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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D, C.

~THE EFFECT OF AIR DRYING ON THE
HYDROGEN-ION CONCENTRATION OF THE SOILS
OF THE UNITED STATES AND CANADA?*

By Eswzsr H, BawLry, Aasistant Soil Technologisl, Division of Sodl Sur_t;y, Soil
Tnvestigations, Bureau of Chemistry and Soils
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In the last few years several soil investigators have reported that
the reaction of soil samples changed more or less on passing from the
moist field condition to the air-dry state. Some have gons so far as
to declare that no hydrogen-ion determinations are reliable unless
made on the fresk moist samples. '

Healy end Karraker (19) made determinations with the hydrogen
electrode on six acid Kentucky soils in both the moist fiald condition
and in the sir-dry state. Five of those soils on air drying increased in
acidity 0.17 to 0.55 pH uanit.
¢ Burgess, (71) used the hydrogen electrode on 11 scid to meutral
€3 Rhode Island soils ranging in reaction from 4.36 to 7.00 pH units and
= on three alkaline soils ranging from 7.40 to 7.78 pH units. Three of

¥ the 11 acid samples became 0.20 to 0.39 pH unit more acid, and the 3 -
¥3 alkaline samples becatne 0.21 to 0.23 pH unit less alkeline on drying.
»- Rost and Fieger (36) also worked with the hydropen electrode on
<L 36 acid soils and 4 alkaline soils from Minnesota, The acid soils
in their fresh, moist condition ranged in reaction from 5.50 to 6.63
PH units and the alkaline soils from 7.34 to 7.54 pH units. The acid
soils on becoming air-dry changed in reaction from 1.15 pH units
more acid to 0.49 pH unit less acid, only 12 of the 36 changing less
than 0.10 pH unit. The alkaline seils on drying chenged in reaction
from 0.38 pH urit more acid to 0.29 pH unit less acid, 2 of the 4

! The writer is deeply indebtad to €, F. Marbat, H. G, Byers, M. 5. Anderson, E. C. Shorgy, Mark
in, and B. ¥. der, of the Burean of Chemistry snd Sofls for thair helpfol suggestions; to Bessls
{mrmu, for making the disgrmen of the electrods znd slactroda vessal uced In the
io ﬁons.wtho!leldmanmthmﬁmy,mwmmtmﬂonwwhummsmnuy
and Cansds who have made the work possible by colleating tha moist soll samples,
* Italic numbers in parenthesls refer to Literature Cited, p. 41.

QLI B |




2 TECHNICAL BULLETIN 201, U. 8. DEPT. OF AGRICULTURE

samples changing lese than 0.10 pH unit. The general tendency was
for the soils to become more acid on air drying. Remoistening the
dried soils in most cases made the resction more acid then in the air-
dried samples.

Joseph and Maréin {22) used the hydrogen eléctrode on arid alka-
line Egyptian soils and found that drying them at 100° C. made them
0.13 to 0.75 pH unit less alkaline, but that, if the water used in the
determinations stocd on them for & week, the pH of the moist and of
the dried samples were practically the same.

Knickmann (26) worked with acid German soils, Hedetermined the
“active’” acidity by titratin% the water extracts from the soils with
sodium hydroxide, using methyl red as an indicator, instead of msking
hydrogen-ion determinstions. He found that in some cases the
acidity was twice as great after air drying for a week and four times
as great after six months as that of the original moist samples.
Hesting the soils to above 100° C. made the acidity forty times as
great. Iinickmann concluded from his experiments that the increase
in acidity wes proportional to the humus content as it was the organic
mabter that vuised the cha.ng: In acidity on drying.

Baver (6) used the quinhydrone electrode in the study of cultivated
Ohio soils. He found that the upper 7 inches from 12 unlimed plots,
ranging n reaction from 4.41 to 5.02 pH units, ehanged less than
0.10 pH wnit either way, on drying out. But the upper 7 inches from
12 limed plots, ranging in reaction from 7.71 to 8.14 pH units, in
every case became Tess alkaline on air drying, ranging from 0.12 to
0.32 pE. unit less alkaline. On 4 limed plots where the samples were
taken 2t & depth ranging from 0 to 7 inches, 7 to 14 inches, 14 to 21
inches, and 21 to 28 inches, respectively, ke found that on drying the
acidily increased with depth in every plot. The differences in reaction
between the moist and the air-dry samples varied as much as 0.63 pH
unit in the deepest layer of one of the limed plots. Baver’s conclu-
sim:lsi are that fresh moist samples should be used for refined resction
studies.

Biilmann and Tovborg-Jensen (7) worked with the quinhydrone
electrode on 19 Danish soils and found that 7 of them changed in
reaction more than .10 pH unit on drying. These changes ranged
from §.11 to 0.20 pH unit more acid.

Achroreiko {2) worked with Russian podsols, podsolie soils, and
chernozems, using the quinhydrone electrode. The results he ob-
tained with the thoroughly crumbed-up and mixed soils are given
in Tables 1 and 2.

Tasne 1.—Effect on the upper 8 inches of a Russian podsolic soil of drying in the
sun and al 1007 C1

Stored with capittary molsture

Treatment of seil semple
After 3 | After 7 | After 21
days days days

Crumbed soil; 3 ¥
Fresh moist . X £.36
Dried in sun o 3 6.3
Dried n oven at 100° . for 36 hours 6.3

+

t Data from Achromeiko (2) oo Russian soils,
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TABLE 2.-—Effect of drying soil samples at 100° C. and reslorative trealment

. Fresh | Dried 36 | 4 days after
Soil Locstion Bepth molst | hours at | remoisten-
sample | 106° Q. ing
i oFf ¢l
Schatilow .-| Surface. 5,00 4. 87
==} Anutschino..... do 5.65 4.43
| Artscheda_ _ .80 6,24 5.35
---{ Agricuitural Academy, Moscow.._| Podsol lnyer...._ 6. 20 6.20 o1
..... 0 m e | 3inches . ... 5.4 E7 3 I R,

! Data [rom Achromeiko {£) on Russian soils.

As shown in Table 1 the erumbed-up 3-inch surface leyer of a -

podsolic soil from the experimental farm at the academy became ' -

0.26 pH unit more acid on drying in the sun and 1.68 pH units more
acid when dried in the oven at 100° C. for 36 hours. This showed,
that drying et high temperatures had & far more drastic effect on
changing the reaction than drying the sample in the sun. Moistening
the dried samples appeared to restore their pH values to approxi--
ruately thet of the fresh moist sample, as both the sun-dried sample
and the one dried at 100° were brought back to the original pH. value
of the fresh moist sample by being moistened from 3 to 7 days before
making the determinations.

In Table 2, the three chernozem susface soils became 0.89 to 1.23 pH
units more acid after drying for 36 hours in the oven at 100° C.
Unfortunately the effect of air drying on these soils was not shown.
Four days after remoistening, these dried samples were restored {o the
approximate pH value of tTm-fresh, moist, samples, the first surfacs
layer being 0.16 pH unit less acid, the second 0.17 pH unit more azid,
and the third 0.10 pH unit less acid than the original moist sample.
The podsol layer of & podsol soil and the loam subsoil, which were both
very low in organic matier, did not change on being dried at 100°.
From these results Achromeiko came to the same conclusion as did
Knickmann (26)—thst the increase in acidity of a soil ssmple on
drying was dependent on the amount of organic mstter present,
This point will be discussed later,

But the most spectacular results have been obtained by Aarnio (7).
He worked with the quinhydrone electrode on Finmish soils and his
results are directly quoted in Tables 3 and 4.
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"TaBLE 3.~-The influence of drying on soil reaction

sby)

Lrumbly eclay from
sonth Finland (Dreg-

Heavy clay ffom senth-
west Finland (Peat-

Heavy clayﬁumsouth- .
west FinlanA (Paate .
tinen) - -

| 5urface
soit

Surisce
sail

Fl
sole. {Subsall,

2035
18-12
ches _l.nt'.hes

il
A

pH
5.90
507

5, 51

&. 36

b2
Y- ]

4, 50

514

4.8

© 375

BREHEREEES wowe

—1.75

a4, 56 |

Per cent
873

Per cend|
15. M

4,48
4,05 |..
—1,85

4,37 |
400

Ul gl open

i
B ogw 9 NE

3|
Per cerid
LT

P
a8

L Date from Aarnie (f) on Finnlsh soils,

TaBLe 4.—The reaction changes of soils at $5° €.

