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Abstract
I . h i s s t u d r a s s r . s v l l l h e n ] i i n j r ! n u l r i e n l s t a l u s l ) l | { o ! o l c a l i l a s h d e r i r e c l s o i l s l ' r o n l S ( ] n l g o n '

sui h soils in thr
ol the lield l,lots on such soils l,dd lailed r(, si!. !n expectr:d in.ll respoDs. t,) th,, .pplicarid ,)l rilrosen fediliz( r. Soit por rt.srs
$ c | e c a r r i e d o | L u s i n g b o t h R l , m ! n l e l e l t u . . i l ' n . l u ! 1 s a t i * 4 a | ( l o u g l a s f r

\L i lh  a  $ ide  ra , ,g .  o l  fe r l i l i z . r  l rN tments .  Hr :a rv  phosphoru :  l i i r r i l i za l ion  ras  r t r r .ss rn  fo r  saL is lucror r  s ro \ '  r . t  t cuuce.  \ ,h j ;h
- 1 .  - h o s - , , r 2 ' , n ,  . p o r  - - r , , - , r , . , : . , l J r ' o , . \ , r t , n , r p t . , - ^ r . t , . r  r , . r . - t o , . , , 1  , , , . , , . i . , . , - .  , , , i r r , , ! , ,  , t o 1 F . t . , r  ; , \ , . , . r . , .  -

o 1 \ n . ] d $ i | h s u [ u r a d ( I i L i o n s . p r o b a I l 1 i l . r o r n o s n o t i c t | 1 i r l L s . T h e

a c h 1 o r o s j s i n r o u n g e r f r l J i a g c p r o b a b l r e L t r i b u t a l l l e t o 1 I o r r r l c 1 ] c i e n c r . ] | 0 s L o l | h e t i s n l e a | u l s ( j s ] o 1 ! e d | d {

'n .snesruh (<0 .05  n) .  anr l  r ro  o fca l tn rm (<0 .0 i1 , ! r ) .  ia r r  (<70 mg Lg ' ) .  boron  {most l r  <20 n ig  [g , )a , r l  copper  (<2_6
mg ks 'l i,, th. voungel i,lirsf. Thus theii is dn irnpLicarnu frorn rhe field fials rnd eridenfu fron: rhe sreenh,rse lDd taborar(,.r

can  ar l  i , ,  sudnrg  fu th . .  l . f r i l i ze r  t i l l s  i , j  l o rens  on  \ , )1 . ! , ,n  l sh  dernc( t  n r iL  in  SX,  Of .son and e lserhcr . .

Introduction

Rcsearch on forcst soi ls in northrlestern f,nited
StaLes has demonstrated the imponance of adclcd
nitrogen ior optimal lrcc grorrLh. Othcr elements
also mav sornetimes lrc cleiicient. bccause concen-
trat ions of calciurn. rnagncsium. phosphorus, sul-
fur. borr-,n ancl cven iron. nrolybdenum and zinc
arc olien low in some -soils anrl in forest trec foli-
age (Walkcr and Gesscl. I99I; Tasoski et al..
l ( i q0 t .  \ l n r , , ' r e r .  l ocn l  a l r i c ' r l r u r r l  - r t u  r i enee
demonstlates that sulfur del iciencv ol ien can l imit
crop growth. especiallv in soils dcrivecl lion vol-
canic ash. und low sLrl fur srqrplv rnav l imit gror Lh
of Douglas-fir ll'seutlotsu,ga nen;ierii (NIirb.)
Flancol at somc locatiorrs (Chappell  and fr l i l ler.
I98B; I l lake el a1., 1990). Soi ls dcrived lrom vol-
canic ash arc e\tetrsi\,c in the Pacific Northwest.
with man,v' originating liorrr thc Mt. X'[azama r.ol
canic cxplosion in the Oregon Cascade Range
aliout 7.500 ,vears ugo. Subsrantial areas ol lhcse
soi ls arc in national forests r, thich har.e been irn-
portant t imbcr-prodrrcing areas in arJdit ion to other
values. Sercral fcrtilizer field trials on volcanic ash
soi ls in the Rogue Rir.cr Natiorral loresl in Orc-
gon har,e shorrn Iariable rcsponse Lo nitrogen ap-
pl icat ion (Opalach and Peterson. l9t l6).

This study was init iated. l)  to asccrtain lhr in
-urne in-trn, n- th-rF lr :r- bc"rr Lirr l- , ,r  ru fcl forjc
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i!]j lr)91 b\ the \. hNc( iienrlln A.;ncirh.i. All ' ghls rcsrr,r,l

in lbrest grot'th liom addition of niLrogcn 1er.rilizer
alone to volcanic ash derived soils, and 2) ro cle-
termine if plant grot'th on such soils is stirrulated
bv addit ion of one or morc other esscntial mineral
elcments. Previouslv the usclulness ol grccnhouse
studies t'ith both trec seedJings and other plants
Ior assessing the fertilit,v status and lcrtilizer re-
quirements of ibresl soi ls has been demonstratcd
(Vandccaveve. 1948; Walker ancl CesseJ, 1991).

Thus t*o soi ls ol lolcanic ash origin lvere col-
Iectecl from areas of poor forest €{r.owth in the
Itogue Rirer National Forcst in uhich grol, lh re-
sponsc to nitrogen fcrt i l izat ion had been,'ariable.
'l 

hen plreenhouse and laboratory stLrdics rrere con-
ducted using these soils to ascer-lain which rnincral
elemcnts ter-e in lorv suppl;- or dcficienL. Douglas-
l i r  - eed l i nys  se re  r r - ' , 1  f u r  t he  ma in , \ f e l imcn r -
but Romaine leLlucc l.Lactuca satir,a) plants.\rer.e

f1rorr,n in a short-term prcliminan' rrial. 'lhe 
resLrlts

rvcrc expected Lo give guidancc for improvcd mul-
tielement fcrtilizer trials on plots in forest-q grow-

:'i:"-,:,1",::t*" 
''' ash soils in SW oregon or

Methods

Locations of thc collections. idcntfied as soils I and
II.  are incl icated in Table L. The soi l  I  col lecrion



T\BLE 1 ln lormadt on r l r .  t ro l r i ls  { i f ( , rn t l ' .  ' ,1 ,1"  I  R, 's , ,  I l i ' ,  r  r r ,  c .  J ,F l ' l  i r r  r .  "LDr\ .  0r igorr .

