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IIITRODUCTION,

The study of soils vith a view to ascertaining their

econoriie value has heen, for rears, the ohjiect of nurmerous

‘e
m

interesting er¥nerimente,
The important resnlts vnich have heen obtained from
such e¥rerirentation by others appeal vith peculiar force

to the arbitiovs stndent in seelrin: & subject for original

investigetinn, This,esnecially is trne vhen a comparatively
new field for vork is offered. Hence the study of

coniferons soils was the subject chosen for the investigation
and evperirentation vhich i%t is the desi n of this ¢
to record,

The obhjiect of the exnerirments made, as described
in detail in the following paces, therefore, vis %o discover
in general tre economic velue of econiferous soils, In other
vords the evperiments vere carried on to deterrmine vhether
coniferous fo0ils could he nsed with profit, or with a
prormise of svfficient future advante_ e for horticnltural or
agricultursl purposes, furthermore, if the resvlte of the
experirerts nroved that coniferous scoils vere adarted to the
Srowth of trees of different kinds, fruit trees in particular,
and of garden veetuhles, vhet are these velues in a
corrarative war  or in resnect to one or the otner of these

oes dinvestigation show thet coniferous soils are

]

2D

m
]

best adaptes 4o horticvltnr-1, or fo egricul tural uses?






Oe
Aind if for the one, or the other, for vhet ind of trees, or

sarden vegetahles, forp e plants or grains, can they he used

'
vith rost assvranae of satisfectory results®

The evperiments here recorded, vere carrie? on for
a sufficiently long time to give sveh reried resvlts as to
varrent certein vositive corclusions,

Iore ertended investiations vould, no doubt, show

9’
still rore clearly vhether these conelusions mijht be made
broader in their scope, or vhether they shoulé he, in snaome
resvects, modified or changed.

Syverirents covering more rourd, or snoreading over
e vider rarge of horticultnrel and agrﬁoﬁltnrrl nroduets,
vopld, 1%t need scarcely he said, hetter deterrine the fitness
or the mmfitness of evergreen coniferons coils for the

cultivation of a certein, greater or less number of

horticulterel or agricultural crons,
/

B

“hatever ray he done in this field hy fuhwre
investigators, it is hoped thet the ervperiments herein
recorded ray he of sore real and rermanent velue in a npresent
as vell as a futuwre estirete of the adaptation of coniferous

soils %0 the uses of horticulture and ggricultuvre,,
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THE ASSSOTIAL ALEIENTS 0P PLANT F00D.

n

The influnence of evergreen conifercus s0ils, or

’
rellow Tine £0ils uron vegetation, ané ihe uses of svch soils
for Lorticritnrel gnd g riculturel pnrnoses derend,

recescarily

L

on the arcunt and ratio of +he essertipl
elerents of nlant food they nossese,

“hat are tre essertial elerents of plant foods It
rey not he ariss to ansver this question first in the lan;nege
of 2 recent vriter, 7illiam Allen Hamor, vho helongs 10 vhet
is celled the Liebhig school, and vho has formed his
cornclusions f¥om its teachings. e sayrs of the founder
and his theorijes:

"7t was in 1840, after exhaustive investigations on
the veathering of rocks, on the formmation of so0ils, andé on
trhe effects of rain ard the :ces vn'ch rain rholés in
solution, thet lLiebiy nublished his elassic vork on the
apnlication of chermistrry 4o s riculture and rhrsiolo ve In

this Tdehi;

g comrletely undermined the foundations of the

hurvs theory and enunciated the follovin, foundations of
rodern cremistry:
1. Trorganic substenees for the notritive raterial
for all nlents,
2. Tlants live unon carbonic acid, arrmonia (ritrie
acid) water, nhosphoric ecid, sulphurie acid,
rnagresia, notash and iron: rany need

lirme,

cormrmon salt,



o
Ze. llanure, the dung of animels, sets nct through
the orgenie elerents directly upon plant life,
but indirectly through the nrodvets of the
decay and ferrmentative processes; thus cerbhon
becomes carhonic acid,and nitro;en hecor.es
arrionia or nitrie acid. The orsenic manures,
vhich consist of narts of the rereins of nlanis
ard snimals, can he svhstituted hy the
inorganie constituents into vhnieh they vould be

resolved in %tre soil,

m

Practicel field tripls,cerried out hy overnrents
ard lar; e lend owners, proved tre correctness of Liebig's
dednctions frorm his laboratory evnerirments, end the rany
investigators in this line heve core ejther directly or
irdirectly from Liebhig's school",

The auestion ray be eansvered in other largnage, and
to sore ertent in & somevhet rmore erplicit vway; First,
Plents cannot exist vithocut the tro elerents of vhich vater
is corposed, thet is hydrogen and orygen. secord, plants

reed for treir growth and developrent organic retter, vhich

consists nrircirally of carhon, hydrogen, oxy;en, and
nitrogsen, Third, plents require certsin inorganic matter

in vhieh is inclvuded notessivm, phosphorus, snlphur,
celeinm, megnesiuvm, iron,

Tater, as a Plent food, is by far the most important






e
factor in the gro'th of ve_ etation, Therefore, vithout

a sufficient and cortinuous svprly of this elerent, erops

of no kind ean hre jrovn. This r.d.es the nreservation of
vater in the c0il the leading pxdlerm of plent jrorvth and
cultivation, How car this problem hest he solved® The
solution,or a suhstifinte for it, seerms to xest in nev

rethods of cvldivation hy irrigation and other reenrns, the
discnssion of vhich is not vithin the nrovince of this thesis,

The first three necessary elercnts of the second
cleass of plent food, carbon, hydrojen, end oxyjen, are easily
supplied by the #ir and hy vater throo_h the sction of the
sun's rays «nd etrmospheric heat. The fourth elerent,
nitro,en, vhich forms nearly ei_hty percent of the volurme of
our air is not so easily mede evailahle to 1rlents in generel,
One notahle evcention, hovever,6 exists, the Leguminosae
femily, "hig family of pleants hes heen found capable of
obtaining nitrogen from the air throu,h the nodnles on the
roots of all snecies helonging %to its reny genersa,

Iitrogen is one of the'most indisrenable elerents
of nlant food. “hen it is ahsent from any soil to an
evterded degree, %the grovth of g1l plants incerhble of
receiving it from the air vill bhe greatly retorded, in
rany instences an attermted growth will he a cormplete failure.

The imnortance of nitrogen as en ele=ment of plant

food is becorirg more and more reslized, A recent article
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in the "Review of Feviews" sayrs, "That the earth ray
eventual ly cease to yield the renruisite nourishment for the
constantly increasing human race confronts ns as a dire
possihility, The nrospect of & universal famine ie not
a mere figment of the imagination; and the efforts that
are heing mede in our new country to enrich the scil by
hitherto un¥novn riears of supply vill néturally arouse a
wvidespread interest, Dr. Otto ', Witt, Professor in the
great Technological Institute at Charlottenhur,, sives an
interesting acconnt in the 3erlin Voche of vhat is at present
being accomplished in the vay of pyodueing nitrates, the
element of plants, and speaks of the possinility

life ivi

(&) """{:
of their vastly increaced nroduetion. The supply of
nitrogen in the vorld is, in the fullest sense of vord,
inevhanstihle, far it constitutes fonr-fifths of the
atmosnheric air vhich envelops the earth,. inforturately,
however, K6 plants are for the rmost rart incapable of ahsorhing
and utilizing nitrogen in the molecular form in vhich it
appears in the atmosphere, A1l higher plents derand the
nitrosen recuicite for their eristence in comhinetion vith
oxyrgen in the shape of nitrates, Certain hecteria, the
nitrifying orgenisms found everyrhere in the so0il, can it

is true, absorh nitrogen in comhination with hydrogen as
arronia, they, on their nart, converting i{ into nitrates.

And putrefring re'ter, sveh as stable ranure is valuable,
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sirce,again by the n3d of hacteria, the nitrogen it contains

[

¢ changed into armmonia vhich the ni4trifying orgenisms of

“e

trhe 5031 convert into nitrates thet serve to nourish the

w

hiszher rlants, Thus life is genersted frorm death Wy a

vonderful rrocess, vhich ve fterm, "the crcle of nitrogen',

Plants have no nover %o absorb nitrogen through
their leaves, they rust obtain $he nitro en they recquire,

execent ‘n the family of Lej;uminosae, from the orgenic retter

J

thet is decaying in the s0il; or, in sermi-arid regions

they may drav on a possible reserve supply, teken g;es before
from the air and stored np in the soil, The econony of
Tature hes caused thig weserve supnly to he fiwxed by the soil
in these regions, hvot vhile it is slowly exhausted, and is
still nlantiful in reny places, in some pleces it has been
vazhed avay, or has been nsed up by vegetation,

T4

7

rmay not he ount of place here to refer to the
fact thet reny nlernts of the Teguminosae farily have heen

lergely usedé as green riennre, planted to enrich the soil,

I'ore than that in coile vhere the nroper hecteria are not
snfeiciertly ehundant the lejuminons rlents nged as ranure

are heing fnocnlated with hacteris thet their nitrogen
sunnlying nodules riay be inerexced in nurber, TroTessor
Yarl ». ¥Yellerran, Tlent “hysiologist of the Depertrent of

sgriemltnre says, "The velue of the lejumes, plernts belor, ing

fou
o

to the res Ffermily scvch ac clovers, alfalfa, cow rers, soy
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bears, reanuts, fiel( peas, vetch, ete.,, «s green rerares,

’
or go0il renovators is due %0 certuin bhacteris vhich develop
nodules on the roots of these rlants and vhich have the
pover of rendering the free nitrogen of the air svailable
for plent grovth, Tithout these hacteria, legjumes, like

other creops, exhaust the scil of f+z corhirned nitrogen.

In many resjons certein 4ypes of these imrortant hoeteria

1

are a2hundant in the =0il; in other locelities they rust
ve immorted, or in other vords, the le_uminous cron to bhe
grovn there rmust be inoenleted",

The inorgenic elerents of the so0il ) rust epcily

evhancted, &nd therefore, rost corronly lecking, are roteash

and vnosrhorie acid, To ertirely use np there ingredients,
novever, a leng time is required by mest soils, Such &
condition, rmoreover con alwars ne prevented by nroper care

of 1re s0il and hr due attention naid to rotation of crons.

The cormon sources of notash are veod end vegetable

ashes, or potach can nor he sunnlied from Gerran ro%:sh
rinec. It ray be mentioned thet hore ig now held out of

findir; & natvorsl saeply of notech in the i'mited States,
neologists of tra Tnited States Jurvey declare "that the
corditions in corme portions of the orid Vest regions just
east of the Toeky Vonntsin wall end *the Great Jasin rejion,
ore ro% nnfevarnhle to the discovery o7 Jarge hodies of potuash

selts correrable to those of Cerrmany.
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The sources of phosvhoric acid are the hones of
animals, the tetra caleic rhosphete of lire, & hy-product
of steel manufacture, and lime phosphate soluble in water.

‘R. 7. Thatcher, in Bulletin o. 85, issned from
the Denartrent of Chemistry of the Agricultural FAvperirent
Station, Pullman, Tashington, says: "Zyperience hes shown
thet it is possible to drav certain fairly definite
conclusions as to the fertility or fertilizer needs of a
30i1l from an enalysis." In this connection Professor
Hilgerd, the celebrated authority on soils in this country
says, 'As bhetwveen soils of similar character and ori,in,
the r»roduction and cvrebility are sensinly proportioned to
the plant food nercentag;es when the letter fall bhelow g

Tith regard to the percentages of esch of

certain lirmit.,? 2 SAY

the critical elements of fertility, lime, potash, rhosph-ric
2cid and nitrogen, vhich ere necessary for plant grovth,
the most comnlete stardards vhich have heen proposed are
those of Frofessor llaerker, of the Halle Xvperiment Station
in Germany.

