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SIJMMA~Y 

M,d- n~"h"n fen 'l;,,,,. ;,,,, is • com""", .,.-dC'ice;" ,he ",.n'i"ment of l0b­
lolly "i"c (l'tIP,,, ro",'" L.) "lan'"I10"'. Iypic.lly pro.idin, largc improve­
""',," ;11 \!fOw' h . lIol'o".ve,. COIII..'Cm, c~;.t abou t ,he Guali,y of wood 
1"'-.111""" ("I lowing f.";Ii,,,,;OI'I . Tk nbjo<:.i.'c o( 'his sHody wos 10 <It­
"clor an .. ndot1;taooi~ of"uoo profICtty <'",nge' 100Iowi., (onil;"'tion . 

Wood "".'plc> from I study involv'.11 rou, Ie.el. "((e" ,li''''tioo applied 
l<I a IhiMed mod·""atioo 10bloily"': ... pl.".",,,", korated 01'1 lhe lower 
.... 1&>1.1 plain nf Nonh Carolina wnt: .. mplod . The >ludy ,. .... laid out 

In I ~iud romplele block dc<'gn 'n ...... ;n' r..- bIocb and fou, 
1c.,,1~ of "1",'@Cn(en"u.r.COOlm1-OOO. 112.224 and 336 L" ... . I!ong 
w,lh 28 ~ll ha of phoopboru. with .11 '", .. men .. Th,"y-t"", I..".,. ......., 
re lied and d"L. wc'" cui al 6w lI<iglll> from cach I"", Wood propcnoes 
,,,,,looi08 ,",""'III> of elasticity .• i,-dry den,ily aM tr.>ell<,d """IOm",.1 

pn>p<,,~ W'C'" me .... uoed f.,.- each of llie Ihru """,·fe"''''''lioo ann",,1 
~rowlh nng' "'ing near ,nfrared (N Il! ) 'peelra o/II"ncd fn)O, ,he 1'I"lia l 
r .. ·c of W i!" c"1 frum III< di , h . An an.ly". of v.nance W"" conducted 

'"' Ih .... ..,·y"iI, bIosal :lIT. ,...,ighlc"<l ,v."'llc .. itT,,,,s~. ai,-d,y Jenshy. and 
lruchek! """I"",,cal pn"""rt '." A de<;",.,., in sliff""", .• i,·dry denSl ly. 
Ir""hek! ,,',II ,hicl """. and an inc ro.", in Ir.ochcid r.a<ji.1 di. ",e'c, ""'''' 
obscflled for lhe lI<"vi61 fenil;"" 1",.lmenl (336 ~8 I hl) compared 10 
lhe ronlml and III kJlh. of nitrogen Microfillf,1 ang le (M FA) • .,dllan . 

......... 1 Jja_.and t""""'id peri"""", >howoJ litlle chansc. Wood prop. 
en~ <II I""", ftt<'ivinll fcnilizer n,o> of 112 and 22001 kg/ ... wnt: 001 
SlI!,".6eanlly.rroctcd. 

K;, .....-dJ: Loblolly p'''''. mid-...... tion fen i li'lalioon. "' • .I,M ... of cl""",­
ily. Pm"~ "",,1/1. NIl! spectroscopy. 

I:-n1(OOUCTION 

The sou'hcm "'8;')0 of the U" ,'c"<l Stmcs of Americl (USA l,"ppl ;"" appro.in""eiy 58 
I"'''''''' or lhe """I "'ood u>'<:d in the USA and 16 pcn.",.' <or wood ,uppl ied to ,,'" w(>rId 
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,imOCT maTke, (W~aT & GTei, 2()()2) . TIle primary 'pc<ie.-, in Ih i. region i. loblolly p ine 
(I'i,,,,. """ /,, L. ) whifh o«upie, 'pproximately 31 .3 1" ""':"[ "f ,he t'Mal land a TCa or 
tt.: soothem USA (USDA I:S-,"lA 20(2), It, rap;d growth, ability to s",yi,'c on a wid<: 
rnngo of ,ile'S. """ ,he ,ui,."'li'y of il.< wood fOf !'I'll' aoo pa[>Cr. sawn lumbe, .00 
"'""I>osit< woOO pn:"hK~< h., made loblolly pine ,he leading plantalioll "J'CCic. in ,he 
",,",hem USA. 

M Od· ..... alooo fenililll'ion followin8 thinning ha., """,en '0 be a s""""",ful porac1ice in 
"""hem pine pl""IO'ion m:magorno"' wi,h grow,h imp",vernon" in ,t.e mnge of L~-
6.9 mJ/ ha Iyear (I~}x " Ill. 2IJ()(,). An i''''TCa", in the area off<nili1.e<l pine p lalltalions 
(from S 1.000 h" in 1997 to 0.6 millioo ha in 2002). iooicales lhe rapid .oopt;on oflh is 
prnc'ice in (he mana~","",nt "f ""'Iftcm pine pla"lalions /Fore,'l NUI';lioo Coopernli"e 
20(6). n.e inel'<:a-ro y"lurno pmd"",ioll o f pinc fJlarttalion. following mid_f(Ma,ion 
fefliti"'lion aoo Ihinning was amiooled 10 lhe renlOy.1 of nutritnt limilOtion, from tile 
,ite and a .u ..... "<lUCnl inere~se in liglll inlcrce~ioo c.pacily (facililated by au illCrease 
in lhe kaf aTCa "f fcnili1.e<l tn:.:,) (Fox n Ill. 20(6) 

