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ARSTRACT Wing Yuen Wang

The Effect of Lignin on Soil Propertics and Plant Growth

‘Liggnin prepared by saccﬁarii‘icaticn oflcorncobs
was mixed with gurface soii from Mlaml sandy 1éam and
Brookston clay loam at rates of 0, 245, 5.0, and 7.5 tons
pPer acre, After five weeks! incﬁbation,th@ soils were ﬂ
studied for changes in physicf,al,ohemical,and biological
properties, - | |

It was found that "lignin" cansed an increase in the
formation of large gtabie aggregates,an inerease in the
percentage of m.oistu‘z'e at the xnoistﬁre equivalent,an
increase in the h.fy*grosc_opic coéfficiént,anﬂ greater values
for the ﬁpper and lower plagtle limits and the sticky
point, Percent porosity at tenslons, 10, 20, 30, L0, and
60 centimeter water was increcased whereés percont cépillar'y
vorosity was doereased, R

. Addition of "1ignin" to soll tends to Increase

slightly the base exchange capacity of the soil as
determined by the vamm.onimnA acetate methods The Increase
wag probably due to changes in the activity or adsorptive
power of "1lignin" during ite tranaformation,br to the
Tormation of cortain complexes, The base @xchang;ek capvacity
of the "lignin" material ugsad wasg 19 milliequivalents per
100G gram ma‘cerial.‘ |

The pI of the solls was elightly increased by the
addition of "1ig;nin"; The pil of the "lignin" material was

orly 1.99.




itrate content of the soll,determined colorimstrically
by phenoldisulfoniec acid method,was decreased as rate of
"lignin" spplication increased, This was believed to be due
to immobilization of the nitrogen as a result of increased.
microbial activity,

Exchangeable calcium,magnesium(versenate titration
method), sodium and potassium(flame photometer method) were
not affescted except potassium which showgd g slight
inerease by "lignin" addition. )

Buffer capaclby of soil treated with "lignin' was
increagsed;although not appreciably. The greatest buffer
actlon of "lignin" lies between pil 6.5« 8.0

Greenhouse experiments on surface soil from Mismi
sandy loam showefl beneficlal effect of "lignin" on the
yvilield of tomatoss and spring wheat. Nitrogen,mulching,
and liming increased the effectiveness of "lignin" on
tomato yleld but the latter two did not materially affect
the effectiveness of "lignin" on the yield of spring
wheats Results of these experiments indicated that the
optinum rate of "lignin" application was five tons per acre.

A comparison of crop yields vhen ground corncobs,
sawdust,and "lignin® were applied at five tons per sere to
surface soll from Brookston clay loam was studied under
gresnhouse conditionss. The results showed that "lignin"
vag preferable to the ground corncobs and sawdust when mixed
with soil, When applied as mulch,"lignin" and ground

corncobs were preferable to gawdusat,




A f£ileld experiment on Mebtea loamy sand was designed
vo study the offect of various mulching materials on the
yield of soybeans, The results showed that when no nitrogen
wag added,corncobs,wheat straw,and sawdust malching all
tended to decresse yields. The depressive effect disappeared
when 60 pounds per acre of nitrogmen were applied, An
increase in gsoybean yields was obtalned when nitrogen was
applied at the rate of 120 and 180 pounds per acro. |

Iﬁ was thorefore recommended that when "lignin" could
be procured at reasgonable cost,it can be used to advantage
overcorncobs snd sawdust when appllied at five tons per
acre, Witrogen applicabion along with "lignin" would be

benclicial,
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I. INTRODUCTION

The exact chemical and physical structure of lignin
and the products formed by its decomposltion are not well
known. This 1s due largely to the diffliculty involved in
isolating lignin in 1ts chemically unchanged form. There-
fore, a distinction should be made betwsen two types of
lignin: 1. unaltered lignin which occurs in living plants
or trees, and 2, altered lignin derived from plants and
trees by chemical or bilological actions. The lignin
material used in this study belongs to the second type.

Crude lignin, its derivatives, and lignin-like materials
‘are discharged by paper mills in enormous quantities. The
disposal of lignin pbséé a problem that offefs a challenge
to paper manufacturers and agriculturists. The paper
manufacturer must dispose of the lignin with a minimum
pollution to the stream that furnishes water for his plant,
This means that some of the organic material may be decom-
posed without serving any useful purpose.

Farmers toc have large amounts of lignin-containing
materials such as corncobs and straws which could, by
proper management, become very useful in improving soil
properties and crop yield,

During recent years, many agriculturists have made




studies on the possible use of lignin for soil improvement
and for the betterment of plant growth. Their results have
not always agreed, Some workers claimed the products were
beneficial while others reported opposgite results.

The principal objective-of this investigation was tov
study the effect of lignin on the physical, chemical, and
biologiceal properties cof the soll as well as its effect on

plant growth under greenhouse conditions.




IT. REVIEW OF LITERATURE

Litérature on the effect of lignin on soll properties
and plant growth can be divided into several categories:
l. Its use as a fertilizing material; 2, Its use as a soil
conditioner; 3. Its relationship with soll organic matter
and soil chemical properties; and L. Its decomposition in

soil.
Lignin as a Fertilizing Material

Aries (L) found that Ca-lignosulfonate from sulfite
waste liquor, applied at the rate of ten tons per acre,
caused a 60 percent increase in the yield of shelled beans,
He also found that the use of lignin from dilute acid
hydrolysis increased the starch content of potatoes by
85 percent.

Dunn and Sieberlich (19) found in their greenhouse
experiments that potatoes were somewhat improved by an
application of five tons of lignin per acre. Onions (one
test) were markedly improved but tomato yields were not
affected, Almost complete exhaustion of available nitrates
was noted in all soils to which lignin was added., Better
results, in a limited series of tests, were secured in
sand cultures than in water cultures., Lignin in the finely
divided state adheres in conslderable amount to the fine

rootlets of seedlings. They suggested that lignin when




added to the soil might have a role with other humus con-
stituents in forming an intimate film about soll particles
and root hatrs which aid in the transfer of water and soil
nutrients to the root cells,

Waksman and Wissen (71) suggested the possible use of
lignin as a nutrient for the cultivated mushroom, Agaricus
campestris,

The research workers at the Forest Products Labora-
tory, (26) using "lignin" obtained from acid hydrolysis,
found that tomato plants grown in soil receiving both
lignin {(five tons per acre) and fertilizer were more vigor-
ous and bore more fruits tﬁan where only fertilizer was
appliede The plants in the plot which receivedvlignin and
no fertilizer were healthy and bore good fruit, but yields:
were smaller than from the plots receiving fertilizer alone.

Dunn and Eppelsheimer (26) tested the effect of lignin
obtained from wood séocharification on potato production,.
Thin layers of lignin were applisd between layers of soil
at a rate equivalent to five tons per acre. The results
showed,thét lignin increased the yiéld, size and starch
content of the tubers,

Harrington (26) reported that chrysanthemums grown
in soils to which 10 percent of lignin had been added pro-
duced longer stems and bore larger blooms than did the

control plants., The stem weight was increased by 30 percent.




Lignin as a Soll Conditioner

Vershinin (61), Sowden and Atkinson (5l) reported
that lignin , when incorporated in soill, exerted favorable
effects on the physical structure of soil.

