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ABSTRACT

Molybdenum, a neceésary metallic coenzyme for nitrogen

fixation, was measured in six northwest tree species., Con-

centrations in leaf-branch samples were lowest in Alnus rubra,

a nitrogen fixing species, and highest in FPseudotsuz2 menziezii,

The highest concentrations, measured in seeds of Alnus rubra,
#May be an adaptive mechanism 3llowing seediings to rapidly
v \}s_‘t«‘«\n'(\‘c»*ﬁ/iﬁ o g0 flmy mehn OM
begin nitrogen fixation. Alder freguently— ; ecut-
N »
over Douzlas fir stands. The high concentration of Mo 1in

Douglas fir litter may contribute to the succ?ss of these

alder invasions.
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INTRODUCTICN
Of the twenty-four elements known to be essential to

plant and microorganism zrowth, Tclybdenum 1s one of the

elght so-called trace elements or micronutrients, and—is—"—

requ&red~in:mery-small~amountéﬁ ¥olybdenur nutrition of

agricultural plants.has justly received ccnsiderable atten-

tion, yet its utilization bty forest ecosystems has re&yayed.
little study. This papef—reports resulté of an initial
study of the molycdenum distrioution in various Pacific
northwest trees,

World-wide intsrest in Tolybdenum begzn in 1942, wnen

it was discovered that as little as 1/16 oz Mo per acre

(4 g/ha) arplied to unproductive clover pasture resulted in

significant increases in clover rroduction (andsrson 1546).

Subsequently mclybdenum has opeen shown to be essential in
nitrogen-fixing and other plantsrj:hd to pe part of several

enzymes including nitrate reductase and nitrozenase

-

i ")"'\g "’“{"' N
(Anderson %zzii;ﬂg?néﬁetanci;qg-molybdenum in nitrogen-

< !%(L
fixers is first&sg;n.an & nitrozen deficizsncy.
o A

The molybdenum content of most soils is low, averaging

around 2 prm, and is very uniform in its distrioution (2ubins

1956). The availabllity of molyodéhum for plant uptake is

stfongly influencad by scil prH. 3elow.a rh of 5, molyodenum

1s almost completely bcund to colloidal surfaces and becomes

unavailable (Jones 13557).

The aver2ze molybtdenum content of plant leaf tissue is
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rerorted to e 0.10 ppm (Zpstein 1965). It is “newn that

sore plants c%n hizhly concentrate srecific elem=snts, but

no ¥nown 2ccumnulators of ﬁclybienum have besn found. Young

and Suinn (19€6), in one of the few intensive studies of
micronutrient content of forest tre=s, fournd an aver:.3e
conqentration of 3.5 rrm Mo in 6fgans of s=ven tree srecies

grQWing in Maine.‘ Mclybtdenum obcuﬁ?d in roots, tark, lesaves v
énd woody tiésue in order of Zdecreasinz concentrzation,

To initiate a2 study of the role of mclytdenur iﬁ the
ecoloay of northwestern forests, two studies were czarried
out, In the first. concéntrations of mclybdenum were deter-
mined in six cormon northwest forest trees to loox for
differentizl distritution. In the second, varicus tissues

of Alnus rubr2 were analyzed to determine if molytdenum is

concentrated in specific organs,

Red alder (Alrus rubri Bongard) was chosen as the focal

~point of this study bpecause of its imrortzince in nortn'nstorn

forest ecolozy and the possibility of its suscer ta01lity to v
molybdenum deficiency. It is a successful succession2l tree

because of its ability to-~fix nitrbgen, its very fast zrowth

(as much as 5 ft./yr.) and its ability to tolsrate and utilize

high lieht intensities. It arpears quickly on moist soils

after conifers have been reroved by fire or cutting, ded |

alder has 2 large blomasé of nodules 2nd 2 1igh fixation
efficiency/a?hgih 2g N/g dry wt. nodulesiﬁﬁeyer 1966%. j 7

Zavitkovski ah* Nzwton (1568) reported a rate of over 300

* ol (AS‘VWPaM-OQ,u,«xL\. 513 My N/% dJu-] ud.. nodlog {im wasa.wum
md 25€ mgN /g MIW:; dulza fo. Sela 4p.
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kg N fixed/ha yr in young'dense stands. The average annual

rate 1s rrobably 100-200 kzg/ha.

