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The purpose of this study was to determine the effects of 
Orzan and lime treatments on certain physical, chemical, and 
microbial properties of one light and one hea'vy textured soil. 
Newberg sandy loam and Dayton silty clay loam soils were used. 
Treatment rates included zero, 1, 5, and 10 tons per acre of Orzsn* 

and of lime and all combinations of these rates. Six replications 
of each treatment were weighed out with each soil and placed in one 
gallon cans. Three replications were placed fallow, on a table in 
the greenhouse , but watered and fertilized as were the remaining 
three replications in which sunflower seeds nere planted. Yields 
were taken from each pot and statistically analyzed. The laboratory 
analyses were made on the fallow pots of soil. Laboratory analyses 
were made of the pH, aggregation, organic matter, cation exchange 
capacity, and the availability of soil moisture. 

Orzan-treated soil previously used by the Horticulture 
Department at Oregon State College was analyzed to find how Orzan 
affected the availability of calcium, potassium, and phosphorus. 
Organic matter was determined. 

Microbial studies were made of respiration, nitrification, 

and sulfur oxidation as affected by Orzan, wheat straw, and sawdust. 

Orzan and lime treatments on Newberg soil effected more 
significant decreases than increases. Sunflower growth on the Dayton 
soil was changed less by treatment than on the Newberg soil. More 

significant increases than decreases were found on the Dayton soil. 
The pH was lowered on both soils with increased Orzan treatment. 
The percentages of aggregates larger than 0.5 mm. were increased 
over the check on both soils with greater Orzan additions. The per- 

centags of organic matter increased with Orzan treatments on both 



soils. Orzan and lime both generally effected an increase on the 
cation exchange capacity on both soils with increased treatments. 
The available moisture was decreased by Orzan treatments. The per- 
centage of moisture held at the 15 atmospheres tension increased 
with Orzan treatments, 

A significant increase in the percentage of organic matter 
with increased Orzan treatments was found on the soil used by the 
Horticulture Department. A high rate of Orzan significantly lowered 
the available phosphorus below the check soil value, Neither calcium 
nor potassium was significantly changed. 

Respiration studies indicate that the microbial growth was 
stimulated by increased rates of Orzan, wheat straw, and saicdust. 
The amount of nitrates was generally lesa for the treated soil than 
for the untreated soil at any incubation period. The pH on the 
Orzan-treated soil was generally very slightly lower than the control. 
Sulfur from Orzan was oxidized at about one-half the rate as flour 
of sulfur. 
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THE EFFECT OF DRIED SULFITE WASTE LIQUOR 
ON CERTAIN PROPERTIES OF TWO WESTERN OREGON SOIlS 

The disposal of variouc wastes into waterways has long been 

a problem in many countries. In the United States - ae abroad - a 

great problem appears in the disposal of wastes from paper mills. 

In the past the was dumped into streams; but more and mors 

public sentiment and legislation has forced the paper mills to 

find other means of waste removal. 

The effect of the waste in streams is characterized by 

the following quotation: "The s.w.l. causes high biological oxygen 

demand, evolves carbon dioxide, and the carbon dioxide evolved 

stimulates a prolific growth of algae." (30, p. 560) 

In 1940, according to Phillips, (45, p. 271) a yearly 

discharge of 27 million tons of liquor was made into the waterways 

of the United States This discharge is 1. 5 million tons of lignin. 

In 1948 about 6 billion gallons or about 300 million tons of s.w.1. 

was added to streams in the United States (4, p. 74). This is 

equivalent to about 27 million tons of lignin. The problem of 

this waste disposal thus seems to be increasing, while the capacity 

of the streams to remove it is about the same each year. 

The need for means of disposal has become critical. Many 

methods have been examined. The s.w.1. has been spray dried and 

* 
sulfite waste liquor 
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the solid used to make lactic acid (33, p. 74); s.w.l. has been 

used on roads to bind the dust since the sugars are hygroscopic and 

the lignin acts as a binder (27, p. 74); butanol and yeast are made 

from s.w.l.; it is burned as a fuel (5, p. 64) and can be compared 

to wood in B.T.U.'s per pound; it has been studied as a soil ferti.- 

liner and soil conditioner (44, p. 95). J. P. Weidnor (50, p. 739) 

lists twenty-one pieces of research aimed at the use of s.w.l. t 
no combination of uses has eliminated the problem and the search 

for disposal methods continues. 

Some paper mills have changed from the use of calcium bese 

liquor to ammonia base liquor since the ammonia base liquor allows 

a more rapid concentration (3, p. 34). One of two products de- 

veloped by Crown Zellerbach is completely spray dried and is trade 

named Orzan'. The other product which is concentrated to contain 

fifty percent by weight of dry matter is named 'Orzan L' The rna- 

terial used for the series of experiments reported in this thesis 

was 'Orzan'. 

Previous studies of paper mill wastes have been made on 

the uno oncentrated cooking liquor having the calcium base The min 

differences between s.w.l. and Orzan are that s.w.l. is a liquid 

having 12% solids, while Orzan ïs a powder containing 94% solids. 

The s.w.l. has almost no nitrogen but does contain a large amount 

of sugar which supplies the soil organisms a source of enerr, 

while their nitrogen source is from the soil. The organisms thuì 

directly compete with plants for nitrogen. Orzan, on the other 
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hand, contains an adequate amount of nitrogen for the decomposition 

of its sugars. Transportation of s.w.1. is difficult because of 

its great bulk and weight. Its application to soils would be 

confined largely to fields adjacent to a paper mill plant. De- 

hydration reduces the weight and bulk of Orzan thereby reducing 

the problem of transportation. 

This study was initiated to determine the effect of Or 

additions on two Western Oregon soils. If the product can be use- 

ful in promoting and maintaining good chemical, physical, and 

biological soil conditions, a beneficial outlet will have been 

found. 
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REVIEW OF THE LITERA.TURE 

Relative rates of plant growth have been obtained on soils 

treated with varying concentrations of s.w.1. Spulnik, et. al. 

(45, p. 47) found that rates of s.w.l. up to eight T/A* gave in- 

creased yields of sunflowers in the greenhouse on Newberg lopin, 

while greater rates reduced yields. They also found that the 

neutralization of s.wl. with lime increased the maximum s.w.l. 

added without toxicity by about 1.36 times; however, total yields 

from limed plots were less than yields from unliiued plots. 

Dunn (3, p. 21-26) found beneficial effects on potatoes 

where lignin from the Scholler process was added to Newmarket 

fine sandy loam. Sulfite waste liquor contains much lignin. Sul- 

f its lignin in rates up to 5 T/A increased yields of shelled lima 

beans for R. S .ries (6, p 49). The 10 T/A rate was found to 

reduce yields. 

Applications of s.w.l. were diluted in irrigation water 

and added to Chehalis silt loam soil in concentrations of 10, 20, 

40, 80, and 120 T/A. of liquor. These rates are equivalent to about 

1.2, 2.4, 4.8, 9.6, and 14.4 T/A of solids. Yields of the nine 

crops planted wersntt materially affected in rates up to 9.6 T/A 

of solids per acre. The 14.4 T/A of s.w.l. solids decreased yields. 

(47, pp. 422-26) 

* T/A means tons per acre or tons per 2 million pounds of soil. 
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Phillips (31, pp. 209-224) found that s.'w.l. increased 

yields of millet on Norfolk loamy fine sand in the greenhouse , but 

that it was not as effective a source of nitrogen as dried blood 

or a mixture of sodium nitrate and ammonium ulfte. On soils 

where oats responded to applications of nitrogen, response to 

additions of s.wl. containing nitrogen was also obtained. (43, 

p. 179) Sauchelli (49, pp. 7-9) gained higher yields from lima 

beans and higher yields and better quality from potatoes which 

were grown on soils treated with s.w.1. at 2.5, 5, and 10 T/A rates. 

Alderfer, et. al. (4, p. 273) added s0w.l. solution to field soils 

of the Hagerstown series to obtain 5 T/A of total solids. Yields 

of tobacco were satisfactory, but nitrogen deficiency symptoms 

appeared as the plants approached maturity. Good yields of tobacco 

were obtained in the greenhouse from the saine soils and treatments. 

In 1952 the Horticulture Department of Oregon State College 

took yields of carrots, green beans, beets, red creeping fescue, 

tomatoes, cabbage, sunflowers, and white clover from a uniform 

potting soil treated with zero, 4.41, 8.83, and 17.66 T/A of Orzan. 