These are given in Professor Hilgerd's new

book on 'Soils', nagge 369, as follovs:

Practical Ratings of Joils hy Plant Food Percentages,

According to Trofessor lkaerker, Halle Sta. Gerrany,.

Crade of Potash. FPhosphorice Time Total
Soil. Acid. Clay 35031 3andy Seil litrogen
Toor Below .06 Below .05 Belov .10 Belov ,06 Below LCH
I\".edium .05"015 505"010 010".25 005"'010 005".10
Hormal 015"’.25 010"‘015 025"050 010"020 010"015
Good e05-.40 «1b=425 «50-L00 «20-,30 e16=e25
Rieh Above .40 Above .25 Ahove 1. CO above 30 Abhove .25
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These estimates are in very close agreement vith nearly all
of those vhich have been snuggested hy other scil chemists,
in all parts of the world, although different methods of
anelysls are used by ren in different countries.”

The importance of these fisures, &s representing

tJe

an svthoritative standard, in any investization of soils,can
readily be seen, They efford & means of comparison and
serve to confirm, or disprove, or modify conclusions fronm

results obtained by ori inal e¥periments.

TE TRESTITCA OF AVAILABLA PLANT 200D.

All 1ife is subject to vaste and decnr, A1l
life is, therefore, dependent upon the nourishment thet rinkes
rossihle its constent renewal, Moods are as greet s
necessity to plants as to animal life. The scil is one of
the mediums through which foods are conveyed to plerts, If
the soils do not contein socrme of the essentisls of thece
rlent foods, or if the supply is not replenished by natural
or ar*tificial means, starvation must result for plents in
such soils, To rmake the statement more concise, on the
aveilahility of plant fooés rest the success or failure of
a crop,or the growth of such nlent life. This statercnt
is rade in the face ~f the fact, fthet carbon in the form of
carbon diorxide as it is talen from the air by reans of their

leaves, is one of the principle plart foods. T"hile plants

are bnilt ur to a lerge extent of carvon, vet tre other
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constituents, both organiec and irnorganic commounds in the soil
thet constitutes the srmaller portion of the nlant food,are
as essentijul teo the growth of the nlants as the carbon.

The essentisl importence of soil te the ;reater
percent of plent life is due teo the provision of neture, vhich
me¥es the rootc end rootlets vith the root hairs of plants
their meens of ottaining nourishriont. As rmost of the plunts
telze un frorm the s0il b7 reans of the 1ittle root hairs, or
other or;ans attached tc the rcots some of this riost essential
plart fcod for their growth, it follows, therefore, that the
first necessity of plant grovth is the develonment of their
roots, The roots rust first he nrorerly nourished, or they
vill not rude the growth recuired for the suprort of healthy
plants. The entire plant devends unom the proper grovth
and developrent of the rocot-systen. et the root develop-
ment comes first is seen in alrost any seed ot the time of
its sprouting, for the radicel or little rootlet develors
first and grovs dovnward to meet the soil or meisture and
soil., If the roots are rot in size, number and terture,
vhat they chould he, they vill not he ahle to furnish sufficient
sustenance to the upper nortion of the piant to enehble it to
verform its nyoper frnetions, to hring the bhest results. It
is clear then thet in the study of scils in cornection vith
nlant 1ife ard fruvit prodvetion, the rootes ard rootlets eos
vell az the root hairs in their relation 1o 1he so0il and the

nlant food found tnerein, are of the first importence and



consideraticrns,

Tiie roots »f rlants with fev evceptions live vhole
in the s0il, and there it is thet they rust find e in a
storehonse & svffiecient armount of eveilable plent food jn the
shape of nitrates and other cormrouvrds soluble in vater reudy
to be taken up for  rovth, Sesides tre availebhle plant
foods in the coil there shonld he precsent in the so0il or, unic
and inor_anie elerents and cormrounnds, vhich ray in futuvre
tire by disinte ration hecere aveilahle as plent foods,

On the presence or abhsence of bhoth the availahle
and unavailanle plent foods in eny s0il, depends the _00d or

roor srovth end developr.ont of plent life, in the s0il,
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TEH POTI0OROUS MATTAR TIT THS 301L.

Another ratter of searcely secondary irportsnce,
in conneetion vith the arovnt of availahle plent food in soils,
cannot he overlooted in this study, To be aveilahle for
plant growth ard rlant life in gererel, the various elerents
of plent food rucst conform %o certein restrictions, or
corditions, There rey he too runeh of one element, or
too little of ancther. The food eler.ents must he rroperly
balenced for the srecial needs of the plant, to give it

healthy rovth, ind as great dunger, possihly a greater

danger,lies in an overahundance of an elerent of plant food

[y

ac in its lack. An overshundance of rinersl solts in
the 031, for exerple, ray act as & poison upon the plant,

That is the excess of rinersl sglts rey prrevent the roots

from perforring their funetions, The overshundence of
vater (hydrogen ard oxygsen) riay often prove disastrous; it

acts in & way similar 10 the action of carhonic acid on
animsal life, Agedn, there ray be an anundance of certain
nther necessary nlant food in the so3il vhich the rlant is
not ahle to use; theat is, it i hirdered, if nt entirely
ept from using this food hecavse of an excess of other
elerents,

Tn the follovir, record of experirents vith evergrecn
carried on vith a view to

coniferons forest reils,

deterrmining their value for g rienltiresl and horticulturel
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purposes, the resrlts shovn vere deduced from careful
investigations based upon the fore,oing requisites for plunt
(8] I (&) (5] FS

srovth, end Jjudgrents rede acceerdingly.
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TVESTIGATRION AITD USAS 0F VAELLOT

4 1210

FIT3 SOTL3 POR HORTICULTURE

i d

AETARAL CEARACTRR OO0 TUS AYFERTISNTS CARFIZED O, --
The vork of investigation to determine the unses end value of
coniferons soils Ffor horticvltural and s ricvlitural crors

vas carried on ‘n a greenhouse vthere the plants experirented

upon vere hrousht under the sere climatic conditions, An

evact descripticn of each of the fuour so0ils used is given in

the folloving pages. The four soils vere Falcuse soil;
Yellov Fine soil: Nev Savdust s0il; Cld Sevdust s0il,

The special purpose of the Palouse s0il vas to act as a check
urcn the other three soils,
SCTT3 T AEITERAL.--3efore enterin; upon the arnlysis

the soils used wn the erperirments herein descrinhed, it
vill e in nlace here to dvell for a little space upron the
technical rmesning of the term "Soils", "30il1l" as some one
hae poetically said, "is the loose rantel of material covering
the earth , T+ consiets of disintegrated elerents of the
earth's crust, mixed with verying sarounts of decuared ve,etable
matter, The earth's crust is cormposed of more than seventy
elerents, most of vhich are pnresent in very srall rroportions™.
Tishteen of these elerents alone are of importsnce in soil

forraticn end plent _rovth, most of vrrich have heen referred

to in the rreviovs chapter concerning the ssential Rlerents
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of Flant Feod,

SOTL PORMATION.--Trofessor R, We. Thatcher, “rofessor
of Cheridstry and 3031 physicist »t ~ashin_ton Jtate
Lgricultmral College, anéd Jirector of 1he Denartrent, of
Agriculture of that College, says, "All soils are pnroduced
by the disinte ration or recranical bhrearirg, dovrn, &nd
decompocition or crermical hresking dovn of rock, This
bresrin. dcvn, or wegthering, as it is terred, is cansed by
the jfoint setion of ajr, roisture anéd srddeh chunges of
terrerature, ard of groving or decaying; vegetation, on the
rocks of vhich the earth's cruet s corposed, The ection
is 5eneralﬁy slowv, nut ig continuous and very powerful,

"hen it hes been going on long enough so tnt the rock is

)
S
oy

()
m

recuced to a fine povder, arnd this rock vaste rived vi
a certain srount of decrying vegetable ratter, scil is
rrodvced, Tt vill be apnarent that scil concists
essertislly of +wo rejor corstitvents, narely, mineral ratter,
or rock¥ vaste, end or_:nic ratter, or ve_etahle ratter in
various stages of decay.

The organic ratter is very complex in its nature,
and@ exists in every sta_e of decey from the voody fibre of
srowing plents to the _wses vhich are the resvlt of the
corvlete decornnsition of veetable retter, Tn the e« 1ysis
of 701l o distivretion is rode hetveen volatile and organice

raiter, vhich corrrices »nl11 the raterial vhieh rey ve driven
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off or hrrned off from s =0ild hy Wi h heat, snd ‘neclndes
corbined valer end cert:: fee . ea v ell as the porely

.
[T%3 ’

-

vesetaile reatter of 1he scil ) :rd huruvs, or thst rort of the
orgenic ratter vhich ic in certsin ‘ntermedieate stu_ecs of
decay «nd rey be dissnlved out of the s0il by ¢ilute sointions
of :rronia or other &1l line licvids, oras is thet rart
of orgaric retter vhich is in the rroper o1 Lo serve s a
cuprrly of plent food, Tt is of very  reat velue hecrvcze it
not orly surrlies s very recessary elerent of nlant food,
ritrojen, hvt has aleo the nover to atteck scre of the Inert
rireral retter of the s0il, and chenge It into forms vhich
are availenle for nlunt food »urposes,"

THY PALNTURE S50TL.--The Talouse soil) or s it is
otherrise terrmed, the c0il of the Tnlend “rmpire, hae its

oriin, for the rost pert) in the disinte reted lava bed of

Qusalt, Tt is a fine dvst-1like c0il ) canahle of holding
roisture for a great length of tire, hile it js not one

of the richest of soils in its totel erovnt of plert food, it

'3

is very rich. Tile reny other soils of the serd-orid

hed 442 rlent food stored up for e es.

rexions i1 hes
Professor Thetcher Sives an analysis of this soil, or its
equivalent, in 3uiletin 85, "Tashington 30ils" previously
referred to. Tt is an sanalysis or "hitrmen County, lechington
sojl, end ves sent to hir in response %0 hisg request, ny

I're 3¢ Ae 3rell of 'inone, Veshington, Trofessor Thetcher

saye of thie soil, "TH shove the sere jeneral cherscteristics
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as the Palouse hasaltic soil." The arglysis is as follovs:

THITMAN COUNTY 50TI, ANATLYSIS,

Insoluble Silica 79,7405
Hydrated " 2.220%,
30luble " 0,495
Potash (YﬁO) 0.506)
50da Ha. 0249
TArme (Ca5) 0.£08%
la,nesia (1;0) 041945
V.an anese D*or*de (}:no
Tron Oxide (Pep0g) 5.196
Alumina (Al 0) 4,725
Phosphoric Pentoxide (Py0g) 0.187
snlrhur Triexide (SOz) 0.4
Carhon Dioxide (CO.)
Volatile and organic matter 54190%
motal T 09.854
Humus 2.848
Total Nitrogen 0.128
Iloisture in dry air soil 1,620
In the Palouse soil, as will he seen, the
proportions of humus and nitro_en are very srall, The

nitrosen present, hovever, iz vhollyr of the availuble lind,
hence the soil is rich, thoush hurus to a lerge degree is
absent,

mEE YELIOT PINE SOTYL, sere as found in Jack Fine
and Zec¢ Pine reglons of llichi_an.--The coniferous soil used
in the exrerirents vas obhtsined frorm the rountains vhere
osranite rock exists. T4 dis cormposed of the disinte rated
rock in cormbination vith the hurmns frorm ever_ reen conifers,