Miller (38) showed that load-besaring qualities of
some solls were improved by mixing lignin or a substan-
tially water insoluble lignecus material with them. Soils
which had noor resistance to moisture effects were stabil-~
ized in the same manner. Depending on the nature of the
soil, 0,2 to 10 percent of ligneous material was required,
but thres pércent or less was preferred,

MeCalla (33) found that waxes, fats and lignins in
concentrations of one percent or more greatly stabilized
soil particlese

Martin and Waksman (36) found that in moist clay loam
soll, casein plus lignin brought about considerable aggre-
gation, which was further increased by the additicn of
lime. The aggregation was not so apparent after the soil
dried. They also réported that peat plus lignin did not
materially influencé the aggregation of the soil,

Nikishkina (l12) found that ammoniated lignin increased
the structural stability of 3, 2, and 1 millimeter aggre-
gates,

Harris (26) indicated that wood-hydrolysis lignin,
when used as a mulch between rows of tomatoes, kept the 01l

moist and was easily worked into the soil,




Hamilton and Truog (26) tested the use of lignin in
both field and greenhouse. They found that additions of
lignin resulted in a greater ease of cultivation., Water
holding capacity, porosity, rate cf water flow through the
soil, and soil hardness were also improved. It was found
that the beneficlal effects continued through several crops,.

Nine months after the addition of lignin to a soil,
an increase of infiltration rate up to 100-fold was found

by Aries (5).

Lignin -- a3 Related with Soll Organic Matter
and Chemical Properties of Soil

Neller and Kelly (L41) showed that the organic ma%ter
content of soils could be increased by means of waste wood
lignin. This organic matter was; by vitrue of its high
content of lignin, Quite stable even though the tempera-
ture, molsture, and aeration conditions were conduciﬁe to
lcss by oxidation throughout mest of the year. Under proper
soil management in the use of lime, lignin-treated soils
were more productive, These writers also reported that
neutral and neutralized wood waste lignins retarded the
loss by lgaching of fertilizer phosphate from sandy scilse

Sowden and Atkinson (55) pointed out that lighin
isbléted from soil was different from plant iignin in many
respects. It was very low in methoxyl content, high in
total nitrogen, soluble in water, but inscluble in dilute

acid. However, the ultra-violet light absorption curve was




similar in many respects to that of lignin and related
compounds,

From the results of hydrogenation of "alkali lignin",
Gottlieb and Hendricks (25) indicated that lignin in soil
undergoes a similar type of change, at a much slower rate,
ags does lignin treated with alkali. The chénge consists
of a condensation of the lignin molecule with the production
of fused ring structures which are more resistant to hydro-
genolysis than is the unaltered lignin,

Harris (26) pointed out that lignin 1s slowly changed
to humlc substances when mixed.with soil. Even before it
1s converted to humus, it has many properties of humus,
such as the ability to react with minerals in the soil, to
control the size of aggregates in clay, and to aid in con-
trolling the alkalinity of soil,

Evidence of the presence of lignin in soil organic
matter, according to Bertramson and White (13), rests on
results from deoomposition‘studies, on resistance of 30
to 50 percent or more of organic matter to cold strong
aclds, and on the presence of methoxyl groups. They also
found that greater alkali solubility and exchange capacity,
partial demethyiatibn; possible-introdﬁction of carboxyl
groups and depolymerization resulted from changes which
lignin had undergone in soil.

Millar, Smith and Brown (37) agreed with McGeorge (3l),
Bartlett and Norman (9) that during the decomposition of

ocrganic matter, there is a highly significant correlation




between percent increase in base exchange capaclty and the
amount of lignin in soils. But since the increase in the
bagse helding power was so much greater than the increase
in the lignin content, it has been suggested that a chanée
in thé adsorptive capacity or actiVity of ﬁhe lignin had
taken place.

McGeorge (35) reported that the exchange capacity of
soil lignin is not a constant quantity but varies in differ-
ent soils. Leaching the lignin and ligno-~humate with water
increased the exchange capacity which he bslieved was due
to hydrolysis,

Anderson (3) claimed that the exchange capacity of
the sulfite waste liquor despends on the sulfénic acld groups
in the lignin molecule. Under the §Xperimental conditions,
the maximum capacity of the exchangers did not exceed a
value of 0,56 milliequivalent per milliliter or 1,20 milli-
equlvalent per gramo "

Waksman and Iyer (68) found that lignin alone had a
- low base exchange capacity. The base exchange capacity of
protein was low but somewhat higher than for lignin, When
the two were cﬁemically combined in the form of a compléx,'
the base gxchange capaclty was greatly increased. As the‘
proportion of proteih to lignin was increased, the base
exchange capaclty increased within certain limits., The
various proteins gave different values, but the general
relationships were similar, Drying the complexes reduced

their base exchange capacitlies to some extent. The nature




of the base used in preparing the complexes also influenced
their base exchange capacities considerably. The highest
base exchange capacities were cbtained with Ca-complexes
and the lowest with aluminum-complexes,

Bartlett and Norman (9) found that the magnitude of
the increased base exchange capacity observed on decompo-
sition of lignin was entirely disproportionate with the
limited demethylation that occurred,

Aries (l) found that application of sulfite lignin to
scil in pots increased the organic content, pH, soluble
| phosphorus, and calcium content of the soil. He also
mentioned that sulfite lignin could be used as a subétitute
. for liming materials and that the prevention of leaching
was an added advantage,

Nikishkina (42), Waksman and Hutchings (65), and
Honcamp and Wiessmann (28)'a11 agreed that lignin has the
tendency to preserve the aﬁsorbed ammonium nitrogen of the

soil and the ammonia in liquid manure,
Lignin -- Its Decomposition in Soil

Waksman and Iyer (67) and Osugi‘and Endo (L45) observed
the depresgive effect of lignin on the decomposition of
protein. The effecf, they claimed, was not due to any
toxic action of lignin but was a result of interaction
between lignin and protein. Waksman and Cordon (6l) and
Fuller and Norman (23) found similar depressive effects‘in

cellulose decomposition, They attributed this to the physical




10

binding together of lignin and cellulose. Olson, Peterson
and Sherrard (L)) and Levine and others (32), on the other
hand, claimed the binding to be of a chemical rather than

a physical nature,

Bennett (12) studying the decomposition of oat hay,
corn stilage, timothy hay and corn stalks with and without
the addition of 13 percent lignin found that under csrtain
conditions the presence of lignin was not inhibitory.

Waksman and Tenney (70) pointed out that lignins are
more resistant to the actions of fungi and bacteria than
are any of the other major ingredients of the natural
organic materials. The accumulation of lignin in scil is
bélieved by them to account for a large part of soil humus.

Waksman and Hutchings (66) summarized the accumulated
evidence concerning the action of microorganisms upon lignin,
in the process of decomposition of plant and animal resi-
dues in nature as followg: |

l. Lignin is, among chemical complexes, most resistant -

to attack by fungi, bacteria and invertebrate
animals living in soils, peat bogs and composts,

2+ Lignin does not accumulate quantitatively in the

same state in which it exists in plant materials
but undergoes a slow process of transformation.

3. Certain specific grcups of microorganisms, found

largely among the higher fungi, are capable of
bringing about active destruction of lignin, fre-.

quently even to a greater extent than that of
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cellulose and hemicellulose,.

