon, however, the growth is 1mproved The

h_igh o_orrelat_ior_m betwe-en N.o_ontent of leaves a.nd_growth is shown in Fig. 9.

_ Thi_s.j,"s-'i'ndi'cative: of the fact, as mentioned,above,. that the growth of forest trees
oa._i;;_._b'e change_d_ by fertilization and other measures. {By Kawana)
- Fig, '9' Increa.se of N in leaves and the growth by iertlllzatlon of 26 years

old red p1ne (By Ka.wa.na)

."--m-_ o _ o ., '+ No fertilization
N . ?PL . » v . i K
: Ayerage o . . . ® No nitrogen
growth ‘,A L . . _,i . ) . . .
in height o _ S B o ._ NPK -
foril96l. EE et et S e
‘and 1962 - P o -
L R R R . = = o

{ WA SRS P
7 (]

B SO L A B R

"N~ content in 1\,avcs, Dec. Jy 1962 (26 yrs old
red pine forest a.t Karasawa yama) '



 Fig. 9 2 4 years growth iri_he'_igh't_:_ a.ndN content in 'lé'z_we'é:' of C.l;';yrriaéq'yp_a'ri”s |

- at Karasawayama experimental forest (By Kawana)

_.r.'rn'
Lo . 7., No fertilization -

B TYI _. B @ @. Fertillzed S

3

we L g -

L] : A }
LR [ 1 200

"N content . -

3, 4 years growth i'n.héigh.t and N Content-in.lezive_s of :crypt'or_r:}erié. B
in Motosu and Takahashi experimental eresfé (By K.awina) "

n

CLe

. * 'No fertilization '
D Fert'il'i'z_ed_.' _ :
.Zﬂb

* .

1 1. : - : :

' : N.confent

_ :34?-5”..



' Necesmty. c;f Fertxhzatmn

1. | Low fert1l1tf of the soxl.

'D;ffgrent fro.m fa.:..'.m‘l_a}n_d_,t_:he: fate of nﬁti‘ignt reétoration to the éo_ii is high
hifbréstigﬂd;béCAﬁée"bfdéfonaihﬁn'ifhag_been.consideredthattheféis little
; ﬁeed of ferﬁhzatmn 1:1‘1 férestry except for forest soils of extremely poor fertlh.ty :
_.(Table 10) Though'the ﬁutrient restdration'rate in fofests in high,- 1) the
...productw:.ty of forest smls of this country is rather low pr1mar1ly,and 2) 5011
degradé.tmﬁ throuéh clear c;uftlng is heavy in Japan compared w1th western
cou.nt;nes_becaus_e -fores_ts are_mostly on th_e mountam_s ‘In view of these factors;
'. irﬁp:oyé:ﬁéﬁt of f_t.Dzre.st.; .:p:r.o.duv_c.t.i.;ity and t_he.ma.inténaﬁ.c::'é.bf tirnber pr_oduction _ .
ma.ynot be- gxpetc.t_c.a.:d-'un.less 'fo'r'e.é.t-: fertilii_a.tioh'is introdﬁ._’ced in th.e. forestry. )

technique of this COuhti'y.

'I_"a.ble 10. Diffe'r'_erlCe in_hut_rient restoi'a.tion rate between forest trees and
a,gri.cﬁltt_lra_ll_ crops (Albe_ri_:)

N P XK C

‘Forest trees 78-80 77 65-75 . [ 65-85
A'gr..i:-_(:rdl.)'s. C 2 o ZQ‘:. 7L 75 '

8011 é.nd chmate élre the. t\%:o major factors for tl;m gro.wth of forest tr.ees.
If the cln'lx.:..anc conditlons are alrnost thé same, the quahtles lof the 5011 glve |
o :dlfect 1nf1uence oﬁ fhe .growth of tl;.ees., B .

H | ‘ it 1.1a.d.been consuiered that, among varlous.qualltles of the 5011 the -
_ _phys:tcé.l na.ture is more directly concerned w1.,h tree growth tha.n tile chemlca.l

. nature;- :



| _ 'Howev_ez;.,' a.c.c_o_r.din.g;:q fthelr ;-es',.u_llt::s-of-.'inifé_siiig.a,.i_:i'ql}.s_ by Sh1bamoto(1952)
on \fé.rious s;lte .qual.i_ties of Cryétdmeijia and .C_h'arr.l_a..epa'r‘is"'fc_\.'rést._s" m Ja.p‘aﬁ'.‘ |
(Tab_lé 11), fs.ctzil_é'of_inférior site .a_ré 'ple'r ﬁot _o_nlzyl_i_n- théil; physmal }Sropwé.rtié.s_ .
~ butin their _chemical propé;_"t'i.é s t-octa._.' qu'if_xé.tancé,'__in'.c_qn_j.ui_.ic.t.ipn.w_it.h .a‘i
'deéli.ne. in t_h'e. soi]..'s:.. ‘.grac"le, th.e...a.cidity becomeé strdng.er a.pd the'lea'c.}‘.xing_ c;ut‘, .
of .calcium-hea.vier., and it is infer;ec.i that humus ddgs nbj:-fuily'perfz_aeat _t_o t_he'
- B. _ngi'z.én. .
| Tl;us; .ii‘...v#i'll.be;a.sily_ﬁr.lderstood' from t.'he. té,b'le t_haﬁ 'fértiliz'a.,ti.pn is B
' esseritial for low grade forests é_nd aiéo_that the chei;nical .pro.p.er_ti.es. ofcven -.
~ the soi}s éf Gra.de 1 are. 'n_eve'r. satisfact'o;‘y.. Géssel-..et al 'of't.he”Un:'L'te.t_i;St.ates
(..1 960) also say th;t fo_rést s_oi_l's t.:a,nnoi:_posISJ;L.bl).fr qorita.in .er._goﬁgh _éf‘the_'w..ra.ric:)l;s
nutr:j.epts_.nee.:ded by tr.ee:s. Here_lieé the théoretica_l .gfoﬁpd f_o e.;»cpécf _thé effect
of forest fer.tiliéatibn_-ev.en from the vie“réoint éi'the soil fa’é t.:h.e'.'base for _Woo_ci

production, (By Tsutsumi)
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2. _S.'oil_. dgg:ac_laf;de by ?fé__lii_hg :

In th1s countrywl'uch abounds 1nsteep 1‘nqount::l.nrl forests andwhlch has ..
-l.arg_e Pret:_ipi'te._tiloxi;? 'su_rf.a.:cé__ s_o_ii erosmn 1s l1ab1eto be causedbyclearcuti:mg, '
: end the soil ..is _deter.iorafeciii. e?é:ﬁ 1n foreete of go'é?:l.- éro'th:' o'oridition An example
B of rile deterrora.tmn .of forest soil by clea.r cuttmnf rs slrown. in Table. 12
Accordlng to Shlbarooto (1961), forest 50115 o{ Ith1s cou.nt:ry havesuch
_.dlsadvantages - srqall 55 02/A12u3 rate of cley mmerais, small amount of
stabllrz_ed -hu.mus, and llmlt.eo -nutrrent_{hol@;pg .ea._pa.crty. . In .s.urnme_r',rx-_the_._
de:eompo.sitior_x.:o_f.orgé.nic_. matters and mlnerals is actwe becauseofhlgh
t_emp_eratﬁre a.nd hig_lr.-hurhidity,..- but the .l'ezi.ehing':,out-of_ bases,especmllyof llme,
: 1s st:.ll hea__vier , ‘ e_od..a._s' .e. .w'_t.loﬂle_, the. ac1d1tyof thesoll 15pr0moi.ed Wlth an : .-

in'erea.s'e in soil 'a.-c_i_d'ity,-- d1 epe_r s'_ion.hereu.s and cl—ay in ._\.-‘;’_e.ter-.bec.oroee: e’.a.ei_e_r, o
and Seve:r.e.ﬁ s_orrace e:.rosio’n'uie s._:uff_”ere.d 1f there. is e._.he'a,\ry{'ra;."rnf.ail. T}rus the -
deg.recia._tion' of the soil still a.dv.a'nc'e.s'. There 1s no que.:t1on tIrat the longer the
perlod between‘the clear cuttmg e.nd the coverlng o:f the ground elo.sroo becom‘es._
Therefore,. -.so 1ong au the clear cuttlncr system of eure conrferoos forests,-
:‘rvh.lch .15. '.Ja.ld to be moet productwe anri labor .se.vmg, .1.5 a.doi:ted in the forestry |
'jof ;Taolarr, 1‘t.1s undoubtedly very 1moortant to shor‘ren the t1me oeeded for the
:._ce.vermg. ‘and to minimize the so;.l deterloratlon through fore.st fertlhzatlon. :

- Ae seen from the foregomg..paradraphs, the dechne in sorl fe.rtlhty .
through fellmg or’ harve strng is u.navo;.dable 1n. thls country, in add1t1lo.n to ratirer
_lov;r product1v1ty level of forest 5011¢ . So, it .c:an be theoretlcally expected

-:-tha.t forest ferrlllzatlon w111 prOve effeotlve. (By Tsutsuml)

S g



‘Table 12, Deterioration of soil by clear cutting forest

B
R . R LERE . . change-
et Mechamcal compo- - 'Org_a- Co B E.C. able Ca -
PRI '_ _' sition of soil (%) - nic o {m.e./ (moe./
. CF’”“ Fine: - S matter Total 100g 100g o '
' sand sa.nd Sllt Cla,y pH (%1 N(%) soil) . _soil) _ -Source
1. Larch forest 2;.6.49;0 17.8 1.6  15.3 . 6 12,5 Shi-
. After clear. . o o T ~ _ bamo- .
cutting - © 7 32,8 52.6 7.3 7.3 9,4 _ : 6.5 to .
2, Forestof - o 8.7 012 6.3 2.9 - Wilde
. Pinus T R L
~ resinosa -
~and Pinus -
T _strobus _'
 After clea.r e | 5.9 0,03 39 L8
cutt1ng B - e ' :
Hard maple S 6.3 0.21 14,7 9.4
.forest_ﬁ PR o
CAfter clear 57 006 89 3.3

- cutting

- Effé’ci;fértilizéfs .

. " _:. l Effect upon gréwth
B l) Effect shown by examples of fertlllzatmn _
. In- ;rdé.r to’ ulvey the effect of fore.st fertlllz.atmn, somé result.s éf
o fertli1zer exp.erlm.entsland mvéstxgatmns of prwate forest fertlilzatlon a.re  ‘

. shown 1n Ta.bles 13 and 14

l29a



_T'a.ble 13, Lffect of fert‘ llza.tlon on you.ng foreut trees

Effect of : Time'of
'iertlhzatmn I investigation
: S .7 = . Diameter (years after
Species .~ - - Height  at breast fert111zer a.pphcatmn)
| | ‘Noshiro, Forestry =~ 137 . 180 5
Cryptomeria R R R R
"Exp. Stat.  Private, Gumma Pref.) -137 = _189 7
Red pine (Akanuma., Saltarna Pref. E . : L
Forestry Exp. Stat ) ' o 155 " 158 1o -
Larch (Crlfu Pref. ; Forestry Exp. - o182 205 5
. Stat.) ' o
Quercus acutissima CARR, o 240 - 306 | - lo
(Takahagi, Ibaragi Pref., : - :
Forestry Exp. Stat,)
~ Alnus japonica SIES, et ZUCC, - 1719 270 3

- var. microphylla NAKAI
' -‘(Koma, Iwate Pref,,
.:Forestry E‘xp. Stat Yy

' Note o Shown a.s mdex number agamst 100 of non - fert111zed plot.



'.'_Table 14 Effect of fertlllzatlon on- a.dult lorest trecs
(Ta.ken from experlmena.al results in Europe)

'--Spemes _ -'rYea.i‘":f'o'r_

“and a.ge '

_ E_uropean- 5yrs. a._.fteif: -'

“spruce, ' fertilizer’
“15 yrs.. application .

cold

European 4 yrs. L
pine, o '
15- 22 yrs. S

old" .- B

European-5 yrs. "
red pine, . - '
33yrss

old, -

.European 6 yrs. SR

Sspruce,. il
44 yrs. old

: --jEuropean 4 yrs. SR
' .spruce, o .
,_60 yrs old

~investigation

Ef_fect:.-

45% increase

in height compared .
W1th non=- .

fertilized ones

51% i;ic_:'redse
in height

26% increase

“in the volume
cof-woodin-

full 4 years -
" -compared with
- non-fertilized ones

3% increase'in .
the volume of wood

. 10% 1ncrease '
“in c1oss sectmnal .

space of: trunk

‘compar ed w1th k

Apphcah on amount

(kg/ ha)
Thomas phosphate
'2,200kg
P’aten‘i:kali . 400
‘Calcium
“nitrate ~1,800-

(Applied twice) -

lst yr: Potassium

Regearcher

Hau_és_e.r,. .
(1958)

" Hausser, K.

(1558)

Fabricius, L.

(1540)

:_Mit's__ch_erlic;_h :

,070_

Wittich, W.

 (1958y

Themlitz, R.
C(1954) -

carbonate 540kg
. Hyperphos 1,800
L 2nd yr; Patent-
Kali 1800
‘Calcium -
nitrate 600
3rd yr: Ammonlum -
sulphate 900
4th yr: Calcium
nitrate 1,500
Nitrophoska
N | GOkg .
- PZOS o 80
L K,C o 105
. Quick lime 1,872kg
Calcium -~ o
/. ammonium o
- phosphate 189 -
(5 yrs. later) 378 -
 Calcium
cyanamid
and lime
N 120kg
C,O0 3,420

non- fertmhz ed
Oneg : ’



O.uts:i;le the ForestryExpenment Sfefion, thcrearesome prwa.te f_eres_t :
. .gro{n:rei.-s”whe' h':'a..\;e' shown a;ln.n.os‘t efhazi.eg re.s:u.lfe:.ir.lz".t‘he..fe:.r.e st.fe'ffi]ize'.tio.n 4 "
'contest 5p0neored by the Forest Fertilmatmn Assoc1a.t1on. o.f Jaéen. The '
expected results in the growth of fert:.llzed for.es’.c trees shown bj} Shlba.moto :
are gwen m Teble 15 These flgures ha.d genel ally been cons:Lderea as,

_' everestimaeien. The re.sultg of the a.bove mentloned c.ontest,. Iulowever, exceeded
by far -thi-s :est:ifaqate e.s seen ffom 'fable 16 a.ﬁ'd Fior. _10 and it is expected that
the re sults will fus;:ther 1m15r.ov.e \n.n.th. an. adfance 1n fertlhzatlon techmque.
.Though the .s.o called compamon erops have been eultwated in some cases,.

_ f11ese .resul'ts shew that growth rates more fevoreble tha.e tﬁe peet records fof |
1.4,1; grade £orestg can be a.tta.med through adequate fertlhzatlox.l.. The..,e results
are .very. .51gn1f1c:ant in that a new goal for future forestry W111 Ee set besed en |

the mex1mum growth 1nferred from them. (By Tsutoumz.)

-"'_I‘e.bl_'e 15 Goal in growth by fertlllzatlon of Crypto*nena and Chamaccy—parls by- :
year.: for newly es tabhshed foregtu (By Shlbamoto)

' Helght of tree.; (cm)

_ At the tlme

- S'peéi'e& . of plaritir'}'g_ 1".st'yf.._2hd yr. 3rd yr.‘ -'_4th:.yr Sth yr.- 6th yr. |
'Cryptomeria 40 . . 85 165 245 330 _'.‘_430.-7 S50
Chemaecyparis 40 ' 65 105 165 - 230 3l0 400



E 10 Comparlscm of the growth goal for forest fert111zat1on and the actual

results of the conte st

S © 7 Goal for

- Exarnples fertilization

" ghown (Shlbamoto) ' '

~in'the - Tenryu, S}uzuoka Pref (h1gh grade)

. _contest . -

PR ‘Amagl, Shizuoka Pref. (high grade)-

Height of SRR : L : R
trees . Tenryu, Shizucka Pref. {low grade)
' - Amagi, Shizuoka Pref, (low grade)

Years

Klshu (hlgh grade)
'Amag1, Shlzuoka Pref (h1g11 grade) e
. Klshu-(_low g_rade)_

) Afné_gj., Shizuoka Pref;_ {(low 'gradé) :

Years



.P.ic'ture. 3. E;ffe_cﬁ of fertilization in a lerch'_'etand (3 yrs. after fertilizer

~application)

Note: The growth in the fertilized plot 'i‘_s' sho_wn'beyond'the brok_en line

while that of the non-«fertilized plot is shown this eide'_ of the line.’