0r igh ol :o i l
Orgorn Auilahle Total

pH' metter' p' pr
.atidi e$h. u.ti,'r

Na crpi.il_r srtufalion

Erch. Catur
Cr [Ig K

l . rL.  l2 '  . l ' l

fong.  1221 29'  \ l

fat .  13 '  ;  \

f o n g .  1 2 2 ' 2 0 ' I L l :1 . ( j l l ,  r ( . j ,1  r fd f '

g l g L  m s k s '  n r g k g t  <  m o l  k g '

5 .5  2 t . t  ' t  i l ; t )  2 .7  0 .29  0 .11  0 .u  10 .11

5 . r  26 .8 830  0 .B0  0 .09  0 .13  0 .13  ; . 8

ii:J

t ;

"Soils vere prs.ed through 2 nm "quare hole .iere beiorc oDrhse!
| S r | | ] r ! | l ' r 1 l ! s l l . r l l t l l r l ] r r i t ] t u r t r r . u s i r r g r B r r k r r r r l

"Ui.hnDrte oridrtidr pnrceilure LJa.Lson. l.l5lj)
' " lnhs-L \p .  r \L r l i  L i , ,n  (0  i l l hLNl l jLSOi  in  0 .002 N l l rSOr)  (P f f (h  rL  r l . .  l . l l i l
'\mmonirur acetate errra.lion lpH ;). DetemiD.tirD oI Qtiois b] rtonir absorptirn sper tnphotometn .
r l \ r h { t i o r  $ i t h  t r i l i r r g  6  \  H C I  1 } } i l l r .  l 9 l l l

alea rras near the Pacilic \orthhest Stancl l\'lanage-
ment C(rclperati !e felt i l izer irrstal lat ion J06 iTablt:
6). -$ils lclc collcctcd in auhrnrn l9B0 and sievecl
in thc field to rernove slnall pumice and or€tanic
fragmcnts. lhis sieving remor.ed less than 150/o o{
the total volurne, because the soils t'ere nor sronv.
'l 

hc air-driccl soils lclc analvzed ibr pH, or€ranic
matter content. available and total phosphorus, and
erchan€iedble crtidrs LFing standard techniques
speci i ied in the iootnotes ol Table 1. The Iert i l izer '
treatrnents (listed in 

'lable 
2) lollowed methods

rnodilied liom Jennv et al. (1950). Alier thoroughly
miring thc soi l  t ' i th l iquid nutr icnt rddit ions. ac
r , , r l i ny  t , ,  t l r r  f ,  r l , l  , , ,  I  l r ,  J lm ,  n l .  l l - ,  r n i \ l , r r ,  $J -
pou rc r l  i n t o  onc  T ,  p l as t i c  po t s  i 13 .7  c rn  t op  d i -
arnelef) $ i th nroistcncrJ f i l tcr papcr in thc bottoms
lo covcr-drain holcsr cach pot was thrn placed in
r  - r . r r ' '  r ' l , ' ,  o l l '  , 1  . r n , l  r , .  r , l ,  . r n r  , l r r r r n . r€ r ,  r ' r r l e r ' .

Pot Test Using Doug asj r

Pliol to pott ing in fr larch l9BI. onevearold
Douglas-h -.eedlings frorn the Ll.S.D.,{. !orest Ser
vice nurserv at X'ledlbrd. Oregon. were stored in
a r, ;ateqrrooied paper bag for abouL one nronth et
5o(1. l ' l : rnts selected lbl pott ing ha.l  I  I  1() L: ' i  cm
long shoots and vigorou-. root svstems: rools irere
tr immcd to l2 on. (Jccasional brunch roors vitrc
also tr irnrned. Slcnr ( l iamclcfs jusl i lbovc thc root
col laf r lere 2.0 lo 2.5 mrn. Somc sccdl ings $crc
obviouslv rnorc r igorous. and most of thrsc rvrrc
dcl ibcratclv plantccl as "conhols" to ensure a con-

ser!aLive test ol i ;rLi l izat ion. Planting consistecl of
exc{\.rtin€i a hole in the soil to accommodate the
r ' , , , t . -  t l r ' ' r  r - pL ,  i ng  t i r .  - o i l  r r l l  r r l l i ng  r r . r t r  r  t n
ensure good root-soil conLlct, lreahnents lrere pre-
pared in si: .  repl icaLions and' i 'ontrols" in tweive
rcpl icat ions.

The pot-.  were distr ibuLed slstematical lr  on
bcnchcs to cnsrllc cquivalent exposule to the
greenhouse enfironmenL (at f lni lersi lv of S'ashing-
ton. Seattle). Seecllings l,ere periodicallv watered
r ' i t l  d i - t i l l ed  $ r t e r .  l , | | t  F \ ,  F . -  \ J t ' r i r :  \ 1J -
aloiclcd. llarlv sccdling mortalit_v l'as about 100/0.
and dead seedlings irere replaced tith seecllings
fronl refr igeralof storage.

A consiclerahle number of seedlings in soi l  I
diccl in thc cnsuing months, so the lemaining l ive
seedlirrgs l 'ere harvested in micl-Novernber l9[]  l  .
l)lants in soil ll, horvcvcr', rlcrc maintained through
the lrinter using fluorescent lights to extencl clar
length to l6 hours. Planls rverc han'estcd from soil
TT in latc Junc-carly July 1982.

