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INTRODUCTION

The litereture pertaining to soils revesls very little in-
formation on the value of coal eshes as a soil emendment. Tues—~
tions regerding the fertilizing vslue of coal eshes and the ef-
fect of such meterial on the physicel condition of the soil, as
well as the possibilities of toxicity to plent growth have gre-
cuently been ackede The need for cocl eshes as a soil emendment
kes erisen as & result of the need for some form of orgenic met-
ter to renlace steble menure vhich is no longer aveilable in meny
localities,

If it is found thet cosl eshes mey result in imorovement
of the physicel condition of soil and furnish substantisl smounts
of aveileble rlent rutrients without becoming toxic to plents, the
meteriel will nrove to be of value to sgriculture.

This experiment ceals primerily with the sbove cuestions
concerning physical and chemical effects of coal sshes on the soil,
The yields of the crops grovm on soils treated with coal eshes give
en indication of the degree of beneficial effect of cosl eshes as

& soil emendmente

In review of literature, the writer found no litersture bear—

ing directly on this nrroblem.
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PROCEDURE

In order to study both the chemicel end physicel effects of
coal sshes, & lMiemi Cley loem end en Oshtemo Sendy loem vere select-
ede The Mizmi Clay loam was selected to study the effect of coal
ashes on structure end tilth as well es on the supnly of evailcble
rlant nutrients., This soil was neutrel in reaction, end in a low
state of fertility. The Oshtemo Candy loem wes ecid in reaction,
and vas in a very low state of fertility.

Both the l'iami end the Oshtemo soils were used in the green-
house phase of the exmeriment. All field rlots were located on the
Miami Clay loam.

The aches selected were from a common Pocohontas coal burned
in & home furncce. The aches were screened through & one-cusrter
inch sieve and ell coarser meteriel discerded.

Trectments were ss follows:

1. Check 4, 1000 lbs., 4-16-8 Ferte
2. 1" Coel fshes 5. 1" Coal Alshes

plus 1000 1bs.

4-16-8 Fert.
Zo 2" Coal Ashes 6. 2" Coal £kshes

plus 100C lbs,

4-1€-8 Fert.

The ashes edded were erusl to one inch surfece cover &nd two
inches surface cover on desifnated plots. Plots 1, £, end 3 had no
fertilizer. Plots 4, 5, end 6 were fertilized with the erulvelents

of 1000 pounds of 4-16-8 fertilizer per acre. Fertilizer arplica-

tions were doubled in the grecnhouse because of the restricted root

£ I‘O'Wth .
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The two crons grovn vere snap beans for a seed becring ve-
petable and red beets for a root bearing vepetable.

Chemicel Determinations:

In order to study the effect of coal eshes on the evaileble
vlant nutrient content of the soil, 2 nartiel chemical snalysis was
mede separately on the coal ashes, the Miami Clay loem, and the Ogh-
temo Sendy locm tefore treatment.

On the Miami Clay loam field plots, samnles were taken from
eoch trectment after hervest. The aveileble plent nutrient content
of the coal ashes, end of eech s=oil and eech mixture of coal eshes
and soil, wes determined.

The rH was determined in each case by the glacs electrode

method. Phosphorus was deterrined by the method outlined by Bray

(2) |
ond Xurtze Potassium wes determined eccording to the "ifethods of
(z)
Soil Analysis For Soil Fertility Investigestions," Calcium vas de-

(5)
termined by the methods outlined by Schallenberger end Simon,

Physical Determinationss

Percent total porosity, water holding capacity, end volume
weights were deternined of undisturbed samples taken from each plot,.
Rain hed settled the soil following the previous cultivation before
the samples vere teken. The sampler uced was a core sampler similer
to the one designed by Bradfield and described by Baverfl)Samples
were toaken to a denth of O inches to 2 inches and from & depth of 2
inches to 4 inches. The undisturbed samples were brought into the

eboratory, seturated with water in a vacuum, then weighed. The sat-

urated weight in grems, minus the oven-dry weight in grams, divided

by the volume in mililiters, gave the percent total vporositye
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After the seturazted weizht was obtzined, the same undisturb-
samnles were placed on suction eruivalent to oF 1.5, Weiphts were
obtained after £4 hours. This weight minus the oven-dry weight, di-
vided by the oven-dry wveight geve the water holding capnacity at
pF 1.5,

The semples vere then oven-dried at 11000. for ¢4 hours and
weighed. This oven-dry weizht divided by volume in mililiters geve
the volume weight.