These crops were grown in the greenhouse. Orzan was added in solu- 

tion after the plants were growing. The tomatoes were the only 

crop to show a significant increase, at the 5% level, in yields 

over the check where 4.41, and 8.83 T/A of Orzan were used. On 

the other crops treatments greater than 4.41 T/& depressed gemma.. 

tion partially or completely. The white clover died following 



6 

treatment of the soil with 17.66 T/Â of Orzan, Inter trials where 

lime was used indicato that lime reduces the toxicity of Orzan. 

Thi8 agrees with Spulnik, et. al. observations, using s.w.1. (45, 

p. 46). Field triais were made on Ohehali3 silty clay loam heavy 

phase. Annual and perennial crops, and shrubs were grown with 

zero, i and 2 T/A rate s of Orzan. Equivalent nitrogen rates, a8 

ammonium sulfate, were used. Ten different types of plants were 

grown and treatments were replicated from 5 to 6 times. No sig- 

nificant differences were obtained. Any apparent growth or yield 

increases attributable to nitrogen were greater where ammonium 

sulfate was used than whore Orzan was used as a carrier of nitrogen 

Chemical Effects 

Since s.w.l. does contain many of the fertilizer elements, 

among them sulfur, calcium, potassium, boron, cobalt, zinc, and 

magnesium and organic matter in the form of carbohydrates arid 

ligno-sulfonates, a build-up in the soil of these substances would 

seem natural. However, in field applications of large amounts of 

s.w.l. on Chehalis silt loam over a five year period, little or no 

change in organic matter, carbon, nitrogen or the carbon nitrogen 

ratio occurred (47, pp. 422-26). Furthermore, there was little 
effect of s.w.l. on soluble nutrients - potassium, calcium, or 

phosphorus. Later, (45, pp. 37-49) an increase in water-soluble 

* Unpublished data - Horticulture Department, Oregon State College. 



Ca, and sulfates was shown when s.w.l. was applied to Newberg loam 

in the greenhouse. This sanie experintent indicated that s.w.l. was 

a fair source of sulfur for sunflowers. 

Nitrates disappeared quickly when s.w.l. was added to the 

soil due to the use of nitrates by microorganisms which were break.. 

Ing down the sugars, the lowered pH of the soil, and the presence 

of sulfites and sulfides, all of which contribute to a poor medium 

for nitrifying organisms. The increase of water-soluble K, Ca, and 

sulfates was due to their addition in s.w.l. The increase of 

calcium was partly due to its replacement by hydrogen. On incuba- 

tion of the soils the water-soluble calcium decreased. This de- 

crease was caused when the sulfurous acid was oxidized and the pli 

increased (45, pp. 37-49). The nitrificatlon of ammoniated s.w.i. 

was slow in comparison with casein and cottonseed meal and ammonium 

sulfate and dried blood respectively (31, pp. 209-224). 

An increase in organic matter in the soil due to addition 

of organic matter in s.w.l. was usually found. Neuer and Kelly 

(26, p. 125-13?) state that the organic matter of soils can be in- 

creased by additions of waste-wood lignina and because of the high 

lignin content this organic matter is quite stable . . . An lucre aso 

in organic matter occurred when it was added in s.w.1. to Uplands 

sand and North Gower clay loam (44, pp. 93-98). Organic matter 

increased when additions of s.w.1. were made to Newberg loam In 

the greenhouse. (45, pp. 37-49) However, no increase of organic 
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matter occurred when 8.w.1. was added to Chehalis silt loam in the 

field (47, pp. 422-426). 

The pH of Newberg loam soil in the greenhoise was lowered 

when sampled soon after addition of s.w.l.; however, after incuba- 

tioli the pH rose to a point higher than when the s.w.l. was first 

added (45 , pp. 37-49) s The pH of the material used was 1.0. Sowden 

and Atkinson (44, pp. 93-98) made four treatments of s.w.l. to two 

soils - Uplands sand and North Gower clay loam. The treatments 

were spaced over a period of two years. Each treatment was equiva- 

lent to 20 T/L of s.w.l.s,* During the two year period of s.w.i.s. 

additions the pH of Uplands sand dropped from 5.0 to 4.35 and of 

Gower clay loam 6.55 5.55, their check soils 

were dropping from 5.3 to 4.84 and 6.9 to 6.55 respectively. 

Stephenson and Bollen (47, p. 426) made applications of 10 T/A to 

120 T/A of s.w.l. each year to Chehalis silt loam in the field. 

After a period of five years they found "no consistent change in 

pH due to the use of sulfite waste liquor". 

Physical Effects 

The addition of large amounts of s.w.l. to the soil does 

cause a crusting of the top soil. This crust would very probably 

slow evaporation, aeration, and inhibit the break-through of germi- 

nating seeds. Alderfer, et. al. (4, pp. 272-274) obtained a good 

yield of tobacco seedlings on soils of the Hagerstown series with 

* sulfite waste liquor solids 
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the lower rates of s.w.l. application; however, when enough 5.W.i. 

was applied to supply 5 T/L of solids the tobacco seed germinatin 

failed. auchelli (49, pp. 7-9) reported interference of seed 

germination by s.w.l. in 2.5, 5, and 10 T/A rates until several 

rains had occurred. Then the soil was left in fine tilth. 

On a test of seedling germination and nitrogen source, 

treatments of Orzan at zero, 1, 2, and 4 T/A and ammonium sulfate 

equivalent to the nitrogen in the Orzan treatments were made to 

Chehalis silty clay loam heavy phase soil. The plots were seeded 

with Chewings fescue A soil crust which inhibited seedling 

emergence even under irrigation was formed where Orzan was íapp1.ed. 

Ammonium sulfate appeared to be a better source of nitrogen than 

Orzan. All treatments yielded clippings greater than the checic 

plotS.* 

It was felt, early in the use of sw.l. on soils, that a 

binding of fine soil particles into larger aggregates would occur. 

Reports of the binding effects of bacterial by-products on soils 

have been made (21, 22, 23). These by-products are produced 

when bacteria act on sugars and since there is such a high concei- 

tration of sugars in s.w.l. there should be a marked physical 

effect. Sowden and Atkinson found that the percentage of 1r 

than 0.25 mm. water-stable aggregates increased, while the 
per- 

centage of the smaller sizes decreased. The soil was passed 

* Unpublished data, Horticulture Department, Oregon State College 
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through a 2 mm. screen before sieving. Their table of findings 

is reproduced in part: 

Table 1. 

Water Stable Aggregates in Soils after Four Treatments 

with the Waste Sulfite Material 
(As % oÍ Air Dry Soil) 

Soil Treat- 2.0-0.83 0.83-0.42 0.42-0.25 0.25-0.05 .05-.02(.02 

ment mm. mm. mm. mm. mm, turn. 

Uplands 0K 3.9 9.8 31.5 47.3 4.0 3.5 

Sand SWLS 7.9 23.8 38.0 27.4 0.5 2.4 

North 0K 11.7 13.8 11.0 28.1 23.0 12.4 

Gower SWLS 25.1 15.3 12.9 28.9 13.0 4.8 

Clay 
Loam 

Their conclusion was that "the addition of SWI.S increased 

the size of the water-stable aggregation; this effect seemed to be 

a direct one and not the result of some compounds formed by 

bacterial or chemical action," (44, p. 98) Sauchelli (49, pp. 7- 

9 ) observed that after several rains the crust had disappeared from 

plots treated with s.w.l. The soil was left in fine tilth and 

water penetration was better than on untreated plots. These effects 

were noticeable at least nine months after the treatments were made. 

From observations and tests made by Alderfer, et. al. (4, pp. 272- 

274) on Hagerstown soils treated with 2.5 T/A and 5 Tu s.w.l.s. 

they concluded, "These studies indicate that an excellent soil 

structure may be obtained through the judicious use of the sulfite 

liquor. There is a marked increase in the probable permeability 
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which, in turn, is brought about by the considerable increase in 

the number of water-stable granules produced as shown by aggregate 

analysis (4, p. 273). Part of the table is reproduced below: 

Table 2. 

