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Sunflowers and corn were grown in Newberg loam soll treated
with varying amounts of waste sulfite liquor. It was found that
waste sulfite liquor equivalent to 84 tons per aere could be
added before toxlcity was noticeable. The éddition of nitrogen
as nitrate with waste sulfite liguor stimulated plant growth.

Wast@lsulfite liquor additions- to ﬁhe soil gave an immedi-
ate increase in the water soluable potassium, sulfate, and
calcium content, TUpon Ingcubation the amount of potassium and
sulfates increased, but the calcium content decreased., The
addition of waste sulfite liquor to the soil caused an immedi-
ate decrease in hitrate nitrogen, which decreased further upon
incubation. The addition of urea decreased further upon incu-
bation. The addition of urea with waste sulfite liquor to the
861l gave nitrate production upon inecubation. The amount of
nitrate produced was governed by the ecarbon nitrogen ratio of
the added urea and waste sulfite liquor.

Waste sulflte liquor, when added to the soil, inereased

the carbon dioxlde evolution except with additions equivalent



to 560 tons per aere. The addition of wheat straw with waste
sulfite liquor gave an increase in carbon dioxide evolution.
Calcium nitrate when added alone to the soil, had a depressing
effect on the carbon dloxide evolution, When calcium:nitrate
was added to the soll with waste sulfite liquor or wheat straw
the carbon dioxide evolution increased. There was a general
inerease in microblal population with waste sulfite liquor
additions either alone or with calcium nitraete or wheat straw,
except in the case of the larger application of waste sulfite
liquor.

The pH of the soll was decreased by waste sulfite liquor
additions, which gradually increased upon incubation.
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EFFECT OF WASTE SULFITE LIQUOR ON SOIL
PROPERTIES AND PLANT GROWTH

INTRODUCT ION

In the production of wood pulp for paper or rayon
manufacture, wood chips are digested with sulfite leach
liquor. The leachate, which contains large amounts of
lignin, sulfur, and some sugars, as well as various other
substances, 1s termed "waste sulfite liquor." Disposal of
this waste is a serilous problem. Various investigations
directed toward possible utilization of this material have
met with only moderate success.

Phillips et al. (7) point out that the annual discharge
from wood pulp mills in this country contains about
1,500,000 tons of lignin, which is equivalent to some
27,000,000 tons of liquor. This materilal carries a large
quantity of combined sulfur, calcilum, and potassium, and
other substances in varying Quantities. The approximate
specific gravity of the liquor is 1,12, and the loss from
drying 1s about 89 per cent (6). As may be seen from table
1, waste sulfite liquor contains considerable material that
should affect soll fertility and the growth of plants.

Though these data are subject to large variation and
some error, they serve to give an idea of the quantity of
waste liquor and its contents yearly dumped into streams, in

many instances causing damage as well as loss of materials



that might be recovered and utilized.
TABLE 1

APPROXIMATE COMPOSITION OF WASTE SULFITE LIQUOR%*

Per cent Tons
Total s80lids ¢ o o ¢ o ¢ o o 10.7 2,889,000
SUlTIr o & o « o« » s » s » » 0.98 264,600
Caledun & « ©» « » o« » &« « = 0.48 129,600
Potassium .« « o o o o ¢ o & 0,031 5,370
Nitrogen « « o« o o o o o o & 0.004 1,155
Lighin o« « o o o o o o o o o 5.53 1,500,000
PhosphorusS « ¢ o o o o o o o 0.0017 459
SUZATS 4 o o o o o o o o o o 1.81 488,700
Carbon L d L] e L] ® (2 L o * . L] 4-' .15 1,120,500

s# Potassium, phosphorus, calcium and carbon were determined
by the author on a sample of liquor from the Rayonler pulp
mill. ©Nitrogen was obtained from data by Phillips et al.
(7). Other data are from Partansky and Benson (6).

The bulkiness of the waste product probably prohibits
at least at the present time, the use of the material in
the raw state as a fertilizer. There is considerable in-
terest, however, in knowing what the effect 1s when the
liguor, in the raw state, i1s added to the soil., The rela-
tively high sulfur content of the liquor lends interest to
the gquestion of using the material on sulfur-deficient
soils. Likewise, the high acldity suggests possibilities
for correcting alkall soils., There is also the possibility

that the lignin of the liquor might contribute to humus



formation in soills.

Use of the raw liquor on soils has been commonly
regarded as undesirable because of the toxic effect on
plants and microorganisms, although no experimental work
to support this 1dea has been repofted. Investigations to
determine the specific effects of raw waste sulfite liguor
on plant growth, solubility of soil nutrients, and micro-
bial processes in the soil were carrisd out on Newberg
loam, a slightly acld soil of high natural fertility. This

thesis reports the results of this study.,



METHODS

To determine toxic concentrations, soil was treated
with varying amounts of liquor in lacquered cans in the
greenhouse, The cans held one pound of soil. Sunflowers
and corn were grown as indicator plants. The sunflower
seeds were allowed to germinate and sprout through the soil
before the liquor was applied., In treating with liquor,

2 cc. were put on the soil after seed germination, and the
treatment was doubled or tripled weekly until the desired
amount of liquor had been added. After a 6-week period of
growth, the plants were measured for height and then har-
vested for dry weights., In the case of corn, the liquor was
all applied at the time of planting. After an 8-week period
of growth, the plants were measured for height and har-
vested. Treatments were in quadruplicate, and five plants
were grown in each can, giving 20 plants for each treatment.