T1Ie poIcnlbl of mid-rot .. ioo fenili""lioo to ~h"nge llIe mechanical. phy,ic.1 .nd 
ana'omical pr<.>pctties of ",000 produc"oJ in lhe post-fctti lizal ion [>C rioo has ra ised ron­
c~m< with in the f,,,,," pmdUL'" indu"ry. Stud ie. examining ,he effect' of mid-rotat ion 
f<niltllltioo on woOO pn~"-"T1;", ha"" nI.inly been ",,.,Iined '0 'pecific gr"yi'y lxx'''''''' 
of ils ea .. of m<:asuremcnl aoo .. roog associalions with lhe .. rength propcnies of ooIOd 
",ood .nd J>Ulp yicld (Cown & McCoodtic ! 981 ; Nyak""ngama 1991; Mooing 2(02). 
Ho",nCT. induSlric< ~TC .Iso inlc"""ed in "_",'anding tile chang.,. in ~hanicaL 
physical anJ anatomical prupenies. Ollie, IhOll spc<ific gmYi,y. follo"'ing rnid-roIOlion 
fenil i,,' ion . Mo.J"lu, of d.Micily (MOE). a mcasure of wood JdOffilation ut>der an 
aW l iro h>aJ , is • pmpcny of pan icular into"''' '0 ,be lumher indu<1ry. TIle ~h"ng", '0 
Ir ... :heid a"'loolical properties .uch as MFA.,mcl'lcid wall Ihi<'h.,"'.and 'n,,:heid r.>dial 
diame'er are .1,,) o f in'ereSi. and can [,n:"ide a meaningful explanalion of the changes 
ob«:rvctl in 'l"'-'ific grnyity and MOE (oIlowing mid·rota'ion fcnil il<lIioo, \'arious stud· 
"" hne cumined tl'lc cffcc1 of fcnili,.:"ion on wood prupenic. (specific 8rnvi'y. MFA 
.00 trnclleid wall thick, .. ,,) of differenl 'pc<ies. cspc<iaJly Douglas fir ( 1'.~"d"""811 
",~,,'; .. i; (Mi""'ll Franco) and ",,-,iata pine (1'1JjUj ",<1;"/,, D . Don). """ h .. · .... ported 
<'hangc, in lhe", IH"pcrt ic, T()II"wing fen iiilati,,,, (Erichon & H.rrison I g")4 ; Downe< 
~I "I. :!(Xl!; Nyal uong.m. ~I "I. 2003. 2U04), 

S'udies cyaloat ing chang .. in wood propcflics follo"'ing dilfere", .il,'icu lwrnl lreal­
rn.,,,,, ha,'e Ix:,," m;lricl<:d in porac1H:e b<o::auseof'hc time """ co,", """-,,,ialro wilh mea ... 
"ring wOO<! J'fUP'-"rtlCS on a lotgc "'ok. n.e oc""k>pm<nt ,'(SilviS<:art (Ey,,", 1<J9.l, 1991!, 
20(6) has nl:l<k: It.: rouli,lC n",.", ... "",nl of .. ",,,,1 wood prupenies pos,ible. foc,li­
'ating the ex.mination of mid ·rotation fefli lizalion on woOO pr<.>pcflies other Ihan 
'I"-'<-'ihc gmvi,y. Additionally. !"'-"ent ad"an,:es in the applicat ion "f near inf"'red (N IR) 
'I"-""ros<:<>py for wood pn>pcny a,sessment ha\'c OCTlklnSl",tro [ita' NI R <[>C"ln",,<>py 
("an be o,,:d '0 "'pOd ly ""i","te many wood propcnies from l'3<Ii.1 'lfi", (Schimleck & 
EVan< 2OO2a. 2OO2b, 2003, 2IX).1; J"",-", ~I al. 211(5) and ,I><:rcf".-c pro"ide da'a Iha' can 
be ...00 10 examine the cff<c'-< "f ,nid_"".ti"" fenili''''li"" on ... 000 propcnic'. 

"The objc<:. i,'e of Ihis ,tudy is 10 examine llIe effects of mid-rotallOO fenilizatioo 011 
II><: n",,:h'n"'al. phy'''-'al """ ana'omical pmp<:n ie> of lohlolly pi"" .... """ pmduced in 



three ri ng, fo llowin£ fert ilization and thinning (1984-1986) at different height levels 
~..ro on wood propenies measured u,ing NIR 'JX'Clro6COPY. 11Ic present study also 
o>olu",es It.: ~bility of NlR 'l"'fln>S<.'O(lY '0 he u,;eO as a rapid .1Id reliable tool for es· 
timaling wood properlics following the appl.:a,ion of .. ri ou, .il,",ultura l proc1ices . 

MATERIALS AND METHODS 

Silt desu;pI;o" 
11Ic .!tIdy Wa' conducted in. loo lolly pine plantation planted in 19m by the Fore" 

Nunilioll Cooperative in New Bern. NorIh Carolina. USA .11Ic ,tudy w,,-, laid ""' in a 
, andomizcd complete bloc k dc!;ign. repl ic .... oJ four times. with four treannent, ( 16 plots): 
Control (OOON) . 112 ( I 12N). 224 (124N). alld 3J6 (3J6N) kg/h. of nitrogen, with 28 
kg/ha p/IOSj>horou' applied tu nil treatmcnlS. 11Ic ""rm.1 p""'t icc in the field is to apply 
224 kg/ha ofn itl"O£cn along wi ,h 28 kg/ha pIJo6phoroo, . Blocking was done in <H'tkr to 
",-"<."unt for variation in dom,nant Might. ba,al area. "em number per hectare. aoo soi l 
type , A ll ,tic plot, in the study were thinned to 613 nee, per hecwre in 1983 and fer­
tilized in Murch. 1984.11H: tree, for tlle prese nt 'tudy wcrc harWSlcd in 2003 . 

SQmpl~ pnparolio~ 

Within each block by lreatmenl comb inat ion ( 16 plots), two tree, c<>OTe>pond ing to 
two SIIbsamplc;, represcnt ing lhe avcrn£c DBH (diameter a t b"",,, heighl) of the lree, 
in the treatme", pl"t, IVcre Jdled. From the felled trees. di,ks 2.'i mm th ic k were cut 
at f"'e height levels: 1,4. 3.0, 4_~. 7.6 and 10.6 m. Bee""", of budget ."n'tmin" . ",e 
""lricl.oJ the present study to di,k, collected from two trees per plO! . Two pith-to-bark 
radial ""'t ions (lJ mm tangentiall y by 13 mm Iongiludinall y. w;lh the radial dimen.ion 
depend ing on lhe si", of the tTtl) ",e~ Cut from both side, o f these dbks.oven-dried to 
a moi,ture ct>n'cnl of S percent aoo glued into co« bolde"" Two ""ii.1 mips appro,i­
mately I .~ mm tangentially by 13 mm longi ,udi nally were cu' from lhe radi. 1 sections 
de"'ribed abo"e "'l>I"Cscnting each sampled tree (tot.1 of 32(1 .trips). One of Ihe ",dial 
strips from ,he two was used for making further <>bsc"'alion, in thi, study. 