Relation of Waste Sulfite Liquor Treatment to Soil Structure 

Treat- Anal- 2mm. 2-1mm. 1-0.2mm. 0.2-0.02mm. O.02-O.002mm.'ÇO.002 

ment sia % % % % % 
T/A 

Sampled after Harvest 

o Agg.** 8.54 5.O'7 16.45 60.89 8.71 0.34 

o Mech.6.43 1.75 3.69 20.54 45.62 21.97 

2.5 Agg. 23.9 8.01 26.15 37.11 4.63 0.21 

2.5 )Aech. 4.58 1.8]. 3.95 22.07 45.62 21.97 

5.0 Agg. 23.20 11.78 29.64 32.66 2.36 0.36 

5.0 Mach. 3.73 2.43 3.89 22.36 45.62 21.97 

Sampled in Early Spring 

O Agg. 4.92 4.32 11.24 62.80 15.82 0.90 

O Medi. 2.61 2.05 3.36 24.39 45.62 21.97 

2.5 Agg. 6.64 4.45 18.18 58.95 11.38 0.20 

2.5 Mech. 3.47 2.00 3.35 23.59 45.62 21.97 

5.0 Agg. 8.81 8.81 31.46 44.52 6.22 0.18 

5.0 Mach. 3.72 2.59 4.56 21.54 45.62 21.97 

10.0 Agg. 17.06 18.06 34.00 27.60 3.09 0.19 

10.0 Mach. 3.42 1.36 3.11 24.52 45.62 21.97 

* Dissolved solids in the form of concentrated extract. 
** 

Aggregate 

Mechanical 

The additions of 0, 10, 20, 40, 80, and 120 T/A of s.w.1. 

to Chehalis silt loam in the field, however, did not produce con- 

sistent increases in soil aggregation (47, p. 426). 
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Since there is an addition of organic matter, as s.w.1. 

is added, arid since organic matter seems, generally, to increase 

aggregation, there should probably be an increase in the moisture 

holding capacity of soils treated with s.w.1. Neuer and e11y 

felt that a benefit might result from the moisture-holding pro- 

perties of the calcium lignin suif onate soil complex (26, p. 212). 

Sowden and Atkinson (44, pp. 93-98) obsérved that moisture reten- 

tion was greater on s.w.l. treated plots than on check plots or 

manured plots. They obtained the moisture equivalents of North 

Gower clay loam and Uplands sand after these soi.la had been treated 

with four applications of 20 T/A each over a period of two years. 

In comparison with the check and a treatment of manure 

comparable to the s w. 1 treatment, the moisture equivalent was 

greatest on the s.w.l., less on the manure and least on the check 

tre atinent. 

A table of their findings follows: 

Table 3. 

Moisture Equivalent of Soils after Four Treatments 
with Waste Sulfite Material and Manure 

Soil Treatment Moisture Equivalent 

Uplands sand check 5.9% 
S.W.L.S. 9.7% 
manure 8.1% 

North Gower Clay check 26.6% 
loam S.W.L.S. 28. 

manure 27.9% 



These data indicate a greater change in the moisture 

equivalent on the sandy soil than on the clay loam soil. 

Microbial Effects 

The large increase in amount of sugars, lignin, and the 

changes in pH, moisture retention, and nutrient balance caused 

by the addition of s.w.l. should have some influence on the micro- 

bial population in kind and numbers, These changes have been 

examined by W. B. Bollen (9, pp. 30-34) and summarized in the 

following table: 
Table 4. 

Microbiological Changes in Soil Treated with 
Sulfite Waste Liquor, Straw and CaCO3 

after 312 Days Incubation 

Number of Microorganisms per gram of scii 
(Data expressed on water-free basis) 

Molds Bacteria Actinomyces 
Treatment pH Thousands Miflions Millions 

Original sample 5.4 65 2.74 1.38 
Control Check 5,3 72 1.20 1.25 
Oat straw @ 2 T/A 5.4 71 1.60 1.25 
0a003 @ 2 T/k* 5.6 54 1.35 1.25 
SWL 10 T/A 5.4 30 2.0 2.00 
Oat straw 2 T/A plus 5.3 107 1.85 1.25 
SWL @ 10 T/A 

CaCO3 @ i T/A plus 5.5 40 3.50 4.50 
SWL1OT/A 

* 
Equivalent to the Truog lime requirement (13) 

The conclusions drawn from thIs investigation were: 

Moderate amounts of s.w,l. increase general microbial 

activity. Most constituents undergo rapid transformation. Sugars 
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and lignin stimulate response of soil microorganisms similarly to 

an equivalent amount of organic substance added as straw. linmedi- 

ately available source of energy - sugars - may accelerate nitrogen 

fixation by non-symbiotic bacteria. 

"Waste sulfite liquor can serve as a source of sulfur, one- 

half immediately available and one-half slowly available as ligno- 

sulfonate a. 

0The pli is lowered slightly at the beginning, later rising 

almost to the beginning point. 

"The fertilizer value is low. Up to 60 T/A is non-toxic. 

Some increase in soil fertility may be expected from additions.' 

(9, p. 33) 

This same author made further investigations (45, pp. 37- 

49) with s.w.1. - This time on Newberg loam in the greenhouse. 

The growth of microorganisms were as follows in Table 5. 



Table 5. 

Molds, Bacteria, and Actinoniyoes in Newberg Loam Treated with 
Wheat Straw, S.W.L., and Calcium Nitrate (Per Gram of Soil) 

* 10 Days 40 Days 310 Days 
Treatment per kg. of soil Molds Actinomyces Molds Actinomyces Molds Actinomyces 

and bac teria and bacteria and bacteria 

Control 85 
5 cc. s.w.l. 115 
10 cc. s.w.1. 70 

4 gm. straw 78 
5 co.s.w.l. f 4 gm.straw 150 
10 ec..w.1. 4 4 gm.straw 170 
0.88 gm. Ca(NO3)2 + 4 gin. 

straw 125 
0.88 gin. Oa(NO3)2 75 
10 cc. s.w.1. 4 0.88 gin. 

Ca(NO3)2 120 
10 cc. s.w.1. 4 0.88 gin. 

Ca(NO3)2 4 4 gin. wheat 
straw 95 

* 
X500 

** 
X50,000 

175 210 48 
700 260 37 
250 385 97 

1,000 450 49 
1,250 420 .40 

320 655 83 

240 750 190 
800 440 6]. 

115 800 55 

155 850 155 

H 



The carbon dioxide evolution showed that the 10 cc. s.w.i. 

L 0.88 gin. Ca(NO3)2 + 4 gin. wheat straw treatment evolved more 

carbon dioxide than any other treatment, i.e., there was readily 

available energy, organic matter, and nitrogen for rapid growth. 

The treatment having the lowest carbon dioxide evolution was the 

0.88 gin. of Ca(NO3)2 only, with the check being second lowest. 

The incroase in bacteria and actinomyces in the first ten 

days corresponded with the increase in CO2 produced except in the 

Ca(NO3)2 treatments. The nitrates in these treatments disappeared 

rapidly; acidity was increased especially at first, and about sixty 

per cent of the sulfur added as s.w.1. was converted to sulfates in 

ten incubation. 

These two microbiological investigations show that the 

addition of a.w.l. does have a great influence on the growth, type, 

and functions of microorganisms. 
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MßTHODS 

Two western Oregon soils were used in this exper:Iinent 

since it was shown by Sowden and Atkinson (44, PP. 96-98) that the 

effects of s.w.l. were greater on the Uplands sand than on the 

North Gower clay loam. It was expected that similar results would 

occur with the use of Orzan. Dayton silty clay loam and Newberg 

sandy loam were chosen as soils that would possibly benefit by 

favorable physical changes. Both of these soils are of agricultural 

importance in the Willamette valley and a description of them may 

be found in the Soil Survey of Benton County, Oregon, Advance 

Sheets - Field operation of the Bureau of Soils, 1920, 

Soil from the top twelve inches of each soil series was 

used. The soils were air-dried and passed through a sieve which 

had one-quarter inch openings. The soils were then placed in one- 

gallon cans in uniform volumes. There was a total of one hundred 

ninety-two cans. There were ninety-six cans each containing 2,700 

grams of Newberg soil and ninety-six cans each containing 2,400 

grams of Dayton soil on a moisture-free basis. These weights of 

soil were chosen because they conveniently filled the cans. 

The cans for each soil were divided into sixteen groups 

of six cans each, since there were sixteen treatments, each repli- 

cated six times. The treatments were individually weighed out for 

each can and put on the soil, which had been dumped from the can 

onto a mixing cloth. The soil and treatment were well mixed by 



rolling, then poured back into the cans. Vhi1e the cans were 

empty drainage holes were punched in the bottom and covered with 

paper so the dry soil would not be lost. The paper was punctured 

after the soil had been watered. 

The rates of treatment with Orzan were chosen to cover a 

wide range. Zero, i T/Â*, 5 T/A and 10 T/A were used. The 

10 T/A rate was used as the upper ]iinit since it had previously 

been found to be toxic. 

Lime treatments at the same rates were used since lime had 

reduced the toxicity produced by high rates of s.w.l., according 

to Spulnik, et. al. (45, pp. 37-49). All possible combinations of 

the various rates ol' Orzan and lime were included. 

The groups of six cans each were divided in half. Three 

of the cans of each treatment were placed, unpianted, on the end 

of the greenhouse bench to incubate The three remaining cans from 

each treatment were planted with sunflower seeds. These planted 

cans were randomly placed in rows on the greenhouse bench. The 

space between cans was about one foot. kil the cans including the 

fallow cans were watered with tap water when the surface soil 

appeared dry. After the sunflowers had grown their first true 

leaves they were thinned to four plants per can. 

