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The opportunity to study the revegetation of a large area
buried by volcanic ash comes but rarely. When in June, 1912,
following several explosive eruptions, Mt. Katmai ejected
from its crater about five cubic miles of ash and pumice and
distributed it over the adjacent region to a depth of fifteen feet,
gradually diminishing until at Kodiak, 100 miles to the east-
ward, it covered the island with a layer of fine ash ten inches
deep, such an opportunity was presented on a scale unequalled
by any volcanic eruption since the dawn of interest in such
matters. All vegetation near the volcano was smothered and
killed, leaving large areas covered with a finely divided soil
which, while perhaps containing the mineral requisites necessary
for plant growth, was absolutely free from organic matter and
micro-organisms. An abundant rainfall, and climatic con-
ditions favoring the growth of a diversified' flora, made this
region a fertile field of observation. Flanked on the south and
west by the abundant pre-eruptive flora, while here and there
throughout the destroyed area oases of plants are preserved,
this barren area will become, in time, again clothed with
vegetation.

The several expeditions of the National Geographic Society,
sent out under the direction of Dr. R. F. Griggs, had as their
primary object the observation of the revegetation of this
remarkable region. It soon became apparent that one of the
principal controlling factors, in the revegetation problem, was
the supply of nitrogen as a necessary constituent of plant
growth. Consequently the 1917 expedition was equipped with
the necessary materials and apparatus for making field determi-
nations of the ammonia and nitrite nitrogen content of the ash,
and for collecting samples with a view to further analysis in
the laboratory. This work was placed in charge of the author.
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The nitrogen supply for plants attempting to gain a hold upon
this otherwise fertile soil was made the subject of special study.
Not only were observations made upon the water soluble
ammonia and nitrite content of the ash, but determinations of
the total nitrogen content of the volcanic detritus were made
in the laboratory upon all representative samples. Determina-
tions were also carried out upon the pre-eruptive soil so far as the
tundra may be considered as representing it, and in addition
a series of observations was made upon the nitrogen content
of the rainfall and upon the water derived from melting snow.

Photogragh by D. B. Church

A CHEMICAL LABORATORY IN THE KATMAI REGION.
Only a chemist can understand the difficulties of making quanitative analyses

where one must carry his laboratory on his back.

Ammonia nitrogen was determined by color comparison
with a standard ammonium chloride solution, using Nessler's
reagent in 50 cubic centimeter Nessler tubes about 25 centi-
meters high. Nitrous nitrogen was determined by comparison
with a standard solution of sodium nitrite, using Griess's
reagent in the above mentioned Nessler tubes. These reagents
were prepared according to the directions outlined in the
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A. P. H. A. Standard Methods of Water Analysis, and were
carried to the field in small reagent bottles provided with a
special device to guard against leakage or contamination.
No attempt was made to use a set of standard colors, but each
determination was matched against standard solutions. On
returning to the laboratory the reagents and standard solutions
used on the expedition were checked up, and, in the case of the
nitrous nitrogen, a suitable correction for deterioration in the
standard solution of sodium nitrite was applied to the observa-
tions. A copper still was carried into the field, but fortunately
the use of distilled water was obviated by the almost complete
absence of ammonia and nitrous nitrogen in the surface and
spring waters of the Katmai district. Moreover, the water from
melting snow was found to be almost free from these nitrogen
compounds. (For a detailed statement of these matters, see
the following paper of this series, pages 230-234).