Vellor ¥ine needle soil, Tt is generally helieved thet this

~0il is rnot very rich in plant foods,
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‘e are indebted to the sare svthority, Professor
R. "« Thatcher for an analysis of this s0il also:
ATATYSTS 02 ZVIRARYEN CONTRXROUS 30TIL,
?rom the Moothille of Tatunsh Ilountein Range.
Tear l'oscov, Latah County, JTdeho,
Aravel anrd Sranite 3and £06
Pine Jarth 50¢,
results of Partial Analysis,
Potash 0.977%
Lime Oe 862
Phosphoric Aeid 0.210”
Nitrogen o,“qaﬂ
Fumus (%)
Alvall (%)
Volatile and orgsanic matter (9)
This analysis shovs a hijh rercent of nitrogen in
coniferous soil, but the nitro_en is not in an availabhle form,

A more complete analysie mi,
plent food in this soil

elerent of humus,

can deterrmine vith certainty hov rmuch of the totel

food

evcert thet of evrerirent.

to nhe very

There is no rethod,

nht heve shovn the total amount of
large, especiglly in the

however, vherehy ve

plant

in the s0il is available for the use of different crops,

Tt is, therefore, Yy

experirenting alone,

thet it

arount of evailanhle nitro;en ard other plent

soil

s

rfor the suvccessful enl

throngh the planting of certein crops

nossinle to ascertain vhetrer there is a sufficient

food in the

tivation of these crors,
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THR AT SATDUST SOTL.--This snil vas rede up of
tro-thirds Palcuse s0il avd one-third fresh savdust from a
coniferous lurbher entting sew-mill, The »nurpose of this
comhination wvas to find out vhether the sédition of one-third
of this kind of hurais materipsl to the Palouse so0il vould
influence plant grovth,

THZ OILD DFCAYED SATDUST S0TL,-~This soil vas rade
up of one-third old Vellow Tine lumber sawdust, which hed
been decayins near g mill-site for fen rears or more, and
tvo-thirds Palouse so0il, The ohject of this combination,
liYe thet of the fresh savdust and Palouse so0il, vas also
to discover vhat effect the decayed vood fibre in the form of
hurmus would have on plent growth,

Into the four different soils vhich have just been

5

descrihed vere planted, or sovn, &t the sare time, under
equal conditions ard environments, the trees ard vegetables,

shruhs and cuttings named in the folloving list:

TREES (Seedlings).

American Thite Ash reyinus emericana.
Hard Maple Acer saccharum
EInglish Oak Cuercus

lunm Prunus dormestica
Tornust Rohinia nseudecacia
Blacl: Cherry Prunus serotine
Bartlett Pear Prrus cormunis
Aprle Frrus malus

SERUBS (Plents)

Recpherry Rubus strigosus
Logenberry Ruhus



Blackberry
Gtoosebherry

Currant
Grapes

GRATIS

#ield Pess
Bush Beans
Beets
Tomatoes
Radish
Lettuce
Carrots
Stravberries
Hairy Vetch
“heat

Cats

narley

corn
Alfalfa
"hite Clover
Field Veteh
Squash
Geranium
Rose
Cabhege
Celery
Parsnip
Apnle Seed

AT VEGETLBINS,

Euhus vwillosus
Ribes groscularia
Ribes

Vitis

Pisum sativum
Le;uminosae
Beta vulgeris

Lycopersicunm esculentunm

Rarheanus sativus
Lectuca sativa
Daucus @omestica
fragaria

Vieia sative
Triticum vulgare
Avena 8ativa
Hordeum

Zea meys
lledice 0 sativa
Trifolium repens
Vivia sative
Cucurhita
Gereniaceae
Rosacese
Brassica oleracea
Apium graveotens
Pastinaca sativa
Prrus ralus



o~
i\ o

ror 1ie tire in the 31 of the reur vrern the ceeds
vere sovn ané the snrubs «nd frees plerted nntil the be,inning
of “wirier follovin,, dnily veteh vas rept «nd the resulis of
the errerirents in each soil vere carefully recorded. Mrasd,
the %ire required for the Jerminstion of the ceed and the

leafin, cut of the shrudbs

9]

and trees, In the ¢ifferert «od
vas noted, 1hen the subseaovent nvogress of the rlunte from
day to ény vac entered urcn the record.

The degree of moisture and the climetie corditions
to vhien the plants vere svhleected during: their gyrovth and
developrent vere ¥ent as nearly uniforrm as vas possinle to
ohtsin in a greenhouse,

The folloving records shov in detedl vhet vas
accorplished hy the investigation of the svitability of the

different scils, and their relotive welnes, for the jrcewth

L

and ~roduetivity of the plants used in tre experirents,

TronS (Seedlings).
TN OAITRTCLN LV ETTE ASE (Frexinus smericana)e--
™o trees of srall size, not over two feet in hed _hi and one-
half inech in disreter, each two yesrs o0ld and having ubhout
the esrre arount of root-syster,, vere plerted into frelve-inch
rots, one in coniferous, the other in Telouse so0il,
e tree nlanted in the coniferous coil hegon to

shor its leaves tvelve dayes earlier tren the tree nlanted in

Talouse soil.
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The trece planted in the coniferous soil grew more
rapidly than the tree plantcd in the Palouse soil. The
leaves of the former were of & much darker color then these
of the latter. These relations continuned unchanged

throughout all subsequent growth of the two trees.

Root Systems.

the root system of the tree in the conifgrous soil
was wuch larger anl coarser than that of the tree in the
Palouse soil.

There was a most noticeable di ffercnce also in the
color of the roots of the two trees; that of the roots of
the trce in the Palouse soil was a ycllowish gray; that of
the roots of the tree plantcd in the ccniferous seil was
dark brown.

THE BLACK LOTUST(Robinia Nsendacacia).--The trees
planted were one year old, not over two feet in height and a
little more than one-fourth of an inch in diameter. Their
root systoms were about equal in amount.

The trces were planted in ton inch potse. The tree
in the coniferous soil started to leaf out cight dayc earlier
than thce tree in the Palouse soil.

The subsequent growth of the two trees showed the
same ratio of progress until the end of the experimcnte.

The foliage of the tree planted in the¢ coniferous
soil was darker in color, but neither larger nor smaller than

that of the tree planted in the ®alouse soil.
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Root Systens.

The root system of the tress was about the same in
poth soils. The roots of the tree in the coniferous soil
wore, however, ofi a darker color than those ol thc true in
the Palouse soil. Another decided difference was &also
narked; more and larger nodules developed on the roots of
the tree in the coniferous soil than cn those of thc¢ tree in
the Palouse soil. (See Plante lo. 7, page 71).

THE DPLUM(Prunus domestica).--The trces chosen for
the exyeriment were one year old. They were albout eichtcen
inches high and one-fourth of an inch in dismcter. The ir
root systens werec as near equel as could te obtained. Both
trces were free from all defects. | Ten inch pots were used.

The leaves appeared on the tree planted in the
coniferous soil, nine Jdays carlier than thuse on the tree
planted in the Talouse soil. The growth was equal, however,
in both soils from the time leaves first shovied themselves
on the trces until the end oif the experiment. ‘he s8ize of
the leaves, also was alikec on both treese. The ecolcr of
the leaves, however, was o1 a much darker color on the tres
growing in thc coniferous soil than those cf the tree in the
Palouse soile.

Root Systenme.
The¢ root system of tihe trce in the Palouse soil was

small end consisted of small, fine roots. That o1 the tree
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in tho coniforous soil was coarse and made ur of a considerable
’number of large roots. Tr¢ color of the roots of the tree
in the Talouse so0il wes yellow, while that of the trce in the
ccniferous soil was dark brown.

THT HARD MAPLE(Acer saccharum).--Two trees of about
equal size were planted into twelve inch pots. The trecs
were twenty inches high and five-tenths of an inch in
diameter. They were about one year old and had approximately
the samc amcunt of root system. The trees were perfectly
healthy in every way and without deformities or defects of
any kind. |

The opening of the buds on the tree planted in the
coniferous soil was noticed a few days earlicr than the same
point rcached by the tree planted in thé Palouse soil. The
leaves of the trcec growing in the coniferous soil were no
larger, but wore of a darker color than tho ieaves on the
tree in the Palouse soil. The tree in the coniferous soil,
however, showed a more vigorous growth than was shown by the
tree in the Palouse soil.

Root Systems.

The root srstem of the tree in the coniferous soil
was very much more extensive than that of the tree in the
Palouse soil. The roots of the former were, also much
larger and cbarser than thosc of the latter. The same

contrast of color noticed in the roots cf trecs previously
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described was uagain shown in these !aple trees. That is,
the roots of the tree in the ccniferous soil were dark brown,
while those of the tree in the Palouse soil werc licshter in
color, showing & ycllowish tinge. (See Plate lio. 1, page 62).
74% SCARLET OAK(Quercus coccinea).--The trees, each

two years old, werc planted in the differcnt soils in twelve-

inch »ots. Jach trce was twenty inches in height end
fourteenth of an inch in diameter. The treces were both as

nearly perfect as rossibley or, in other words were hcalthy
and free from defedats and deformities. Leafage appeared
on the tree in the coniferous soil about one week earlicr
than on the trce in the Palouse scil. The color of the
leaves themselves were sormewhat smaller in size than the
leaves on the trce in the coniferous soil.

Root Systems.

The rocts of the tree in the Talouse so0il were very
much swmaller as well as fewer in number than the roots of
the tre« in the coniferous soil. In regard to the color
of thoe roots the same difierence heretofore mentioned in the
description of other trces was seen; the tree in the
coniferous soil had dark brown roots, while thc roots of the
tree in the Palouse soil werc of a yellowish gray color.

THR CHERRY(Prunus serotina).--The cherry trces
plantcd were seedlings measuring about twenty-four inches in

height and five-tenths of an inch in diameter. They were
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vigorous trces showing no deformitics, and had developed

sbout the usual amount of root system. They were planted
into tweclve-inch pots. The trce in the coniferous soil

showed its first leaves eight days earlier than the one in
the Palouse soile  In neither soil was the growth satisiact-
ory; in faet very jpoor in both soils. It was so poor
indced in the Palouse soil that the tree failed entirely
before the exncriment could be carried to a closec. One
difiference was shown in the trces; the foliage of the tree
in the ccniferous so0il was of a much darler color than that
of the trec in thc Palouse soil.

Root Systems.

The roots of the trce in the coniferous soil were
very much larger ani coarser than thc roots of the trce in
the Palouse soil, which were fine and small. The cclor of
the roots of %the tree in the Palouse so0il was of a liéht
grayish yellow, while th:t ol the roots of the tree in the
coniferous soil was dark bLrown.

T4 PTAR(Pyrus communis).--Two one year old trecs
were chosen for the expcriment. They were eighteen inches
in hoight and fourtcenth of an inch in diameter. They were
nealthy trees, without deformities, and with normal root
systems about alike in both. | Twelve inch pots were usede.
The tree in the coniferous soil lcafcd out five da;s earlier

than the tree in the Palouse soil. Subsccuent growth of
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the two trees showed athout the sark ratio of rrogresse. The
leaves were alike in size on the two trees, but the cclor of
the foliage of the tree in the Palouse soil was lightc¢r then
that of the foliage of the tree in the ccniferous soil.
Root Systems.