Haav¥l clsy Imm southwest
d (Péytys)

Heavy clay from soutbwest Finland

Days

Surlafe Boil,
peat cov-
at ered and
ae0 @, (mixed with
*| clay, 0-10

inch

Clay from
Lotmas,
surface
humus,

0-10 inches

Clay from | Péytyi,

chmm, surfuce
surface | peat mized
goll, -8 | with clay,
inches | 0-10 inches

pH
4,84
516

5.2L

517

aﬁ&agﬁ ':am-qaunhmuao

Changs in reaction

Crganic matter.

Jesgapt mitypn
Bdz 8BRS

83
=8

Per cent
835

1 Data from Aarnio (f) on Finnish

soils,
t This change io react: nlslntmdwadbytheauthnrormisbulmtln.




HYDROGEN-ION CONCENTRATION OF SOILS 153

The soilz (Tables 3 and 4) show a great increase in acidity on drymg
and storing. In Table 3, the minimum change is 1.42 pH units an
the maximum, 3.20 pH units more acid. Table 4 shows a minithum
change in reaction at the end of 11 days, when the samples were
air-dry, of only 0.05 pH unit less acid, and a maximum change of 0.42
pPH unit less acid. However, at the end of a period ranging from
42 to 70 days all the samples had become very much more acid,
ranging from 0.90 to 2.12 pH units mors acid. These samples changed
in reaction in storage far more after they were air-Iry than they did
while drying. Table 3 shows that the Increase in acidity was, with
a single exception, continuous as the days passed, whereas Table 4
shows that the soils became less acid during the first week of st.ornﬁe '
but rapidly increased in acidity after that. In general, the subsoils
increased In acidity more than did the surface soils, and the surface
soils high in orgamc matter showed less change than did these low in _
organic matter, From these results Aarnio naturally concluded that
hydrcigen—ion determinations should be made only on fresh, moist
samples.

In the light of the investig}f,tions recorded in this bulletin, these
results of Aarnio ave inexplicable unless the samples were dried in an
atmosphere containing acid fumes. Although the laboratory in
which the tests discussed in this bulletin wers made is comparatively
free from fumes of any kind, air-dry samples of soil if allowed to remain
uncovered in it become from 0.20 to 0.30 pH unit more acid in a few
weeks' tima,

Coles and Morison (14) used the quinhydrone electrode on English
and Irish soils. They dried these soils from 14 to 28 days in a desie-
cator over sulphuric acid at room temperature and also driec them
in an oven at 98° C. Thé results are given in Tables 5 and 6.

Tasre 5.—Effeet of drying various soils over sulphuric acid and driving all the
waler off in an oven at 95° (.1

Afterall
Alter -
Boft | Fresh, | drylng Wiy

Foll TDrescription No. | moist {14days| Change ! o in | Change?

* laanmple| over oven at

HlSOl at 68

pH | pH pH PH

Bsudy bnmus from forest_... 3| 4.38 3.05 —{0. 40 3.63 =40.7
Ambleglaysolf. . ... __ 4 8.0L 7.H —{. 00 6.25 -1, 76
--| Heavy 3ilt loam pasture sofl. 61 574 - —(.20 4,30 —1.44
Da. --.| Light elay pasture sqil . ... _ i 6,22 582 —~{, 3 4.97 ~1.25
Do.. «--| Heavy clay pasture sofl ____ 8 7. 40 8.7 —.61 597 —1.44
Do, _ --| Foreat subgoil of clay soil..__| # 4, 57 4.43 —.14 .48 —L 0%
Peat_._.. —..] West of Ireland.. _ .. ...__| 10 4.12 4,12 —0.00 3.05 =107
Northampten sand. | Amblaseil ... .| 21i 7.58 6.87 —0.71 571 —~1, 87

{ Data from Coles and Morison (1),
1 Dried ovar HiS0Oy, 28 days.
1 Calculated by the cuthor,
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TasLe 6.—Recovery of soils that had9 bﬂeg&.I completely dehydraied in an oven at
8° . ° o

Reaction after water used In detorminations had stood on samples for— Fresh
L]

Soll No. moist

1 doy |3 days ;6 days |10days|15days]| 2t days]2Rdays |42 days {5e days

)

\- )

Py
g gm g e 12 00D
BRBRRERE

£
NRgeLaga™

n
i}
SpBREIRE™

BABREES"

pH
3.80
7.80
. 06
613

7.26
4,35

S on e 4 B
npamm o B
ZEYRBREEET
Pragceon i LB
SIeFYBaRa™
50 1 G et e
P EOpAR B e g
el
RIBSRJEA™
ﬂ»rﬂppw»%
BRSENNEE

k=3
o

1 Dnts from Coles and Aforison {130,

As is shown in Table 5, all the soils tested by Coles and Morison
became considerably more acid on drying in the desiccator over sul-
phuric acid, with the exception of the peat which underwent no change.
Complete dehydration of the samples in the oven at 98° C. made all
of them still more acid {from nearly twice to nearly eight times as
acid as from drying over sulphuric acid}). The aﬂcaﬁne soils showed
greater changes on drying than did the more acid soils,

In Table 6 is shown the restorative effect of allowing the water used
in the determinations to stand on the soils in test tubes for varying
lengths of time up to two months. Coles and Morison made only one
megsurement with each tube so as to avoid any effects that quinhy-
drone might produce by prolonged contact with the soils, In the peat
soil (No. 10) there was no recovery, and in the sandy humous soil
(No. 3) the recovery was very slight. TIn the other soils, which con-
tained considerably more clay than Nos. 3 and 11, there was a very
significant recovery, and in the four heaviest soils {Nos, 4, 7, 8, and
9) the pH after two months very nearly equaled that of the original
moist soils. From these results Coles and Morison came to the con-
clusion that it was the mineral colloidal matter and not the organic
colloidal matter which caused recovery from the heating effects.
They suggested that any explanation involving the biologi]:ﬁ produc-
tion of ammonia in the water-logged soils was unlikely, as in that case
the organie soils should have recovered as much as, or more than the
mineral soils.

By further experiments Coles and Morison found that the changes
produced by heating the soils from which the exchangeable bases had
all been removed by dilute hydrochloric acid were nsignificant and
that after treating these base-free soils with various metallic cation
solutions in order to supply them with exchangeable bases, all showed
a considerable deciease in pH after being dried at 98° C. They also
found that after being dried the soils contained & smaller quantity of
exchangeable bases than the original moist scils and that they showed
increases in water-soluble calcium, potash, and phosphate. Coles and
Morison therefore eoncluded that the exchangeable bases must in
some way be responsible for the increase in scidity caused by drying.

Terfisvuori {(40) also worked with the quinhydrone electrode on a
wide variety of Kinnish soils. As can be seen by comparing Tables
7 and 8 with Tables 3 and 4 he obtained very different results from
those of Aarnio, :
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Tasie 7.—Influence of drying the snil samples ! to wir drynéss on the pH of x?w

soil suspensions ¥
s Description of place where | Depthin| F155 | Alr-dry
Bampls No. ol snmple wed akes irchea s:.gglte sampls | ChADZE
: ' AR
Low-moor peat. . ... Peat improved by mixdny o § Surface 54t 5.14 L 13
) 1 of loam, soil.
Muck:. 0-12 5.8% .02 +.13
Beavyloam ... Under BAS3 e 14-18 5.25 53| 4.
0. Under Bésd. .. ____ 2439 529 531 +. 02
Muck 05 a.00 597 —.3
Spbapoim peat, 28-20 4.10 41071 .00
Low-moor peat_.._....__} Under B458_ ... ... -4 5,17 &18 - 0%
Muck Rin 4.60 4. 85 +.18
Heavy leam Uoder Bds0 ___ .. -0 44 4,35 —. 08
Mtick. o i -18f 4551 4| .03
Heavy loam Tuder B461___ . oo ] 624 3.80 3.85 +. {8
O 012 4,56 4 66 + 10
1220 4.49 4.31 —.18
08 557 553 — 04
920 5862 5,41 -2
012 &.61 5068 -5
1220 5. 48 5.97 —. D
24 5 5L 5.87 4. 30
d 2-4 5. H 569 | —11
Huomous clay Beet land 24 6.09 5,64 - 15
do Bost hmd. Ir.'shly plowed._ 0-2 6.28 8. 00 -1
Fing sand I‘allow and 24 578 591 .19
- -—-do 4 589 592 + &
Low-moor peat . _______ Wit.h growth of mized forest_ 2-4 4, 80 4.84 +. 04
___..do do : ) 4 532 s22l —10
Humous clay_ ... | Alfalfs)and Jn 1925, 2.2tons -4 8.8 820 .12
CaCQO; per acre had beans .
recelved.
i) - do da - -4 8,61 6.583 —.08
Téo.. da Bame: In addition 15.8 tons 24 .40 6.38 —.1t
CaCO; per scre had been
received on Aug. 5, 1026.
Tsh do do 2-4 .18 .20 4. 02
T Conifetous forest -2 4,12 3,08 — 14
T . . do. 1-2 4,17 4,11 —. 06
T3.. Clay. Riverbottom, abont 4inches {..__._._..1 8,02 8.00 -2
under water. .
b - I Transltional low-moor | Pealand, poorstand . -3 528 F 4 ] -7
and h-moor peat.
TG caeaae Humous ¢lay. .{ Pea land, good stand..._.._. 1-3 53 502 —. 28
T, ... Low-moor peat_.__._._..{ Plant ilnprtmammt staticn . o2 6.97 6.1 —. 08

t Samples wers collected in the a1l of 2027,
t Datn from Terftgvuori [{0) on Finnish goils,
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Tapre 8.—TInfience of the atorage of a0il samples’ ot different moistire contents
-nﬂ on the a{cﬁity of thep.;::i!’ _ 7

