INFLUENCE OF LIGNIN AND OTHER WASTE MATERIALS ON PLANT GROWTIL

By STUART DUNN !

RESUMEN

Se cultivan plantas en agua y arvena, agregindose lignina finamente triturada
v otras sustaneias eoloidales para modificar ln textura. Ninguna de ellas tuvo
efeeto algnno sobre los enltivos en agna o grava, pero promovian el erecimiento
en enltivos de arena,

Se cnltivaron plantas en tierra, agregindose lignina y otros compuestos orgi-
nicos, tanto para cultivos de cosecha tnica (no residuales) como para eultivos
sucesivos, para ohservar los efectos residnales de estas snbstancias sobre cosechas
consecntivas en el mismo sunelo. En cada grnpo, algunas cosechas aisladas demos-
traron haberse beneficiado con los tratameintos, al compararlos con cultivos en
tierea sin tratar. Pero las diferencias medias resultaron carecer de importancia.
De ahi se coneluye que las ventajas que resultan de esos tratamientos, no pueden
comprobarse o ponerse en evidencia en enlfivos de inverniculo. Estas se deberian
a la capacidad anmentada de vetener los elementos nutritivos en contra de los
efectos del lavaje, ete. Los tratamientos citados son lejos mds efectivos en culti-
vos realizados en campo abierto, y bajo estas condiciones deben mirarse sus
posibles beneficios. 131 test preliminar de Ia velocidad con que se realiza el pro-
ceso de descomposicion de un abouno, en eambio, es preferible realizarlo en enl-
tivos de inverndeulo.

El agregado de lignina al suelo, no inerementaba el contenido de almiddén en
papas habiéndose utilizado plantas de la variedad Katahdin, que suele caracteri-
zarse por su bajo porcentaje de almidaén.

La adicion de corteza finnmente desmenuzada, parecia fener cierto valor en
cuanto a la reduceion de los efectos toxicos que ejercen elevados poreentajes de
sales nutritivas en el suelo, siendo por lo demss, dudosos sus efectos henéficos.

! Grateful acknowledgment is made of the aid and advise given during the
course of these experiments by Dr. Joseph Seiberlich, of the University of New
Hampshire Engincering Experiment Station. This work was carried out as a
cooperative project. Funds granted by the New Hampshire State Legislature to
the New Hampshire State Planning and Development Commission were used by
the Engineering Experiment Station to initiate and implement the projeect.

4



o LILLOA XXVIL (1933)

El agregado de residnos de destileria no beneficia a los enltivos comparados.

con cultivos de control,

Cultivos en arena con aserrin en descomposicion demostraron que este mate-
rial puede anmentar el rendimiento, si el grado de descomposicion es suficiente.
Fisto se confirma comparativamente con enltivos en aserrin puro, en una mezcela
de aserrin v tierra, y en tierra solamente, Estos aspectos necesitarin de estudios
ulteriores, ‘t‘ﬁ}lt'l:i:l]l!ltﬂltll' en lo que se refiere a métodos de fermentacion n otros
para descomponer con mayor rapidez el aserrin o materiales similares. Parece
evidente que es un factor importante la mantencion de una hnmedad adecuada
en los productos en descomposicion, ya que éstos tan solo reeibirdn el agua pro-

veniente de la precipitacion natural.

INVRODUCTION

This is an account of a continuation of work reported previously,
(2, 3). It was found that a relatively pure organie colloid, methocel,
and an industrial waste produet, lignin, showed some promise as
aids to plant growth, when these were added to the medinm in
which the plants grew. Lignin is produced from many pulp mills as
caleinm lignin sulphonate. However, the staff’ of the Engineering
Ixperiment Station of the University of New Hampshire has been
interested in the uses for wood-hydrolysis lignin produced in the
wood sugav process, since they have an extensive program for the
study of the uses for the yeast grown on this sugar. Samples of this
type of lignin have been sapplied to us from the United States
Forest Produects Laboratory at Madison,jWisconsin. We have tried
limited tests on caleinm, ammoninm, and magnesium lignin sulpho-
nates, as well as shredded bark from the logs used in pulp mills,
For comparison with the wood-hydrolysis lignin, peat has been added
to some cultures, and a few plants have been tested with rotten
wooill or what amounts to naturally-produced lignin. Some composted
sawdust has been tried.

Bisewhere, the trials made of lignin as a soil amendment have
been comparatively few, although the literature is very extensive
on the nse of sawdust for such purposes. Alderfer, Gribbins, and
Haley (1) have worked with a concentrated form of waste sulfite
liquor ¢ontaining a faivly high percentage of lignin sulphonate. They

added this to soil primarily to study the effects on aggregation of’

soil particles, although some plants were grown in greenhouse tests.
They concluded that the chief effect of this material was to improve
soil structure. The results reported by Sowden and Atl(iusu_n (6) are
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in general agreement with this. Spulnik et al. (7) have tried additions
of waste sulphite liquor to soil. Sunflowers grown in this showed
benefit from moderate amounts but showed toxie effects from heavier
applications. Experiments by Phillips et al. (5) on ammoniated
waste sulphite liquor showed that such material has some possibilities
in improving plant growth when added to soil,

METHODS

The prineipal avenue of approach to this problem has been to add
these materials to soil and grow plants in this soil and compare the
growth and yield to plants grown in soil only. Plants used for these
tests have been mostly potatoes and tomatoes, although a few other
kKinds of plants have been grown, In all cultures an appropriate
amonunt ot commercial fertilizer was added, These cultures were all
grown in the greenhouse in various containers suech as l4-quart
ealvanized pails and 1-gallon and 2-gallon glazed crocks. The interiors
of the pails were first coated with melted beeswax or asphalt paint
to prevent corrosion. In general, the amount of organic matter added
varied from about onehalf liter per container to one-third of the
volume of soil, Since the lignin was moist, measurement of it was
done on a volume basis. As first received, 500 ml. of the lignin
weighed about 325 grams. For some cultnres the lignin or other
ovganic material was placed in thin layers between layers of soil.
In others it was mixed intimately with the soil.