N4easurements and Stat stica lvlethods

At both h:rn'ests. the lollorring rneasurements uere
recorrJcd: hcight. diarrrctcr alrovc root croit 'n. and
lcights of older and,vounf(er needles. steins and
roots:r l ier dryinpl at 70o(i.  \ i isual appearance was
also recofded. The vielcl values lr'crc cvaluatccl
statisticall,v b,v both a standard t te-st and by using
a KrLrskal-S'al l is non-par-amctric analvsis (Zar,
I 984 ) .
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Plant Tissues Ana yses

Alicr grinding. samples of leal tissues t'ere digcslcd
in strong nitric-pelchloric acid. Anahses frrr mlcro-
. r r , l  I n i ,  t 1 ' l r t l r i c t r t  r ' ; r i un -  r e r ,  m : r , l ,  , , n . r n  e tn i . -
s ion spcclfopholo rnctcr '  lJ:rr lel l-  A sh Slodel 96-95 5
l(1.\Pi. and phosphorus was detennirred br.thc Zin
zadze colorimct c proceclurc (Peech eL o.1.,1()4i1.

Pot Test Us ng Roma ne Lettuce (Lacfuca
satlva)

T ' - t .  $ r t h  . - r  r a t , i , l h  e ros in t  l r - r L . r , ,  u r r -  1 , ' ,  i - .
c;rn givc cluick indicaLions of elementul deficien-
cics in soi ls. Fcrt i l izer responsc in greenhoLrsc pot
tcsts nee.ls lo bc substanLial.  holever. to prcdict
cr:cn modesL rcsponse in Lhc f icld. A letture pot
lesl rrds sel up. using the cr- iLeria of \  andecarevc
I  l ' r  l l l r  l u r  t ; f r i l i r \ , . ' . r l r r r r r i , n .  {  t r l !  . , ,  |  |  \  J .  a \ r i l -
able in sufficicnt rmounts lor this Lesr. Fcrtiliza-
Lion ancl soi l  hanrl l ing r, ;ere similar to that used *i th
Douglas-lir. llornaine lcttuce r,i as sown on s:rncl
ilat-.: uherr about ir to 6-cm tall, one seedling l.as
tran-qlelred lo each pot of soi l  and al[rwed to grot '
1or about six $ccks in Lhe fTnivcrsitv of S/ashing-
ton Botanv Grecnhouse. dfter-han,est. leares and
stems $crc oven dricr l  at 700(1. thcn r,".cighed.
Erch treatnrrnt had forrr rcpl icates.

Results and Discussion

Chemical Propert es of Soils
Both soi ls lere morlcratclv :rcid. as cxpected.
Soil l .  r iLh higher basc status. i las sornolhat

T\BLE2.  \ l , i r f  , lN  \ re igh ts  o i  R . , f .n re  le t tud 'g rorn  on  Rogue Hn. f  -so i t  I

higher in pH than soi l  TT (5.5 vs. 5.1) (Table 1).
Erchangc capacitv and rcncentrat iorrs of Ca. l1g.
and K r\,ere nrarkcdlv higher in soi l  I  rhan in soi l
T T .  \ l t h u r r p l r  I ' n t l r  - , , i ' .  " e . .  r a r l , - f , , , \  i n , . a r i , , r l
saturation per(rcltta€{e. lhat of soil II r{as lo\rcr. Lh.-
ganic malter q)ntent wa-e similar in the tro soi ls
(Tablc l) .

Avaiable Phosphorus

\rarious technir lucs ci ln be used b cst inlate a,rai l-
able phosphorus. but nonc ofthem are frcc of criti-
cism. The TrLrog 0.002 N HzSOr mcthc,a. rrowelcr.
provcd reasonablv satisfactorr in a stuclv ofiiO frrr-
est so;ls in Wisconsin (Kadcba and Bovlc. 1971.t).
Oul ralucs for soi ls I  and II  iel l  close to the mean
in their studv (19.7 pprrr).  Also as expccrcd, the
' 'avai lable plrosphorus" was a srnal l  fr .act ion of the
"Lotal phosphorus" ( lable t).

Pot Test with Lettuce

\ \ i th trcc seedlings, gro*ing lbr ar lcast -\everal
monlhs is nccded Lo altain.csults. so this tr ial  us-
ing Rornainc lcttuce plants was run lbr a quick earlr
assessmenL oi icl t i l i t_v. This proved to be uscful,
becausc the rapid gro$th of this herbirurr,us spe-
cies accenluates any indications oi low supplving
capacitv of the soi l  for the rr iner-al clemenls.

Because ofprevious expcr- icnce in grou,ing let
lLrct on acid Iorest solls, lime uas inclucled in eatl
t leatment nd phosphorus tas adcled at high
dosagcs. Cronth rates lrcre nornlai and vields *erc
good (Tablc 2). ln adcl iLion to a rerv mlr-Ked

llern 0\.r-r)r\ \{'eishts
{s)'

OI OI  NPKL

C ! C 0 ,  x s :  r : l . i n r )

\  L  ' rP . . rK5?Ss?r . in ,e

N, , .P .5?K5 'S" 'B"L i in .

2.u5
3 . 1  9

3 . 9 5

:J.o i l

0.3{J

0 .3 ;

0 . ; 2

0.:J9

0 .  L2

0.05

3.2:J

,1.,t;

3..12

0.0.1

0 .01

0 .78

0 . ; 2

0 .51

0 . ; 1

1

9 t

1 0 0

126"

"Subscr+ ts  r . l r r  to  mg kg  '  o l  \ .  P .  K .  S  ond ts  i .  Lhc  chemica l  {o rm:  \  as  NH, \0  :  1 , !s  G(HrpOl t ,  rnd  \dH,p0a:  K  as  Kc t :
,s  rs  Na,SO. :  U $  Hr l lO, .

