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Elfects of Volcanic Ash on Soil Nitrogen Mineralization
and Accompanying CO, Produclionl

Abstiact
For,four dom inant .agr;cuftural soils from eastern Vashington, treatment with moderate to hea\,y
i34S11191:, d ash from rhe 18 lvfay J980 etuption of Mt:St. 

'Hetens 
ii"tiiJ-i" . slieht <leieas!rn mrcrobral acrvrw o. evrdenced bv co- evolurion. bur in littre chanSe in the amount 

_of 
inorganic

} t-:95.d-lr:llg a standardized 2s.day iocubarioo. m" iri*-i'"*- "i i,ii"tiici.or magnitud-e toarrert crop produflron or rhe ni.rogen levels of grouodwarers in rhe region.

Introduction
Crops in eastern lfashiogton typically obaia one-third to one_half of their annual
nitrogen needs from the mineralizatio,n of organic soil reserves (leggett 1959). The
eruption o{ Mt. St. Helens oo 18 May 19g0 covered much of eastern Washington,s prime
agric'ulrural land with a layer of volcaoic ash. Aoalysis of the ash has demonsirated
relatively high levels of soluble salts (Fruchrer et al. l)80, Table 5) which have
previously been shown to affect nirogen mioeralization in soils (Agarwal e, al, 1971,
Brqadbent and Nakashima 1971, Heitman 1975). It additioo, asli constitueats such
as toxic memls may adversely impact soil microbial transformations.

Addition of nirogen-free inorganic salts to soils generally teqrlts in inceased
rnorganic nitrogen production (Agawal er al, 1971, BtoadbetLt and Nakashima 1971,
Heilman 1975). The mechanisms tesponsible for the increase are not well understood

1t91 
aCreed u1nn. Salts do not appear to increase microbial respiratioo (Agarwal et al.

1971). Nitrification has generally been inhibited concurreotly, although the increase
in ammonium lwels is usually much greater than the coreslnnding decrease in qitrare
levels (Agarwal e, al. 197I).

The volcanic ash that exteDsively covered eastem \Tashington croplands may have
crsated a salt effect similar to that in the laboratory e>,priment" desctibed abo,ve. The
purpose of this study was to determine the effects of volcaoic ash additions on soil
nrtrogen mineralization and mictobial activity.

Melhods and Materials
Four benchmark soils typifying several hundred thousand hectares of eastern Wash_
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ington cropla-od v/ere usd io this snrdy. Sioce bulk samples of these soils had beeu

obtained drree weeks prior to the eruption of Ml St Heleos oo 18 May 1980, they

did not include ash. Selected proprties oI the soils are listed in Table 1.

I|ABLE 1. Selected properiies ol the soils siualied.

SoitSeries Classilicaiion Inorsanic N! Total N Oryanic M.rtt€r

Riizville Calcicorthidic Haploxerou
Pachic Uliic Haploxeroll
Xero ic Camborthial
Xerollic Camborthial

ppm %
6.5 9.7 525 1.5
6.2 8.8 1405 2.2
7.1 3.1 585 0.8
6.8 41.7 649 1.8

"NOr- + NH{+

Each soil was sa.rnpled to a depth of 15 cm, plared in an a.irtight plastic bag aod

frozen until subsequent usage. The ash used in the study was a comPosrite salnPle

collected from the ashfall at Pr:llmar:, !flhitrnan C.o., \Fashington" Average chemical

aoalysis of sarnples collected statewide is shqwo in Table 2 (Fruchter e, 61.. L9a0).

TABLE 2. Averase chemica.l prope ies oI volcanic a.sh from the 18 Mav 1980 eruption of Mt. St

Helens (Fruchter et al. 19s0).

(%> Total Analysis ( % )

siol

CaO
NaeO

Waier-Solubls Constiiuenis (ai 1:1 waier content)

CI
Noi
san'
Mn*

p H  ( 1 : 1 ) EC (mmho/cm) ,  1  :1 r
50% H,O conlentb

acalculaled as > cations (meq/liler) :10.

bTo approkimlc saturarion extract valups.