4o Lignin is subject to decomposition by these organ-
isms so long as it is present in fresh or in partly
decomposed plant tissues; once it is prepared in a
purified state, it becomes completely resistant to
attack even by these organisms.

5. The effect of lignin upon microbial activities,
such as cellulose decomposition, glucose fermen-
tation and nitrate formation, is not injurious and
may even be favorable,

6. The gradual transformation of the lignin consists in:
2. a8 loss of methoxyl groups
be darkening in color, accompanied by absorption of °

oxygen
ce combination with protein
‘d. Iincrease in alkali solubility

Although lignin is resistant to attack by microorgan-
isms, it does not possess antiseptic properties (53)., It
will decompose gradually with the rate of decomposition
depending upon envircnmental conditions (9, 47).

Norman (L43) found that under aerobic conditions and
in situ lignin is quite stable, but undergoes a slight
decomposition during fermentation extending over months or
years. Fungl of the Basidiomycetes type siowly attack
lignin as well as cellulose and the hemicellulose, Under
anaerobhic conditions, lignin is slcwly attacked by both

‘mesophilic and thermophilic organisms, but to a lesser
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extent than are other plant constituents., Isolated lignin
is not attacked by aeroblc and anaerchic microorganisms
and apparently has a definite bécteriostatic action.

Fuller and Norman (23) found that the extent of decom-
pogition accomplished by the vigorous organisms, Pseudo-
monas ephemerocyanea, and Sporocytophaga myxococcoides,
increased as the lignin content was reduced., Less vigorous
organisms such as Bacillus apporhoeus were little affected
by the lignin content of the substrate.

Fischer and Schrader {22) showed the relative biological
inertness of lignin, and concluded that lignin was therefcre
the "mother substance™ of residual soil organic matter.

Gottlieb and Geller (24) found that lignin could be
decomposed by using commercial mushroom spawn as an ensyme
which is an intiﬁate mlxture of mycelium of Agaricus
campestris and well decomposed horse manure, The enzyme
was activated by citrate and phosphate ions and Buffered
to pH 6.0,

Denkho (18) claimed that lignin decomposes faster in
an acid medium than in a neutral or alkaline medium, As
lignin is decomposed microorganiéms immobilize niﬁrogen.

Bartlett, Smith énd Brown (10) believed that there
was some sord of direct chemical process which broke down
the original "natural lignin" intc a more readily available

form before active microbiological decomposition set in.




ITI. LABORATORY STUDIES

Material used and procedure:

The lignin used in this investigation was received
from Agricultural Residues Division, North Regional Research
Laboratory, U. S. D. A., Peoria 5, Illinois. The lignin
which had been prepared by saccharification of corncobs
was not as free from carbohydrates as was anticipated,

If the work on the saccharification process is continued,
they believe that the carbohydrate material can be reduced,
but it willl not be entirely eliminated. Table 1 shows the
proximate analysis of the lignin used,

The soils used in this study weré surface samples of
Miami sendy loam and Brookston clay loam soils. The pH of
the two soils was found to be 6,52 by Beckman pH meter,

For convenience these soll samples are referred to by the
soil type names throughout this thesis,

Three levels of "lignin" were applied to the two

soilsg as follows:

L. O 0 tons per acre
L 2.5 2.5 tons per acre
L 5.0 | 5.0 tons per acre
L 7.5 7.5 tons per acre

Each treatment was replicated four times, maeking a

total of 32 potse
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TABLE 1

PROXIMATE ANALYSIZ OF "LIGNIN" PRODUCED BY SACCHARIFICATION
OF CORNCOBS IN SYNTHETIC LIQUID FUELS SEMI~WORKS PLANT,
PEORIA, ILLINOIS. JUNE, 1950

Percent
Lignin v » 42,53
Cellulose |
Monoethanolamine method (pentosan free) 2,10 -
Alphe-callulose (pentosan free) 120
Alecohol-benzene extractions 13.74
Pentosans 3.57
Titratable acidity (as 803) 0.86
Alkali solubility (1% NaOH) 66,27
Methoxyl ; 6037
Molsture 6.70
N (Kjeldahl) | 0,23

Ash ‘ 0.87
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One thousand grams of soil and "lignin" of the various
rates were well mixed and put into half-gallon pots. The
moilsture content of each pot was maintained at approximately
moisture equivalent with distilled water. After five weeks,
the soilg were alr drled., Fifty grams of the alr dry soil
was sampled from each pot for aggregate analysis, while
the remaining so0il was passed through a two millimeter
sieve for laboratory studies.

Unless otherwise stated, all the figures revorted in

the tables herein are averages of four replications.

Experimental:

A. Physical
(1) Aggregate analysis
Pifty grams of air dry soll was used for aggregate
analysis according to Yoder's wet sieving method (74).
The percentage of aggregates as éffécted by "iignin"
treatment at various rates are shown in Tables 2 and 3,

The effect of "lignin" on the percentage of aggre-
gates greater than 0,25 mm is shown by the curves presented
in Figures I and II.

It’can be seen from Tables 2 and 3 that the addition
of "lignin" to the soil increased aggregation considerably.
Since it was suggested by Tiulin (57) that only those aggre-
gates larger thén 0.25 mm are responsible for stable

structure, special attention was given to those aggregates.
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TABLE 2

AGGREGATE ANALYSIS OF MIAMI SANDY LOAM SOIL'TREATED
WITH DIFFERENT RATES OF "LIGNIN"

Particle size Treatments

mm percentage of total weight
L O L 2.5 L 5.0 L 7.5
>l 5e22% 6.8l 8.74 9,46
2=l 3432 3.48 3.58 L.18
1-2 lt 60 L. 6L, 5.76 5,22
065~1 7.98 8630 8.98 _8.22
0,25 =0.5 23476 2l .2l 2210 22.76
0,105=0,25 2L .56 20,04 23,82 22.18
¢ 0.105 30.56 32,46 27.02 27,68

*Average of three replications

TABLE 3

AGGREGATE ANALYSIS OF BROOKSTON CLAY LOAM SOIL
TREATED WITH DIFFERENT RATES OF "LIGNIN"

et

o e —
— ——

Particle sizs Treatments

mnl ‘ percentage of total weight
L O L 2.5 L 5.0 L 7+5
>4 3ol 3.2 L.36 104l
2=ly 3.96 5.2 6.26 5.80
1-2 5.28 6.92 7.66 7.66
0.5 =1 10.42 10,9l 12,78 1241l
0425 «0.5 211,18 22,34 2l 1L 22,72
0,105-0.25 2l..86 22,68 25. 74 16.94

< 0,105 28.16 28,6l 19,06 2ly.30
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As shown in Figures T and II, the percent aggregates
greater than 0.25 mm increased with the rate of "lignin"
application. This agrees with the results reported by
Nikishkina (42).