To  cor ie r t  ng  Kg '  dnr tu r i r la t . l r  ro  lb r  1 . re ' -  n , , l t i t , l '  b \  2 :  to .o ry r rL  mg kg ' to  Lg  ha ' .  n ,u t t ip l r  b r  2 .2 -1 .
" . ! l )  :  5 l lndu fd  de \ i l t i , ) , r
'Phnts 

sn^rn lor 6 weeli
" l ' i , s " ib le  de f i . t rd ( \  o1  su l l i r r  n r l i ca t r r l  b r  rh is  respons.  L is ins  ( r i re r joD o f  fan( t {a .e le re  t l9 , jB) .
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resporrse lo phosphorus. sornc rcsponse to pot:rs-
siurn and to sul lur uas al) l)arent. AlLhough lcttucc
rtuld Le r:rpcctcd to rcspond to both l ime and
phosphoms in the l ield, coni l ;rol ls lrees are nol
as l ikelr to respond to such addit ions. Corri fcrs arc
aicled in their abso4rt ion of phosphoms lrr '  mvcor
rhizae. and the avai lahle-phosphorrs corcrntra-
L;ons secrn to br: in thc r{ngc cxpected in l ;resl
soiLs. - lor lettuce. a lurLhel probablc bcncfi t  oIboth
l irning anrJ phosphorus acldit ion is reductidr in
availabilitr ofpotentiallv toxic aluminum and marr-
ganese: conifers. holer,er. havc high tolcrancc to
th . - '  r \ , ,  F l ,  r n ,  n t - ,  r ,  n  sh ,  n  p r c : c ' r t  i n  j r f | r ec i a -

ble concentrat ions (Radtan er aI. .  1979; Porada.
19,37). Responsc of lcttucc to sul l i r  addit ion in-
d iec te -  t he t  r l r i -  - , ' i l  l r r -  r r  l , ' r .  - r r t , uh i r r r  ,  r p . r ,  i t r
for this clcnrcnt. !orcst tree grot ' th mav also be
l imited br '  lol  supplie-" of sLrl lur (Chappc' l l  and
\ ' l i l ler.  19[t[ t) .

T\BLE 3 .  Arerage sccdhrg  rc ighLs  o i  l )ous las  l ; f  o f  So i l  I l

Growth of Douglasjlr Seed ings

Probablv a-q a resLrlt  of the osmotic clfrcts ol ad-
decl i i r t i l izers. consiclerablc mortal i tv occurled
during the earlv months. especialh on soi l  l .  Con
scquently. seedlinEp in soil I rvere harlcstcd in
\olcmbcr after 7 months ofgrol ' th. whereas lhosc
on soi l  l I  were held orer for addit ional grot ' th to
rcduce the inl luence of the init ial  nutr i t ional sta
tus of the seedlings. The resLrlts of thc 7-month
grol.th on soil I shovred limited effects oi fcrtiliza-
tion. but thcrc rtcre indication-. ol respon-qe to lhos-
pholus (data n(rt pfcscntcd).

Seedlings in soi l  TT grct t 'el l  during the spl ing
and  ca r l v  summcr  o f  1982 .  and  l e re  ha r res l cd
in Julv aftcr l6 month-. of pJrowth. Yielcls at har'-
\'('sl itrc prcscntcd in l'able ll. Interprctations fc-
quire caution bccausc of the probable salt  effects
mentioned preriously. Nitrogcn ulonc did rrot

br leflilizer trerhnent-. igroirn Nlanh t9Bl t,) .i,,1\ 1982).

I)ri ri,isht (g)

r ie l l  (01 ' )

\,,.

\,,,,L..

\ , , , , I , , ,K, . ,

\,,,,P".Ii..,

\ , , , ,P, .L, .S, ,

\ , , .
\ , , .P, ,

\.,J'.,L.
\.,.P,,K..
\ , , .P, ,K. .S. .

\ . , .P-K.S". , l lg-

\ . ,0t ' " .KrrSs: \ ' lg : r l ] , ,

: l .B1

: l .55

1 . 9 t

1.9: l

:3.tlL)

: l .79

3 . 7 0

5 . 1  ;

5.Bt l

: ) .50

2.01

3 . ; 6

5. l : l
j .02

l\. t-2

2.1( l

; . : ; t

3.96

; .20

6 . 5  |

2.2 t-

2 .31

2.86

2-:r(:)

2 .21

2.23

2.8:J

2 .80

r . 5 3

:l.,[2

2 .n9

2 . 1 2
2 .6u

t . 3

2 .5 , -

2 .74

3 .19
2 . 8 1
. l . i l 6

6.08

;.8r1
i . 80

;.: t9

5 .70
6.O2

6 . 2 1

i i .00

9.0r1

iJ.30

l l . ;?

9. tr i

8.32
5 . 1 1

6 .35

3 .7 ;

,-.25

u.2!)