The effect of the liquor on soluble nutrients was de-
termined by treating the soll in the same way and incubating
for varying periods without planting. Water extracts (1:5)
were used for analysis. Potassium was determined by the
cobaltinitrite method (5). The calcium was precipitated as
the oxalate and titrated with standard permanganate in the
usual way. The sulfate sulfur was precipitated and weighed
as barium sulfate. Nitrates were determined by the phenol=-

disulfonic acid method (2).



The effect of the liquor on microological processes
was studied by treating l-kgm. portions of soil in a
respiration apparatus and aserating with COo-free air. The
carbon dioxide produced by the organisms bringing about de-
composition was determined by the method of Bollen and Ahil
(3); the carbon dioxide was absorbed in sodium hydroxide
and double titrated with standard sulfuric acid, phenol-
phthalein and brom phenol blue being used as indicators.

In the microbial counts, peptone-glucose-acld agar was
used for molds, and sodium albuminate agar as described by
Fred and Waksman (4) was used for bacteria and actinomyces.
Duplicate plates from appropriate dilutions were poured and
the numbers of colonies counted after incubation of 28°C.
until the colonies could be distinguilshed,

The titration curves were made from data obtained by
using 1lO-gm. samples of soll and adding acid, alkali, or
liquor as indicated with enough water to make a l:5 sus-
pension, The pH was measured with a glass electrode after
30 minutes of shaking., Ten grams soil and ten cubic centi-
meters liquor were mixed together and titrated with alkalil

in a similar manner,



RESULTS AND DISCUSSION
1., BEffect of wes.l.®* on Plant Growth

The data in table 2 show that sunflowers grew satis-
factorily in Newberg loam with concentrations of w.s.l. as
high as 22 cc. which is the equivalent of 61.6 tons an acfe
of 2,000,000 pounds of soil. There was no toxic effect from
additions up to 30 cc., which corresponds to 84 tons of |
liquor per acre. The growth response is shown in the column
"index of growth." This figure is calculated by taking the
greatest height attained by any treatment (60 cm.) as 100,
Other treatments then produce heights which are a certain
per cent of the maximum., One gram dry weight taken as a
standard for a single plant is used in the same way for
weilght comparisons., The height and weight percentages ob-
tained invthis manner are added and divided by two. This
figure is termed the index of growth,

Table 2 shows that the index of normal growth of the
control under conditions provided was 41.1. A figure much
lower than this indicates toxicity. In the 30- and 48-cc.,
applications the average weights of the plants are high be-

cause only five of the twenty original plants survived, yet

# Throughout this paper, w.s.l. is used as an
abbreviation for waste sulfite licguor.



the reduced heights of these plants shows the toxic effect
of the liguor. Can 7, (fig. 1) received a 30 cc., applica-
tion of w.s.l., and only one stunted plant grew showing

definite toxicity.

EFFECT OF W.S.L. ON TEE GROWTH OF SUNFLOWERS

Average Dry Average
Ww.5.L. Height Weight Weight Index
Treat- of of of of
ment s Plants Plants Plants Growth
GG, cm. gm. gm.
Control 38.0 S.54 0.1¢ 41.1
2 40.7 4,12 0.21 44,5
4 45,6 4,97 0.26 51.0
8 45,3 5.32 0.28 51.7
16 43,1 5.08 0.24 47,9
22 41.2 Dedt Oe2d 45.8
30 32.8 1,14 0.23 38.8
48 28.8 0.76 0.25 35.5

The effect of w.s.l. on the growth of corn is shown in
table 3. In this case application of 8 cec. of w.s.l. which
corresponds to 22 tons per acre proved toxic to corn. The
index of growth is calculated by using 65.4 cm. as the maxi-
mum height and 2.10 gms,., as maximum weight for any single
plant. The height of the corn was measured by running the
hand up the stalk of the plant until the tips of the top
leaves were left and then measuring with a meter stick from

—

the base of thestalk to this high point.



TABLE 3

EFFECT OF W.S.L. ON THE GROWTH OF CORN

Average Dry Average
¥.5.5L. Height Weight Weight Index
Treat- of of of of
ments Plants Plants Plants Growth
ce cnm, gm. gm,
Control 37 «6 9.66 0.54 41 .4
2 37 .8 10.88 0.54 41,7
4 40,0 10,72 0.53 43.2
8 36.9. 8,34 - 0.42 38,1
16 37 o4 8.0%7 0.40 38,0
B2 24,0 2.87 0.14 2).6
48 5.0 0.17 0.008 3.8

All the plants, including those of the control, were
spindly with yellow leaves. Can 6 and 7 (fig. 2) that
received 32- and 48-cc., applications of w.s.l. respectively,
showed definite toxicity. This is also shown in the index
of growth (table 3) which is far below that of the control,
Cans 4 and 5 receiving 8- and 16 cc, of w.s.l., respect-
ively have plants which are less sturdy than the control,
but are approximately the same height as the control. The
growth response is shown in the index of growth which is
less than that of the control. Cans 2 and 3 recelving 2-
end 4-cc., Wes.l. are taller and heavier than the control,
and give accordingly higher indices of growth.