Grreat care was taken at all times and with all eultures to have
the experimental plants as uniform as possible and to minimize the
errors of random sampling. When tomato seedlings were used, they
were started in sand in advance and only the most vigorous and
uniform specimens were chosen from a large population to transplant
to the cultures. With potatoes, only high-quality, certified seed was
used. They were allowed to green or bud out in diffuse light in the
laboratory for a few weeks before planting and then only those with
the most uniform and vigorous sprouts were chosen for planting.

The location of the individual containers was shifted, usually at
Weekly intervals, to avoid the effects that would be produced if the
Dositions of these containers were not changed.

Besides soil cultures, a small number of plants were grown in
Water and sand. The nutrient solution for there cultures had lig-
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nin added to it, and these cullures were compared with cultures
containing no lignin and with cultures containing other colloidal
materials. In the first group of cultures only sifted lignin with a
particle size below 200 mesh was used.

Because of the variation in some of these treatments, it will make
the presentation clearer to take up some of the more specific details
of methods along with experimental results.

EXPERIMENTALS RESULTS

A. Water and Sand Cultures

1. Water cultures with (a) nutrient solution alone, (conlrol) (b) col-
loidal elay, (¢) methocel, (d) colloidal lignin (wood hydrolysis).

Corn seedlings were grown in 1-gallon size erocks with two plants
per crock and seven crocks per treatment. The amounts of nutrient
salts used for all of the twenty eight crocks were : NaNO— 32 gms.,
NH,NO,—10 gms., KCl—24 gms., Mg80 ,—40 gms., CaCl,—12 gms.,
Na tetraphosphate—20 gms., plus iron as FeSO; and trace elements.
These were dissolved and distributed equally among the crocks. To
one-fourth of the culture crocks a water suspension of dialyzed col-
loidal clay was added at the rate of 0.142 gms. of clay on a dry
basis. Another group of seven crocks had a solution of methocel
added at the rate of 2 gms. per 1-gallon crock. IFor preparation of the
lignin cultures, sifted dry lignin below 200 mesh size was agitated
thoroughly in water with a few drops of wetting agent, « Tergitol »
Penetrant 4. This was added at the rate of 0.4 gms. of dry lignin
per crock to another group of seven crocks. The solutions were chang-
ed as originally mixed in all cultures at weekly intervals, occasion-
ally adding small amounts of dilute sulphurie acid to prevent
chlorosis. The seedlings were placed in holes in wooden supports,
each being held in place with a little cotton. The supports rested on
the tops of the crocks. The plants grew fairly uniformly and vigor-
ously and there was no particular visible difference in the plants
growing in any of the cultures, except that there was a marked
brownish coloration of the roots of the plants in the lignin medium,
which was probably due to the adherence of lignin particles to the
roots by adsorption. By the time they were forty eight days old, the
plants were mostly over two feet tall and rather large and unweildy
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for further growth in these containers. They were harvested at this

time and o summary of the dry weights appears in Table 1.
Discussion of these results will be reserved for consideration along

with that of the next two sets of cultures. '

TABLE 1

Effect of Colloidal Materials Added to the Nutrient Media in Water
Culture on Growth of Corn Plants 48 days old

i Shoots Loots
Freatments | Dy wi- totals g 5%
| ol 14 plants " vernge ANk Lol Sverage
| AN of T pairs of 14 plants of T pairs
I |
Contr e ¢ 3
.nm:‘nL nutrients only...... i 23.4 3.4 7.6 1.1
Colloidal elay, 0.14 gms, per 1
wgal. eulture jar plus nutri-
ONEE e e 27.5 3.9 | 9 1.3
Methoeel, 2.0 gms, per 1 gni.| | i [
' vnl_nn'u ,|‘:u' !!lllﬁ nutrients,.. 22.7 | 3.2 7.8 1.1
Colloidal Tignin, 0.4 gns. per |
1 gal. enlture jar plus unn-i-‘ | |
L e T 7
........ 16.8 | 2.4 7.1 | 1,0

2. Water cultures with (a) nutvient solution alone, (control), (b) col-

loidul Lignin (wood hydrolysis), (¢) newtral caleium lignin sulphonate.

. Tomato plants were grown in these cultures whieh were prepared
m.mm:h the same way as given above, except for some slight vari-
ations in the amounts of nutrients alts. The caleium lignin sulphonate
was obtained as a dey powder but it dissolved c:ompletelv in the
ntrient solution. The plants grew vigorously to mzl.Luril;v and a
t'.tlll:-iilll']'il]]!t' crop of ripe fruit was harvested. A summary o‘f results
Is presented in Table 2,

S. Nand ewltures with (a) nwutrient solution alone, (control),
(b methocel, (¢) colloidal lignin (wood hydrolysis).

Suntlower plants were grown in materials of two different textures
which were the same as deseribed previously (2), i, e., coarse gravel
and relatively fine sand. Since some benefit had been found i‘n;
methocel in improving growth of plants in sand, it seemed desirable
6o compare it with lignin as a modifier of textnre.
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TABLE 2
Effect of Colloidal Materials Added to the Nutrient Media on Growth
of Tomato Plants, Valient Variety
Yields of vipe frait per
7 plants, grams
Treatments -