After air dryiog the froueo *1|Iot 24 hrs, 15 g subsamples were Placed in 125 rnl

edenmeyer flasks Moisture contmt was determined by weo dryiog a separate sub-

sample. Sufficiert ash to provide the equivalent of 0, 45,90, 134, 224, ar 448 mt

ash/ha-L5 cm of field pil was mixed with dre soil io Each flask. Water was added

to prwide a moisture co,ntent of 30 percent by weight, aod each resukant mixture

was distributed with a spatula around the periphery of the flask bottom. Four milli-

liters of 1N KOH were placed in a small cup which was ther Placed in dre bottorn of

each flask to trap the C& evolved. Flasks were stoppred and incubated at 25" l= 0.5'C
fot 7, L4,27, w 28 days. Every 3 days flasks were aeratd by remwing the stoppers

foq 10 mioutes. A secoqd set of flasks, without COz trap6, were used to moaitor soil pH.

Ali CG, trap6 wete aoalyzed weekly by ttansferring ffap cortsnts o a 125 ml

edenmeyer flas\ adding 10 ml 1 N BaClg and titrating widr srandardized HCI m

the phenolphthalein endpoint. The CO2 traps were then refilled widr the flasks re-

6 5 . 0
1 6 . 9

4.8
4.9
4.6

2.2
1.5
0 . ?
0.4
0.1

Mco
K'o
Tioe

MnO

(mel1, raDee)
1 0 0 - 3 8 0

0 - 5 1
260-1200
3 . 3 - 1 8

5.7-6.9

8 1 - 3 4 0
1 1 - 6 5
2 0  - 6 6
8 5 - 5 E 0

1 . 0 - 4 . 1
1.9-8.1

Na+

K+
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incutnted. The COr wolved during successive time pedods qras zummed m give cum_
ulative COz evolved for each ffeatmenr.

At weekty intervals one flask from each tlEatmetrt (0, 4j,90, I34, 224, <x 44g
mt ash,/ha ) was extracted by shakiog wirh t0 ml of 2 N KCI for 45 minutes. lxtracts
were then filtered aod analyzed for NHa* and NOa- using a steam distillation pro
cedure (Bremner 1)65). pH values for the secood set qf flasks *ere measrred oiins
a 1:1 (w:v) soil: wate! suspnsion, following a J0-minurc equilibration period.

Results and Discussion
The effect of incorporated ash on micobial activity can be estimated from the COz_
evolutioq data (Table 3a). Evolution qf CO2 generally decreased with increasiog rates
of ash application, with the lowest CO: evolution (least microbial activity) usually
associated with samples amended with 224 c>t 448 mt ash/ba. Contml samoles of
Palouse soil from \Thitman C-o. evolved less COz than ffe?Lrmen$ receivioj inter_
mediate rates of ash application, though the lowest rares of CO: evolution still cot-
respooded to rhe highest rates of ash amendment. Such mends may be related o the
high orgaoic marter content of the Palouse soil. Rates of COz evolution were con_
sistently, and o{ten &amatically, lovrer for the 14 to 2l day interval. Ihe reasoar for this
phenomeoon is uoknown, fo,r microbial artivity had increased once more by dre 21 to
28 day interval. The uend may be related to cyclic senescence of sample biomass (Kaapp
1980) .

The heterotropic organisms responsible for COz evolution are also large$ respon-

TABLE 3. Trends over limc 1or cumulative CO, evoluiion, inorsanic N retease, and pH of ash_
amenrteat soils.

(a-)
Days of incubaibn

1 4  2 1  2 8

{ b )
Days of incubation

1 4  2 1  2 8

(myha)

0
4 5

1i t  4
224
4 4 8

4.2

5.8
4.7
3 , 8
3 . 8

4.8

4 . 6

3.5

9 . 8
1 0 , 6
10.2
1 1 . 2

8 . 6
8.u

25.9
2 0 . 0
24_2
22.4
23.1
2 0 . 5

10.{ '
9 . 9

9 . 4
E . 2
E , I

?.8
? . 1
6.9
6.8
6 , 4
5 . 5

? . 0
7 . 7
7 .5

5 _ 5
5 . 6

4.0
3 . 4
i . 0
3_1

0
,15
, 0

1: t  4
224
448

4 5

4 4 6

0
4 5
! 0

1 3 4
224
4 4 3

CO, evolved (ms-C/100s soi l ) Inorsuic-N release (I}pm)
10 .s  14_6
1 1 . 6  1 6 . 4
1 0 . ?  r  6 . 5
1 1 . 7  1 6 . 5