* In all greenhouse work i T/A refers to one ton of treatment 
per 2 million pounds of soil. 

Unpublished data, Horticulture Department, Oregon State College. 
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Twice, during the period of growth, supplementary N, P, 

K, Ca, and S were supplied to all cans. Magnesium was added once 

at the time of the first supplement additions. Nitrogen was 

supplied once as a mixture of ammonium sulfate and sodium nitrate, 

and the second tie as a mixture of sodium nitrate and calcium 

nitrate. The potassium and phosphorus were added both times as a 

mixture of disodiuin hydrogen phosphate , dipotassium hydrogen phos- 

puste, nd potassium dihydrogen phosphate. The magnesium was added 

as magnesium sulfate. Calcium was supplied by the calcium nitrate, 

the sulfur by magne slum sulfate and ammonium sulfate All the se 

nutrients were added in 100 mis, of aqueous solution. The pound 

per sere rates of each nutrient appear in the table below. Since 

there was a difference in the weight of a canful of Newberg soil 

and a canful of Dayton soil, there was, of course also a difference 

in the fertilizer rates added. 

Table 6. 

Total Nutrient Supplements Added to 
Sunflowers in the Greenhouse 

Nutrient Soil 
Newberg Dayton 

N 430 lbs./A 488 lbs./L 
P205 1232 1397 
K20 612 694 
Ga 184 208 
Mg 15 16.96 
5 326 142 
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From time to time notes on plant growth and appearance 

and soil conditions were taken. At the end of thirty-five dy 

incubation the unplanted cans were brought into the laboratory, 

air-dried, sieved through a one-fourth inch screen and used for 

physical analyses. 

Within forty-one days the sunflowers had attained ade- 

quate size to be harvested for yield data. The plants from each 

can were cut off at the ground level, placed in labeled envelopes, 

dried at 65° C., and dry weights recorded. These yield data were 

statistically analyzed. The soil used for plant growth was dis- 

carded. 

The pff was run on a one to one soil suspension with a 

glass electrode Beckman pH meter after a method described by 

Piper (32, pp. 8-13). The suspensions were given one hour to 

reach equilibrium before readings were made. 

Aggregate analyses were made in triplicate on each tret- 

ment of each soil, using the unpianted, incubated soils. A nest 

of three sieves was used. The sieves had openings of i mm., 

0.5 min., and 0.246 mm. A 100 gram sample of soil was placed in 

the nest of sieves and wetted by immersion. The wet sieving was 

accomplished in a machine which raised and lowered the nests of 

sieves one and one-fourth inch each stroke, thirty strokes per 

minute, for thirty minute s This is a modification of Yodert 
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method (52, pp. 337-351). The oven-dry weight of soil aggregates 

remaining in each sieve was obtained. 

After the aggregate analyses were run, the soil samples 

were passed through a sieve which had 2 mm. round-hole openings. 

Further soils analyses all were made on these bulk samples. 

Organic matter was run in duplicate by the wet oxidation 

method of Walkley-Black (32, pp. 223-227). 

Cation exchange capacity in soils varies widely and is 

affected by organic matter. The cation exchange capacity of New- 

berg and Dayton soils treated with Orzan and lime was determined 

by saturating the cation exchange capacity of the soil samples 

with ammonia as ammonium acetate, lee ching the ammonia off the 

complex with dilute hydrochloric acid, distilling the ammonia iì.tto 

boric acid and titrating the ammonia with standard hydrochloric 

acid to à neutral end-point, using a mixed indicator of methyl 

red and brom-cresol-green. 

Lu International centrifuge was used to obtain the 

moisture equivalents. The procedure according to Piper (32, p. ?3) 

was followed. Each time a new group of samples was run, one pair 

of duplicates was included from the previous run so a check of the 

centrifuge speed could be made A governor and tachometer were 

used to control the centrifuge speed. Duplïcates that agreed 

within one and. one-half percent of difference were accepted. 
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The fifteen atmosphere percentage was obtained with a 

pressure membrane to indicate the permanent wilting point. The 

procedure was described by Richards (35, pp. 451-454). While direct 

plant methods have been preferred by some (32, p. 95; 8, p. 252), 

the fifteen atmosphere percentage is very closely correlated with 

the permanent wilting point (36, PP. 215-235; 18, p. 13). The 

samples were soaked on the membrane overnight and pressure was 

applied until equilibrium was reached (about forty-eight hours). 

The permanent wilting points of four samples, representing 

extremes, from each soil type were run in triplicate by the sun- 

flower method as a cheek on the laboratory fifteen atmosphere per- 

centage determinations. Soils from the previous greenhouse work 

were used. Like volumes of soils were measured out, (675 grams of 

Dayton and 805 grams of Newberg soils), thoroughly mixed with one 

grain of Ammo-Phos (16-20-O) on a mixing cloth and placed in one 

pound in. Sunflower seeds were germinated in vermiculite Three 

sunflower plants were transplanted into each can and the soils were 

brought to their moisture equivalent with tap water. The rest of 

the procedure follows Piper's description (32, p. 96), with the 

exception that artificial light was used to supplement inadequate 

daylight. The plants wore given two hours of darkness each night. 

Fresh and dry (65° C.) weights on the plants end the percentage 

of soil moisture at the first permanent wilting point were obtained. 



Bacteriological studies were made with Orzan treatments 

on the same two soil series. The soils were passed through a 

2 mm. screen preparatory to their use. The saturation capacity 

of each soil was determined by saturating a portion of soil in a 

gooch and allowing it to drain in a saturated atmosphere. The 

saturation capacity of the Dayton soil was 69.7% and of the New- 

berg soil 51.2%. 

The effect of Orzan on biological processes was studied 

by treating 200 grain (m.f.b.)* portions of the soils with O, 1, 

lo, and 100 T/A of Orzan, one T/A of Douglas fir heartwood saw- 

dust, one T/A of wheat straw, and all possible combinations of 

these six treatments, making a total of twelve treatments. The 

straw and sawdust, which were ground to pass a 60 mesh screen, 

were used to compare the rates of decomposition of different kinds 

of organic ¡natter. Each treatment was run in duplicate . Treat- 

ments were weighed out on an analytical balance, added to the soils 

and rolled on a mixing cloth. The treated soils were then placed 

in bottles, brought to sixty percent of saturation capacity, 

attached to the respiration apparatus and aerated with 0O2-freo 

air. The air was freed of C() by passing it through first 20% 

aqueous sodium hydroxide, then a saturated solution of barium 

hydroxide, and finally water. A line blank was used to detect 

any 02 remaining in the air. The method of Bollen and Ahi (10) 

was used to determine the 002 produced by the organisms which 

* 
m.f.h. means moisture free basis 
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caused the decomposition. The CO absorbed in approximately normal 

sodium hydroxide was determined by double titration with 1/12 normal 

sulfuric acid, using a Beckman automatic titrïmeter. The CO2 titra- 

tions were made at frequent intervals up to sixty days. The line 

blank during each interval was subtracted from each titration. 

Sinos sulfur is one of the most abundant fertilizer elements 

(about 6.43%) in Orzan, sulfur oxidation was run to determine the 

availability of the several forms of sulfur occurring in Orzan. 

The turbidity method of Schreiner and Failyer (41) was used. Read- 

ings were made with a Klett-Somerson photometer fitted with a 420 mu 

filter. 

Three treatments of sulfur were used for comparison. The 

treatments were 1,000 p.p.in. sulfur as flour of sulfur, 1,000 p.p.m. 

sulfur as Orzan, and 1,000 p.p.m. flour of sulfur plus an equivalent 

amount of nitrogen that would be found in the Orzan. The nitrogen 

carrier used was ammonium chloride These treatments were weighed 

out on an analytical balance, and rolled with 100 gms. of soil on 

a mixing cloth, placed in pint milk bottles, brought to 60% of 

saturation capacity, covered with uniformly perforated bottle caps, 

and placed in a 2° C. incubator. From time to time the bottles 

were weighed and moisture added to bring them back to the original 

moisture percentage. Six bottles of each. treatment were made up, 

since duplicate samples were analyzed at lO, 20, and 30 day intervals. 

The samples were prepared for analysis by making a one to five 
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suspension in distilled water and shaking for twenty minutes in a 

mechnica1 shaker. After first determining the pff with a glass 

electrode , the following clarifying agents were then added with a 

few seconda shaking after each addition: one gram cupric acetato, 

four grams calcium hydroxide to precipitate the copper as copper 

hydroxide (which is an effective clarifying agent), and finally or» 

gram of magnesium carbonate to remove the excess calcium. After 

the final addition the suspension was shaken for five minutes and 

filtered - discarding the first 20-30 cc. If the filtrate was not 

clear it was re-clarified as above. Sulfates were run on an aliqu.ot 

of the filtrate by the method of Schreiner and Failyer (41). The 

turbidity developed by that method was read on a Klett-ommerson 

photometer. 