Large applications of w.s.l. are more toxic to corn



than to sunflowers. Thils may be due to the reduction in
nitrate concentration which takes place on the addition of
large amounts of w.s.l. to Newberg loam soil, causing
spindly plants and a definite yellowing of the leaves. Corn
may have a higher nitrogen requirement than the sunflowers.

In order to overcome any nitrogen deficiency caused by
additions of w.s.l. to the soil, a series of treatments was
run in which nitrogen was added to the samples during the
growing period. Table 4 shows the treatments that were
made. The N-only was a solution containing 0,02 gm. nitro-
gen as nitrate per 100 cc. During the growing period
1000 cc, of this solution were applied which corresponds to
0.2 gms. nitrogen. The complete nutrient used was a solu-
tion containing 0.035 gm. potassium, 0.02 gm. nitrogen as
nitrate, 0.0217 gm, phosphorus as phosphate, 0.028 gm., cal-
cium, 0.0168 gm. magnesium and 0,0224 gm. sulfur as sulfate
per 100 cc. A total of 1,000 cc. of this soclution were ap-
plied during the growing season.

The fertilization with complete nutrient more than
doubled the growth of corn, as shown by the index of growth
(table 4). The plants were sturdy with a full rich‘green
color. The nutrient with N-only caused a definite increase
in growth over the control. There was a general increase in
yield with increased amounts of w.s.l. used with nutrient

N-only. The maximum growth as indicated by the index of
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l-Control; 2-2 cec. w,s8.1.; 3-4 cc. w.s.l.;
4-8 cc. w.s,1.; 5-16 cc. w.s.l.; 6-22 cc. WaeSasle}
7=-30 cc., w.s.1,

Fig. 2

1-Control; 2-2 cc. w.s.1l.; 3-4 cc
4-8 ce, w.8.1.; 5-16 cc., w.s.1
7-48 cec. w.s,1l.
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growth was with the 16 cc. w.s.l. which corresponds to 44
tons per acre. This may be seen in Fig., 3. Can © repre-
sents the 16 cc. w.s.l. and N-only applications. This
figure also shows the increase in growth due to the in-
creased application of w.s.l. Can 8 received complste
nutrient solution and the plants were very sturdy. The
addition of nitrogen with w.s.l. definitely increased the

growth of corn in Newberg loam soll.
TABLE 4

EFFECT OF W.S.L. AND NITROGEN AS NITRATE
ON THE GROWTH OF CORN

Average Dry Average
w.S.L. Height Weight Welght Index
Treat- of of of of
ments Plants Plants Plants Growth
e, gm, gm,

Control 37 .6 9.66 0.54 41.4
Complete Nutrient 63,1 42,00 2.10 98.1
N-only 44,8 17 .40 0.87 54.8
N-only, 2 cc. w.sS.l. 49,5 20,82 1,04 62.5
N-only, 4 cc. w.s.l, 50.7 21.49 1.08 64,2
N-only, 8 cc. W.S.l. 55.8 26,17 1.32 735
N-only, 16 cc. w.S.l. 56.5 27,08 1.36 75.4
N-only, 32 cc. w.s.l. 57 .6 25,683 1.28 4.4

Table 5 shows the effect of w.s.l. used as a source
of sulfur. The nutrient S-omit was the same as the complete
nutrient except for the omission of sulfur; 1000 cc. of this
nutrient was used. This nutrient caused an increase in

yleld of about 50 per cent over the control., There was a
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general increase in growth with increased additions of
W.S.l. with the S-omit nutrient. GCGrowth was nearly as good
when 32 cc, of liguor was used as a source of sulfur as when
sulfur was supplied in the usual way in the complete nutri-
ent. Fig. 4, shows the general increase in growth due to
increased additions of w.s.l. with the other nutrients.
This shows that the liquor was a satisfactory source of
sulfur.,

The effect of w.s.l. and various nutrients upon the
growth of sunflowers (9) is approximately the same as in
the case of corn. Definite increases in yield were obtained
with the application of w.s.l. used as a source of sulfur

with and without the addition of lime.,
TABLE 5

EFFECT OF W,.,S.L. USED AS A SOURCE OF SULFUR
ON THE GROWIH OF CORN

Average Dry Average
w.s.L. Height Weight Weight Index
Treat- of of of of
ments Plants Plants Plants Growth
cm. gm, gm,

Control 37 .6 C.66 0.54 41 .4
Complete Nutrient G0l 42,00 2.10 98.1
S-omit 47,5 21.16 1.06 6l.3
S-omit, 2 cc. w.sS.l, 62,2 32.23 1.69 87 «6
S-omit, 4 cc. w.S.l. 60.5 32.60 1..88 86.1
S-omit, 8 cc. w.s.l, 62.5 34,44 1.72 88.5
S-omit, 16 cc. w.s.l, 60.9 34,66 1.73 87 .6

S"'Omit, 52 CCo. ‘NtSnl. 65'4: 34.‘76 1.74 91.4




13

Flg. 3
1-Control; 2-N-only; 3-2 cc. w.s.l. and N-only;
4-4 cc. w.s.l. and N-only; 5-8 cc. w.s.1l. and

N-only; 6-16 cc. w.s.l. and N-only; 7-32 cc.
w.s.l., and N-only; 8-complete nutrient.

Fig. 4

l1-Control; 2-S-omit; 3-2 ec. w.s.l. and S-omit;
4-4 cc. w,s.l, and S-omit; 5-8 cc. w.s.l. and

S-omlt; 6-16 ce. w.s.l. and S-omit; 7-32 cec.
w.s.l, and S-omit; 8-complete nutrient.