9..15
[].od

1 1 .  1

7. l )2

; .83

6. :12

6.02

; . 0 1

.-).55

6 . 3 1

6.6:J

i1.30

6.62

u . 2 l

5.911

n.72

5.6:;

5 . 5 3

2 . 3 9

6.25

t ' .6. [

6 . 1 0

5 . 1  |

6.6t1

1 3 . 1

I  t . 7

l 4 . t

1: l .5

1 0 . ;

1 1 . 6

12.(t

1 1 . 6

l ; . 1

1 1 . 9

6 . U  1

1 ; . 2

1 6 . ;

r0. i i

I 1 . 9

13. . - r

1 5 . { )

1 5 . 9

t :1.2

| l l .0

2 . 1

1 . i

2 . ;

2 . 1

2 . 1

1 .3
t . 5

:J_,1

2 .2

3 _ l

1 . 5

2 .3

1 . ;

2 .u

5 . ;

2 .5

J.t)
2 .6

3 .3

t ( x )

rOii

103

[]9

l t t

[]3

l t l

52

l l r r
t 2 l

a2

1 i

l0: l

l 2 l

l 2 t
t 0 l

t ; t  t

"S!hs.r4r ls  * i  r  r , ,  rng [g '  o l  \ .  P.  K.  \ ' lg .  S.  ant l  B added n r l ,err ical  l i r rhs:  \  as \ l l rNo"r  P.s C4H.POrrr  K as KCl:  S
ts \ r :S0. :  I lg  o- .  I Ig( iL:  and B a;  HrBOr (r rs kg1 r  2 :  lbs \cre ' .  ms kg'x 2.21 = kg ha' l
'Stanr lerr l  r I r  ia t ion
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I lBLE 1 .  i le la tne  groNrh  rnd  uppr r r l r . .  o l  l ) r , r rg las- ] i r  s tdh ig  on  se lec ted  r tahreDG o l  So i l  l l  r r  l r rn , ' s r .

R . la i i \ .

G owth ' ] \ f i t r . r r rn ' r '  rn ' l  : \  rn t ) t r ) rn : I 'oss ib le  In te rpre ta t io r

\ ,0 ,P , , t !1

N, , ,P , , IT1

\,,,,P,.t!"s".,

100' l i '

{1990
t;2,'1)

1161/o
l2ltt/'t

:JiJ'ti
I 2 l ' 1 ,

I  l 1 9 o

l 98L  need les :  g reen ro  l igh t  g r ! f .

1982 need le ! :  "ho , r  ,u , l  ' r l l , ' "

P lun ts  vc lk*  g r ln r

191 i2  g r )$Lh \ i , ^  -h , ) r t r  $ ) ,n .  b roDZ

ing :  \ " r  looks  \ )nn i \ rha t  l , t i t te l  thoD

l ! l8 l  l i , l i ! s .  sn ! , , i i  1982 (  \ t ,a r \ i , )n

goor l -  rL t l ,o rg l ,  r r r r lL , :  l i gh t  g reenr  the

l ) lan ts  an .  anhng th .  b .s t  i i i  the  er

p . r in r .n t r  s , ) ,n ( \1hat  h . t t . J  tha !  \ ,dP, '

l98 l  lo l iase  gEen i

1982 e \ re rs ion  goo l .  bu t  neer lcs  ighL

1981 fo l i ige :  g feen:  l9 i l2  lo l i . ! i f :

good growth but leLlotish.

( lu r th  i r  l98 l  $ rs  sood,  bu l  n r  19 t j2

N la :  e rhaus ted ' r  some nrd ic l t ion  o l

ar irrnrobile trpe delir:ierer.

\  le r t i l i z r r ion  is  un ln \o r rL l . r  osmor i ,

effect mal hare been rleprssirlr \ mar

be supress ing  P rp ta l , r .

\dd i t ion  o l  P  Nos , l c l in i r . l r  l l , \ . r rb , .

a l though poss i l l r  con l i , r rn r lcd  br  L ,sc  o i
( lu {H, f 'OJ) r  \ . losn fss  o l  l ' lB2  l , l i agc

mar  sho i r  lo r  \ .  o r  poss ib l r  an

inmobi le  r l f f  r l r l i i |n . r .  i k r l r  I i .

\ , )  a t , t ,a rJ , t  rc lu rse  to  K .

Osnr r tn  d r l , r rssn , r  i s  p robab lv  p resent .

[ ) ! t  th .  . ,n l , i i l a r ion  o i  \ , , ,  rnd  S-

ga\, rh. b.st rolor ur the l9il2 reedle-..

'S l lsc. i lLs r (  lcr  t , ,  drg ks '  of  \ .  I ' .  K.  or  -s added h tht  r ' l , rnr i  a l  lorrn:  \  as \H.N( l : :  I '  as CaiH,PO.) , :  K t  KCI:  S us \ t ,S0.
t r r g  k , r 1 r  2 :  l l *  A c r e  ' :  ' g  k g  '  x  2 . 2 1  :  k g h r ' .  

* r .  o t . r r e u r n r e , rb l l . f t ! .ntdgf  o i l l ] .  tdal  dr t  i ie ighl  ( roors + shool l  , '  U"^," t ' (  
, , , .  u n, , , ,  

" , , , , '

implove l ield and mdv hlvc dcprcsscd gfowLh in

the Nrt (alone) treatment. ' fhis dcprcssion could
havc resLrlted Irom recluced phosphorus-uplakc
rather lhaD nitrogen deplcssion. I 'hosphorus ad-
ditions improvccJ gr(lrl,th. espeoi.rll.,- \rhere corn
bincd rr i th \ , ,a. PoLassium addit ion did nol
imlrrore vield consistcntl_r. Sul{ul often irnprorecl
lbl i :rr  colol but gcncral lv derprrssed vield. proba-
hlv hecause ofthc salt  inf lLrcnce. \ Iagnesium did
no l  i n ' p r , ' \ '  ! f r , \ l l r .  ,  \ F r r  t l r , , ' r ! \  - ' , i  r n ' r g  re . i um
is low. Thc onlv trcaLr|]ent lhat in.luded boron Eia'.r
thc highcst vielcl  in Lhe e\peiment. but thc largc
- t . r r r ' l a r d , l e r i , r t i u r r  - . r : 8 " - 1 , , 1 , J , r r i , ' , r -  i r l . r l ' r c -
tation.