Picture 4. Fertilization experiment on “Kunugi':__'__(Quercu's' Serfata)

- (4 yrs, afteffertiliier epplicatio'n)

1. Fertilized plot - - 2. Non-fertilized plot

3. The :fertﬂlzer ha.s been applled 1mmedlate1y
-__before the felhng of 10 years old trees,
~ ‘The growth of shoots after the felling is -
} favorable as. shown here 1n 2 years. C

_Pictu_r'e' 5..__.E'ffe.c':1:_ of fezfti_lize_r app'li_ee.tioe on _gkrovén" il_p red p"J.'.n'e

1.0 Effect ShQWI‘:l on :_rieedle_s Y Effect shown on a cross sectlon |
S ST ' : R : of the trunk at the helght of 5 2m

oole3an



Plcture 6 An cxample of fert111zed forest (Affore sta.tlon w1th crop cultwa.tlon)

(Prlva.tely owned fore st in Kanoya, Kagoshima Pref )

Spec1es - Cryptomerla (Varlety ”K131n”) E
Age -3 yrs. old. . .
Fleight -5.2m

Dlameter - 1. 4cm

_Table 16, Lﬁcrea_ée in the height of Cryptomeria and Chamaecyparis bjf' years
':fln'.fz.i_vo_rably _f_ert'ilized 'fpi'e st (Arranged by Kawana)
Height of tree by age (cm)

0 - 12 3 4 5 6. 71 8 9 ‘10
) Specms year year years years ‘years’ years years years years years years

Crypto- 60 185._‘3_10. _‘4:35 560 - 685 810 935 1,055 l 175 1; 295. .
mer_la e - : _ o

ecyparis -~ . - o N | | S c ) )
‘Pines 40 70 135 - 220 310 405 505. 610 715 820 930
_ (Red and o . - :

Bla.ck)

| j.Larch f6_o 120220 320 425 530 653 740 . 850 960 1;070

, "2'): HOwtheeffeCt is. sl.:ow.h
1) Contents of leaves
: When fé’rti.lizl.e:f_'.'is_._appliéd-tét‘f.or_e.'st tree s, the:'.ef'fe.c.:f_‘i's flrst seen on .
| iééy.e.s:.,: ThlS is _e_dnsgic'ﬁbu:éif-5.0.1.:.1_5.6.1_'\;ed mpme trees, ‘es'p_eéié.t‘_l‘iy‘_ 1l.:h.osaa' growmg L
1nster1leforest _'V'I'he.'.cﬁémpé..ﬁ_sori-'o_f'.tin_e 1*.éjsu1_t's_'6f"Ine'e.d.lel:-‘éhajl&s_i.s_ BetWelt;.ﬁ, |
;  fert111zed and ﬁén_-féf_t_iliﬁé_dz i‘_e,;d-p.i;:'e..treés. g.i'gwn. in a..:sft_:fi_l_é‘_f_o;:'es_t' 1sshown e

"in Té.bl_e.'-l"?. . It"ils"_u_n'c_'l__efstpbd_ that the fertilizer épplica_tib_n’ .nojtplillly“iﬁcreases e



_:'the l'engfh‘. of- needles (P:Lcture 7) buta.ls omcr ea,sé-_ extremely .:fhe,_n.ui:..;_.;_?i:e..ru‘:
: g_or}tents. in .nee.dle's_. | o

'Cohseqﬁent]_;jr._,' ca"rb'o_'r; _a.fe.similet_.i_oh 13 e;&ped_.ite.diapd asmm:latory products .
.'irierea.._'se, _'end as'e.wl'—lole'_, the Welght .of.zt.:h'e'-e:.ree mcreases 'if_.h.e.ref“o_.r:_e:.,' th_e;_": "
effect of forest fe f’tﬂiz“at;'oﬁ is_.usﬁ_any. shown oz 'g.‘r.ee.tly. in the _wéiéht‘t'h;ﬁ_fiﬁ' |
'Vthe ‘height .o;;. eli..arr.leter _ef thetrunk | e :

In the ea.se_ of Cryptomerla Iit has b:e.e_n Observed, however, that after the
nutrient eehéentr_at:_io%l en".leav_es hasonce ;nerea.s.eczl_i.:hreuéh _f_e_xjt.:i.li_é'a.t.ion, and :
cen.spiceoue_ growth by th1snutr1entaccumulat10n has beenshown, thenutrlent
_.c.erjl.cer}trat_i_eh_ of.‘j_fe.J_:f:_.i.lize.d:_ tx_'e..es 'eoes not:'e‘hOW_hi'g.he__::r. velee':-;ﬁ _eome. (_':aees_' : :
cdrnpare.d v.v.ith ne;l-fel.'tilizeti _e'nes.. beeaﬁs_e' ef t_:he:_;'so-..-'zéa.lle.d. ._a..p'jp.areni.'; c.ii.lutin:g i
, pl.xenox_-he'nqr_i.b.y growth.’ .su.c_:h a phee_eme_zéoz} is oﬁeﬁ ebs.er_ife'd..\x;heh. a n_eedl_e

"';;nalysi's is'c_qndﬁ;éed’ in N.o_:_v.e;'nbe.r or Dje-ee'mbef with felri.til.i_zea .'Chr.*fpﬁereefiia. .

trees greWn in eemparati\?ely fertile ‘f.or'e_st_. ' (By;Tgﬁtgﬁmi) L

‘Table 17. .EffECt-'Of-__fertili_zatioﬁ_en the ;nﬁtrieﬁt.{@ncéﬁtraﬁqn.bf_ needles of red
pine (Tsutsurni) . "
N P05 K9

Non-fertilized  5.5cm . . 1,21 ©0.24  0.45

 Fertilized - 11,2~ " 1,78 0.34 . 0.90.
~ Picture 7. Effect of fertilization on needles of red pine

0o Fertilized : . o Nom:fertilized -

. (Control) .




- fii)__ Effect 'o'ﬁ'.intér_is;f;{qf_physiologiéai func_t'i“c)n': |
" ».'Ger.x.ei-fa.lljr... 1n fertlhzed i:re’eé,_ -th.e 'nutfi:ent c__:onc,éﬁtfétio_n of leaves

.'h.:ltaightér;'_s.,. ._ .c_é;.quﬁ._'assi:fﬁilécion'.ianci qthef’_ pilyéiologigal -.'f‘un.c'::tions of leaves b‘e_c.omé.

.'a,ct.:iv..e',' andthe sc:;.i-c_a.‘lléc._i..‘\.riéof“..o.f;tre.ési_'ncrea:sés._ This i'.s-_of cou'rs'é}.hé, IPI'J'._.n’.le _

| .f_a;ctot" iﬁ'::the growth ’..px._'c.n"_mo_'t'ion -'eff:e.c.t_ of fértilijzatic_ﬁn;

o Whena .p.l.-';u.n.t., which is "i'n_g'gt.rient d_eficiént condition is supplied wit}i'é.mple '_
n‘u_t_riér;ts; -g._e_pérallﬁf.tl;;é_.aési_fnilaTtion ip ieaveé becomes ac“ci_ve_' and the groxﬁ:h :

is e.ﬁipedi.téd.,:_-'a.s aiteade o}.J__served'by._ma_ny researchers (Fig. l.l).. 'The author

_'w_i_l.l'_zﬁl.l.n_ﬁr d't:.iuc.e.._hér.e: _tfle .reé.ﬁl'ts'-o'f_ an. e@eriment m 'w}ﬁi;h 1t haéﬂ been---prdved,"_

| bjr.'e.rhplbyi:ng.:sz'ai.d.'i';)-is.o'topes, th.é.w.t when a certain i}uti‘ient - for insté.xice, _ |

_nltrbgen - 1s glven to part of fhe rcots, ‘the physzc;loglcél function of fhe whole
1.-oc.>t systén% is #ctlvated 1ncludmg absorbing power of the u.ntreated pa.rts.. -

D_iv_i_din’g_thé roots of.each seedling into two part:.s., 2-.years old _Cryptomei‘ia

: seedliﬁgé '\I#I'e'ré .'V'vater-Cultul;ed a‘S'sho"..vn. in Fig. 12 - pufting'half .'of the rocts .

: ::‘sel.)a.rately mto NPK, N P, K ana no- nui.rlent solut.lons, and the remamder
:__1nlto a pot w1th radlo 1sotopes 32p and 86 “ ;A.Lft_ef a certa.i.n perié_d of-wgter_: |
__..'_ci_llf:i.\;r_a.tio;i 1_'11.ce_. this,_': the‘ 'ﬁmoimt of é_Zp a.x;d 86Rb t_a.k.en 1n th.e:-_fc,l.i'age‘ waé |
""ri'_x_ea:g_xii'é'c_l.‘ _' |

'I.‘hel-:reé_u'l.t:é" of tﬂe .e.xi:ierifzn.ént :ar.e summarmcd i..n:,'fa.b.l:é 18When -

r'lutr:i'.é:rl.'(;.é: a'j:._e gzven to'._:or'l‘e .hf'alf of £hé :1'06-_1:5_ of a seedling, the é.b_é crbi_n_g 'P'_-éWQ_r L

::.t.:tf.'t}.lel6.t:he'1l~..11.:'é..1f...t.t>d.ir;'ér.lé.é.Séé, corhi;é;re&' {Qith-thé casge of ho nutnent a:..';i.pli_c,;_ation._
._"S.o far a.sx thls .exper.lment ]..S coﬁcerned the absorpt.wn of 32P \K;r'é,s largé'r:fé'l;.

the seedhngs w1th the cornbmed apphcatwn of N P and K than for the seedlmgs :

: ..__':.\'Nlth smgle apphcatlon of each nutrlent, wh11e the absorptmn of 86Rb was 1argest';

| -'Eor the seedlmgs w1th N applxcatlon only



These results i'n.d_ic"é.t.é' thét-;the_. Sup'p.ly: _'of'.-'a ‘certain nﬁt’;'_ié'rit'__mé_;y increase,

“the absp'rp"t_:io_'ﬁ' of other nutrients as well as that of the .Ia.ppiied__t)ﬁé.."' (By Tsutsurmi)

Flg. 11 Concentratlon of nutr:.ents in leaves and the ass1m11atory power _

{Experlment wlth paddy rice by Ishlzuka et a.l )

Fig, 12 W_atér-éult'ure e_xperimeri_t:'supplﬁng_ 32p-'and 86Rb"-'tq part of t‘_h'e" r_é;‘bt.. .

system

'-'T-a.ble.'_la. I\lutrlent absorptmn of root.; in. d'LVldCd wa.ter culture expenment .

_Nutrlent glven _ Quanmty absorbed by the other ha.lf
- to the lst half . of roots {CPM/mg dry. rnatter)

of. roots R o Bep o Index: 86R1_-, v Index

CONPK® 5,760 (781 zz (- 550)
DN T2 e (234) 64 (1,600)
-‘.-P S 240 B2 19 o (Cars)

oK 213 (289) - ( R

(Control) T4 (looy 4 (:100)



' 111) Effect seéh from nutrlent abé_orptiéh

Tha :ffe:rt_i%i‘z'at.ioh gi._'.u':es.-z."a..tber_ c'omplik.:_a'ted_in_ﬂ.uené_e'.c'xn In_utrié.nt concen-

_:.tfé,ti.jc;nof; 1?‘.3;@.5.. #:S ment1oned 'agove i Ho.wev_e.r',. the ab sorpfio# c_ﬁ nutriénts 3
is muchlarger mfertlhzed fr:'ee..'s._tha_.r._l"ir.x n_én—fez;'tilized tr.e_es..- _’fhe. ac.:;:.ur.a.te-.
.’amoi__;.x.'.x_t: of_n}i_t.x;ient'absd':pf.::ién éaﬁﬁof be obt'.aitined frdm a r.dere measurement of
_. nutrlents 'é}_:‘i_.;:s.ti.n.g in the 'p.l_éan,t _b_ody. 1..3_<.=,.c:.a.use _c.>_f' t}.l_ephendrhenOﬁ'of de_foliat_ion.'
"I.‘}iéref‘qrg;'.ént 'a.pp.rbximate _QUénti_ty_;vé_s obtained fror_;i the det_er’minatién of the
...;;ota.'l'. amount éf nut11ents -.;:onta.'ined in investigated standard trees (T.al';.-le. 19).

- As _tb'.‘.che a.mount per trees, 2.._1:0: 4 times the _'a,rnoux.w,t of nufrier_xts of thé_noﬁé

:fe._rti..l.i:f..'.éd”'.‘l.:z;;e,e has been al.)sor.b.é;:l by the'feptilizec.l one for both Cry;pt_oﬁlefia'

' é.nd re_d, p_iné. '
Table 19, Nutrient abspr'p'tio_n'qf C_ryptomefia and red pine - comparison .
between fertilized and non-fertilized trees (T sutsumi}

O T S Absorption of nutrients gy~ .
- 'Species . - . . Treatment - . N . P05 ' " KpC ' Remarks .

Cx_-.ypt_qrhe'ria; L Fe.réili'_zed E :. _ 6Lg S L-__I'Sg_ Lol b2g S pertree
Non-fertilized -~ 2lg =~ 5. % .20
-.Red pine . - Fertilized- - 1356¢ o3l 94 per 9 m” .
Non-fertilized ~ 83 16 Bl
3) A.nalys:.s of the growth prOmotmg effect k
’I‘he effect of forest feruhzatlon can be c0n51dered from two 51des -. chrec:t'."

' -_effect a.nd md:.rect effect - as shown in Table 20

The dl'rEL‘.t effect is the efiect to promote growth. The_'a.ia'plie_'d fé_rtili_z’er; s



: .'a'.fte.r -'Beiﬁg aB.so:rﬁl:;e.d-'th;-Q.ugh f’déts,_ dlrectlyworksontrees,andbyactwahng
a.ssir:zﬁ_.:l.atiOn anfd o:the.r phjr_s.it.a.lc;gi':c'a.-i'_.f_tlzl‘:l.c.f_ion..é;-_:.iﬁ.;:.réas‘és_-_{:he': growth ThlSlS
.simil_a..:f to lth.e ef_féc_t_ of fertlllza.tlon :‘Ln-_t.h_e _éé.sle_f._ ..c_)f‘.. anﬁ@ﬁl agrlcultural crops |
i.n_ géﬁeré]. . |
- The indireét ef_fa_ét'inéahs'rchizéﬂy._ the 1nf1uence upon501l1mprovement,
as _sh.ow'n'i‘n ‘.I‘abl'e'-?.f}.'.' " In the c“ou_ré_‘e.. o._f ._f'(')rc.asi:.".'fertili'z'a.f.ioﬁ,.. when thadlrect
éfﬁe cf has shown to some ‘exlte-n't for 6 iozf. 7 .-y:é.ar.s _cénsé_cu_ti_xfe'lgr, | th_e_..inc.i-_ir'e_c't R
' éffec_t b'e.cofn.es .g"radual_l_y noti_c'e_%ble-. I;: 'i.s. chal_-a.t.:teri.é.f.:ic.pf th.e'_fo.r_est.}'-._'_ 
fer__t'.il_iz_ati‘on'that its effect ixﬁw}plires these tt#o'_fﬁ_nctions. '.
Among _:.the' three inéiréc_t effe.'ct;-:,_':m__.eritiq'r'l_ec':l'".ir.r }I'E.a.b.le.. 20, the 'éliéj;iatioﬁ'
of :sé_oil- s;.rosion.‘i.s Signiﬁcgnt i.n..cdq.ntrie'sé_s J'a.;éa.n;' \Vhlch abound 1nsteeP510pes
The ot_héf two -~ éoil impr.ove.rnen%: t111;ough én'iric.:re.'asirig aﬁqéu‘rﬁf'of".fétl'léﬁ leéﬁes
'and an mcréased avaﬂabzhtf of sail nutrlems through the ex;paﬁsmn.nf the root
system - are the cffecta whmh can be e:x.pectéd because of the perenmé.lity of
: forest trees. | . ‘ | “
__In' Q‘t'he:r wo:cd%, the _i.n_a:i.r.e:'cif effectof fr;"z"e:st fér't'i.ii.za'ti'oﬁ .do'és"'rio%:.' sh."o'.w.'.'iiﬁ_. :.
-oﬁé é_:i_' t’ﬁ#.ro.'y_é'a;.r.s_ ff_ofn ‘feﬂl:‘iliz.-'é_r' appiica{iori. The process of fert1llza.t10n .m. '
‘.for.est tree‘s in hsuch a shlmt pe'rmd may be g.cnerally the lsame au tha.t 1n.the

‘c_ase: Qf_-_agr.lcultural crops. S

.. Table 20. Mechanism of forest fertilization .