From each fdled lree.lhree 0.6 m bolt. were cut such ,hat the m idpo inl' of the bolts 
were at he ight, of2 .4 . 7 ,3 and 12,2 m (each bolt repre" n, iny the mid poi nt of saw logs 
... 9 m loog). Stat ic bend ing ,"mp l~, with d imension 25 mm radially by 25 mm tangen· 
lia lly by 406 mm IongiHtd inolly were cuI radially from lhe bolts, The s{ati< bendi ng sam· 
pic, were cut to include wood prod uced di=tly .fler lhe fertilizat ion treat~n t' . i .~ 

the 25 mm of wood (in tbe radial direct ion) produced immed iately following the 1984 
fcrti liz., ioo, A 100ai of 162 bend ing samp les were available for "',ting (a (O{al of 192 
>amples were collc<1coJ from J2 trtt., 3 hcighL', 2 .ides of lhe bolt alld JO of tl><: pos_ 
, ihle 192 •• mples "oold Ilot be tested "wing to defeclS) and from lhe", _" ,ub sample of 
7~ wa, se lected randomly to pro_ide raJial ,ampl .. , for SilviS"n analy,is. From the", 
sample,. blocks 2.~ mm rodially by 25 mm tangentially by 25 mm longitud in.lly were 
cuI from olle cud. Radi"1 strips 2 mm tangentially by 7 mm longi,udinally by 25 mm 
radia ll y were Cut from ,he blocks alld solvem ext,.,.,ted at CS IRO Forestry and Forest 
Prod""ts. AUMmli • . 11Ic d.la from th is samp le set were used for developing calihra· 
t ioo model' 10 mcasure wood propcrti"" by NIR spectroscopy, 
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Wood .,..,.,..""'" of d .. no;Iial "rip" of"~ 2 mm x 7 mm " 25 mm prqw>!d from 
>lalic btndi", .. ....,Ies (described in the abo", """I"",) """'" mealured using Silyi­
Sc~n (!lYI ... 1994. 1998). All measu",menl. we"' ........ In I ro.urolled enviroomenl 
(40 ""Itt .. ",Iac;vc humidity. lem""ral",", W Oe). Ai • ...,. denSIty was measured 0' an 
mlerYal .>(25 11m u .. ~ X-noy densitometry. MFA ,",'as me ... ured ",ing scanning X-ray 
diffr;\IC,omctry and Iveraged """. an ,morva, of I mm, An estimate of wood Sliffne..s 
lat the.arne ",,,,,Iu, ioo IS MFA) ,",'as obIaincd by combinin!! the X-"'Y tknsilome,ry 
""d X.,.y J ,fl'ra<, iOll d"'a (Evans 2(06). On a ~pared trolrlSv.rso .urfatt. lrachcid 
"n: ,lotnkoll",,,,.,nie; - radbl and langenti.1 dlame,cf') and wa ll th it'k""" _ "'.'" mea, · 
" rcd . 1 on inlerval of 25 I,m ",ing ;ma~", onaly,), (Evans 19')4). 1ne high ",,,,Iutioo 
Sih'iSelln d:ltl w •• ",'<raged over 5 rum liOCI,oo, for corre"'ion with NIR 'pcdra. 

NIH me~SNrtmtnl. 

Dilf""" ",""""""", NIR spec.ra wnerolw .... from the: 00;" f....,of~f' ovublo<t< 
(UIIC>ln>CIed) used for prqwing the S,I~,Scan .. rip in S mm in"'",o). "';ng a FOSS 
NlltSYSltlt\S I"". Mudd 5000 scanning op<'<1~O<OOcr. 'Ilk bIocb.....,,,, pb~­

wi)' ""'~I>td up .. "h the n 'n>CIed SilvOScan .. nps ,0 en",,,, !haI ,,.. Nllt """ ... ,,~'" 
roI~ rn)ln lhe "",p.boringsurf""", from whoch S,lyiSc ... dolO roI~. Sam~ 
_'" hdd in ~ ~u .. om· mado holder wi,h. ~ mm by S mm n .. ,k lOe ..... '" an area of 
rotISIarM ~;> ............. Iyud (Schiml<:ck" aJ. 200 I). The spec!no were roIl<:cled al2 nm 
'nl ...... ls 1)"Cr ,,.. wa .... k:nllih ""'110 I lOO-~ nm, The ;n"rumen! rd.re""" was a 
""r .. m;" soondo"L A ' ...... 1 of J7~ .pee lr.l were Ct'IIk.:'cd from 11>0 7S Silv;s.;on bloch, 
The 1p<"' 11";I1 d ... from the u"""""'ted bloch along wilh 11>0 SilvtSc.n dOl. w.'" .,.,d 
ro, de.'elop ing cali br.l.t i"" mode" (de""ri\le<1 in tl>o ""XI ~Iion in dela il). 

NIR ifl'Xlrd were .bo colle<;tcd rrum 11>0 ... ,!ial roc<: of 11>0 uoo ... ""IOO s .. ips cui 
r"lIIt Ih. dis~s""I k:cloo.1 fi.'. heights . NIR >p«:lt1I wen: measured in 5 mm increments 
rntnt ,he: Ih"", nngs produced fol low in, fenilil.lllioo (1984 _ 1986) . We restricted the 
.... a'un: ....... ! of NIR sp:ctra to til ..... rinp fol low,n, treatm<:m based "" the sign,fi ­
can! '",'Un"nl .ff..,. n:poned for Ih"", year ."'!3iC ,""",,ifie gnvil)' based "" X-noy 
de""ilOmClry (Arol""y 20(6). 11Ie spoctn wen: used 10 estin'lll"'''ood properties of 
this pool.fcnihZMIOII rq.oon uSIng IIlc NIR_!>asN caliM,on otJO<kb. 