The samples of ash investigated were air dried on aluminum
plates, and 100 grams weighed on a small hand balance. This
amount of ash was then placed upon a previously well washed
filter paper in a five inch glass funnel, and leached with suc-
cessive portions of ammonia and nitrite free water until approxi-
mately 150 cubic centimeters of filtrate were obtained. This
filtrate was then made up to 150 cubic centimeters and 50
cubic centimeter portions used for comparison with the standard
solutions. A check on the results was always kept by testing
for ammonia 50 cubic centimeters of the last washings of the
filter paper previous to adding the ash. It was really surprising
how persistently traces of ammonia clung to the filter papers.
Moreover the ubiquitous ammonium compounds were con-
stantly being met with in the most unexpected quarters, and
the greatest care had to be exercised in preventing contamina-
tion of the samples collected for analysis. On one occasion
several samples of dry ash were carried to camp in ordinary
brown paper bags that had not previously been used in any way.
Irregularities in the analyses of the ash taken from these bags
led to the suspicion that even the dry ash had been contami-
nated by contact with them. A water infusion of the paper
bags, when treated with Nessler's solution, gave a heavy yellow
precipitate of the ammonia complex. Ever afterwards all
samples were collected and carried in glass or metal containers
previously well freed from ammonium compounds by efficient
washing.
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Table I contains the results of the analysis of a seven-foot
deposit of the volcanic ash in position. A mountain stream,
undermining the deposit, exposed the horizontal layers as a
cut bank, and this bank was cut into with a spade for over three
feet and samples taken from the exposed vertical section. The
analyses are the average of several closely agreeing results,
excepting for the determination of total nitrogen. No. 6 is
the average of two determinations.

The total nitrogen was determined in the laboratory on
ten gram samples of the air dried ash by a modification of the
Kjeldahl process. The diluted contents of the digestion flasks
were made alkaline by ammonia free sodium hydrate solution

TABLE I.
NITROGEN CONTENT OF KATMAI ASH FROM A DEPOSIT, SEVEN FEET DEEP, ON

OBSERVATION MOUNTAIN, ABOUT EIGHT MILES SOUTH OF KATMAI CRATER.

PARTS NITROGEN PER 100,000

NH8 NO2 Total N.

(1) Wind drifted layer,
(2) Top dust layer,
(3) Yellow layer,
(4) Gray layer,
(5) Terra cotta layer,
(6) Lower gray layer,

4" deep
2" deep
10" deep
32" deep
16" deep
18" deep

none
none
0.001
0.001
0.001
0.002

none
none
none
none
none
none

Mixed sample of all the above.

and made up to 200 cubic centimeters. Fifty cubic centimeter
portions were then compared in Nessler tubes with standard
ammonium chloride. Blanks, treated exactly as the ash samples,
were run concurrently, and the ammonia content of the blank
subtracted from that of the ash.

The lower layers of the ash deposit contained large pieces
of pumice. These were discarded and the analysis made on
the finer material. The relatively large ammonia content of
the lower 18-inch layer may be attributed to contact with the
pre-eruptive surface on which it rests. The upper layers have
lost, presumably to the atmosphere, what little ammonia they
may have possessed. It may be that all of the ammonia found
in the ash has percolated upwards from the pre-eruptive soil,
but the quantity is so small that it might equally well be con-
sidered to have come in rainwater. The eruption was accom-
panied by very heavy downpours, which would wash down not
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only the normal amount of nitrogenous products in the air,
but also any gaseous nitrogen products of the eruption. The
small total nitrogen content of the ash precludes any pos-
sibility of the vegetation securing its nitrogen supply by any
conceivable decomposition of the volcanic detritus. The
material deposited by the Katmai Crater came from the igneous
complex, and probably does not contain any of the sedimentaries
of the region through which the volcanics extrude. Sandstones
of this period, according to Stewart and Peterson1, contain as

TABLE II .
NITROGEN CONTENT OF ASH FROM VARIOUS LOCATIONS.

PARTS NITROGEN PER 100,000

NH, NO2 Total N.

(1) Wind blown ash, water saturated, on top of
snow bank

(2) Wind blown ash, behind Camp IV, Observation
Mountain

(3) Caked top layer ash on Observation Moun-
tain, north of Camp IV

(4) Moist ash, similar to (3)
(5) Ash one foot beneath (4)
(6) Sample similar to (3)
(7) Sample similar to (3)
(8) Ash along spring stream in which algae were

growing, Observation Mountain
(9) Ash four inches beneath (8)

(10) Ash, Katmai Mud Flow, Katmai Volcano
(11) Top layer ash, Katmai Volcano

none

0.004
0.004
none
none
none

0.002
0.004
none
trace

none

none
0.0004
none
none
none

0.00004

none
0.00004

none
0.80

high as 65.5 parts per million of nitric nitrogen alone. The total
nitrogen content of the Katmai volcanic ash is but 0.05 parts
per million.