METHCDS
Samples were collected from a wooded irez of The Evergreen
State College camrus, Clympia, washington. The éoil in the afga
is 2 sandy loam with 2 pH ranze of 4-5,
Using special rrecautions, due to the niture of working

with trace juantities, a forty year old red alder was felled

‘and various orzans sampled., Leaf-branch samples frem alnus

 rubra, Tsuz2 heterorhylla, Thuija rlicatz, Fseudotsuzz menziezii,

Taxus brevifclia and acer racrorhyllum were 21so cecllected,

_Alder samples, excert sesds, and all other samrles, excegt

Douglas fir, were céllected and analyzed in May 2nd June 1375,

‘Local alder seed and Douglas fir samples were ccllected and

- analyzed in November 1975. An alder seed sample from Zlue Lake,

Humbolt Coa, Califofnia wW2as ;urchased and 2nalyzed in June 1975.
~ In the lab these samples were partially dried and zround
to a powder in a Wiley Mili and then fully dried cvernizht at
110f0; rrior to being weizhed for digestion,
The analytical technijue utilized 1ngg;gggqi_ archloric
acld digestion followed Dby a(52515—5;;;1;;ed%£§§§i?;uejﬁs1ng,
grarhite furnace atomic aosorption and a-staniﬁ;d addition

—~

method<ology tc overcome interferences. a full descrigtion of
this method cz2n be obtained from the author,
Due to time reguired to perfect the techniiue and certain

time liritations, only one 2n2lysis was conducted on each samrle



ekcept ilder-nodules; Some idea of the accuracy of thg
technique can be gained from two lines of evidence.

1.) An2lysis of tvo subsarrles from the alder nodule sz2mrle
gave r.asonably replicacle readinzgs of 0.40 zrd 0.45 prm.

2.) According to the standard additions method the accuracy

of an analysis is indicated by the dezres of linearity acheived
when absorbance is plotted 2zainst standzard 2ddition concen-
tration. Four different standird additions were addei to
aliquots of each sample. In eieven of thirteen samples, the
coefficient of correlation was20.38, in one sample it was 0.95,

and in the other 0.87.

RESULTS AND LCISCUSSICN

The concentrations of molybdenur in leaf-branch samples

ranged from less than 0.04 ppm in Acer macrorhyllum, alnus

rubra and Taxus brevifolia to 1.02 ppm in Eseudotsuz2

£

menziezii (gable 1-1). Alnus rubra, desyite its dependince

on molytdenum for nitrogen-fixation hz2d the lowest concéntration.
The concentrations of rortnwest trees averagé about

0.40 ppm dry wt. and are similar to the average plant tissue

estimate made by Epstein (1965). ‘On thé other hand, concen-

trations for northwestern trees are an order of magnitude lower

than the averzze of northeastern trees of 3.5 prm (¥oung 2and

Guinn 1966). whether this is a function of site is not

.presently'known.

The Douglas fir szample contained 2 suprisingly high

concentration of molytdenum, 21lmost three times higher than
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the nearest srecies. This relative zaccurulation of molyktdenur
by Douglas fir may have ccnsiderable scclogical éizhificznce.
Alder rezener:2tion 1s often very azgressive or cut over Douslas
fir sites, ' Increased concentrations-of Tolybderum cn the
forest floor resulting from years of Douglas fir litterfall
may te 2 factor in proroting azgzressive alder groxth. at 2ny
rate, the relative coﬁtént of soils underlying vzriocus zazed
Couglas fir stands shculd bte investigated.