C.IiIxtuioNS 1M II .. uli#Ullimt of wood fII"OIW";U 
The SilviS,:.n wood propMy daUt av.nop OVtl S mm and NIII >p<dn roIlocted 

from 11>0 SilviScan block.< .....,re used to dev.1op Partial Leasl Sq .... n:$ (Pt..S) "'lIn'''ioo 
. olimlion •. 1I.n: ~U lhe: """""Is .. ·.re based 00 NIR .<pet, .... roll<:c,ed from the radial 
f""" of un .. ,rJoCIc<l bk>cL< """d I" pro,ide I~ SjlviSc"" ~"ip". w;lh lhe S ilviScan dala 
frum 'XI~'IC~ r:t.t!ial ,ni p'_ 11>< wood i>fOPt'''y c. l ibrut~"'~ we", dev_Jove<! U.i nll Un· 
":t"'Jmblor SofIw"I'C (V.rsion 9 ,2) and seeond deri ... !i,'. ' 1>Otlr.l. (I.fl.nd right lIal" "f8 
nm wen: u«Xl forti'" co"",rsiooj. Summar,., or calibralions dewlopcd r.,.- each wood 
property..., pmiCnt"" in Tobie I Up to 10 f..,ten .. "<'''' u....:! forc.l im !ion developmenl 
w,th rou' cn)!;J ~.Iidolion .. gmt:n .. , 11Ie ",f, w. ", n:orommer>dcd the: fmol num ber of 
foc""" used for_h c.libnttion_11Ie PU; tC&JU<ioo c.libnt' ions ""tC u..,.;! toestimate 



" 
bbk: I. SU""""'Y<lI calibn1ion:> ..... Ioped for CIoCh wood propo11y ... illl! !'IIII sp«U'Il coI­
l« ..... frum ,he radial fa<"< oI .. lXId .. mpleo. 

r .... "" .' socv 'OC .' Si:P .m 

;PI , 
"~ 1.1 " (1.78 2.2 ,. , ,N ~, M.' 9.71 ~, ,. 

• ,,~ " 2':- "M " " , ." "" " .• "M "" " , "M " " "" '" " " ." " U 

" 
<>f I""'l~.,"",. RPI) ~ ..",,<>1' ""rf_. k' do,. .. , . .. 

,h. ai r-dry ,",n, ity. tr",,""iJ pmp,,",c~. MFA and ,,;ffness of 11", wood p,,>du<-ru PO" 
,hi,,",ng .nd f""il i';I"o" {.!'Ie ",,,od l",ldl>C<>d from 19114 _ 1986) usinS lhe t'oilR """.ra 
roIk<:!Cd in 5 mm inc",,,,,,,,,, from tho unexm.c,ed ..... ;.1 ""ipS CUt from the di,h col · 
Ic<:tcd., ~,.., ""ipns from each ,,,,, ,AII CSl",...cd wood _,,"'" " 'm: """igliled "';ng 

It.: bw.:aL ..... of each.!Cal> rebl;"" 10 lhe lOla' N1R ""..,ned ba>;;ll .... a 

Sl~n.li<al QNI/pi, AM ",odtl ,"",1""",,111 
A ""p"NiC anal)"" of vari.""" (ANOVA) was performed on each wood propcny. 

Tu".y'. 11""""ly Sig,,;rk~1\1 Il iff.rem (IlSD) ,e, 1 wos u ... d I<> conduct all poirwise 
",,,a n """'I'"",on" Line"r ",~lI ""' _' wen: "",d to 00"'1"'''' wood prop.rtie, of ""fcr­
@ "") tn.",. ((WN)wilh tho r.nih,,cd tn.",. ( 112 N. 224N ",id J:l6 N) and '0 COOl!",'" 
"'0001 pn~"," ;", of'ftts which """,i\'Cd ,I\<: kwoe" nile uf f.nili Ul' ..... ( 112 N) wi,h ,he 
h i~her """" uf fertili"»"",, (224 N "nd ) )(,N)_ Higbetonier polynomial CQro,ras" were 
"'"" '" u~ ,he w<o"d P"lI'CrlY changes with ,I\<: "'I<: of fen ili_ applied. 

In,lovid ... 1 Ir~ dfttl< ran be ~"'o:d ... a rnntIom..,rrC<1 and ,,,,,i, """tribotbOft 
II) ,he • ..,;~ of w"od propenio:s ran be w imatcd_ In ...w~IOft. m account for "'" 
wbooI"",li"1 of ,wo'~ ... i,~in .ach npcriment.a' uni, (plot). " i, ~ ..,01 .... 
unsu"h tree·' .,.t= v,u;abilllr.nd wi'hin·tree v.nobility. frunt "."abili'y ""''''''' lht 
•• pori"",,, .. 1 un i"_ n..:>e ","",([o:rut;""', dic .. te that a mi •• d..,rr...:ts model ,hould be 
c" ' pl<>ycd '0 .'''.00 01 fo< the di" iocl ""'"',.,, of va'iability in ,I\e • • peri men' 

I" !",otkobr. ,he foil Ii"". , 'ni,cd nlOJ,el used for the .nalr.is con be w, incn., 

JijI./ = " + f', . II, • (Flf)~ + "i. (FbJij + T ~ • I f"b1/ ).jI + ~ijIJ 
; ; I ..... ~ . j. 1 •... .4.! .. 1.2./ = I ....• S . 

.. """" JijIJ ., Ihc J><tlP<t1y 01 iDle,", at .... ,.. hcight. 01 1M l'" I""" . of the I" block . 
~I.in. the i" fcnilil.luioo ""~'men':" .. the populMioo mun; F, • .... ; .. f"",liz;,­
lion "rr.cl; II, .. ,he ,.. ""igllt err"", ; (f"1I)~ .. ,he illle'raCt"'" 01 ,ho I"> fal iliza,,,,,, and "' ''''i"" err"",; bj .. the randuln . rr<'<t of ,he r bk><k w"h "J -NW(O. " :): ( f "b)v .. 
,he ,n .. raction r~ndom cff"" of ,he /10 ren;I; .. ,ion and jlO block .rr.cl, with (Fb)v 
- NII)IO. <'I.); T,jI. .. li>e rarJd<>,n err"" of ,he k'" Irtt of ,he J" blo<:k "",ci .. ing the j " 



IAWA ,,--'. "~. JO (11.!009 

f.nll"~h"" " ·,,h T", _ ftlf)(O. o il; (f'blf~ • me ,n_ion of d"" i- fenili, .. ,ion. 
i'" bkd onJ ,.. "",gb! clrcc' "itIt Wblfj.; - NII)(O.",.t..); ~nd ~~ '" resM:lual ern..-. 
" 'lih ~~ _ N/I)(O. ,,0, . 