9.4 12.2
9 . 8  t Z . 6

] ]0.7 40.9
2 5 . 7  3  2 . 5
zt .o 35.7
27.4 34.5
2 8 . 1  3 4 . 6
25.0 21.7

1 3 . 0  1 6 . 8
12.4 15,1
1 1 . 5  1 3 . 8
1 1 . 5  1 4 . 0
1 0 . 1  \ 2 - 4

0 . ?  1 1 . 6

9 . 3  1 1 . 2
8 . 5  1 0 . 0
E . 4  9 . 9
8 . 4  1 0 . 3
' t .6 8.9
6.4 7.5

5.6 76.2
5 . 0  1 6 . E
7.7 17.7
7 . 8  1 6 _ 9
4 . 9  1 ? . 0
6 . 9  1 8 . 4

3 ? . 9  5 2 . 9  3  7 . E
3i .1,  50.2 46.0
36_5 52.5 47.7
4\ .2 3E.5 47.9
45.2 14.'t 53.8
15.7 40.0 50.1

19.9 25-3
18_8 21.0
1E.5 20.5
1 9 . 2  1 9 . 9
18.5 22.5
18.0 20.2

25.2
40.1
3  8 . 5
4 8 . 4
50_7
59.2

1 5 . 2
1 2 . 9
15.4
1 3 . 6
1 ; . 9
1 3 . 2

i ; .0
5 . 2
5 . 0
5 . 0
4.4
4 . 0

6.0 7.5
7.0 7.5
6 . 3  9 . 4
? . 0  0 . ?
6 . 5  1 0 . 0
5.5 13.5

5 . 9  9 . 0
6 . 6  9 . 4
5 . 8  9 . 1
6 . 9  8 _ 8
5 . 1  9 . 8
4. :J 7,4

1 0 . 2
12.2
1 1 . 9
12.2
11. i1
14.3

1 1 . 1
12.2
1 1 . 6
1 0 . 6
10.9
L E

r72 Smith, Owens, and McNeal



r

Rde oi
ash

Soil addition conductivily" 0
Days oI incubaiion

? 1 4 2 1

sible for the mineralization of organic nitrogen; therefore, lower tates of COz evolu-
tion notmally would be asrcciated with lower tates of inorganic nirogen productioo.
Data in Table 3b sho uz malry deviations from this anticipated ffend, however. The
Varden, Ritzville, and Shano soils, fot example, ptoduced more inorganic niuogen
in 28 days in the presence of added ash. Paradoxically, the Palous€ so,il contol pro-
duced a greater amount of nitrogen thao several of the ash-tteated Palouse samples,
despite an oppooite trend with resFct to COr production.

Since nitrification ( conversion of NHat to NOs, with corcnrreot lelease of H*)
teods to lower soil pH, the effect of volcaqic ash additions oo soil pH wete examined
(Table 4). The largest ash-asociated change in pH after 28 days of iocubation was
a funher deuease of 0.4 unis for the Ritzville soil at the 448 mt/ha ash applicatio{r
rate. Ash-associated changes in pH did not continue over time. Lowering of soil pH
can borh solubilize orgaoic mafter and adversely affect soil microbial populations. Lowet
pH is particulady inhibitory to the aitrification process. \fith the relatively small
changes in pH observed in this study we do not consider the possibilides of advetse
pH changes following ash incorlnration to be particulady great. The majo,r pH cbange
for the lfi/arden, Ritzville, and Sbano soils occutred in the first seven days of incuba-
tion, with subsequent changes inconsistent and of considerably smaller magnitude. Only
for the Palouse soil, with its la.rge organic maner content, did the pH continue to
decrease with time. Furrhermore, the magnitude of the pH decrease for this soil
appeared to be independenr of the rate of ash addition.

Data such as those of Tables 3a aod 3b are difficult to interpret precisely because

4ABLE 4. Electrical conduciivily, and p}] trends over time, ior ash-amenaleit soils.

