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Abstract
Foliar analysJs is becomiog an.import,rnt toll in.evaluatirg _soil fertility _ and_ site qraiiry. During
sor l - r€Betdt ion srudies on pumice soi ls  in Central  Orcgon. fo l iage samples l rom six r ree species
and tour shrub spccies were col lccred f rom f ive s i res and analvzed for  haior  aod minor nuir iem
elements. There were marked differences io nutrient levels between species. but oone were ob-
seJved bet$€en sites. Tree foliage levels of the nutrients for which analyses were made indicated
adequate supplies of evetything but sulfur.

lnlroduclion

Io several fields of research including plant nutrition, plant ecology, soit fertility and
even mineral prospecting, plant foliage analyses have come to play an important role
in recent years (Beadle, 1954; Everard, 1973a Malytga, l)64; Stone, 1!68). They are
used for the assessmeor of the nutrient status of plants and soils includiog the derec-
tions of deficiencies and toxiciries. Some plants that accumulare metallic elements in
particular have become useful means of finding mineral deposits.

Following field responses in ponderosa pine to additions of a sulfur fertilizer, a bio-
assay was recenrly made of the amounts of plant-available sulfur in the different layers
of volcaoic pumice ash preseor ar five sites in central Oregon ( \fill and Youngberg,
1977). At the time soil samples were being collected, foliage samples were taken from
the $ee and brush species preseot.

Methods

Field Sampli.ng

Foliage samples were collected frcm the five sites-Century Drive ( CD ) , Royce Mr.
(RM), Walker Rim (\fR), Antelope unit (AU) and China Hat Mr (CH) in mid-
August 1971. Descriptions of these sires have been reported (Chichestet et al., 1969).
Microsite differences on rhe sample sites were negligible. Sites were level to gently
sloping aod horizon thickness and depth to the paleosole were uniform for each site.

rTechDicdl  Papcr No, 46q2. Oregon Agrcxhur i l  Exper imenr Srar ion.  Oregon Srare Univcr<iry.  Crr-
val ls .  _Orcgon _9-tJ l . .Rcsearch supporrcd by a Nat ional  Scicnce Foundir ion Senior  Foreign Sci-
entist Fcllowship avrarded to the senior author.
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The productivity of the Royce Mt. site is somewhat higher and that of the China Hat
site somevzhat lower than the other ahree sites due to higher total precipitation and
coalser pumice, respectively.

Ponderosa pire (Piwtt pondercrd Dougl. ), lodgepole pir'e (Pinws contorta Douf.),
white pine (Pinu monticola Dougl. ex D. Don), grand fir (.Abie: grandis lDorgl.)
Lindl.), silver tir (.Abiet amabil lDougl.l Forbes), and hemlock (Ttrga mefientidna

[Bong.] Carr) were sampled by locating uosuppressed trees up to 10 m in height and
clipping current season's shoots from a point 1 to I m from rhe top of each tree. Ar
least 10 trees of each species were sampled at each site to give lepleseorxtive composite
samples.

Full size leaves from curent season's shoots were collected from snowbrush (Cea-

nothur leltltittlls Dougl.), manzanita (Arctottaphylos patula Grcete) and chinquapin
(Cattanopit sernperaireu [Kell] Dudl.), while whole lengths of curreot shoots were
taken from bitterbrush (.Pursbia nidentata {Purshl DC.). For these brush species com-
posite samples were collected from 15-20 plants at each site. All samples were dried at
60"-70"C before grinding; one composite sample of each species for each site was
analyzed.

Chemical Analyset

After dry ashing oven dried samples, ao HCI exffact of the ash was analyzed as follows:
P by colorimetric determination with molybdovanadate aod K, Ca, Mg, Zn, Fe, and

Mo by atomic absorption. Boton was determined colorimetrically in an ash extract using
carmimic acid. X-ray fluorescence was used to determine S in the ground material.

Results and Discussion

The results of analyses are given in Table 1. Because this was not an exhaustive study,
no detailed conclusions or long discrrssion ale iustified; but where sPecies were Present
at four o! five of the sites, coosisteot difference in nutrient conceltratioos almos! cer-
tainly iodicare differences berween species:

1) Ponderosa, lodgepole, and white pines have coosistently lowet foliage levels of
Ca and Mg rhan snowbrush. manzanita. and binerbrushl

2) Iodgepole and white pine are higher in Mn content.han Pondelosa Pioe; aod

3) Snowbrush tends to be high in Fe while manzanita aod bittelblush ale low

in Mn.

Although other species occured at ooly ooe or two sies, the followiog marked dif-

ferences are of intelest:

1) The firs and hemlock are higher in Ca (but not Mg) than the pines; and

2) The firs, chinquapin, and Particularly hemlock have very high Mn levels.