Tho tree in the Palouse soil developed a root system
made up of roots of a fine and small type. In contrust,
large, coarse roots formed the root system of the tree
growing in the coniferous soil. The color of the roots,
as was the case with other trees used in the investigation
differed decidedly in the two soils; tiwt of the roots
of the tree in the coniferous soil being of a dark brown,
while that of the roots of the tree in the Palouse soil was
of a yellowish gray. (Sece Plate llo. 11, page 76).

THE APPLE(Pyrus malus).--The trecs experimented with
werc seedlings one year old. They were about thirty inches
in'hoight and five-tenths of an inch in diameter. Heal thy
frees, without blemishes, each having about the same amount
of root system were selected. They were planted into
twelve inch pots. The tree planted in the coniferous soil
unfolded 1ts first leaves one week earlier then the tree
planted in the Palouse soil. A like progress in growth,
or rather a 1like ratio of progress was mauintaincd between
the two trces throughout the cxperiment. The leaves on tre

trce in the coniferous soil did not differ in size from those
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on the tree in the Palouse soil, but were of a darker color.
Root Systems.

The roots of the tree in the coniferous soil were
larger, coarser, and more in number than those of the tree
planted in the Palouse soil. The color of the roots of the
tree in the Palouse soil was yellowish, while that of the
roots of the tree in the coniferous soil was dark brown.

(See Plate lio. 3, page 65).

Tii RASPBERRY(Rubus strigosus), THE BLACKBERRY
(Rubus villosus), THE LOGAIBERRY(Rubus (?) ).--These thres
plants were dug up with about the same amount of root
system and with the same length of stem, the latter being in
each plant about six inches long. The plants were replanted
in the two soils, in ten-inch pots, December 11, 1909. The
plants sprouted in each soil at about the same time, from
February 10-12, 1910. There was very little difference
in their growth in the different soils. In other words
these berry plants grew about as well in the coniferous
as in the Palouse soil. The leaves of the plants in the
conifcrous soil were of a darker green than those on the
rlants in the Palouse soil. The size of the leaves,
however, was abcut the same on the plants in both soils.

Root Systems.

The roots of the plants in the Palouse soils were

fine in texture, small, numerous and of a yellowish color,

while those of the plants in the coniferous soil were large,
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coarse, and less numcrous, and of a darker grecn color.
(See Plagtes 40 and 41, pages 118 and 119).

THR_GOOSEBJRRY(RibLS grossularia), TH! CURRANIT
(Ribes (?) ), T4 GRAPH(Vitis (?) )e.--For the cxireriments
with trese three plents,cuttings were used. These cuttings
were five inches long and threc-tenths of an inch in diamc tere.
They wore talen from well-grown, healthy stocks, and were
planted into ten inch potse ™o buds on each plant were
left above the s0il for growthe. The cuttings were planted
Decembor 11, 1909. The cuttings of all three plants in
the coniforous soill started to leaf out Felruary 2, 1910.
Ten days longer were required to bring the plants in the
Palouso soil to the poiht of leafage; their first leaves
appeared February 12, 1910. Very little difierence is
noted in the sulbsequent growvth of the plents in the two soils,
except in the case of the grapes. The grape cutting
made a better growth in the Palouse soil than its mate in the
coniferous soil. The leaves of the three plants in the
coniferous soll were darker in color than those of the plants
in the Palouse soil.

Root Systems.

The roots of the plents in the Palouse soil were
fine, small, and numerous, while those of the plants in the
coniferous soil were large, coarse, and few in number. There

was little difforence in trne color of the roots in the two soils.
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GRAINS AND VEGHTABLES.

TH? FIFLD PRA(Pisum sativum).--The four soils,
Coniferous, Palouse, 0ld Sawdust, and New Sawdust were uscd in
the experiment with the field pea. The soils were fillcd
into six inch pots in which the sced was sown on December 11,
1909. Germination took place in all at about the same
time, December 18, 1909. Three plants were left growing in
each pot. These indicated from the start that there would
be very little difference in their growth, in the dififerent
soils. A slight difference, however, was shown in later
growth, the plant in the coniferous soil producing a healthier
looking stalk and its color being of a darker green. The
plants in the three other soils continued to be about equal in
growth and general appcarance.

Root Systems.

The roots of the plants in all of the four soils
showel nitrogen nodules. The nodules were more numcrous,
however, on the roots in the coniferous soil than upon those
developed in the other soils. In the Palousc soil and in
the New Sawdust s80il the roots werc similar in fineness, size
and number. In 1likc manner, the roots in the coniferous
and 01d Sawdust soils corresponded in number, size and texture.
In the two last mentioned fewer roots were developed and they
were larger and coarser than the roots in the other two soils.
The color of the roots wus about th¢ same in all of the four

soils.
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TH? GARDEN BEET(Beta vulgaris).--Sceds of the garden
beet were sown into cach of the four soils, in six inch pots
on Deccmber 14, 1909. About Janwary 2, 1910, the plants began
to spring up. The sceds sown in the Palouse soill germinated
slightly in advance of those in the other soils. Later
developments proved that the Palouse soil was germinated slight-
ly in advance of those in the other soils. Later develop-
monts proved that the Palouse soil was the bost of the four
soils not only for the germination of the sced, but for the
growth of the plant. The coniferous soil ranred second
in velue, 0ld sawdust third, and new sawdust fcurth, for
adaptability to the culture of the garden beet. The
description of the root system is given in the description
of the Plates los. XXXVIII and XXXIX, pages 115 and 116).

THE POTATO{Solanum tubcrosum).--The same variety
of the potato was usedy for the experimant, in 211 of the
four soils. The portions of thec tuvers planted, were as
nearly as possible of a like size nieces from one-half to
three-fourths of an inch in thickness including two cyes.

They were planted in the different soils into six inch pots,

December 14, 1909. The plants came up in each soil, at
about the same time, April 1, 1910. Their growth was
very nearly alike in all of thc fouwr soils. Towards the

end, however, the plant in the Palouse soil grew a litsle

higher than the plants growing in the other soils. The
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stalks produced by the coniferous and old sawdust soils were
thicker and more vigorous than those nourished by the Palouse
so0il and thc new sawdust soil. The color of the stalks
and leaves of the plants in the 0ld sawdust soil and in the
coniferous soil was of a nuch darker greon than of those in
the other two soils. For root systcm and tubers formed
see description of Plate No. XLIII, rage 122.

TOMATO SEED AHD TO!ATO PLANT(Lycopersicum
esculentum).--The four soils, in six inch pots,as usual,
received the tomzto sced sown December 11, 1909. The seeads
germinated and showed their first leaves above the soil
January 10, 1910. There was no difference in point of
time of gormination of the seeds in the differcnt soilse.
After gormination, however, the plants in the Palouse soil
took the lead in growth ani ketp it until the end of the
experimente. Five nlants were left‘for growth in each pot;
The plants in the coniferous and old sawdust soils were
darker green in color than the plants in the new sawdust
and Palouse soils.

Root Systems.

The roots of the nlants in thc Palouse soil were
small, numerous, snd of a Ifine texture, while those of the
plants in the other three soils werc coarse, few and largce.
No difference appocared in the color of the roots of the
plants in the different soils.

Tho tomato plants 1llustrated were plants that haad
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bcen grown in threc¢ inch pots. They were of about the same
size and quality. These plants were transplanted into
six inch pots in the four different soils. Their subsequent
behavior was similar to that of the plants raised from soecd
as described. For further explanation sco Plate No. VI,
rage 70, and ®late No. XI, page 7G.

T BRANS (Leguminosae).--Four six inch pots cach
filled with a different one of thc four soils were used for
the sowing of the bean seed, December 11, 1909. This seed
failed to come up in any of the soils. Another sowing
was made on Januery 24, 1910. This last seecd germinated
and the plants appearcd in all of the four soils at about
the same time. ™wo plants werc left in each not. The
growth differed 1ittle,if at all in the soils, throughout the
experinent.

Root Systers.

The root system of the plants in the coniferous
s0ll was larger than that of the plants in the other soils.
The roots developed in the coniferous soil showed more and
larger nitrogen fixing nodules.

The plants illustrated show a difference in rcspect
to cne so0il, the new sawdust scil, in which the growth is
less vigorous. Sco descrintion of Plate XXIII, pasge 92.

TH'S RADISH(Rgphanus sativus).--The radish sccd was

sown in the four different soils, each soil in tho usual
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six inch pot, December 11, 1909. The secd in the Palouse
s0il germinated on the sizteenth of December and that
planted in the other soils gbout two days later. The plants
werc thinned out,threec only being left to grow in cach jot.
The growth in resrect to the top jart of the plants varied
somewhat in the differcnt soils; the plants in the Palouse
soil took the lead, thc others ranking as follows: those
in the old éawdust soil second, in the new sawdust third,
and in the coniferous fourth.

For description of the root systems of the radish
in the different soils sce description of Plaﬁes Nos. X¥X
and XXXI, pages 103 and 104.

LETTUCE (Lactuca Sativa).--Lettuce sced of the sanme
variety was made use of in the exmeriment. It was sown in
the four soils contained in the samc sized pots, six inch
found vest adapted to most of the other seeds planted. The
date of the sowing of the lettuce scecd was December 12, 1909.
On Decomber 18, the new born plants pushed their way to the
surfacc through all the four soils alike. Later their
progress, in the different soils, became very diffcrent. 1In
the coniferous and new sawdust soils the plants made very
little growthe. In the Palouse s0il, on the other hand, the
plants flourished and made & strong and vigorous growth.

The plants in the 0ld sawdust soil were second in ratio of

development.
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The description of the root sysvtems is given in
the description of the Plates XXVIII, gnd XXIX, rages 100 and 101

TH4 CARROT(Daucus carrota).--The carrot seed was
planted at the same time and sul jJected to treatmnt similar
to that given to the lettuce sced. The gemmination of the
seed, and the subsequent development of the plants in the
four 1ifferent soils in likenesses and dific¢rences so noarly
resembled like processes in the lettuce that a detailed
aacount of the growth of the carrot abovq ground nced not be
given here.

The root systems of the carrot in.t}x four soils
are included in the description of the Plates Nos. XXXVI
and XXXVII, pages 97 and 98.

TH HAIRY VATCH(Vicia villesa).--Again, as with
the other vegetable scod with which experiments werc mnade,

the seed of the hairy vetch was sown into the four soils

filled into six inch pots. This seed was sown Decemter 14,
1909. Threc weeks werc required for its germination which
took place January 6, 1910. The ;lants came up in all

of the soils, with no apparent differcnces, and at the sume
tine. They made, at first very slow growth. “/hen the
plants were thinned three were left to each soil. After

a month or more all of the plants mede a noticeably quicker
growth. This growth was ahout eaqual in amount in &ll of the

four soils, with possibly a trifling difierence in favor of
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the coniferous soil.
Root Systems.

The roots of the¢ vetech plants in the coniferous
soil produced larger and more numcroﬁs nitrogen fixing nodules
than the roots in the other soils. For more complete
description sce Plete No. XVIII, page 86.

THE WHREAT, OATS AND BARLEY(Triticum vulgare, Avena
sativa, and hordeum)--These three grains were sown into the
four different soils on December 11, 1909. For the use of
the experiment with each kind of these smell grains, as with
the vegetavle seeds, six inch pots seemed most suitable.