: m

Dsm',l Mals- : .
. - T § fure, per Alrdry |-

Samples ﬁo. _ ]?epth 35“;, ! ! :a:l:t (.If aamaple ?hnnge

pH | »oH
N

L3 el -
'3
©

|

subscesoll....|.

[ =)

g

Ab 47inches ...

™

aSgpBendspRsntantandisntanian

]

Low-moeor pesé ) Surfopesell...__ .

Sigaasse.Rilsenun i sapuun.iEBeasnye.

SBurface soll

—

1]
3
7
]
3
7]
o
8
7
he
G
3
T
2
3
7
1]
3
7
g
ki
7
ol
21
7
0
3
7
S
2
8.3
88.7
00. ¢
3.3
45 7
0G.0
33.3
6.7
0. ¢
64,1
R
8.7
00.6 |-
35,3
7
0
3
7
0|

288888

e
b

Gkt bErdb bR R b b b E R e B R R T

{5 e 07 00 S e e e g e g By .V 1.5 54 A€ 5 € et 54 G 4 71§94 B i e i

53338

1 8amnples were collected in the summer of 1929,
1 Tinta from Terfisvuorl (49 on Finnish solls, :
¥ Inftial molsturs content In terms of per cont satamtion,

As can be seen in Tables 7 and 8, 17 of the 40 =oil ssmples, on which
Teriisvuori made determinations in both the moiat and in the air-dry
condition, ch'an%gc more than 0.10 pH unit on air drying, Seven of
these samples became less aeid and 10 became more acid, Five
semples changed more than 0.20 pH unit, and a heavy clay subsoil
at a depth of 47 inches chenged 0.84 pH unit—the greatest change of
any sample on drying out. The subsoils low in organic metter
changed as much a8 did eny of the surface soils high in organic matter.

Table 8 shows the effect Terisvuori obtained on the soil samples -
by storing them st different moisture contents for several months,
as well as the effect of air drymﬁ] The samples which were one-
third and two-thirds seturated with water became increasingly more
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acid with atom%::. The semples that were two-thirds saturated did not
increase in acidity as much as did the corresponding ones that were
one-third satarated. TIn general, there was a tendency for the water- -
saturated samples to become less acid as time passed. One soil
(539, became very slightly more acid when stored in 2 water-saturated
condition, the change bemng less than 0.10 pH unit. Sample C541,
a heavy clay subsoﬁ, wes most erratic in its behavior. It changed
more than any other of Teréisvuori’s soils on passing from the moist
to the air-dry condition, somewhat resembling Aarnio’s (Z) clays in
ita behavior, as shown in Tables 3 and 4.

In view of the wide variance of the recorded date and the fact
that the air-dried condition is the usual form in which the soil samples
are most readily brought to the laboratory and kept for examination,
it seemed very important to determine definitely to what extent altera-
tions of pH by air drying actually oceur and, if such changes oceur,
to ascertain what restorative measures may be used to obviate the in-
convenience of collecting fresh moist samples and to avoid any uncer-
tainties arising from seasonal variations in field moisture conditions
(10, 12, 18, 16, 24, 27, 29, 81). .

COLLECTION AND PREPARATION OF SAMPLES

It seemed desirable that the investigations should cover s wide
range of soil types developed and existing under’varyving climatic
conditions and that the samples should receive uniform treatment
throughout. Therefore about three years ago the cooperation of the
field men in the soil survey and of some ?ﬁ the experiment station
workers of this eountry amf of Canada was ssked in collecting moist
horizon samples from representative profiles in their localities. Tin
cans holding about a pint of soil, with covers which fitted tightl
enough to prevens rapid air drying of the sample but were not suffi-
ciently air-tight to induce anserobic conditions, were furnished for
collecting the samples. In each case moist samples were collected
from representative portions of each horizon of the virgin profile,
including the humous or the leaf-mold layer. Each can waalabeled as
to location, soil type, and depth atwhich the sample was taken, and
it was sent to the laboratory. On reaching the laboratory each sample
was immeciately carefully mixed so as to have it as homogeneous as
possible, and from 4 to 18 determinations were made while 1t was still
moist. Then each sample was air-dried in a room separated from the
laboratory so as to be free from fumes of any kind, again thoroughly
mixed and run through a 2-mm. mesh sieve, and from 4 to 18 deter-
minations were made in the air-dry state. :

The virgin profiles, from which the horizon samples were collected,
were selected with a view of covering & wide range of geographicel
and climatic regions within the United States, Porto Rico, and Canada.
They also covered a wide range of soil groups. They included 6
representatives from the humi%l 1;pma.iries, 3 from the brownish-red
profiles bordering on pedocals, 6 from the chernozem group, 1 from
the reddish-brown pedocals, 3 from the desert soils, 10 from the later-
itic group, 3 from the imperfectly drained profiles of lateritic regions
4 from the immature soils, 12 from the podsols, 2 from the degradeci
chernozenis, and 15 from the podselic profiles. “All the soils from this

80111*—32——2
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country and Porto Rico are identified as soil types in terms of the soil
survey classification. The groups aré in accordance with Marbut’s.
(30) and Glinke’s (18) classiﬁcp.ﬁons. .

DESCRHPTIDN OF APPARATUS AND METHOD USED

In the investigations the bydrogen-ion concentration wos measured
- by means of a method developed by the author for routine examination
of soil samples for the soil survey as a result of his study of other
g : published methods (4,
%}f, 18,17,21,38, 38)i
A BRI ) e apparatus 13 of
_ Asa ReE the bubbling hydro-
~—— COPPER WIRE gon type and issimilar
GLASS SEAL to that of Bray (9) al-
. : though developed in-
dependently before
%13 publicatlilondof t%le
e . ; ray method. Iun -
RUBBER STOFPER sg:h methods the hve
gen enters at the
[ HNET potfom of a thicke
f weied pyrex wvessel,
thelowerpartof which |
i3 funnel shaped, and
the soil is kept in sus-
pension by the stream
of hydrogen bubbles.
The apparatus differs
from that of Bray in
COFPER WIRE that ;)fi has no Gg)och
FUSION OF crucible inserted in
ON To PLATNUM WIRE t{:e g""&i“ P:;‘; glf ﬂ;g
electro s
:f:fmi'js:mim" break the stream of
hydrogen inte & iine
COAYED WITH yarog
PALLADILM BLACK spray. Experience
has shown thet puri-
fication of the tank
hydrogen is not neces-~
f—2_2%-7 CENTIMETERS  ggpy Thedetails of the
FiaurE L—Hydrogen electrodeand electrode vessel for soll suspensiony  Apparatus are shown
_ "~ in Figures 1 and 2.
The agar bridge employed in this method consists of a U-shaped
glass tube filled with 5 per cent sgar made up with a 8.5 molar potas-
sium chloride solutior (7). Any strength potassium chloride from
N/10 to a saturated solution gives equally good results. The end of
the U tube which is to be dipped into the soil suspension must be
kept immersed in distilled water while the apparatus is in use and no$
actually employed in taking readings. Otherwise potassium chloride
is dissolved by the soil suspension, and the secidity may be Increased
through base exchange, The bridge is made (7) by sucking the melted
agar solution into the dry tube, care being taken to have it completely
ﬁﬁed. Several agar bridges are made up at & time. When not in
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use, they are kept from drying out by being placed in & damp chamber.
In this way one bridge may lsst for several months,

The other end of the agar bridge is pushed into a rubber tube
filled with a saturated solution of potsssium chloride. The rubber
tube is joined to & glass tube aﬁrovided with e glass stopeock.. The
glass tube widens into a smail oylindricel vessel. Both the glass
tube and the vessel are fillsd with a saturated solution of potassium
chloride. Beatwesn the glass stopeock and the rubber fube, another
glass tube, also provided with a glass stopcock, joins the first glass tube
at right angles. This tube leads to an elevated reservoir likewise
containing a saturated potassinm chloride solution. (¥ig.2.) By
carefully operating the two stopeocks, air bubbles can be eliminated
when the sgar bridge is connected with the rubber tube. The
cylindrieal gotassium chloride vessel connects with & saturated potas-
sium chloride calomel electrode (I7, 38). .