Leaf's ( 1!68 ) review of the foliar K, Mg, and S levels in forest trees did not include

the species repofied in this PaPer. Comparisons with telated species, however, indicate

rhar in general, trees in Central Oregon have adequate K, low to adequate Mg, and de-

ficient to low S. The latter agrees with a bioassay of available S in the soil ( N7ill and

Youngberg, 1977). The authors consider S levels 0.06 Pelceot to be deficient. Io re-

viewing the tlace element conter$ of uee foliage, Stooe (1968) included grand fir'

Although the Mn content was in the high lange of species in this study, it was vrell be-
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low the 2272 ppm cited by Stone for grand fir. All the B, Zt, Fg and Mn figures re,
ported in this pape! appear to indicate adequate levels of supply.

'I'ABT,E 1. Foriase nurrieDi concenirations in rr.ce and bmsh species rrom iive siles in cenrral
uregon.

M c s Fe ,]In

Grand iir
Silver tir

^ U  0 . 2 A
wR 0.23
RII  0.2A
CH l ] ,2;
AU 0.1?
wR 0.1.1
RX'r 0.16
ct l  0.1?
c D  0 . 1 E
A U  O , I 4
wR 0.16
RM 0.14
CD O,]  S
AIJ 0.11]

TtIr 0.20
cD 0.20
AU 0.13
cH 0.20
wR 0.21
RM 0.20
RtI  0.14
RM 0.18
f tM 0.16
P"r{ 0.13

0 . 9 0  0 . 2 0
1 . 0 0  0 . 2 0
1 . 0 5  n . 2 2
1 . 3 0  0 . 2 ]
0 . 9  7  0 . 2 1
0.85 0.22
0 . ? 0  0 . 2 1
0.90 0-22
0 . 6 8  0 . 2 2
0 . 9 0  0 . 5 5
0 . 9 5  0 . 5 2
1.00 0.46
0.9 0 0.52
1 . 0 0  0 . 1 0
1 . 0 0  0 . 4 0
1.10 0.41
1 , 1 0  o , i s
0 . 9  5  0 . 1 0
0 . 9 5  0 . 3  S
0 . 9 5  0 . 3 ?
1.10 t t .23
1 . 1 0  0 . ? 4
1 _ 0 0  0 . 4 5
1.05 0.4]
0.64 0, :13
0 . ? 0  0 . ; 3

0 . 1 0  0 _ 0 0
0 . 0 9  0 . 0 8
0 . 1 0  0 . 0 6
0 . 0 !  0 . 0 8
0.12 0.03
0.12 0.0E
0 . 0 9  0 . 0 5
0 . 0 9  0 . 0 8
0-r  0 0.06
0 . 1 ?  0 . 0 6
0 . 1 5  0 . 0 6
0.16 0.07
0 . 1 4  0 . 1 2
0.23 0.0 6
0 . 1 9
0. l  r i
0.1,1 0_08
0.15
1r.16
0 - 1 4
0 . 1 1
0.10 0.09
0 . 1 2  0 . 0 6
0 . 1 2  0 . 0 6
0 . 0 s  0 . 0 6
0 _ 1 2  0 . 0 !

3 0  2 5  1 1 0
3 5  2 5  1 1 5
3 4  3 0  1 8 5
3 8  3 5  1 0 0
4',1 25 740
55 40 225
! 5  4 0  2 E 0
4 : l  3 5  3 3 0
5l  35 275
3 6  5 5  6 ;
12 60 120
1 8  5 0  1 0 5
i0 ?5 290
45 30 .10
3 3  3 5  8 0
3 2  3 5  L ,
4 0  5 0  3 5
3 1  5 0  2 5
1 3  5 5  3 0
2 9  5 0  2 A
:12 ii 5 23A
45 15 2.{0
3 1  5 0  ? u 0
33 10 a25
1 5  6 0  1 ? 8 0
1 6  6 0  ? 4 0

2 2
2 4
2 1
2 5
3 0
2 3
2 6
2 o
2 5
3 1
2 I
3 0
2 0
1 3
1 4

1 9
2 7

1 8
2 2
t 0
2 3
2 6
2 9
3 9

Summary

No marked differences in foliar nutrient levels vrere observed between sites, but rhele
vrere considerable species differences. The most noticeable of these were ( l ) high Ca
and.Mg in snowbrush, matzaoita, and bitterbrush, and (2) the great variation in Mnlevels. between species-lodgepole and white pines having higher ionteots than pooder_
osa pine, but nor neady as high as the firs and hemlock. Malanita aod birterbrush are
very low in Mn. Tree foliage levels indicate adequate supplies of all nutleots excepr S.
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