2. Effect of w.s.l. on water-soluble
nutrients of the soil

Newberg loam treated with w.s.l. as indicated in table
6, showed an increase in water soluble potassium, calcium,
and sulfate. The nitrate content decreased immediately on
the addition of the liquor. Upon incubation, there was a
complete loss of nitrate, This may be due in part to the
chemical reaction between the sulfites or sulfides present
in the liquor and the soll nitrates. Since there was a de-
crease in nitrates immediately, this explanation seems
reasonable. The total absence of nitrates at the end of the
2-week period may be caused in part by microbial activity.
The sugars and other easily decomposable organic compounds
In the liquor stimulated the microorganisms, which utilized
the nitrates and other available nitrogen. The acidity
caused by the w.s.l. also inhibits nitrification.

Soluble potassium was increased fivefold by the addi-
tion of 16 cc. of we.s.l. Since the potassium content of the
liquor is 3.5 mgm. per cc., the liquor added accounts for
most of the increase., There was a genéral increase of
water-soluble potassium on incubation, which may be caused
by the slow base-exchange reaction taking plaée, as well as
by solvent action of carbon dioxide resulting from microbial

activity.
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TABLE 6

EFFECT OF W.S.L., ON WATER-SOLUBLE NUTRIENTS

OF NEWBERG LOAM SOIL

Incu- :
Nutrient bation w.8.l. treatment per 400 grams soil
Period 0 cc. 2 cd. 4 cc. 8 ec. 16 e,
Weeks PeDeMe DPeDeMe PePeMe DPeDoelle DPeDeMe
0 20 28 100 150 410
Calcium 2 27 41 80 145 331
5 35 44 75 160 262
10 40 47 61 144 224
0 2 8 19 26 48
Sulfur 2 2 20 46 50 120
as '
Sulfate S 5 33 61 98 149
10 3 30 72 148 212
0 4 S Aok 13 20
2 4 5 13 13 20
Potassium ,
5 6 8 12 16 23
10 6 8 11 19 25
0 8 7 7 5] 4
Nitrogen 2 8 0 0 0 0
as
Nitrate 5 9 0 0 0 0
10 9 0 0 0 0
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The sulfur present in the w.s.l. is in the form of
sulfides, sulfites, sulfates and organic sulfur com-
pounds. Immediate increase of the water-soluble sulfates
is due to their presence in the liquor. Incubation for two
weeks doubled the sulfate concentration in almost every
treatment. Longer periods of incubation increased the
sulfate content, but the increase was not so pronounced as
in the initial 2-week period. This sulfur oxidation may be
brought about in part by the oxidation of the reduced forms
of sulfur, by oxygen of the soll alr, as well as by the
action of sulfur oxidizing molds and bacteria. Not all of
the sulfur added as w.s.l. was converted to sulfates. The
maximum conversion after 10 weeks represents about 60 per
cent of the total sulfur added in the liquor.

Table 6 shows an immediate increase in the amount of
water-soluble calcium, due to the fact that the liquor con-
tains 4 mgm. calcium per cc, In the heavier treatments, the
amount of calcium found exceeds the water-soluble calcium
content of the soil and the calcium added in the w.s.l. by
a large amount (230 p.p.m. excess for the 1l6-cc. treatment
in original analysis). The acidity of the liquor when
added to the soil, caused a base replacement, freeing cal-
cium from the colloidal complex by substitution with hydro-
gen. On the other hand, incubation decreased the soluble

calcium in every treatment. This reversal may be explained
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on the basis of the solubility of calcium sulfite in water.
Tn the formation of sulfite leach liquor, which is used in
the extraction of cellulose from wood, limestone is treated
with sulfurous acid. The following equations indicate the

reaction:

~ —_— C
CaCO5 + Est CaSO5 + H2 0

3 3

The solubility of CaSOS.Qﬂgo in water is ut 43 p.p.m. at
18° ¢. (8). The CaS0z is highly soluble in sulfurous acid.
In w.s.l. there is enough free sulfurous acid to keep the
calcium sulfite in solution. This is the case in the
immediate analysis of the treated soll. On incubatlion free
HZSOS is oxidized, and the pH of the treated soll increases

(table 8)., This decrease of acidity causes the formation of

insolublé calcium sulfite as follows:

Ca(HSOE)2 — Cad0z ¢ H2805

Plants grown in solls treated with large additions of
wW.S.l. become stunted and exhiblt yellow leaves significant
of nitrogen deficiency. Additions of nitrogen with w.s.l.
produced a marked increase in yield and gave plants which
were normal with a full rich green color. Direct evidence

of this deficlency is shown in table 6, where successive
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treatments with w.s.l. caused a complete loss df soil
nitrates. Table 7 gives data which shows that an excess

of nitrate can be produced in the presence of w.s.l. in the
soil 1f enough nitrogen is added to maintain a suitable

C/N ratio.