. Forest f:."r'ées_ Ag'riﬂcj:ul'tu'ra'lfc:i-op‘s‘ o

* Direct effect of fertilization .~ Shown . S}im‘vnf'f‘_.-i
. Indirect effect of fertili'zaﬁdn. o shown ‘Shown sl1ght1y, if any.

e "-Eké:;ﬁnplgfs 1, Scnl 1mpr0vement by mcreased restoratwn ofnutnents through




defoliation
: a.) I'rhpr'ov-erne_xit of eoi'l".s eherrxica.l ioroperty
L2, Allevla.tmn of 5011 erosron by qurckened coverlng of fohage
3 Increa.se in the ava.llablllty. of s0il nutrlents through good
| developrheht of reo_ts_ |
: .a) Byecologlca.l factors

: b)"' By'phye'iolo”gicel fa ctdrs_

g When .t.::h'e amount of fallen leaves has be'co_me more rerrrarlra.bie, 5 o0r b
'_y'ea.r's‘a'.ft'er the ferﬁilize'r: applicatiorl, the nﬁtrieht e‘ycle. sta.rts bei:\veen the
':'forest s0il a.nd the trees, and the indirect effects mentmned above are gradually
: shown It 15 consrdered that' the effects beCOme greater W:Lth years... |
. If the chrect effect lasts t1ll the 1nd1rect one comes to be shown, it may

_be. c_o_n'sid_e_red.' thar the')_fore:et fertilizaticjn is faverably prog_ressing, as seen o
1nsuccessfulexamplesof r'ereet'4 f'ertili_zatiorl. ‘_ . | |
s Onthe other ha.nd, 1f the rﬁahuriel e.ff'e_.ct:c_lie_a..pp'e:ar's_ 1n3 or 4:'_3@'3;}5'? |
it meansthatthedlrect ef:.fect'ha,‘s. fe.iierl'tlo .la.st untll the ihdi'reCt .:o.he beginé' ) .. :
":fc.)”.'a..ppee;r.' "I‘h1e may happen if the a.pplrce.tron is not frequent enough and
T accordmgly the amount of fertlllzer 1nsuff1c1ent as a whole; | anmples of fallure_- o
'.“i_n _fo_r_.e’s_t fe_r__tiliza.tion' are fouhrl'ln--such a.__lc.a:.s_e. ALt .15. a rnattel. of course that |
amongtheunsuccessful 'exa.lrrplejs",: _there_ :.a.n.re thoee. _in_which no direct._ef__rect_
appearedatall be'cetrse'_df..f\_vre:hg _rﬁerh.o..d.of i'fert'ili.'z.er app_lilea:t:.i'.err or'_ pe_or'_.p'l.‘ent-.-'_ :
_.'mg of sleedlmgs ). | | | ”
| In short, the proeess and the mechamsm of fert.1112a.t1en‘of forest trees at_ |

_é_'a-rl? "stag'el'-_'fr'om'the':P‘?.riOd‘Qf ‘root _deve_lop_me_nt.ffollqwmg_th_e p_la.ntmg to_the .



period'bef_ox‘-e' the co.'v‘erin'g'.of:ioliage - a're .q'ui;;e umque,‘I‘he 'inoirec.t_'effect ..of
'fertlhzatlon dureng this perlod is to. 1mp3. ove tﬁe tree groivth on one hand and
at the sa.x;ne tlrne to 1mprove the so1i w1th the vegeta.tloo- of-forest t}éeo The
re sult is that the tree 5011 1nte;.ae.tlon is promoted through fert111zat1on, whlch h
may be rega.rde(i as a kind of after-effect of £e’r’_tilizer a-.pplieation.-._
| Thus, the effect of foz;est feltllizatlon is cons1dered to 1ocrease gradoally
' When the md_}.rect effect eomes to show (By Tsutsuml)
. _4$ .Me’chanism ofmamfestatzon of the_mdlreet effect
As r'r_:er_;tione_d in tﬁe- fo'regoin‘g pa.ragrs,phs_,'_.'.it is c’:_o:nsid_ei'e_-d. that the
indi_::‘-.ect-eff'ect of fer.t_ili.z:atiori 1s .a. phenomenon loecu'}isr fo_foresf trees. The =
\Iriews:. of the a:uthor on the meehs.nisn_i of 1ts alopea_ranee \%rill be sﬁfnmariz._eﬁd‘_
‘ below. | | - |
a) In the case of annual a.gncultural crops,. a pa.rt of the applled -
fertlhzel is absorbed by the plants and 1ncreases .the yleld whlle some pa.rt
: ..of the fertlllzer Whlch has not been 'abso bed leaches out or- is fu;:ed in’ the 5011""
' .-:_and the re.«*t of. the fEI:tlll.ZGr reﬁslnlng 1nlthe rso1l a.cts on the.f.ol.lowmé. cr-opv
_-.a.slresl.duai effee.t.: Therefore, 'm l.fertlh..se;. al.apllea.tm.n. on agrlcultusal c.rops,. |
‘1t 1s poss:.ble filat the. soil reroal.n.s .fertlle s,fter -ha,r\.rest : I‘.'.‘.o.r 1ns'ta,o.ce,'-_'-_v<.rl".1en:
a.mmonluro sulohefe is appheo mtrogeo partlallyl sema;lns in the. soil whieh L
.. .may; 1mprove the fcrt111ty of the ='01l However; tlse .or.gamc ma.ttel.;s of the _‘ .
soﬂ are decorﬁposablelgenerally,. and except the cs, ‘e of such.or.gamc
L '_fert.1llze.r as s'cable ﬁanure, the appllcateon of fertlllzer 1n.many c.ascs |
'_ _'not lead to an soostaotlal sncrease of the org.anlc mla.tte‘r eontent of the s.011.
| In the case of forest t1 ees too, tﬁe s‘1tua.tlond is 131.1'1'1113.71' to agrlcultol.'.al- ‘.

crops 1n tha‘t the app11ed ferta.llzer 1.; partlally absorbed pa.rtla,lly 1ea.ched out




: .._f.i"'onr;'the soﬁé; a,ri'c_l-pé;_fli;.ié.'liw,:rf'_r:e:t';a.inéd"in the éoil',
.':I-.I_r.:)_{ve.v.e‘i_t_‘; part of thu:a‘o_:nce a.b_.si;or.bed nil{t.z_'li'e_'n'ts. are ret_ﬁ_rnéd to the '50'11.' '

' witii-. fé..lien.: l.ea.veé. _ -Mcsréové.r', ‘as ‘their are -fetﬁrned in the form of' orgé.nic:
_'__ma.tters as fallen léaves, 1¥: ;s con.su.iered that they,. together wzth the morgaﬁm
.nutrlents Ieft 1n the. 301l1 by fertlhéatlon, 1*np1"0ve the soil both chenﬁcélly and
_'physa.ca.lly. Thls w111 be shown later by an.rnples in Ta.ble 21 but in short,

| 1t can be pﬁt as below.-. The- soil of the fer.tlhzed.plot has '1arger_content of tota.l.

' 'N and excha.ngea.ble llm.e, and sfna.ller C/N rate than the 3011 of the non-fertlhz.-'
' :<.d plot With su_ciu irﬁprovemént in chemical n.ature; the phys’ical‘ natu.r.e is also
ilmproved because the numbe;‘ of soil crumbs of about lmm in dlametér 1ncreﬁses,. .
_a.ﬁd accqrdingly- t_he pérmeability beéomes g_o.od.z.

Ti1e: ;‘;.éas_dr.i'.th:.;? even fh_e_phyéical nature of.thé soil is improved bylth._e.a' :
applélcé,t 10n of éhémiéal fe.rt_ilizer is as f.ollzows. B.c.e_cause'of i:he_per_éﬁnial ﬁatgre .
‘ Of_.i;l_'e..f_:zs, .th'__e_ qu.anti..ty_ o£ ﬁutfienté -_re'tu;ned'to the soil year after year tﬁrough-‘
fallenleaves,nch:.nnutrlents, 1s 'q*;l';-té.;larg._é 1n the case of fértiiiié':d_fq_résﬁ,..‘__ _.
_ and fixe .'i;ll‘dir'e ct c:affe.-ct'_jtgo’:afmélioz_'".aﬁ.e the. ééi:_l.béth'_i ch_.éfrii(::ally.'.z;nd.?h;,r'sic'aily-:..- '
B CQIﬁﬂels",:'ab:d.ii;‘: rather qu:ckly - | | |
= .Thoﬁgh a;lso.perennlal., 1n.the cﬁltlvatlon of mt;lll.aerry. and tea., : leaves are S

".'collecte.d evci-y yearl, and therefdre, it is con.aldered tha.t suc‘:h indlréct effe.ct
' -'55-‘.05 fert1hza.t10n is nét s.o 1;1{3@ ‘as in the cas‘e of forést tre.es.

s .b) Elxcept the . ;pemal case of a ﬂat land forcst, foresfry is operated
o genérally on slopes, ‘and accordmgly, the problerﬁ of fcrtlhty declme
t.h_r_qugh._sx_.lrfa.cc;.:s'C;ﬁ'eroslon_';é_ more or }ess_;nv_olved_m.foresu_'y. A., already

mentloned, thedeclme of fertlllty .b.y sozlerosmnm creasemthclear cutting

of the forest, '.a_';é:_'ha_'s"_b'een .pdintéd out by many ;e_searc-ilers. :



:A_n:'oxa.mpie' of.-: changeslnthe Léoi..l byl.'c‘].eg:lt.'. cu‘ttlngwas giVenéifg Table _fl_.'Z.
It.:.show.'.s that thecatmnexchange capamtyof ﬁf.h.o‘_sioil b.e_o_'ozlﬁésfs.h‘xa..ll'::afté'f. _';::_lea..r_'.
cut_ti_'_n.g.,. ."I'.h.._is J.ndlcates thaf'-é_r'o:s_.i_on occurs,though sllghtly, _ oﬁ thesurface
soil, ‘and clay is 'w_a.-.sh.ed"out:. :_. In ﬁhé case :3o;£-'l'arCh_' fo'ros:.t :"s_howr.l_i_h the same table,
a de.ore._'..as_e: of_ c':l._ayz__.a;to.r clearcuttmg 15 obv10uS " Sucl..l"__\f;ra..sﬁoﬁ{:-of '.olra;r..;_ne'a'.ns
at the same tlmethe P ermoval of nutrients. | To prevent the soil fertility from.

“declining t}_irough orosioﬁ aft:c-.'_r theclear Luttmg of-forost;.‘i:t is -rneoe.é.sars; fo. |
répl_a.r.xt' as -'éoon as. p_Qs..s'ibié’:- and.tr'o; | to gei, the la.nd ‘qulclxly. covcrod w1th folla.ge :
o'f:g'ro.wn U.]o :tre;es. How the p1 ogres.s ‘in the covermg w1th follagc and the growth
of trees is. allev1at1ng the erosmn ond decreémﬁg 3011 and sand washout w111 be ..
uodefstood from the_ s_ce sulw‘;s of an -invos.tigation by Kax_.vag’uchi’et al. shown io.
Fig.' '13... ' Wheri the e.al"l'y gro_wi:h of troes...in- a.'ffoi'e's_.te.d.. lé.n'd is . expodlted through
-fertlhzatlon, the co&enng and the matur;og aro promoted and a .:.ccordmgly the :
period in wl_'.nc_:h the 1and_ is loft in na.kod cooditiOn~_right_a£tor_ ‘thr_e-' c:llea'r zcuti_:?ing‘ '
cdn be shortéﬁed._- T_hi_é_’ n'a_;to:fo:,lly.;lightoh:_s; the ero 51on1n 'fq_:re;:_sf's_' on slope and
'so'fves 'ihe. pu'ﬁ:o'sé of'rsoi.l p'r&eﬁiaﬁ.' " it 5‘r‘nay: be con51deredan1nd1recteffoct
of f'e.r.ti.lli.zation. (The author hauo no 1"rtent1on to.lo.s;L.st ..tha.t tho fertlhty dochne ‘
- and 5011 ofosmn through cleo,l cuttmg in foreqt oan b.e preventoo tot.:ally‘b'y‘

- ) fe rt111za,t10n.. _'.If.o ;_50_1??: t_l.zesek pr_obleﬁs; ..(;o.rop'ooit.e.__i._:e'oh_ni,:qu_es ofl‘a,ffo"reét_a_.tionf
-;w_il\l-‘be‘ nocésSé.;:y. ) | | - i L |

c) When fe1t11iz.er is apphod to c;opg, the ye1ld incr eases becaosle moro
.nutrl.ents become a.va,llable f:o the: pla.nt v;oots As the root vfsten% of the
fertlh.zer #pplled i:ula.nt dovelolos.well the nutri.ent.a. c.:onta.lnedﬁln the. soll con be‘

__.__.-:::_oxplmted more compared w1th the non fertllized pla;nt._f It has o,lso b.een pomfed ;

out that the roots of the former show phyglologlcally r'tr()ng power of nutrlent




a.baorptmn.ln th1s pomt, _thfl”'si‘tuat_i.oz.i. must be tl.ie same fo:r .for'c;:St. £rees.
leferentfromordlnary _Ia_,_g‘r.i.cu‘l'tﬁré.]_..cfﬁps,‘ however, f_bres’st'frées é.re pe_;:'ennial.'
| a_zid'i'f_ i.?;'é'é_nsrié'éféd-fhé.t: the exploitation of.:fh.e'nutr.i'c-:.r_i?s in the soil by their

- roctsall the more iﬁ-c.f_éa.'sés through fertili:zat.i_o'n Baéause th_é de_:irelopme'ﬁt, both

‘_"'hc_)r-_iz'o'x}t'é;l'and‘i_r_ertin.cal',' of the root system increases cumulatively year by year.- o

Fig. 13 : Decrease in the washout of soil with gro\f.{tﬁ of trees (Kawaguchi'et al.)
Amount of washed down -isoil
No. of ye.a.r.s' after planting

_'Fig. 14. Intrééﬁégé 1nthe éﬁ;p_loita'inn_ of the ‘so_il's fertility by the expanding.

S 'robi’:'j system _o_f- _fértilize"d_ trees

 Fersilizedtree . . Nonefertilizedtree .