All ..... ly>lC> .. -e", <"(!IId.,<,,«I ",in, the MI X!!D »!'I..:cd" re avaolable in SAS ,'.r.;ion 
'1.1 (SAS )'l'"'"lc loc . :.'0041. 

I"'~","y 
So",,,,, , 
" P" 

MOl: IGP.) "~ '"'" O .II.~:!'I 

1:I<.,,,,,y I k,In,' I om ...... '"'" 0.91110 
MI'''(~J ""'" """ 0,71!..'il> 
W:ol) I • .:k""", II"") ,=, OAIOOI 0.9117 
Koodl.1 dl.""",,,, (jIml 'm~ , ... , O.llW 
~n'w IIiam<Icr ("",I 0.1\181 , .. " ,~~ 

I't-rtm<k-r (~ml 0.1912 '"'" o.n-'5 

KIOSUI.TS 

T1><: ",""I" or II., ANOVA (an.aly,;, of ,'a,i..,,,,,,) for all »!'I'llen ;"'; . ", I""""ntro In 

1'.h'" 2. T1><: d r.",,1 of heighl was found 10 tor: ~'in,ficanl fo' .11 wl><l<l pmpc""-"' al ,I>c 
Hj)~ lewl "r.,~";r.,,aoc •. N" sig nificant on lcracli"" drc"lS wen: rOIJlK! a' the o.o.~ b'd 
,,( , igllW"",,,,,, for alllVI><l<l prop<-r1 ics (Tobie 2). Sit><..., ,~" purl'''''' w ... , '0 un<k"ta"d 
lhe cIT"'1 "ff"t1,Ii,"II(~'. wo will ""Inc! oor """II< and di"".,,,.ion "'-'Ction , to , igndicant 
r"nill'''I;,", '·m .... 'I' "'''' the " n" ...... 1ioo Ioctw~" fen,li, .. """ with heigh' 

Th.· o:IT«1 "r r"ni(williun "" wl><l<l slltT",,~~ Wa' ,ig" ilkont (p-nlue = 0fl.l6ll) 
(Tlthk 2) .nd r(~k,w. " liocar u-cn<I (I'".-al..c _ 0.0 175. f~g . I) . MOOulu, of EI.sticity 
(MOE) ""p:<! fn1m 12.1 (lllN)", 10.7 GPo CJ36N) and po,,,,,;se compo"""'" indio 
"",«1 "gnifie,.ndy IIighcr MOE (,..-the 112N I",." .. ., ... compoored .."he 336N """'men' 
(I'. '"al .... = O.lJ.lO..l). " .ignific",,' dirr""' .... ,,'" (wild In the .ulfness 0( trees ",hieh 
In"<""'"" a ~'''''' """ t Il2N) 0( fenili"" ... ,"'","',,, «l lrees " 'hoch In"<"i>"ed ~ higllc, 
r.k t22~N alld 336N) ... i,h • 1'", .. hlC o(ODI~~ . 

"or·dry """'''1 " .... igoifi""n1ly ioll""""", by ",,,,. ,,,,,,,,,,,, rentli"'tion (p-nlue 
• O.07M. "E 0 .1 0) (Tobie 21 wi,h ,I>c """'ity or the 33b N t"'~tn""nt (545 kg!"") 
.'~."'k~"tly lo,,"e' 'luo lhe II!N treatn""nl (~91 ~! / n") wilh a i>"~aJue of 0.0775, 
11>(" err",-, of r.,nih""I('" "" ""o,i 'y wa, """",ilocJ by • linca, In:OO (1)-~31 .... . 0.oSln. 
I "~. I I. T'",;he;"1 ..... lllhid""", was .ignific;"'t ly in llt""""nl hy oniJ· nl!ali<~ , fenililJilOO 
(1"",,1.., . (J JI~71 . " . 0, I 0) (labie 2). Paitw;", <~M"I""i"M" lI",ic",e'ti a ,if ni lican' dif· 
fe"" 'I('e loch" • .., ,, Ihe II 2 N aoKl 336 N ,rc., "", 111' wilh • p . .-al"" 01' 0 1178 I (u _ 0. 10), 
n>(" Ch.tllo"C' fo ll""'..-.J • Ii""", tre,K! (!>-~. I uc = 0.0579. l~g. I ) wilh I,nl,,"''' t. A "g, 
n,r.~'n1 diffe"",""" ... ., foond in the slitT,..,.,of 11tt' "'h"'h In"<"i,cd 0 k,wc, M e (112 N) 
"((en,h,oCr o.."poot..-d 10 U'ttS ,,'hid! re« ... "" hi~' r~I"" (224 N .00 J36N) with a 
1'",·.luc IIf 0117,,7 Ill _ 0 10). 
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Ttl< d rcc. lOr fC!'!ilitation 00 MFA was n", ,,",iSli\oally ~i!;pi~ca"', TIle effecl of 

f.nilil.l1';"" 00 MFA "a. describN by a lI .... ar ~nd (J>-.'alue _ 0.0511 . Fi~. I). Ra­
d,a l d •• mele r ... "" >I!ln,r..-a.wly changed by r"",h'1J.I~'" (p-.alue 0( 0fl930. " . 0 .1 0) 
(IlIbk 2). Tbe J36 N ,,,,almt"1 had a sub<l_,ally h,~ .... an (36.4 l,n'l (han the 
or"",,, II",,,,,..,,.. no >lat,>lJCaIly sign, tiCano dllT~ aw.,..,. Ue ............ "'= I."..,aktl 
by P"''''15C "",,,,,an,,,,,,, . lk rMill""t"'" clTe<:1 r<>llowod a lonear I"''''' across Ir'<cal­

,,",",I, If .... "' ... . O.093!. !-'!; . I ). T_od "'''gcnIOliI doamc:\C:r .,," p"n.-..et...- ""= oot 
infllltn.c..J by ""..I-roUt"'" r."ibzatioo t"Thbk 2). 