Crushing strensth ves obtained by using e method devised by
Yatts and decceribted by Auchinleck, &s renorted by Hardyf4)The soil
was 'meaded into molds, 3/4 inch in diemeter by ? inches in length
and molds 3% inches in dizmeter by 3 inches in length at its unper
plastic limit. The brickettes vere oven dried st llOoC. for 48
hourse. A lever with e !mown nressure ves uced to crush the brick-
ettes. The nressure recuired to crush brickettes of the secme size
end shene rave a comnerative recsicstance to crushing of the soil from
each treatment,

M1 physicel determinations were made in triplicete.
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GRIEIHOUSE EXPERTMENTS

The Miemi soil for this problem was collected from the field
on the Northeast corner of Grend River Ave. end Ardson Street in
Eest Lansing., The field showed no signs of recent cultivation. The
vegetative cover was comnosed of timothy, wild cerrot, ragweed and
cuack gresse

The Oshtemo soil wes collected from the field Southeast of
the llichigan Stete College trailer camp. The vegeteotive cover was
mostly sheepn sorrel.

Both soils vere air-dried end rasced through a one-cuerter
inch sieve. Samnles were te%en for chemical determinations,

As previously stated, cufficient ashes vere used to be eruiv-
alent to one inch and two inches surface cover resnectively. To the
aonrovriate cuantity of arches, enough =o0ll vas added to bring the
total weicht of coil snd ashes to eisht and one-half kilograms. The
goil nlus ashes and fertilizer for the designated treatments were
thoroughly mixed, broucht to 1°% moisture and nlaced in two gallon
glazed jars. There were four rerlications of six treeztments for two
crops on each goil for a totel of ninety-six jsrs. Twenty beet seeds
or ten beans were nlanted in each jar.

A1l plents vwere thinned to 4 per jer after 4 weeks of grovwth,
The red beets chowed definite nitrogen starvation on both soils after
the first six weeks of growth. The eculvalent of 200 prownds NaNOS
per acre was added to all jars growing red beets.

The snap beans were picked after 8 weeks of growth and again

after 10 weeks of growth. The snap besn vines were harvested after
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Diagram 1, Scheme of Field Plots and Treatments

1

WEST GRAND RIVER AVENUE

ARDSON STREET
6! 2!
4. 2. 3.
(c) 1000 1bs. of 1" eoal ashds 2 coal
l=16=8 ferte ashes
ber acre

8

56 6. 1.
(c)  [1" coel ashed [2" coal ashé: check

plus 1000 1lbg. lus 1000 1lhs.
4~16=8 fert. 16=8 fert
per acre acre

5 1. 2.

(B) [i" coal ashe check 1* coal
plus looo 1bg. ashes
4;-16—8 fert,
per_acre |

6. he 3e

(B) 2" coal ashe 1000 1lbs. 2% coal
plus 1000 1lbg. [4-16-8 fertd  |ashes
4-16-8 ferts| |per acre -
per acre

L
2. be 6.
(1) 1" coal aaheﬁ 1000 1bs, 2" ashes pl
4 4=16=8 fert{ [1000 1lbs,
per acre 4=16-8 fert
per acre
.
1. 3. 56
(1) check 2" coal ash¢s [1" ceal ash¢s
plus 1000 1ps.
4-16-8 fert}

per acre
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10 weeks of growth. The red beets were harvested after 11 weeks
of growth. The snap beans and red beets were weighed immediately
after harveste The bean vines and beet tops were weighed after
being thoroughly air dried.
FIELD PLOTS

The field rlots were ploved vwith & moldboerd plow end work-
ed dotn with a snring tooth harrovi. The eches and fertilizer were
aprlied to the surfzce et the stated rates on designated plots end
vorked in with a disc,.

The plots were 6 feet soucre with two foot elleyways be-
tween plots. There were tvwo six foot rows of cnap beens and two
gix foot rcvis of red bteets with eighteen irches btetween rows on
ezch plots. The plots vere replicated three times for eech treat-
ment. There was complete randomizetion within each block. (Diegram
1). A heavy seeding rate was used for both crons to insure a good
etend. Both crops were thinned to twenty-four plants per row and
three inches betveen plents. The plots were cultivated uniformly
with 2 hend cultivstor end hoe throughout the groving sessone.

The snap beens were picked after eight weeks end again after
10 weeks of growth. The snep bean vines were harvested after 10
weeks of growth.