The grains of all three kinds, sprouted end found their way
through all of the four soils respectively, at about the scme
date, December 18, 1909. In their first growth the three
kinds of plants displayed little difierence in any of the
soils, or in all of the soils. After this the plants were
thinned out five only being left to each pot. In subsequent
growth a change in their relative progrcss was manifosted.
The barley now took thc lead, the oats followed second in
order, and the wheat ranked third. 7ith a1l of them the
Palouse so0il proved most fuvorable to threir growth, the old
sawdust ranking second, the new sawdust third, and the
coniferous soil fourth. 0f the three grains the barley
mgtured firste. And in correspondence with its growth in the

differcnt soils, the barley matnured first in the Palouse soil,
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second in the old sawdust soil, third in the new sawdust soil,
and last of all in the coniferous soil. The oats followed
the barley in point of time of meturity, and in thc s:ume
rotation us to the soilse. the wnheat wac & little longer
than either of the other grains in neturing, but followel the
same rotation in time iﬁ the different soils.
Root Systems.
The roots of these three grain rlants in the
ceniferocus soil were alile coarse, large end few in numicr.
In the Palouse soll the roots of all were finc, snall and

numerous . The color of the roots was the same in £11 of

o)

the four soils. For further account of the bLurley prlants
see description of Plates Hos. X{IV and XXV, paces 94 and 95.
For oats and wheat plants sec description of Plates Nose.
XXVI and XXVII, nages 97 and 98.

T CORN(Zesa mays).--The corn was planted also on

December 11, 1909. Six inch pots filled with the four soils

were usede. The secd geminated and the plaunts showed
themselvecs January 2, 1910. The secd would have germinated,

probably, somewhat earlicr had it becn subjected to greatecr
heat. Wo difference was shown in this first process in
the diffcrent scils. The seed not only came up in &l the
soils at the same time, but the first growth of the plants
differed 1little. The plants were thinned out to three
stocks to each pot. For som¢ time afterward the growth

in the different soils continued the s»rme. When three wecks
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had pessed, however, a marked differcnce mainfested itself
between the plants in the Palouse soil and those in the
other three soils. The ratio of growth in these three
remaining soils differed also. The plants in the old
sawdust soil making th¢ next best progress to those in the
Palouse soil, those in the coniferous soil coming third in
order of growth and in the new sawdngt soil fourth.
Root Systems.

The roots of the plants in the Palouse soil were
much finer, smaller and more numerous than the roots in the
old sawdust or coniferous soils. In the old sawdust,
coniferous,and new sawdust soils,the roots were very much
alike. For more detailed description of the corn plant
growth and the effect of the differant soils see ™late lo.
XVII, page 85.

THE ALFALFA AND WHITE CLOVER(Medicago sativa,
Trifolium repens).--For the cxperiments with these two
leguminous plants six inch pots were again used. The secrds
were sown into the four soils December 11, 1909. Both
kinds of seed geminated seven days after they werc¢ sown,
the plants éppearing above ground in all soils alike,
December 18, 1909. With one.exception the plants showed
1ittle or no difference in point of growth in any of the.four
soils. The alfalfa plants were a little less vigorous in

the coniforous soil than in the othér three soils.
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Root Systems.

The root systems of both the alfalfa and the white
clover showed that in all of the four soils that nitregen
is fixed from the 8ir by the nitrogen £ixing nodulcs. In
both kinds of plants the nodules were more numerous and
larger on the roots in the coniferous soil than on those
growing in the other threc soilse. The roots of the plants
in the coniferous and old sawdust soil werc lerger and coarser
than those of the plants in the other two soils. For
further details see descriptions of Plates llos. XV and XVI,
pages 82 and 83.

T3 FIKLD VETCH(Vivia sativa).--In the experimcnt
with the field vetch thc same procedure was fcllowed as that
used in planting the field pea and the hairy vectch. The
same time for gemination was required for thc seed of the
field veteh as was noted in the field pea about seven days.
The subsequent growth lilec that of the field poa did not
vary greatly in the different soils, though it secmed to be
slightly better in the coniferous soil. The root systems
were the same as those observed in the fic¢ld pea. See
Plate lNo. XIII, page 79 and desoeription.

THE CAB3AGE AND PARSHIP(Brassica oleracea and
Pastinaca sativa).--The secds of the Cabbage and rarsnip were
scwn ihto the fouwr soils, December 11, 1909. Six ineh pots

as usual, received the seed, in the differcnt soils with
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which they were fillcd. In each pot the seeds germimated
in nine days. llany plants appeared, but they were thinned
to five in each soil. These continued to grow with more
or less vigor in all of the soils. The relative 1 rogress
was about tho same in both vegetables. Both made the best
growth in the Palouse soil. The o0ld sawdust soil proved
to be second in its adaptability to the developrxnt of these
plants, the new sawdust third, and the ccniferous fourth.
This ratio continued throughout the growth of thc¢ plants
until the end of the experiment. The root systems of the
cabbage and rarsnip as prcduced in the experiments are given
in the descriptions of Plates Nose XYVII and XYXIII, pages 106-1¢
and Platus Hos. XXXIV and XXXV, pages 109 and 110.

CELERY(Apium graveolens).--The seeds of the celery
were sown under conditions 1lilke those to which the seeds of
the Alfalfa were subvjectecd, and the sowing was similar in
manner to that of the letter. The date of thc sowing was
December 11, 1909. The process of gormination was very
sSlow. llore than & month assed before any of the celcery
rlants appearcd. The germination of the seecds, however,
took vlace at about the sume time in all of the four soils,
Jenuary 14, 1910.

The plants were not thinned out. Their after
growth showed some veriation in the difierent soils. Again,

the Palouse soll produced the most vigorous plants, while the
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old sawdust s0il again ranked second in resypect to the growth
of the plants. The third best plants were developed in

the ccniferous soil. The new sawdust soil grew the poorest
of the celery plants. In the old'sawdust and coniferous
s0ils the color of the plents was of & darker green than

that of the plants in the Palouse and new sawdust soils.

Root Systens.

The roots of the plants in the Palouse soil were
short, fine, and slender, but numerouse. The plants in the
coniferous and cld sawdust soils hed few roots and these
were long and coarse or large. The roots of the plants
in the new sawdust soil werc of medium size, yet rather larce
than small, but were few in number. The color of the
roots was alike in all, without regurd to the charucter of
the soil. See Plate lo. XIX, pape 88.

THE SQUASH(cucurbita).--The squash sced was plented
in the four soils, in six inch pots, December 11, 1909.

A month nassed and no plants appeared. As the first seods
failed to germinate a second trial was made January 10, 1910.
The seods then planted came up on February 8, 1910. The

time requirel for germination was the same in all the four
soils. ™wo plents were left in each pote. A ccnsideralle
variation was shown in the subsequent growth of the plants

in the different soils. The Palouse soil as nsucl, took the

load, yrec hicing much more vigorous plents than trese produced
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by the other soils.  Next to the Palouse soil for the Lest
growth of the saquash came the new sawdust soil, the old
sawdust and coniferous soils renking third and fcurth
resrectively.
Root Systense.

The roots of the plants in the Palouse soil were
smali, fino and numerous. In the coniferous s0il the roots -
of the plants were coarse, large, and few. In color no
difference was shown in the roots of the plants in the
differcvnt soilse. See Plate o. VIII, page 73.

THi} APPLE SEED(Pyrus malus).--The seeds used for the
expcriment wore taken, in the Fall of the year, from apples
raised in the Washington State College. They were planted
in the four difforcnt soils, each soil in its own six inch
pot, December 11, 1909. The seeds germinated and the
first seedlings came up through the soil February 3, 1910.
The seeds in the coniferous so0il made slichtly Letter time
in germination than was made by the seeds in the other soils,
and in that soil the first seedlings appearcd. In euch pot,
after the necéssary thinning-out process, four plants were
left for growth. The subsequent growth of the little «trees
was about the same in all of the four soilse.

Root Systems.

The roots of the apple seedlings in the Palouqe

801l were small, fine and numerous; in the other three

soils they were fewer in number, coarse in texture and mch
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larger in sicze. A slight difference in color was shown in
the different soils; the rcots in the Palouse soil were
yellowish in color; the roots in the coniferous soil were
dark gray. See Plate No. XIX, page 88.

THF STRAVBERRY PLANT(fragaris).--The strawberry
plents were taken from the Washington State dollege orchard
on December 16, 1909, and planted into the four soils in
six inch pots. The root systems of the four plants were
about the samce. The plant in the coniferous soil began
to grow, putting forth new leaves, February 2, 1910. The
plants in tho other soils lagged behind ten dsys longer.

When they began to grow, however, they kept up with the plant
in the coniferous soil in all subsequent growth, vhich was
nearly alike in all of thc soils. The first runner,
however, was put forth by the plant in the Palouse soil.
The only other variation in the plants; above ground, was in
the color of the leaves which were darker on the plants
growing in the coniferous and o0ld sawdust soils.

Root Systems.

While the strawberry plants appearcd to be so
nearly alike, there was a neri-ed difference in the root system
of the plant in the Palouse soil and that of the plant in the
coniferous soil. The roots of the plant in the coniferous
soil, and also those of the plant in the old sawdust soil,
were few, large, and very coarse in texture. The roots of

the plant in the Palouse soil were numerous, small, and fine
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in texture. The roots of the plent in the new sawdust
s0ll resembled those of the plants in the Palouse soil. In
the coniferous and old sawdust solls the color of the roots
were alike, a dark browne. The roots of the plants in lioth
the Palouse and the new sawdust soils were oi a yellovish
color. See Plate, XX, page 89.

TIL% GERANIUM PLANT(Geraniaceae).--For the experiment
with the geranium, plants were taken from three inch pbts in
wnich they haed been growing and transplanted into six inch
pots into which the di ffcrent soils, as usual, had been
filled. The transolanting was done December 13, 1909.
Plants had bcen selected of as nearly as possible the same
size, and of a like vigor of growth, and of the samc variety,
for planting in each soil.

From the beginning to the end of the experiment
the plant in the Palouse soil mande a nuch more vigorous
growth than was at any time reached by the plants in the
other three soils. In this point of growth the plent in
the old sawdust soil was second best, while the plant in the
coniferous soil ranked third, and that in thc new sawdust
soil was last in order of excellence. The folisge of the
plants in the Palouse and new sawdust soils contrasted very
strongly with the foliage of the plants in the coniferous
and old sawdnst soils. In the first two the leaves and

stems were very light in color; in the last two the
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foliage was of a darker green. The plants in the Palouse
and coniferous soils rroduced flowers that were in all
rospects perfect. The flowers on the plants in the old
sawdust and new sawdust soils were, on the othcr nand,
incompletely develoned and imperfect.
Root Systems.

The same diiffercnces in the root systems in differcnt
soils noticed in many of the plants which have been described,
were sccn in the root systems of the geranium plants. The
roots of the plant in the Palouce so0il were finc in texture,
small in size, and many in number; those of the plants
in the coniferous, o0ld sawlust and new sawlust soils were
coarse in texture, large in size and few in number. The
color of the roots as developed in the four soils wus in all
very ncarly alike. Sec Plate lo. V, nage 68.

TH® ROSE PLANT(Rosacae).--The rose plants used in
the experiment were talen from two inch pots in wnich they had
been planted as cuttings. They wero healthy plants of
about equel size and alike in development or growth. They
wore nlanted into the four soils, contained the same sized
nrots most cormonly usedl in the investigation, six inch,
December 135, 1909. lone of the plants made a very strong
growth during the winter. There was sore differencc,
however, in tlie progress they made in tne different soils;

it was observed thet the plant in tihe coniferous soil grew more
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vigorcusly than the plants in tre other soils. The leaves
of the plant in the coniferous soil, moreover, looked
hocalthier ani werc of a darker grcen color than the leaves
of the plants in the Palouse soil, the o0ld sawdust soil, or
the new sawdust soil.
Root Systems.