Total Yields Average

Coutrol, nutrients only ... 1172.5 167 .5
Colloidal lignin 0.2 grams per 1 gal, jar|

plus nufrients. .. .ovuveeerseanver s 1023 .6 146.2
Neuatral ealeinm  lignin snlphonate 0.2

erams per 1 gal. jar plns nutrients. ... 1068 .1 | 152.6

The plants were grown in 1-gallon-size glazed crocks, forty-two in
all. One half of this number contained sand, the other half gravel.
One third of each group, or seven crocks, received nutrient solution
only, another third received nutrient solation plus methocel at a
rate of 4 gms. per 14 crocks of both sand and gravel, while the last
thivd received sifted lignin at a vate of 2.8 gms. for the same number.
The nutrient solutions were made up in a similar way as described
above and were added in amounts of 500 ml. per crock. Stoppers
were placed in the holes in the bhottoms of the erocks with mverted
porous saucers above them and the levels of the solutions kept to
the top of the sand or gravel at all times with additional water. At
weekly intervals the solutions were drained, the sand or gravel was
flushed thoroughly with water, and the solutions were renewed.

TABLE 3

Effect of Coiloidal Materials as Modifications of Texture in Sand Culture
with Sunflower Plants

Sand Gravel
—— - =
Treatments Py Kot oo
1]1:\ _\\t., totals .&—\nn,..t. | Do wt. totals Average
of 7 plants ol 7 plants fiap =
of 7 plants of 7 planta
| flgms.) {zms.)
Control, nutrients
onlys it e [ 299 1.3 25.8 i 3.6
Methocel . ........ | 51.9 7.4 21.5 | 3.1
LA s anasss 48 .5 6.9 D815 3.3
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The plants grew nniformly and vigorously within each treatment,
Phe size of the plants in the sand was quite visibly greater than
those in the gravel, as may be seen from Fignre 1. The plants were
harvested just previous to blossom formation, and the dry weights
of tops were taken. These are summarized in Table 3.

There are several conelusions to be drawn from a eomparison of
the results of the separate treatments within this experviment, as
well as a comparison of them with the results from the more fluid
media reported above in parts 1 and 2, Considering the first set of
comparisons, one of the evident conclusions is that both lignin and
methocel are quite effective in increasing growth in and in contrast
to controls of sand with nutrients only, but in gravel they are not
effective. The results when using methocel alone with sand and gravel
were similar(2). The reasons for this would be rather speculative
but it might e a fair assumption that both methocel and lignin act
in cansing greater surface contact of the root hairs with the sand
particles and a consequent greater ease in absorption of nutrients,
This sort of action could not be nearly as effective with the coarser
particles of the gravel. It should be noted in this connection that the
plants shown in Figure 1 as typical of size of the plants grown in sand
and gravel were both supplied with lignin. However, this general
size relationship of the plants would hold quite c¢losely in comparing
the two textures with methoeel in both of them. It would also hold
for plants grown in sand with either colloidal material compared to
those in sand with natrients only.

In contrast to the beneficial effects of added colloids in sand, we
find from the yield figures on water cultures in Tables 1 and 2,
valnes for the eolloids that ave fairly ¢lose to the controls. Some
small inereasse in yield is given with ecolloidal clay. These same
general results have been often observed with tomatoes grown in
water enlture with and without lignin added to the nutrient media.
Thus, it is evident that the modifying effect of added colloids does
not aet in a beneficial way to the same extent in water cultures as
it does in sand enltures.

B. Soil Cultures

In the beginning of this experimental work several isolated sets
of eultures were grown with various crops, each with its own group
of control plants in soil to which no organie matter was added. The
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soil from each of these was discarded at the harvest of a single crop.
Later on it beeame apparent that it wounld be desirable to study the
residual effects of some of these organie materials on growth, i. e., to
grow suecessive crops in these same lots of soil. This was done for
several sets of experiments. For convenience, these two types of’
tests will be called: 1. single erop (non-residnal) enltures and 2.

suecessive (residual) enltures,

1. Single erop (now-residual) cultures.

The general methods of growing these plants already has been
described. No attempt was made to keep the soil at a uniform or
constant moisture content because of the large amount of labor
involved. Sufficient water was applied by a hose as often as the
appearance of the soil indicated a need for it, Potato plants were
egrown until they were completely mature, and then the tubers were
weighed. In the case of the tomatoes, the fruits were gathered and
weighed as they ripened until nearly all were harvested. Usunally
the last few small ones were harvested all on one day, whether fully
ripe or not Then the yield weights for any one plant were added for
the total yield.

Thelvesults for several separate experiments arve summarized in
Table 4. The material most frequently used for c:nmpufisun with
controls was wood hydrolysis lignin with a scattering of trials with
peat, lignin plus sulfor, and rotten wood. The lignin carrying a small
amount of sulfur was tried becanse of the interest in its effect on
starch quality. It afterwards proved to have no effect on this. The
trial of lignin and sulfur with onions was made because of the known
relation of sulfur to the aromatic constituents of that plant. The
sulfur was toxie at the concentrations used, however. It should be
noted that the results for Experiment N° 1 in the table were published
hefore (4), but arve repeated here to make the data more complete.

The salient features of this table may be sought best by consult-

ing the totals at the bottom. The first series of totals is for controls

compared to lignin as far as these were tested simultaneonsly. The
second set summarizes those plants grown in controls, lignin, and

peat simultaneously, ete. Tn general, the lignin shows some slight.

advantage over the controls: in individual experiments, as in No. 1
and 6, it shows considerable advantage. The difference in total yield
is not significant as shown by calenlation of the standard error.