Due to a hot €ry period in the middle of the growing seeson,
the red beets were ellowed to grow for 13 weeks tefore hervecting.

The snep beans end red beetes vere weighed immediestely after
hervest. The snap bean vines end the red beet tcps were ellowed to

gir-dry before weighing,
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DISCUSSION OF RECSULTS
Greenhouse:
Oshtemo Soils

Both snap beans snd red beets showed & merked incresse in
vield due to the eprlication of coal zches., The beets vere more
responsive, but the beans folloved the came trend in each treat-
nent. Of perticuler interect was the fact thet the yleld of beets
wes higher on the plots which received £ inches of &ches without
fertilizer then rhere 7000 pounds of 4-16-8 fertilizer wes applied.
In the cace of besng, the yields resulting from the ennlication of
ashes, either 1 inch or 2 inches, vere grester then vere the vields
vhere the treatment wes 2000 pounds of 4-1€-8 fertilizer.

The yield of sir-dried bean vines wes merkedly increased by
the coal eches, 8s cshown in Teble 1, The heavier epplication of
ashes ceused & greater increece in yleld than did the light eppli-
catione The avmlicetion of fertilizer increrced the vield more
than did the &ashes but the greatest increese resulted from the com-
binntion of 2 inches of aches plus 2000 pounds of the 4-1€-8, The
vield of eir-dried beet tops was increaced by 1 inch of coel ecches
but ves not further irncreccsed by the ? inch eprlication. Fertilizer
alone resulted in lover yields of beet tops then did the eshes,
either 1 inch or ? inches, tut the rrectest ylelds resulted from the
combinetion of fertilizer &nd aches.

It is interesting to note thet, both crops considered, the
best treatment vas the one which included 1 inch of eshes and P000

rounds of 4-1€-8 fertilizer. TVhile the yields resulting from eches
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Table 1. . Results From Greenhouce Cultores
vith

Oshtemo Sandy Loam

T'eights of Plant Tissue in Grams

BEETS BEANS
Total
TREATMENT Fresh Air-Dried 1st ond Snep  Air-Dried
Roots Tops Picking Picking Beens Vines
1.(Check) 75,0 08,0 107.5 3.0 110.5 o0,
2.(1 inch ) 227.5 44,0 142,5 18,0 160.5 27,2
(Coal Ashes )
z.(2 inches ) 315.5 42.0 148,5 17.5 166.0 21,1
(Coal Ashes )
4.22000 lbs., ) 245.0 35,0 141,5 13,0 154,5 57.2
4-16-8 )
(Fertilizer )
(per zcre )
5.&1 inch ) 474,0 51,0 209,5 12,0 201,5 7248
Coal Ashes ) .
(plus 2000 )
(1bs. 4-16-8)
(Fertilizer )
(per ecre )
6.(2 inches 469,0 59.C 170.0 70,0 200.0 52,7

)
(Cozcl Ashes )
(plus 2000 )
(1bs. 2-1€-8)
(Fertilizer )
(‘D ey ocre )
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alone were greater vhere the cuantity anplied was 2 inches then
vhere it wos 1 inch, the ceme relationship did not hold vhere fer-
tilizer was anplied. The vields of fresh beet roots were slisht-
ly lower vhere the heavier anplication of arhes was made with fer-
tilizer than where the esh applicetion wes at the lighter rate.

In the case of beéns, the same relationshin was even more striking,

Miemi Soils

The yields of both beets and beans from the Miami soil in
the greenhouse were a little more erratic than the yields from Osh-
temo soile. The yields of beets, as shown in Table 1, were de-
pressed by the application of coal ashes at either rete and were
not affected by the application of fertilizer alone but were in-
creased by applications of both materials,

The yields from the snap beans were more wniform. One inch
of ashes did not increase the yields but there wes a slight in-
crease as a result of the 2 inch ap)lication. The application of
fertilizer increased the yields more thsn did the eshes but the
greatest yields were obtained on pots w hich received both fertili-
zer and eches. Vhere fertilizer wes spplied, the lerger cuantity
of eches @id not prove more valucble then the smeller cuentity,

Ashes 2lone did not spprecisbly increace the dry veight of
the bean vines, but fertilizer did cause en increase &nd vhere
eshes vere ernlied in acddition to fertilizer, the yields were merk-
ecly greater then where the treatment included only eshes,

The yield of dry beet tops was not incressed bty any of the
treatments. In fact, ashes slone mcrkedly derrecsed the yilelds,