Nitrification and sulfur oxidation studies were made on 

three treatments, which were a check, Orzan equivalent to 100 p.p.in. 

of nitrogen, ammonium sulfate equivalent to 100 p.p.m. ol' nitrogei, 

and ammonium sulfate plus Orzan each equivalent to 50 p.p.m. of 

nitrogen for a total of 100 p.p.m. nitrogen. Three sets of dupli- 

cates were weighed out for each treatment, moisture added to 60% 

of saturation capacity, and perforated caps placed in the top. 

These treatments were incubated at 28° 0. with water being added 

intermittently as needed to maintain 60% of saturation. Analyses 

were made at 10, 20 and 30 day intervals for pH, ammonia, nitrates, 

nitrites, and sulfates. 
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A 10 gram sample (m.f.b.) was weighed out for the ammonia 

determination - a J. to 5 suspension was then made. The pH was run 

and the rest of the suspension was clarified as before (4]., p. 28). 

Nitrates were determined on an aliquot of the filtrate 

by the phenol-di-.sulfonic acid method of Chamot, et. al. (32). 

The colors developed were read in a Klett-Sommerson photometer with 

a 420 mu filter and compared to a standard curve. 

The Association of Official Agricultural Chemists' method 

of analysis of water was used to determine the nitrogen occurring 

as nitrite. The colors developed were read on the Klett-Sommerson 

photometer with a 420 mu filter and compared to a standard curve. 

A 10 gram sample (m.f.b.) was used to determine ammonia. 

The sample was placed in a Kjeldahl flask, and 30 cc of biffer 

solution prepared according to Shrikhande (40) were added, plus 

300 cc. of distilled water. A drop of mineral oil was added to 

prevent foaming and boiling atones were added to prevent bumping. 

The ammonia was distilled over into 25 cc. of saturated boric acid, 

which contained a mixed indicator of Brom-cresol-greon and Methyl 

red. The ammonia was titrated with one-fourteenth normal sulfuric 

acid. A reagent blank was run coincident with each group of distil- 

lations. 

The sulfates were determined as before (p. 25). 
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RESULTS 

The soils treated with Orzan at the five and ten T/A ra; 

were persistently black on the surface ?hen irrigated they bec:t 

sticky and appeared wetter than the untreated soils or those soils 

treated with 1 T/A of Orzan. The soils treated with the higher 

rates of Orzan appeared to hold so much water that the entrance o 

air may have been restricted. When the Orzan-treated soils dried, 

the Orzan migrated to the surface, becoming concentrated there and 

causing a hard crust to form. 

Sunflower seedlings had difficulty emerging through the 

crust and they probably would not have been able to emerge at all 

if the soil had not been kept soft with frequent watering. This 

surface crust persisted throughout the growing season. Seedling 

emergence was observed to be slower and less complete where the 

crust was formed. 

Observations, at various times, were made on the plant and 

soil conditions during the growing period. Twelve days before har- 

vesting the sunflowers the following observations were recorded. 

The check and lime-treated soils of both series were light in color, 

dry appearing, and cracked. These soils consistently dried out 

faster than the soils treated with Orzan. The plants on the check 

and lime-treated soils of both series were yellow, taller, and 

smaller-leaved than were the plants on the Orzan-treated soils. 

While the Orzan plots had more nitrogen and sulfur-both of which 



could bave contributed to greener color - all pots were treated 

with high rates of nitrogen, potassium, phosphorus, calcium, 

magnesium, and sulfur so no plant deficiency symptom should be 

attributable to a deficiency of any major element. The plants 

showing a more pronounced green color were in pots treated with 

high rates of Orzan. 

Lt the end of the growth period (44]. days) the plants were 

harvested separately from each pot, dry weights taken, and the 

yield data were statistically analyzed. Table 7 shows the yield 

data. Each figure is the average of the weights of dried sunflowers 

from three pots. These data show that there was less variation in 

the size of plants between treatments on the Dayton soil than on the 

Newberg soil. There is a difference of 14.65 and 8.67 grams between 

the highest and lowest yields on the Newberg and Dayton soils re- 

spectively. The variation between replications was greater on the 

Day-ton than on the Nowberg soil as borne out by the L.S.D. a. The 

lime averages, too, show that there was little effect on growth 1 

lime on either soil, however the 1 T/A of lime gave the highest 

yields in the lime averages on both soils. Growth was affected 

little by Orzan on the Dayton soil, but large effects on growth by 

Orzan were noted on the Newberg soil. There seemed to be an inter- 

action of Orzan and lime in decreasing the yields from the Newberg 

soil. The plants grown on the Newberg soil treated with 10 T/A of 

* least significant difference 



Orzan plus lime grew slowly for several weeks then died. They had 

obtained a height of about 3 inches. 

Table 7. 

Effect of Orzan and Lime on the Yield of Sunflowers 
Grown In Newberg Sandy Loam and Dayton Silty Clay Loam 

NWBE] 

Treatments 
Lime O 
T/A i 

5 

lo 

Orzan Avg. 

Orzan T/A 
O 1 
16.63 16.37 
18,68* 17.96 

17.15 17.96 
18.65* 

17.78 17.43 

DAYTON 

Treatments O 1 
Lime 0 18.11 18.51 
T/A 1 17.45 21.58* 

5 19.00 20.60 
10 17.25 17.12 

Yield in grains per pot 
Lime 

5 10 Average 
]2.45** lO.8O 14.06 
15.03* 17.66 17.33 
18.53* 4.O3 14.42 
947** 

Dead 14.06 

13.87 10.83 

Yield in grains per pot 
Lime 

5 10 Average 
19.11 l3.73 17.37 
22.4O 22.4O 20.96 
20.58 18.38 19.64 
14.87* 18.71 16.99 

Orzan Avg. 17.95 19.45 19.24 18.31 

NEWBERG LSD 1% 2.l3 

LSD 5% : 1,56* 
DAYTON lSD 1% 4.l7 

LSD 5% = 3.10* 

The pli values obtained from fallow pots at the end of the 

incubation period were as follows in Table 8. The pH averages 

were derived from averages of the hydrogen ion concentrations. 
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Table 8. 

The pH of Dayton and Newberg oi1s Treated with Orzan and 14.m.e 
After One Month Thoubation in a Greenhouse 

NEWBRG 
Orzan T/A Lime 

Treatments O 1 5 10 Average 
Lime 0 5.39 5.15 5.00 4.68 4.87 
T/A 1 6.43 6.1]. 5.50 5.02 5.46 

5 6.97 6.99 6.98 3.87 6.38 
10 7.19 - 7.08 6.88 7.03 

Orzan Average 5.94 5.58 5.48 5.19 

Lime 0 5.07 4.93 4.85 4.8]. 4.90 
T/i 1 5.69 5.45 5.32 4.97 5.29 

5 6.53 6.39 6.30 5.11 5.65 
10 7.20 7.17 7.15 5.20 5.79 

Orzan Average 5.56 5.40 5.31 5.00 

The pH values show a consistent increase with greater 

additions of lime and a consistent decrease with larger additions 

of Orzan. The lowering of the pH is probably due to (i) the great 

amounts of CC given off with the breakdown of the sugars, (2) the 

oxidation of the sulfur added in the Orzan, and (3) the oxidation 

of the aimnoniacal nitrogen to nitrates. 

A comparatively gradual reduction in pH occurs on both 

soils with additions of Orzan through the 5 TíA level. With the 

addition of the lO T/A rate of Orzan a much greater reduction in 

pH occurs especially at the two higher levels of lime, indicating 

that the baffer capacity of the soils may have been exceeded. 



Aggregate analyses of the fallow soils show decided changes 

in aggregation with the Orzan and lime treatments Table 9 summa- 

rizes the percentage of aggregates held on each sieve with each 

soil treatment. Each figure is the average of triplicate determina- 

tions. 

On the Newberg soil there was an increase in total aggre- 

gation with all rates of lime through the 5 T/A rate of Orzan. A 

consistent decrease in total aggregation occurred with all rates 

of lime when 10 T/A of Orzan were added. The saine change gener- 

ally occurred on the 1, and 0.5 mm. sieves. A consistent, ixit 

small decrease in aggregation occurred with increased rates of 

Orzan on the 0.24.6 mm. sieve. 

On the Dayton soil the figures receiving asterisks appear 

inconsistent with the trends established by the rest of the data. 