' lhc 
t  tcst dit l  nol fc\eal an! signi l icant di l ler

ences in mcln r.iclls. Horever the l(mskal-\\ allis
- t . r t i . t l ,  r l  : r n rh - i . , , , r r f i r ' r n .d  t he  i r r l e "p r . l r r l i u r r -
stat(l aho\e concerning phosphorus. V ith nitrogcn-
ph.rsl)horus treatments. viclcl incrcascrl significanth
(0.025 lcvcl) and l incarlv u' i th inrrre:rsing phospho-
rLrs. Arldit ion of oLher elernents dicl  not har.r sl l l is l i -
calh signiiic:rnt ellects on rieltl. although uith less
rariabi l iLy among repl icatcs. thc trcnd tol 'ard a bo-
ron response might havc bccn suppo|ted.

Some indications from fcrl iar svnrptoms xere rn-
teresting. S' i th nit logcn fr:r t i l izat ion alone. bronz-
ing of nccdlcs was (onsislenl.  This incl icated a
probablc phosphorrrs-clel icienr:1 (Table,1). Al-
thorrgh phosphorus li:rtilization had a iirvorablc in-
l luence. mr:corrhizal rJclcLrJrrnent rras r isLral lr
l ,cak or absent \ !hen the loots $ere l ,".ashecl out.
so tree response to phosphorus in thc f icld night
not occlrr.  Hoir 'ever. this is unccrlain sincc in south-
e$tern [,nitcd Statcs. phosphorus deficiencr has
been rcportcd in f iclcl  tr ials e\en in Lhe presence
of nncorrhizae. and l)hosphorus i i r t i l iz:rt ion is
olrerat ion:r l l ,v used therc (Al lor. l987; l ' r i tchdt
and Comofold. l9l l2).

( lurrent needles ofcontlol scr:tJl ings and thosr:
receiving both nitrogcn and ph1)sphonrs $ere r-el-
1o1,". or vel lol-grccn in conlrast u' i lh greerrer. older
nccdlcs. Although this corr ld be caused b! -r lor\,
rccl istr ibLrt ion of nitrogen. i l  suggests an immobile
element del iciencv. perhaps acccntuatcd bv phos-
phorus fcrtilization. IJefi('ienc\, of iron i-( suspeded.
cspe'cia11_,- irr riew of the l ork of I'en_"-. et aL (1 98.1)
s l r , ,  l ound  i r o r r [ im i t . r t i un  i r  ! , ' r r ; 1 . r s - f i r  i n  p , , t  t , : l :
l i th Dorrglas-f ir  or one soi l  f lonr a sitc irr  SS'Orc-
gon nhich had bccn loggcd and bulrrccl,  buL not
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T1BLE; .  L l .n r , , , { r l  con ten ts  o i  l )oughs  l i r  need l .s  i , rm se leced r i iaL  , .n rs  on  - .o i l s  I  an , t  . .

( i ' n l .n t ra r ioDs in  d r \  n . ( ! l les

- -  , - - - - .h-  _,___. .  ngrkg ____-
(lf llg K l' Fe \ln CLr tn tlFertiliz.r lr-ernrenl'

Contrrl

\ . , . I ' " ,1( . .

\ r ,af"rK*s*Ig

2n2 2.5 l:)
61,1 r l .6 27

0 . 0 i 1
0 . 3 J

0 . 1 5
0.69
0 . ; 2
o. l l ;

0.0 i1I
0.33
0.3 L
0.6f1

.'\oil
0.01; 0.; ,1 0.068
0 .076  0 .35  0 .019

0.1; 0. '15 0.0:t7
0.20 0.59 0.06
0 .19  0 .80  0 .05 ;
0.10 0. i t i l  0.081

0.038 0.51J 0.05i
0.0,1.1 0..11 0.05.1
0.061 0.29 0-0:19
0.086 0.25 0.046

0.031 0.67
0.0;0 0.35
0.036 0.17
0.0;0 0.39

0.051 0..17
0.016 0.2{J
0.12 0..1,1
0.2q o.2: l

233 I1.,1. 25 5t)
:132 9.11 29 7,1
39? 7.3 30 :J: l
,163 3t  63

t , l 6  2 . 3  2 l  l 1
:198 1_2 t ; t  19
,15,1 l . l  26 16
: i89 5.1 12 3: l

I
5iJ

2 3 ?

116
1 ; 7
L 1: l
203

1 8 0
.tt t-

:J t  5

28
2 I

I  pper Leadc 0.067
l .o\ !d Lerde,  0.32
t . r ,1, . .  I  e. ter  0.093

t  pper Leader 0.10
I o{er Leld.r 0.,1.1
L pper Lear ler  0.09;
I  o\rer  Lead.,  0.60

Soil II
0.012 55 25i i  2.1 l1 19
0.0: [3 2O4 513 . l . l  3 l  ro
0.015 ()2 2P,9 | .6 t1 [ ]
0.05:1 2l  l l  1000 1.8 , t0 t  g

0.055
t).059
0_05 |
0.0;s

6 6  2 1 1  2 . 6  t  5  l 0
200 833 5.2 29 17

69 ' ] " t6 2.7 t5 t2
261 1050 9.0 ] : i  2: ]

o i  the  leadr r .  , l  - lo \ re r  le l l . i  to  rhe  need le :  j ln  rh r  lo {e r  ha l i , )1  Lh i ,  le rder .
'Subscr ip ts  harc  th r  sune mear i r rg  rs  ln  Tab le :J .

in soi ls from uncl isturbccl si te-". Also Zasoski et nl.
(1990) iound lor conccntrat ions of iron in Douglas
1ir groring in the iield in wcstcrn Washingron. Sul-
ful addit ions of icn rcsulted in nr:ccl le necrosis.
probablv frorn osmotic cf lects of the suHtrte salt .
h r , t  t l r -  L , . t  ,  o l n r  i r r  ,  r r r n .n t  l o l i ag -  r ' . r -  i r r  t l ea r -
ments which included N1aS...  A falorable in-
i luence ofsulJur i i r t i l izat ion on needle tr lor, and
the tendencv lbr culrenl fol iage to he l ightcr green
in color than thc older fol iagc. esper: ial lv whcn
phosphorus had Leen aclded. uas rrotccl vi th boLh
o1 these soi ls.

f  e 'Trer  ta  Cof  cer t rat  ons n Do ro 1.  l i l
Needles

Tissuc analvses u'crc perlbrmed on sclected treat-
menls u'hich i iom p|escncc or absencc of del i
cicncv svmpkrrns. _"-.iclcls. ancl uniformity of foliagc
secmcd to be of particular inleresl. cspeciallv relat-
ing to phosphorLrs and to micronutdents. Tht:
resLrlts are presentcd in Table 5.