The results in table 7 show that additions of w.s.l.
to the soll caused disappearance of nitrate nitrogen as is
the case in table 6, Nitrification in the control was
rather high during the 80-day incubation period, but in-
creased additions of w.s.l. reduced or completely stopped
this process. The addition of 2 grams of calcium carbonate
reduced the acldity of the soill, making it a more favorable
medium for the nitrification process, and in almost every
case, there was an increase in nitrates over that obtained
in the presence of w.s.l. alone,

The source of nitrogen used in this experiment was urea
which contains 46.7 per cent nitrogen. At the end of the
80-day incubation period all of the nitrogen in urea was
not present in the nitrate form. The addition of lime along
with the urea did not increase nitrification. Increased
additions of w.s.l, cut down the nitrification of urea,
Table 7 shows the C/N ratio of the added mixture of urea and
w.s.l, The narrower the C/N ratio, the more nitrification
took place, but even in the treatment with the narrowest

C/N ratio where w.,s.l. was present the amount of nitrates
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accurulated was wide, the microorganisms were activated

or increased in number to such an extent that they utilized
nitrates in large quantities while decomposing the easily
decomposable‘carbon containing compounds which were in the
liquor.

The addition of lime along with w,s.l. and urea, did
not effect the nitrification except with the higher treat-
ments with w.s.l. The increased nitrification resulted
from neutralizing the acidity of the liquor. Soil treated
with the largest amount of w.s.l. (8 cc.) in all cases had
little or no nitrate at the end of the 80-day incubation

period.
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TABLE 7
EFFECT OF TREATMENTS ON NITRIFICATION IN NEWBERG LOAM
Tregzgentﬂ N as Y03
100 Grams Cc/N Incubation period, days
Soll Ratios 15 30 80 15 80
PePoeMe PoePelMe DePemme PpH pH

Control 17.5 3l.8 44,0 S.7 5.6
Urea 0.02 gm, 30.0 69.0 97.5 5.8 5.5
Urea 0,02 gm,

1 cc.w.s.1l, 5.6/1 16.0 46.0 88.0 5.8 5,5
Urea 0,02 gm,

2 ceow.s.l., 11.2/1 11.0 31,0 65.0 5.6 5.5
Urea 0.02 gu.

4 ce.w.s.l. 22.5/1 1.0 10.0 27.0 5.5 53
Urea 0,02 gn.

8 cc.w.s.1l, 55/1 T £ P T 5.3 5.5
1 88« WuSals 10.0 23.0 28.0 5.5 5.7
2 cc. w.s,1. 4,5 15.0 19.5 5.5 5.5
4 cc. w.s.1l. T 6.0 12.5 5.2 5.4
8 cc. WeS.1le T P T 5.1 5.3
2 gm. CaCOz 22.0 4¢.0 54.0 7.2 7.1
2 gm. CaCOgz

1 cce WeS.1l, 12.5 24,5 35.0 7.0 6.9

2 cc, w.S.1, 6.5 13.0 25,0 6.8 6.7
2 gm, CaCOz

4 cc. w.s.1, T 4.0 9.6 6.6 6.9
2 gm., CaCOgzg

8 B0, WeSuls T 2.0 3.0 6.4 6.4
0.02 gm. Urea

2 gm. CaCOg 46,0 69.0 100 7.1 6.9
0.02 gm. Uresa

2 gm, CaCO

l cec. w,s.l. 25.0 38.0 82.0 7.0 6.8
0.02 gm. Urea

2 gm. CaCOgz

2 60y WeS.ls 25.0 38.0 65.0 6.8 6.7
0.02 gm., Urea

2 gm. CaCoO

4 cc, w.s.l, 17.5 26.0 26,0 6.6 6.6
0.02 gm. Ures

2 gm. CaCO.,

8 cc. w.s.T. 9.0 9.0 16.0 6.4 6.4

T// = Trace (less than 0.1 p.p.m.)
#C/N = Carbon and nitrogen ratio of the urea and w.s.l.
added to the soil
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8. Effect of w.,s.l. on the Biological
Activity of the Soil

Carbon dioxide evolution from Newberg loam treated with
W.s.l. and wheat straw is shown in figure 5. The increased
rate of carbon dioxide evolution with time is indicated
by curves in which carbon dioxide evolution is expressed in
milligrams of carbon evolved. The control is taken as Zero
and plotted as the x-axis. Since the greater part of the
carbon in the soil is present in the organic matter, the
carbon dioxide evolved serves as an indication of micro-
bial activity and organic matter decomposition, The results
show that any addition of other organic substances with the
sulfite liquor increased the amount of carbon evolved in
the earlier period of incubation. Upon further incubation,
the curves decrease in slope and finally become nearly hori-
zontal, indicating approach to an equilibrium. In all
treatments with w.s.l.,, there is an increase in the carbon
dioxlde evolved. This is due to the easily decomposed
organic substances, such as sugars, contained in the liquor.
In case of the 500 cc., w.s.1l, treatment, there was less
carbon dloxide evolved than from the control in the early
periods of incubation., This may have been due to the un=
favorable pH caused by such large additions, which retarded
biclogical activity. After the toxicity was overcome, the

carbon dioxide evolution increased over the control,
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Addition of straw to the soil increased the carbon
dioxide evolution over that of the control. Increasing
additions of w.s.l. with straw, as shown in figure 5,
increased the carbon dioxide evolution with the exception
of the 500 cec, wWes.l. treatment, which during the first
part of the incubation period gave less carbon dioxide than
was evolved from the control,