.: ThlS WJ.ll be explamed below by talqng a con.crete examplo._ Shown ..i"n Flg '

14 is: s the colnpar1eon of‘ fhe root system.; of fel't111zed a.ncl .non-fcr‘tﬂlzod 7 years :
old Crypt'omerie. _.The._volu_rn'e of soil oct:upied by"t.ho__r_oot_ syste_:m:. Ofthe
_lertlhzod tree is eboot 0 6341’;14; about o 2gm3 la.lger tll:e,n: fhat: .olf- th'e non-"i '
fer_tlliz'ed one, Supposmg that 1m3 so:.l we1ghts 1 000 kg and that ’che N content
"i_s ‘_0_'-'5%. theN CO_ritaine_d in _0. 2_8m3 soil m11 be about 1.40 kg. _I‘t'._meane tha‘t
tl‘lehferti_lized .t'ree' 1s supplled \{r_ith mn_eh __m_o:_:.*e._n_itzf‘ogen-, or__ mother.vords, the
' exploitzltion of the .'soil nitr.og'e.n inone.as.e s.: l)..y"th.at-'_'eis:fe.l.ﬂ: c‘ompared \vitlz"gnon- |
'fe_;'_tl_l_iz.ed tree . This ma.y be 1egarded‘also as a.nart of the 1nd1rect eff'e.et

. of fo:'est_fertillzat:.on_. _ (B,r 'I‘sutsum:.)

_2_. Effect .'o.f soil.improvexfnent

. T.o see how the so:.l changes thr ough fert.lhza.tlon,. goﬂs of fe.rt111zec.1 and..'.
_non-fernhzed for_ests were compar'ed_.. The r'esults _ane_ shoWn .Ta.ble_ 21. It is -

_ un.derstood that. 50115 of fertlllzecl forests .are generelly 1@5.’) a.cldlc, have a :
_lngher content oF e‘cchangeable C.a,‘ .:md ohOMV better pernﬂ;ea.blll.ty than the soﬂs

_ of.non-feft:.hzed forests. In other _words, 'the_.soil lr‘npr_oves bdth_-cnemically ._and:'

.‘_._'Physmally by fert1llzat10n l—Iowever, as. lsuc.h so1l 1.rnprOV1ng effect 15 pro.duc‘ed

" chleﬂy by fallen leaves, l1t is 11m1ted only' Lo the surfac:e .,011 ‘

- SOme expla.natlon will be glveru oeloﬁ on the m.ecllanl.sl'nrof so11 1mpl'o§e—_' |
'r.ne'nt In the c.:a.se o:f recl plne shown in 'I‘a.ble 21 the .phg.rsmel naturc oi' the soll |
_ has been 1mproveei by the apphcatlon of fortllzeer, chem1cal .,ubsta.nce. Th1 |
' ma.y be due. to.'the mcl ease of the volume of fallen leave 5, r:Leh in nulnerlts,

‘__:-1n conseciuence of fertlhzatlon, wh1ch oecanee of l:l1e1l' comp0e1t1on h.a.ve under-

'gone favourable decomposn:lon and added o the humus of good qua.hty



.In the case of Crypf:émerm,l thc .5011 of the fertlllzed plo:. .Jhow\,d larger
.--__.:_content of exchange:n.ble Cao Lhough hme was not apphed (C is not céntamed |
:_'_-m the. fertlllzer)._' ’I‘he reaSOn for_-lt_ls -con51dered as below.- I_n the fertilized
':.plot aé n.he roots devclop well a,nd the .,phele of fertlhty exploltatlon is \,nlarcred,
_.'Zthe absorptmn of llméllncrea.se.,.- ”F.u;'tilermore,_ itis also considered that';l_: wifh |
the in‘greasg.in-_the-_.-.a.bsc;r'bing-pov_vel; of roc-).ts 0--£ f'e.rtilize.d.trees, more 1irr_1_e :is_

- absérbéd__é;ﬁti thén. r.etu.n.:.'r.léc_l'té thé_ soi:l"through fallen lé.é.\}es..ti;an:.in: nbn—feftiliz_ed_ _

trees, -

_'I’a,ble 21 Changen in the 5011 proper’cles through fertilization (T sutsurﬁi)

Ex- - . Ex-

change change-
caci~ - “able  /Soil _ _
.' T dlty ' lime crumble . o Perme-’
-Species . Z'I‘rea.tment .P__. (Y1) C/N (m.,e.}  analysis =~ ability
Red pine  ‘Non- . 4, 9 13,1 19 1,04 Favorable soil  The soil of .
(8 yrs,s  fertilized -  -crumbles of fertilized
Cafter L L e o .7 Zmm diameter = plot has:
. fertilizer '-Fe_rtil'ized' 5,0 6.9 . 15. 1,90 arefound more. ‘better
: fapphcatmn) T o e o . 'in fertilized g 'pegrme_abi_lity.
. o . ' ~gsoil than innon- '
- fertilized one.,
L Cryptornerla ‘ Non- L c 5.4 1.0 5.87 .
(1 yrse o fer 1hz.ed _ ' ' R
after ' s I
fertilizer Feltlhzcd 5.7 0.9 LS

N a.pphcatlon)

Accordmg to Shlbamoto forest SOllu in: gom.ral are strongly ac:.dlc, a.nd
- few or no earthworn'ls 11ve there.- But after Tertlhzg.tmn, they can be found L

'ih't':i-é_a;slin_gly, ‘he says MltSCherlth (1958) too observed tha.t the a,ppllcatlon of

o -‘47‘: R



li.met and nitr'ci_gnn_had made ear__thwnrinn:_ac.ti.y.-e.-"-: SR
| ’rhué', fert111zat10nservesto a',‘r_.:'t_iv"até :‘no.t only smlmlcrobes 'but al_.g.sn".':-.
_' e.a.‘rtnwonl;ﬂ,'s;. and it playsa Pa"r't';ln‘ the fnrma;tinn" o'f hl’iﬂmns.,' the :éulﬁivntion .o'f'
' fhé .s'.oil a.nd.the.f.ox':r‘nntion of soii'.st.r'nctnré. Accordmgly', n: 1nnrease tne. '.
_ product1v1ty' of thc forest scnl prn;:nntes tne growth of fores‘c ‘crees, and further

serves to 1mp‘rove the 5_011.,

Table 22. Influence of fert111zat10n on 11v1ng earthworms in the 5011

(Mlts che r11 ch)
No. “of living - E Wt. of 11V1ng
o - earthworms per ha~ =~ . .ea.1thworms (k’*/ha)
Treatment- ~Case A " Case B Cage C . Cage A’ Case B - Case C
" Non-fertlhzed plot o0 '.80_,.0'00_ o o 30 0
| Fertlhzed plot I -~ 190,000 ~ 240,000 30,00'0 -~ 100 0100 020
Fertilized plot I 220, odo 480, 000 90 000 --:;00- R 150__ . 160

- “Note! :Fertih ed plot I - lee and a.mmomum nltrate (lOOkg N/ha)

Fertlhzed plot II - L1me and ammomum n1trate (ZOOkg N/ha)

3 ﬁf;ffé'c:'t-“ofimpfm}ing the .néa.lth c'dn'aition of forest i'r'ees EATs
Fertllzzatwn is apt to be con51dered to fun‘ctlo.n d#sadvé.nta.mgeounly“ bf
'makmg plants Weak and reducmg the renlstanne t.o va;flous danﬁégea. But sucn

' 111 effects are the re sult of an unbalance in nutrltlne cnndltlon brnught about
by madequa.te £<;,rt1112.at10n. .. R-atlona..l‘fe rtllma.tlon only serves to. 1rnprover the
' health of. the plant. : The rela.tmnshlp of f.ertlllz.atlon w1th .dlscases, msect

-'_-'-pests and cold da. mage w111 be explamed bolow. s

BT KR



e l)'iijDi'sé'a'.se g a.ﬁd fe ftilizer appliééiion
o It is ge:ne:—zratllyr observed thai plants of bad nutrlta.ve condltlon are llable

ﬂto the damages of dlseases.. For 1nstance, Vlarch seedhngs of poor phOSPhOI‘lC

jac1d nutntmn are apt to auffer dampmg off or conver sel“yr speakmg, the
! a.ppllcatz.oﬁ of éhosphorus fertlllzer serves to prevent dampmg -off,
Fertlhzer apphcatmn ca.nnot be Judged sweepmgly as it may work -
advantage;ously ar dlsadvantageously'accordmg to- the method | -,E or ms_tan._c.:es
;t' 15_ .klzlr_m'wn tha_t_ if too muéh aﬁqmonium sulphate is applied to pgdcﬁy rice, fhe
' pla.nt .be.corx.\é's__liabl__é. fp. 1§dging é.nd:"‘co bla;sf: (Pi‘ ricplafia oryzae),” This is
- 'b_c;(_:a..u.se_ fha pfopo.rf.io'h cf'solﬁble_N C_ompclmn.ds-in. jt{he pla,nf 'Eddy_i.nc.;rease,{s with |
: excesss,ve N_a;j)inlié.a_ti‘or.x.'_. This makes the plaﬁt sensitive to blast. It. has |
a_i:éc') bec—:n e_}:_c{p:.]_.ainéd that i..'nsuffig.:ieric.y. of 'cafbéhyd_ra;'tes;, as ca.t.t_s'ed by sun.shi_.ne_
--S_I}drt.als.'ge;a..n._c_i .K défic:;tenéy_, ma_ir bring anut a s;cate of relative nitrogen eXg‘ess_ :
".aﬁd.pfoduclie a sifnilar- fesult; Therefdré, 'r.a.tional ferti]..izle'r ap'plicafiﬁi.l is |
.ess.entml not only to promote the grow’th but also. to 1mprove the. health. of the
."”"zpla.nt._ | | |
Asha.lmost. noth1ﬁg has bcen made clear:s c.:_'fé,.r é.b.duil: th'e. .re.}at.i:ons;.hip:
':r-.‘betwee.n fért’il;lzation .a;"nd-disea.‘s.es of £or.est-f;.3:e'e S the- reéulﬁé 'iOf”S'dn-Te e;&i;_er__i‘-# -
"-"fnlents ccmc.it.xc‘ted wﬁh seedllﬁgu for afforesté.tlon Wlll be glvén below .The -
..-.'da.mpmg off’of 1arr:.h seedhﬁgs, mentloﬁed 1.n Table 23, can be’ contro.lled. if the |
":'excess. rﬁt:.ogen and the rcla.twe sho:.:.t‘age of P é.re co;x.ected ﬁ:rough felflllzer .
s -_appli.c_é-t..tiq;i.__ In case of a.dlsease of Crypt;)mena suedlmg.sr;:a.used bﬁ Phyllostmta

HCry'-p'.t.brﬁ'ér_ié.e,-' the preventin'g"effe;t-of K apphc_:at:_.o_n c;p.,be_qhserved.' '



Table 23, Effect of treatments on the 'o.c.cu':_"re'nc.e of’ défolia.ti.ﬁg. disease of larch
(Fﬁjité.‘, T sut.su'.mi,: I_\%{asaki and _-Ta.ka.i) |

Gl § _ . ‘Occurrence  Defoliation
Water culture treatmént o © - rate® - . - rate

Complete culture solutlon S S o200 D0
No N . o oo e 2,830 ¢ 2,64
No P = S o : : 4,54 0 B/25
No K with excessive . _ S S

c OandM T RN o b.54 . ‘.'.--,._7._16__-

-

JEV. IOV TORS SRR

The occurrence is shown as compara‘twe flgure, mammum valuc '

=15 (t'ot_a.l branc_:_h’e s a.nd 1eav_e__s aff_ecte'd)_'._ - e

The res‘ul't's-- of a c:ief.(:_rl_i;atir_lg.:diseas_.e. i’z.inocula,t_i.b'n exﬁéiﬁiment: _o'.n-"l.ar.cﬁ '
_séeciling:s, 'condﬁcted.r_ecént.ly by _tﬁe auél;ior' et al. '_.'.va.'ryir;é the c;o'nditi'c.ms. o'f.j.j_
nutrient.a,pp.lica;f.i.ox_;,u sh.ow_-that Kand = déficieﬁéy inc_:_i'.ea.s_'é:s' the o’c'c;_lrrenc.g’-....'

. of fhé‘ d.ise.é.ss, ﬁvhil.e Co;'nplet_e-NPK:applic:atlior'i 1ow.e_1"s.t_hc—:=_ Qccu.:.cr.encé.'. 'So“it _‘_is:
.iifx_iez'.i'ed_ th:;at the raﬁim‘iz.;.l_ :fert_.i_li'.zqe;'_r_'._éfpp:l.ic;ati..'orii.:i_s:.éf_féct‘;if.r:.e' toa.mpa.ovethe health '
of _s:eec_l'li:ng.s.: g o | | | | .
| j:héré are'jdis_of_der s of pia_nt«; wﬁichfaie_,geﬁéranﬁf' 'c'aneci _pﬁys'i'oxogi;ai e
: dlsea.ses Mcrbld syr.qptoms. ﬁot é.ﬁsmg from pa.thogemc Eactcna, lor e;;r1.a1ng
. 'fro.rﬁ“tlnknown‘pathogens, _-are.called by,'thls .name. They may bc regarded as 5
- .the adva.nccd case of a kmd‘ of nutnent deﬁciency symptom Amcng them arc:':' -
""‘_'blig.htip'g,_" c.hlgr_os_i's‘,‘:' lit_tle‘ leaf diseas_t_a,'_ '_e_t_c‘.“ ). _g'n_d-an of:tl;'ém':;r'e chsidé_re'd"-"
  '1':0 be. ca.usedby the: 'defiéi.eﬁ_c'f_'of _ somespec1f1c: _i.lutri_'eﬁt':‘o'_f by :é.ii‘..url.bala.n'ce::..' :
: among nutr:.ents ' Such physmlog1ca11mped1ments secondanlymducethe _.
 oxsurrenc o vetous dassse, 3 polted s by Sheenbs 1559, These

results of some investigations "01_1_ the cure by fertilizer application of the so-



_called physmloglcal dlsea es__ caused by nutrient deficiency 'a;'e sum_fnériged_ : B

:'m ’I‘abel 24,

Table 24 Examples of physmlogmal diseases ca,used by nutrient deflcmncy
(Ad_]usted by Tsu-,suml)

Spemes

_ Results obtained by fertilizer
“and disease

application treatment

Researcher

Blighting of -~ The application of 16-6-4 compoﬁnd_férﬁilizer IBBERSON, J.

‘Pinus strobus. -

Chlorosis of =

of 1 to2 1b per 1 inch in diameter of the trunk E, et al.

at breast proved extremely effective. - But

- the application of 3 1b/inch was evldently .

harmful

The symptoms of this disease appeared- o

of N prevented the diseasec-or checked the "
-advance in the symvtom - '

: 2) Insect pests a.nd fcrtlllzatlon

{U.SIAL)

{1952).-

Van Goor,

. European'red . - when KyG in the goil (5% HCI extract}. C.P. .
‘pine and , was 0,012-0,006% and below, It was (I—+olland)
Corsican pine curable by the avplication of potassium - (1958)
R ‘ ‘sulphate or potassium chloride, -
~ Chlorisis of - With the injection of ferric phosphate into PIRONE,
oak ' “-the trunk of the tree, the green color CP.P.
' of leaves was restored in 2 months. {U.s.A.)
L SRR e {1940) . .
© Little leaf - The results of needle analysis of the “'Roth E, 'R.'
_diseé;'s'é"of . affected tree showed smaller N a’nd et al.
- Pinus- S Ca‘ contents than-the healthy one's, . - - U, D.A )
".'-'Echmata M111 The application of more than 200 lb/acre (1957)

GCHLI‘EI.].].Y, there is a. i't,ehng tha.t as the 11utr1t1ve condltlon of treea.