It has been universally agreed that the soil colloidal
material 1s responsible for the cementation of primary
particles into stable aggregates. The soil collolds may
bse divided into at least three distinect groups so far as
their cementation effects are concerned. They are clay
particles themselves, irreVersible or slowly reversible
inorganic colloids, and organic colloids. As isolated
lignin is generally cbnsidered to be of colloidal nature
and since it possesses adsorptive properties (5, 19), it
is believed that lignin itself may in one way or another
bind the soil particles together to bring about increased
aggregate formation. The nature of binding is, however,
unknown. It could be a physical or chemical linkage or
a combination of the two. Since experiments have shown
that isolated lignin shows great affinity for positively-
charged basic dye, it is apparent that lignin possesses
a negative charge. This sﬁggests that the linkage between
soil and lignin is more of a chemical than physical nature
since clay particles are also negatively charged,

It is known that microbial products tend to ceﬁent
soil ﬁérticles. Since lignin promotes microbial activity
(see Table 12), there is a possibility that the improved

aggregation may be indirectly due to organism activity.
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(2) Moisture equivalent

Thirty-gram samples of air dry soil were used for
molsture equlvalent determinations. Only 10-gram samples
of the original material ("lignin") were used due to the
bulkiness of this materiasl, Briggs and McLane's method
(16) which defines the term "moisture equivalent“ as the
amount of water held by soil against a force 1000 times
gravity (equivalent to the centrifugal force at 2410 rpm
for 30 minutes) was used, The percent molisture at moisture
equivalent is shown in Table L.

It is known that addition of organic matter to soil
increases the percent moisture at moisture equivalent
since organic matter has a high water holding capacity.
Likewise it may result in a higher wilting_point. The
addition of lignin to soil gives results similar to those
obtained from addition of orgenic matter. As indicated in
Tables L. and 5, there was a definite trend toward increased
moisture percentages, at both moisture egquivalent and
hygroscoplc coefficient, with increased applications of
"lignin", It is not surprising that the increases are
small when it 1s remembered that a five ton application

is equal only to 0.5 percent of the soil,

(3) Hygroscoplc coefficient
Ten-gram samples of air dry woll were weighed, oven-
dried, and reweighed. The percent moisture (on the oven-

dry soil basis) was calculated and is shown in Table Se
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TABLE L

PERCENT MOISTURE OF SOILS TREATED WITH DIFFERENT RATES
OF "LIGNIN" AT MOISTURE EQUIVALENT

L O L 2,5 L 5.0 L 7.5

Miami gandy loam 13,58  13.76 1l.16  1lL.21
Brookston clay loam 21,51 22.04 22.18 22459

"Lignin" . 5)4'.‘14‘5

TABRLE 5

PERCENT MOISTURE OF SOILS TREATED WITH DIFFERENT RATES
' OF "LIGNIN" AT HYCROSCOPIC COEFFICIENT

L O L 25 L 5.0 L 7.5

Miami sandy loam 0.46 0,53 0,52 0.53
Brookston clay loam 1.33 1.405 1.60 1.72

"Lignin" ’ Le29
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L S ot b B g o e

In studying soil moisture, one is often concerned

; with the amount of water avallable to plants which may or

| may not be increased by the addition of organic matter, as
clearly shown by Feustel and Byers (20). For practical
purposes, the term M"available water" could be interpreted
ag the amount of water held at field capacity minus the
amount of water held at hygroscopic coefficient, or for
loams, the amount of water held at moisture equivalent
minus the amount of water held at hygroscopic coefficient
since it has been found (2, 52) that the field capacity
for loams was about the game as moisture equivalent. The
available water of the differently treated soils 1s thus
compared in Figure I1I. Note the slight increase in
available water gor treated solls over that of check soil,

and the tremendous amount of availasble water held by "lignin",

(4) Rheological properties

All the plasticity studies in this investigation were
determined by Atterberg's procedure (6). Shown in Table 6
are percent molsture at upper and lower plastic limits,
sticky point and plasticity nﬁmber.

‘As indicated in Table 6, the addition of "lignin"
increases the percent moisture at upper and lower plastic
limits and sticky point despite the fact that "lignin®
itself does not display any plasticitye.

It has been demonstrated that in order for a soil to

become plastic, sufficient water must be added to provide
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TABLE 6

PERCENT MOISTURE OF SOILS TREATED WITH DIFFERENT RATES OF
"LIGNIN" AT UPPER AND LOWER PLASTIC LIMITS,
STICKY POINT AND PLASTICITY NUMBER

L O L 2.5 L 5.0 L 7e5

Uoper plastic limit .

Miami sandy loam 2. 32 25.27 25,18 26,08

Brookston clay loam 38,72 4067 2,75 10,71
Lower plastic limit '

Miami sandy loam 17.28 1752 18.38 18,0l

Brookston clay loam 2,02 2119k 25035 2L, 71
Sticky point

Miami sandy loam 1737 17.36 18.00 18,49

Brookston clay loam 2., 06 24490 25,90 25045
Plasticity number

Miami sandy loam 7.05 T+75 6.80 76l

Rrookston clay loam 170 16,73 17.40 16.00
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a film around each particle. The orientation of particles
and thelr SUbsequent sliding ovér one another then takes
place. Such orientation increases the amount of contact
between the colloidal surfaces. This greater contact,
together with an increase in the proportion of water-film
surface to the particle mass, may be considered as producing
the plastic effect.

Isolated lignin-like organic matter has a high absorp-
tive capacity for water, It takes up the first water
added which would have been available for orientation of
“soil particles. Hydration of lignin must be fairly complete
before sufficient water becomes available for film formation
around mineral particles. Consequently, the plasticity
limits and sticky voints occur at relatively high moisture
content., This means that the lignin-treated soil would be
les3 easily puddled. It mesuns also that soil working tools
would be less likely to "scour" in soil where lignin was
added.

Russel (50) has reported that the plasticity number
is a linear function of the clay content (5 ubparticles)°
The plasticity number as shown in Table 6 changes with
"lignin" addition although the clay content remalins rela-
tlvely constant. Baver (ll) pointed out that the plastic-
ity number was proportional to the ratio (¥ - FZ) where
F, and Fp are the film tensions at upper andFlF lower
plastic limits. He claimed that the nature of colloidal

material might change the proportionallity constant. Since
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lignin is different in nature from colloidal clay, it is

possible for it to affect this constant,

(5) Porosity

The method of Learner and Shaw (31) was used for the
determination of porosity with the modification that the
soil passing through a two millimeter sieve was used
ingtead of an undisturbed sample. The modification was
necsssary because of a limited amount of szo0il., Approxi-
mately equal amounts of soil were placed in the brass
cylinders and determinations were made for total porosity,
capillary porosity and porosity at 10, 20, 30, L0, and 60
cm water tensions. The data are tabulated in Tables 7
and 8,

Tn order to héve a better evaluation of the data
presented in Tables 7 and 8, percent norosity at various
soil moisture tensions as affected by "lignin" treatments
is shown graphically in Figure IV.