The root system of the rose plant in the coniferous
soil was very well developed, but the roots werc¢ few in
number and these large in size and coarse 1n texture. The
root systoms of the plants in the other soils consisted of
small roots, also few in number, but of a finer type than
these developed in the coniferous soil. See Plate lo.
XXI, pago 91.
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CONCLUSIONS REACH®D AlD
ROSULTS OBTAINID.

In summing up the results of the exporimcnts to
determine the value of Yellow Pine or Jack Pine soil for plant
growth a few prominent facts become manifest, and it scems
most obvious that upon these facts it is proper to base all
conclusions.

First,the experiments show that plants of the
leguminousae family do well in the coniferouns evergreen soil.
The same plants make good growth also in the o0ld decayed
sawdust soil and in the new sawdust soil. In this connection
the peculiar fcature of the leguminosae family is brought to
the front; prlants of this family alone are capalle of
supplying their own nitrogen.

Second, plants which are not capable of supplying
thoir own nitrogen, and which find it necessary to absorb a
great deal of nitrogen in satisfactory growth, do not do well
in the coniforous soils. These same plants, under the same
conditions, thrive in Palouse soil, which soil is spceially
well-known for its fertility, thc possession of a large
amount of available plant food. This di fference of growth
in the two kinds of soil secms to nrove conclusively that
coniferous soils are to a large extent devoid of available
nitrogen as a plant food.

Third, the experiments showed that the lesuminous
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plants such as the clovers, locust, peas, vetches and beans,
made as pood a growth in the coniferous soil as in the Palouse
soil. In some instances thc growth of the plants of this
family was better in the Yellow pine or coniferous soils than
in the Palouse soil.l This fu«ct proves that, nitfogen
excepted, all othar plant foods are prescnt in snfficiently
availahble quantities in the¢ evergreen coniferous soil. For
illustration of this conclusion see Plate lo. XXIII, nage 92.

Again these facts find the same strong proof in the
recsults of the study of the root systems of the different
plants. Very slight difference is shown between certain
vegetation that builds up its substance in the root, as in
the radish, parsnip, carrot, beot and other like root
developing plents, and certain other vegetation that makes
its greatcst and most important growth above ground, as in
such vegetables as the cabbage, tomatoes, lettuce and the
grains--all great consumers of nitrogen. In these two kinds
of vegetation, so notably unlike in th¢ manner of their grcwth,
where the root system is concerned, the results of the
experiments prove that nitrogen is lacking in the coniferous
soils, while an abundance of plant food is present in the
Palouse soil.

The expeorimecnts show that the vegetation growvn in
the 0ld decayed sawdust soil and also that in the coniferous

s0il was of a darker grecen color than the vegetation grown



49.
in the other soils. This differcnce was due, no doubt, to
the humus and *he available amount of potash present in the
coniferous and 0ld sawdust soils. The specially vigorous
growth of thc¢ trces and the potatoes, as well as the fine
growth of thc¢ leguminous plants in these soils may be
attributed to the comparatively larger cvantities of potash
and to the phosphorie acid present in them.

The horticultural trees made as good, if not hetter
growth in the humus soil of the needle leaf or old sawdust?t,
as in the Palouse scil. This fact proves that there is a
sufficient amount of »lent food in this humus soil for the
sustenance and growth of these trees. It proves, moreover,
that the lack of nitrogen is of less importance in the growth
of fruit trccs than the lack of potash and phosphorie acid,
two food elcments which are abundant and available in the
coniferous coilse. These conditions observed in the experi-
ments with the horticultural fruit trees, obtiined also in the
growth of forest or landscape gardening trces, maples, oalks,
locusts, eshes and others, end the same conclusions are
warranted; tret in their cultivaetion of growth; thc absence
of potash and phosphorus in the soil counts for much more than
the aisence of nitrogen; and, thereforo, that the coniferous
soils in which these elements are plentiful, though nitrogen
is wanting, are adapted to the growth of forest as well as

fruit trecs.
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For a lcng time it has beon supposed that coniferous
soils had in them some poisonous substances in the form of
acilis, resin and oils. That idea had not held good in the
experircnts followed in this investication. It has lLeen
demonstrated that not cnly do trees and other plants which
rcquire 1ittlé  or no nitrosen, tut rlenty of potash and
phosphoric acid grow vigorously in the coniferous cvergrecn
soils, but that trces and plants which su;ply their own
nitrogen flourish in these soils. ilore trhan that, thcse sane
trecs and plants able to supply their own nitrogen do as
well in tho coniferous soil as they do ip a soil 1like the
Palouse-rich in food elements, containing no »oisons, end
devoid of humus. In some cases sunch trecs and pleants have
done better in the coniferous than in the Palouse soil.

There can be no doubt that the o0ld seying "Fertility
is more than soil" has becn abundantly evidenced :nd has
gainecd some strength in these expecriments. It must be borne
in mind, the fact ecennot be exnressed too often or too
emphatically, that fertility is more than mere abundance
of plant food. Fertility talkes into consideration humus,

climate, water and tillage.

PRACTICAL INPORTANCE OF THE
EXPERINTIITO .
If the conclusions rcached through the results of

trhese exreriments are correct, they cannot f2il to be of
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vast importance in practical application in the grest
Horth-west, the llichigan rineriet and in mauny sections of
the Horth-east, where the forc.tc arec composed chiefly of
evergrcen trees. The investigation into the uses of
coniferous evorgreen soil seoms to have rroved beyond per-
adventure its groat latent possivilitics for certain
horticulturul and agricultural purposese. The results of the
experimcnts offor a solution of the greet, much discussed
question, "What profitable use can be méde of the logged
off lands and the cut over lands while the stumps are
decaying®"

Other careful students have come to similar
conclusions, as to the use of these lands, but from a different
standpoint. They have realized that tne &tumps cannot bve
removed in any practiceble way and suggest that these lands
be made of present use for dairying and fruit-ralsing
purposes.

In these experiments the soil has been analysed in
a chemical way and 1t has been found thet graisses ani trees
can find abundent nourishment in most 6f these coniferous
soils. By the actual growth of all manner of vegetables
in those scils under like conditions it has been caonclusively
rroved that grasses, aside from grains and cereals, and fruit
trees are, of all vegetation, the best adapted for culture

in conifurous evergreen soils.
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The chemical analysis of eversreen coniferous soil
from many parts of the North-western country and the Fastern
and Southern pineriet shows that the amount of nitrogen
evailable is very smnall in all cases, while the total amount
present may still be large enough for crop growth.

A general thecry, wrich has been he¢ld ior a long
time and is still believed, is that treces enrich the soil
through the falling of their lesaves; thet these fallen
leaves producing humus, supply nitrogen. This theory is
contradicted, however, in its application to thc coniferous
species of trees. Investigation discloses the fact that
coniferous trecs use up the nitrogen as fast as it is
produced. Nothing, therefore, can be added by thesoc trces
to the soil except what may be given by old or decayed wood
after the land has been logged off. If refuse were allowed
to decay slowly on the logged off land, and if thcre should
be no more forest»growth or growth of any kind, the land
would become rich in nitrogen for future plant growth. In
most cases this fortunate ccndition is not rermitted. In
many places fire sweeps over the land again and again, burning
up or destroying the nitrogen. Often water washes the
nitrogen to the seas. Not infrequently, a second growth
springs up which finds nourishment in the¢ decayed or decaying
material, and absorbs the nitrogen as fast as it is produccd

and mgde available.
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It would seem to be the part of wisdom, thcrefore
to plant these logged-off and cut-over arcas in trces which
do not require for their growth a large amount of available
nitrogeny and in such grasses and forage plants as are able
to do without much or any nitrogen that must come from the
soil.

It has been proved that all plants of the
Leguminosae family will do well on &ll such land if moisture
is present in sufficient quantity.

The leguminous plants, moreover, will enrich the
soil, and never deplete it, and if in later years other
crops should be nlanted there, there would be an assurance
of an abundant harvest. |

In the course of years the o0ld stumps will disaprear
and in their place the logged-off land, properly uscd, will
be covered with fine fruit trees or meadows of great fertility.

It may again be repeatcd that the common belief tret
coniferous soil has been made poisonous through the prescnce
of turpentine, pitch, rosin, andi similar substances, has
long been exploded. ' The experirmcnts connected with this
investigation, as has already beun said, prove indisputally
that leguminous plants grow not only as well, but even better
in coniferous soil as in any other under 1ike climastic
conditions.

It is safe to predict a great future for these lands
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and great finaneial success for men who use them for fruit
raising or turn them into dairies large or small.

As a8 rule thcuse coniferous soils are porous enough,
and the land they compose is sufficiently well drained to
make good fruit farms under favorable climatic conditions.

It is true, failures havc becen reported in respecct
to the growth of legumes on coniferous soils. These
failures have been for the most yart a question of moisture.
In some cases the moisture from above has not been sufficient;
in others the ground has been left so loose thet there could
be no cgpillarity from below. Newly cleared land containing
a large amount of undecayed humus must be packed solid, or
plowed deeply that enough suﬁ—soil may be brought up to mix
with the top soil and thereby insure capillarity.

The chemical analysis of the evergreen coniferous
80ils showed that they include in thcir composition e
sufficient amount of &ll kinds of plant food. That per
cent of these food elements was available for plant food
could only be ascertained by actual experime nt with e variety
of vegetation planted into these soils under like eclimatic
conditions. This experinent has lLleen made, as detailed in
this thesis, eand the fact that cnly a srall per cont ol jlant
food in the coniferous soils is availahle, has been detcmmined.
In shert it has been ﬁrovel, that, with the exce; tion of
certain grasses, leguminous plants and froit trces, coniferous

soils do not furnish enough available nlant food for plant
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growth, or for the cultivation of crops in general. The
c¢xecoptions, however, are suftficient to show the great possible
value of coniferous soils for agricultural and horticultursal
puIrposes.

The inmportance of the experiments as shown in the
conclusions reached in reference to fruit culture in
coniferous soils finds confirmetion in the folluwwing testimony
of Professor L. F. Henderson:--

"Therc is no doubt that an admixture of pine needles
improves the soil for tree growth. I have seen that on my
ranch near Moscow, and again on my ranch &t Hood River.

Most perscns have a theory that raw land into which quanti-
ties of neeilles have been plowed is bad for fruit trecs,
shows 'too much resin', 'too drying,' ets., but it is all
boshe. Newly clearcd land at Hood River last year grew the
finest young trees any one had seen, and on my place was no
irrigation. It is the same thing on my Moscow ranch. It
seems that the consequent addition of humus is just what

the young trees want. I have heard of people living in
the peach belt of New Jersey going miles to get pine needles
with which to enrich their peach orchards.”



THS HORTICULTURAL AllD AGRICULTURAL
US® OF YILLOW PINY CONIIFIROUS SOILS.

The results of the experiments to ascertain the use,
if any, of thc evergreen ycllow pine coniferous soils for
horticultural and agricultursl purposes ray be summed up as
follows:

First, In all cases where the climate and mecisture
conditions arc suitable, trees ani plants which reaquire very
little immediately available nitrogen may be planted and
raised successfully in the evergreen coniferous yellow ypine,
Jack and red pine soils.

This promise having been positively established,
the following recommendations may be confidently accertcd
and nut into practice:

(A)--That fruit trees of &1l kinds, such as apple,
peach, pcar, plum, cherry, cuince, and nut trees of various
kinds be planted in evergreen coniferous Yellow *ine soils.
They may be expectcd to do well if as has been said, climate
and moisture conditions are favorablc and a small amount of
fertilizer is used.

(B)--That evergrcen coniferous soils be made use
of for the culture c¢f all kinds of berry crops, strawberries,
loganberries, raspuerries, blackberries, currants and others.
These msy be grown successfully in eversreen coniferous soils

under the favorable conditions referred to in connection with
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the raising of fruit trees in these coils.