‘ improves by fertlhzatmn, it m:.ght makc them mme 11able to insect pe sts C-n
. 'the other hand, howevcr thele 1s a hope that 1nsect pesta mlght be com.rolled
= by fernhzatlon when the p00r nutritive cond:.tlon of trees is amended w1th 1t

E .-'At any ratc, resea.rchcs conducted on the rela,tlonshlp between forest fertlhzatmn )

IR SR



and insect pests are 'é_x't.reﬁ-i:e'lyf:few in number in tﬁi‘s_cbuﬁtx‘y and 'tl"_z_é'.'tqu'e:sfio'n

.. depends rﬁﬁch__-o'n the re.'_'s_.q'l't_s of future :':'L__m'ré s_ti.g'ations._

3) Cola a.a.ma"g e -a:..n'd'_zf_ertili‘za;.t'_:f..cz.'r.l_ .

| ._._.Re_cé;;itlyf, | col& 'aamaé:e '_ _o..f-: 'f_..or'.__ef sttrees 1smuch dlscussed 1nvar10us pi_a;é:e s
Tiue c.oﬁ.stit.ufioﬁ.o__r. 1;_he r_x.ﬁ'tr_i_tii_ré_. condltlonoffore sttreeshable tocold damagc R
and the ;_orgti'OI oi it by f;e_:r't.i_li'zé:ti.oi.i-"w:l:lil.:b.é importéht3'§ﬁ_1§j§c'ts; forstudy i’n:._
.futui-'e.‘_- As to-the' relationshi.p_jbet_ween the -_t.hrée' majbr -_eler_nenf.:s_.N._' P and _the..
: éold ﬁamage, it ﬁaé generally becn sa.u.td thaf ex.c.e ss‘w.e. N.appllcatmn 1ncreases a
.the susceptlblllty to cold damage while thé ap.pllcatlon.of K reduces 1t | It p_an_
be commo’nly- ipte;’p;ei_:ec':l ’;hat-the appljta.tioz; _gf K _ir'nprov'_e.s the healthofthe
plant bécause_a wz.it_'er"_s.o.ll_liale. N -i'n't'_};é-iala_.nt bodf dc cr ea.._éé.s'. an'd: atthesame tlmc
' nonf-reciucing sugar an.d-'alcroho.l%l.:enzol éii.:f_e.i.Cts...in.;.::rc.e'as“ei.
.Kawana et al (1%2) .reported an interesting fact aﬁout the freezmg darﬁége‘
' 'of Cryptome ria that in thelfertlhzed a.ffor.e.;sltatmn of rCrypto.me.rla., \ﬁ;th .1nter-..'-'ﬁ
""cultl.vatlon of agncultural crc#ps,II thé c;rowth of forest trees Was fé.;or.able and |

' _at the ;s__a.me‘ -tlmelthgy suffered"alrnost' n'__o ;f_ree'zing'_.da;_mage.”

Ta'."b_le 25, Effect of crop cultlvatlon and fc—:rtlhzanon to prevent cold damage of
2 years old Cryptomena. forest (Kawana, Tanaka and Otam)
Growth for 2 vears

Rate of cold damage (%) ._,‘.Helght_ o :‘El-a.sa,l: diam.
1. 2 03 i em) T (mm)

Non-fertilized (with - T T T
~customary undergrowth 30 400 40 36060 1003
'-cuttlng) T T O e
-Fertlhzed (w1th under- ool 40 400 . 626 R 16..8
- .growth cuttlng on T e T e e e e
: .V'occasa.on) SRR



Table 25,

Rate of cole damage (%) - Grwoth for 2 years

PR ' " Height .Basal diam.
B 1z 3 (cm) . {(mm)
Fertilized, with o T : ‘ _
_'g:ropicgltivation o 0 40 . ) 101.0 30,9

' AGerman :r.r_iaga_z.i‘ne récently. carried_ a n.ote'worthy' i‘eport of Be'l'fram_

| (1958) whlch poiﬁtéd aﬁt that th:e_ minor elémen_t boron Had an _éffe_:ct ch
preveﬁtihg"frost".c.:lama.gé.‘ He is -wdrking on the feacti.oh:of boron'éppi_ic_:ation
on peach apple, grape ash, beech and sPIru.c:e But as the effect is'obée.rved
_'I1n some ca.ses but not in others, this study is still halfway. The féét ma.s,de':'

. l;;;_own_. so.far 1s that.;‘t_ seems ef_fectlve ';x.rhen sprayed. on fully grdﬁn young_" }
leavesbut i'ir:?irs_:l.'iot fa.._ffec't.:ive".xvhén spfa;y_ed in summéi‘-_or later, _a'x.1dl tiaat the

tempefatu_’r_e’at. the time of spraying must be least 8°C., or higher, (B? T"sutsumi)

.' -4:._ "...Ef'fe"c"t:'of feftiliz.é.ti’ot; on 1;h'e3q1iali_ty'_b£ \;vc.m.d _

-il‘;"c.:.onsidiéﬁng foi'e.;,t fe'r‘til'iz.ati.bn, zthe iﬁflﬁehce 'on tﬁé quét_lity of woold

is very 1mp§rtant as wel] as the.mfluenc-e on the growth In d.e'te‘i".minziﬁg.;' the.

. :.._*qua.hty of wood relatlve mc.rli:s. are Jﬁdged by the 1.3.1.:Lrpose Ifor wh1c:h t};e wood
‘.should be used For ]..ns.tal.nce, 1n the case of ccmstructloﬁ maténals (tn‘nber),
-maJor cond1t10ns determﬁmg the quc.hty W’.lll b.e thé str.ength,‘. su1rab1hty for
. technologlca.l p‘roc.esses, .re51stance té warp a.nd c1acks., ‘and appealranée. such as.-
:-color and 1uster, _winle in the case of pulp. wood,' the p01.r1ts to be cénmdered are
' .the yleld. of.pulp.,. easmess of d1gest1on and bleachmg, a.nd such characters ) _

""'.:whzch mfluence the quahty of the products :--pulp and Daper. The quahty of the :

'"'wood w111 be detalled below

sa



a) Appearance and str_uctu're__'-?'Such exfel-nal"'- app'earar@_ce or’ structure
. easily. seeﬁ wifh :_th;e_'oak.ed e.ye_.s' ascolor,luster, gram, 'anri._ﬁal._f'in'gs, etc,
and such @crogcoﬁic .structu.re.ae v.es el. tracheld,. xeood flbre .parenthyma
cell, et_c.-.. | o
b) Physical charactés - Specific g-i'ax;‘.i‘a.ty,.nca;:"e:‘ofautufoo xx}c_c}:d" .'leog':tlﬁ o
of flber,. fibril angie, contra.ctlon ra.te; heat condoctl;vny, tenenperaturc o
conduct1v1ty,. d1.slectr.1c constant, .c.tc. |
c) Mechamcal charac‘te;..-— Resmta.nce to compression, tensmn stcenght
Young 5 mo.du.lus, breakmg coeff101ent of bend1né, shearing str ength,. |
: _hard.ness of the ‘cross sectloo, vertl.cal sectlon, and stralght g.ralned sectlon, . |
_-etc;. e | .
d) C.herni.cal charact'_'er'- Ceiioloee, l.igx_ﬁi.n',. hemlcellulose, such specﬂlc
| coi'n.ponents__a_.s- re sin, 'e'.s'se'ntjlal _oil_,. "anc_l.'i:alan.lr;,' and .i..z‘i'or.g.a_ni_c"_-..oo.r_r.lpo_r}enjts;
and for celluloe'e.,..crys.talization a'n.d acceesibilify. -
e) Preservmg character - Remstance to wood destroymg fung1 and wood
sta.mmg fangl, harmful msect.a euch as beetles.and termue ‘-faf:e:res'is;a1ice,_
' ‘-hygroscopmlty, etc.. | .. T
- ft Technologlcal character - Easmess or dlfflculty of 1umber1ng,I cottmg

_ -and planmng, speed of drymg, 11ab111ty to warp a.nd cracks, and the power

consumptmn for technologlr*al processes.

: Unfortunately, 1t cannot be sa1d a.t pre sont that full 1nve tlgatlons or.
: measurements about the pomts ment:Loned above havc been conducted even. w1th
_'_-the wood commonly used It 15 a‘ttrlbu’cable f11'st of all to the 1nhomogen1ty of_ g

:,'_jwoo_d‘lt_sel_f For 1nstance, chere is’ 2 b:Lg chfference in spec1f1c gravﬂ:y b‘y' parts :



even W1th the same tree, and et alao va.rles w1dely by trees, thoughl of course
'there 1s a roughly flxed trend Therefore, in conoL.ltmcr ex1st1ng da‘ca.and in
. ‘conductmg experlments or mee urex.nents,.thes'e poiots r_nust be eonsidered
":.e'arefully.._. | | | ) | |
Accordlngly, even the da.ta of ordlnary wood sample.: seldom conta:tn the .
' 1nfromat10n frorn wha,t part the sample Wa&s taken or how large the dlffereoce
.:.-1n. rnea.sl.lrled _va.lues_was, and'this makes exe.ct comoa._riso_n impossible. The

' di.ffieolfy-.-iocxfeas':e_s 1n the case of feftl.il:ized forest__tr'ees.beeaose a..v_:ai_leole
'_s.e.mplee are: f'.ei.r.rf .- eepec_ia.lly of big:tr.ees g'roxnm.fo.r ma,oy yeare after feffilize.f
-'-_tio_n:-:__ o = _ _ .
. As many of"fheee c_.harectezisﬁ.mehtioned a..bow..r:e cah-be_ e.e_co.odarilj? ;judge‘to R
.s',orr_.;_e,e;;.tent .'f.ron.z the furidamental strocture and cheroic_al .corziposii:_ion of the '
..wood, the éuaiity of wood .wi.l'l be .c.ii'scussed' hefe by groooioé the_se 'ehar'a...eters
'1nto two ca.tegor1es - physmal property and chemlcal property
1) Inﬂuence on the physma.l property .

When the growth of trecs is expedlted how does 1t influence the queh.ty

. _'-of wood 1n general" Be sides the fertlhzatlon, ..such env:.ronrnental.condltl_on_s__ |
'as. water, tempera.tore, 1;ght, physmal property of the 3011 and growth
o ‘stlmulatmg substanccs can be ccms:.dered as the causes for the promotlon of

.. -growth Eut he;*e;'.aside from the ca.'.uses, the actue.l_easelthet the growth_has . |
bcen expedlted will be con51dered for tho. sake of easy understendmg. L
| | i). Wldth of a.nnual rmg aod a'etumn wo.od rate
Ge.nera.lly,. wood of favorable gx owth has w:.de ennual rlngs a,nd sma.ll
a',ﬁ:mmx;._wood..rate.. Thls is because the thlckness of autumn wood part is rather

' _eeﬁetan'f 'i'e'gai"dless' of'the 'thiekhess of the_'axj.nue.l ring.
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ii): Spe.clflc grawty

Spe«:lﬁé gravlty is generally smé,ll 1n wo.od of favorable growth As the
spemf:.c grawty of. :alutumn wood is- about 2. 5 t1me§ aslarge as that of sprmg .
‘Qood, the épeciﬁc gravrty of .‘the.whol_e ;.;rood beéomes-sm_all whentho Vr.at‘e of - :
| the ;':r,utumn wood poftlon decreases In fertlllzed foresttrees,thewhole pé:::iod_
'.of growth is prolonged But as the ratcofsprmg ;;?.t)od,'incz.r'ca:.a_sé.s'.',_.-the .s.pt“ecifi.c
: '-grav1ty of the wood generally becomes somewhat srna.ller. The '_;;ell.szft_)ji.? vésslé_ls:
~and tr_achreids .beéomé_l.a__rge_in s:.z_e, but fh_e n'u.mbé.r. oi.‘---cells_. i_ﬁéré'aséé at the

s'_ar.ne“ time. _T};eréfore,: it seems that the de}:_ii'z_l_é in spgcifi_c_.gr'é.'{rii‘:y.is‘ ﬁot sc_j. :

_.:l'a.r.gé.:._ .]';n.:'.such sée.ci.e s a-s: Cryptoz.me‘r.}f.é.in whlch rnany.r’esi'ﬁ;ci.a;fl#ai;l].iﬁ‘g o
farericl}&ma c.ells ar_é ._fo_x_'méd, th.r:a spt;,_c..i.fi:c.:.' '_gra\.‘rity_ isometin:l:e_ s _J"_.ncr'eé;seeszun'c.le'r._
fé;ﬁi_l_i@ﬁio'n, on theggyﬁ;m;y. | | |

: iii) rRing-por_"r;:u:s .\w}bod of broad.le_avéd tr._ees__

E D_i_ffereht fr.of_r.x_ _<.:_o'nif.e_3rs, iﬁ ring-upqr"o‘:.l._s:wc;dd of bfoad_ léév__e'ci _tr'e.e's,. the | -
tl.lickhess_:of. 'sp.'r_irig woodlsllttle 1nﬂuenced bythea.ncrease ‘i'.n_.l.theij widt:ﬁ_of the .
_ 'a'p:nua.._i . :c:-iiiag. : :-"’I’_I:ie rue.l-‘f Ore ,.'- the autumn wo d?d . 1ncre a.‘s.é' s relatwe 1y, : andaccor chn gl}r '_
' IItIhé .sp;eci.fi(_:'g'ra,ﬁfity a.lso inc;'_.ea_s;éé._.' g |
o iv) cfyﬁtorﬁéria w..v'bdd._' o
| .In the wood of fert111z§d .ov éulckly growing. Cryptornerla tfee;s,, a rmg
: w1th résm cells Wthh Te sembles auturnn wood when wewed w.1th the naked e}}e
"of_ten apfzea.fs Thls is the part callcd thé colore,d growth baﬁd (Plctures 8 & 9) _
The membranccs of trachelds around re sm cells are sl1ght1y th1ck01 in many
'cases., a.nd the spec:.f:.c grav1ty of the wood 19; mostly hlgh
v) Strength | |

LI \:he' co_ncep'_thn '_fﬁh:ajt the .-_Stf-éngth of WO.ci\'d is a;imdst pr_deé:_itiQﬁate to the.

o osee



| spec1f1c: gramty and to the thlckness of the autumn wood part is: upheld, the
strength of fertxhzed wood is cons1dered sllghtly 1nfer10r. o

a7 9

| Vl) Core Wood a,nd ou.ter wood

g ;In ggnEral,__ __there is: a _consi‘der_‘ab_lé c.liff__c_e'renc_e-' iﬁ the nafﬁre 'bétu}een' the |
.édre_':\?bdd. a;xic.l_the'.' oute.r.wood;' The core _wood is the part_insig:ié tﬂe_ lines .dray'{rn
| betweenthetra.ces of d*,:ing branch:es .é..nd" 1ivix_‘ig branche s'.o_ﬁ the vertlcal 's_'g:ctig_,.n: -
.:c.,f .tl‘;'.é'.."crunk,?w..vh.i_le_tl_‘_le.'out.:e.r woo.d is.the.éart outside of them. Usﬁ.ally, tlt.ce |

core wood is about 10cm in diameter or about 10 years in the annual rings..
._'Pict_ﬁutsa:' 8. Annual rings of Cryptomeria wooa {Kawana}
Picture 9. Colored gr'owth band in fer'ti_l_ize'd' Cryptomeria wood (Kawana)

2). ' iﬁfiﬁe’nce on'the chc;mical ﬁature
Beea.use of the 1rﬂ1omogen1ty of wood as mer'tloned before, 1t is dszlculf :
_;'to elud1date ho.w the chermcal cémposnmn or nature of wood 1.s .mflu.ence(.i by
;..:fe_zrf__‘—ili'z.a‘v.;i.c.m; e .. B | | S
From past e:-.perlments, whlch a,re few m nu:mber; one exéﬁaﬁle is.
1ntroduced 1n Table 28 It séems that in fertlhzed wood celluloée sllghtl';
. 'decreases a,nd extracts of orgamc ‘solvent or of w.a.ter 1n.c.rea.se.. Th1s may be'
' _..-'l-.:ln.ter.p.\reted as a result of 1ﬁcrease m the prop;artlon of spnné wood
= thtle chaﬁge 15. brought about in morga,nlc 1ngredlents, 1t seerns. _ But
" in bré.nches, they seém to 1ncrea§e somewha.t. .. |
. As to the content of.hg.mn, no rna.llked dlfference seema :to ‘be produc;ad,. ’

 thongh it 1e ok cloar yoh



The ‘inﬂuen.cé of fert_:.i_l‘iz"dtion on the 'cx:'yé:ta.li_zation "and"__po_lylm_e‘ rization of
cellulose, and on the reaction to various "i'zé_a.g'e'nts' is also an interesting question,
but so far it has not been elucidated yet. _TK'e general 'f'elatidnship betwé_en_ the B

nature.' of fibre and the _éry_étal_ization'is-Show_rx'in' ’I‘ébie_ZS_ for reference. E