However, the use of these materials in greenhonse cultnres probably

TABLE 4
Effects of Various Organic Materials on Yields of Single Crops (non-residual) in Different Soils

otten

Lignin

{aeid) ‘ tw. h) & Wl

|
| Size wml kiml

Type of Sail

Expt,
‘-'\

411

451

)

‘ hydrolysis)

319 |

500 ml.

of

tubers

wt.

14 -qL.

Fine Sandy |

Potato
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does not tell the whole story as resards possible advantages, as will
be discussed later,

The few tests on both peat and rotten wood show no total increase
over the controls, although one individnal trial in each gave better
vields.,

Experiment No. 4 of Table 4 also incladed some tests with nentral
peat, nentral lignin and caleinm lignin suiphonate, All gave yields
lower than the controls, and the lignin sulphonate was poorest off
all. In fact, in soil to whieh this was added it was very difficult to
et plants starvted. It was necessary to replant many times,

At the close of cach experiment samples of soil were taken for
pH and nutrient analysis. Usually there was some slight difference
between the controls and the treated soils. The pH values were
nearly always close to 5.0 and the nutrients present in moderate
amounts except the nitrate nitrogen and the ammonium nitrogen
which were often nearly exhansted.

2. Suceessive (residual) Cultnres.

As indicated above, these were grown to determine the effects of
organic materials on erops grown in the same soil in snccession. One
series was erown in fine, sandy Newmarket loam, the results of
which are summarized in Table 5. Crop No. 1 consisting of potatoes,
was grown in galvanized pails. ten per treatment. The treatments
consisted of the addition of 900 ml. of lignin per pail of soil and the
addition of the same amount of peat to another ten pails of soil. The
controls contained soil only. After the harvest of this erop the soil
was removed from the pails and placed in three separate piles accord-
ing to their respective treatments. Kach piles was thoroughly mixed
and to each of those previously treated was added enoungh lignin or
peat to equal one-third of the total volume when returned to the
containers. The containers were two-gallon erocks which were nsed
for all of the remaining crops. Bach erock of soil received 35 gms. of
8-16-16 fertilizer which was placed in a thin layer in the soil half-
way between the top and the bottom. These three sets of crocks
were then allowed to stand in the greenhouse for 75 days without
vegetation before the next crop was planted. During this composting
period the soil in each was kept thoroughly moist.,

The second crop consisted of tomatoes, and as the figures for the
average yvields do not give the full picture, some statements about it
are in order. Tomato seed of the Rutwers variety was started in sand,
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and about three weeks later, when the plants were two to three
inches tall, they were transplanted to the crocks of soil. I'rom the
beginning, great difficalty was experienced in getting the control
plants to grow, and in faet, many were replanted two or three times.
Since the plants were started in October, additional artificial light
was given from the time of planting for six hours each evening, By
the middle of February the healthy plants were in the fruiting stage
amd the following observations were made :
) Controls
3 plants entirely dead from early in the stavt of the experiment.
4 plants of fair size, but yellow and in poor condition.
2 plants in good condition, producing fruit.
h) Ligwin
1 plant totally dead.
2 plants of fair size, but yellow and in poor condition,
7 plants in zood condition and producing fruit.
) Peal
I plant yellowing and in poor condition.

9 plants in good condition and producing fruit,

The average yields for this crop, then, given in Table 5, ave hased
apon two plants for controls, seven plants for lignin, and nine plants
for peat.

TABLE 5

Residual Effects of Lignin and Peat in Soil Mixtures on Plant Growth
in Newmarket Fine Sandy Loam

|
Crop | — l S | | Amonnt Average Yield in Grams

Ne | Planted | Harvested King of Crop of Organie
| Matter Added

| Control] Lignin | I'reat

] 3/15/46) 7246 ' Potatoes 900 nl. 636 ' 621 | 660
3-A.A|Ilfil'12_'4ﬁi 472047 | Tomatoes 1/5 of s0il | 576 630 | 733
| ‘ volume
3: 5/1/47 . B/27/47 Tomatoes | » 947 | 718 | 503
f | 9/5/47 37148 Tomatoes | » 63 | 447 GE9
5....04/2248 | 7/2748 | String Beans | » 1835 | 142 | 147
T | 2857 | 2732
ANEIAEB vy v v s mimiminrwies | 471 ; | 046

