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Soils under v
Artemisia iridentata, Populus tremmdoldes,
and Abies lasfocarpa were ai monthly vals
dnring 1974 and 1975 to determine the magnitude of seasonal
i nutvient Resulis may be summaized
by expressing minlmasl values observed in 1974 as a percentage
sitrate 279, ammoniam 307, phospharus
4597, petassium , ealdiwm 779, magnesiom 829, sedium
609, and organic watter 809, Nutrients were most available
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SOLLS

Six Rocky M ountain Yeget

ation Types'

since it was neither planted nor caltivated in 1975 st ograzing
pressure has allowed Poa aiensis 1o invade the Jowest three
i Fhre Fesiice stand Tay aboul 7ok boside of Durdcinai, Maon-

the Psendotsuga stand lay :1})pmximuleh' 2.5 km east of

it in Sypes (u.)}m;, the Aviemisia and Pulmuu iund% lay be-
tween these, and the Abies stand Jay approximately 12 X to
the portheast i the Bid (‘m-}cm.

Plant names fotlow Hitdheock and Cronguist (1978). Common
names of the plants discussed are Ahies lasiocarpa == subalpine
(ir, Arvivenisia bidentata o hig webiush, Agrepyron spicalum

sbrunch

wheatgrass, Carex geyeri etk sedge, Conium
poison hemlack, Festuca idahoensis idaho fes-

contorta -z lodg 'l\()EL' pine, Poa ;in‘(zl('mis ken-

ass, Populus Geoudoides - aspen, Pirndolsuga

menziesil ]‘:\m-,;l.n fir. Sa7#2)/}/;:,:;1'({1){)(1.& albis u\\«h(ln,

Friticum  arsiiviom wheat, and Pacomium s o
growse whorticherry,

Soil names follow Soil 3 (1975), Solum depths

am H8 1o 81 cm, wvel contonts were nevey greater

and the soils were esentadly stone-fyee except in

one of the Abies stands where they occupied about 2579, of the

profile. Soil color hues were in the Munsell 10 year yange; moist

1

(S

o vahiues of .lw cpipedons weie in the 2 10 8 range except
in the neayonahic soil of the dhles site where they were 35
inoiss and 6 dry; moist color values in the subsoil were 4 through-
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within | pv-;m;%m-m]\ stahed point. A second :"n'pli,;itc)
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vith cach et Lmples s narient we  atlvibuie the
varintion described below te soawonal chunges in soil quality
o rcassure antwelves on this paint we processed all sml)]
taken in 1975 at one time; the nine monthly samples fiom a sub-
site-horizon were ground and analved as o unit to mvoid con-
founding  possible fation in lab procedure with  scasonal
changes in soil nntvient svailability. Again the qualitics of a
contrel sample subinitied 1epeatedly did not vary. The con-
trol sample was a carefully homogenized sample of Am
sitt loam sabimitted as a lab standayd with each run.
Al sl anahaes weve made by the MSU soil testing haibora-
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The vegetation types and their abhrevia-
fewm '1('”21'11”1 (TRAE), mwiwu idahoen-
Arviemisia trideniala (4 ) Pseudolsu-
g (PSME), Populus tremuloides (POTR)
and /fuzf' ummm},m (\B’!,A) Average stzmdard er-
rors associated with the points })]‘Cscmcd are indi-
c';aicd by imr of vertical bars at the top of ecach
i Pand 20 the Teft burs indicate the aver-
age O 1( i w:m]dld ervor and the right bar indicates
)hc average 10-30 cm standard ervor,

Fhosphorus, nitrate and ammoniam vary together
with seuson (Fig. 1, 2% In both 1974 and 1975 peuks
m the (ilabili ty of phosphate, nitate and ammo-
NI apPBear in (3;n‘iy fall (Sept.Oet) in stands of
at. Artewisia, Psendotsuga, '~nd .ij'ulux.
apears in the spring of 197 R

July phosphorus data fmm Festuca E A55-
the Aviemisia shrubland, and Hm Prendolsiuga