Table 26. Chaﬁ.gés in the quality of _slash_bi_he wood th_rd_ugh _fertiliz’a;i':'_ion S

_Treéé3 ' Trees of :  Trees
_ . of good . ‘medivm - . of poor
* " Treatment growth = growth growth Averagc

- Width of N 3,250 2,557 = 1,667 2, 495
annual - P 02,3200 . 2,260 L6170 2,066
rings (mm). CN+P. . 3,440 2,935 _'z,'oss- c 2,803
- 7 “Average 3,003 2,584 1,716 2,455

Control -~ 2,487 1,955 1,4l4 . 1,953

 Autumn wood N | 46,6 48,3 46,4 - o470l

part (%) - P 50. 6 . 49.7 - 48,5 49,6
: - N+P - 48.0 S 45.5 - 46,4 46,6

- Average . 47.7 ‘ 47.8 . . 47,1 . 47.8

~ Control 49.7 . 5l.6 . 50,4 . . 50,6

0,460 - 0.442. 00 0,462
0,500 - 0,468 . . 0,500
L T004700 0 00463 L 0,476
0,476 0458 7 0.480 .
©0.5%30° .. 0.482 . 0,513

. 'Speciﬁ.c S o N
gravity P
e U N +P _
 Average -
- Control.

t'h 58
_oo w_;p.‘w_n.';___

8
3
Q.
0
2

ooo o‘c':

U’IU"I

- Thickness of - N ~: 6, 663 8 6,558 1 6,416 ¢ 6,546 ¢
thetracheidwall  F S 68,1260 6,197 6,003 Y g1z
-(n) 0 NP 5,993 00 0 6,102 65,2900 0 6,128
g ! . Average - 6,264 . 6,286 6,236 . . 6,262
*:Control 6258 6;7161tu1‘f.6,555~ S 6,543

Noté: N - 600 1b NH NO /acre ' -
P - 500 lb 20% super phosphate/a.cre

: f;}saéffi 



Table 27. Characteristics in the quality of core wood and outer wood-

‘Width of annual rings

‘Rate of auturnn wood
part o

 False annual rings
“and compressed wood .

: S;Sepific' .gra.'vity_-

- Liength of fiber -

Confen't' of
: t:'_é;llul_ose' '

| Eibrilangle

Core wood -

Wide

General small but

. with wide _va.ri‘a.tidn

Citen a}ﬁpear |

-Generally small;

but in Cryptomeria

" and other species _
_ with much appearance

of false annual rings

'and compressed -

wood, it is larger
on the contrary

Shoxt

A little smaller
than in outer wood,

_ ‘Rapid increase is
observed in the . -
- first 10 year.

. Large

B9

Outer wood -

Narrow and comparatively '
" uniform '

' Considerably stabilized

Do not show much

Large compared with core

wood; but smallin

Cryptomeria

2 or?3 times lm}gér than -
core wood '

Almost unchanging. About *

10% larger than core wood;
according to some data.

Gr adué_lly_ decreasing
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‘Table 29, C.'h'é-l_lgee‘_ in the character VOfZC‘l_é]-i‘_-llQ:_Sé_-fibe:r:'c_‘,"a,used by the increase
S iri_"o:_l‘v_%&talizatioﬁ' '

_Character showing increase

" Character sl?iowing decreasc

' -Sp_'ecifio gr'a\}iéy .
Young's modulus
‘Tension strength -
Content of ¢-cellulose

. Absorption of moisture
~ Absorption of coloring matter ﬁ
Chemical rea.ctlon

7 _Swelhng
. Dimension stab111ty _ L Extensity
: ‘Hardness B B . Flexibility

As mentiorie.d e'bo{re, the stody'oﬁ the qoelity of. the wood of f‘ee"til{ze.d.

- forest freee has JU..SIt started and the pomts eluc1da.ted so far are very few, But
' .very roughly epealuog, the fert1112.a.t10n bfmgs about no marked dlfference in
the qual:ty compared w1’ch the large difference produced in the growth. As the.
use of Wood is multifarious both physmally and chemically, it is consldered
tha.t the 1nfluenee on the qualﬂty matters httle if the use is dec1ded aecordmg to -

___the ch'aracter of each woo’d; It is a matter for congratula.tlon tha,t the ‘:mﬂuence
. 1.. :___.of. va..rl.ou.s. envu..ronmenta.l fa.ctorb on' the qua.hty of wood is gra,dually bemg

) :.elum..dai;ed IWII.th tﬁe &.tudy on fertlllzed forest trees as a start, and 11: is hoped

| tha.t the study on the quahty of wood w111 be furthered by it. (By Ta.Jlma.)

Method of Fertlhner Apphcanon

l | S1gn1f1cance of the lgt through 3rd stage fertlllzlatmn. |
. The purpose of forest f.ernhzamon is to p; omote the growth of trees and
: 1mprove the’ 5011 condltlon of the forest through fert111zer .a.pphca.tlon in the
_‘ afiore sted area. As mentmned before, adequate water permeablhty,
‘L cornparatwelf deep penotrabﬂlty of air, humus and nutr:.ents., a.nd adequately _.

rapld decomp051t10n of orgamc matters are favorable for £orest. In forests s

el



.:'inferi:or_'. in _the se, _c}re;'rs,"cter_s,' whe_re':fhe_:' supplyof molsture 13 .:ir'rs'o:.f_ﬁeieht. _th'e
wind '.ei.ries_'rhe soii, of the. so'il.:.is too compact f_or' a.1r topenetrate, the 'oo'nditi_on.a
are izrxproved .by.fertilizstion = the:funzei.:ioo of‘.'soi.l nri:erobe s becomes :'acti:Ve,'
the decompos;ttlon of orgame oxsﬁers is expedlte.(i,r the .vegetatlon on the sorface
and the roots of trees develoo rxfell, ea,rthworms aod other sma.ll lwmg. creaturw
rncrease. And as a rec‘ult, alr. and water pel meate .well 1n.to the 3011 and good
soil structure w11:h good water and nutrient holdmg power develoioes. | Thu.s,“ it
promotes the forest soil. development a.nd 1mpr0ves the growth .of tree.;

_ Especa.ally in the f.n st stage fertlhzatzon before- the coverrng with foha.ge,
favorable envn'onment is created. »rlth the growth of. “forcst trees, and re81stance
to the _da.roages froro_ co}d and other climatic conditionls‘_ o..r to.the dama.ge s._frorn :
di_ses.ses a.nci insects is _a:cquire'd By trees.. Moreover,' .tl.ie- grow;t}i- o.f t'rees
protects the :surface 503l _from razndr0ps, \rxna and dlI‘&CL exposure to the sun,
prevents the drymg and its ettendant de structlon.of 5011 structuro, replemshes
'_qurckly the consumed orgamc mattel s, _- cheeks éhé ieachmg out of outrlents,
_,prevents the washout of surfaee soﬁ and ‘chus prevents the deterzorat:.ozs of
__forest 5011 and promotes 1ts deve.chprrxent” Therefore,ithe'fir. st ob;ectwe of
_.the flrst stage fert:.h;.ation 1s to expedlt.e the closmg of leaf-canopy, and from. E ]
thrs vrewpomt, too spa.rse plantmg 1s corx.,ldered u.nadva.sable oxcept such.cases :
_ that some agrlcultur al crops or herbs. a.:re to be Islanted amoog the pla:oted trees |
"-But 1t w111 be also dzsad Vantageous to plant too dcnsely. The s.dequate derxs1ty
of plantmg w111 be 4 500 to '? 000 seedhngs perha for C yptomcma and 5, 000
to 8 OOO seedhngs per ha for Chamaocypams.
| ’I’he effec’r: of the fert1hzatxon before covermg is .sho'em by thrck éroxrth

: 'of fohage and mcreasmg volume of wood After the closmg of 1eaf canOpy,



however, a marked 1ncrease is not observed in fohage. So so‘m.“e peéi:le are

'dublous about the effect of.fertlhzatmn for adu.lt forest trees.. However, it

: has been observed 1n r‘lany places tha.t .when nutneﬁts are supéhed t§ Lﬁe leaves

_c?f:::p,oq:r _nu.i.:z_'q.tlo_nal status_,. shad_e. tolerance increases, and acc_o_rdingly, the -_ ;

_ 1nsxdeof thé._fofé_ét _bécézﬁes dark with in.creaséd volume of _1ea§es. Agai.r'i, m

. forests of :gbod'g'x.'owth,' the drying .1_1p of low_er. br.ahches corﬁes'éar.ly'..'the

| ché,_.r__x.g'e __qf-old_and ne_w_lea.\r"e.s_b.tacomes frequent, and the rate of lea_{res ..éfficient
in p}ilysi;b_lq.gi(.:ai fp.n_étion i_ncfea.se_s_._ Acco;rdingly,'.it .is considered advisable to |
??PIY _.fe.r_ti].._'}_zer_:éven- after closing of l.ea.f-cé,nopy,'. combining with pe?iodic 1o.pp-
1ng or cle_é..rar.u:;e of the lower branches, .cleaning a .th;lcket, and _thiﬁniﬁg and to
a.p_vply._-.fer‘ti.liz.e_r.. éiso a few. years bé-for‘e..l'.larvés_t cuttin.g. éhoif}ﬁ_.in Fig, 15is

. _a;ﬁ.exa_.x;nple _Wiﬂ'g.fed_pine. fhé g'rowth: increase é.fte-r"the' .__ferti'lizer' applicatioh

is also observed with Chamae'c:ypa.ris"a_s shown in Fi'g'. 16,

T Eig s Result of a fortilization experiment on 12 years old red Pin'e'_.fOrejr’;f'o_f:
e | Poor gs.rqwi.ih.i(Kéwaﬁ'a)' R
- | : .Tre'atmenl"t
T e e i
L —-— ‘JIulchlng p_a.'p'er_' fert]_llzer o

- — "Coni.p;ot;md_..fe‘rtili.z.ei'-

| - s Control

-Yea.rly . o o
, '_1ncrea.sc—$ e . —==—/No N

-in height : Sl B R LRI P
e e G e e Control outside the plot :
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g 16 Grow’th in 'the volume of wood of Chemaecyparls by fertﬂmatmn

(Mr. Matsunaga S forest, Mle Pref. {By Kawana)

- The '2.nci'sta.ge fertiliza{ien m’eans'the eppl'iea;ti“on of fe.z;tili.zei'.- .When the

fohage of.the forest does th15 case together wﬁ:h perlodm loppmg and thmmng

: 'I‘he pa.rtla,lly broken. eanopy by thmnmg and loppmg can be qulckly restored
by fertlllzatmn.- As thl.a fertlhzatlon is. to be done at a stage where i.he volume
'.-of \#rood is rapldly 1ncreas1ng, the effeet of f61t111.zat101i 15 .cons:Ldered to
. .mcrea..se all the more. . The feftxhzee a.pphcatlon before thinfung or: lopping

' W111 be 1neffect.1-ve becau.;e fhe glven nuh.lents go eo I.:.he trees ‘or bran‘ches to be
cut. Th.e absorbed Fe:.;tlhzer goes.mto young leavee and other lpa.zl'ts as nutﬁeﬁt.;,,_-
and they' expedlte the grow*th of the tree When the leaves get Dld the n'e '
nutrlents a.re translocated to other pa.rts in the plant body But t:he leaves

'_3 falling ‘on the. ground by thmnmg or. loppmg are mch. in nut1 1ents.. 'I‘he.y arcr
' :qmckly decomposed and returned to ’che .J011. But even in’ such. caee, the -
'_'“:.qua.ntlty of nutnenus refureed to the s.011. 1s.ver§.r.sma11 compe,red W:Lth the. aneount"

o orlgmally emstmg in the .3011 F or 1nstance. a.ccordmg to the ealculatlon by



."Mé.'sh_i.rr'xo-. ..t'he., c'on'trezit' of N.in.th.e .soil reachec 5 to 10 tor;s per i‘xa, whz]e the
"arnount Of N suppl:.ed as fertlhzer 1s from 80 kg to 300 kg per ha. at most.
.:Moreover, wﬁ:h K excéphon ;)f 50115 w1th specmlly rapld decompomtmn of
orgamc matters,r the N returned to the 5011 through fallen leaves 15 not so |
'.-'e.f.fectwe as. the N contalned 1r>; easily absorba.ble fc;rm in ferhhzers. From
'_'.th1s, 1’(‘. is cons1dered a.dequate to a,pply fertlllzer at the same tl.me w1th the
'_1‘_31_’ng o;' thlnnmg,&' or 1mmediat_e1y a,fter them.

- : _’I‘hé 3_rd""st_afge_ fertiiizat;iéﬁ is done -a-.fex.av srea.rs before ha..rvest cﬁttihg.
Th).s :..'15 effé‘ctiﬁe'esp:eciallg.r'for a forest Whicﬁ is not toé da.r_k inside B_ecauéé of
- somewhati &ecfEasizig volﬁme. of leaves... szferent from the lst a.nd 2nd sta.ge :
'-fertlhza.tlon, the money inve sted as fertlllzer can be retneved qulckly in this
'.Ca_.se. .Asi_t_he t_e_ffe;t of ferti_li;ation appears mostly at he'parts of f_:he-trunk_
adj.a'éeﬁ't t_o’ the rbo.t' and near the crbwn, as ghown_ .i_n Fig. ' 17, the quali.ty of
- .'w'oo;i ir'r.m.proves and thé ﬁtiliiy_ value increaseé by .this 1é;t:e.fer:tili'zation.._ .‘.Mdre-.

' over. .a."s_ the }sh_'ort di_a.rnéte_r greatly inc_reaseé, it-w’i.ll‘be‘ favo_rable to the sales
bfﬁmﬁdth;' . | | | |

..‘Tl.w..'c.mgh_'.the. feftiliz“ati'on fr_th 'tiae Lst to the 3rd s_t;i.éé has tﬂe common )

ol;j.ec'ti:v(.g ‘of 'ekpééitingthé grqwth_of fo'rcf: st trees and im;.:;.-q;ing the f_o.'r_e st soil,

' ' .t_h'e'..J.f_e'_fti_li.z_at'ion::qf each s.fg,ge.he.{s_ ,spé_c'ific_fsigqificaﬁéé Qf_' its o:n.yn; 'Th.ez_-.;;-;‘_bfe,:
| ___.'_'tiié..hiéth-da of fe I.tiiiéat.io.n.rhus.s't'b.é: di.ffe.rlen't'a“cc;)rdih:gl}f; e

| Some peop;le are apt to ccns1der that the effect of, fe.rt.thza.mtmn. show.s llttle

.'._on fertlle 3011 of good c0nd1t10ns or 0;1 sterile .5011, whﬂe it shoﬁs much lor.1
"":sr.nls of. medlurﬁ fer t111ty. Such a .view; howevé:.;, -caz;xn;)t be-regarde.d.‘a'.s
appropﬁ#e and co@monly acceptéd Phys:.ologlcal ‘co.ndltmns a.1;e éuch that 1f

| E one or them 1s 1mproved the othez s are also favorably mfluenced, as pomted o

 ;755;'lfi



out by Mit_scherlieh* and et_liers. f‘e;"_inetence,_.if he,_s_b_.eeﬁ" shownby Shib:a;.éo.fé.
-in the examp‘ie.'s‘ ef :_C.lx.:-fptohie:fi.a aﬁd' Chamecypams thai. fertlllzer aPPhcatmn
toa séﬂ Wi'th:iqsuﬁfieient sc')istu.f_er,_ decreascs 'the tra.nsplratmncoeffmlent g

.'0£ trees. The-'effe.ct of fertilizatic’zzn'in.. tﬁe.ca..se'efifavo.fe.ltn.lé,.';61' E"-I‘Itif.i..Ci‘aﬂS.’-
.1mpi0ved, conaltzons has a.lready been observed in an amazmgly laege volurﬁe.
-of growth (average of 1.25m in he1ght growth per yea.1 for (‘ryptornerla) showu_
in tl':le fqre_st.-ferhll_zathn cen_t_e st. There are. a.lso rna.ny examples o[ h:Lgh cffect |

of fertilization obtairied in soils of poor fertility. (By K_a,wa._na.)