(C)--That if the locality and situation provide the
proper climatde conditions and the necessary moisture, treaes
of the leguminosae family and any others so constitutcd as to
be able to supply thelr own nitrogeny be planted in
coniferous yellow pine soils. A spcecially insistent
recommendation may be given for the use ¢f these soils for
those trces which are able to supply their own nitrogen as
they will not only be highly aduptable for cultivation, but
will add greatly to the value of the land. That is, they
will give back to the soil ingredients for its enrichment,
and meke it reédy for future crops that demand ready or
available nitrogen for successful cultivation.

Second,

(A)--If climntic and moisture conditions are suitable
there is no reason why such plants as the beans, vetches,
elovers, peas and all other forage plants or garden vegetables,
belonging to the leguminosae family, should not grow well in
coniferous evergreen soil. The exrerinents have demonstra-
ted the fact that these classes of plants are as well
adepted to growth in the coniferous as in the Palouce soil.
Indeed the burden of proof secms to be that they are better
adapted for growth in the Yellow pinc soils than in the |
Palouse or any other soil. It would Lc the prorince of

theseo leguminous vegetables also, in thut they have the
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faculty of absorbing their own nitrogeny to enrich the soil
for other future crops of a different nature.

(B)--The plants which have little nced of available
nitrogen,but which cannot flourish without potash and humus,

uch as potatoes, strawberries,and other berry plants, can be
recommended for culture in evergreen coniferous yellow pine
soils, nrovided, as in the case of fruit trees, of berries,
and of lecguminous trees and plants, climatic conditions are
favorable.

Third, on the other hand, plants which require a
large amount of ready available nitrogen, or nlant food,
cannot be recommended for cultivation in econiierous evergrecen
soils. These plants include the corn, the grains, such
as oats, barley end whcat, and nearly &1l nonlcguminous
vegetables, or garden plunts, such as the tomato, radish,
celery, cabbage, lettuce, parsnips, carrots, squash, and
others. Thesce cannot be expected to do well in the
coniierous yellow pinr soils wnich the experirments show do
not inrnish them the amount and kind of »nlent food they nced
for suceessful growth.

In gconclusion, it may be said, that whilc the
investigation has becn thorough, and as far as possible
exhaustive, it would be presumption to claim from it a complete
solution of the question of the practical use of coniferous

evergreen soilse. Mlany facts in regard to the behavior of
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a comparatively wide range of plants in these soils have
becn made clearer, ut the question of soil fertility, whether
of coniferous yellou: vine or othw r soils, is too greut to bo
solved by one serics of experiments covering but one year,
or nw rhaps even by repeatcl exnerirents involving the labor
of many yearse. The absolute value of these soils for
fruit production alone demands an investigation direected
snecificelly to that branch of the subject, and i1f undertaken,
will require the study, observation eand experience of years
for the full and satisfactory solution of the cuestion of the
horticultnral use of coniferous evorgreen pine soils.

It is hovped thet at some future time this thesis,
which has deglt with the subject in a somewh:t general way
may be followed by another, covering the rcsults of an
investigation of the value of coniferous evergreen soils for

the specific purpose of fruit production.
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GRIMRAL IESCRIPTION OF TH: PLATIS.

In the descriptions of the growth of the trees, it
is granted that the first growth of the leaves and part of
the stems may have come from the stored up food, yct later

growth shows the influence of the different scilse.



DIISCRIPTION OF PLATY NO. 1.

Hard lizcple (Acer saccharum).

The 1illustration c¢learly shows that the trece in
pot No. 2 is the most vigorous. The leaface on it is heavy,
while on the contrary, the tree in pot lo. 1 in the Palouse
soil, has developed very fecw leaves. The tree in pot No.
2, in the coniforcus soil, has also produced a number of

young shootse. The tree in the Palouse soil has developed

but onc shoot. The leaves of the treo in the Palouse soil, .

|
it will be seen, are larger than the leaves on the tree in :

!
thoe coniferous soil. The receson for this differcnce in tie
size of the leaves may no doubt be sufficiently accounted
for by the fact that the growth in the one tree is confined

to one shoot, while in the other it is distributed among

nany shoots.



62.

PLATE NO. 1---MAPLE.

Palouse Soil To. 1.
Coniferous Soil lNo. 2.



DISCRIPTION OF PLATES II0S. 2 and 3.
Tho Pear (Pyrus communis).
The Apple(Pyrus malus).
The pear trce in the coniferous soil, pot No. 2,
shows a slight tendency toward the development of larger
number of lezves, otherwise the two trees have made an equal

growth in their diiferent soils.

The apple tree, as illustrated in Plate No. 3,
reached a greater heizht in the coniferous soil, pot NHo. 2,
but its companion in the Palouse soil attained a greater
amount of leef surface. Otherwise, tho two trees display

little difference in devolopment in the two soils.
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Palouse Soil No. 1.
Coniferous Soil No. 2



PLATS Li0e 3---APPL..

ol p
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Palouse Soil Yo. 1.
Coniferous Soil o. 2.
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DRESCRIPTION OF PLAT:S IIOS. 4 and 5.
The Currants (Ribes).
The Geraniums Geraniaceae) .

Plate llo. 4 1llustrates the growth made by the
current plants in the two soils. The plant in the Psalouse
soil, pot lo. 1, madc a somewhat bestter growth in height tha
was made by tre plant in the coniferous soil. The plant
in the latter soil, however, as may be noted in the
illustration, is more bushy. These differenccs which abouw
equalize each other, may bLe said to indicate an equality of

growth in the two soils.

Plate Jo. 5 shows the goranium as grown in the fow
soils. A glance at tho illustration is sufficient to show
the great supcriority of the growth made by the plant in the
Palouse soil, pot Ilo. 1. This will Le made more emphatic
when it is remcmbered that the four plants were of the seme
he ight and variety when vrlanted, on the samc datey and that
they were developed under like moisture and climatic

conditionse
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PLATE NO. 4---CURRANTS.
_— _

Palouse Soil No. 1.
Coniferous Soil No. 2.
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3 110, 5-——GERANTUMS. _

Palouse Soil No. 1.
Coniferous Soil Ilo. 2.
01d Sawdust Soil o.3.
New Sawdust Soil No.4.
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DASCRIPTION OF PLATAS llose 6 and 7.
Tomato from seed (Sycopersicum esculentum).
Locust seedlings (Robinia pseudacacia).

The illustration and comparison of the plants
rictured show rlainly thut the Palouse soil is well adepted
to the growth of the tomato. The »nlant in pot Xo. 1, in
the Palouse soil, has roached ncarly twice the height of the
plant in pot Wo. 2, in the 0ld sawdust soil. The plant in
the 0ld sawdust soil, however, has made a fair growth, but
the plants in tho coniferous and new sawdust soils, pots
llose 3 and 4 cecn to show conclusively that these soils are

not suited to tomato culture.

The locust in the Palouse soil, as shown in pot
No. 1,grow taller than its mate planted in the coniferous
soil, pot llo. Z. The latter plant produced more branches
and was bushier, than the nlant in the Palouse soil.
Otherwi se the growth of the two trecs, es can Ye seen in Plate

7 was much thce same.
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6---TOMATO--~FRO!M SEED.

Palouse Soil lNo. 1.
0ld Sawdust Soil lo. 2.
Coni ferous Soil No. 3.
New Sawdust Soil Iloe 4.






PLATE NO. 7---LOCUST SZMDLINGS.

Palouse Soil Ho. 1.
Coniferous Soil No. 2.
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DNSCRIPTION OF PLATES NOS. 8 and 9.

The Squash (Cucurbita)

The Apple Seedlings (Pyrus malus)

The growth of the squash in the Palouse and old
sawdust soils, pots No. 1 and lio. 2, is seen to be about the
same « Thc plants in the new sawdust soil and in the
coniferous soil, pots Hos. 3 and 4, are paired in like manne:
or show about equal growth. The leaves are alike with the
exception of those on the plant in the o0ld sawdust soil,
pot No. 2, which arc shown to be & little larger than those

on the plants in pots llos. 1, 3 and 4.

The growth of the apple seedlings, as pictured in
Plate 9, has veory little variation in the four soils. Dot
Jo. 1, shows thut the plent in the Palouse soil reached a

slightly better growth in height.
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PLATE NO. 8---SQUASH.

Palouse

0ld Sawdust
llew Sawdust
Coniferous

Soil lo.
Soil lo.
Soil lio.
Soil To.

1.
2.
3.
4.



PLATS NO.

Palouse
01d Sawdust Soil No. 2.
New Sewdust Soil No. 3.
Coniferous Soil Noe. 4.

9---APPLE SEEDLIIGS.

Soil No. 1.



75.

DESCRIPTION OF PLATIS NOS. 11 and 12.

Tomato Plants (Lycopersicum esculentum)

Potato Seed  (Solanum tuberosum)

The tormmto plant in pot Ilo. 1, Palouse soil, shows
the best growthe. Hot far behind it in growth, as illustrate
is the plant in pot No. 2, rroduced in the o0ld sawdust soil.
The other two plants, in pots 3 and 44 give ovidence of small
growth, by comparison, sincea all were of equal hoight when

they were planted.

The potato plant in pot Jo. 1 is the highest of the
four jplents,yet not much higher then the plant in pot Loe. 2.
The »lants in pots llo. 3 ani 4 show thicker stallks than those
in pote Ho. 1 end Ho. 2. the differences seecm, however,
to balance each other, and the wlants, as cuan be cleerly secon

in the illustration, are in a thrifty groewing condition.
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PLATY 0. 11---TOLAD0 PLAITS.

Palouce Soil Ilo. 1.
0l1ld Sawdust Soil Ilo. 2.
Tew Sawdist So0il Yo. 3.
Coniferous Soil Jlo. 4.



PLAT) O. 12---POTATO.

Pa 3 Soil Ho. 1.
0ld Sawdust Soil lo. 2.
Jew Sawdnst Soil No. 3.
Conifercus Soil lo. 4.

e
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DRSCRIPTIOL OF PLATHES T03. 13 and 14.
The Field Vetch (Vicia sativa)
Tie Field Pea (Pisum sativunm)
The vetech in pot Ilo. 1, which was grown in coniferoc

soil, displays a fine growth including the decvelopment of a
large number of pods. The plants in pots lo. 3 and Ho. 4,
grovm in Palouse and new sawdust soil, are about equal in
sizo. The plant in pot llo. 2, grown in old sawdust soil,

is the smallest of the four plants, and shows very few pods.

The ficld veteh in the coniferous soil, in pot Io.
4, represents the most vigorous growth made by the four
plants in the different soils. The illustration, however,

shows but little variation in growth in the difierent soils.



79.

PLATE 0. 13---FIZLD VEICH.

Coniferous Soil No. 1.
0ld SawdustSoil lo. 2.
Palouse Soil lNo. 3.
Now SawdustSoil No. 4.
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PIATE NO. 14---FIFLD PEA.

Palouse Soil lNo. 1.
0ld Sawdust Soil No. 2.
New Sawdust Soil lo. 3.
Coniferous Soil To. 4.
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DESCRIPTION OF PLATSES NOS. 15 and 16.
Alfalfa (Medicage sativa)
White Clover (Trifolium repens)

The alfalfa in the coniferous soil did not do as
well as was expected of a leguminous plant which gathers its
own nitrogen. The reason for its failure to make as good
a growth in that soil as in the other three soils is difficull
to explain. The plants in the Palouse, o0ld sawdust, and
new sawdust soils, shown in pots Nos. 1, 2 and 3, by their
apparently equal growth demonstrate & like suitability of

these soils for alfalfa culture.