0
4 5
9 0

1 3 4
2 2 4
4 4 8

3 0 3
354
3 9 4
4 6 5
5 8 6
9 0 9

6 4 6
6 4 6
6 4 6
? 8 E
9 0 9

1 1 9 2

6_20
6.10
6.00
5 . 9 5
5.90
5.90

5.7n
5.1-5
5 . 8 0
5 . E 5
5 . 7 0
5 _ 6 0

6 . 3  0
t ; .20
6 . 4 0
6 . 0 0
6.00
6 . 0 0

6 . 0 0

i i .15
6.10
6 . 0 0
5 . 9  5

6 . 7 0
6 . 3  0
6_3 0
{ i .40
6 . 4 0
6.42

pH

5 . 7 4
5 . 6 0
5 . 6 0
5 . 6 0
5.57
5 . 5 0

6.35
6.20
6 . 2 0
6_08
6.14
6 . 0 5

6.10
6.13
6 . 1 0

6 . 0 9
6.09

i i .6 5
6 . 6 0
6 _ 5 0
6 _ 3 0
6 . 4 0
6 . 2 8

6 - 5 0
6 . 1 8
t i .15
6 . 0 2
5 . 9  8
5 . 9 7

6.51

6.49
6 . 4 0
6.30

5.70 5.60
5.55 5.42

5.50 5.46
5.49 5.41
5.45 5.34

2 1 4
3 6 4
3ir4
4 5 0
5 6 6
9 2 9

2 6 3
3 1 3
3 8 8
422
5 1 3
8 ? 9

0
4 5

1 3 4
224
448

0
4 5
9 0

1 3 4
2 2 4
4 4 E

1 5
9 0

1 3 4
221
448

6.80
s.?0
6 . ? 0
6.?0
6 . 6 5
6 . 6 0

6 . 5  5
6.55
6 . 5  5
6 . 5 0
6 . 4 0
5.80

7 . 1 5
? . 0  0
7 . 0 5
?.10
7.! .0
? . 1 0

6 . 2 2
6 . 4 0

6 . 0 7
6.10

6 . 2 2
6 . 3 5
6.40
6.12
5.98
6 . 0 5

6 . 3 0
6 . 3 2
6_30
6.10
6 . 0 5
5 . 9 0

6 . 5 0
6 . 4 0
6.40
r i .40
6 . 3 1
6 . 2 3

I.l,iizrille

'E.C. mea.sured on 1 :1 (w:v) soil:H"o basls.
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of rhe numerous coocurrenr ttansformations which occur in incubated samples. For
example, the \Tarden soil evideoced its peak inorganic niuogen content at 14 days
for the 0 ro 90 mt,/ha rreatmeots, rl'hereas values lor the 134 to 448 mt/ha treatme[ts
contioued to increase over the eorire 28-day period. The later values were also consid-
erably greater thao the former. Until this effect diminishes, there could be ao increase
level of ioorganic oitrogen available for crop grorvth in the \farclen soil. The first
tluee treatmenrs (control, 45 mt/ha and 90 mt/ha) for the \Warden soil appeared to
actuaily be immobilizing inorganic-N after 14 days, wen though the I34, 224, anA
4.18 rnt' ha treatmeors still evideoced net mioeralization duriog the entire period of
study.

There rvas relatively lictLe difference bets'een conttol and treatment samples v,ith
respect !o CO: evolved or inorganic-N produced for the Palouse, Ritzville, or Shano
soiis ( Tables 3a aod 3b). The amounts of soluble salt added in the volcanic ash
( TaLrle 2), even ar d1e 224 r.x 1t48 mt,/ha rates, dicl oot appear sufficient for produc-
tioo of a stimulatory salr effect. The stimulatory effect could be somewhat masked,
hox'ever, try moisnue tension effects or by the presence of other constitueots in the
ash ( srich as trace meta.ls) which might be mildly toxic to soil microbial populations.
Such an interaction is suggesred by rhe opp<xite effects observed with respect to COz
pr^ ru . r i . rn  rn , I  n i r rogen miner r l i z rc ioo  ra res .

Concluslons
For four cloninant agriculrural soils ftom eastern Nfashington, treatmenr with moderate
to heavy applications of ash ftom the 18 May 1930 eruption of Mt. St. ftrelens resulted
in a slighr decrease in microbial activiry, as evidenced by CO, evoluriorr. For three
of the four soils, there v'as little change io the amount <.f inorgaoic N produced during
a 28<1ay incubation, sug3esting rhat there sho rld be no change in either plant-available
nitroqen or io runoff or leac-hing of niuogen as a result of ash incorporation_ An io-
crease in plant-available nitrogen following ash incorporation appears probable for
cfops grown on the $Zarden soil, possibly due to microbial stimulation when the
salt piesenr in volcaoic ash is superimposed on already-elwated native levels of salinity.
Ash incorpntation initially lowered soil pH by 0.2 to 0.4 units at the 224 to 44g
mt. ha rares, but no consistent changes in pH were evideot over time. Vhile elfects
oI the ash on dominant agriculrural soils from eastetn I(/ashingoo are generally con-
sistent ( decreased CO2 evolurion, unaffected or slightly affected N mineralization, de-
creased pH ) . these effects are of insr-rfficient n-ragnirude to affect crop prodr:ction or the
nitro.qen levels of grouodwatefs io the region.
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