DISCUSSION 

A " S"ir.Clrot ,J.,,,,,,~,,, ,,' '{ifT""" (a. a _ OUS). ai"dry <""",Iy, and "cil wal l Ihiel. 
1lC'" ("' " . (l, III) wa' ' '''''''''ed fm the t.cavic" '1~)lica l k)n (lr (crtill,cr (336 N). 1l>c 
a,'c,"$C ,Ii,y"",,,, "f tn..." f,,' Ihi. trealment w., 12 IJeI'\:"'" I..,;., <""'I",,,,d 10 ,h.1 of ,he 
1",,,,,,1 .nd 1 () 1>Clwnl I""s "~npa"--..I 10 I"", '",",cd wilh 112N (Ihe 'Iiff",," of 'rocS 
,,,,,,,-..I with 112N i""",,,-,,--..I hy 4 1" " ,-"<01 c<''''pa,,-~I ~, lhe: .~"'tn~) . A docn".", in 

",ft"""" " ... ~I"., n"purled in b"",,1< cu, (lUrn ",,~>d l>rodll<."Cd f'~k>wing thinning and 
mid·n~ ... ~", (."1IoI"-"'ion in raIliam pi"" by Ny.~ ""ng.uma N al. (2004 ). n-.c "ir-doy 
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densi ty and "ell w"lIlhi<'~n'''' wa, k>wcr (6 f"''''~''l redocl ioo) for lrees whieh rece;-'oo 
the hea>icSI application of nilrog"" comp"",J 10 lhe ",,", rei. The <leerease in densily 
and "ell w"1I ,hick""" immediately following fenili,-alion wa, "I", reponed in ,185h 
pil" (!'i""" dUolili Enge lm.) I Will iam, & H.mi lton 1\161). Dougla, fir (Erid son & 
H"lTi"", 19741 and radiata pine ( Nyakocngama N 101_ 20)2). Howe,'er. lbe ,l iffnes;. 
density . ad wa ll th ic knc_" for trea'ment< I 11 N and 224 N did nol <'hangc u~"i<kr"bl y 

COOlparc'{l to lhe conlrol. Th i, i"dicale> that lllid_roIalioo fen ili'-at i,,,, (al "Ppmprialc 
Ie"els) following 'h inning can a<hi<w ron;idera!>l" gain, in groWlh while nol imp",:I_ 
ing 00 the I'f'OI'J"'n ics of the wood p",..hlCed in loblolly pine, /I 2 to J O incre",", in MFA 
and. I lun inn " .. ", in lr..,;-hcid rad ial d,amele, were obsef"c'<i for thc hca"iCl.' fcnili,,,,r 
I"'"lmcnb colllparrd 10 lhe conlrol. wh ich was oJ", observeJ in feni l ized Douglas fir 
(Erichon & Arima 19741_ However. tr-"d leid properties (MFA. tmche,J rad i.1 d ialll­
c'eT. lmcheid langenlial di.metor "nJ [nt<'I\.,id perimeter) of lhe 1rea1menl, 112 N "nd 
224 N d id nol change signilic."' ly following fcrt il i,'li,,,, _ 

Stiff""" is a propcny of p.nicul"r inlere" to the limber industry anJ detemline. 
lhe ". Iue of sawn lim ber fmm lhe mil l in Im m of il8 product quality. A strollS COf­
rel alion among MitT""" . den,;ly and MFA of wood has been repurled in previ-ous 
,tud ic, (Mcgr.,w"1 ,,1.1999: Cown 0 ,,1_ 1999; Ca,'C & Wal kcr Int: b an, & Jlit, 
2001: La",,-~. d "I. 2OOt1 . n.e ,\e<;rea"" in " iff""" fOf tbe be." io" applicalion of N 
can be c. plai""d by the decre"", in air-<lry oonsi1y and lhe incrc",", in MFA ti.llowing 
fert il i'~r '1'PIie~tio", The <It",""",", in ai,-Jry den,ity and lhu , "iffness to some e" cnt 
c.n be elociJakd by e".milling lhe changes lh"t occurred to lhe ana10", ical propenie, 
of t",,,heid, . m,in ly waJl thickness " "d MFA. and 10" I""", degree. r.ldial dia"""cr. 
pm.Joccd after n, id-"~alioo ferllli}.llll"' '' n.e , ignifie.nt decrease in de " Si1y and cell 
wall lh,c~II'''S for lhe he.,';"SI N applit·aL i,., ""y be .UribUl<>.l to increased fol iar growth 
li)tlowing fenilizalion .nd • , u'""'4IJCm ",Juel ion in II", ",'. il ab ilily of phoIClSym h" le, 
li)f "'-''-'ondary t'ell w.11 Ih i<kcnillg (L,,,,,oll et al . 21JO I ). n", 2 10 3' inc rease in M FA fOf 
Ill< highcr fcnili"" "-,,, rate, may be due 10 the produc'i,," of ,h()ft~r Im,:heid, folk>wing 
iocre"",d ''''l idin.1 d i"i,ion of the <econdary ca mbium r"lIowing fct1i li,-al i,," _ 

1ne pre", nl study "sed NIR 'r"-",tro><OI'Y 10 e"imale 'Il< wood propcnics of lhe 
map;ly of ,amples . Recent . 1Ildies (Sch iml""k e/ ai , :2004; 10""" N a l . 20(5 ) have 
o.IcnlOO>lruled lhal NIR spc..-t...,,;copy c~n be us<'<i to n"'~su", a wide ran~'" of Iohlolly pine 
wood properties ra pidly and non-JesttuCt ive ly. Unlike. high resol "t ion measuremenl 
ico:h"iques -",,,h 'IS X-r"y den';lomclry and Sil_iSc"n . NIR Spee1"""'OI'Y i, • relalive ly 
k,w ",_",I Ul io" ""'lt~,J aTId lhe WOI,J property me .. ,ure"",nt, are u,u.lIy averaged over 
a diMall'-" "I' 5 Imn {)f 10 mln_ However. NIR <peet,..,,,,,,,,y provides data for a wioo 
mnge of prof"'rt ie, al • f. r lower co,llhan Sil vi S,,,n _ Calibration, based on SilviScan 
data and NIR 'p",Clra colkclcd fmm the r.td ,.1 m il" analyzed by S il viSean prov,ded 
l}f,~liClions of wood propenies that were used 10 analyze lhe effce(, of mid ·roI.tion 
fenil i<ation_ Ou r flndinll-' wo'" in acmruanc,<, wilh ,"her terti li"a t ion ,ludie, and Ibe 
X_ray den,i'"metry ,b .. ",lk"'led on lhe", ... mp les (A"t,,"y 2006j; howo,·or. oor NIR 
eSlimmed wood propcrlies may havc Ia<k,'<i 1he ",n, ilivi1y re,!uired to detecl vari "lion 
between indi_idual fcn il i'"t iou trc.t" .. "ts. panicubrly I t2N.nd 214 N_lbc ,mall 
sam plc ,il" used fo.>r thi, study rould be a co"trihuling fac'o< l() the reduced ",n,iliv_ 