)"or11-Plants on soi l  I  *cre grou n during onlr
one scasoD and a favorable nLltr;ent status $'hen
planted probabl,v had a carrlrr.cr inlluenr:c. Some
nutdent concentrat ions in the seedling fol iage are
o f  i n lF r , - 1 .  ho r " r c r .  \ i t l ogen  l e r t i l i z r r t i o r r  a | | r l
cnt lv increascd calcium and magnesium concen-
t ra l i l ns .  I l r o -n l r o r r r -  r r . r -  r he  n r rh  e l em.n t  i n  r r
deficiencl' range ( ( 0.1 o/o), as estimarecl bv Valker
and  Ccsse l  ( I 991 ) .

Soil // These rcsults ale morc interesting bc-
causc the seedlings grerv longcr, minirnizing the
inl luence of ini t ial  nutdent content. and lhc t issues
$erc scparated into vounger and older.needlcs. A
number of trends afe evident:

I .  Calcium concentral;on \{as \erv lorr in the cur-
rcnt lbJiage whcn potassirrm fcrtilizer ras uscd.
Thi-q is not too sur|r ising, in r iew of the lol
t l r)nccntlat ion oI exchangeahle-calciurn in thc
soi l .  A141it 'at ion of phosphorus as calcium
phosphatc did not incrcase calcium concentra-
tion in the foliagc. probalrlv bccause the anount
of calcium applied in this lbrrn r,".as smal.
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2 .

:1.

4 .

5 .

N'[agncsium concenLraLi(rn $as also low.in al l
lbl ial  sarnples. cxccpt those i iom seedlings ler '-
Lilizctl rr'ith magne-.ium. BecaLrse Lhc soil is vcrr
lol in e: ichrngeable magne'siunr. lol  concen-
l r . l l i , ' r r -  i n  t i . . . r ,  s . r r np l ,  - . l e  nu t  - r r r p r i . i ng .  ' . -

1 , . ,  i r r l l r  s l - '  r r pu t J - . i l n r  r r a -  r dd . , l .  l ' , , t r - - i . rm
cnn  l , c l e -  \ \ i t l ,  r r r ; r s r ,  - i r ,m  i n  . r h -o | t , t i , , r r -  . o
h ighcr potassium redur'es rnagresium-uptake
in Douglas-f ir  (Sialkcr and Cessel. t99l i .

Potassiurn was rl mcdiunr concentrations in the'
r lrrrrent icr l iagc ofthe contftr l  seedlings. but rtas
lclativch'lot in the olcler foliagc. This suggests
incipienL l)olassiurn clei iciencl.  Even in Lhc
potassium iert i l izecl seedlings, polassium con
centraLions of thc oldel foliage $ere consistcnllr
lor lcr than lhose of Lhe crrrrcnt lbl iagc. indicat-
ing Lhat donand nrav h:rve ercreecled sLrpplv.
' l ' issue 

phosphorrrs conccntlat ions r\ ,ere lo$.
eren r l i th phosphorus icrt i l izat ion. This nav be
duc to the $el l  recognized abi l i tv oi ash soi ls
1o f ix boLh nativc and fert i l izer phosphorLrs
{l ' lacfarlane and \I 'alrnslev. l9771. Such i ira
t ion is also indicatcd bv the lelat ivel l  high "To-

tal l ' ' '  and lol "Avai laLlc I""{Table 1).

Tissrrc' i ron concentrat ion-q were lou in thc crtr-
lcnt lbJinge. :rnd noL verv high in thc older 1b,
Jiqe. This mar erplain lhc chlorosis ob-qenecl
in vounger lbl iage oi plants on both soi ls.

6. Copper ras in thc range olerpeded dcficiencv
in some oi lhe sampl:s ( {  3 mg kg-') .  Also thc
consisLentlv lolcr values in currcnt than in
oldcr fol iagc are indicatire ol dcf icicncv o{ an
inrmobile element.

i .  Tinc anLl bolon concenlral ions \{crc not lorr
enough to inrJicatc dcfinite del icienr:r (Walkcr

and Ccssel, I991), although in most rnstances
the boron q)nccntrat ions $ere iD a Jo\\ rangc
and less in uppcr than in lorer fol iagc. sug
gcsting incipient del icienc"- of this immobile
clcmcnt.

Re ationship of These Resu ts to F eld Tria s

A legionalft coordinated progfam o{ forcst fertili,
zat ion f icld tr ials has been in Jrlacc in the North-
lrcst since the I960s (Chappcl l  cr aL.. 1991).
Scr.cral installations had bccn cst:rblished on thc
Rogue Rirer \at ional Forcst but results werc not
arai lablc for guidance at the ini l ial ion ofour cur-
rcnt studv. Horrever. f trr  compalisorr le seleclecl
three of the tr ials on volctrnic ash soi ls ncar thc
<rrl lctJion areas lbl soi ls ul this invcstigation. and
irrl rthich grot'th data are availablc over a nuln-
bcr ol vears since lert i l izat ion. Nittogen at L*o
lcvcls las the onlv elerncnt tcstccl in these tr ials.
Results arc gircn in ' I 'able 

6.