If these exceptional data are ignored, a consistent rise in total 

aggregation appears with all rates of Orzan at all levels of linie. 

The greatest increase in aggregation occurred with the greater 

than 1 mm. size. 



Table 9. 

Percent and Size Distribution of Water-Stable Aggregates 
Given by Orzan and Lime Treatments on Newberg and Dayton Soils 

Soil Treatment 

Newberg Orzan 
sandy T/A 
loam 

o 

1 

5 

lo 
O 
1 

5 

lo 
O 

5 

lo 
O 

i 

5 

10 

Lime 
T/A 

O 

O 

o 
O 
i 
i 

i 

i 

5 

5 

5 

5 

lo 
lo 
lo 
lo 
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Sieve Total 
Sizes Aggregates 

]. nm. 0.5 nun. 0.246 nun. 0.246 mm. 

1.79 
4.84 
15.06 
14.12 
2.90 
3.36 

15.04 

13.87 
2 55 
3.14 

16.06 
10.64 
2 10 

3.4.83 

9 00 

Dayton O O 29.83 

silty i O 29.86 
clay 5 0 34.95 
loam 10 0 19.15* 

O i 27.11 
i i 27.38 
5 i 19.26* 

io i 40.91 
O 5 22.63 
1 5 24.03 

5 5 35.04 
10 5 48.17 
O 10 20.67 

1 iO 20.88 

5 10 27.25 
10 10 41.47 

5.25 45.91 52.95 

10.71 45.09 60.64 

15.64 38.55 69.25 

15.64 36.67 66.4.3 

5.87 41.57 50.34 
7.29 40.4.4 51.09 

3.4.36 39.43 68.83 

15.64 36.67 66.18 

7.84 47.34 57.73 

8.60 47.48 59.22 

20.07 36.95 73.08 

14.12 36.81 61.57 

6.83 43.87 52.80 

18.96 38.42 72.21 

15.99 37.08 62.07 

12.71 12.20 54.74 
17.27 18.82 65.95 
18.67 15.49 69.11 

17.30 18.66 55.11 
1.,.O8 16.98 57.17 

18.01 17.90 63.29 

24.13 21.33 64.72 

18.70 16.68 76.29 

15.57 17.27 55.47 

17.34 17.55 58.92 

17.84 16.75 69.63 

17.92 16.21 82.30 
24.66* 20.23* 65.56 

20.29 15.70 56.87 

21.12 16.30 64.67 

20.36 17.96 79.79 

* These figures appear out of line with consistent trends found other- 

wise in these data. 
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Relatively small changes take place on the 0.5 and 0.246 min. 

sieves. These data show that the variation in aggregation is attri- 

butable to the Orzan. There is apparently no interaction. 

Organic matter determinations made on the Newberg soil showed 

consistent increases in the percentage of organic matter with additions 

of Orzan and lime - Table 10. On the Dayton soil there was a consistent 

increase in the percentage of organic matter with additions of Orzan, 

and a consistent but very small decrease with increased lime additions. 

The lime may have stimulated microbial growth and subsequent oxidation 

of the organic matter. 

Table 10. 

Percentage of Organic Matter in Fallow Newberg and Dayton Soils 

Treated with Orzan and Lime after One Month Incubation in a Greenhouse 

NewberE 
Orzan T/A 

Treatments O i 5 lO Lime Average 

o 1.23 1.49 2.33 2.91 1.94 
Lime i 1.01 1.51 1.77 3.81 2.03 

T/A 5 1.40 2.70 1.94 3.16 2.30 

10 1.67 - 2.15 3.43 2.41 
Orzan Avg. 1.33 2.02 2.00 3.33 

Darton 
O 3.56 3.52 3.'7 4.98 3.98 

Lime i 3.44 3.58 3.87 4.82 3.93 

T/A 5 3.44 3.58 3.84 4.70 3.89 
10 3.38 3.47 3.76 4.79 3.85 

Orzan Avg. 3.45 3.54 3.84 4.82 3.85 

The addition of a large quantity of organic matter to the 

soil probably should increase the cation exchange capacity (hereafter 



referred to as C.E.O.) in the soil; because organic matter can hve 

a C.E.O. over 200 milliequivalents (hereafter referred to as me.) 

per one hundred grams of soil (20, P. 67) which is greater than 

the 10 - 30 me. per 100 grams expected on these soils. Since Orzan 

contains organic matter in the forms of sugar and lignin-sulfonic 

acid, a rise in the C.E.O. of the soils treated with Orzan might 

be expected. 

The C.E.C. of each fallow soil after treatment appears in 

Table 11. Each figure is the average of duplicate determinations 

and represents me. of cation per one hundred grams of soil. 

The C.E.C. of the treated soils was affected by the addi- 

tions of Orzan and thne. Orzan additions generally effected a 

greater change in C.E.O. than did additions of linie The organic 

matter in the Orzan appeared to increase the C.E.O. 

Table 11. 

The Cation Exchange Capacity of Fallow Dayton and Newberg Soils 

as Affected by Varying Rates of Orzan and Lime 

Newberg 

Tre 

Lime 
T/A 

Orzar 

Orzan T/A 
te O 1 5 

o 16.65 16.70 17.00 
1 17.20 17.10 17.20 

5 15.90 17.50 17.80 
10 17.50 - 18.33 
g. 16.81 17,10 17.58 

10 Lime Average 
18.10 17.1]. 

18.10 17.40 

18.40 17.40 
18.50 18.11 
18.28 

O 19.55 20.05 20.10 24.05 20.94 

1 21.80 20.90 21.70 25.12 22.38 

5 22,50 21.90 22.65 25.90 23.24 

lo 20.75 21.00 24.20 25.90 22.96 

Avg. 21.15 20.96 22.16 25.24 
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The increase In C.E.O. concomittant with additions of lime 

may have been due to the extra bases held by the clay at a pli of 

over 6 to neutralize the weak acid produced by hydrogens dissoci- 

ating from certain hydroxyla (37, p. 92). 

There is a close correlation of the rise in C.E.O. with an 

increase in the organic matter on the Newberg and Dayton soils. 

The laboratory analyses of moisture equivalent (hereafter 

referred to as M.E.) and fifteen atmosphere percentage reveal that 

while more moisture was held in the soil by Orzan this moisture was 

unavailáble. Frequent weighings of pots of soils treated with vary- 

ing rates of Orzan showed that less water was needed to maintain a 

given moisture level whore more Orzan was added.* In the Orzan- 

lime experiment the Orzan reduced the available moisture by raising 

the percentage of moisture held at the fifteen atmosphere percentage 

with very little effect on the M.E. (see Table 12). There is a 

small consistent change in the M.E. that appears rather peculiar. 

At all rates of lime there is a rise in the LE. at the 1 T/Â Orzan 

rate over the check; the 5 T/A rate of Orzan has a lower M.E. than 

the i T/A raté; and the M.E, at the 10 T/A rate rises over the M.E. 

at the 5 T/A rate of Orzan; i.e. a rise, a fall, and a rise in M.. 

which is slight but consistent. 

* Unpublished data. - Horticulture Department, Oregon State Collegi:. 
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Table 12. 

Availability of Soil Moisture as Affected by Orzan and Linie 
on Newberg and Dayton Soils in the Greenhouse 

Treatment LE. 15 Atmosphere Available P.W.P.* 
Orzan Lime Moisture % 
Tu T/A (by Difference) 

Newberg Soil 

O O 14.78 8.19 6.59 9.73 
i O 14.20 8.4 5.36 
5 0 13.93 9.91 4.02 10.54 

10 0 15.06 11.21 3.85 11.98 
O 1 15.33 8.50 6.83 
1 1 16.16 9.84 6.32 
5 1 14.17 9.30 4.87 

10 1 15.90 15.87 0.03 
O 5 34.28 8.27 6.01 
1 5 17.27 8.52 8.75 
5 5 15.15 9.36 5.79 

lo 5 17.30 16.h2 0.88 
o io 15.74 8.58 7.16 
J. 10 - - - 

S 10 14.30 10.16 4.14 
io io 15.85 14.46 1.39 Plants 

Died 
Dayton Soil 

o o 30.01 11.99 16.39 12.26 
i O 30.87 15.98 14.89 

5 0 30.31 14.10 16.21 14.33 
10 0 30.98 17.57 10.66 16.55 
o 1 28.59 11.66 16.93 
1 1 30.56 13.13 17.43 

5 1 28.44 12.37 16.07 
lo i 29.93 22.86 7.07 
o 5 29.46 12.58 16.88 
i 5 30.28 12.85 17.43 

5 5 28.96 13.02 15.94 
10 5 30.08 23.31 6.77 
o io 29.06 11.46 17.60 
1 10 29.72 13.29 16.43 

5 10 28.60 13.48 15.12 

10 10 30.24 18.46 U.78 19.32 

P.W.P. Permanent wilting point by the sunflower method. 
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With three slight exceptions there is a regular rise in the 

percentage of moisture held at fifteen atmospheres with increased 

rates of Orzan at all levels of linie. The exceptions are at 5 T/A 

Orzan plus i T/A of lime on Dayton, and 5 T/A of Orzan and 5 T/A 

Orzan plus i T/A of lime on Newberg where there is a slight drop 

in the moisture percentage from the preceding treatment in the t&ole. 