The electrodes are made by welding a small piece of platinum foil
one-fourth inch square (I3) or smaller (a point of platinum wire gives
as good results) to a piece of platinum wire one-half millimeter in
dismeter snd about, three-fourths inch long. The other end of the

glatinum wire is welded to a piece of copper wire (21) of the same

iameter and sbout 7 inches long. With the exception of about an
inch and s half of the free end of the copper wire, the rest of it and the
platinum wire are encased in & thick-walled glass tube of which the
outside diameter is one-fourth inch. The long glass sesl on the
platinue wire (from one-fourth to three-fourths inchk m length)
extends a little way onto the foil in order to give sfrength, A sﬁort

lnss seal is fastened to the copper wire at the other, or upper, end to
Eoid it irmdy.  (Fig. 1)

The electrodes are thoroughly cleaned in ehromc sulpauric acid

cleaning solution, carefully rinsed in distilled water, and are given 2

medium-grey cont of palladium black from g 3 per cent palladium .

chloride solution containing 1% per cent hydrochioric acid (4, 38).
Direct current of 115 volis is used in series with a 15-watt lamp.
To coat an electrode, the copper wire at its upper end is coruected by
means of a screw clamp soldered to an insulated copper wire leading
from the negative pole of the lighting system and another electrods is
connected in like manner th%l the Iiositive ole. Both are then
dipped into the paliadium chloride solution. In a few seconds the
negative electrode has aitzined a medium-gray coat. After coating,
the electrodes are carefully washed in tep water and then rinsed with
distilled water. They must then be sllowed to stand in distilled
water for about 12 hours before being used i certainty of constant
readings is to be assured (8). In the opinion of the writer this is nec-
essary in order to remove all the acid palladium chloride solution held
by occlusion in the palladium cost. Electrodes will stand from six
weeks to two months constant use before they must be recoated and
will last almost indefinitely if not used after being coated, provided
they are kept covered with distilled water.

For renewal of the electrode, the old coatis first removed by con- .

necting the electrode with the positive pole of the cogting apparatus
described and the uncoated electrode with the negative pole, then
both electrodes are dipped into s 1:1 aqueous hydrochloric acid solu-
tion (38). This dissolves the coat in & few seconds. The electrode
is then cleaned and recoated as already deseribed.

ity
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A high-grade portable potentiometer is used, which gives accurate
enough resdings for soil work., It is shown on the leigt in Figure 2,
Its positive pole is connected by means of an insulated copper wire to
the cslomel electrode.

‘When possible, i ]ioart of s0il by volume to 2 parts of distilled water
are used. (This volume relation approximates a weight relation of
1:3 for the humus layers and 1:1% for the mineral soil horizons,) In
the case of clays twice that amount of water is necessary, otherwise the
soil suspension would be a thick paste. 1t has been found most con-
venient to use a small spoon holding 1) cubie centimeters of soil, when
level full, 2s n measure and to add to this quantity of soil 3 cubic
centimeters of boiled distilled water. The mixture is shaken up in
duplicate in short thick-walled {.‘IYI‘BX tubes, about 2 inches in length,
with No. 4 rubber stoppers tightly pushed into their mouths, (Tig. 2.)
Usually enough samples of soil are measured and mixed with water at
a time for half a day’s work. It appears to make no difference
whether the water stands on the soil for 5 minutes or for 6 or 7 hours.

The stream of hydrogen is divided by means of 2 Y tube into two
streams. Kach stream 1s conducted by a rubber hose to an electrode
vessel keld in an upright position by & clamp attached to the electrode
stand. (Fig. 2.) On each inlet hose is a screw elamp to regulate the
flow of hydrogen so that there will be an equal flow into each vessel at
the same time. While the hydrogen is running inte the duplicate
electrode vessels the contents of each of the two duplicate tubes of
soil sugpension are poured simultaneously into each, care being taken
that all the soil irom each tube is shaken into each vessel. On trans-
ferring the soil suspensions from the shaking tubes to the electrode
vessels, a 3-hole stopper with a coated electrode inserted through one
of its holes is thrust into each so that the blackened portion of the
pletinum is completely submerged in the suspension. The hydrogen
1s Tun in fast enough to keep the soil in each vessel in complete suspen-
sion. It appears to make no difference how fast the hydrogen bubbles
pass through, so long sz the soil particles are equally distributed
throughout the suspension. With acid soils equilibrium is attained
in from one-half minute to 5 minutes, whereas alkaline soils require
from 5 to 10 minutes. When a reading of cneé of the duplicates is
taken, the potentiometer is firet balanced with the standard cell, then
the copper wire from its negative pole is connected, by means of a
screw clamp soldered to its other end, with the correspording hydro-
gen electrods, and the free end of the agar bridgs is removed from the

lass of distilled water and pushed through one of the two remaining
Eoles in the siopper until it comes in contact with the suspension.
The hydrogen escapes through the third hole. The reading is then
taken, together with the temperature from & thermometer immersed
in water. At the same time that the agar bridge is shoved through
one of the holes of the stopper into the suspension of one of the dupli-
cates, a solid glass rod of the same disneter iz stuck into one of the
stopper holes of the other so as to give equality of pressure. The
other duplicate is then similarly treated. Yhe stream of hydrogen is
provided with a mercury trap which serves as a safety valve in case
the duplicates become clogged. The hydrogen then escapes through
the mercury. The readings are always teken while the hydrogen is
being bubbled through the suspension. While one pair of duplicates
is coming to equilibrium, another pair of dirty electrodes with the
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dirty stoppers, electrode vessels; and shaking tubes are being washed
with tap water and rinspd with distilled water, the readings in milli-
‘volts are being converied by means of conversicn tables into pH
“values, and the results tabulated. At the beginning of each day the
apparatus and the hydrogen electrodes ave checked by \uaking deter- -
minations of samples of soil, the pH value of which is kriown and its
constancy well established. By following the procedure: outlined
sbove, one person without assistence is able to do from 60 0,70 single *
determinations or from 30 to 35 duplicate determinations in a 74~
hour day. - : ST
The results of this method on & number of soll samples were com-
pared with the unpublished resulig obteined on them by five other .-
investigators of wide experience in making hydrogen-ion determina-
tiona, These investigators used different electrometric methods.
Table 9 shows the comparison of the results obtained. '

Tasre 9.—Compariscn of method with date oblained by --"j"ir;a other investigators
with the hydrogen electrode und the quinhydrone elecirode

[s] D B Bailay

San;lpla No, . : ]
' QE | QE | QE | BHE |QE

"
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4
4,
4,
5.
8.
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888235%&:%35

1H, E.=hydrogen elsctrode; Q. E.=quinhydrope electrode.

Table 9 shows excellent agreement between the writer's results and
those of A, and good agreement with those of C, with the hydrogen
electrode, good agreement with those obtained by A, B, and C with
the quinhydrone electrode on Maryland soils, fair agreement with
those of g with the quinhydrone electrode on Ohio soils, and very

oor agreement with those of E with the quinhydrone electrode on
ississippt River bottors soils from Mississigpi. The splendid
agreement between the author’s hydrogen electrode results and those
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of A, even with the three alksaline soils, are especially interestin;:.
The committee on soil reaction mesasurements of the International
Society of Soil Science ($7) r2commends a hydrogen electrode vessel
of the Clark typs for alkaline soils in preference to one of the bubbling
type, 8s the removal of carbon dioxide by the current of hydrogen
introduces an error. Investigator A used a Clark type of electrode
vessel. The close agreement between his hydrogen electrode results
and those of the author on the alkaline soils strongly indicates that
the author’s bubbling type of electrode vessel did not introduce any
serious error.