" 
tty of the NTI!. m.asurement. iI"""""ng the number of troes sampled per 1'101 may be 
an optio" 10 ;ocrea"" the pred,io" of NIl'!. me",urements '" , ilvieult"ral ",slX'"se 
.,[",lI"" 

n..n.t., '" W ..... Quol"y 0_"""",_ Un ...... 'y ,,, G<oos". """'n>. GA. USA"" fu,.j;~! ..... 
I"''i«!. II .. """ or< i_woo USl>A·Fox<>< Scfvi<e. At"'.,. GA. USA for ,,",,, ... loabIc ""1'P"'1 
;. cuooOOct;"I ,tu. >looy. ThanI.> 10 0.. Mi • • Clutl<,. Dr. Gltnn .......".1Id I)r, AmoId SuI"" (Of ,he" 
,'.1'""* ,'",,,",,,,,,,_ 

REFERENCE..~ 

An', .. ,. F. :nlf>. r>h.Jeli"g II>< dk", ",f"";I;>.>/;',,, "tI "">'ld f"'.'I'O"'" "'lo/>Io.>Ily 1"00 (P;n", 

,,,w.. L.I. MS< . thoi" U.i'-.:,..i'~ of GcurVo. AlIlcft., aror;;.. USA. 81 PII. 
c."'_ 1.1), &. J.C.E "'alm_ 1<J9.\. s"rr"",.. of _ In r"" VO.'" .,....., ... on >oft""""": ,he 

inn""""" of m"",>libril "'~Ie . 1'..-. 1'1'",.1 , J. +I : 43 _ 411 
(:n~'". I)_I " J _ lie,,"," & R. 8.11 . 1 'I'I'J . "I<><lcll i n~ rod;". pine ,uml>,,, """"",,<e,,,'",,_ Pan I: 

M,~' "" n i"l prtJ!'<nic, of """,I I d".., . NZ J For. s.c;. 29: 203-213 . 
Co"'". ll.l, & l>.L. McCoochoe . I~~ l. Err""" of IhlnnOllIl .00 I<nili,_,,, oppIic .. "", 0" "'''' ... 

I""P'''''' 0( /';.", "jJ;"hL "I. J . k>r. Sci . II' 79-'11. 
D"",""". G.M .. J h Ny'I."""g.n .... R. ".on •. R. Northw.y. P. IjI.~<"'".". R.L. [)W;k""" &< 

M. l.ausbcrJ. JOO~, Rd,'''''''''ip Ix1wnon wood tkn.ily, mICrofibril anJ;k and ... iff""", in 
Uu"oed and f,"f1i1iIDJ /'j"", rad"'w . IAWA J. 23: 153-2M. 

Eticbo". II . D. I!t T. An",. . 1'174. Doogl ... t j , ,,""<I ~".Jily >Iud;" pan II, H T""", of . gr and 
,,.,,,,,1.,.'<1 !;"\,,..,h ,., IiMI '''gk and """",ical "'",-<Iii"""". W<.o>J ~i. T",h""'. ~' 25>­
:!6.~ . 

Erid""". II, D. & T, 11. l1arri"",l. 1'174, Dougl", .Fir wo;>J qu,l ily , 1001<' part I; litr.-"IS of .go 
and "i",ul."", gm"'Ih on ",~>J tko,jly ond ... k.my. 1'0',,00 Sci. Toch""' . 8: :107_226. 

1;"0'. N 1'19-1. N""d """,un""'O' 0( ,'''' ,,...,,"""" di"""",,", of ''''''''''ids io ... ,Ii.1 wood 

""'"'~." from 1',"", mdklt~. 1100zf"""""""1 -'8; 168- 172. 
han, . R. IWS . N"!"'l ,;cann'''g 0( moerofibril .. gk in i""",men< """" by X.r:oy d,ffl ... "",,,,It)'. 

I": 11.(i. K .. ", ... kld (00.). M ",n";b.-il angle in w<>oo. 1'1'\",. of "'" lAWAI [UBI 0 i""'maIiooW 

w..""''''''''' "" li>c ,;gO;fi"n.;" 0( "''''''fibril .. glo 10 "'-"'" ~ .. lily: 116---1J<), Un; .. ";Iy of 
C""<rOOry !'reo>. N<w 7-",1"".1, 

E .. ,\>. R. 2001>. W,"'" "ulfn"" hy X''''y d i lf"""011"-~ry. In, D.D, SI"H c & L. H. Gro"m (eJ',j, 

<. .... """'ri""ion 0( ,"" ""II uk",", cell w. 11: 138 _ 14<>. Klack",ell l'ublo,h,ng. Am,,,. low •. 
1;._. R. & J. IIi(;, :.'(1J1 R. rMl fl'<'di(;Iion of""",,, ";If"",, from micn,IiMl'"IIIo ...... <len' ;11, 

Fo,~ Prod. J. 51. B-57. 
Fore" N ""il "'" C"""""""". :lI.lJt>. """'" :, .. ril "'" C""",,""".e S yntbes; • . A v.tilol>lo onl."" .. 

h"p:ll"' ~ wJ,..."',,uori1."-"'IV.y"ll><si.lo'n>, Ia>I """,~,.,.j April II. 20U7 
h". T R .. II L . "110". T.J. "II",,~~. R, N"I);I", & C.A, Carl ..... . 2006. F~ ro" ili""ion in 

_,hem f'I,oe pion'.' ..... . Iktl« C""" 90; 12_ 15 . 
lone,. I'. j) .. LN. Schunl«'. G.!' I',,'e,. N. P.lnn;" l, & A. CI .... II I 2005 . Nonol<"ruc,i.e o" i· 

"""ion .>f Pi,,", "~,, L w,~>J I'''''''''''''' from , wide co0E" 0( .i, .. in (;.,o,g'" C .... L 
Fno, Re, . n: I-K. 