Fertilizer alone resulted in yields lower then those obtaired from
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Table 2. Results From Greenhouse Cultures
1Tith

iMiami Cley Loam

Veights of Plant Tissue in Grams

- BLETS BE/IIS
Total
TRELTLITIIT Fresh Air-Dried 1st 2nd Snep  Air-Dried
Roots Tops Picking Picking Beens Vines

1.{Check) 27345 53,0 149,5 21,0 170.5 53.0
2.£l inch )

Cozl Lshes) 218.5 3240 132,0 3545 16745 45,0
5.22 inches g

Cosl Ashes) 232.0 39.0 154,0 33,7 187.7 58,0
4.(2000 1bs., )272.0  43.0 156.0 51.0 207.0 67.0

(a-16-8

(Fertilizer )

(ver acre
5.(1 inch )350.,0 3845 200.0 21.5 221.5 68.0

(Cozl Ashes )

(plus 2000 )

(1bs. 4-16-8)

(Fertilizer )

(per acre
53.(2 inches )370.5 46,0 161.5 55,3 216.8 77.5

Coal Ashes )

(plus 2000

glbs. 4-16-8)
Fertilizer )

—(per ocre )
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untreated pots tut greater then those from prots which received
eches without fertilizer., Vhere fertilizer and &shes were toth
evplied the top yields did not increacse es did the root yields.
This means, cf cource, thet the root-ton retio was incresced, on-
other indication thet the moct cesireble treatment for the beet
croo on this soil wes the combinction of fertilizer ond ashes.
Field Plots:

On the Iiiami clay loem field vlots, there were very def-
inite increaces in yield due to coal eshes on the unfertilized
plots. The vlelde of both crons, as shorm by Tsble 3, were high-
er vhere the treatment was 7 inches of acheg than vhere the rete
of anplication wes 1 inch or vhere the ashes were omitted. In
all ceces, the vields es a result of 1 inch of aches were grecter
than vcre thoce from untreeted plots,

There cosl cshes, rlus fertiiizer viere useé, the yields
were less consistent. Vith beets, fertilizer caused sbout the
come increere in yield as did 2 inches of ashes but where 1 inch
of esh wes spnlied in eddition to the 4-1€-8 fertilizer, the great-
est vield of ell was obtained., £An increece in the rate of esh ep-
nlication, in addition to the fertilizer, did not cause & further
increzce in-yield. In fect, the heavier apnlication of ash, in ad-
dition to fertilizer, ceemed cctuclly to be toxic to the beets.

The beon yields from these plots indicated that there wes
e definite toxiecity from cosl eshes vhere fertilizer had &lso been
epplied, but none vhere there was no fertilizer. There vas cctuclly
a consistent increcse in yield as a result of the ashes applied vith-

out fertilizer. The lergect beon yields were obtained where ferti-
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Teble 3. Results From Field Plot
on
Miami Cley Loam
Veights of Plant Tissue in Grams
BEETS BEANS
Total
TRV TMENT Fresh Air-Dried 1st 2nd Snep Air-Dried
Roots Tops Picking Picking Beans Vines
1.(Check) A 479.0 100.0 570.0 46,5 622,5 210.0
B 494,0 114,0 950,0 27.0 977.0 355.0
C 742.0 145,0 561.0 29.0 590.0 217.0
Aversge 571,7 119,7 729,38 _961,.0
2.(1 inch )A 1045,0  168.0 914,0 72,0 986.,0 387.0
(Coal Ashes )B 9100 151.0 752.0 8.0 760.0 277.5
C 558,0 115.0 555,0 55.5 610.5 243,0
Average 837,7 144,7 785.3 30245
3.(2 inches )A 1825,0 214.0 1004.0 56,5 1060.5 364.0
(Coal Ashes )B  769.0 158.0 751.0 26,0 777.0 275.0
C 1301.0 178.5 773.0 35.0 808,0 329.0
__IMyeroge 1298,3 183,5 881,83 _ 323,0
4,.(1000 1bs. )A 1694.0 196.0 1111.0 108.0 1219.,0 615.0
(4-16-8 )B 1511.0 206.0 999,0 60,0 1059.0 500.0
(Fertilize® )C 742.0 118.5 858.0 75.0 933,0 475.0
(ver acre
Aversge 1315,7  173.5 1070,3 __ 563,0
5.(1 inch JA 2628.0 241,0 959,0 61,0 1020.,0 395,0
(Coal Ashes )B 1409.0 164.0 834,0 168.0 1002.0 345.0
(plus 1000 )C 943.0  144.0 733.0 56,0 789.0 345.0
(1bs. 4-16-8)
(Fertilizer )
(per acre
Mverage 1661,7 186,43 937,00 36240
6.(2 inches )A 1727.0 211,0 1142,0 32,0 1174.0 478,0
(Coal Ashes )B 1582.0 217.0 932,0 82,0 1024,0 475,0
(plus 1000 )C 1421.0 204,0 786,0  40.0  826.,0 310.0
(1bs. 4-16-8)
(Fertilizer)
(per acre
Iyercge 157647 210.7 1008.0  421.0
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lizer, vithout &shes, vas epnlied. There seems to be no explanation
for the cppcrent toxicity of the ashes in the presence of fertilizer.