T A B L [ - 6 ' t l j l j ! s | ! l ] ( ] l ' l j l | ! c | e r i s l i c s r n i l { J l e a | h s ] l , l j n .

r i rh { i ls  o1 ro lcanic ush or lsnr .

B . H .  5 ( l  r r
, \ge s i te i i r ler  lh i |n ing RD

Groiftli

RDR' \  dosage (rr r f | r t i l izr r l t (fertilizeilI

:163 l  a l .  12 '  l : l '  \

r o r g .  1 2 2 i 2 9  $

1 0 6  L a r .  - 1 2 . ; 2 '  N

Lors.  122'28'  \ \

51 l .a l .  :12 ' : r1 '  \

l . o , r g .  1 2 2 ' 2 ; '  N

2 l  2 t . 1 r "  l l . 2

) r :  : l  J

3 0  2 ; . 1  n o  7 . 9

t2 23..) ro ls . i j

L0; 220

t.20 22t)

L62 220

L 16 .1,t0

L0'1 22tl

L00 l,t0

22.l

10 .5

l : l . ;

t : l . ;

16.2

t6.2

-: l . l i  20

0 .3  3

-0 .  |  0

-0 . ;  , 1

2 . 1 ,

.) .2

t ;

'Rl )n :  . , ' l ! t i \ (  , l .ns iL!  f ! r i , )  :  RD of  ler t i l izer l  t lo tsrRl)  o l  i , ,nrro l  p lors:  obser ied R'sporr .Nus ur l jusred br  th is rer io.

RD t0 ( f i rg l ishl  = l0. l  lnr . r fn) .
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With only trro replications :rt each lertilizer in'
stal lat ion. combinccl t i th thc lariat ion in stocking
in these stands (as rellected in the lelative
densit ies). gross gererl l izaLions are not l) .- 'ssible.
T r  r h ,  D , , , r s l r - - f i f  r ,  g i , , r r .  r r  r ,  - 1 , , " ' '  r , ,  r r i r r , , ! ,  n
leltilization is normally obser-red (Stegemoeller :urd
Chappe l1 .  1990 :  Chappe l l  e t  r 1 . .  I  991 j .  bL r t  he re
a clerr lesponse to nitfogen rras seen onlv al ln
stal lat ion 5l (Tab1c 6). Thus thc f icl l  tr ial  conclu-
sions reinlbrce the greenhouse le-"ults. nith both
incl icat ing thaL elerrerrts besides nitrogen need to
bc aclclccJ to provir lc propo nutr i t ion on thcsc vol-
canic ash -roils. !'ield trials can be irnproved bv us
ing results frorn shorl-Lcrrn grcdrhousc scrccning
lests lcr plan the-se elemental addilions. Hortever.
combining rcstrhs h-orn rnanv f icld t l ials to plor iclc
a r l ider geoglaphic scope of infefence is possihle.
as pointcrJ orrt  b,r '  Nl i l lcr er ol.  (1988). Thcl '
dcscribcd rcsults liom Il l installations in l)ouglas-
Iir stands in Sr-,uth*,estern Olegon and i3 in \orth
crn Cali fornia thich showcd 70 prrccnt lcspond-
ing to nitrosen. In this r:ase the:10 percent not
respondin€i to nitrogen loulcl need mole speci l ic
research. su.h as poL tesLs and fol iar enal lses. Lo
inrl icatc lhich otbcr clcmcnts arc nccdcd in a fcr-
tiJization plan.

Conclusions

Thc stud_"'' gave interesting insiglrts into the miner.rl
sLrlrpl ' - ing ahi l i t , '  of these rolcanic ash clerired for '-
e-.t soils. as lbllot's:

l. Pot tcsts. soil analrscs, and ibliar anal,vscs
-shou'ed that the soil-s derived lrom volc:rnic :rsh
u-sed in Lhi-q studv are able Lo supplv onl_,- 1o$
arnounts of d numbcr of mincld nutricnt,.: cd-
. iLrm. magnesium. potassiurn. sLrlhrr,  phospho-
Ius. nitroEien. copper and possibl,v boron ancl
i l on .  A t  a  g i r en  s i t e  and  t ime .  L r c r :  g l o rLh  u i l l
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plobabl,v not be limited bv a deliciencv olrnole
lhan onc or t lo of thcsr- '  clcrncnts. Tf a dcfi-
ciencr ol one element is corrected b_v Iertiliza
tic-,n. vield mar still be limited bv the -quffl)
of a sccon(l dcrncnl. and so on. -(uch rnLrl t iplcr
deliciencies in thc licld mar not shor,; rqr until
a  f u l u re  l ime  ane f  o Ie  o r  more  add i t i ona l  ha f -
veshng cYcle-c.

2. l)ot tcsts and rclatcrl laboratorr' analvscs should
not be used e\clusively to m:rke recommend:r
t ions i)r e\tensi, 'e, operaLionel l leld ferLi l iza-
t ion. Ratho, lhcv can bc a goocl basis frrr
guiding trials irr nurseries or in the lbrest. ln
ordcr lo undcrsland the ful]  rangc of lorcst trce
nuLdlional pfoblems on these Rogue River !ol-
canic dsh soils, a coordinatcd scrics of nurs-
er_,- and f ieJd Lf ials lest ing indir idual and
combincd elcmental arl l i t ions shoull  bc car-
lied out. Analvses of field-collectecl needle sam-
ples from Lhese Lrials coLrld Le compared * i th
thc pot tcst tissuc ural_vscs (Tablc 5) ancl vith
e\peoled \ 'alues (Walker and Oessel. l99l).

ll. ln both pot tests and lield iertilization studies.
lates of appl icat ion need to be Lxl or spl i t
dosagcs uscd to minimizc osrnotic cf iccts in
these light-tertuled rolc:uic ash soils.
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