m . . - . -

Che explanation of this effect is probably to be found in too high
@ econcentration of some nutrient element or gronp of elements. A
Consideration of the analyses of the soil given in Table 6 indicates
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nitrogen amd possibly potassinm toxicity as a canse. These analyses
= e, E . :E'::“ o are of samples taken shortly after the harvest of each erop. While
222 = 228 ezl HEE the amount of nitrate nitrogen in the control soil is shown to be in
S o 'é ek f E Z FLi excess of very high, it should be noted that the amount of nitrogen
s é ~r7 3 ; Z g before adding fertilizer was low, and this soil received no more than
B o e the other treatments. No other element seems to be high enough to
_fl - . ® be injurious. Another explanation that might be advanced is that
g 83 '-,“1 E‘ E" § H ez ":;: E there may be a toxie effect from the activities of the roots of the
= EELE =3 np3T EE 28 previous crop or from the activities of microorganisms, The fact that
@ - A g either of these effects did not appear in the other two soils might
E be attributed to the adsorption qualities of the organic matter, and
) _ :_., g . z & the use ol nitrogen in the decomposition of organic matter by
g o 22 "E“ :i: ; zEE 'E —i = B8 2 microorganisms., ‘ . |
i 22 ol -TT 88 S For erop number three, which was again tomatoes, the soil was
: S again emptied from the erocks and re-mixed, adding fertilizer ele-
é T U f z - - = ments to make up for the shortages revealed by the analyses of the
% L oap rf:. & B = '_i_f = .tf soil. For example, the controls received no further application of
2 . 2 E E ;‘;_‘. z T:_-’ g 5 Z z 2 E nitrogen, but did receive moderate amounts of superphosphate.
S N ":;' E é g2 T L& & £ % z = magenesinm sulphate, and caleinm earbonate,
= é N Z "_;f . g = No difticulty was encountered with this ¢rop in getting the plants
m ': S I § _‘.;‘ S J started or in their growth thereafter. The control plants grew more
g g‘ oz oz é :'_' ek 28z g_? _9. vigoronsly than the others, N
E v 2 —‘= —"; 2 ; R S ': ': ": é é Crop number four gave somewhat of a repetition of the performance
« = § § ; S % E E é § 2 F b B of erop npumber two, except that none of the plants died outright.
2 = < However, many of the control plants were stunted. In this case there
E e N £ = was even less of any ontstanding differences in eithier pH or nutrient
"E : ; T;c " E z 5 analyses to account for the effect,
= % g2z 3 ‘E A %2 2 g g 22 It is obvions from the foregoing descriptions of the bhehavior of
= | = =57 22 gy = g 2 B these crops that the numerical yield data do not indieate the full
a | = ) = effects of these treatments, Although the totals and averages of the
e B we o @S e yields of the three treatments indicate a slight advantage for the
B TR =S .:: : :: = i I.: : g - soils treated with organic matver, a caleulation of the standard ervor
- LA R reveals that the differences are not significant,
= = —_ _— = g Some observations on the appearances and physical character of
: = ;E ; :f.b 2 é -gﬂ g :i % 5":_3: é EETE these soils made during the growth of the last erop may be of interest
L ’:‘ S i = - 8= o= at this point. The color of both soils with organic matter was much
e —— ~%" — darker than the controls, and it was much easier to sink a trowel
= f_f ‘: into them, There was no evidence of separate particles of either peat
2 5: or lignin, which showed that probably the peat and the lignin were
- ::-' now thoronghly incorporated into the soil. Casual observation showed
5 = ] i s
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that it required much less time for water to sink into the soils to
which peat or lignin had been added. This would be an important
factor in aiding the penetration of rainfall and in avoiding rapid run-
off. These soils are being saved for further growth tests.

Two other types of soils, heavy clay loam and a loamy, fine sand,
were tested for residual effects of lignin only and for a fewer number
of ¢rops. The results of these tests are summarized in Tables 7 and
8. 1t is evident from these results that lignin does not benefit the
growth of crops in these soil types, at least under these conditions.
With elay, in particular, it seems difficult to secure any response
from added organic matter, at least under greenhouse conditions.

TABLE 7

Residual Effects of Lignin in Soil Mixtures on Plant Growth
in Clay Loam

Average Yield in Grams.
Date Date Kind Amonnt of Lignin
Planted | Harvested af Crop | per Plant ;
. Control Ligunin
2/15/47..] 6/21/47 Potatoes 1000 ml, 705.9 665.5°
tubers
T/14/47..| 4/15/48 Tomatoes same 59.0 68,0
| fruits
| (fresh wt. of tops) 79.0 | 115.0
|
|
11/14/47..| 4/15/48 | Tomatoes | 13 of volume 531.9 573 .4
‘ fruits
58 /48. .| 9/20 ‘48 Tomatoes l same 574.5 507.5
BGERIE, o oenasimssndimmsa e a0 000 1950,3 1929 4
TABLE 8
Residual Effects of Lignin in Soil Mixtures on Plant Growth
in Loamy Sand
(10 plants per treatment)
‘ Average Yield in Grams
Date Date Kind of Cr Anount of Liguin |
Planted Harvested sind -gl-aop per Plant .
Control Lignin
9,15 47..| 6,10,47 | Potatoes ‘ 1000 ml. 515 357
8,20 /47. ‘ 1.29/48 | Tomatoes 1000 ml. 1024 882

Totals..oueiss 15649 1239
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SOIL CULTURES WITH LIGNIN TO SHOW EFFRCT
ON STARCH O POTATO TUBERS

These cultures were grown because previous published results (4)
had shown some indication that lignin in the soil might influnence
starch content of potato tubers, All of the previous potato cultures
mentioned here were the Green Mountain variety, which agronomists
!(110\\' _to be one of the higher producers of starch. This quality makes
it desirable for the manufacture of certain food products, but the
Green Mountain is more subject to net neecrosis and ot],:er \'il;ll:"y
diseases than certain other varieties which are not as high in starch
production. It seemed of interest to test this point further, i. e,
whether another variety, desirable in other respects, conld il.’l,\'t‘, rIu:
starch content of its tubers inereased by such soil treatment. The
Katahdin potato was chosen as a representative of this group and
plants of this variety were grown in two types of soil, a heavy clay
Iml.-m and loamy, fine sand. Twenty plants were grown in each, i.n
pails, and half of each group received additions l’}f:]igllill at one-thivd
volume rate. The results as shown in Table 9 show that the lienin
treatments were not effective in increasing the yield or the St:l‘t:]l
content of this variety. The analyses of starch were made by Dr.
Joseph Seiberlich, of the Engineering Experiment Station, and were
made upon all of the tubers above 50 grams in weight per individual

« tuber.