Table II contains observations made on surface samples of
ash taken from the immediate neighborhood of the Volcano.
Little or no ammonia and nitrous nitrogen were found. Algas
were observed growing in the ash at the base of Observation
Mountain where a small spring arose. Determinations (8) and
(9) relate to this ash. The complete absence of nitrogen from
the sample of the Katmai Mud Flow is comparable to that of
the volcanic ash included in Table I, for the Katmai Mud Flow is

Stewart, Robt. and Peterson, Wm. The Nitric Nitrogen Content in the
Country Rock. Utah Agriculture College Experiment Station, Bull. 134. June,
1914.
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most probably a composite sample of the ashfall, formed by the
slumping of large masses down the slopes of Katmai immediately
following the eruption. The analyses listed in Table II were
made upon representative samples of the surface ash contami-
nated very little, if at all, from the pre-eruptive soil. There
may have been some admixture however, for the strong winds
of this region drift the ash for long distances, and have laid bare
the old soil on the exposed ridges and hills. The relatively
high total nitrogen content of (11) might well be due to wind
borne humus from the old soil, that found lodgment for the time
being upon the moist top layer of the finely divided Katmai ash.

TABLE I I I .

NITROGEN CONTENT OF SOME MISCELLANEOUS SAMPLES OF A S H .

1917. (1) Katmai River wash, seedling grass
Aug. 15. growing; cf, (5), pp. 226 and 2 2 9 . . . .

(2) Same, and close to (1), but seedlings
died; cf. (6), pp. 226 and 229

Sept. 15. (3) Kodiak Island, Pillar Mountain, Veg-
etation Station No. 14; cf. (4), pp.
226 and 229

1916. (4) Sample 33, Ka tmai Church, stream
borne; cf. (1), pp. 226 and 229

PARTS NITROGEN PER 100,000

NH 3

0.04

trace

0.012

NO2

0.0004

trace

trace

Total N.

3.20

3.20

O.SO

6.40

The analyses included in Table III were made for the
purpose of ascertaining whether the nitrogenous plant food in
the ash was the determining factor controlling vegetation.
The results must be interpreted in conjunction with the ferrous
iron and free acid content of the same samples included in
another paper2, although the nitrogen content of (1) and (2) is
very small and any difference appears to be in favor of (1),
yet in the light of the ferrous iron content the difference in
vegetative growth must be attributed to the well known toxic
effects of this compound. The ash designated by (3) in the
table was a wind blown drift on the flank of Pillar Mountain,
Kodiak Island, on which, after five years, little or no vegetation
had returned. Free sulphuric acid and ferrous sulphate were
found in this sample also, but not to the same injurious extent

2Shipley, J. W. Scientific Results of the Katmai Expeditions. VI. The Water
Soluble Salt Content, the Ferrous Iron Content and the Acidity of Katmai Vol-
canic Ash. Ohio Journal of Science, 19: 224-229, 1919.
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•as in (1) and (4). Sample 33, collected by Dr. Griggs in 1916,
was found to contain twice as much total nitrogen as (1),
in which seedling grass was growing, but the acidity and
ferrous sulphate content was so high as to preclude the pos-
sibility of plants surviving.

Martin Creek, the principal affluent of Katmai River,
flows in from the west and brings the drainage waters from

I TABLE IV.

NITROGEN CONTENT OF RIVER DEPOSITED PUMICE AND ASH, KATMAI RIVER,
MARTIN CREEK CAMP.

1917

July 1. (1) River deposited ash, Lupinus noot-
katensis in blossom

July 2. (2) River deposited ash, Lupinus noot-
katensis in blossom..