It can be noted from Figure IV that "lignin" alone
showed very low porosity but when it was added to soil
snd allowed to gtand for five weeks during which water
was added periodically as described under procedure for
laboratorj studies, it increased percent porosity at
varicus tensions and deoreésed the cépillary porosiby-(Tables
7 and 8). This relation can be explained by the fact that
"lignin" alone, due to its low force of cohesion, does not

form stable aggregates and it holds water against various




2l

TABLE 7

PERCENT POROSITY OF MIAMI SANDY LOAM SOIL TREATED WITH
DIFFERENT RATES OF "LIGNIN" AT VARIOUS TENSIONS

L O L 2.5 L 5,0 L 75

Total porosity She7h  5Le95  5L.85 55,67 -
Porosity at ,
10 om Hy0 6.98  7.07 7.71  8.03
20 10,92 11.58 12.72 13,65
30 12,51 13.28  1h.27  15.35
1O 13.25 1l 15.43 16,45
60 14,85 15,84 17.13 18,39

Capillary porosity L1.48 L0.5I 39.42 39,02

TABLE 8

PERCENT POROSITY OF BROOKSTON CLAY LOAM SOIL TREATED
WITH DIFFERENT RATES OF "LIGNIN" AT VARIOUS TENSIONS

LO L 25 L 50 L 7¢5 |"Lignin"
Total porosity 63,83 6647 66.65 65,42 65,420
Porosity at
10 em HpO 11.54  12.79 13.93 12.76 3433
20 18.32 20,20 19.92 20.54 3.33
30 21,65 23,99 23.27  23.60 5e71
Lo 23,82 26,50 7.72 25.83 7.63
60 27,15 29,70 28,05 28,45 13.81
Capillary porcsity L40.01  39.97 38.93 39.61 57057
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tensions with greater force because of its high water
holding capacity which reduces percent porogsity consider-
ably. When it was added to soil on the other hand, it
resulted in increased aggregatlion because of its strong
adhesive force as illustrated in Tables 2 and 3. The
relationshlip between size of aggregates and percent
porosity has been demonstrated by Dolarenko (30). He
foﬁnd that as the size of aggregate increased, the total
porosity and non-capillary porosity increased while the
caplllary porosity decreased, |

It should be pointed out that total porosity is not
as important for characterizing the structural properties
of soils.as 1s the relative distribution of the pore sizes,
That is the relative proportion of capillary to non-cap=-
illary pores is a better measure of soil structure than is
total space (11). The narrower the prOportionAof capillary
to non-capillary pore sbaces, the better the structure of
the soil. A value of unity is cohsidered to be ideal,
gince at this value, the large and small pores are about
equally divided, The addition of "lignin" to soil tends
to narrow thils proportion and therefore improves the

structure of the soil (Tables 7 and 8). -

B. Chemical
(1) Exchange capacity determinations were made according
to the methods prescribed by Peech, Dean, and Reed (U46),
Twenty-five grams of air dry soil was shaken with 250

ml neutral N ammonium acetate solutlion, allowed to stand
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for 20 minutes, and filtered,

Excess ammonium acetate was washed out from the
ammonium~saturated soll with 250 ml 95 percent ethyl
alcohol, using small portions at a time and draining
well each time: Then the soill was leached with 200 ml
10 percent ¥aCl solution to extract adsorbed ammonium.from
the soil,

The NaCl extract was transferred to a Kjeldahl flasgk,
to which WaOH was added to make an approximately N solution,
and distilled into 50 ml of l. percent boric acid. The
distillate was titrated with standard 0.1 N HCl, using
bromcresol green as indicator. The exchange capacities
of the soils thus determinedaare shown in Table 9,

The results of the analyses of the base exchange

‘capacities, given in Table 9, tend to dsmonstrate that

"M immin" when added to soil slightly increases the exchange
capacity. Different views have been expressed by various
authors as to the cause of this increase, Bartlett and
Norman (9) velieved that the increase in base exchange
capacity was due to an increasé in activity of the lignin.
Millar and his co-workers (37) agreed with them in that
they found a change in the adsorptive capacity of lignin
occurred on decomposition. Waksman and Iyer (68), on the
other hand, attributed the increase in exchange capacity
to the formation of a ligno-protein complex which has an
exchange capacity considerably higher than that of lignin

or protein alone, It is not possible to tell from the
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TABLE 9

EXCHANGE CAPACITIES OF SOILS TREATED WITH
DIFFERENT RATES OF "LIGNIN"

Milliequivalents per 100 grams

Miami sandy Brookston "Lignin"
loam. clay loam
L O 717 16.18 19.00
L 2.5 Teli3 18.37
L 5.0 7 el2 18.39

L 7.5 7.59 18,61
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data reported in this study which hypothesis should be
used to explain this increase.

The groupings active in retention of cations are
likely to be phenolic hydroxyl groups and possibly car-
boxyl groups, though it is doubtful whether the latter
are present in normal lignin (9),

It 1s believed that if a larger amount of "lignin"
were used, the degree of increase in exchange capacity
would also be increased. In this experiment, the highest
level of "lignin" applicatlon was 0.75 percent (on a soll
basis) of which only L2.53 percent was reported to be
actual lignin (see Table 1),

The exchsnge capacity of the "lignin" used in this
study was found to be 19 milliequivalents per 100 grams
.of the material. This is in close agreement with the value

of 17.9 reported by Waksman and Iyer (68).

(2) pH measurement

To 25 grems of alr dry éoil was added 100 ml of dis-
tilled water. After stirring for one minute the pH of the
sampie was determined with a Beckman pH‘metef. The results
are reported in Table 10,

Despite the low pH of the "lignin" material used,
its addition to soil tended to increase the pH value of
the soil slightly (see Table 10)., Aries (4) also found
this same type of increase. The increase in pH of the soil
due to the addition of "lignin" can possibly be attributed

to either one or both of the following twe factors: First,
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pH OF SCILS TREATED WITH DIFFERENT RATES OF "LIGNIN"

e

—

Miami sandy Brookston "Lignin"
loam clay loam
L O 6.52 6,52 1,99
L 2.5 6,681 65.89
L 5.0 6.88 6.56
L 7.5 €.90 6,58




30

the increased adsdfptiVe capacity of the treated soil which
may retaln more bases than the untreated soil, and second,
the pogsible changes which lignin undergoes on decomposition.
Bertramson and White (13) pointed out that there are at
least two changes known to occur during decomposition of
lignin which expose OH groups of the lignin molecule, These
changes ére partial demethylation and depolymerization

both of which will cause an increase in pH value,

(3) Nitrate determinations were made according to the
method suggested by Prince (L9).

Fifty grams alr dry soil were placed in a 500 ml
flask,'to which was added 1,5 grams cof pulverized quick=-
lime (Ca0) and 200 ml distilled water. Shaken for 3-5
minutes, allowed to stand for 20 minutes and filtered,

Fifty ml of the filtrate was placed in a 100 ml beaker
and evaporated juét to dryneésAon warm plate. When cool,
the residues were moistened quickly and thoroughly with
two ml phenoldisulfonic acid. The sides of dish were
rubbed with a flat stirring rod and allowed to stand for
10 minutes. 7

After diluted with 20 ml watef, excess ammonium hydr-
oxide was added until yellow color was fully developed.
The s&lution was made up to 50 ml with water and the
nitrate content was determined colorimetrically, using a

blue filters
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(44) Phosphate determinations were made according to
methods suggested by Bray and Kurtz (15).

"Acid soluble and adsorbed" phosphate:

Seven ml of 0.1 N HCl-0,03 N NHMF golution and one
gram of air dry soil was placed into a flask, shaken for
one minute and filtered, .

To six ml of the filtrate were added five drops of
NH“MO-HCl solution and five drops F-3 reagent. The transg-
migsion was read on Lumetron colorimeter in 5-56 minutes,
using red filter (650 mu).

"pdsorbed" phosphate:

Same as above except the extracting reagent was

0,025 N HC1l-0.03 N NHMF.