One of D’s quinhydrone results (sample No. Cg) was 1.5 pH units
less acid than the corresponding hydrogen electrode value obtained by
the writer and 0.34 pH unit less acid than the writer’s quinhydrone
electrode value. Only three of ¥’s seven quinhydrone results came
within .20 pH unit of those obtained by this hydrogen electrode
method. The other four samples showed E's quinhydrone results to
be 0.87 to 1.24 pH units less acid than those ‘(ch)ta.ined by the writer
with the hydrogen electrode mefhed. These seven samples were
tested for their manganese dioxide content by W. O. Robinson of the
division of soil cherustry and physics, Bureau of Chemiséry and Soils,
as soils from lateritic regions are likely to be high in that substance.
The three samples, which showed differences of less than 0.26 pH
unit between the two methods, all had & very low manganese dioxide
content. ‘Two samples {62b and 65¢), showing differences between the
two methods of 1.24 and 0.87 pH units, respectively, both contained
small quantities of manganese dioxide. Onesample {(62¢), whichshowed
a difference of 1.02 pH units between the two methods, contained con-
siderable manganese dioxide, and one sample (62a), showing a dif-

ference between the two methods of 1.0 pH unit, contained no man-
canese dioxide. This last case indicates that there are other substances
Desides marganese (20, 23, 32) and factors other than alkalinity
(5, 7, 28) that disturb the zruinhydrone electrode. Because of these

results, showing the quinhydrone electrode to be less relisble than the
hydrogen electrode, and because of the wide variety of soils used in
these investigations, including soils high in manganese ss well as
alkaline soils, only the hydrogen electrode weas used in this work.

EXPERIMENTAL DATA

The data obtained on the hydrogen-ion concentration of fresh, moist_
profiles, together with that obtained on the same profiles after being
air-dried, and the results of restorative treatments are given in Tables
10 to 19. Tt will be noted in these tables that in each case the mean
pH values are given, together with the range of individual values. The
mean values are not a true mean of the hydrogen-ion concentrations,
since the pH value is & logarithmic function. They do, however,
represent the mean range of varistion of the 4 to 18 determinations
made for each condition of each sample.

Twenty profiles, or 31 per cent of the 64 profiles studied, showed &
change of more than 0.10 pH unit in some of their horizons on air
drying; 42 horizon samples, or 13 per cent of the 327 horizon samples
examined, changed more than 0.10 pH unit on passing from the moist
to the air-dry condition; and 26 horizon samples, or 8 per cent of the
total number examined, changed more than 0.20 pH unit on drying.
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Only 2 of the 64 profiles studied contsined horizens that changed
0.50 pH unit or more on becoming sir-dry. The samples showing the
greatest change were the A horizon (1} to 6 inches) of a degraded
chernozem from Alberts, Canada (Table 17), which chenged 0.51
pH unit, and one from & podsolic profile (8 to 12 inches), from western
Oregon, which changed 0.68 pH unit. (Table 18.) In both samples
the change was toward greater acidity. These results differ consider-
sbly from those of Aarnio (1), as shown in Tables 3 and 4, who had a
minimum increase in acidity of 0.90 pH umnit and & maximum of 3.20
pH units with his 14 samples on air drying and storing. They agree
fairly well with those obtained by the other investigators (2, 6, 7, 11,
14, 189, 26, 36, 40).

Where the change on drying and storing exceeded (.10 pH unit,
with only two exceptions, namely, in the two deepest layers of a
podsolic profile from Wisconsin (Table 19), it was toward greater
acidity. These results in this regard agree In general with those of
Asarnio and the other investigators (1, 2, 6, 7, 11, 14, 19, 26, 88, 40).

With few exceptions the greatest change on air drying took place
in the upper layers which were high in organic matter. In this
respect these resulis differ sharply from those of Aarnic (7} and from
those of Baver {6) both of whom found the reverse to be true, but
they agree with results obtained by Knickmann (26) and Achromeiko

2}

With only one exception (the humus layer of a reddish-brown
pedocal, Table 12} no horizon sample which was neutral or alkaline
in the fresh, moist condition changed more than 0.10 pH unit on
air drying. This disagrees with the findings of some of the other
investigators (I, 6, 11, 36) who found that alkaline and neutral soils
as -\Eell as acid solls change more than 0.10 pH unit on becoming
air-dry.

As has been noted, the greater part of the profiles examined did not
change in pH value more than 0.10 pH unit in any of their horizons
on air drying. Of the samples that changed more than this amount,
some from seversal groups of profiles were more easily restored to their
original pH values by submergence in the water used in the deter-
minations from 18 to 24 hours. (Tables 12-15.) Horizon samples
from other groups of profiles responded befter to the restorative
treatment of being moistened but not saturated with distilled water
{to simulate field conditions), and altowed to stand in that condition
with the covers on the cans to prevent rapid evaporation from 4 to 7
days (Tables 16-18). One group of profiles confained some horizons
which were restored more closely by one treatment and others which
responded better to the other treatment. These are shown in Table 19.

None of the humid prairie profiles, the brownish-red soils bordering
on the pedocals, and, with the exception of one surface layer, none
of the pedoeals, consisting of the chernozems, the reddish-brown, and
the desert soils, changed more than 0.10 pH unit in any honzons
on drying. (Tables 16-12.) This statement also applies to f{our-
fifths of t%xe lateritic soils {Table 13), to three-fourths of the immature
profiles (Table 15), to two-thirds of the imperfectly drained soils of
lateritic regions (Table 14}, to more than one-half of the podsolic soils
of the Eastern and X 'dwestern States (Table 19), and to approxi-
mat;el(_xir one-half of the podsols and the degraded chernozems (Tables
16 end 17}. .
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The honzons apprecmbly altored by air drymg ‘which respondad'
heat to the treatment of submergence from 18 to 24 hours'in the

distilled water used in the determinations, were from the Peddish- -

brown pedocal r}»roﬁle (Table 12), from. the lateritic group {Table 13),. -
ectly drained soils of lateritic reglons (Table 14), and_'_ .

from the impe

. from the immature proﬁles {Table 15}
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Tapre 12.—Hydrogen-ion determinations of pedocal soils takcn n !bs moiat ﬁdd=
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One profile (five horizon samples) belonging to the reddish-brown
pedocal group was examined (Table 12). Its humus layer became
0.29 pH unit more acid on drying. 'This was the only alksline sample
(pH 7.23) in the fresh, moist condition which shcwed & change of
more than 0.10 pH unit on becomip,

air-dry.
'Ten profiles {49 horizon samples) 0%‘&’110 lateritic group were studied
(Table 13). Thres of the upper layers of two of the profiles becare
more than 0.10 pH unit more acid on air drying,
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TaBLE 13— Hydrogen-ion delerminations of lateritic soil taken in the moist field condition. and in the air-dry state and the effects of restorative
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18 determninations were made of each sample in each conidition.
14 determinations were made of each samplein each condition,
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Three profiles (11 horizon samples) of imperfectly drdined soils of lateritic region’ were examined (Tii’i)‘lé 14) Of i
these, but one horizon, the surface layer of the Appling sandy loam profile, changed more than 0.10 pH unit on drying, -
It became 0.22 pH unit more acid. : B , - : S e e T

TasLe '14.'—Hydrdgen’-ion delerminalions of imperfecily ! drained soils of lateritic regions taken tn the moist) field condition and in the air-dry.
'+ stale and the effects of restoralive reatmenis on the pH of some of the air-dried samples? : S
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¥'These soils are sufficlently well drained for agricultural purposes,
24 determlnations were mada of each sample in each concition.