Lo""". I'.1l . I) E. " """'nm,,"o, A, CIor\; Iii .II J.G bd>ro""". 200 I F.,.....'ioo ...... _tlies 
of JUvcn,k wood ,n "",them pme, _ A .ynopsi •. USDA 1'0<. Prod . Lob, Gen . ·i"<-<h . !«-p. 
H,AITIl. 12'I. 421'!'. 



IAWA Jnmnl. Vol. J() ( I I. 2OJ',O 

Mefr,"·.It.A .. D. Il",""" . G.l.<:, [ '" f. Roc", 19'19. Ci<arwood . h ff""-,, ,'.ri,l"'" io JOOk>l ly 
pi"".oo il>. ",b'i(."h ip ''''I'<'',fl< irnvily and mlCn,f'bril"'glc. 10: l'ro<.=d i"1:' "f tll< third 
W(~""'-'!> - Coone • .-,ion ",=,,,,,-,,," >i1,'",u l[ul'O . oo w"'-'<J qual ity throu~h modcl iof . ppmacheo: 
.1-> 1_.'-19, IUI'RO s~m _0. 

Morl i "~. T. 2002 . l:v"lu.Ii,," (Or "0"", 1 r"'~ wid,h aOO ri o~ "",'\.5i'y devd('I"""" ' followiog fc<­
,ililll, i(., . nd [hin" '"g (Or s.,,,,> pi,., . Ann. 1'<.-. Sci. YJ: 2'1_411 

Ny.l""ng.a"". } ,G 1991 . The phy.b l .00 chembl p<opc~io:> of ",peri<.- nod i"" pi"" (i'iIlY!' 

"ulim" D.l)oo ) wood to< tI",n-oo-"""'~ ic. 1 pulpillil comp<rr<d with !\W1J"rJ r.d' .... pi"'" 
IiSc . 110 •• , (tko,i • . [le I". of F, .... A",lr,li • • r,J,nooal Vnive ... ity. C.ntkorr • . A"-,, ... li. 

Nyolocn~.m • . LG .. G. M. [)oW"" •. E.K.S, N.m l",,,·. P. 91., <",,,,,, "'- R, N. Noo h".-.y. 2004 . 
EIf'''1 ,,( lole, ~ "'and m.n"1"'n",nt 00 ~ ",I ;(y o[ .-...I i" " pine w"'-'<J, F"""'t anJ Wood 
f'ro,J", ,, Rc..:..-.:h.nd D"""Ioro,,,,nl C",por.'ioo . P"'joe' Report . JJ rr 

NY"oc llf,m • . HL, G.M IN"""'" "'- J N,. 2002. Gmw, h .nd wond den'ity ""1'0""" 10 I"<r­
.f< f.'nil'"" "J'Il I ",a, ~", in Pim" ,,"lia''' ' lAW", J. 2.1 : 4 .1 I_4-I~. 

Ny.lLJCns,m,. J,G .. G.M . Dowocs & J. Ng . 2((13 . Chao,!"", '''"'''" by mi"·~"",(",,, [c nili "" 
'r>I'l~· .. i,., to the fiocr an" ,"uy of ('im" ,,~li'<I", IAWA J, 24: 397-109 

SAS I"""ul<, Inc . 2004. SA.~ISTAT U",,"s Gu i,"" V<r,ioo 9, I. C",)'. NC: SAS 1"" i[U10. In< 
S.' h,mlc<:~, L. R. '" R. I:" , ",. :n:>::., E,<tim.,"'" of wood >l im .... of incr""",", co"''' by """r 

infra red ' P'-"'''-'''' '-'I'Y; The dc ,,, lop,,,",n( anJ 'pplic .. ioo of <'Ii""" i",,, 00>Cd OIl ,elec(ed 
<"',,', lAW,," J. 23; 211_224. 

S<himkd. L. R. "'- It. [>an, . :!(X)2b . !:"ima'"", of mi",>fib<il angle of i""",,,,,,n, """" by ""at 
infflltl.'<l 'P'-"(~"'-"-'I')'. IAWA J. 23; 2:!.'l---B4, 

Sch, m""'. L. R , "'- R. E ... " 2((1.1, &. i mat i"" of .i, -<fry den,i( y of i""R'"",n' COfC' by ncat infra­
,,-.I 'P'-~''''",,"'>p)' . Arr'" J. l<>: .112--.117 

s.,·h in,lcd. L.R, '" R. E .. ,,,. 200-1 . I'-<tim;""", of /' ,,,,Ih"d D. D"" ttlOChc id nx"""'~>g;,:. 1 

cllar"",(."i,,"" hy '''';" in[","'<! '1'<"''''''-''-'1')', Il<>ldo,-.chu ,,~ 5~: M_H. 
S< h,mled . L R .. II. 10,' •• , " J, II i<:. 2((11 , funm .. '" or Eumi)I""-" (ki£f!'."''I5;' ck., "'(,00 

P"'f"'rt;,:, by ""at inh" ,,'<l 'P'-"(~""''PY . Ca". J. ""'"' R<" J I; 1 61 1 -167~ . 
Schim l<d.l., R .. R, S(ur/.enOC,<IIo.' t . ED . J""" "'- R. Ev",,,. 2O(U. I)c.ek>pm<n' of wood l""I"'rty 

.·.lil>ratK>n, ", ing ",-'ar inftatl.-.I '1"'< '''' h>.i.~ dilf.""nt 'f'«',,,,1 ",>OI U[ """'.J No. ,l"fro"," 
Sp.,,,tt\,,c 12. 55-I>I 

USDA 1'00;" Sen'icc _ I'",,:.t In,·"n""Y...-.J A,,, I),>". 2((12, Fore>! invento,y anJ .n.I)-.,,_ 
''''OIl d"" . ,o""il.b k' ,",1m., '" hnp:/W"""';ds,kd,,,-<i,lidc>lmojor-',..,nd,.pdf: I." .. __ ",,~<ctI 
Al"'il I I. 2((17 

W,,",. D.N . &. J.G . Goo ;s. 2O(l~ Soo lhem Fore" 1I",,,urco A"'''''''''"I; 5umm;uy ()( fiooi"f" 
J H ... IOO;h_ 14 

Wil li.,,, . ~,[" & J, R, Ham ilton. I %1. 11>0 ,,[hI " (f",,i li,.,ion 00 f()<I,wo.><l P"'f"'"."or<lcll 
pi"" . J For. S\I; 662-M5. 