The «ir-dried weight of bean vine rields folloved the scme
pattern of increcses ond decreases as did the yield of snap beens.

The yields of zir-dried bect tops folloved a slightly differ—
ent pottern then did the yields of fresh beet roots. Coal aches,
epnlied without fertilirer, ot the rate of 1 inch of cover increased
the yields, on &n everage, from 119,7 grens per pot to 144.7 grems
per pot vhile the 2 inches apnlicstion increcced the yields still
further to 183.5 grams. The sverage yield where'fertilizer wes ap-
plied without eshes was & slightly lover yield then thet obtained as
a result of the 2 inches of eshes. The grectest yield of tons re-
sulted from the treatment vith 2000 nounds of 4-16-8 fertilizer per
ccre ond 2 inches of eshes. That yield was £10.7 greoms per pote
Soil Studies:

Results from determinations of percent totel norosity, water
holding capacity, volume weight, 2nd crughing strength were compiled
for each treatment on the Micml Clay loam field prlots. There was a
definite increase in nesrcent totzal norosity due to the sddition of
coel ashes to the coile This increecse vas confined to the top two
inches of £oil with the second two inches of soil showing a decrease
in percent total porosity, =s a result of the epnlicetion of coal
eshes. Results indiccted, thet the decreese in percent total poro-
sity in the second two inches of soil vhere cosl rshes vere apnlied,
was broucht cbout by thie lock of cultivetion disturbonce to the se-
cond tvo inches of s0il vhere the top two inches of coil was in good

tilthe TEven though the plots were thoroughly disced after the zshes
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Teble 4. Results From Physical Determinations

0 to 2 inches 2 to 4 inche
Tater V.ater

% Total Holding Volume % Total Holding Volume
Porosity Cepacity \".'ei;)ﬂ,ht Porosity Capacity F¥eight
& ) ()

(g)
1.{Check) A 54,2 32,7 1.05 61.2 33,1 1.24
B 59.8 35.7 1.03 57.9 35.2 1.30
C 56,8 5243 1.06 56,0 31,3 1.26
Lyercge 56,9 3346 1,05 58,3 3342 1,27
2.(1 inch ) A 55,5 38.1 1.01 58.2 34,4 1.28
(Coal Lshes ) B 63.3 37.3 97 552 31l.3 1.34
C 55,0 34,6 1.03 55,0 32,7 1,25
Average 53,3 36,8 1,00 5691 32,8 1,29
8.(2 inches ) A 60.1 37.2 +96 56,0 50.1 1.33
(Coal Aches ) B 67.3 36e5 «89 58,4 28.6 1.28
C 6l1l.9 3641 .95 50.5 28,8 1.35
lLvercge 63.1 36,9 93 553 2942 1a33
4,(1000 1bse ) A 59.7 31.8 1.08 . 62,7 35,7 1.31
(4-16-8 ) B 51,0 3249 1.19 61,2 34,4 1.25
(Fertilizer ) C 55.8 3349 1.05 54.4 2542 1.29
Ivercge 55,5 229 1,08 £9,4 26,1 1,28
5.(1 inch ) A 64,7 5942 1.02 5842 31,4 1.33
(Cosl fches ) B 53.4 36 .6 1.01 54,1 3048 1,27
2plus 1000 ) C 54,9 5549 1,03 5641 559 1.30
lbs. 4-16-8)
(Fertilizer )
Ivercge 57,7 57,2 1,02 56,1 30,1 1,50
6.(2 inches ) A 59.7 37.3 1.01 5G +6 20,9 o35
(Coal Ashes ) B 00.2 53.8 1.00 55,6 72e2 1.20
(plus 1000 ) C €C.4 37.6 .88 52.6 27.8 1l.44
(1bs, 4-16-8)
(Fertilizer )