Four immature proﬁles (15 honzon samples) were. studied (Table 15). Of. these the profile of Mucara clay from'
- Porto Rico altered on drying between 0.10 and 0.20 pH unit in the upper four of 1ts tive horizons. '

“TasLe 15 —Hydrogen—wn determmatzons of immature soils taken in the moist {L:ld condition and in the atr—dry state ard the eﬁects of
. ‘restorative Ireatments on the pH of some of the air-dried samples *
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Both restorative treatments were employed on the horizons of the
three soil groups which had changed more than 0.10 pH unit on gir
drying. (Tables 12-15.) Al these borizon samples were restored to
within the above deviation from the original pH values by submer-
gence in water from 18 to 24 hours. On the other hand, moistening
the same ssmples and keeping them moist from 4 to 7 days failed to
restore the original pH value of the moist sample in the case of the
reddish-brown. pedocal humus horizon sample (note 7, Table 12) in
2 of the 3 horizon samples of the lateritic soils and in 1 of the 4 horizons
of the immaturs soils. In the other samples both treatments wére"
effective. This clearly shows that the first treatment is the better
ons for these soils. In onecase {Table 13) the surface horizon became
0.33 pH unit less acid on standing for 7 days in the moist condition,
but at the end of 30 days' storage it returned to its original pH
value. Two other moistened honzons (Table 15) became slightly
less scid on storage and & surface sample (Table 15) which had
changed less than 0.10 pH unit on drying became 0.35 pH unit Jess acid
7 days after being moistened. This behavior is in contrast with the
results shown by Terdsvuori (40) (Table 8) and similar to those of
Achromeiko (2) {(Tables 1 and 2). In comtrast with these samples
the remainder of the horizon samples became more acid as a result of
storage in the moist condition as found by Teriisvuori (40) (Tabls 8)
and Rost and Fieger {36). Omne sample (footnote 7, Table 12} be-
came 1.31 pH unit more acid than the originel moist sample following
30 days of storage in the moist condition. ,

A check on the restorative treatment by submergence from 18 to 24
hours in distilled water was obtained by using it on 16 upper horizon -
samples from the brownish-red profiles bordering on pedocals (Table
11) from the lateritic soils (Table 138}, from the imperfectly drained
soils from lateritic regions (Table 14), and from the Immature profiles
(Table 15), which had n(t altered more than 0.10 pH unit on drying,
In every case the values obtained did not vary from that of the original
moist sample by more than this value,

The horizons, appreciably changed by air drying, which responded
best to the treatment of being molatened and stored in & moist condi~
tion from four to seven days were from the podsol group (Table 186),
from the degraded chernozems {Table 17}, and from the podsolic
profiles of the Pacific coast (Table 18).
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Twelve podsol profiles (56 horizon ssmples) were examined (Table
16). Thirteen horizon samples from seven of the profiles became
more than 0.10 pH unit more acid on air drying. Nire changed more

wthan 0.20 pH unit. The greatest difference between the moist and
the air-dry samples was 0.48 pH unit. With only three exceptions
(podsol layers) the greatest change took place in the humus and in the
coffee-colored layers. In most cases the humus horizons showed more
change then did the coffee-colored layers.

Two degraded chernozem profiles (15 horizon samples) were studied
(Table 17). Three horizon samples from one of the profiles showed
a change of more than 0.10 pH unit on air drying. Unlike the podsol
group, the three layers that changed appreciably in this group were
all from the gray layers. One sample from the upper gray horizon
changed as much as 0.51 pH unit.

Two podselic profiles of the Pacific coust (10 horizon samples) were
studied (Table 18). Six horizon sampiss (three from each profile)
changed more than 0.10 pH unit and five more than .20 pH unit on
passing from the moist to the air-dry condition. The horizon from
8 to 12 inches, just below the one high in orgenic matter from the
Oascade silt loam profile became 0.68 pH unit more acid. As has
already been pointed out, that was the greatest change made by any
of the 327 horizon samples on becoming air-dry. One profile, that of
the Cascade silt loam, showed the greatest changes in the upper
horizons, whereas the other profile, that of the Willamette loam,
showed the greatest changes in the lower layers.

Both restorative treatments were likewise used on the horizons of
the last three soil groups which had changed more than 0.10 pH unit
on drying. {Tables 16-18.) All these horizon samples were restored
to within the above variation from the fresh, moist samples by
moistening and keeping them moist from four to seven days. But
submerging these same samples in water from 18 to 24 hours failed o
restore, within 0.10 pH unit, the value of the original moist sample
in 7 of the 13 podsol horizon samples, in 2 of the 3 degraded chernozem
horizons, and in 4 of the 8 horizon samples of the podsolic profiles of
the Pacific coast. In the other cases both treatments were effective.
This clearly shows that the former restorative treatment is the better
one for these soils. Care has to be taken, however, not fo moisten
the soils much longer than s week before making the determinations
or to allow the room temperature to get much above 25° C. after they
are moistened. Otherwise the samples are likely to become consider-
ably less acid in the podsol group and more acid in the degraded
chernozems and in the podsolic soils of the Pacific coast. This change
in reaction on storage in a moist condition and at temperatures above
25° O. is doubtless due to biological activity. Robinson {35) reports
1i;hnt; sqgs on storage in a water-fogged condition become considerably

ess acid.

‘As o check on these two restorative treatments, 20 horizon samples
from the bumus, podsol, and coffee-colored layers of these groups
that had not changed appreciably on air drying were subiected to both
treatments. All these check samples remained within 0.10 pH unit
of the original meist samples following both treatments.
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Some of the horizons of the podsolic soils of the Eastern and Mid-
western States that changed more than 0.10 pH unit on drying
responded better to one restorative treatment, whereas others were
better restored to the pH values of the original moist samples by the
other restorative treatment. Thirteen representative profiles (73
horizon samples) of this group were studied (Table 19). '




TabLE 19.—Hydrogen-ion deterininalions of podsolic soils of the Eastern and Midwestern States taken in the moisl, Jield condition and in the
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~ Eleven horizon samples from 5 of these profiles changed more than
0.10 pH unit on air drying and 8 horizon samples changed 0.20 pH
unit and more. The greatest change was in t]l:e humus layer of the
Sassafras fine sandy loam from Anne Arundel County, l\i:’l., which
became 0.41 pH unit more acid. With the exception of its organic
layer the Giloucester loam profile from Hampshire County, Mass.,
showed the greatest change on air drying in its deeper horizons,
and the Boone silt loam profile from Vernon County, Wis., showed s,
change of 0.23 pH unit in both of its deepest layers and nonein its leaf-
mold horizon. With these exceptions practically all the change took
place in the upper humus layers. The two lewer horizons from the
Boone silt loam profile became less acid. Of the total number of
horizon samples from all the groups examined, which changed more
Itha.n 0'.(110 pH unit on drying, these were the only ones that became
ess acid.

Both restorative treatments were also employed on the 11 horizons
of the foregoing group which had changed more than 0.1¢ pH unit on
drying. (Tsable 19.) Six of these were restored by either treatment,
2 responded only to submergence in water from 18 to 24 hours, and
3 responded only to being moistened and stored in & moist condition
from 4 to 7 days. These last three samples were the humus layers of
the Gloucester loam and the Merrimac sandy loam profiles of IJ:r[am -
shire County, Mass.,and the humushorizon of the Sassafrasfine sandy
loam profile from Anne Arundel County, Md. These three leaf-mold
layers all resembled the raw humus horizons of the podsol profiles
1n their physical appearance. Therefore, the general statement may
be made that the horizon samples of the podsolic scils from the
Eastern and Midwestern States which have changed more than 0,10
PH unit on air drying are best restored to the approximate pH value
of the original moist samples by submergence in water from 18 to 24
hours, unless they resemble the raw humus layers of the podsols in
physical appearance, in which case moistening and storing them while
moist from 4 to 7 days appears to be the better treatment.

Seven of these 11 horizon samples became distinetly less acid after
30 days’ storage in a moist condition. This agrees with the results
obtained with the podsols (Table 16}, but disagrees for the most part
with those obtained with the brownish-red soils hordering on the
pedocals, the reddish-brown pedoeal humus layer, the lateritic soils,
the imperfectly drained soils of lateritic regions, the immature soils,
the degraded chernozems, and the podsolic soils of the Pacific coast
{Tables 11-15, 17, and 18.)

As a check on these two treatments 8 surface horizons that had not
changed appreciably on air drying were given both of these treatments.
Seven of the 8 samples remained within 0.10 pH unit of the fresh
moist samples after submergence in water from 18 fo 24 howrs;
only 1 sample remained within that degree of variation from the
original moist sample after being moistened and stored In a moist
condition from 4 to 7 days. Only 1 of the 8 check surface horizon
samples varied more than 0.10 pH unit from the fresh moist sample
by being submerged in water from 18 to 24 hours. This one exception
was the 6-inch surface layer from the Volusia gravelly silt loam profile
from Tioga County, Pa. It became 0.21 pH unit less acid following
that treatment and became 0.36 pH unit less acid after being mois-
tened and stored in that condition from four to seven days.
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DISCUSSION

The easy restoration of the air-dried samples to approximastely
their original pH values by using one or the other of the restorative
treatments indicates that the changes induced by drying are readily
reversible. The soil samples from 518 podsols, degraded chernozems,
and podsolic soils from the Pacific coast, which altered most on air
drying, were the ones that required moistening with distilled water
from 4 to 7 days before msaking the determnations, and the soil
samples from the other groups which made less change on dryin
responded better, for the most part, to being submerged in distilie
water fron 18 to 24 hours,

In order to explain the changes in reaction of the soil samples on
air drying and the restorative effects of the treatments it will be
necessary to review briefly the causes of soil acidity. Soils in humid
climates have a strong tendency to become acid. Several factors
operate in producing this condition. One of the most important is
the production of ]:(lﬁubla organic acids, particularly of carbonic acid
which is abundantly formed through the action of various living
organisms on plant remains. This acid forms relatively soluble
carbonates and bicarbonates with the bases which are in combine-
tion with the relatively insoluble orgamic and mineral acids. The
bases are thus leached away, leaving the insoluble material in & more
or less unsaturated condition with respect to bases. This is espe-
cially true in the podsol soils.