(5) Ca, Mg determinations were made according to methods

suggested by Cheng and Bray (17).

Cazs

Five grams alr dry soil weré shaken with 10 ml 23 per-
cent NaNOB for one minute and filtered, Five ml of the
filtrate were diluted to 50 ml with water, to which were
added two ml 10 percent XOH solution and 0.3 gra@ of indi-
cator powder, The solution was stirred and titrated with
0.l percent versenate solution to end‘point. The color
was compared ﬁith standards. The solutions were saved fbr
Mg determinations,

Mg:s

Five ml NHuCl-NHuOH buffer, one ml 2 percent KCN
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solution and six drops F-241 indicator were added, The
golution was stirred and titrated with 0.l percent versen-
ate solution to end point,

Note -- one ml of O.Afpercent versenate solution is

equivalent to 0,L35 mgm Ca or 0,198 mgm Mg,

(6) Determination of exchangeable Na and K in soil

To five grams of soii was added 0,5 gram ammonium
oxalate crystal and 50 ml of extracting solution (2 N NHuAc
and 0,04 N ammonium oxalate). The solution was shaken,
allowed to stand overnight and filtereds The flask was
rinsed three times with the extracting solution. Made up
to 100 ml and the concentrations of Na and K were deter-
mined wilth flame photometer.,

The results of chemical and yses are shown in Table 11,
Although Aries (L) reported an increase in\soluble
P‘and Ca ofbsulfite lignin-treated SOil,kit was not observed

in this experiment. As can be seen from Table 11, the
regults of P, Ca, Mg, and Na determinations were rather
inconsistent. "Lignin" did, however, cause an increase

in the exchangeable potassium content of soil. It is
interesting to note that "lignin"-treated soil contained
a higher total content of exchangeable Ca, Mg, Na and K
than did the untreated soii. It should also be noted that
as the rste of "lignin" application increased there was a
corresponding decrease in the nitrate content of the soil

(Figuré V). This change can be attributed to the increased




TABLE 11

TCTAL AND ADSORBED P (PPM), EXCHANGEABLE Ca, Mg, Na, K, ANDwNO3"(MGMS PER 100

GRAMS OF SOIL) OF SOILS TREATED WITH DIFFERENT RATES OF-"LIGNIN"
Miaml sandy loam Brookston clay loam "Lignin"
L O L 2.5 L 5.0 L 7.5 L O L 2.5 L 5.0 L 7.5

Total P 7.08 7.05 5.52 5.6 31.53 30,90 30,42 30,66 1.2
Ad. P 3460 2,88 3,00 3,12 L1k ho26 Lie50 4,08 1,2
Ca 39.60  39.20 36,60  37.60  91.20  87.80  89.00  87.80 25,80
Mg 3,02 72 1.89 3,20 9.is  17.76°  11.52  12.8L 0
Na 11«80 14,92 lLe72 720 3.42 3,38 3.9L. loli2 7,00
X 3.0l 2.92 3,72 3,32 12,90 1.5 1,56 16,66 0.50

NO4 3.28 2472 1.92 1.76 48.08 38.6l 38.56 26,80 Le56
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microbial activity (see Table 12) which immobilized the

goil available nitrate.

(7) Buffer curve

Twenty-five grams of air dry soil and 100 ml 0.1 N
HC1l were placed into a 250 ml Erlenmeyer flask, shaken,
allowed to stand ovérnight and filtered, It was leached
with additional 200 ml 0,1 N HCl and washed with 250 ml
95 percent alcohol and then with 300 ml of distilled water,
adding a small portion at a time. The soil was transferred
to 250 ml beaker and allowed to alr dry, Twenty-five ml
of water were added and the soil was titrated with 0.1 N
NaOH potentiometrically. The "lignin" was washed only
with water., After air drying, 25 ml water and BaCl, in
excess wers added and then titrated with 0,106 N NaOH
potentiometrically. The results are shown in Figures VI,
VII, and VIII.

It appears that the buffer capacity of both soils
was slightly increased as a result of "lignin" addition.
The greatest buffer action of "liznin" lies between pH
6.5 and 8,0 (see Figure VIII). |

A comparison betwsen the pH of thebH-saturated"lignin"
and that of original "lignin" reveals that there was an
increase of 0.71 in the pH value of the former. This
difference>leads one to suspect that some change had taken
place during thé hydrogen saturation process. The nature

of the change is unknownoe.
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Ce Bilologiceal

One method for measurin% changes in the metabolic
activities of soill microorganisms is to measure carbon
dioxide production in the soil, The carben dioxide pro--
duction in this experiment was determined according to
Waksmant s method (62)., One hundred grams of air dry soil
was placed in a 125 ml Erienmeyer flask, Sufficient water
was added to bring the soll to moisture equivalent accord-
ing to the data recorded in Table li. The apparatus used in
this experiment is diagrammed in Figure X. Air was passed
successgively through a strong NaOH solution, over the soil,
and through a standard KOH solution. Air flow was regu-
lated tc approximately 20 bubbles per minute and allowed
to flow for a period of five minutes. This prccess was
repeated after a period of two days and again before
titration two days later, The KOH sclution was titrated
with standard HCl and the weight of carbon dioxide evolved
from the soil calculated. The data obtained in this
experiment are shown in Table 12, | |

The results of thils experiment indicate that the add-
ition of "lignin" to the soil stimulated the microbial
activity. The lncrease in carbon dioxide, as illustrated
in Figure IX, indicated that decomposition of the "lignin"
material was taking place. As shown by the data reported
in Table 1, the "lignin" materisl used in this study con=-

tains 56.3 percent cellulose and L2.53 percent lignin. This
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TABLE 12

CARBON DIOXIDE PRODUCTION COF SOTILS TREATED WITH
DIFFERENT RATES OF "LIGNIN"

Milligrams per 100 grams soil

Miami sandy Brookston "Lignin"
loam clay Lloam

L 0 6.7068 12.975 18,400
L 265 7.2818 13110
L 5.0 74570 15.699
L 7.5 8.2800 16.160
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complicates the problem of determining whether the lignin
or the cellulose was being attacked by the soil microrgan-
isms, Many workers have shown that isolated lignin was
qulte resistant to mlicroblal attack. Others (63) indicated
that lignin was not absolutely resistant tc decomposition
but could be gradually oxidized by certain fungi. The
latter, however, takes a relatively long time whereas the
"lignin" and soil in this experiment were incubated only
five weeks., It 1s believed that the period of incubation
in this experiment was not long enocugh to bring about any
considerable transformation of the "lignin" material, It
is, therefore, concluded that most of the increased carbon
dioxide production which resulted from the applied "lignin"
vas due to the decomposition of the cellulose contained in

the "lignin" material.