yercge 62,1 37.8 296G 54,9 £9,9 1e35




Teble 6.
RELATIVE CRUSIIIIG CTRTIGTH
IINT SOIL
Kneaded Ovendried Cylinder
3/4" Dizmeter by 2" Long 33" Dismeter by 3" Long
TRELTLIELT
1., Check 9.4 Kilogrem Teight 341,0 Kilogrem Yeight
2. 1 inch Ashes TeR n n 295.0 " n
3+ 2 inches Ashes 2 " " 219.0 " "
4, Tertilicer 9.1 " " 352,0 " n
5. 1 inch lLshes Ted n " 289.0 " "
Fertilizer
6e 2 inches Ashes 5.3 " n 214.0 n n

Fertilizer
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vere applied, it weas evident th-t most of the ashes remnined in the
top two inches of soil. Vhere ashes were enplied, there was oreocti-
celly no disturbence due to cultivation beneath the ton two inches
of soil, even though the cultivetor wos set et the seme Centh in ell
nlotse

The =rter holding cenccity of the coil ot pI 1.6 wes ~ffected
in the scme monner eg vwas the poroscity vhere coel rsches were cpplied.

The volume veigiht vcried inversely to nercent total porosity
end to water holding capccitye.

Crushing strength, or the resistonce to crushing, decreased
Mere cocl cshes vere ¢pnlieds The cohesion hetveen coil nrrticles

Miemi Cley lorm is grecter then the cohesion between the soil

o
]

of

o
H

ncrvicles and coal ashese
Chemicrl Deterninstionss
The evailcble plont nutrient content of cocl =shes wes

found to be much higher then the evailoble nlent nutrient content of

[ps]

the overoge soll, The soilc vhich vere trected with cool cghes
shovred en increece in jield c¢nd yet meintained e higher level of
plent nutrients then those soils not treoted with cool eshes. The
hich pH and the high celeiwn content of the cocl eches were effect-
jve in raising the pH of the soil. The increcses in yields from the
nlots receiving coal aches corres»onded to the increzsed cveilcble
plent nutrient content of these soils. The irregular yields on plots

trected vith coal cshies nlus fertilirer cennot be explained since no

definite toxicity symotoms vere evident.
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Teble 6. ECULTS TRCM CHEITIC/L DETLICTIHNATIONS

Semples Collected Before Treatment

Lbs. Per 2,000,000 Lbs. of Soil

pH

Phognhorugs Poteecium Colcium
Oghtemo Sondy Losm 5.20 40 82 1115
Miani Cley Loem 7.05 10 222 5827
*¥Screened Pocechontas Coal Ashes 8,00 357 456 12113
Field Plots Miami Cley Loam Semples Collected Ifter Hervest

Pounds Per Acre
TRELTIORIT pH Phosohorug  Potessium
1. Check 6.95 15 138
2. 1 inch of Coal Lches 7435 50 145
z, 2 inches of Coal fshes Te45 115 168
4, 1000 1lbse. 4-16-8 Fertilicer 6,90 40 158
5. 1 inch of Cosl lLshes nlus 735 127 150
1000 1lbs. 4-10-8 Fertilizer

6+ 2 inches of Coal Lshes plus 7.45 213 264

1000 lbs. 4-106-8 TFertilizer

*Ex-recsed in lbs. of P, K, or Ca per 2,000,000 lbs. of Cozl fches.
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SULDIARY AMID CO:CLUSIONS

This e:periment indicoted thet cosl oshes could be used as
a2 goil cmendment. From the results of the Ceterminctions of the
chiemicel and the physical effects of cocl =ches on the soil, end
the effects of coal sshes on the yields of beets and becns, the

following conclusions vere drawme

[»]

(1) The cnnlication of coal ashes to the =oil increcsed the

vields of beets cnd beanse

(2) Cocl zshes contoin more cvailoble plent nutrients then
the =oils studied.

(3) The pH of ccid ¢nd neutrol soils was reised by the ad-
dition of coel achess

(2) Cosal ssghes increaced the sercent totzl porocity of the
heavy soil.

(5) Cocl eshes increcsed the water holding cepreity et pF
1.6 of the heavy soil.