July 2. (3) River deposited ash, three foot
radius from (1)

July 2. (4) River deposited ash, three foot
radius from (2)

July 2. (5) Mixed sample from around several
lupine roots

July 2. (6) Mixed sample from around several
lupine roots

July 2. (7) Sample of ash, etc., two feet be-
neath (1)

July 2. (8) Brown humus soil, lupines growing..
Aug. 15. (0) Ash among roots of lupines, near

spring north of Martin Creek
Aug. 15. (10) Ash among roots of lupines growing

farthest out on ash deposited by
Katmai River

Aug. 15. (11) Ash around roots of ripened lupines. .
Aug. 16. (12) Martin Creek, black sand, lupines

growing
Aug. 16. (13) Ash bed of creek below spring, near

trail, sickly grass seedlings
Aug. 16. (14) Old soil sitrface, many plants growing.

PARTS NITROGEN PER 100,000

NHS

0.02

0°032

0.024

0.026

0.02

none

0.028
0.02

0.006

0.006
0.002

trace

0.004
0.004

NO2

0.00018

0.00018

0.00016

0.0002

0.00026

0.0002

0.0001
none

0.00006

0.00004
0.00006

none

0.00004
0.00008

Total N.

0.88

0.50

the southerly slopes of Mt. Martin and Mt. Mageik. This
area was to the windward of the Volcano at the time of the
eruption and consequently received but a slight fall of ash and
pumice. The pre-eruptive vegetation along its head-waters still
persists, and the frequent floods coming down throughout the
summer might be expected to scatter this vegetation far and
wide over the everchanging ash and pumice bars of the lower
Katmai Valley. Just below the junction of Martin Creek
with Katmai River lies an extensive flat covered by river
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borne wash of ash, pumice, and black sand. The latter comes
from the glaciation of the volcanic slopes of Martin and Mageik,
and with the great flood of 1915 became mixed in all proportions
with the ash and pumice of the upper Katmai, and spread along
the western side of the river valley. Towards the river the black
sand content gradually diminishes until the soil becomes
a pure mixture of ash and pumice. The loose texture of this
river deposited material was in striking contrast to the finely
divided, compact ash of the lower stretches, and offered a soil
where physical conditions appeared ideal for the growth of
seedling plants. Nevertheless the only plant taking advantage

Photograph by R. F. Griggs

A LUPINE GROWING ON THE ASH FLAT.
Although the soil is almost devoid of nitrogenous compounds as shown by the

analysis, the lupines thrive and produce seed in abundance.

of these conditions was a legume, Lupinus nootkatensis. These
plants were quite numerous and apparently were normal
and healthy, having produced an abundance of ripened seed
by the middle of August. Those growing farthest out on the
ash were somewhat stunted in growth, but this was not to be
wondered at considering that they had to withstand the buffet-
ings of many a fierce sandstorm in which their lower leaves
were cut to pieces by the sharp wind-driven volcanic ash. All
of the lupines examined had an abundance of nodules on their
roots. These must have been the source of their nitrogen for
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there was nothing like sufficient total nitrogen, much less water
soluble nitrogen, present in the ash for the sustenance of the
plants. Here we have Hellriegel's famous pot experiments
carried out by Nature in the field on an extensive scale. Culti-
vated soils seldom have less than 100 parts per 100,000 of total
nitrogen in the surface foot. Here the total nitrogen content
was less than one per cent, of this amount, and the water soluble
ammonia and nitrite content almost nil. The presence of
healthy lupines growing far out on this ash flat clearly indicates
that all of the essential plant constituents were present in the
soil, while the absence of all other varieties of plants pointed to

Photograph by R. F. Griggs

THE PUMICE FLAT ON WHICH LUPINES ARE STARTING.
The dark spots right and left are lupine plants similar to that shown close up on

the opposite page. The entire absence of all other vegetation
is very striking.

the lack of some essential constituent of plant growth. This
essential was no doubt nitrogen. The lupines were doubtless
provided with their necessary nitrogen by symbiotic relations
with the nitrifying bacteria in the nodules.