TABLE 9

Effect of Lignin Mixed with Soil on Yield and Starch Content
of Potato Tubers, Katahdin Variety

L (Planted February 23, 1948)
Loamy Fine Sand Clay Loam
Type of Seil Treatment
Lignin igni
| ur y Liznin
" ‘ 3 '- 2 i
| 1/8 volume untiol 14 volome Control
|
Total yield i : 57 2099:
: yield in g.mum ....... 2572 2092 3978 4013
Per cent stareh in tubers. .. 15,29 14 .28 11,52 13.25

SOIL CULTURES WITH SHREDDED BARK

ol L ;
Bark from the logs used in the paper pulp mills is a by-product
produced in large volumes, and so far, very little nse has been found
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for it. A sample of coniferous bark, largely spruce and .hemlm-.k, wm;
obtained from the Brown Co., of Berlin, New Hampshire, .-sln'e.cid‘m
in a hammer mill, and mixed with soil in which tomatoes were ,c?rrn.\\ n:
The soil happened to be a loamy fine sand that ’hzul been tt-eh}}.i)
sterilized with steam. The plants were grown In muz—;'_z:ullun .~.11,'v.
olazed crocks with one liter of bark mixed t]mrong‘lf].\' \\‘lﬂ.i the s:sml
Tn each of the ten erocks. Another ten crocks received ‘sml mll‘\-lm-z.
controls. Half-way from the bottom of each crock alayer of 10 grams of
5-10-10 fertilizer was placed, i. e., half-way between the top and the

hottom of the soil mass.

TABLE 10

Effect of Shredded Bark on Growth and Yields of _Tomatues in Soil with
and without Steam Sterilization

[ Amt. of Avernge Yield in s,
Date { Date Kind of shredided Other soil .
| | 3 ke per Lreatment
e i mii lu::-‘uf; Control I Shredded Bark
i | A [0
|
I 3 Ay g5 :{-IM
3747 8/29/47 | Tomatoes 1000 ml steam- 195
‘ . ‘ sterilized C D
| SO0 DLl
§ o | i
3447 8,29 /47 | Tomatoes| 1000 ml non ! 306
| sterilized
' 9 108
718 47..11/10 47 | Tomatoes| 1400 ml | non- 123
. I sterilized
RESULTS OF PH AND NUTRIENT ANALYSIS OF SOILS IN WiHICH
THE ABOVE CROPS WERE GROWN
- =
- -— e - .‘__ - : : ‘
e i‘”r"] Boil pi INO,.¥| NH,.X| P My K | Ca
Ludi- o Treatment
ented Growth | | |
” ; | (e [[ro—
A very poor| sterilized |5.50) very | very low vtlu.\ \g,l\_ | 7 il
= . soil only | high | high | high | high ‘ g
S v i I e | ++ .
' i ; wed.- | very | high
5 very wood| sterilized [5.73 high ' med. | low [med. £} i
S soil & bark | high | high |
4
Fery I ' r 3 r very
[+, aood non-steril- |5 38| very | low | very | very l \f:r‘\ | ] 3
) ized soil high low- | high | high ow
only |+ low o
1 e H * - oy ‘1 ‘_.1; ‘- \-elbl\r -
D : wood non-steril- 5 61| high  low very | er) : %
et ) ized soil low- | high | high | med.
& bark | | low | 4+
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The plants were transplanted to these erocks when they had
reached a size about two inches tall. Almost from the first the plants
in the bark cultures grew vigorously, but great difficulty was ex-
perienced in getting the control plants to grow. Many of them weakened
and died, and to these cultures new in]aut.s were transplanted. Careful
tests of the steam showed no toxie substances from it. The yields
which appear in Table 10 were taken from the sarviving plants,
Later, two crops of tomatoes were grown in non-sterilized soil and
show no advantage from the bark treatment. The first crop of tomatoes
in non-sterilized soil was grown in crocks and the second crop was
grown in pails. Soil samples were taken and analysis revealed that
the soil alone, before any fertilizer had been added, contained quite
large amounts of some nutrient elements. An analysis at the harvest
of the crops as given also in Table 10 shows that apparently the
steaming made the nutrient elements available to an extent to make
them toxie, which was further aggravated by the addition of the
fertilizer. Tt may also be assumed that the shredded bark either
absorbed, or in some other way minimized this toxic effect and
inereased the uttilization of nitrogen by microorganisms This is
further borne out by the fact that the other cultures without sterili-
zation grew fairly well with or without bark and with no increase
in yield from the bark treatment.

It thus appears that shredded bark has some possibilities as a
conditioner for very fertile soils, or for use as acarrier for fertilizer
elements.

SOIL CULTURES WITH DISTILLERY WASTE

Distillery waste in fresh condition was obtained from a plant in
Newmarket, New Hampshirve, and an analysis of it revealed 6 per
cent dry matter, 4 perv cent of which was nitrogen. Therefore, 2000
grams of the fresh waste would contain nearly 5 grams of nitrogen.
Since it had snch a high water content in the fresh state it was
discovered early that when it was added to the soil a large mold
growth was fostered, and plants too close to the waste did not grow
well. This was true of lettuce and radish plants which were first
grown in mixtures of the waste with soil. It was better practice to
apply the waste to the soil a considerable time in advance of starting
the crop in order to allow this abnormally large fungus activity to
pass. It was also found that in pot cultures in the greenhouse about

5
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the easiest way to handle and apply it was in layers placed between
Tayers of soil. Because of its pasty consistency it would be difficult
to mix intimately with the soil.

Data on yields for three erops ave given in Table 11 together with
ghe soil treatment. It should be noted that an equivalent amount of’
nitrogen was furnished to the controls as that contained in the
distillery waste. Whether this is a fair comparison is not certain.
IFor potatoes, the distillery waste was distinetly adverse, but for one
crop of tomatoes it was slightly beneficial. Work with this material
was ended at this point due to the closing of the distillery.