IV. GREENHOUSE STUDIES

Procedure:
Two split plot experiments were designed to study the
effect of "lignin" used as a mulch and mixed with soil on
the yield of tomatoes (Stokesdale) and spring wheat (Henry),
with and without fertilizer and lime on Miami sandy loam
soil. The plants were grown in two-gallon jaré and each
experiment was renlicated four times. The treatments
used in these experiments are outlined below:
1. "Lignin
Raté'of application O tomns per acre
2.5 tons per acre

5.0 tons per acre
7.5 tons per acre

i ol el
~\uiho O
. o
vmiown

L ]

2. Fertilizer

li=16-8 for tomatoes; 3-12-12 for spring wheat

Rate of avplication -0 lbs/acre F O
5 1000 1bs/acre F 1
3« Lime
Rate of application 0 1bs/acre

1000 1lbs/acre
"Lignin", fertilizer and lime were mixed with the soil
just before transplanting of the tomato plants or seeding
of spring wheat. "Lignin" was applied as a mulch when the
plants had recovered from tfansplanting or after thinning

in case of wheat. Watering was done with distilled water.
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Ao Experiment with Tomatoes on Miami Sandy Loam

The effect of "lignin" on tomato yields is shown in
Table 13. |

It can be noted from the data that the average yields
of tomatoes in "lignin"-treated coils exceeded significantly
those from untreated soils, The increase was in proportion
to the "lignin" treatment uﬁ to the five ton rate, The
relationship did not hold for the 7.5 ton "lignin" appli-
cation. This coincides with the results reported by Aries
(L) and U, S. Forest Product Laboratory (26).

A breakdown of Table 13 gives interesting results
which are tabulated in Table 1lh.

It is apparent that mulching, fertilizer application
and liming increased the effectiveness of "lignin", Note
the depressive effect of mixing at high level of "lignin"
application where no fertilizer and lime were used. This
suggests that the drop in yield beyond five tons per acre

was duve probably to the lack of nitrogen supply,
B. Experiment with Wheat on Miami Sandy Loam

Twenty wheat seeds were sown in each pot. After the
seedlings reached 1-1.5 inches high, they were thinned down
to six plants per pot. After‘the plants were mature, the
heads were harvested, threshed and the weight of grains
recorded, The yield of spring wheat grains as affected by

different rates of "lignin" application 1s shown in Table 15,
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TABLE 13
EFFECT OF "LIGNIK" CN THE YIELD OF TOMATO PLANTS
GROWN ON A MIAMI SANDY LOAM SOIL
Grams per pot Average
Fertilized Not fertilized
Lime No lime Lime No lime
L 0 162,2  123.6 141.h 103.1 132,6™
L 2.5 mulched 180.0 148.7 17h.7 201 .2 173,.8
mixed 165.5 179.5 176.5 1617
L 5.0 mulched 2145 218.,7 221.5 195,2 192,.3
mixed 193.5 1563,7 155.2 176.0 -
L 7.5 mulched 228.8 199,7 218.5 204.5 16749
mixed 1A1.7 170.0 BlLe5 76.0

*,.8,D. 5% = 6,39; 1% - 8.L6

TABLE 1L

EFFECT OF MULCHING, FERTILIZER AND LIMING ON THE USE
OF "LIGNIN" -~ MIAMI SANDY LOAM S0OIL

Yield of tomato in grams per poct

Mulched Mixed Fertilized Not Lime No
fertilized © lime
L O 132.6 142.90 122.30  151.85 113.40
L 2.5 176,15 171.55 168.40 179430 17020 173450
L 5.0 212,48 172.10 197 .60 187.20 196.05 188,40
L 7.5 212.98 133.05  190.05 145,90 173.40 162,55
Ave. 200,53 152.32  17h.7h 158,70  173.88 159.L6
B R T L.31
1% 575 5.83 575




TARLE 15

EFFECT OF "LIGNIN" ON THE YIELD OF SPRING WHEAT
GROWN ON MIAMI SANDY LOAM SOIL

Grams per six plants  Average
Fertilized Not fertilized
Lime No lime Lime No lime
L O 2,13 2.38 1.70 1.51 1.93%
L 2.5 mulched 3.45 2.75 1.96 1.51 2,55
mixed 3,20 2.91 2.28 2.38
L 5.0 wmulched 3,16 3.29 2677 2633 2,89
mixed 2,69 3.3 2,17 2,66
L 7.5 mulchsd 2,47 339 1.85 2.36 2,33
mixed 2,08 3.27 1.73 1,51
,,S.D. 5% = 0.105; 1% - 0.135
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Again, the average yield of wheat grown on "lignin"-
treated soil was significantly higher than on the control
soil. The increases show a similar trend to that obtsined
wi%h tomatoes (Table 13). Mulching and liming, however,
did not have any favorable influence on the increases
which resulted from "lignin" application. This is shown
in Table 16,

From these twe experiments, it seems that the

optimum rate of "lignin" application was five tons per acre,

Compariscn of the Effect of "Lignin" with Ground
Corncobs and Sawdust Used as Mulches and as Mixture
with Brookston Clay Loam on the Yield of
Tomatoes and Spring Wheat

Another two experiments were designed to compare the
effect of "lignin" with ground corncobs and sawdust which
are often used as mulching materisl and mixed with soil.
‘These two experiments were carried out with Brookston clay
loam soil under greenhouse conditions. The treatmenté '

involved wére as follows:
Rate of application

1, Material
Check
"Lignin" 5 tons per acre
Ground corncobs 5 tons per acre
Sawdust 5 tons per acre

2. Fertilizers

0-12-12 ‘ 1000 1lbs. per acre Ng
6=12-12 1000 1bs. per acre Ny
12-12-12 : 1000 1bs. per acre W,

18-12-12 : 1000 lbs. pesr acre ~N3
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TABLE 16

EFFECT OF MULCHING, FERTILIZER, AND LIMING ON THE USE
OF "LIGNIN" =~ MIAMI SANDY LOAM SOIL

Yield of spring wheat - grams per six plants

Mulched Mixed Fertilized Not Lime No

fertilized lime

L O 1.94 2,28 1,60 1.94 1.94

L 2.5 241 2.79 3,18 2,02 2,83  2.38

L 5.0 2.89 2.79 3,12 2.56 2,77 2.91

L 7.5 2.50 2.15 2,81 1.86 2,09 2.65

Ave., 2,45  2.41 2,85 2,01 201 247

L.S.D.

5% 0.079 0.081 0,079

1% 0,105 0,108 0,105




C+ Experiment with Tomatoes on Brookston Clay Loam

Effgct of the different organic materials, with and
without ﬁitrogen on the.yield of tomatoes is shown in Table
174 |

The results of this experiment (Table 17) indicate
that the application of sawdust to so0il significantly
dscreases the tomato yield., Allison (1) attributed the
depressive effect of sawdust to the formation of toxic
constituents, such as tannins, resins, and turpentine, to
an increase in soill acidity, and to the depletion of avail-
able nitrogen.