The first four determinations in Table IV show that the
growing plants have not altered the ammonia and nitrous
nitrogen content of the ash. Those determinations on the
original black soil, where plants were growing in profusion,
indicated almost the complete absorption of all the ammonia
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and nitrous nitrogen. The total nitrogen of these latter samples
would of course have shown a total nitrogen content comparable
to that of (13), Table V.

That the lupines were not found growing in profusion up
over the ash covered hills is probably due to the lack of inocula-
tion with nitrogen fixing bacteria of any seeds that may have
found their way onto the surface. The river bed ash has been
water transported and thus probably become inoculated with
bacteria from the pre-eruptive soil, but the ash upon the hill-
sides is lying as it fell five years ago.

TABLE V.
NITROGEN CONTENT OF TUNDRA, KASHVIK BAY, ALASKA.

1917

June 20. (1) Surface sample among roots
Tune 20. (2) Sample 6" beneath (1)
June 20. (3) Sample 18" beneath (1)
June 21. (4) Surface sample among roots
June 21. (5) Sample 8" beneath (4)
June 21. (6) Sample 24" beneath (4)
June 21. (7) Northerly slope, surface among roots.
June 21. (8) 15" beneath (7).' Tundra frozen below
June 21. (9) 18" beneath (7). Frozen tundra
June 22. (10) Sample from hollow in tundra, bare of

vegetation
June 22. (11) 18" beneath (10). On surface of sand-

stone rocks
Aug. 22. (12) Surface sample of tundra
Dec. 19. (13) Sample from first foot of tundra

PARTS NITROGEN PER 100X00

NH3

0.120
0.240
0.240
0.360
0.060
0.120
0.096
0.160
0.064

0.180

0.162
0.160

NO2

none
0.0012
0.0012
none
0.0006
0.0006
none
0.0002
0.0004

none

none
trace

Total N.

432^0

THE NITROGEN CONTENT OF ALASKA TUNDRA.

An opportunity for studying the nitrogen content of the
tundra was offered at our Base Camp on Kashvik Bay. The
tundra here is very shallow, seldom more than a couple of feet
in depth, and rests upon the decayed sandstone rocks of Jurassic
age. Small depressions occur at intervals, exposing the sand-
stone rocks below. Clumps of cottonwood and alder stretch
up the mountain slopes, while down toward the sea the tundra
is almost bare of large shrubs, but covered with a more or less
rank growth of grass and small flowering plants. Narrow,
invisible streams cut the tundra to the sandstone bed and run
down to the sea.
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The ammonia content of the tundra is about that of a normal
soil. Ordinary soils contain little ammonia, usually from 0.2
to 0.8 parts of nitrogen per 100,000. Rich garden soils may con-
tain up to 2 parts per 100,000, while Boussingault reports 50
parts in leaf mould from South America. Peat has been found
to contain as high as 18 parts per 100,000.

The nitrite content is much higher than that found in the
samples of ash. The surface tundra has no nitrites, as was to
be expected in an area well under-drained and subjected to
frequent rains. The nitrite forming bacteria do not operate
near the surface but are found in the deeper, darker layers.
The presence of much vegetable matter in the tundra, upon
which the nitrifying bacteria may work, accounts for the
greater proportion of nitrous nitrogen over that found in the
ash.

On the northerly slopes the winter frost had not left the
tundra by June 21st. Determinations made on the frozen
tundra did not indicate any marked difference between its
ammonia and nitrous nitrogen content and that already thawed
out. Nitrification is rather feeble at temperatures below 5° C,
and only begins to be really active at 12° C. A determination
made on August 22nd gives no indication of any material
change in the rate of nitrification with the season. Evidently
the cold condition of the tundra produced no change in the
nitrite content throughout the long frozen period.

The total nitrogen content of the tundra, 432 parts per
100,000, is considerably higher than that of the average culti-
vated soils. Illinois prairie soils contain 308 parts per 100,000,
while the abnormally high nitrogen content of the rich black
loam of the Red River Valley, in the neighborhood of Winnipeg,
contains but 373. This large total nitrogen content is probably
associated with a low rate of nitrification in the cold, shallow
soil of the tundra.

Manitoba Agricultural College, Winnipeg.