TABLE 11
Effect of Distillery Waste on Yields of Potatoes and Tomatoes

‘ Amt. Ter Average Yield in Grams
Dite e Kind of Crop | Plant of Dist- |— 7™ ——
Planted Harvested | | illery Waste Control | Distillory Waste
|
3547 T9/47 . Potatoes ! 200 gwms. 427 284

T/11/47 10/23/47 | Tomatoes (same 120 50

| #0il as above,

‘ remixed)
4/11,47 8/27 /47 Tomatoes 1013 | 1222

SAND CULTURES WITH COMPOSTED SAWDUST

Sawdust and rotten wood had composted for one year before the
cultures were started. The composting materials were placed in
outdoor wooden bins or eribs with one side made of boards in a louvred
fashion for aeration. The bins were or cubical shape, four feet
in each direction, with a perforated hollow wooden cylinder in the
center to aid aeration. In November, 1946, the following materials
were placed in the bins in approximate proportions by volume :
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Tested December 15, 1947
Serinl Ne Kimd of Material —_—— - —
| pl Aldehyde Test
Youignions 273 sawdnst 4 13 manure 6,13 slight
Do civns 2/3 sawdnst 4+ 1,3 manure - 6.16 slight
5 Ib. urea
b1/ T 1 2/8 sawdust + 1/3 soil 6.37 medinm
dbisiaias Rotten wood 4 5 1., urea | 6,32 large

A little over a year later some material was taken from three of
these bins to test in cultures of growing plants in the greenhouse.
Material from bin 26 was omitbed becanse it was very similar to the
material in bin 1. At the same time samples of each tested for sungar
and for pH as is given above to gain some information about the
progress of decay.

Most of the work thus far on the utilization of wood waste had
been with soil enltures, but because of some of the variable results
obtained, which in turn might be attributed to the variable charae-
ter of the soil, it seemed advisable to try some cultures in sand.

The compost materials were each mixed thoroughly and sampled
for nutrient analysis, and guided by this, appropriate nutrient salts
were added to make up for deficiencies. Arbitrarily, about one-third
of each kind by volame was mixed with two-thirds of sand and each
placed in ten pails. A set of control eultures was set up with nutrients
and sand only, and on November 29, 1947, these cultures were planted
with seed of the long Tendergreen variety of string beans, five per
pail, which were later thinned to two of the most vigorous plants.

OBSERVATIONS ON CULTURES

By January 5, 1948, or earlier, there were quite marked evidences
of chilorosis and other adverse effects on some of the plants. However,
the control plants were conspicuous for their good dark-green color
and freedom from injury of any kind. The remaining cultures all had
the same type of symptoms, i. e., mottled chlorosis and necrotie
borders of older leaves. Slight differences could be generalized: rotten
wood, mottled chlorosis of upper leaves, dead edges on older leaves;
sawdust and manure, pale green-yellow of young leaves, dead border
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and mottled ehlorosis of older leaves; sawdust and soil, necrotic edge
and mottled chlorosis in all but youngest leaves.

The next day a complete nufrient solution wis given to all the
cultures. They were flushed out thoroughly with tap water and the
solutions were added at weekly intervals thereafter. By January 15,
the appearance of the newer foliage had markedly improved.

On January 20, the harvest and weighing of fresh pods was begun.
These were picked at marketable size, and the harvest continued
until Mavch 3. 1948. At this time the tops were harvested and
recorded along with the summary for the pod harvest in Table 12.
The weights for the tops may not be very reliable as considerable
dropping of leaves ocenrved before this, 1t is interesting tonote that
in general they follow the order of wagnitude of the weights of

the pods.

TABLE 12

Effects of Composted Sawdust on Total Yields of String Beans
and Potatoes in Sand Cultures

— — — — —
| l Sand 4+ Sand + Samd
Date Date Kind of € Control- | composted | composted | compostoed
Planted Harvested sl ety sand only rotten anwilust sawidnst
| wood amd wanure| and soil
1

1129 -17| 3348 String beans, 448.3 3365 300 .4 130, 6

fresh pods
‘ String beans, 855 .0 690 0 | 630.0 440.0

i fresh tops
3/18 48 | T7/22/48 Potatoes 1107.1 901.3 363, 1854 .8

As shown there, the best yield was from the control plants as
would be expected from the better appearance of the plants all
throngh their growth, followed by the rotten wood yields, sawdnst
and manure yields, sawdust and soil yields, in that order. To obtain
some idea as to whether the differences in yields could be attributed
to any differences in nutrients, samples of the culture media were
taken for analysis soon after harvest, the results of which showed no
distinet diferences. All were rather low except phosphorus. The pH
varied between 5.0 and 6.0. It seems safe to conclude that the
adverse effects from the composted material may have been due to
a lack of nitrogen or perhaps toxic substances from the sawdust. In
other words, the composting process had not proceeded far enough
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to make these good media for growth. This is further substantiated by
the results from a potato crop grown in these same enlture materials,
In this case the yvield with the poorest material for the beans is the
best for the potatoes.

These potatoes were grown in pails affer emptying, remixing, and
adding fertilizer, but omitting phosphorus which was high alveady.

SOIL AND SAWDUST CULTURES

A test was made of the growth of tomato plants in three media,
(a) soil only, (h) sawdust only, and (¢) soil '/,, sawdust '/,, mixed
thoronghly. Because of several interesting developments in this
experiment, the procedure will be described in some detail.