Fig. 17 Gr_ew_th in diameter of trunk by position (43 _te‘SO. :y'ears ‘eld fore s_f trees).

(By' Ka';vana) '

. 'Fertiii'zer
Application

. Age of forest . .

L 2.) M.ethod of the .lst‘ stage fertl.h'va,.tlon o
: There are two methods of fertllleer apph.catmn II)efor.e closmé of leaf

5 :';:.=é.z1_opy,-....1_n'or_l__e_ method, ._a.gmcul.tur'a,l Vc';ropsfa.nd_herbs are-_.celtlva.ted_ln the ) ..
o forest iand __bé”fo;ef or after ".the "e's't'abl'i's'}{;nént of "f'o r'é st,” aﬁd by 50 'deing.',-:"-. -

E culflvatlon. and f.el t1.11zer applecaflon are glven. _ In the othee whlch is to be

apphed to pure forestry, the fertlhzer 15 glven before or a,fter the plant1ng of‘

':trees.ifzr"'



The flrst method seerns to go gradually into drsfavor bec.auseof 1e,bor |
shorta.ge, but in somelocahhes ’chls method will be. consrdered e‘tlll advantageous .
ln c.c',nn?ctl.on w1th the rnode '_Pf land owner Ship,_ :
’I‘he -_adv.anteges' ef:rhis;"rrxethod are: | the'._r'oot.s'. ef foreSf trees develep \Qell -
E '..a.s .r.lre_aer‘at.'ro.n anﬂ. perrﬁeability of water in .ﬁ_he soil become 'f:e.v'ore.ble.by |
_ 'eul.fi'\'reti.on; rlre SOll sﬁrface is pretecte__d:to some extent by growing 'Cr_o.pe_'; and,
as _.weé'ds__ are reme?erl, under.growth. Cle_a.z'.ing a_nd'creepér C.um_?i#g. b_ecoﬁ-le-. |
unnecessary | On, the_qther hand, this method has the disadv'a_ntege that t}re
.Iec')'r‘i_.eurrrpti.en ef _d__rg'a.nic'matter's-in_erea.see, and that the eoii et_rue.t'lire may -
def‘.erie_r’a.te_.beeau's;e the soil eurface is expese_d to wind'end the sun
’I‘hi.s method is advisable foﬁr .forests in Iegricultur'al 'dis'tric’r..'s., as.'- .
a,gncultural crops a.nd herbs can be harvested and the undergrowth clearmg
and creeper_cutt:,ng are-d1sp’ensed._w1th on one hand, whzle on the other hand
_fc').re.st_ 'tr:e_e_'s- gre.\ia_' irery we3_.1. In future, ‘it will beceme ne'eessary_te study.the. -
_Irp_ef;ho_d‘o_f_c'rop-(.;pltivat_ion .Bet{veen--t;éé's .ernp_leying-_machin_ery - -bu-.lldo_zers and
'.trae.t'or_sJ', ..?he.r.e.cem-fﬁé'nda_ble planting de.n__s:'.t.t'y. for tl_rel.?,r-e'sen.t rh_eth.ed“jwili-;ble :
o belowl, 'QOO .‘seedliﬁgsf;he,- .l.e_a_v_ing .eerr..sider_e.b.}..e _s_pa..c.e_s Be.tweerr'see_.dlin.g's..i::q
i .e_xij_e;:'.lite_' thegrowth of._eae}_i.tr'e_e'.
| ' Ul'.s:u'e;'l.ly i.n'ltl-le .ferfilr.zafion' ef eommon .fo're-st, it'is c_'on.sider_ed r.ecom'-]j- _
menda.ble to. .’:r3,r te advance rhe covermg and ‘mcrea.se .the effect.of fertlhzatmn : '
‘_'by pla.ntmg more than’ 4 500 seedhngs/ha for Cryptomena and more than 5 000_
seedhngs/ha £01 Chamaecypa.rrs. The fertlhzer may be applled before, or
".51multaneously w1th the plantmg -in rh1s case,‘ it has the chara.cter of basal
| dressa.ng.or dressum for'rootmg - or 1r. may. ‘be apphee after thc plantmg - 1n :

o thi_s cas e, it has the chara.cter of top dressmg



In the foi‘mer_ cage,. th.e fer'tili?z.'er ma;ﬂr ‘oe put in ﬁole's'jj.r'epa'f'ed' ’oe'foré'
_.zplantmg .to make the soel mello\er, or it may be rmxed w1th tfxe soﬂ. in the hole, -
or put at the bottoro or mldway in the covered soJ.l : ‘at” the t1me of plantmg ;

‘As there is a possibility. .of hu’rting the roots of ‘seedlmg.s: _and-a feer .of too -1erge.

_ N or too much fertlhzer appllcatlon, usua.lly t}us type of fert1l1zer apphca.non
cannot be said adwsable, .except such spec1al oases thh very good sc,edlmgs
and-'excel}.’ent way of a.f:foresta.tion. If thls rnethocl is to be adopted, a,bOut 6g N,
3g PZOS and 3fg".K20'per.tree %villl b_e:'the_ saf_e.qoant_ity ‘for_:C.rypton"s.e_l_'i'a. If thé'_ '
cha.racte!;_ as the'elressie_g for f_o.ofin_g 15 to be e'x_x;pl_i_é.si'zed,' ther‘quantiofo.f.'N. :
rnay be re.du'ced;.and- ;c.lzla.‘t of PéOS roay be iri;:rea'éed." Though thls method of '

'fert1llzer apphcatmn proves very advantageous if. the afforestatlon is “UCCGSofUily

, done, it w111 be safer to avcnd a la.rge fertlhem apoilcatlon

Ordmarlly; 1t w111 be better to apply fert1llze1 after the seedlmgs have |
ta.ken root. Though the condition may be dlfferent by spec:.es, 1t is prcforable
) .i:o .e,pply fe_r?_:_lhze.r_ about one rﬁonth af_ter the'pla.ntlng_m the oaee. o_f_Gryptolner;a' ..
when Itlhe éoloi.'_aﬁd éppéar.aecé?of folia'.ge Haveund.ergooe a: ché.nge.;- | ‘E.s:pe'cial'ly”
in the. case of unassured a.fforesta.tlon, tile apphcatxoo may‘oe 1ne§1tab1y post- ‘
__.poned uotll the next }.rear becauseoarly appllcatlon w111 help the growth httle, &
grantlng that it me,y not hurt the roots. of seedlmgs |

' Wh;che_\_rer.: aPpl_lce_tlon'.method is eﬁployod,' it is‘"a'dvisa.ble‘t'o-za‘pplyf'-" '

: f:er.tilizer .c_ohtinuouel.yé in‘_'thei‘zod‘;’aﬂ.d 3rd years 1ollow1ng the lst apphcatlon ..

:_'from the v1e.wp01nt of me,kmg f‘ertlllz.e,tmn Iolly effoctwe. ' For a. certa.ln- ’vpem.es"'
.olr in the case of delayed clo81n.g of leai caoopy, | Lhe.fertlll.zer rﬁay be a.tprpl:.;cd‘

'. evle‘ry second ;y'ear. The apphcatlon qt.antli:y for the lat year is shown m Table ‘

30. .'-Fo;- _the _z.nd'a.lj.d 3r_c1 y_ea.rs_,.‘ a,;:BO% ;.ncreage_q‘_qua.ntlty- ovor_the 'pre'v’iou__s



. yea.r will.i.l':A)e' a.pphed r.éép'ecti\'rely.. -
| As apphcatlon methods after the plantmg, there are- surface; dres:amg.
'.:_spot dressmg in the :.)011 and circular or semi- ClI‘Cll].EH;‘ dressmg Afte: the
) _. plagting_,: .?_Omc C_a_f the'r_oot_s'. grow ‘downwar‘d,. while so_me grow upward on the

,sidpqﬁ nca.r the 'su__r.fé.cg' soil. T_‘h.en, fine 'r_oof:s develop in very dire_ctiﬁn in'the
-".shé._:lllc.n_,r%_":s_éi‘ll._. Therefore, if the ferti';i;e;e_}. s applied shallowly in _'s_emi-f':ir'.c.ul_a,r.'
' .on tbe uppcr sloi::_e,'_ the fine _r_o.ots can Ee'ga_thefed-toward the :.feitilizle.r thi‘.ough :
the diffusion 't_:)f _I_\I"_conta_:lned in it in'tki_'e.soil, and.fhé _effécf of iertilizer: be.c‘:b'mes_ .
all themore asé#red._ I _'t_he' fertilizer is a.pp'li_e'd. too deep, it will Eecome.léss

_gﬁéila.ﬁ_ié ff:!l".'thje: roots a..n.:d: -f,he é.'ffé.c_t may.éecfeééés a8 shown in-i"‘ig. 18. In
"._.th'e. c.a_..se of .sur'face apﬁlicé.ticm, N is J.iabl_e to esééﬁe_iﬁ the feijtiliz'e'r 'i_s.
-a.lka.liqe_,' aﬁd P is_ha;&-to t_:a.ké .effect'be'gausg it is not éasily tréﬁsloé_ated'. .
.Thgfef_ére, soils j;vitll w;veli Qevel'op_ed Ag hOrizoﬁ, in soils cor}tai_nj;ﬁg much
orgahié'matte;fs 1n the A hori?oﬁ; o:r.':. when mulch is given on thé’ surfac.e.a,.

' becausemthese ca.'se.s, fine focts' de‘velop n'ea.r the surf.a.ce of the 'é'cil;. ‘In :
| 'smls with 1argé P f:xatmn as 1n7 certam volcamc ééh SDliS, it w111 .be mére

‘. ..adva..ntz.a.gecl)us to ;a.pplsr fertlllzer .1n spots tHan to SPread it- evenlir.. In either
- case,. ﬁ: is preferable to place the fertlllzel; on. a c1rcle Lnder the stretched

. edges of lower branches. If it i5. applzed too close to the trec,, there lS ‘a. fear

o of movmg the roots and drymg them, or scorch_lng the tree W1th the fertlhzer.



Table 30..' Recommended amount of fert111zer a.pphcatlon in the year of plantmg

gg/ see dllng) (Sh:Lbamoto)

_,..-‘

- sEe_._...__.cles- o F205 K0
Cryptomerla _]aponlca. D DON " -: S - '-'-_8'-_'1-2_" S R _.:'5-'-_ 7
Chamaecyparls obtusa SJ.EB et ZUCC . g _: 8-10° 5. "6_ | 5. 6

.-pmus dens1f10ra_ oIEB.- et_ZUCC. '

| o ) 6- 8 4-5 4- 5
Pinus Thunbergii PARL, . '

'Laﬁx'Kaempferi SARG o ’ 10-14 78 = :5'_'_8_.-.'_ '
Ables Maymanc. MIYABE et KUDO L : :_3._-__12.'_ 547 _ 5—. 7
Popla; | IR o o 24-40  16-28 1"2_3'_4_ .
Eucalyptus o o | . .'1.6....3.2, : .. 10,20: 8-27 _
Soil-improving trees _(L'e'g.ul;ninosee_ _etc'_. ). T 3..6 | ‘ .6.'.1:2..: 5-10 .
Other broad leaved trees = . _._".10%_.1.4 o 7-8 . 5-8

. It is re#dmmended- tO_'aPPiY_: fe.rt'il"ize'r-i'n,a‘-c'ir.ele 1f the fore et_is 'en .f]..at'=
1and a,nd in aﬁ uﬁﬁard sem1 c1rc1e 1f 1t is on.a .sl.ope, .au fhe effeet .of fer tlhzer '
w1ll be chspla.yed well by such apphcatlon. hd‘oreovee,- 'by-tﬁir' applieatieﬁ l- :
rﬁethod roots are 'bcmg covered w1th a p-rotec-,lve.thm lnyer of 5011 and pereﬁmal .
.:weede aee bemg I;emeved | dn slopes. the terre.ce made bg} fcrtﬂ:zer ‘apphca.tlo.n_'_
.:1mproves the perﬁeab111ty ef Q.rater into the 5011 .

Some Ieeople eoneldcr that the appllee.tlon of.fertlllee.r deep 1ﬁ the 5011 vﬁll B

. help the deep developmenf of roote aﬁd ma.lce the tree stroﬁg agalnst wmd a.nd
| .dryness | Sueh fertlhzer a.pphce.tloxl'x.may leeneeeasary 1n spemal ca.ses, But -
usua.lly, eoots W:Lll g.row downward too .wlthout such spec1a1 fertlllz:.er appllcateon.'

If an 1mmed1ate effect on the growth by fertlllzcr apphca.tmn is d051red



: 1t :Fs sa.:.d that the a.pphcatlon in eutumn or wmter .1.8 preferable Ior pme, ‘and
_ _'...1n ea.rly sprmg of the next year for Cry];;torrena and Chamaeeypans; But even
1f the fertlllzer is a,pphed in other sea.sons, the nutrients will be absorbed
: anyway, and the growth in the next year will be 1mproved Therefo're,' it
. cannot be sald that a certam da.te is defmltely preferable for fertlllzer
- _'_..appheetmn. In such dlef:rlcts 1.1eble to eold damages, however, 11: is consi_dere'd
sefer to a.v’oi_d the app_lieatioh in late suromef or early _a.eturnn,. .becauee i't. might
reéulft in an en_biaocee'a_bSQrpiton of N, P and K,
| _Sco;‘ohing_o_f trees 'by..je_rtilizer is o'fteﬁ appreheﬁded, b_et if the above
- 'mepti_.’oned_ 'e,ppl_i.cat.'ion method is foll.owed, t}.1.ere will ‘oe ha'.r.d.l.y' any'. fear of '
' W"it}.aeriz.ng..caeeed.by fer'tilieer. It is oﬁ_;ele se.id ‘i:ha.t'i.n the ca“se of s'eo'roh'io_g by
g .fe.rt_.i.li'ze_r, thé-witherihg ‘aploea.rs on the leave.s'in a, certei_n positioo. B'o.t the
= fe'eults of_expe'rirheofaily' e.aused seorch;ng 'b].,r _f'ertilizei;_teli that sorn.etimes.‘
'th_e'wit:hering come_s. on new buds at the toi:, e'ometimes the brown_diseolora.tion. '
:-ari'cl.':'cl_.yi'og appear from lower le.a._v_es,_ _eo’metimes {;he_with_efiné __appe.ars. oo the |
IWIIe'o'lel'f:r.ee,l ané th_e_ oecerrence I_o;.f \yitl.f_l.e_riog_ varies by the‘ .cor;;i'ition of ea.clj»l.' S
.se,e.“dl_ii.ig:. T_l.ue. n'lajor. ea.{lses for ferfsi_lizef_ scor'ching:‘a.re,.. es.'ihenti'oned be’fore.;' .
é;i.fi_;;}éﬁeﬁé,xapplié_a{tio'n' dli.rectl.y to_echiog the .'r:'o_'o'ts or an in‘consid.era.;te o
e e.”pp.li.cat%iool to the 'seedliﬁés ‘Still. uocerfain of i'oofing in foo_‘ dry”_o:p .t'oo' ;vet 5011, |
L -As i*.nenti.oned.e.bove.,: the aﬁpi.ica.t';i:on .i.'z.zetl__z.od must .o_e..:appi"op'rie.te to make :
the aéphed fertlllzer prove effectlve. Howevef,' the aiap'lied:amount oif..nutfients';
N for exarople, 1s.ve1y sroa.ll compared w:.th the qo.antltJ.es na.tura.lly contamed
- __1n thel soil, a.nd if the apphed fert111zer falls to be absorbed by seedlmgs 1ts

¥ 'effect w111 never show._ Therefore, unless some chfference a.ppears in color '



or size.of 1eaves, or in growth soon after thc fertlllzer appllcauon, it rna.y not

be- sald that the. fertlhzer has taken effect. : (By Kawana.)