-"" 7(«&{»“

Y z”r»[(mim forests. A spring peak is aso s
}9‘24 nitrete data from the wheat field, Py
ff,. S i forest. 'The 1:1111" peak did not ap-
pe ps because air temperatures were

yy ¥ oand niteate under six I(K]\) Mount
ayer, and the light line

Vs om g s b

yeistion ypes. The keauy line shows
shows nufrient availabhifity in the 1 10 36-an fayer, See text

[9XoF ol

C below normal in Febroary, April, and May of
1975 while there were 2°C above normal in April,
June, and July of 1974

he pH o drepped in Getober 14974 at the same time
that phosphorus, nitrate an i mnmonium were rising.

anwum availubility peaked T month earlier (Qcpi

174 i stands of \thl 1’ estuca, Aviemisia, and Pseu-
:lr»lwga Q\x fum availability ')mk(‘f 2 months carlier
(August 1974 in all \(wtmun types studied.

,me] Hc caled um, magnesium, and organic matter
varied Hode and showed no se: ’son‘z] treuds either with-
in or hetween vegetation types. Coelficients of varia-
tion (stundard de *\’i"ufm’;/f’iw'm) 40ross seven wmonths

ol 1974 average 942 59 for ¢ ](umz, G 097, Tor mag-
nesnon, and }i + 59 for org;mx( matier.
,uwmfz(‘;nn dmn'fcs in nutrient availability with

N um have been shown in ofhm vegetation types. In
Pritish {ields nitrate, phosphorus, and potassium all
?:n:;((mae more available in the fall (Russell, 1961;
Blakemore, 1965; Garbouchey, 1965).  British De-
scham psia grasslands show spring peaks in wimmonium
and phosphorus and a fall peak in nitrate (Davey and
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for further caplanation.

CFaylor, 1974; Gupta and Rorison, 1975). Stream water
from deciduous forests of the eastorn US carry large
amounts of annmonium, nitrate, phosphate, potassium,
calaium, magnesium, and sodiwn in the fall and spring
(Likens et al,, 1977); this is duc in part to the seasonal
pattern of water discharge, but it may also he due to
seasonal variation in the availability of nutrients to
leaching.

The size of a nutrient pool must depend on inputs
to and withdrawals {from it {e.g, Cole et al, 1977;
Reuss and Inuis, 1977). One can speculute () that P
and M availability rise in the spring bhecause nidly
decomposer  populations release nutrients

T LY
arowing

Nore 1':},}1‘)3(31}! than they are absorbed by relatively in-
active plantsy (i) that N and P availability fall in the
surnmer becanse plants growing logaritdimically absorb

nutrients faster than decomposers release them;  (idi)
iliat the autumn rise in availability is due to high
raicyobial activity after avtumn vaing, the coniribution
of new substrates by senescing planes, and with rela
tively low plant activity; and  (iv) that the decline
in availability of el micro-

te autumn 1s due ta lowe

bial activity coupled with continued slow uptake by
plants. The pi drops in the {all when N and P be
come more available; this may be due to release of
GGy by decomposers. The reason for earlier fall peaks
in sodium (August) and K (Seprember) is Jess clear;
perhaps naterials are leached from aging plants in
that order (Tukey, 1971y or perhaps they are being
released from microorganisins in the declining microbe
populations (Blakemore, 1965).

Seasonal tvends in nutrient availability under Fesiu-
ca, Aricmisia, Pseudatsuga, and Populus vegetation
Below 1,900 m were strikingly similar and notably dif-
fevent from thase observed in an Abies stand rear 2,000
m. Thore was less variation across season in the Abies
stand; spring and fall peaks disappeared {except for
soditnm) and a weak midwinter peak in ammonium,
nitrate, potassium, calcium, and magnesium appeared.
Onemight attribute the differences to a greater stabil-
ity of the soil environment in the Abies {orest; (i) due
fo its constant winter snow cover, soil temperatures
at 10-20 cm probably stay necar 0°C from November