The literature contains many accounts of experiments of the
addition of sawdust to soil, Nearly all are agreed that fresh sawdust
is bad in its effects becanse of the large amonnt of cellulose which it
contains and which causes a depletion of nitrogen in the soil by the
action of the baecteria needed to decompose it. Nevertheless, some
first-hand information was sought, especially on the growth of plants
in pure sawdust,

As a preliminary trial, seven potato plants were grown in each of
the three combinations mentioned above. The seed pieces were
sprouted in sand in November for about a month and then were
transplanted to the culture jars, which were one-gallon containers.
To the top of the medium in each crock five grams of 8-16-16 fertilizer
amd one gram of pure nrea were added. Contrary to what might be
expected, the plants all grew and thrived about equally well in the
three materials, probably because the nitrogen and other nutrients
were entirely adequate. No yield data are available becanse the
crocks were too small to grown potato plants to maturity. After the
plants were pulled up, the contents of the crocks were emptied into
three separate piles according to their respective identity, thoronghly
mixed and samples taken for nutrient analysis as given below :
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Nutrients in Growth Media After a Crop of Potatoes

1
Matorial plt NGO, N NH, N r My || K Ca
!
Boil only 4.04 | high very very | very very Very
Tow low low low low
Soil -+ 4.13 | none very Tow- very trace very
Sawdust low medinm low low
Sawdnst .11 low low Very low very low-| very
Only high low low

One or two things about this deserve comment. The pH is quite
uniform throughout. The sawdust in both cases has lowered the
nitrozen markedly. Other elements have been depleted to qunite an
extent in all three materials.

In an effort to correct some of the deficiences, the following treat-
ments vere given, mixed intimately with the soil and sawdust :

Amounts Per 1-Gallon Crock

1. Soil only 2, Soil and Sawdust 3. Sawidust only
4 @m. urea 9 gm. NH,NO, 4,5 gm. NHNO,
10 gm. Ca superphosphate 10 gm. Ca superphosphate 4.0 gm. urea
4 gm. MgSO, 4 gm. MgSO, 4 gm. Mgs0,
4 gm. KCI 8 ogm. KCI 4 gm. KCI
15 gm. CaCoO, 15 gm. CaCoO, 15 gm. CaCO,

On July 30, 1947 uniform tomato seedlings were planted, one per
crock, which grew fairly uniformly for some time. On September 9,
four grams of nrea was added to each crock.

By October 22, the differences in effects of’ these materials were
quite striking. The plants in sawdust only were the largest, and had
larger and riper fruits than the others, but the foliage was more
mature with a purplish and brownish tinge on it. This was probably
due to a low phosphorus supply, as further brought out by subsequent
soil analysis. All of the plants in this group were alive, and all had
fruits on them. The plants in soil only, although smaller and with
smaller fruit, had a good green color. One of these plants was dead
and the other one had blossoms but no frait. The plants in soil and
sawdnst were all dead but two and these two were very stunted.

As the fruit ripened, records were taken of the yields. Thix was
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completed by November 1, 1947. Total yields in grams were as
I 3 y ) g

follows :
Sawdnst Only Soil Ouly Soil 4+ Sawidnst

1228 429 0

Shortly after the harvest samples were taken of each medium
with the resnlts given below :

Nutrients in Growth Media After a Crop of Tomatoes

Material pH NO,. N KH,.N P Mg K Ca
soil only 4,49 | very very low- low- very very
high low med. med. high high
+ 13
soil + 3.91 | very very high med.- very very
sawdust high high high high high
4 o
sawidnst T7.40 | none very low very trace very
only | low low high

The one ontstanding thin about this is the high level of nearly
all nutrients in the mixture of soil and sawdust, especially nitrogen.
The contrast between this and the sawdnst only is rather striking.

. The high level of nutrients probably caunsed the stunting of the plants
in the mixture. The supply of all these nutrients was low before the
fertilizers were added and very similar amounts ecaused no bad
effect on the other cultures. This indicates that there is a very
troublesome problem in growing plants in eultures of this sort, i. e.,
the proper balance and fair method of comparing fertilizer effects.
Admittedly this study is of a preliminary naturve, but it raises some
questions for verification and further study, probably best per-
formed in ontdoor plots.

SUMMARY

Water and sand enltures of plants were grown to which finely
divided lignin and other colloidal materials were added as texture
modifiers. They were without effect in water enltures and they aided
growth in sand but not in gravel. The effect is probably one of
increased surface contact hetween root hairs and sand particles,
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Plants were grown in soil cultures to which lignin und other
organic materials were added, both as single crop cultures (non-
residual) and as sneeessive cultures for the residual effects of these
substances on several crops in the same soil. In each group some
individual crops showed benefit from the treatments in comparison
to crops grown in soil only, but the average differences were not
great enongh to be significant. It appears from this that there are
certain benefits from such treatments which cannot be realized or
made evident in  greenhouse cultures. These would come from
increased speed of penetration of rainfall, improved structure,
inereased ability to hold nutrients against leaching, ete. All these
are far more effective on ecrops grown in outdoor plots, and that is
where the possible benefits ot snch organic additions to the soil
shonld be measured. A possible exception to this would be the
preliminavy testing of the speed of a given composting process. This
might well be done in greenhouse cultures.

Additions of lignin to soil were without effect in increasing the
starch content of potato tabers in comparison to those in soil without
lignin. The plants were of the Kataldin vaviety which is known to
be ordinavily low in starch.

Shredded bark appeared to have some value in minimizing the
toxic effects of high amonnts of nutrient salts in the soil, and other
than that, its beneficial effects ave doubtful.

Applications of distillery waste to soil gave no benefit to crops
grown in snch soil in comparison to the controls.

Sand eultures with composted sawdnst showed that this material
may be valuable in increasing yields if the composting has progressed
long enoagh. This is further substantiated by experiments on crops
grown in pure sawdust in comparison to a mixture of sawdust and
soil, and soil only. Farther study is needed on these points, especial-
ly on methoids of composting or other methods of breaking down
sawdnst and like materials move rapidly. It seems evident that one
important factor may be the maintenance of proper moisture contents
of the composts since these received none other than that from natural
precipitation,

7
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