The distribution of molybdenur in various tissues of

red alder ranzed from 0.01 rrm dry wt. for leavas and branches i

TM cmmﬂﬂbtw, 6fM°(‘1‘JszM uraq AUcL\M ot
to 2.02 for cne seed sarple, -

ﬂﬂww\bamhfawél .ﬁbuxm.buuudhg auﬂfﬁumk.unnJLcrﬂhauup 7“44t

Lsaxss;:::anohes.ané—;;unk:«eeé‘rouqﬂly rarallelsthe findings
This findang

of Younz and Guinn (196£€) for northeastern trees, althcuzh

total arounts are much lower,
The molycdenum concentrition in nodules is arrroxizately
double the highest concentration in 2ny vezetaitive tissue.

This suggests that nodules have a cipacity to concentrate the

element. This is to be exrected because nitrozenase, loczted

in the nodule, rejuires molybdenum,
The most surprising finding was the high concentration
of Mo in red alder seeds, 2.02 ppm dry wt, in rorthern Cali-

fornia seeds and 1.33 in lccal seeds. Thls concentration is

- aprroximately 15X the averzze for vegetative tissue zand 4X that

of nodules., Sitilarly Lavy and 3arber (1963) observed Tolyb-
denunm accuwulation in the seeds of soy beans. Investigationé

of this phenomena should be carried out to determine whether
o pwatead | \/\Wm\wc&.moxz ot
accurulation is sixzply pfysiclo g cal ' adarptation,

s




The relativély h;;h concentr:ticns in seeds may be importaht
in the ecolozidal'strategy of red z2lder. = stockrile of
molybdenum in alder seeds may 21low rapid est:blishment of
the seedlings nitrbgen fixiﬁg‘capacity indererdent, initially,
of soil ccﬁéentfaﬁiohs. .
. Manj_importint qpestions remain unanswered éhd deserve
discussidn ané reseérch, esrecially thzt of the interictions

of rd, Mo availabiliﬁy and growth resgponse. It has been shown _
that alder actually acidifies the soil down to the soil rH
range of 3.8-4.8, arrroximately ﬁne rd unit lower than conifers
(Uzolint 1968). Contrary to what one rizht expect, mature red
alder seems to lack nitrozen or molytdenum deficiency symgptoms.
This suggesté that the trees are able tc obtain an aideguate

suprply. Perhaps Mo becomeé available through mycorrhizal

associations or aldsr 1s capable of 2ltering soll chexmistry

.so that Mo becomes availaple. Neal et 2l, (1968) state that

"ectotrophlic mycorrhizae on red alder increzse nutrient abscrb-

ing capgcity and alter soll chemistry and microbial ropulaticns
in the rhlzosphefe. Haten (1537) showed that rines with
mycorrhiza absorbed siznificantly higher amounts of pnosghorus
thar other nutrients in relation to non-zycorrhizal pines,

The chem;éal activity and availability of rhospherus in acid
soils is similgr to molybderum, Mitchell (1964) st;tes that
uptaké éf Mo from 2cid soils can occur if the orgaric matter
content is nich. Fresum2bly organic chelation protects Md from
:entry into 1nsoiuble ccmpocunds. arnother possible scurce of

molybderum is from decorrcsition of czrbcnaceous rlant remains
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in anaeroblc soils which can lezd to incrszsed soluoilization
of trace element complexes cf Zn, Co, Mo, Cr, and Cu on

watarlogged 1land (Ng and Bloomfield 1961, 19€2).
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Table 1-1. The concentration of molybdenum in ppm dry weight
of leaf-branch samples of six northwestern trees and specific

tissues of red alder. - (# estimate only)

SAMPLE ____CONCENTRATION

Leaf-Branch Samples

Alnus rubra O.Ql
Acer macrophyllum 0.03
Taxus brevifolia 0.03
Tsuga heterophvlla 0.20
Thuja plicata 0.37
Pseudotsuga menziezii 1.02

Alnus rubra Samples

bark : 0.14
branches 0.01
large roots 0.19
leaves . 0.01
fresh litter - 0.109%
nodules (subsample A) 0.40
nodules (subsample B) "~ 0.b45 ‘
seeds I v 2.02
(Calif, sample) .
seeds II : : 1.33
(local sample)
trunck wood 0.01%
: il
Control 0.04

1. Data below the control concentration represent analytically
insignificant amounts.