The white clover, as Plate 16 shows, did equally
well in all of the four soils. It may be more strictly
true to say that the plants in the new sawdust soil were a
little lcss vigorous than the plants in the other three soils

but the difference would scarcely attract notice.
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PLATE NI0. 15---ALFALFA.

&
alouse ~Soil No.
01d Sawdust Soil llo.
New Sawdust Soil No. 3.
Coniferous Soil llos 4.
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PLATE NO. 16---WHITE CLOVER. _

Palouse Soil Noe.

01d Sawdust Soil No. 2.
New Sewdust Soil No. 3.
Coniferous Soil No. 4.
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DESCRIPTION OF PIATES 1i0S. 17 and 18.
The Corn (Zea mays)
The Hdairy Vetch (Vicia sativa)

The corn plants rmde the made vigorous growth in
the Palouse soil, pot No. 1. The plents in the coniferous
soil, pot No. 4, did not do well. And the influence of
the one-third per cent of coniferous soil is shown in the
illustration of the plants grown in pots lios. 2 and 3, which
meant that there was just that amount less of available

food for their growth.

The illustration of the vetch are self-explanatory.
The plants show the same growth in all the four soils, with
possibly a little weight in favor of those in the coniferous

and Palouse soils.
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PLATZ NO. 19---CELZRY.

Palouse Soil TNo. 1.
0ld Sawdust Soil lo. 2.
Coniferous Soil No. 3.
llew Sawdust Soil No. 4.
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PLATE 1I0. 20---STRAVBERRY.

Palouse © Soil No. 1.
0ld Sawdust Soil No. 2.
New Sawdust Soil llo. 3.
Coniferous Soil o« 4.
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DESCRIPTION OF PLATHES IIOS. 21 and 23.
The Rose (Rosaceae)
The Bean (Leguminosae)

The plate males clear the fact thet the coniferous
soil, used pot 1, is well adapted to rose culture. In thre
new sawdust and o0ld sawdust soils the plants are seen to be
less vigorous, than the plant in the coniferous soil, althou:
their growth is -fair. The Palouse soil, used in pot 4,
by its poorly develoned plant proves itself, on the contrary,

wholly unsuited to the grovth of roses.

The bean plants seemed to be in their proper eleme:
in the Palouse, 0ld sawiust and coniferous soils, as pic turel
on Plate lo. 23, pots lJos. 1, 2 and 3. The vnlant in pot ¢,
on the contrary, made a slow growth, eand its color was of s

light, sickly-looking ycllow.
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PLATE NO. 21---ROSZ.

Coniferous Soil No. 1.
New Sawdust Soil llo. 2.
0ld Sawdust Soil llo. 3.
Palouse 50il No. 4.
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PLATH NO. 23---BIAN.

Palouse Soil No. 1.
0ld Sawdust Soil lo. 2.
Coniferous S0il lo. 3.
llew Sawdust Soil Ilo. 4.
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DISCRIPTION OF PLATIS NOS. 24 and 25.

Barley (Hordeum).

Plate No. 24 shows the relation of the four soils,
in respect to their effect upon barley plants, three months
after the seed was sown. The plants in the Palouse soil,
pot llo. 1, exhibits the best grewth. The growth of the
plants in the other soils was less and less good in the
rotation given in the number ing of the pots; Ho. 2, old

sawdust, No. 3 new sawdust, lNlo. 4 coniferous.

Plate llo. 25 was made just as the barley was
heading out. The same relation ss to the effect of the
g0ils upon the progress of the plents, shown in the

description of Plate 24, continued in the later growth.
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Palouse Soil
0ld Sawdust Soil
ew Sawdust Soil
Coniferous Soil

Moe
To.
Toe
Ho.

PLAT? 0. 24---BARLEY.

1.
2.

3.
4o
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PLATS 710. 25---BARLIY.

Palouse Soil lo.
01d Sawdust Soil lo.
lew Sawdust Soil llo.
Coniferous 501l To.

LR RN
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DASCRIPTION OF PLATES 26 and 27.
The Oats (Avona sativa)
The VWheat (Triticum vulgare)

In the growth and development of the oats tﬁe S amt
relation in respect to soils is menifest as was shown in the
culture of the barley. That is, the Palouse soil in
promoting growth, ranks first, o0ld sawdust second, new sawizx

third, and coniferous fourth.

Again, the plate shows that in the growth of wheat
the Palouse soil brings the best results, and that the other
soils follow in rotation, similar to that maintained in the

development of the oats ani the barley.
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PLATE NO. 26---0ATS.

Palouse Soil No. 1
0ld Sawdust Soil lio. 2.
New Sawdust Soil No. 3.
Coniferous S0il No. 4.
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PLATH NO. 27---WHEAT.

e ot =

Palouse Soil No.
01d Sawdust Soil lo.
New Sawdust Soil lo.
Coniferous Soil Ioe.

1.
2.
3.
4.
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DASCRIPTION OF PLATHS IIOS. 28 and 29.

The Lettuce (Lactuca sativa).

Plate lo. 28 shows the lettuce plants as they grer
in the pots. lo very clcar idea can be obtained from this
plate of the relative size of the plants in the different
soilse. It can be seen to some extent, howcvcr, that the
plants in pots 1, 2 and 3, that is, in the Palouse, o0ld
sawdust and new sawdust soils, are much larger than the plu

in the coniferous soil, pot No. 4.

The difference is brought out more distinetly in
Plate No. 29, wnich pictures the relative sizes of the lesat
anl rootse. The plant in the Palouse soil, pot 1, has the
largest leaves and the greatest amount of roots. These
roots are small and fine as distinguished from the roots of
the plants in the other soils which are coarser and less

numerous .
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PLATS H0. 28---LETTUCE.

Palouse Soil No. 1.
01ld Sawdust Soil lo. 2.
llew Sawdust Soil lo. 3.
Coniferous Soil No. 4.
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PLATI NO. 29~--LETTUCH.

Palouse Soil No. 1.
New Sawdust Soil lo. 2.
0ld Sawdust Soil lo. 3.
Coniferous S50il No. 4.
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DESCRIP2ION OF PLATIS NOS. 30 and 31.

The Radish (Raphanus sativus).

Plate Zo. 30 gives the picture of the plants as
they appearcd in the pots, growing in the different soilse.
Pot Io. 1 exhibits the best developed top groiw: the The
Palouse s0il is thus agein shown to be most effective. The
seccnd best soil for the top growth of the radish is the
new sawdust. The two rcrmaining soils vary little in the
amount of top growth they developed, &s shown in pots No. 3
and No. 4.

Plate 31 shows the Palouse soil to be first in
rank, also for root grow-h, wnile the new sawdust ranks
second, and the other soils are¢ about ecual in developrient
of the rcots. The roots in the Palouse soil, as usual,
are much finer and more numerous than the roots in the other

soilse
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PLATS NO. 30---RADISH.

Palouse Soil No. 1.
llew Sawdust Soil No. 2.
0ld Sawdust Soil No. 3.
Conifcrous Soil Yo« 4.
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PLATE II0. 31---RADISH.

Palouse Soil No.
New Sawdust Soil No.
0ld Sawiust Soil No.
Coniferous Soil To.

1.
2
3.
4.
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BSCRIPTION OF PLATES LCS. 34 and 35.

The Parsnip (Pastinaca sativa).

Plate llo. 34 is an illustrution of the growth
reached by the plents in the different soils, in the four
pots, from the time of seeding. Here again, the best
development will be observed in the plant in the Palouse
scil. The plant in the o0ld sawdust soil ranks second
in growth as pictured, while the plants in the other two

soils seem very much alike.

In Plate lio. 35 the relative sizes of leaves and
root systers of the parsnips in the different soils prove
that the Palouse soil is most favorable for their growth.
That is,compared with the plants in the other soils, the
leaves of the parsnip in the Palouse soil are larger and
its root system in that soil is much better developed,

larger and finer.
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PLATI NO. 36---CARROTS.

Palouse Soil No. 1.
0ld Sawdust Soil No. 2.
New Sawdust Soil No. 3.
Coniferous Soil No. 4.
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DIESCRIPTION OF PLATYS II0S. 38 and 39.

The Beet (Beta vulgaris).

The plants of the beot, as exhibited in Plate
No. 38, mpde about the same top growth in three of the
soils, the Palouse, the coniferous, and the 0ld sawdust,
in pots No. 1, lo. 2, and No. 3. In the new sawdust
soil a plant much smaller than eny in the other soils was

produced, as 1s shown in the plate.

The root systems of this vegetable as variously
developed in the different soils are illustrated in Plate
Ho. 39. The illustration proves thet in the relation of
the roots of the beet to the soils the coniferous and old
sawdust soils are more favorable than the other twc soils
for the development of its root system. The roots of
the plant in the Palouse soil, as shown, are iine and few

in number.
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PLAT NC. 38---BEET.

Palouse Soil No. 1.
Coniferous Soil No. 2.
0ld Sawdust Boil No. 3.
New Sawdust Soil No. 4.



1l6.

PLATE NO. 39---BEET.

{ .
1| S Ty
Palouse Soil No. 1.
Coniferous Soil Nlo. 2.

lew Sawdust Soil No. 3.
0ld Sawdust Soil lio. 4.
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DRSCRIPTION OF PLATSS I0S. 40 and 41.

The Blackberry (Rubué villosus).

The Raspberry (Rubus strigosus).

Plate llo. 40 shows the blackberry grown in two
soils, the Palouse, pot lLio. 1, and the coniferous, pot Io.
2. In the Palouse soil, as shown in the illustration, the
plant made & slightly better growthe. Yet the plant in
the coniferous soil, as will be secn, did well, and proved
satisfactorily the adaptability of coniferous soil to

blackborry culture.

The raspberry in the Palouse soil, it will be
noticed in Plate 41, grew higher than the plant in the
coniferous soil. But a comparison of the total growth
as shown in the two pots will prove it to bo about the same
in both. The conclusion that the one soil is about as
good as the other for the growth of the rasvberry seems to

be fairly reached.
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\

PLATE lNO. 40---BLACKBERRY.

Palouse Scil No. 1.
Coniferous Soil No. 2.
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PLATE IM0. 41---RASPBERRY.
o

I m

,¢ﬂ4"‘

Palouse Soil No. 1.
Coniforous Soil No. 2.
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DESCRIPTION OF PLATHES 1OS. 42 and 43.
The Loganberry (Rubus (?) ).
The Potatoes  (Solanum tuberosum).

Plate No. 42 represents the loganberry as grown
in the Palouse soil and in the coniforous soil. There is
too 1ittle differonce between the plants as developed in
the two soils, for comparison. The growth is c¢learly
about the same in both potse. The leaves appear somewhat
larger on the plant in pot 2, but this may boe attributcd to

the better position of its leaves for illustration.

The top growth of the potatoes was explained in
the description of Plate No. 12. Plate No. 43 shows the
root systems in the diffcrent soils. In the coniferous
and old sawdust soils will be secn a large and coarse root
system in which very fow tubers werc developed. In thé
Palouse and new sawdust soils, with a much smaller and
finer root system, more tubers were produced, as appcars in

the illustration.
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PLATE NO. 42---LOGANBIRRY.

Palouse Soil llo. 2.
Coniferous Soil llo. 3.






PLATI 1i0.43---POTATO"S.

Palouse Soil o. 1.
0l1d Jawdust Soil lloe 2.
New Sawdust Soil No. 3.
Coniferous Soil lio. 4.
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