The average yields of tomatoes on soils treated with
corncobs and "lignin" were not significantly larger than
they were on the control soils., It should be noted, how=-
ever, when nitfogenbwas supplied at a rate of 180 nounds
per acre, the tomato ylelds of "lignin"-treated soil were
significantly increased over those obtained where "ignin®

was not applied but where nitrogen was applied.
D. Experiment with Spring Wheat on Brookston Clay Loam

A similar experiment was carried out using épring
wheat and three levels of nitrogen fertilizer, The results
of three replications are shown in Table 18,

The results of the experiment indicate (Table 18) that
aﬁplioation of "lignin", ground corncobs, and sawdust

significantly inéreased the yield of spring wheat. A




TABLE 17
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COMPARISON OF THE EFFECT OF "LIGNIN", SAWDUST, AND

GROUND CORNCOBS ON THE YIELD OF TOMATO PLANTS

GROWN ON BROOCKSTON CLAY LOAM SOIL

Grams per pot

Check  Corncobs  Sawdust "Lignin"
Ny mulched 126 141 113 11l
mixed 90 80 113
N1 mulched 170 2L0 191 161
mixed 1bo 140 184
No mulched 261 267 241 222
mixed 228 187 23L
N3 rmulched 278 281 17¢9 329
mixed 293 258 316
Average 206,11 207.3 170.1 209,1

L.S.D. 5% - 15.83; 1% - 20,95

TABLE 18

COMPARISON OF THE EFFECT OF "LIGNIN", SAWDUST, AND GROUND
CORNCOBS ON THE YIELD OF SPRING WHEAT GROWN ON

BROOKSTCN CLAY L.OAM SOIL

Crams per six plants

Check  Ccrncobs Sawdust "Lignin®
Nog mulched 3.24 .23 3.37 h,18
mixed 2.93 3.16 2.98
N, mulched 3.32 5.19 .63 lL.69
mixed 3e7L 3.76 Lo 6l
I\TZ mulched 307)4» 3-81 3099 “052
mixed L.02 3.7 lyoly7
Average 343 399 3.73 le25
L.S.D, 5% - 0,28; 1% - 0.37
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comparlison of the results from these three materials show
that average yield of wheat wés highest on "lignin"-treated
soll, intermediate on corncobftreated soll and lesast on the
sawdust-treated soil.

Mulching in this experiment resulted in yields defin-
itely higher than were obtained where the materials were
mixed with soil at a low nitrogen level., At the highest
nitrogen level, however, the difference in favor of mulch-

ing was less marke d.




V. FIELD STUDILES

An experiment designed to compare varigus mulching
materials was carried out in the field. The experiment was
located on Metea loamy sand soil on the Michigan State
College Farm at East Lansing, Michigan, Soybeans were
planted on June 9, 1952, in 28 inch rows 1l feet longz.
There were four rows in each nlot. On June 25, 0~20~20
at the rete of 1000 pounds per acre was sldedressed and
enough ammonium nitrate to make four levels of nitrogen
was applied by broadcasting. The nitrogen applied was
enough to raise the 0-20-20 grade té grades containing O,
6, 12, 18 percent nitrogen, respectively. Ground corn-
cobs, wheat straw and sawdust were applied as mulches at
a rate of five tons per acre, The field was cultivated
three times, twice before and once after the mulching,

The beans of the central two rows were harvested on October
7. The average yields of shelled beans are shown in
Table 19,

The results of this experiment indicate that the use
of mulch without nitrogen application had a depressing
effect on the yield of soybeans. When nitrogen was applied
at a rate of 60 pnounds vper acre, the depressive effect
was minimized. A slight increase in yield by mulching

with the exception of wheat straw was obtained when 120




TABLE 19

EFFECT OF VARIOUS MULCHING MATERIALS ON THE YT

SCYBEANS GROWN ON METEA LOAMY SAND SOIL

L8

D OF

Grams per two rows

Check Corncobs Whesat Sawdust Average
straw
L 1007 79l - 816 817 858
My 1085 1085 - 1072 1079 1080
N»o 1167 1280 1245 1188 1220
Ng 1313 1329 129 1345 1320
Ave. 1143 1122 1107 1107
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and 180 pounds of nitrogen per acre was applied,

Others (L8, 60) have observed similar depressing
results in yileld when no nitrogen was added. The factors
causing the decrease in yvield by mulching at low soil
nitrogen levels can be summarized as follows:

1. reduction of nitrate production (58, 39)

2, retarded accumulation of nitrate in soil (1L, 27,

29, 40)

3. decrease in total exchangeable bases (59)

e increased bhiological activity lmmobilizes the avail-

able nitrogen in soil (21, L4O)

5. presence of toxic substances in mulching materisl

(1, 56) |

6. increase in soil acidity (1)

Tavorable effects of mulching have also been reported
such as increase in replaceable potassium under straw
mulch (7, 8, 73, 7)) and improvement in physical propsrties
of soile. | |

The results of this field experiment tend to show
that when no nitrogen was added the detrimental effects
of mulching masked the beneficial effects., When sufficient
nitrogen was applied, the depressive effects, as pointed
out above, were reduced and a slight increase in yield

was obtained if 180 pounds of nitrogen per acre was added,




VI. SUMMARY

1. Surface soil from Mlami sandy loam and Brookston clay.
loam, well mixed with "lignin" at 0, 2.5, 5.0, and 7.5
tons per acre and with moisture maintsined approximately
at molsture equivalent for five weeks were brought to
the lahoratory for studies of their physical, chemical,
and biological »roperties,

2 The addition of "lignin" tc soil increased the aggre-
gates greater than 0,25 millimeter, percent moisture at
moisture equivalsnt, hygroscopilc coefficient; plastic
limits; sticky point and amount of availlable water. It
al so increased percent porosities aﬁ various tensions
and decreased percent caplllary porosity,.

3¢ Mixing "lignin" with soill increased slightly the base
exchange capacity, buffer action, pH and exchangeable
potassium whereas total and adsorbed phosvhate, exchange-
calcium, magnesium and sodium were not affected,

i« In greenhouse experiment, Miami sandy loam éurface
soll produced higher yields of tomatoes and spring wheat
on "lignin"-treated soils, The average yleld was highest
on soil which recelved five tons per acre of "lignin",.
Application of fertildzer and lime and mulching increased
the effectiveness of "lignin" on the yleld increase of
tomatoes but the latter two did not materially affect

that of spring wheats
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A comparison between the effect of ground corncobs,
sawdust and "lignin" (at five tons per acre) used as
mulch and mixed wiyh soil on the yield of tomato and
spring wheat was studied on Brookston clay loam surface
soil in the greenhouse. The results showed that "lignin"
was preferable +~ corncobs and sawdust when mixed with
soil, When ﬁsed as mulches, "lignin" and corncobs were
preferable to sawdust.

Mixing these materials with soils resulped in decreased
yieldss, The least depression occurred with "lignin",
The depressive effect gradually disappeared as the rate
of nitrogen. application increased, |

The effect of sawdust, wheat straw and ground corncob
mulches on the yield of soybeans was studied on the
Metea loamy sand soil at the Michigan State College
Farm, East Lansing, Michigan. The results indicated
that when no nitrogen was applied they all decreased
the yiéld of soybeans. The detrimental effect was
in.the following order: wheat straw = sawdust > ground
corncobs, The depressive effect was minimized when
nitrogen was applied at a rate of 60 pounds per acre.
Where 120, and 180 pounds of nitrogen per écre were

added, an increase in soybean yield was obtained,
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"Lignin" produced
improved both the
the surface soils
clay loam.

The incorpcration

nitrogen but to a

VIT. CONCLVUSIONS

from saccharification of corncobs
physical and chemical properties of

from Miaml sandy loam and Brookston

of "lignin" devletes available soil

lesser extent than was the case with

ground corncobs and sawdust,.

On the average, "lignin" applied at a rate of five tons

per acre gave the highest yield of both the tomato and

spring wheat under greenhouse conditions.,.

Where "lignin" is

available and can be procured at

reasonable cost, it can be used to advantage over ground

corncobs and sawdust when applied at five tons per acres
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