Fig. 18. Relationship between the plzicer"n_ent-of'_fertiliZer'_ar_lci';’the' growth of
Cryp'torri.eria.

- Growth in height of Cryptomeria

kg ‘Placement of fer't'ilize'r'
o~ Cry’ptorrier__ia.

s Weeds

' Dlacement of fert111zcr
; (deoth in the 5011)
- —- 20 em -

=~ . No application

: «—-—-—'_ Appllcatlon on ground

: I—Ielght ——— Appl:.catmn 15cm deep in thc soil: * -
- above

s the - _‘_-_;,_;;-'_Appllcat;qn SOCm_de'ep“J,n_the."scnl .



‘3) Method of the an a.nd 3rd stage fertlllza.tlon
o - In a forest w1th 01051ng ca.nopy, as the surface of the soil is not exposee
'.to dlrect sunshme or strong w1nd, fme roots develop eea.r the surface, a.nd it
'__.-'13 e.}so observed that A homzon e.nd so0il structure have well developed there.. :
- Therefore. 1fa,conS1dera,ble amount of fertlhzer isg apphed all-over the surface,
the _prepege?:_1on Q__f_ '505:1 micrebee nea;r the _sur.face of the 'soil is expedit'ed, fhe
dec.q_jmpee'itieﬁ_' o.f organic .nje_.tte;'s is activated, and the fertilizer .ﬁutr.ients' |
a.xfe" 'd'irectly”e.bso:_rl::.ed Ey reots..' 'A..ceordingly. the bfeadcast a.ppii.'ea,tion 'of.
fertili_ief wil.ll be'-edve%ltag_eoes f.or.' the_ znd and 3rd fertilization fr-o#-n the' view-
: | pomtof the __eeoh'omy ef labor too. In this case, however.',. the' qu:a..nfity.. of
_ fertilii.er 'r'nust Be_.'c.o'ns::i'derabley increaee&. If.'the f'erti-lizex.-: is to be applled in.'
a trench or'in spota, it is better to apply if fa,lrly shallowly.'. As theéine roots
: _w111 ga.ther tc the place where fertilizer was apphed, it must be av01ded te chg
' .the :s_a.me_pla._ce _for fertil.izer-application' in the next year because ;.t Wlli hurt.
g th¢ffhiéirebf$a_e | |

< If the qua.ntlty of fer:_'tilirze‘r 15 -tqd ".s'rnal'l.,'_.ue.l.lé.lly ther_l'ef.fec':i.: _wil..l_n.ot-l'.sﬁci';v ..
.a_t all 'I‘.hefe.fore; e eo.ri.'sidefable .arn'ount .of a.pp.liea,ti.oﬁ "15.- lrie.c'ess.a,ry.. '-.Fo'r -

' Cryptomema, the rate shown in Table 31 is cons1dered recommendable.. :

Table3l Fertﬂlzer apphcauon rates f01 adult trees (kg/ha) (Ka&;\_rana.)

.N P

| 205. Kzo

jgtyear. . 3f"1§9;150 60-90 | 6b§9be
2nd yea.r _. ‘. :60_'.'..1{_)0 40 60 ; 40-60

' ._3rd y_e_ar. o 30- 50 'l2_0-30 - 20-30

:;73l



The- rea..son fo:.. gradeally decreas:.ng the apphca.tlon rate in the an a.nd”
3rd yeers. for the fertlllzatlon of thlo stage 1s tha.t, chfferent fnom the ctage
hefcre the closmg of Ithe leaf can0py, the fertlhzev- is spent. in theulst year for
_1ncrea.glng the N content of the whole forest trees, but 1n the an y‘ear, 1t is
-spent only for the newly developed part.,,. and further in the 3rd year, the
_re_sto__ratlon of_ nutrients t_h_:;'o_ugh_ f_allen leaves' can be taken mto_ eenmderat‘ion.in_'

calculating, - (Kawa,na) :

Teehnique of Fefest Fertiiﬁeati'on
Unles'_s the p?oner techmque accomﬁanies' -j:he fdre.'s.t‘_ fe'r.._t__ili_zia.tion, a full
effect cannot be e.%peéte& or m some ca,s.e"s tl.i'e .f.ertiliéation ﬁaf work adv.e"'r-sel'y.
In the flrSt pla.ce, 1t is neceseary to choo.,e crrood and ilealthy seedlmge, _
and for this, both "stock" é.nd "breedlng” must .be taken 1nto conslderatlon. : This
_nas_ r_ece_ntly been _emphasized,. _and guida.n'%;g._a:.nd dire etion.a%re_..being. given by
.pr_e'fe'ctnral autnerit;les end _o_thers.-: in c_onn_e etie_n mthabountyglven in _g"oed;
se_ed.li.ngs.. ' The aetnal e_ir_cnn;sj:anees :é._i::e.i:_hat sne_h 1nstruct10ns '.a_.re notfully '
nnde.:;.__eto'od by'.:ferese :gr.owe:r s,. 'é.n.d,:..thatﬁ seedlings: of 1nfer1or ".'sl{:o.ck” ar:e -‘o.ften
' in ..the_.nw_e.fke"t'.. Though‘a c01131&erab1e nnpro;remen%: 15 .ole.served in the shape o
' e.nd quahtly of.sc.edlmga.., stlll seedhngs wzth poor roots lthro.ugh tr.ansplantlng
: in nnrsery‘bed“ are found in menf eareg.i. 'I‘he se. 1Lregu1ar1t1es”rnust be corrected _'
. by pushlng forestr}Ir asso.cza;c.l.on.v and by re‘]echng. ‘na..d eeedllnés on the part of .
_ purchasers, fa.mdmg ou't a proPerlsuppI\f route of good seedhngs.l Unshapely
'_'_‘forests ha.vmg fleVJers all over w1th crooked. lba.s.es.. or w1th top development
‘ fallure bf pla,ntmg mferlor s.eed.l.m‘g.a ere founti in varlous places; So the _]udg.e-.-'

ment of the shape and qua.llty of seeclllngs is not an easy ma.tter.: T.he_ rlesnlt_s_ 5

'- 4-_':"_7-.47" o



o of o,nalyses conducted by the Fore stry.Expenment ot'ttm:o ‘W’lth the pr1ze wﬁmﬁg |
: ueedlmgs from Varlous places tell that there is'a ‘wide varmty 1o the content
.:' 3'o£ .nutrlents. It is hoped for that in future nutrltlonally well balanced hea.lthy |
| seedlmgs are produced and employed for a.ffore station.
' As ‘toz_ _tholroe_thod o£ pl'anting_, a -careful planti_.ng has been ospeoia_.lly_-
: _engdu{:agea in.._rooent.: yea.;-s. It shoul& inany case be avoided .to_-stu.ff.o._r dry
: 'se'é'.c.llirigo:_oui 'th_e Way 'fr.or.n the hurser'y. to the oi'_te of plantiné; ot to dry Iroots
_ '. of.: the 'se_ed_lih.gs_..afi.:.er ‘arriving.at the".pl“a.nting s.ite.. As'o. countefméosure, it
) 15recommended to keop seedlings temporarily in the water or. the mud, |
_C_Qn.v.eyé,n'oé': .Ea.g_._s for this_purposo oro'being deviced. It_. is a'l'so'%.eooxfnmonde_d '
' ;.to_'plar_ift.'é,. oéecﬁiﬁg io a blg hoi_e with roots w_ell'-spréao._ But how to economize
| the la.bor'.io.:é'factising tile se measureo will be a fuz;:uro pfOblem;_ 'Anyhow, thé
'_effect of fertlhza_tion will hafdly appear unlesas the seedlmgs are in fa.vo"able _
g condl‘oion for _'root.development after planting Therefore, the method of plantlng.
‘i.s.'-_yer.sr' 1mportani. I til.e.‘.pla.rit'ilng 15 oi;lé.ssured, _ howeve.r; it will be I%na_.vou_iab:_le, :
but st111 safer R "toi'p”os'tpon_e .:fe'rtilize.r 'épp_iicatioo even o'n'_e' 'y"e:ar'_ untll 's'_ee.dl'in.gs
have taken root. T |
. .:I:T_ndé‘rgrowtl.ri'.__.c_loa'r'i.ng deserves 'utroost.'a.‘ctIEntioh.... As ..weed.s .i?;'ill_o:eCOx%ﬁo R
: .ramiaant 1f th'e§ abséri: felrtili_z.'e.r, it must be __c_:oﬁqucted_'éa_ijl_y',' _éaréfuiiy;: .an&.:' ;
. ifrequently 1f possz.blc,, Car-eful .'ﬁreediog. must be -done"a'r'ound'.éo:ch_j'_ﬁr_ée,'..'1_;h‘e:l o
| place especlally 11ab1e for fertlhzex; aboorpmon and a.ppre si}e sﬂa;dirig b:y wée'ds'.
| .'I‘hero is o.n 1oeé that even 1f the £ort1112,er is to be absorbed by WEEda, it does |
not' mgtter'beoau_se, it will be r:etornoci to-.thol'_soa.l soooer or later. ' .But _thls 1s
- n.ot_-_-.c:ox'..:c.‘éé:t;'ez;;o:e?t for .th‘e' sp’ec:ié_'l case of _stor‘il'o:.fore‘:s_':c-.-_' Aga.1n, foo spa.rse ‘: L

- plaﬁtiﬁg will be uri"a'dvi'sable: f:r:_ofn‘ the vié@pbiﬁt of '.{x.feetl.fcoxitfol',""'e:;:'cép'{:' in 'th'é':_



‘case _of . intéréﬁiti{ré,tibn '6f'angri.c.ult1..1ia?a.,l: -IC'::.c:).p.s" as méhtid;néd' Eéfox;e;

“An 1nte.rorst1ng fact is féﬁnd w1th I.);cranoptex.-i;s dlchétoma {a kmd of fern}
llable to thrlvé in ;poor 50115 in southwosfern J'a,p'Ln. Thls plant is eas11y over-..'_
:come by ca.lcm*'q cyanamlde, and. can be destroyed by apphca.tmn of 100 kg/lO
'_ glven as fEl‘tlll"&I‘ for forest trees.. The duvtmg of CaNCN early in the mormn.g
.wet with dews or after a 1-amfa.ll durlng the nfomh permd 1s.con51dered
recommendable. It .15 useful to apély calcium. cyéﬁamlde 1;'nnqed1ately éftér
.undergrc;\vth _cu;,tlng.__ Tl__ns is very gffectlv.'e:.because_, -af.te_r. Dic_ra.nfop.te_r_'i:,é.l.. o
-.di'ci_'mto..ma and d.;ac_a_:ye'_d, the soil _.'b.e_éo:;nes'we_t,: and t_hé_:.gpl.or"a.nc‘l growﬂ;:;df_'
:fqrest trees .a;j.d.ri.m;h‘ irn.prbved...'_. “ |

As mentié_ned b.efé;:re, it is plf_'ef_e_l;_able' to c'o.x'ﬁb'i.n_e' lb;ppi.n.g'or‘ .i:hinr'x.i_hg w1th
f.e.rtilizé'r application.’ In th_e_.-.pr_e_‘sehtlly ..pra'yciti_.seci f_pre.s't_.f_e._;t.i..li.z_afidn, "th:c._.' '
appli cai::iOn qua.ntltyls too smail' to 1ncrease directly tjié" _CQr;tents of .nu'i:r_iénts...

: in"_t1.1.e' 's.oili, _aﬁd it aims only alt '11_'.1.#ki.ng fbieét tréeé’ ab.'s.oi-l.: fe ftiiiéer a.na ‘t}.:trbl.l.'g‘r.\~ |
: thdt,‘ improviﬁogtbe s'oi'l':condit;i'o;l:s. Therefore,_ he fert1-l1zer apphcatlon method
: 'whlch lw111 1mprove envn.ro.n..r—;emal .condltl.ons‘ b.Otl.l .dlrectly a.nd .mdlrectly is
de 51ra.ble. Inadequé.te thlnmng. and lopplng of border tree” Should be carefully
_avozded becauqe they would reduce the effect of fertlllzer apphcatmn.. L0pp1ng
should Be dg;mc, aft\.r cloumg of 1é§fcan0py. - .It .1.J-Ino‘t coriect to carry it out w1th ;
: very. .young tfeeé oefore ciomng canopy,. :\.é has Been reco.mn.‘lcnded‘l.n solme.
B cases... .The sar.ne effect should be.obtalﬁed Lhréﬁgh deﬁ se .plan-tiﬁg .f_o_r__'..t‘he st'ag.e.
) before closi‘lg. | | E .
| Fore st feruhzation a].ao an’qs a.t r-;alntammg and lmproﬁng th.e fertlhty
- Lof the 5011 Tﬁeréfore, su;:h thz.ngs .a.s to hurt the fore st la.nd 1n fellmg treeé

and ‘transportlng them. a.nd to carry ouL or: bu;.n waate fore.;\. products, fa.llen



_l'learves fs.nd hranches must be carsfully avmded in or.d.er to prsvent s. fertlll‘ty
d_ecl:.he.i Not only in naked land but even in- adult forest w1th lzttle undergrowth N '
E Wa.shout of surface 5011 is hkely to occur, So 1t is preferably to make some
B devi_cs or ts grow_crops in contour planting to prevent Wash_ou‘_c. | From th1~ .
By K\:rie.fw_rpoim.:, ' s’uch.rhe_as.h'res'.as chﬂtohi“.d‘i.tch.es, .lslzinting”qf 1.eguminous .plahi;.s_
.ar.l.d.__c;ove.r crops, plllng up"o_f. __dea.d branches oz; sther maferials in contour oh'
fi:he_ g.roun_d'l.il_ce a. fence, etc.:.. '.vs..rill be necessary,
A_s-d.ég'rac.iatioh of. soil fertility is sometimés r_:a.u.lsed‘ by too. greaf
'U;nifor.m.i.ty of root system deﬁ_eloém_éht and by too gre.a_t'.uniformit;r of falie_n
s 'le'a\'re s., it w111 he a.dzvisahle to mix.:'some .csth.er su.itabl.e' sﬁe:ciss in-planting
accordmg to the topography and to the character of the 5011 of each locahty. _
Another aim of forest fertlllzatlon.ls to acselerate the productlon cycle
in fc_ire st and to make'the fore st.ma,nager_nent more prof_itabl_e.. _ There_fors, the
~ planting density, loppiﬁg, thinning and. other 'bperaté,ons .must be’ csréfully o
B demgned together w:Lth fertﬂlzer appllca.tlon SO tha.t trees o.f des1red qua.lltf can. L
be grown. _ It will be p0551b1e to aim at big nrowth a.nd ha.rve st of good quahty
g ".wood b).; combmln.g. such ‘means as dense pla.ntlng and hght thmmng,. or to alm o
: at the harvest of wood w1th la1 ge colored growth band by expedltmg the thlckemng
growth through con51derably sparse plarrtmg a.nd to shorten the perlod up to '

_harve st cqttm’g. (By_ t{awana). o
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