(8) The heavy soil vwas more eacily tilled vhere coel aches

hed been annlied,
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Plates 1-10. The effect of coal cches es & soil emendment 2s
illustrated after seven weeks of growth,

Plate 2. Snap becns on Oshtemo Sandy Loam



Plate 4. Snap beans on Iii Clay Loam
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Plates 5-10. Beets 2nd beans on Miami Clay Loam field plots

SR-CAT ST

Plate 5. Red beets and Snap beans on Treatments 1 & 2

Plate 6. Red beets and Snap becns on Treatments 1 & 3
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Plate 7. Red beets end Snap becns on Treotments 1 & 4

Plate 8. Red beets #nd Snep beens on Treatments 4 & §



Plate 9. Red beets ond Snen beans on Treatments 5 & 6

Plate 10. Red beets and Snen beans on Block C
Treatments 1, 2, 3, 4, 5, 6,
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ADDITIONAL DIATA

The Use of Secrduct s A Soil Ifmendment

1
Other investigotors hoave shovn that the decrease in crop

yields cdue to the cpplication of sawdust to the soil may be over-
come by the rddition of nitrogen. The mcin purnose of this nrob-
lem ves to compere yields between unfertiliszed, fertilized, end

fertilized plus nitrogen eevdust treetments on e Miemi Clay loem,

Treatments vere cs follows:s

l. Check

4, 1000 »nounds per ccre, 4-16-8 fertilizer

7. 2 inches cavdust

8. 2 inches sawdust plusg 1000 vounds per ccre, 4-16-
8 fertilizer

9 2 inches sowdust plus 1000 pounds per ccre, 4-16-
8 fertilizer plus tvo increments of 200 vounds ner cecre fmmonium
Sulphate .

This problem vesg run in conjunction vith the coal eashes
probleme The scme chemicel cnd nhysical nronerties vere determined.
Ilethods of »nreparation, seeding, ond hervesting vere the same as on
the coel rshes nlotse Two differences in trectment should be noteds;
one being thet the rate of the sevdust annlicetion ves ecusl to two
jnches of surfzce cover on ell savdust trected nlots, the other being
the zddition of nitrogen to one fertilized sovdust trestment. There
were only two renlicotions on the scwdust rlots. The first incre-

ment of 200 pounds fmmonium Sulfste per acre was applied beside the

1., Turk, L. !. l'ich. Acric. Ispe Stae. “uerterly Bulletin
Vol. 76, los 1, pp. 10-22, fug., 1943.
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Tcble 7. Results From Physical Determinctions
Scydust Plots
0 to 2 inchegs -
Tater Fater
% Total Holding Volume % Totel Holding Volume
TRLTZIT Porosity Cepacity Yeight Porogity Capacity Teight
1. (Check) A 54,2 32,7 1.05 612 33,1 1.24
B 59.8 35.7 1.03 57.9 5542 1.30
C 56.3 523 1.06 5640 31.3 1.96
Mvercge 56,9 27,0 1,05 5343 57,2 1,27
4, (1000 1bs. JA 59.7 31.8 1.08 2.7 25,7 1.31
(4-16-8 )JB 51.0 5249 1.10 61,2 S4ed 1.25
(Fertilizer )C 55.8 5349 1,05 54,4 352 1.29
Iverige 55,5 52,9 1,08 50,4 35,1 1,28
7. (2 inches JA 57.8 54.8 1.05 51.0 5049 1.27
(Sevdust )JB 58.2 43,2 «97 50.1 23.8 1.43
8. (2 inches JA 62,9 45,0 .88 57.1 3249 1.25
(cerdust »lus)B 61.1 45,4 .27 43,3 29,6 1.23
(1000 4-16-8 )
(Fertilizer )
Ivercge 62,0 45,2 92 53,0 5le2 1,34
9. (2 incles ;A 57.6 38.2 .97 46,9 28.1 1.38
(Sordust plus)B  59.6 41,3 1.00 49,1 28.9 1,40
(1000 1bs. )
(4-16-8 3
(Fertilizer
(plus 400 1bs)
((NH4)2804 )
lverrge 58,6 39,7 .98 43,0 28,5 1,33
Toble 8e Results From Relative Crushing Ctrength
Brickettes Brickettes
Sn X gn 35" X gn
Trestment #1 Mvercge 9.4 Kgo 341.0 Kg.
" W4 n 9.1 Kge 352.0 Kge
Mvercge of 211 Sawdust Plots 5.0 Kge 03,0 Kge
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yrow four veeks ofter plenting. The nitrogen ves cpolied vhen the
first signs of nitrogen starvetion epnecred on the folicge. Since
the response to the nitrogen was slow, enother increment of 200
pounds Ammonium Sulfcte wes apnlied two weeks leter.