The effect of treating Newberg loam with wheat straw
- and w.s.l, on the number of molds, bacteria and actinomyces
is given in table 8. The original soil, having a moisture
content of 20 per cent and a saturation capacity of 60 per
cent, had 7,250,000 bacteria and actinomyces and 38,000
molds per gram of dry soil., After a ten day incubation
period there was an increase in the number of molds with
most of the treatments, with the exception of the heavier
applications of w.s.l. The 50 cc. treatment gave irregular
results. At the end of the incubation period the number of
molds was large, particularly with the larger application,
Molds are not inhibited by the acidity due to the w.s.l,

After the 10-day period of incubation, there was a
general ihcrease in the number of bacteria except 1n the
case of the treatments wlth large amounts of w.s.l. In the
case of the 100-, 250~ and 500 cc. applications of w.s.l.
the numbers of bacteria were greatly decreased. This was

probably due to the inhibiting effect of the increase in
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TABLE 8

EFFECT OF W.S.L., AND STRAW UPON THE MICROBIAL
POPULATION OF NEWBERG LOAM SOIL.
NUMBERS PER GRAM

Molds Bacteria Actinomyces
Treatment x 500 x 50,000 x 50,000
per . -
Eilogram Incubation period, days
Soil 10 310 10 310 10 310
Control 86 210 400 48 3 7
O Ble WaBuls 115 260 700 37 5 10
10 cc. we.s.l. 70 385 250 o7 0 21
50 cc. w.s,.1l. 44 325 100 50 0 15
100 cec. w.s.l. 204 1400 1002 75 0 12
250 cc. w.s.l. 5 320 Ol 0 0 0
500 cc. w.s.1, 0.25 775 0.7 ) 0 3
5 CC. Wosnlt
4 gm. strawsk 150 420 1250 40 20 5]
10 GC. W.S.10
4 gm, straw 170 655 320 83 5 10
50 cec. w.s.l.
4 gm, straw 350 950 400 88 o 15
250 cc. w.s.l.
4 gm, straw a7 1500 0 1 0 0
500 cc. w.s,.1l.
4 gm, straw 0.25 310 0 0 0 0
4 gm. straw 78 450 1000 49 4 20

% Wheat straw
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acidity caused by the addition of the liquor. Treatment
with wheat straw caused an increase in the number of bac-
teria in the earlier days of incubation., The addition of
liquor with wheat straw caused a general increase in the
number of bacteria, except with the heavier w.s.l. appli-
cations. The increase in number of bacteria somewhat
irregularly corresponds to the increase in the amount of
carbon dioxide evolved from the soil. The largest appli-
cation of w.s.l. caused a marked and permanent reduction
in the plate count, but only a temporary reduction in the
carbon dloxide evolution. At the end of the incubation
period the number of bacteria in all cases was low; this
corresponds with the leveling off of the curves in figure 35,
indicating the tendency toward a microbial equilibrium.
Heavy applications of w.s.l. inhibited the development
of actinomyces, which decompose the more stable forms of
organic matter, After the soil had reached a somewhat
stable condition, where soil processes were returning to
the original nérmal, the number of actinomyces increased.
The more simple organic compounds added had been decomposed,
leaving the more resistant residues which were then decom-
posed slowly by the actinomyces. After 310 days incubation
the 250- and 500 cc. w.s.l., treatments still inhibited the
growth of actinomyces.

The results in figure 6 show the effect of calcium
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nitrate, w.s.l. and wheat straw on the carbon dioxide evo-
lution of Newberg loam soil. The control is taken as zero
and plotted as the x-axis. The addition of calcium nitrate
to the soll decreased the evolution of carbon dioxide. This
added nitrogen was immediately avallable for anabolic re-
quirements of microorganisms and a reduced decomposition

of organic matter resulted. With an adequate supply of
easlily avallable inorganic nitrogen the organisms were not
required to deccmpose organic nitrogen compounds and hence
less carbon dioxlde was evolved. This circumstance, there-
fore, explains the decrease in carbon dioxide production,
even though increased plate counts were obtained when cal-
clum nitrate was added., The addition of w.s.l. carrying a
large proportion of readily decomposable constituents along
wilth calcium nitrate increased the evolution of carbon
dioxide over that of the soll alone, or soil plus calcium
nitrate. The effect of calcium nitrate upon w.s.l., decom-
position is about the same as the effect on decomposition
of native soll organic matter. This may be seen by com=
paring figures 5 and 6,

The addition of wheat straw alone produced an increase
in all plate counts (table 8) and in carbon dioxide evo-
lution. Calcium nitrate added with wheat straw gave an
additlonal increase in carbon dioxide evolution and also

gave an additional increase in the number of microorganisms.
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The stimulating effect of the added nitrate with straw is
in contrast with the depressing effect obtained when cal-
cium nitrate was added to the soil alone, because the straw
provides readily decomposable carbon compounds. This situ-
ation also obtains with combined additions of W.s.l.; cal-
cium nitrate and wheat straw, Waste sulfite liquor in the
largest application proved definitely toxic. This is shown
by permanent reduction in the number of bacteria and actino-
myces and a temporary reduction in the number of molds and
ig the rate of carbon dioxide evolution. ©Subsequent Iin-
crease in carbon dioxide evolutlion was apparently due to
mold activity since these organisms showed a striking
inerease in number at the end of the experiment. A large
proportion of the molds developed were tentatively identi-
fied as Penicillium luteum. This is of interest inasmuch
as Abbot (1) has shown that this penicillium oxidizes sul-
fur. BSome preliminary experiments carried out with a pure
culture of this mold isolated from the w.s.l. treated soll,
showed that it had definite sulfur-oxidizing power.