While the fifteen atmosphere percentage has been closely 

correlated with the classical sunflower wilting point a question 

was raised as to the agreement of the fifteen atmosphere percentage 

on these treatments and the plant wilting point, so a spot check of 

the agreement between the two methods was made It was found that 

of the eight samples run by the sunflower method, six of the P.W .P. 's 

were slightly higher than the 15 atmosphere percentage, one P.W.P. 

was slightly lower than its 15 atmosphere percentage, and the sun- 

flowers died in the eighth sample - 10 T/A Orzan plus lO T/À lime 

on Newberg soil. 

A preliminary investigation of the amounts of available 

calcium, potassium, phosphorus, and the percentage of organic matter 

was made before the rest of the work reported in this paper was 

begun. It was felt from previous work done on soils treated with 

s.w.1. (45) that chemical changes were insignificant. Chemical 

analyses were made on Orzan-treated soils to see if additions of 

Orzan would have any effect on the available nutrients. 



Newberg sandy loam soil to which a large amount of leaf mold 

had been added was used by the Horticulture Department at Oregon 

State College for this experiment. The seeds were germinated in 

cans of untreated soil. After the plants were growing increments 

of Orzan solution were added until the desired weight of Orzan on a 

dry weight basis had been added. These tests were designed to 

determine rates of Orzan toxic to several economically important 

plants such as corn, carrots, grasses, dovere, etc. Four rates of 

Orzan were used for each crop. Each treatment was replicated four 

times. The four treatments arid four replications (16 cans) for each 

crop were placed in a randomized block design. 

Soils from two crops were chosen for this investigation. 

One group of soils had been treated with zero, 3, 15, and 30 T/A of 

Orzan and cropped with radishes. The other group of soils had been 

treated with zero, 4.6, 23, end 46 T/A of Orzan and cropped with 

sunflowers. 

After the plants had been harvested by the Horticulture 

Department, the cans of soil samples were air-dried, screened throigh 

a 2 mm. screen and mixed. 

Calcium was analyzed by a method reported in the A. O. L. 3. 

(25, pp. 32, 41, 43); potassium was determined by a modification of 

the method described by Piper (32, p. 45); phosphorus was determined 

by the Truog-Meyer method (48, pp. 136-139) and organic matter was 

run by the Walkley-Black method (49, pp 29-37). All analyse s were 

made in duplicate. 
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These data were statistically analyzed, and Table 13 con- 

tains the results. 

The data show no significant differences for calciwn or 

potassium under either crop nor for phosphorus under sunflowers; 

however a significant decrease in phosphorus occurred under radishes 

at the 30 T/A rate of Orzan. The organic matter additions with 

Orzan are significantly greater over the check except for the 4.6 

T/A Orzan under sunflowers. All differences that were significant 

were significant at the 1% level. It might be mentioned again that 

the very high percentage of organic matter for this soil was due 

to the addition of a large amount of leaf mold. 
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Table 13. 

Effects of Orzan on .vai1able Calcium, Potassium, and. Phosphorus, 

and the Percentage of Organic Matter on Newberg Sandy Loam Soil 

in the Greenhouse 

Crop: Radishes 

Orzan Calcium Potassium Phosphorus o.M.(l) 

T/A ppm ppm ppm 

o 5675 229e 932 6.20 

3 5:345 2247 899 6.76 

15 5185 2223 912 

30 4976 2132 7S7 S.S9 

F# l.76Q9 <1 5.298 9.197 

LSD $ N.S.) N.8. 129.6 0.5563 

5% N.S. N.S. 90.24 0.3572* 

Crop: Sunflowers 

o 4935 2098 832 6.28 

4.6 4865 2116 768 6.60 

23 4865 2228 842 7.90* 

46 /4285 2203 770 9 . l3 

P# 3.4167 ¿1 0.966 12.63 

LSD $ N.S. N.$. N.S. 0.5345 

5% N.S. N.S. N.S. 0.3720* 

F values from the table were 6.99 at the $ level and 3 86 at the 5% 
level. 

(1) Organic matter 

(2) Not significant 
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Bacteriological Re suits 

The largo percentage of sugars which Orzan contains 

influence the microbial growth and activity as measured by carbon 

dioxide evolution studies. Much greater amounts of are evolved 

where the greater amounts of Orzan are added. Percentage-wise, 

however, the smaller rates of Orzan evolve more of the total carbon 

added. Orzan is intermediate in GC production between wheat straw 

and sawdust, the latter being the most resistant to decomposition. 

The above statement is understandable when the comparative amounts 

of carbon as cellulose and lignin are examined. About 2C of the 

carbon in Orzan is in the form of reducing sugars such as glucose. 

Sawdust contains a greater percentage of lignin than wheat straw 

or Orzan. All these facts are evident in the curves drawn of 

accumulative carbon dioxide evolved from each treatment on each 

soil over a sixty day period. 

Both soils show similar curves (Figures 1 and 2); however, 

more CO2 is evolved from the Dayton soil which had more organic 

matter Indigenous to it. It is possible too, that a greater micro- 

floral population existed in the Dayton soil than in the Newberg 

soil to begin with. 

Since the Orzan contains approximately 20% of its carbon 

in the form of sugars, any decomposition percentage greater than 

this on Orzan-treated soils supposes lignin decomposition. Lignin 

decomposition probably occurred, then, on the Newberg soil at i 

and lO T/A rates of Orzan, but not at al]. on the Dayton soil. 
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Figure 1. Effect of Treatment on 002 Evolved from 200 grams of 

Newberg Sandy Loam Soil 

Rates of treatments: 1. Control, 2. 1 T/A Orzan, 3. 10 T/A Orzan, 
4. 100 T/A Orzan, 5. 1 Tu wheat straw (LS.), 6. 1 T/A Orzan plus 
i T/A W.S., 7. 10 T/A plus i T/A W.S., 8. 100 T/k Orzan plus i T/A 
LS., 9. 1 T/A sawdust (s), 10. 1 T/A Orzan plus i T/A S, il. 10 
T/A Orzan pias i T/A S, and 12 100 T/A Orzan plus i T/A S. 



Figure 2. Effect of Treatment on CC Evolved from 200 grains of 
Dayton Silty Clay Loam 

Rates of treatments: 1, Control, 2. 1 T/A Orzan, 3. 10 T/A Orzan, 
4. 100 T/A Orzan, 5. 1 T/A wheat straw (W.S.), 6. 1 T/A Orzan pius 
i T/A W.S., 7. 10 T/A plus i T/A W.S., 8. 100 T/A Orzan plus i T/A 
W.S., 9. 1 T/A sawdust (s), 10. 1 T/A Orzan plus i T/À S, 11. 10 
T/A Orzan plus i T/A S, and 12. 100 VA Orzan plus i T/A S. 
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The data needed to make a calculation of the percentage of 

carbon evolved due to treatment are the milligrams of carbon evolved 

(from Figures 1 and 2) and the milligrams of carbon added per treat- 

ment. The sawdust, wheat straw, 1, 10, and loo T/A rates of Orzan 

contained 110, 96, 90, 900, and 9,000 milligrams of carbon respec- 

tively. These figures are derived from the percentages of carbon 

of each product by analysis. 

Tables 14 and 15 show that in studies on the oxidation of 

1,000 p.p.m. sulfur as flour of sulfur, as Orzan, and flour of sulfur 

with nitrogen equivalent to that in the Orzan show decreased pH ' a 

from the non-incubated control at Zero days incubation in aU treat- 

ments in both soils. The pH of the Orzan treatment on both soils 

lowered the pH below the control. The aoils generally became more 

acidic with increased incubation time within the thirty days. Sulfur 

decreased the pH more than Orzan, which only slightly influenced the 

pff of the Dayton soil. 

On the Newberg soil the percentage of water-soluble sulfates 

at the end of thirty days is about one-third less for the Orzan 

sulfur than for sulfur treatment; while the sulfates in the sulfur 

plus nitrogen treatment are about intermediate between the sulfur 

and the Orzan treatments. On the Dayton soil, after thirty days' 

incubation, about 2.6 times greater percentages of sulfur were con- 

verted to sulfates in sulfur treatment than in the Orzan treatment, 
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with the sulfur plus nitrogen treatment again being slightly lower 

in sulfates then the sulfur treatment. 