through May {and rise 10 5-10°C in Angust) while

e
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soils in lower stands with discontinuous snow cover
are more thoroughly frozen; and (ii) periods of soil
water stress are smmhcamly shorter (or nonexistent)
in the Abies stand than in lower Festuca, Artemisia,
and Fseudotsuga stands (Weaver, 1977). The tendency
of ammonium, nitrate, calcium, and magnesium to be
most available at mnidwinter may be due to constant
slow microbial activity coupled with little uptake by
trees L,\pewd to harsh abme snow condmons
:“pf‘”")n of Fig. 1 and 2 suggests that if one <am-
pled natural vegemnon in January-March he would
neasure minimum nutrient availabilides, if he sam-
pled in May-July he would meaure normal growing
season levels and if he sampled in %eptcmbe: -October
he would find maximum nutrient availabiiities. As
a standard sampling period the winter or sptmg may
be better than the fall because availability is ol rang-
ing less z;i}ndh Since availability may vary little in
stands with deep snow cover, the seasom of sam-
pling is less important in such stands.

Variation in Nutrient Avaliability Between Yeaxs

Niwate, phosphorus, zmd potassium were studied
in botlhy 1974 and 1975; all three were less available
in the second vyear. The smkmg drop in the avail-
ability of wme nutrients in ihc‘ wheatfield was un-
doubt céiv due o plant u}»takc‘ as noted above, the
field was (*swntmlly plant-free in 1974 and was vege-
tated in 1975, Severe drops observed in other vegeta-
ticn types may have been due to differences in weather
noted above: the spring of 1974 was warm and dry
while the spring of 1975 was cool and normally moist.

e

Average ‘Nutrient Avz zilabil Ei), m Six Variously
Vegetated Stand

Since the qu'nmuu of nutrients avai Abk in soils
vary between vegetation types ((mm 1959; Dauben-
m..s"t’ 1968; and W'cn(’ }‘)7(}\ quantities of mun(ms
vailable (average of scven measurcments made be-
twees May and Decemnber of 1974) in the top 10-cm
af the soils we studied sre expected 1o vary between
stands. Average nitraie-N under conifer forests ranged
from 2.5 to 2.9 pi..:r; while under other VCS’U«M’O}‘;
types 1& ranged from 3.0-3.9 ;nml Ammonium 'mm»reﬁ
was also less available under conifer forests (;. 49
ppnl) than under other natural vegetation (70-78 ppm).
Bray phosphorus may be more available under forest
than grassshrubland types. Potassium availability de-
Ei:;cd up the water gradient from a F(sz‘um grassland
674 ppm) to sn /‘z?omx forest (“‘%/ ppm). Calciun avail-
b\ﬁ.,y f,’mlu ed similarly up the water m(dmﬂ’ {rom
Festuea grasstand (21 ppm) to an Abies forest (11
apin) except 1a lof‘uhs groves (2% ppm). \hgnumm
ibility was }(ﬂﬁ under Azis:mmn shrubland and
ga forest (2.6-2.9 mﬁq/”}\} 9\ than under
Cration types (3.4-4.8 meq/100 g). Sodium
ut 0.4 wcq/lﬂﬂ g throughout the water
gradient. The ;Ii was 5.5 in the Abies forest and
6.2 and 6.4 under other vegetation types. Organic
matter contents lay in the 5.6- 6./% ange in all stands,
Trends in nutrient availability between vegetation
types shown in the G 1o Hion soil Loyer were repeated
in the 1 1o 50-om horizon.
A comparison of the 0- o 10- and 18- to 30-cm hori-
sons (Fig. 1) shows that organic matter is less concen-

[

content

Testing Lab. Soils were iden

trated in the lower layer, that pHs are similar or
slightly Tower in the lower horizon, that nutrient ele-
ments (N, P, K, Ca, and Mg) are less available in the
lower horizon except for P and Mg in the 4bies stand
where they are similar, and that sodium concentrations
do not differ between the horizons,