The number of bacteria at the end of the incubation
period was smaller than at the beginning (table 2). The
carbon dioxide evolution in all cases approached a common
minimum rate as shown in both figures 5 and 6, by the level-

ing off of the curves., The stabilization of the numbers of
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bacteria and actinomyces in almost every treatment and
the common minimal carbon dioxide evolution toward the end

of the incubation period, indicate a virtual microbial

eguilibrium,



TABLE 9

EFFECT OF WHEAT STRAW,
W.S.L. ON MICROBIAL POPULATION OF NEWBERG

LOAM,. NUMBERS PER GRAM

CALCIUM NITRATE AND

29

Molds Bacteria Actinomyces

Treatment x 500 x 50,000 x 50,000

per Incubation period, days
EKilogram

Soil 10 240 10 240 10 240
Control 120 340 175 55 30 12
0.88 gm. Ca(E05)2 75 440 800 61 75 10
10 cc. w.s,.l.
0.88 gm, Ca(‘ﬁos)2 120 800 115 55 18 9
50 cc. w.s.1l,
0.88 gnm, Ca(NO5)2 100 1080 300 36 18 10
100 CC. Wasclc
0.88 gm, Ca(NO5)2 125 1240 300 3l 12 1l
10 cc. w.s.l.
4 gm, wheat straw 98 850 155 155 11 18
50 cec. w.s.1l.
4 gm, wheat straw 150 1500 3 55 O 13
100 cc. w.8.1.
4 gm. wheat straw 160 2150 75 99 2 18
0.88 gm. Ca(NOz)o
4 gm, wheat straw 125 750 240 190 20 30
500 cc, w.s.l.
0.88 gm. Ca(NOgz)o 2 3500 0 O 0 O

% No colonies

on plates of 1/5000 dilution
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4, Effect of wes.l., on So0il Reactlion

The we.s.l. used in these experiments had a pH of 1.0.
When soil is treated with a solution of such high acidity,
the soil reaction 1s quickly changed. The titration curves
are given in figure 7. Newberg loam titrated with 0,1 N
sulfuric acid maintains a lower pH than when titrated with
w.8.,1l. When soll treated with 10 cc. w.s.l. is titrated
with 0,093 N sodium hydroxide, 2.5 cc. of sodium hydroxide
must be added to reach pH 7, which corresponds to 0,0091 gm,

sodium hydroxide or 0,012 gm,., calcium carbonate.
TABLE 10

EFFECT OF W.S.L. ON THE pH OF NEWBERG LOAM

WeSele
Treatment
per 400 gm. O Weeks 2 Weeks 5 Weeks 10 Weeks
soll
CCs pH pH pH pH
0 5.7 5.8 5.8 5.8
2 5.3 5.4 5.7 5.8
4 5.1 5.25 5.5 5.6
8 4,9 5.1 5,28 Sek
16 4,7 4,9 5.1 5.3

Table 10 gives the effect of we.s.l. on the pH of New-
berg loam when incubated at room tempsrature. The pH of the

scoll drops with increased additions of w.s.1l. The return to
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normal pH 1s rapid with the lighter applications., With the
8= and 1l6-cc., treatments the pH is almost back to normal
after 10 weeks. The increase in pH is probably due to the
base exchange reaction of the sulfurous acid with the col-
loidal matter of the soil, resulting in slightly soluble
and slightly ionlized acids., This effect 1s seen in table
6, when because of base exchange, the amount of water-
soluble calcium is increased by w.s.l. additions.

The data In table 7 shows the effect of additions of
urea and calcium carbonate with w.s.l. on the soll re-
action., Addition of 0,02 gm, urea to the soil increased the
pH of the soil in the early perilods of incubation. This is
due to the ammonification of urea. After the 80-day in-
cubation period the acidity had increased because of the
oxidation of the ammonia into nitrates. The addition of
w.s.l. with urea gave a general decrease in pH with in-
creased additions of w.s.l. The acidity of the w.s.l.
causes this decrease in pH. The nitrification of the urea
causes a further increase in acidity.

The addition of calcium carbonate to the soil increases
the pH, which decreases a little on longer incubation. The
application of urea with calcium carbonate shows little
difference in pH over that of the calcium carbonate treat-
ment in the 15-day incubation period. A longer periocd of

incubation increases acidity due to the nitrification of



urea causing a subsequent decrease in pH. Increased
wW.s.l. applications with urea and calcium carbonate gave a
general decrease in pH, due to the acidity of the liquor,
but showed very little difference from the treatments with

WeS.l. and calcium carbonate alone.
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SUMMARY

Waste sulfite liquor was added to Newberg loam soil
in amounts ranging from the equivalent of 5,6 to 134.4
tons per acre per 2,000,000 pounds of soil. The effect
on plant growth, water soluble nutrients, microbial act-
ivity and population, and soil reaction was determined.