Soil acids appear to consist largely of compounds of very low solu-
bility. The plg values of such compounids where determined by the
hydrogen electrode may be considerably influenced by the presence of
the suspended solid material in contact with the electrode. It is for
this reason that the scil particles must be kept in as complete agita-
tion as possible when making a hydrogen-ion determination in order
to bring the greatest mumber of soil particles in sctual contact with
the hydrogen electrode and thereby obtain a measurement of the
ir_g%uence o% the almost, insoluble acid eonstituents (9, 17, 19, 21, 38, 36,
38).

As has already been brought out, the greatest changes on air drying
in these investigations took place in the upper layers of high organic-
matter content. As has nlso been shown, only 1 sample of the entire
327 borizon samples studied, a surface sample high in humus, which
changed more than 0.10 pH unit on becoming air<iry (Table 12),
was above neutral in reaction.  These two facts show that changesin
pH values of soil samples on drying occur mostly in samples high in
OEanic matter that is unsaturated with bases as indicated by the pH
values, This explains why the podsols showed such a strong tend-
ency to change in their organic matter layers on becoming air-dry.
{(Table 16.) Knickmann (26) and Achromeiko (2) are both emphatic
in attributing the changes in reaction produced by drying soils to the
presence of organic matter. Both worked on aei soﬁg]:n EKnickmann
states that the increase in acidity of a soil sample on drying is propor-
tionsal to its organic-matter content, Tables 20 and 21 from Achro-
meiko’s work indicate his conclusions on this subject.
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TanLe 20.—Amount of water-soluble organic matier in 1 liter of exiract jrom the
surface 8 inches of ¢ podsolfe a0l from an unoullivated field of the Agricultural
Academy, Moscow, Russia, afier deveral different irealments t :

[Expressed [n miflograms of cxygen ¥

Before After enpillary moistening for—

caplllary|
Treatment of sample mggten—

3 days | 7 deya | 21 days | 45 deys | 80 days | 2i0days

Crmmbed sell, freah molst . 4.0 3.0 28,k 2.2
Crumbed soll, dried in =an 161.2 X [+ %] 831
Criumbed soil, dried in oven ot 100° C. for

633.0 200. 0 18520

1 Pata from Achromeiko (#) on Russisn solls,
3 DPretermined by oxidation with potgasium permanganate.

The effect on the solubility of organic matter that Achromeiko
obtained by drying the same podsolic surface soil, shown in Table 1,
in the sun and in the oven at 100° (., together with the effects “of
various restorative treatments, is shown in Table 20. It is not clear to
the author whether Achromeiko meant s true solution of the organic
matter or merely a colloidnl solution. More than five times as much
organic matter went into solution after the sample had been dried in
the sun than from the fresh, moist sample, and drying the sample
in the oven at 100° increased the solubility of the organic matter more
than nineteenfold. The humus of the moist samples when stored at
room temperatures became increasingly less soluble until, at the end
of 210 days, just a little more than haif as much organic matter was
taken into solution as in the fresh, moist sample. Likewise the humus
in the samples dried in the sun and in the oven at 100°, when moistened
became less soluble as the days passed. The solubility of the organic
matter in the sun-dried sample was reduced to the same solubility of
that in the fresh, moist sample from 45 to 80 days after moistening,
and the solubility of the humus in the sample dried at 100° was re-
duced after 90 days of storage in a moistened condition from nearly
nineteen times to s little more than three times that of the original
moist sample. Table 1 shows that the pH value of this same soil was
restored to the approximate pH value of the fresh moist sample, both
when dried in the sun and ‘vhen dried at 100°, between three and seven
days after moistening. Inthesame period of time the organic matterin
the sun-dried sample was still two to more than three times as soluble
us that in the original moist sample, and the solubility of the humus
in the oven-dried sample was from nine to more than fourteen times
ereater than the solubility of the organic matter in the fresh, moist
sample. This would indicate thet there were other factors operating
in the change of pH of the soil sample and in its restoration following
moistening and storage besides the mere solubility of the organic
madtter. '
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Tane 21.—Amount of dispersed parficles! in the suspension in grama from
1 kilogram absolutely dryg:rﬂ o z::e surface 3 snches of a olic sofl from an
unculitvated fleld of the Agricultural Academy, Moecow, Russia, after several
different treatmenis 3

(ize of particles<0.001 mm.,)
Precipitats after 24 hours—
. Alter capillary moistenlng
Without en) -
m::&npggr 8ol molsterting 7 deys 21 dayn

0 ic | M ineral Orgents | Mineral Omganie | Mineeat | -
atter | matter | To%! | Tritter | matter | T0t | Tmatter | matter | Total

Crombed soil, fread | Grame | Grame | Grane | Gramg | Grams | Groms | Grame | Greme | Grooa

molat_ .. N1 3| 470 0.73 348 | 421 o8 4.01 4,88
Crumbad sol, dried in

71« 1.2 2 .30 Loo 108 400 L3 3.90 4,43
Cmmbed&ollsdriadin -

ovenat 100" C_...... s L858 615 201 300 &M L42 aae . %]

¢ Robinson's method.

I Dats from Achromelko (%) on Russlan soils,

Achromeiko shows (Table 21) the effect of drying the same soil
in the sun and in the oven at 100° C. on the dispersion of its organic
and its mineral matter. He also shows the effect of moistening these
dried samples and storing them at room temperatures for different
lengths of time. The organic matter became more than 50 per cent
more easily dispersed and the mineral matter became nearly 50 per
cent less easily dispersed on drying the sample in the sun. By
the sample in the oven at 100° C. the organic matter became nearl
four times as easily dispersed and the mineral matter less than haﬁ
as easily dispersed as in the originel moist sample. Moistening and
storing the dried samples had a decided tendency toward reversing the
effects of drying. But at the end of 7 days of storage in a moist con-~
dition the humus was still nesrly 20 per cent mor?%iapersed and the
mineral matter more than 20 per cent less dispersed in the sun-dried
sample than mn the fresh, moist soil, and in the oven-dried sample even
at the end of 21 days of storage in a moistened condition the organic
matter was still nearly 70 per cent more dispersed, but the mineral-
matter content had been bro:lfht. back to almost the same degree of
dispersion it had in the originel moist soil. Thus the dispersion of the
orgenic matter worked in the same direction as the solubility of the
humus on the reaction of the samEle following drying and subsequent
Testorative treatments, whereas the dispersion of the mineral matter
eppeared to work in the opposite direction. Probably there were
other facters operating besides these three.

Achromeiko is not the only investicator who has found that the
dispersion of mineral soil particles is decressed by drying. Steen-
kamp (39) found that in using Robinson’s method of mechanical
analysis without dispersing agents, there was less than half as much
clay from the air-dried sample as from the corresponding moist semple.
He also found the silt content to be only 79 per cent as high from the
air-dry sample, wheress the fine sand content from the air: sample
was nearly 2} times as high as from the moist sample. Puri and
Keen (34) also found that air drying greatly decreases the dispersion
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of elay particles ‘due to their becoming cemented together on drying.
Anderson and Byers () found that with electrodizlyzed colloids of
the major soil groups the clear supernatent liquid from every sample
was less acid than was the colloidal suspension. In the former case
only the readily water-soluble acidity was being measured, but in the
latter case the almost insoluble acidity existing i the minersl colloidal
particles wes being measured as well as the water-soluble acidity.
The writer has also noticed a strong tendency for soil suspensions to
become less acid or more alkaline if the soil particles are allowed to
settle at the bottom instead of being kept in complete suspension.
By combining these facts it can readily be seen that anything such
as air drying, which would decrease the dispersion of the mineral
soil particles, would have a tendency to cause the soil suspension of
the sample to measure less acid or more alkaline. This may be the
explanation of the behavior of the two subsoil horizons of the podsolic
profile from the Middle West (Table 19) which, having practteally no
organic matter in them, both became 0.23 pH unit less acid on drying.
It may likewise be the reason for the few cases reported by other
investigators (I, 36, 40) of soils becoming less acid or more alkaline
on passing from the moist to the air-dry condition.