The soil of the wheat field studied differed from that
of the adjacent grassland in two ways. First, the dif-
ference between the 0- to 10- and 10- to 30-an horizons
is less in the field than in the gmqslund, this is prob-
ably due to mixing of the layers by plowing and/or
:rosion of the richest topsoil. Second, the ammonium
(62-37 ppm) potassium  (509-380 pprm), magnesium
(4.7-3.9 meq/100 g), calcium (19.6-13.9 meq/100 g)
and organic matter (6.5-5.09,) contents of the top 30
cm have all been reduced significantly (about 209 )
by 75 years of farming. The pH is lower on the far med
(5.7) than on the unfarmed (6.1) land. Nitrate, phos-
phorus, and sodium are apparently more available on
farmed than unfarmed land, perhaps due to fertilizer
application. Similar changes have been observed in
Ohio, Oklahoma, lowa, Texas, and Colorado (Schol-
lenberger, 1920; Garman, 1948; Thompson et al,
1954).
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Aspen Leal Extracts’

Paur W. AvarMs anp James R. Bovee?

ABSTRACT

%mi samples (<2 mm) from the A horizons of three zandy
i rmd(mols of varying productivity were chhtd with
water extracts of Populus grandidentata Michx. leaves. Labora-
tory leaching experiments were used to simulate n:m;r:.ai weather-
ing of seil minerals by hydrogen ions of crganic acids and the
complexing of cations by erganic compounds in the extracts,
All of the soil samples released significant amounts of Mg, K,
Wa, and Fe, and most relessed Ca. Using data for Fe released
by the Jeachings and existing data for subsoil Fe accumulation
and ground w es in similar soils, an esthnate was made
of the pumber of years of field conditions simulated by the
Iaberatory treatmeats. The annual elemental release through
mineral weathering fn the A borizon in each soil was then esth
mated. Although estimated Ca weathering vates were potably
s of Na weathering were :;omp.smbk‘ fo those
zol soils in New England,
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evaluate soil mineral weathering when the profile of
interest incudes selatively unaliered parent material
(2). This method can provide useful informadon on
total profile changes due to weathering and soil de-
\Ch)pm(’m but estimaies of rates of mineral weather-
ing obtained from this information are less reliable,

Hns paper outlines some laboratory experiments
designed to simulate several years of field weathering
in some Michigan forest soil samiples in order to esti-
mate current rates of cation release through weather-
ing in these soils, Natuyal organic materials were em-
ployed as weathering agents sinee 1t 15 likel by t that such
mwaterials play a primary role in the genesis of Spo-
dosols. The solubilization of mineral Fe by aqueous
extracts of fresh and decomposing tree leaves has been
demonstrated (3, 7, 16) and contrasted with low Fe
solubilization by .0 and COgcharged HyO  (23).
Iron and other elements have been solubilized through
:‘d(}lafOl) mineral weathering with erganic acids (4

2%y and the significance of cation chelation in such
)'C;x(’tions has bccn suggested (4, 28).

Soil samples used for the weathering experiments were col-
jected from thice forested sites at the University of Michigan
Biological Staton pear Pellston in northern lower Michigan,
This avea receives a yearly average of 794 om of precdipitation
and the mean annual temperature is 5.5°C (8, 21). The sites
vinated by Populus, Quercus and Acer species a )d Were
lier as gur)d intermediate and poor in
productivity (20%
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and, a sundy, m;\:d {rigid A¥ic Haplorthod. 'The upper
Bionvicons of this soil were formed in sandy outwash material
with an underlying horizon secquum of smilar or {iner textures
developed dawring an carlier pedologic period.

Saumples from the A horizon were collected from five plots
randomly Jocsted over a 0.5 ha aves at cach of the study sites.
The ‘mzlk samnples were un.:pwmui aiv dried, and ol material
rothrough a 2aum sicve was nsed in the weathering ex.

] i
CTIEE, Iuw(*]c size distributions of the componsites are

5 R\ﬂnmu «,and,
in decyp




	Seasonal variation in soil nutrients under six rocky mountain vegetation types
	Recommended Citation

	4356_001.pdf