Waste sulfite liquor equivalent to 84 tons per acre
could be added to the soil without becoming toxic to the
growth of sunflowers. A larger quantity of the liquor pro-
duced a definite stunting of growth with few plants sur-
viving. Additions of liquor equivalent to 22 tons per acre
" iIncreased the growth of sunflowers. In the case of corn,
the results were similar with respect to toxicity. The
addition of liguor alone was not beneficial to corn, which
may be due to the large nitrate requirement for growth of
corn. The application of w.s.l. at either the time of
- seeding or after germination of the seeds, produced similar
results,

The addition of nitrate nitrogen with w.s.l. stimulated
the growth of corn. The maximum benefit from the use of
nitrate resulted when the treatment was equivalent to 44
tons of w.s.l. per acre. The addition of nitrate provided
nitrogen to overcome the effect of the large amount of energy

material supplied by the w.s.l.; the supply of available
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nitrogen must meet the needs of the active bacteria in
decomposition as well as the needs of the growing crop.
Waste sulfite liquor was a satisfactory source of sulfur
when other nutrients were supplied.

The w.s.l. supplied water soluble calcium, potassium
and sulfur compounds. The water soluble calcium of the
soil increased with additions of the liquor to a much
greater extent than the equivalent of the calcium supplied
by the liquor.' The acidity of the liquor caused a base ex-
change in which célcium from the colloidal matter of the
soil was replaced by the hydrogen from the acids in w.s.l.
In the heavier treatments with w.s.l. the amount of water
soluble calcium decreased with incubation iIndicating a
possible oxidation of the free sulfurous acid, leaving the
slightly soluble calcium sulfite.

The water soluble potassium increased immediately with
the addition of the liquor due to the small amount of
soluble potassium present in the llquor. Thére was a small
general increase in water soluble potassium upon incubation
which may be due to slow base exchange or to the potasslum
liberated as a result of organic matter decomposition,

The water soluble sulfates increased due to the sul-
fates present in the liquor. There was a marked increase
in sulfates on incubation, which was caused by the oxidation

of the sulfur compounds in the liquor by soil air, bacterila
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and sulfur-oxidizing molds.

The addition of w.s.l. to the soil caused an immediate
decrease in nitrate nitrogen, which decreased further upon
incubation. The spindly growth of the plants bearing yellow
leaves indicated a nitrogen deficiency. The neutralization
of w.s.l, with calcium carbonate had 1little effect on the
disappearance of nitrates except in the higher w.s.l.
treatment. When urea, an organic nitrogen compound, was
added to the soil with w.s.l. nitrate production was gov-
erned by the carbon-nitrogen ratio of the added mixture. A
narrow C/ﬂ ratio gave the most nitrate production. Again,
the addition of calcium carbonate with w.s.l., and urea pro-
duced no effect over that of w.s.l. and urea alone, except
in the higher w.s.l. treatments.

When soil was treated with w.s.l., the evolution of
carbon dioxlde was increased, except in the larger appli-
cations, due to the addition of easily decomposed organic
compounds present in the liquor. The increased carbon
dioxide evolution was associated with the general increase
in microbial population. In the case of the largest w.s.l.
treatment which was equilvalent to 560 tons per acre, the
amount of carbon dioxide evolved was far below that of the
control, indicating a definite toxicity. After a longer
period of incubation, the toxic effects were overcome and

the carbon dioxide evolution surpassed that of the control,
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The microbial population was very small in the early period
of incubation; but had increased above that of the control
at the end of the incubation period. The addition of wheat
straw with w.s.l. increased carbon dioxide evolution over
that of w.s.l. alone. These treatments also increased the
microbial population, which corresponds with the increased
carbon dioxide evolution.

The carbon dioxide evolution of the soil was decreased
by treatment with calcium nitrate. In this case the number
of microorganisms increased. Since the added calcium ni-
trate supplied immediately available nitrogen for microbilal
use, there was consequently less organic matter decompos-
ition. The addition of w.s.l. or wheat straw with calcium
nitrate gave an increase in the amount of carbon diloxide
evolved. In these cases, enough easily decomposable carbon
compounds were added to balance the added nitrogen, and
increased decomposition took place. The increase in carbon
dioxide evolution corresponds generally with increased
plate counts,

The pH of the soll decreased with increased additions
of wes.l. This was due to the acidity of the liquor. On
incubation the pH slowly returned to the normal. In case
of the smaller treatments the increase in pH was more répid

than with larger applications of liquor. This increase in
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pH was probably due to the slow base exchange reaction in
which the hydrogen of the acids in w.s.l. replaced cations
from the colloidal complex, forming an insoluble acid which

was slightly ionized, thereby giving a higher pH.
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CONCLUSION

1. Waste sulfite liquor in concentrations below 84
tons per acre was not toxic to sunflowers grown in Newberg
loam soll. It proved a satisfactory source of sulfur for
corn grown on sulfur deficient soils, definite Iincreases
in yield being obtained,

2. Waste sulfite liguor increased the concentration
of potassium, calcium and sulfate salts in the water ex-
tract of the soill, and decreased the nitrate content.
Additions of urea with w.s.l. resulted in nitrate formation.

3. Waste sulfite liquor increased the rate of carbon
dioxide evolution and the microbial population iIn the soil,
when added alone, or in the presence of wheat straw, or
with calecium nitrate. Concentrations of w.s.l. equivalent
to 560 tons per acre decreased the rate of carbon dioxide
evolution until the toxicity was overcome. The microbial
population was inhibited by such concentrations. Calcium
nitrate decreased the rate of carbon dioxide evolution and
increased the microbial population,

4, Waste sulfite liquor additions to Newberg loam soil
lowered the pH of the soil suspensioh; on incubation the pH

gradually increased.
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