In the top two inches of soil, the percent total porosity
vos increcsed about 2% due to the eddition of sovducte The water
holding cepreity ves increased ebout 8%. The volume veight was
decrecsed about «29%. The crushing strength, or thie resistcnce to
crushing, ves reduced elmost 503

There was very little chenge in the chemicsl composition of
the soil due to the cddition of savcduste The one big difference
beine the cmount of nitrogen cssimilcted by the increcsed microor-
genism cctivitye This wes in evidence even on fmmonium Sulfete
trected plots. During the hot, dry wecther, the beans were stunted
due to the lack of nitrogens

Sevdust did not eprrecicbly cffect the yields of beetse In
fact, this motericl clone slightly reduced yields. Yhere fertilizer
was evnlied, yields were mcriedly grenter then where nothing wes ap-
plied, but cgcin the aprlicotion of sovdust, in addition to fertili-
cer coused & recvetion In ylclde The greatest yields viere obtained
vhere the treatment included 4-16-3 fertilizer, 2 inches of sawdust,
end fmmoniunm Sulfate fertilizer.

The snop beans were more sencitive then the beets and yields
vere greatly decrecsed vhere scwdust ves esplied to the soil. The
becns feiled to resvond to the addition of nitrogen due to the hot,
dry period vhich follored the onnlication of the Ammonium Sulfcte.

Been yields on 21l scwdust plots were much lover then on the untreot-

ed nlotse
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Table 9. Results From Sevdust Field Plots
on
Miemi Clay Loem
Teights of Plent Tiecue in Grems
BLELTS BEANS
Total
TRULTHENT Fresh [lir-Dried 1st 2nd Snep  Air-Dried
Roots Tops Picling Picking Becns Vines
1.(Check) L 479,0  100,0 570.0 46.5 622.5 210.,0
B 494,0 114,0 950,0 27.0 977.0 355.0
C 742,0 145,0 561,0 29,0 5%0.0 217.0
Lyercge 571,7 112,7 72,3  2061,0
4,(1000 1bs. ) A 1694.0 106.0 1111.,0 108.0 1219.0 615.0
(4-16-8 ) B 1511.,0 206.0 999,0 60,0 105%,0 500,0
(Fertilizer ) C 742.0 118,5 858.0 75.0 933,0 475,0
(per acre )
Iyveroge 1315,7 173,5 1070.,3 _ 563,0
7.(2 inches ) A €47,0  132,0 565.0  21.0 586.0 201.5
(Szvdust ) B 380.0 99.0 420,0 26,0 456,0 149.0
Ayerese 51Z.5 115,.5 501,0 175,82
8. (° inches ) A 990.5 136,0 414,0 47,0 461,0 165.0
Sevdust ) B 1427, 157.5 635.0 €C.0 €23.0 83,0
(plus 1000 )
1bs. 4-16-8)
Tertilizer )
(per scre )
Avercge 1213, 7 146,7 574,55 206,95
9.(2 inches ) A 1947 0 272.0 5928.0 62.0 Ce0.,0 251.0
(Savdust ) B 301.0 652, 85,0 737.0 25645
(plus 1000 )
(1bg. 2-16-8)
(Fertilizer )
(plus 200 )
(1bs. )
YA o
Mverage 2049,0 286,45 65,0  253,7
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The extreme dry wecther vwes detrimentel to the formation
of availsble nitrogen for the growth of beans. The emnle mois-—
ture for the later mcturing beets mede possible good results from
the application of sawdust plus nitrogen,
The folloving conclusions vere dravms

(1) Sevdust plus nitrogen is beneficisl to crop pro-
ductione.

(2) tvaileble nitrctes were decreaced through thelr
increcsed essimilation by microorganisms where sewdust had been
appliede.

(3) Beans vere starved for nitrogen on savdust treat-
ed nlotse

(4) loisture vas zn immortant fzctor in nitrete for-
metion on savdust treated soil.

(5) The nhysicel condition of a hesvy soil wos made
more desirable for plant grovth by the apnlication of savdust.

(6) Sawdust increcsed the norosity and woter holding
cepacity of lliami Clay loam.

(7) Sewduct hed very little fertilizing vaolue.

(8) Sewdust nlus emple nitrogen gove en increase in

the yield of beets,
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Plates 11 & 12, The effect of sawdust on fertilized and unfertilized
Miami Clay loam.

Plate 12, Red i);ets and Snap bea;r;; on Treatments 7 & B S
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