Another factor in the changes in pH values brought about by air
drying may be changes in the exchangeable bases. Steenkamp (39)
from his work on several English soils found that in three cultivated
surfpce soils the quantity of neutral salt-forming bases such as MgO,
X.0, and Na.O increased from 11 to 14 per cent on air ing, and
the degree of saturation with these bases was algo increased 10 or 12
per cent, whereas in the uncultivated pasture soil there was a decrease
of 12 per cent in the quantity of neutral salt-forming bases and 2
decrease of 13 per cent in the degree of saturation with these bases on

ing. This uncultivated pasture soil almost doubled its amount. of
acid salt-forming exchangeable bases on becoming air-dry. Of course
the increase in the amount of neutral salt-forming exchangeable bases
on drying would make the sample less acid or more alkaline, whereas
the increase of the acid sali-forming exchangeable bases would cauge
the sample to become more acid on E;a ing {rom the moist to the air-
dry condition. As stated before, Coles ang Morison (14) also studied
the effects of air drying on English soils. Most of the samples were
taken from uncultivated land either in forest or in pasture. (Table 5.)
These writers found that the soils affer dxxing at 98° C,, like
Steenkamp’s uncultivated soil from pasture land, contained s smaller
nantity of exchangeable bases than did the moist samples. They ¢con-
cluded that the exchangeable bases must in some way be responsible
for the increase in acidity which they found in soil samples on air
drying. As all the soils in the investigations recorded in this paper
were virgin, they would naturally be more like the uncultivated soils
of Steenkamp and of Coles and Morison as to the behavior of their
exchangeable bases. The other investigators worked with cultivated
as well as with virgin soils, hence the findings of Steenkamp and
of Coles and Morison may account for some of their soil samples
becoming less acid or more alkaline on drying (f, 36, 40).

8till another factor which may influence the reactions of soil on air
drying and on subsequent restorative treatments is that of solubility.
Felly and MeGeorge (25) worked on two lateritic surface soils and
on one lateritic subsoil from the Hawaiian Islands, Since in the
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hydrogen-ion determinations given in this bulletin the water used in
the determination stood on the soils from 10 minutes to several
hours and one of the restorative treatments was to allow the distilled
water to stand on the soils from 18 to 24 hours before making the
determinations, for comparative purpeses Kelly and McGeorge's
findings on subjecting the moist and the air-dried soils to 1-hour
extraction with t]iistilled water and 24-hour water extraction of the air-
dried samples were selected. From their data the water extract from
the first surface-soil sample after 1-hour contact with the soil was
slightly less acid after the sample was air-dried than was the same
extract when the sample was moist, and the extract following 24-hour
contact with the air-dried soil was still less acid. The water extract
after 1-hour contact with the air-dried second surface-soil sample was
more than twice as acid as that from the moist soill and the 24-hour
extract from the moist sample. With the subsocil sample the water
extract after 1-hour contact with the air-dried sample was slightly
more acid than was the same extract from the moist sample, and the
water extract after 24-hour contact with the dried sample was slightly
less acid than the 1-hour extract from the moist sample. From Kelly
and McGeorge’s work it appears that some soils may show a decrease
and others an increase in soluble acidity from gir drying and thsat
submerging the air-dried soil for 24 hours in distilled water may with
some so1ls increase the soluble acidity and with others decrense it.

It can be readily understood from the discussion of the several fac-
tors involved in the changes of reaction brought about by drying soil
samples and by the subsequent restorative treatments that they do not
all operate in the same direction. These different factors appear to
balance each other so that in most cases there is no appreciable
change in reaction on air drying. By far the most important factors
appear to be the amount of acid organic matter present, its solubility
and its dispersion.

Cultivated soils under field conditions appear to show considerable
seasonal variation (6, 10, 12, 15, 16, 24, 27, 29, 81). Most of the
investigators found acid scils to be considerably more acid (0.2 to
2.0 pH units) in iate summer and fsll than in early spring (6, 10, 12,
15, 16, 24, 27, 81). Lipman and his associates (29) appeer to be
the only investizators who found acid soils becoming less acid in the
fall than in the spring. They found several that became 0.2 to 0.7
pH unit less acig. %/Iost. of the alkaline soils showed wvery little
seasonal varations but some were most erratic (6, 10, 15, 24). Baver
(6) and Kelley (24) noticed a tendency for acid soils to incresse in
hydrogen-ion concentration following a rain. Some of the soils
tested by them became fromw 0.15 to 0.25 pH unit more acid. The
seasonal variation in the soil reaction from early spring to late summer
and fali is doubtless due to the drying of the soil which eauses it to
approach an air-drv condition in the later part of the growing season,
One would think that with acid soils the reaction would tend to
become less acid following a rain but probably some of the factors
working in the oppesite direction operate more strongly under these
conditions. Because of these variations in the hydrogen-ion con-
centration of soils under field conditions, which appear to be greater
than the changes induced by air drying the soil samples, it seems
better for comparative purposes to make all hydrogen-ion determina-
tions on air-dry samples rather than to use the moist samples fresh
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from the field 8s some investigators advocate (I, 6, 11, 19, 26, 36).
As mentioned earlier in this bulletin, air-dry samples are much more
convenient fo use than are the fresh, moist samples, and it is prac-
tically impossible to store samples in a moist condition for any length
of time without having their reaction change more or less.

' SUMMARY

Three hundred and twenty-seven moist horizon semples from 64
representative virgin profiles from widely scattered parts of the
United States, from Porto Rico, and from Canada, were collscted
in tin cans by field men in the soil survey and by experiment, station
workers from this country and from Canada and sent to the labora-
tmg'. On reaching the laboratogy each sample was carefully mixed
and from 4 to 18 hydrogen-ien determinations were run on it while
it was still in & moist condition. The samples were then air-dried
and from 4 to 18 determinations were again made on each. :

A bubbling hydrogen electrode method was used in making th
hydrogen-ion determinations.

Twenty soil profiles, or 31 per cent of the profiles studied, showed
a change of more than 0.10 pH unit on sir drying. Forty-two horizon
samples or 13 per cent of the total number examined, changed more
then 0.10 pH unit. Only 2 of the 64 profiles studied contained
horizons that changed 0.50 pH unit or more. .

When the change exceeded 0.10 pH unit, it was in the direction
of greater acidity, with only two exceptions. With few exceptions
the greatest change on drying took place in the layers high in organie
matter. With only one exception the horizon sarples that changed
more than 0.29 pH unit on becoming air-dry were acid in reaction.

None of the humid-prairie profiles, the brownish-red soils bordering
on the pedocals, and, with the exception of one surface layer, none
of the pedocals consisting of the chernozems, the reddish-brown soils,
and the desert soils changed more than 0.10 pH unit in any of their
horizons on drym%m This statement also applies to {our-fifths of the
lateritic soils, to three-fourths of the immature proiiles, to two-thirds
of the imperfectly drained sovils of lateritic regions, to more than
one-half of the podsolic soils from the Eastern and Midwestern States,
and fo approximately one-half of the podsols and degraded chernozetns.

The horizon samples from the reddish-brown pedocals, from the
lateritic group, from the imperfectly drained profiles of lateritic
re%ions, and from the immature profiles which had changed appreci-
ably on air drying were best restored to the pH value of the orginal
moist samples by allowing them to stand in distilled water from 18
to 24 hours. The horizon samples from the podsol profiles, from
degraded chernozems, and from podsolic profiles of the Pacific coast
which had changed more than 0.10 pH unit on drying were best
restored to within that limit of variation from the fresh moist samples
by being moistened from four days to a week before makilflf the
determinations. The herizon samples from the podsolic profiles of
the Erstern and Midwestern States, which had changed appreciably
on becoming air-dry, were intermedisate in their responses to the two
restorative treatiments. The humus horizons which most resembled
the raw humus layers of the podsols required the same treatment,
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. buﬁ the others were best restored by having the distilled watar stand
<00 them from 18 to 24 hours hefore making the determinations.

" _The most important factor affecting the changes in reaction from
air drying appears to be the amount of acid organic matter present-_
in the sample,

The general conclusion is that hydrogen-ion determinations should
be made on air-dried soils rather than on samples fresh from the field.
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