The pH values in the nitrification study as shown in Tables 

14 and 15 are found to drop consistently on the Newberg soil with 

longer incubation periods, but aU treatments have the same pH 

at the end of thirty days. On the Dayton soil there is a rise in 

pH from the ten to twenty day incubation period and a decrease in 

pH from the twenty to thirty day incubation period. All pHts are 

lower than the pH of the non-incubated control soil. 

While the nitrites do show differences on the two soils, 

the differences are insignificant in comparison to the ammoniacal 

and nitrate nitrogen. The amount of nitrites is greater in the 

Newberg than in the Dayton soil at the ten day incubation period. 

By the twenty day incubation period only a trace of nitrites appear 

in the Newberg soil and no nitrites appear at the thirty day period. 

The nitrites in the Dayton soil, however, persist at nearly the 

same level through the ten and twenty day incubation period and dis- 

appear completely by the end of thirty days. 

More nitrogen is accounted for in the ammoniacal and nitrate 

forms on the Dayton soil than on the Newberg soil by a small margin. 

The nitrates are less on the soils at all incubation periods than 

the control value with the exception of the twenty day period on 

the Newberg soil where the nitrates are about the same for control 

and treatments. This might be accounted for by the added sugars in 



46 

organisms. These organisms and the organic matter may assimilate 

and adsorb considerable nitrogen. Nitrates do increase on both 

soils for all treatments with increased incubation periods. Nitri- 

fication may have been suppressed by the high acidity of the soils. 

Neariy all the ammonia added appears in the analysis on the 

Newberg soil at the ten day period, while most of it has disappeared 

from the Dayton soil at that period. About equal quantities of 

ammonia appear in both soils at the twenty and thirty day periods 

for the saine treatments. Ammonification is possibly suppressed at 

the low pH of the soils. 

In general the total nitrogen as ammonia and nitrates is 

very similar for all treatments at the end of thirty days' incuba- 

tion. There is leøs of these forms of nitrogen in the Orzan treat- 

ment than in the control and more of these forms of nitrogen where 

available forms of nitrogen were added with and without Orzan. 
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Table 14. 

Nitrification and Sulfur cidation on Newberg Sandy Loam 
Treated with Orzan and Nitrogen 

Treatrnent* 
Nitrogen ppm 

as NH as NO as NC 
ppm % 

as SO S 

of Oram 
oxidized 

Zero Days ' Incubation 
i 6.0 31 13 0.6 17 

10 Days1 Incubation 
1 5.4 33 19 O. 26 

2 5.6 87 34 1.9 58 28% 

3 5.6 117 17 1.8 41 

4 5.6 120 17 1.3 67 

20 Day8' Incubation 
1 5.7 4 45 T 12 

2 5.5 17 43 R 62 

3 5.4 17 52 A 84 

4 5.1+ 22 49 C 106 
E 

30 Days' Incubation 
1 5.4 1 67 N 12 

2 5.3 34 49 0 48 23% 

3 5.3 18 53 N 66 

4 5.3 2]. 59 E 86 

* 
Treatment (i) control, (2) Orzan equivalent to 100 ppm N, 

(3) Orzan and aln1nonium sulfate each equivalent to 50 ppm N - a total 

of 100 ppm N, (4) Ammonium sulfato equivalent to 100 ppm N. 

Sulfur Oxidation with Incubation 

o Days 10 Days 20 Days 30 Days 

** 
ppm 

Treatment pH S as $0 
ppm 

pH S as S0 
ppm 

pH S as S0 pH 
ppm 

S as S0 

i 6.0 17 5.4 26 5.7 12 5.4 12 

2 5.2 204 5.0 243 4.7 288 

3 5.8 165 5.7 155 5.3 194 

4 5.2 US 4.6 246 4.7 232 

** 
Treatment (i) control, (2) 1,000 ppm S as flour,- '3) 1,000 

ppm S as Orzan, and (4) 1,000 pn S plus N equivalent to N in 
Orzan (3) N as NH4C1. 
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Table 15. 

Nitrification and Sulfur Oxidation on Dayton Silty Clay Iar 
Treated with Orzan and Nitrogen 

Nitrogen ppm 

* Sppm %of0rzan 
Treatment pH as NH as N0 as N as S0 S oxidized 

Zero Days Incubation 
1 5,5 26 18 0.6 10 

10 t Incubation 
1 5.1 2 25 0.3 10 
2 5.2 6 18 0.6 44 2i 

3 5.2 11 18 0.5 67 

4 5.1 13 24 0.3 90 

20 Days t Incubatïon 
1 5.4 12 57 0.5 15 
2 5.3 25 47 0.6 71 36% 
3 5.4 41 39 0.5 8]. 

4 5.3 32 55 0.4 103 

30 t Incubation 
1 5.3 2 73 N 16 
2 5.2 15 57 0 57 28% 
3 5.3 35 71 N 83 
4 5.3 25 72 93 

* 
Treatnent (i) control, (2) Orzan equivalent to 100 ppm N, 

(3) Orzan and ainmoniui sulfate each equivalent to 50 ppm of N - 
a total of 100 ppm N, (4) Ammonium sulfate equivalent to 100 ppm N. 

Sulfur Oxidation with Incubation 

O Days 10 Days 20 Days 30 Days 

*. pi:n ppm ppm ppm 
Treatment pH S as SO pH S as SO pH S as SO pH S as SO 

1 5.5 10 5.1 10 5.4 15 5.3 16 
2 5.2 175 4.7 239 4,7 241 
3 5.4 96 5.3 14 5.5 94 
4 5.1 lii 4.9 ]42 4.5 237 

Treatment (i) control, (2) 1,000 ppm S as flour, (3) 1,000 ppm 
S as Orzan, (4) 1,000 ppm S plus N equivalent to N in Orzan (3) N as 
NH4C1. 
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SUMMARY 

Two soils - a recent alluvium of the Newberg serie8 ai ail 

old valley-fill soil of the Day-ton series - were treated with Orzan 

to see what effect it would have on soil properties and microbio- 

logical functions Orzan is a dehydrated ammonia base sulfite wa&te 

liquor, which is the waste remaining after wood chips are digested 

with ammonia base sulfite liquor in the manufacture of wood pulp. 

Ratee øf 0, 1, 5, and 10 T/A of Orzan, the same rates of lime and 

all combinations of these rates of Orzan and lime were applied to 

both soils. The effect of these treatments on sunflower growth, 

wet-sieve aggregation, pH, organic matter, cation exchange capacity, 

and moisture relations was investigated. 

The toxicity of Orzan to the growth of certain economic 

crops was studied by the Horticulture Department at Oregon State 

College. The effect that these Orzan additions had on the avail- 

ability of several nutrients and the percentage of organic matter 

were determined before the above experiment was begun. 

Microbial studies were made on New-berg and Dayton soils to 

determine the effect of Orzan in comparison with straw and sawdust 

on microbial growth and activity and the effect of these treatments 

on pH, nitrification, and sulfur oxidation. 
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CONCLUSIONS 

1. More significant changes in sunflower growth were 

effected by Orzan on the Newberg than on the Dayton soil. Five 

of the eight differences on the Newberg soil were increases while 

three of the five differences on the Dayton soil were increases. 

Orzan at high rates had a much greater growth depressing effect on 

the Newberg soil than on the Dayton soil. 

2. The pH was decreased in the Orzan-lime treated soils 

in the greenhouse, while the pH of the soils used in the miorobial 

studies remained the same or increased slightly. 

3. The percentage of aggregates of larger sizes increased 

in the Orzan-lime treated soils. 

4. Organic matter was generally increased in the Orzan- 

lime experiment. A significant increase in percentage of organic 

matter appeared in the soils used by the Horticulture Department. 

5. Cation exchange capacity was generally increased with 

higher rates of Orzan and lime. 

6. The percentage of available moisture decreased with 

increases in Orzan, since more moisture was held at tensions greater 

than 15 atmospheres. 

7. The study of available nutrients only showed a signif i- 

cant decrease in phosphorus at the 30 T/A rate of Orzan on the 

soils used by the Horticulture Department. 
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8. The sugars and other forms of organic matter added in 

Orzan and the wheat straw and sawdust stimulated microbial growth 

and activity. 

9. Nitrogen appeared to have been assimilated by the 

organisms and adsorbed by the soil. 

10. Sulfur in Orzan was oxidized to sulfates at about one- 

half the rate of elemental sulfur oxidation. 

li. Elemental sulfur decreased the pH, while equivalent 

amounts of sulfur in Orzan did riot materially change the pH. 
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